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Abstract

Hybrid Electric Vehicles (HEVS) are essential for moving on the right track towards trying to achieve
the future of sustainable transport by playing the following roles of increasing efficiency and reduction
in emissions. Partner commodity materials contribute to this shift because of their features like
lightweight and high-stiffness and are exemplified by polymer composites. These materials improve the
HEV performance by enabling weight reduction of the vehicle, thus leading to better fuel economy, and
more electric-only operation. This paper seeks to discuss the most recent developments in polymer
composites and their usage in HEVs.; it discusses new technical advances, such as composite ones as
well as manufacturing technologies impacts on vehicles’ design and performance. The paper also
explores the current market factors describing key trends and opportunities in the context of growing
environmental legislation and consumers’ preferences for green vehicles. In addition, it looks at
possible future trends in polymer composites — technologies and research areas that are yet to be
unveiled. The overall goal of this paper is to support the understanding of technical characteristics and
current and future market trends and research opportunities of polymer composites within automotive
systems to consider them as a key element the future HEVs.

Keywords: Electric cars, performance, safety, reliability, contribution analysis, automotive innovation,
lightweight materials, structural integrity

INTRODUCTION

The automotive industry is experiencing a major shift mainly caused by the need to tackle some of
the pressing issues that affect the environment and the compliance with new set standard on emission
of greenhouse gases [1-2]. This shift is especially
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clearly seen with the focus on Hybrid Electric
Vehicle (HEV) as these vehicles are the first step
towards truly green transportation solutions. Hybrid
electric vehicles are built with normal internal
combustion engines and electric drive systems to
improve on fuel economy and polluting of the
environment. With these changes afoot, polymer
composites have proved to be a key material in the
development of new HEV technology [3-4].
Significant with their strength to weight ratios
polymer composites bring much to vehicle
performance and efficiency together with positive
impacts on the car’s sustainability [5-7].

Polymer composites can be described as
materials that come from a polymer base to which
various fillers or fibers are added which bring about
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a large improvement in the material’s properties [8-10]. These composites are more appreciated for
their light weight while offering solutions that boast of good strength and high durability. In connection
with the materials used in HEVs, these light materials are very useful in shedding off the extra pounds
of the vehicle; this is proportional to the improvement in the fuel economy and the electric-only mode
range. For instance, lightweight power train components can make it possible to use less energy hence
extending distance traveled on a single charge and overall fuel utilization [11-15].

This paper looks at diffusion and characteristics of polymer composites and the importance that they
hold in enhancing HEVs. It starts with an introduction to the concept of polymer composites including
their basic characteristics and the latest developments. It also focuses on the emerging trends through
the elaboration of new composite compositions and improved processes. All these innovations have
enhanced the performance parameters of polymer composite and thus increases their suitability in
automotive application. For instance, recent developments in nanocomposites with the use of
nanoparticles such as carbon nanotubes exhibits enhanced mechanical strength and thermal stability
apart from other additional advantages as far as HEV is concerned.

The paper then rises to the use of these composites within HEV design after changing its focus. It
evaluates the use of polymer composites in vehicle substructures including body in white, power train,
frame and battery housing. These composite materials make it possible to achieve significant weight
saving in these parts thus improving vehicle handling, stability and safety. For instance, the use of
composite material in body panels may enhance the car aerodynamics and impact force allowing for
performance and safety features. Likewise, composites in battery enclosures play the critical role of
protection and heat dissipation to maintain the durability and performance of electric power train of the
car.

Besides focusing on the properties of the polymer composites, the paper also discusses the current
market situation and the likelihood of polymer composite market expansion in automotive industry. It
gives an understanding on how these materials are impacting the markets by use of features which
include, rising environmental consciousness across the world, customer demand for green automobiles
and technological developments in composites manufacturing. Technological advancement aimed at
improving the efficiency of the polymer composites’ performance and decreasing the manufacturing
cost has boosted the uptake of the material. However, the market of these materials is not without its
problems, for instance, the cost of acquiring the raw materials and the general processes of
manufacturing can pose as a challenge to the widespread use of these materials [14-17].

Last but not least, the paper presents the main issues and discusses directions of the future studies in
order to overcome these challenges. One of the key issues is cost which limits the usage of polymer
composites for great number of cars and mass production vehicles. Therefore, the research that can be
deemed efficacious in addressing this issue requires more cost-effective means directing towards
manufacturing technology innovation and search of other materials. Furthermore, higher efficiency of
material used in HEVs can be achieved by improving the formulation and using hybrid materials for
higher improvement in HEVs performance. Another important issue is sustainability and recycling
since it is also crucial to have efficient recycling strategies and to find appropriate materials for polymer
composites to be sustainable. This paper is styled to afford the reader a clear view of the change that
polymer composites could engender in the automotive industry. It establishes the background
knowledge on what polymer composites are and gives a brief background of HEV, the market status of
HEV and some areas for future research. In each section, the necessary analysis is provided to support
the specifications with the intention of overemphasizing the role played by polymer composites to
transform HEV technology, and thereby enhancing the efficiency and sustainability of the automobile
industry [17-21]. The automotive industry is undergoing a transformative phase, driven by the urgent
need to address environmental challenges and comply with stringent emission regulations [1-2]. Hybrid
electric vehicles (HEVS) represent a pivotal step toward sustainable transportation, combining internal
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combustion engines with electric drive systems to achieve better fuel economy and reduced emissions.
A critical enabler of this transformation is the integration of polymer composites, which significantly
enhance vehicle performance by reducing weight and improving fuel efficiency [3-5].

Polymer composites, consisting of a polymer matrix reinforced with fibers or particulates, are
recognized for their lightweight, high-strength, and durable characteristics [8-10]. Recent innovations,
including nanocomposites and advanced manufacturing techniques like automated fiber placement
(AFP) and 3D printing, have further expanded their application in HEVs, making them indispensable
for improving fuel efficiency, handling, and safety [14-17].

This review aims to:

1. Examine the fundamental properties and advancements of polymer composites relevant to HEVs.

2. Compare the performance metrics of conventional and advanced polymer composites with a
focus on tensile strength, flexural strength, impact resistance, and thermal stability.

3. Analyze the market trends and environmental drivers influencing the adoption of polymer
composites in HEVS.

4. Explore future research directions to address challenges like cost reduction, recyclability, and
sustainability.

Through these objectives, the paper seeks to provide a comprehensive understanding of the role
polymer composites play in advancing HEV technology, thereby contributing to a more efficient and
sustainable automotive industry.

POLYMER COMPOSITES: FUNDAMENTALS AND ADVANCEMENTS
Composition and Types

Polymer composites therefore refer to those composites made out of a polymer base with different
reinforcements added to it in an aim of improving on some of its characteristics. There are two main
categories of polymer composites, the fiber-reinforced polymeric composites and the particulate
composites with each having its specialized uses.

Fiber Reinforced Polymers (FRPS) are made up of polymer material and reinforced with different
type of fibers. It reveals that selection of fiber has most crucial impact on the properties of the
composite.

e Glass fibers: These are among the most popular fibers owing to their relatively low cost and
fairly good performance parameters. Glass fibers offer good compression strength-to-weight
ratio and are versatile in use being used for automotive applications to construction materials.

e Carbon fibers: This material or fabric has very high strength to weight ratios hence it is used in
high performance products that need good mechanics. They provide improvements in tensile
strength as well as stiffness and can be used in aerospace, automotive as well as athletic
equipment.

e Aramid fibers: Of them, these fibers are well known for their impact strength as well as for their
special endurance. Materials like Aramid which includes Kevlar are frequently connected to
security applications including bulletproof vest and security garments. It is due to their high
ability to absorb energy and withstand abrasion they are useful in the areas where safety and
shock absorbency is a must.

The particulate Composites are another class of composites in which reinforcement is formed with
particles that are uniformly distributed and embedded in the polymer matrix.
o Silica: In the case where silica is added to polymer composites in form of a filler, the thermal
stability of the composite improves. It enhances the over-alloy mechanical strength and resistance
to deformation at high temperatures.
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o Alumina: Alumina is well-known for its hardness and is applied in particulate composites in the
situation within parts are exposed to high stress. It enhances the hardness and wears —resistant
thus making it ideal for use in automobile brake systems and some industrial equipment.

Key Properties
Some of the important characteristics of polymer composites that make them useful in different fields
are as follows:

Mechanical Properties

e Tensile strength: Based on the characteristics it has been noted that polymer composites possess
high tensile strength meaning that they can do greater elongation without failure under tensile
stresses. This property is important in parts that will be subjected to high levels of stress.

e Flexural strength: This property aimed to describe the behavioral manner of the composite
towards bending forces. The flexural strength is the ability the material has to hold its shape when
losing it to bending loads, the higher the flexural strength of the composite the better its
performance.

o Impact resistance: Another important mechanical property is the capacity for energy absorptions
and dissipation together with the capability to prevent the material from cracking when in contact
with an equally sounding structure. This makes composites ideal for use where one needs to take
a shock or else need a structure to be strong for a very long time.

Thermal Properties

e Thermal conductivity: The same way, they noted that polymer composites can also be designed
for thermal control where several composites are known to have desirable thermal conductivity.
This material is utilised for parts that are exposed to high heat and must not degrade in
performance.

e Thermal stability: By this, is meant a material’s ability to withstand deformation and still have
the necessary properties at higher temperatures. Thermally stable composites are rarely degraded
or change their functionality with how much heat they are exposed to.

o Weight reduction: Light weight is one of the most extraordinary benefits of polymer composites
when compared to the conventional metallic types of composites. This reduction in weight results
to optimization of vehicle efficiency and torque because lighter parts yields high fuel economy
and acceleration.

Recent Advancements
Such polymer composites have been widely researched and produced with enhancements in their
properties and fabrication techniques in the recent past.

Nanocomposites

Amalgamation of the polymer with carbon nanotubes has shown significant improvements in its
mechanical characterization including mechanical strength and thermal stabilities. Nanocomposites are
cozier in terms of strength, stiff and thermal stability due to the exceptional characteristics of
nanoparticles that can be engaged at molecular level with the polymer matrix.

Advanced manufacturing techniques

Advancements in manufacturing are tracing up the enhancement and sophistication in the
manufacturing of composite structures. Other methods like Automated fiber placement (AFP) and also
through 3D printing are some of the outstanding advancements in composite manufacturing. AFP
facility makes positioning of fibers accurate and few than hand placement which makes the composite
structures more efficient and reliable. This new technology is toleration or allow the production of
complex geometries and part, custom part with high accuracy and in turn help in avoiding a waste
product.
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These developments do not only improve the characteristics of the polymer composites but also
extend their usage areas in automotive, aerospace and other sectors. The development of these materials
and these systems of manufacturing remains more or less open for the probable future advancement of
these technology.

SOME OF THE AREAS OF APPLICATION OF HYBRIDS ARE IN THE HYBRID ELECTRIC
VEHICLES

Some of the reasons through which polymer composites offer significant changes to HEVs include
performance, efficiency and safety. Due to their characteristics such as low density and high modulus,
they have the features of being quite beneficial in a number of significant parts in the structures of
HEVs.

Structural Components
Body panels

In HEVSs, the use of polymer composites in body panel is widely seen due to increased light weighting
without compromising on safety.

e Exterior panels: Light weight alloys including CFRPs and GFRPs are used in creating exterior
panels. These materials are not only lighter but also capable to withstand high impact; thus
making the vehicle lighter, resulting in better efficiency. Further, they offer improved design
solutions for vehicle bodies owing to the possibility of shaping them in various forms and
surfaces.

e Interior panels: In inside the car, composite material can in side panels that create beauty,
comfort and safety for the users. Due to the lightweight of these materials, they assist to ease the
load in the electric propulsion system of a vehicle enhancing energy use. Also, the usage of
composites allows increasing the level of soundproofing and the crash safety needed for a more
comfortable and safer ride.

Chassis and frame

Composite materials are also utilized in the chassis and frame of HEVS, offering several benefits:

e Structural integrity: When composites are used in the chassis and frame, there is a possibility to
considerably increase the stiffness and load bearing capacity of the design. This increase in
strength and sturdiness plays a part in security since the material is capable of handling impact
energy loads as compared to traditional metals.

e Handling and stability: By incorporation of composites in the chassis part, the weight of the
vehicles is less as compared to the other materials. This weight shedding results in enhanced
maneuverability of vehicles, handling and stability of the vehicles on the roads. The light weight
of the chassis results in improved acceleration, better braking and improved handling around the
bends which in turn makes the car easier to drive.

Battery enclosures

Battery enclosures are another critical application for polymer composites in HEVs:

e Protection: Composites also have is desirable for enclosures where the battery is situated due to
its efficacy in withstanding impact forces and loads. They offer basic shield to the battery packs
from physical harm and any sort of climate that may harm them. Further, those composites can
be made to imbue good thermal conductivity that would allow for the control of temperature in
the batteries hence enhancing safety and efficiency of the batteries.

o Weight efficiency: Due to the uses of low-density composites for batteries packaging, HEVs
experience a lower vehicle mass. This results to inter alia; improved energy usage optimization
and increased electric ration convenience in accordance to fuel efficiency enhancement and
pollution cutting.
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Performance Enhancement
Fuel efficiency

Another major benefit of the use of the polymer composites in HEVS is the increased efficiency on
fuel. These familiar materials came in light weights, so a reduction in the automobile’s weight directly
equates to reduction in fuel use. Since the mass of the lighter vehicle is lower it consumes less energy
taking longer periods of time between recharge or refueling and therefore increasing efficiency of the
vehicle.

Handling and stability

Use of polymer composites actually sheds some weight which enhances the handling and stability of
the vehicle. This means that if a vehicle weighs less then it is easier to control since it will respond
better to input from the driver such as acceleration, braking and when cornering. This results in better
control and vehicle responsiveness due to an enhanced dynamics which make the car more safer to
drive.

Safety and durability

Thus, the use of polymer composites increases HEVs safety and durability due to increased impact
and lasting. The materials used in certain of the structures are impact modifying materials, meaning that
they are designed to both conserve as well as distribute the impact energy in case of an impact to prevent
injury to persons within the car. Also, their ability to withstand wear and tear such as corrosion and
ultraviolet radiation helps in guaranteeing that car components are not liable to degradation hence
adding to the existing strange reliability of a vehicle.

In conclusion, it can be stated that polymer composites play an important role in the design and
manufacturing of HEVSs, resulting in significant advantages such as decreased weight, increased
performance, and enhanced safety for vehicles. Their roles across several vehicle components
demonstrate their multiple uses in transforming the automotive industry to seek better efficiency,
reliability, and sustainable solutions.

MARKET DYNAMICS AND TRENDS
Current Market Overview
Adoption trends

The trend of using polymer composites in automotive industry especially in HEVs has been growing
rapidly. Such growth can be attributed to some important factors. Firstly technology has been a main
spearhead in the production of a variety of goods and services. New conceptualization in composite
materials and processing technology have further improved the application of these composites in
automobile systems. There is growing demand in the application of composites because of enhanced
resin systems and better fiber capabilities.

Second and lastly, as the environmental awareness and statutory regulations increase, the demand for
HEVs is on the rise. Because governmental and environmental organizations in various countries
continue to set higher demands for emissions, the automotive industry is forced to look for answers on
how to minimize car mass and enhance fuel economy. Polymer composites are an efficient solution for
achieving these objectives since they are Also relevant to lighter and more efficient vehicles stipulated
by these regulations.

Technological innovations

Contemporary developments in polymer composites are notable particularly in automotive industry.
Emerging high-performance resins have been designed to improve the overall performance of the
composites. These advanced resin systems provide improved durability, thermal stability and enhancing
the properties of composites thus addressing needs of modern automobile industry.
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Table 1. Composition of Polymer Composites for HEVs.

Composite type Weight Tensile Thermal Citations
reduction strength | stability (°C)
(%) (MPa)
Glass Fiber Reinforced Polymer (GFRP) 15 600 250 [31[81[14]
Carbon Fiber Reinforced Polymer (CFRP) 20 800 300 [3119][15]
Aramid Fiber Reinforced Polymer 10 500 200 [10][14][17]
Nanocomposites 25 900 350 [14][17][20]
Particulate Composites 5 400 150 [9][14][18]

A similar advancement is the automation of manufacturing processes with the use of computer
programmes and other advanced equipment. APF and other advanced manufacturing technologies allow
for more effective construction of composite structures as well as precise 3D printing. These evolutions
have brought improvements in terms of cost in manufacturing and in the integration of more smart and
efficient composite structures to further endorse the use of HEVS.

Table 1 provides an overview of the composition and physico-mechanical characteristics of several
composites utilized in HEVs. The five types of composites offer advantages in terms of specific weight
reduction, tensile strength, and thermal stability. For example, nanocomposites exhibit the highest
tensile strength of 900 MPa and the highest thermal stability of 350°C, suggesting that this material
would be ideal for constructing high-performance HEV components. The Weight Reduction Plot also
shows that all types of composites contribute to decreasing the overall weight of HEVs, with
nanocomposites leading the way at a 25% weight reduction. Reducing the weight of the vehicle is
important for increasing efficiency, as a lighter vehicle requires less energy, resulting in cost savings
related to fuel economy and electric range

Table 2: Extent of Polymer Composites Usage in HEV Manufacturing: India The table above presents
the trend analysis on polymer composites penetrations in India for the year 2018/ 2019, 2020/2021 and
2022/2023. The following information shows how the Indian automotive industry is adopting the new
advanced materials such as GFRP, CFRP, and Nanocomposites. With the growth of automotive
technology anxiety up to the extent of 2022 in India, the GFRP had enhanced to 55% usage, becoming
the most used composite for making HEV. The Market Adoption Rate Plot depicts the direction of this
kind of materials in the markets of India. The continuous rise in the use demonstrates the fact that there
is growing need to develop light and environmentally friendly parts as the result of legal policies and
performance enhancement.

Table 2. Market Adoption Rate of Polymer Composites in HEV Manufacturing (India).

Year | GFRP adoption (%) | CFRP adoption (%) | Nanocomposite adoption (%) Citations

2018 35 20 5 [3][14][18]
2019 40 25 10 [8][15][18]
2020 45 30 15 [9][16][20]
2021 50 35 20 [14][17][21]
2022 55 40 25 [14][18][20]

Table 3. Cost of Polymer Composites per Kg (INR).

Composite type Cost (INR/kg) Citations
Glass Fiber Reinforced Polymer (GFRP) 500 [3]1[14]
Carbon Fiber Reinforced Polymer (CFRP) 2000 [9][16]
Aramid Fiber Reinforced Polymer 1500 [10][18]
Nanocomposites 2500 [14][20]
Particulate Composites 700 [8][19]
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Table 3, The cost of polymer Composites per kg this table illustrate the cost per kilogram of different
types of polymers composites that have a critical contribution towards the efficiency of mass production
of HEVs. According to the fabric cost analysis, nanocomposites have the highest value of INR 2500/kg
while GFRP has least at INR 500/kg. The higher cost base of Nanocomposites must be attributed to the
better performance standards like tensile strength and thermal stability.

The cost of composites plot visually quantifies the overall cost in these materials so that manufactures
can make a determination based on the composition and performance difference. The complexity is to
balance actual HEV production, particularly for volume targeting cost sensitive segments in countries
like India.

Table 4 shows the Optimizing HEVs energy efficiency through the application of composites to
vehicle structures the following table looks at how polymer composites increase the fuel economy and
electric mileage of HEVs. Nanocomposites once more show the highest gains with an approximate 20%
gain in fuel economy and an approximate 22% increase in electric range. This makes them ideal for
improving the performance of vehicles particularly electric vehicles where weight and energy propellant
are very important. The efficiency and range extension plot describes how these composites are adding
performance factor to the vehicles. Each of CFRP and Nanocomposites delivers significant
enhancements making them desirable for HEV manufacturers with desire to optimize energy
consumption.

Table 5 shows the effect of polymer composites on the environmental impact of HEVs. This table
evaluates polymer composites in terms of recyclability and emissions reduction. The highest
recyclability efficiency is achieved with particulate composites at 70%, while the greatest improvement
in emissions is provided by nanocomposites at 10%. These characteristics are crucial as automakers
and government agencies demand change and environmentally friendly production in line with
emerging climate change initiatives. The pros and cons are most clearly and easily visualized in the
Environmental Impact Plot, particularly in terms of recyclability and emissions. While nanocomposites
may offer 5% better emissions reduction than Neeld, their recyclability rate of 40% suggests they may
not be sustainable in the long run unless new recycling technologies are developed

These tables provide a detailed view of various composite materials used in Hybrid Electric Vehicles
(HEVs) regarding their composition, market adoption, cost, efficiency improvements, and
environmental impact.

Table 4. Energy Efficiency Improvements in HEVs Using Composites.

Composite type Fuel efficiency Electric range Citations
improvement (%) extension (%)
Glass Fiber Reinforced Polymer (GFRP) 10 12 [31[14]
Carbon Fiber Reinforced Polymer (CFRP) 15 18 [9][16]
Aramid Fiber Reinforced Polymer 8 9 [10][18]
Nanocomposites 20 22 [14][20]
Particulate Composites 5 6 [81[19]
Table 5. Environmental Impact of Polymer Composites in HEVS.
Composite Type Recyclability (%) | Emissions reduction (%0) Citations
Glass Fiber Reinforced Polymer (GFRP) 50 5 [3][14]
Carbon Fiber Reinforced Polymer (CFRP) 60 8 [9][16]
Aramid Fiber Reinforced Polymer 55 6 [10][18]
Nanocomposites 40 10 [14][20]
Particulate Composites 70 3 [81[19]
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Environmental impact of polymer composites in HEVs

80
70
60
50
40
30
20
10

B Recyclability (%)

& Emissions reduction (%)

Impact (%)

Figure 1. Environment Impact of polymer composites in HEVSs.

The Figurel, shows the use of polymer composites in HEVs and compares impact percentages of
some different composites. It explains the effects of various kinds of polymer composite and the sum
of environmental impact of overall features of HEV materials [3][9][14].

The Figure 2 is an analysis of various sorts of composites common in automobiles in terms of
enhancing fuel efficiency and electricity range. It establishes how assorted composites affect the

enhancement of the vehicle performance with greater efficiency and rage enhancements connected to
particular lightweight and reliable composites [8][14][17].

Fuel efficiency and electric range extension by composite type
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Figure 2. Fuel efficiency and electric range extension by composite Type V/s improvement (%).
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Cost of polymer composites of HEVs
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Figure 3. Cost of Polymer Composites for HEVs V/s Cost (INR / Kg).

The Figure 3, shows the cost comparison of different polymer composites used in HEVs on the basis
of cost in INR per kilogram. It also reveals the trend in the raw material cost among the various
composite types to give a pointer on the cost implication inherent with the choice of the polymers for
HEV [3][14][19].

Figure 4 shows the market adoption rate of the polymer composites in HEV manufacturing in,
expressed in percentage. They demonstrate the pattern of how various composites are being
implemented into manufacturing process faster due to such trends adopted from industries, especially
in line with the shift towards weight optimization for HEVs in order to improve on efficiency and reduce
emissions [3][14][16].

Market adoption rate of polymer composites in HEV Manufacturing (India)

GFRP adoption (%) CFRPadoption (%) Nanocomposite adaption (%)
60
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Figure 4. Market adoption rate of polymer composites in HEV manufacturing (India) V/s adoption Rate
(%).
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types in HEVS. It illustrates how some composites are more effective than others in reducing vehicle
By leveraging the unique properties of these materials, the automotive industry can reduce vehicle

weight, improve fuel efficiency, and extend electric range, ultimately leading to more sustainable

The tables and figures collectively highlight the critical role polymer composites play in the evolution
transportation solutions. However, challenges such as cost

of Hybrid Electric Vehicles. Nanocomposites, with their superior mechanical and thermal properties,
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weight and achieving greater weight reductions to improve vehicle efficiency and performance by

establishing weight-saving techniques [3][9][14].
stand out as the material of choice for improving HEV performance, despite their higher cost. GFRP

and CFRP remain widely adopted in India due to their cost-effectiveness and decent performance

metrics.

must be addressed to ensure these materials can be adopted at scale in the mass production of HEVS.

Table 6. Comparative Properties of Conventional and Advanced Polymer Composites.
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Explanation of The Table 6 As Below:

1.

Tensile strength: Advanced polymer composites like nanocomposites show superior tensile
strength (up to 1200 MPa) compared to conventional composites (500-800 MPa).
Nanocomposites achieve this due to better dispersion and molecular interactions with the
polymer matrix.

Flexural strength: Advanced composites have nearly double the flexural strength, making them
more suitable for structural components under bending stress.

Impact resistance: Nanocomposites provide higher energy absorption and resistance to cracking,
improving crash safety in HEVS.

Thermal properties: Advanced composites exhibit better thermal conductivity and higher
stability, enabling improved battery housing and thermal management systems in HEVS.
Density: Advanced composites are lighter, which contributes to improved energy efficiency and
handling in HEVs.

Market Drivers
Regulatory framework

LT Brotherhood noted that reduction of emissions as well as fuel efficiency requirements were a
major factor towards use of polymer composites. Today, there is increasing pressure from world’s
central governing bodies to set higher standards for polluting emissions as well as fuel consumption of
automobiles. In order to meet these regulations, automotive makers are now shifting to polymer
composites which assist in bringing down the vehicle weights, and hence the fuel consumption.

Explanation Of the Table 7 As Below:
Linking to advanced polymer composites properties

1.

Tensile and flexural strength: Advanced polymer composites, particularly CFRP and
nanocomposites, exceed the minimum tensile and flexural strength requirements for critical HEV
components like chassis, frame, and powertrain.

Impact resistance: Aramid fiber composites are suitable for battery enclosures and safety-critical
areas due to their high impact resistance.

Thermal stability: Nanocomposites exhibit exceptional thermal stability, making them ideal for
applications exposed to high temperatures, such as battery enclosures and powertrain
components.

Table 7. Minimum Strength Requirements for HEV Body Parts and Comparison with Advanced
Polymer Composites.

HEV component Minimum Minimum Impact | Thermal | Suitable advanced Citations
tensile flexural resistance | stability | polymer composite
strength strength (kJ/m2) (°C)
(MPa) (MPa)
Body Panels (Exterior) 400 500 70 250 Carbon Fiber [3, 14, 16]
Reinforced Polymer
(CFRP)
Chassis and Frame 600 700 100 300 Nanocomposites [8, 14, 17]
Battery Enclosure 500 600 80 350 Nanocomposites, [10, 15, 18]
Aramid Fiber
Reinforced Polymer
Interior Panels 300 400 50 200 Glass Fiber [9, 14, 20]
Reinforced Polymer
(GFRP)
Powertrain Components 800 900 120 350 Nanocomposites [3, 14, 21]
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Applications of Polymer Composites in HEVs

1. Body panels (exterior and interior): Polymer composites, such as Glass Fiber Reinforced
Polymer (GFRP) and Carbon Fiber Reinforced Polymer (CFRP), are extensively used in exterior
body panels to reduce vehicle weight while maintaining structural integrity. These materials
provide enhanced impact resistance and allow for intricate designs, improving aerodynamics and
safety [3][14]. Interior panels benefit from the lightweight properties of GFRP, contributing to
reduced strain on electric propulsion systems [9][17].

2. Chassis and frame: The chassis and frame of HEVs require materials with high tensile and
flexural strength. Carbon fibers and nanocomposites are particularly suitable for these
applications, offering superior load-bearing capacity and weight reduction. This enhances vehicle
stability and handling, especially during acceleration and cornering [14][16].

3. Battery enclosures: Polymer composites like Nanocomposites and Aramid Fiber Reinforced
Polymer are used in battery housings due to their high thermal stability and impact resistance.
These materials ensure the safety of battery packs by dissipating heat and protecting against
physical impacts [8][15].

4. Powertrain components: Nanocomposites are employed in powertrain systems to reduce weight
while maintaining the strength required for high-performance components. These composites
improve energy efficiency and extend the electric-only range of HEVs [10][14].

5. Suspension systems: Lightweight polymer composites are increasingly used in suspension arms
and links, offering high stiffness and damping properties. This enhances ride comfort and reduces
noise and vibrations during vehicle operation [9][20].

6. Crash structures: Polymer composites such as Aramid fibers are used in crash structures for their
energy-absorbing properties. These materials help distribute impact forces during collisions,
ensuring passenger safety [18][21].

Consumer preferences

They have pointed to an increased change in customer preference as one of the reasons that would
lead to market growth. Some of the trends include; An increasing concern with global warming and
other environmental problems is making car users look for cars that use less fuel. With the increasing
awareness to the environmental issues, customers look forward towards vehicles that have better fuel
economy and which emit lesser pollutants in the environment. Polymer composites serves these
preferences since it contributes to the lightweight HEVs that have preference in the environmentally
conscious market.

Comepetitive pressure

There are thus highly competitive dynamics that force automobile manufacturers to look for ways of
differentiating their products. The utilization of the superior materials like polymer composites enables
firm sparkle by boosting up the vehicles’ performance, effectiveness and durability. Those companies
that utilize these materials appropriately have chance to be viewed as market leaders and innovators in
automotive industry.

Challenges
Cost factors

However, polymer composites come with major disadvantages which include; The polymer
composites entail high cost of the raw material in question and the processing cost. High costs of high-
performance fibers and resins and the technical difficulties associated with composite processing are
moreover some of the discouraging factors. Cost may remain a prohibiting factor in the use of composite
material and may only be restricted to high-end or premium car models until the costs are brought down.

Manufacturing complexity

Another challenge relates to complexity of manufacturing the polymer composites whereby there are
complicated manufacturing processes. One of the main reasons High quality composite materials found
in automobiles today is because they call for specialized equipment and skills which a automobile
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manufacturer may incur many costs to acquire and master. Due to the use of complex technologies in
the production process, the process becomes lengthy and may also be costly.

Enhancement of Performances in HEVs
Fuel efficiency

The lightweight properties of advanced polymer composites, such as nanocomposites and CFRP,
result in a substantial reduction in vehicle mass. Studies indicate a weight reduction of up to 25% with
nanocomposites, leading to an improvement in fuel efficiency by approximately 20% [3][14]. This
weight saving directly impacts energy consumption, allowing HEVs to travel longer distances on a
single charge or refueling.

Handling and Stability

Advanced composites improve vehicle dynamics by reducing unsprung mass, leading to enhanced
stability and maneuverability. For example, using CFRP in chassis components results in better load
distribution and reduced body roll during cornering [9][17].

Safety and Durability

The superior impact resistance of materials like Aramid Fiber Reinforced Polymer ensures better
energy absorption during collisions, increasing passenger safety. Additionally, the thermal stability of
nanocomposites makes them suitable for critical components like battery enclosures, preventing failures
in high-temperature conditions [14][20].

Comparative Table: Performance Enhancements
Summary of the table 8 as below:
o Advanced polymer composites outperform conventional composites in all critical areas of HEV
performance, particularly in fuel efficiency and safety.
e The higher initial cost of advanced composites, such as nanocomposites, is offset by their long-
term benefits in vehicle efficiency and durability [14][20].
e Incorporating advanced composites in more HEV components will lead to better compliance with
environmental regulations and consumer expectations for high-performing green vehicles.

Durability and recycling

Concerns which are associated with the durability of the polymer composites and its recyclability are
the main factors which require attention towards the durability of the polymer composites. Although,
these materials possess great features, the properties of the materials like the long-term use and their
effect to the environment are still under development. Sustainability problems are making recycling an
unguestionable need; optimizing the correct methods for doing it and guaranteeing that composites are
usable during vehicle life are also necessities.

Table 8. Performance Comparison Between Conventional and Advanced Polymer Composites.

Performance parameter Conventional polymer composites Advanced polymer Citations
composites

Fuel Efficiency 10-15% (GFRP, CFRP) 20-25% (Nanocomposites) [31[14][20]

Improvement (%)

Weight Reduction (%) 10-20% 25-30% [91[14][16]

Handling and Stability Moderate improvement Significant improvement [91[17][18]

(CFRP, Nanocomposites
reduce unsprung mass)

Impact Resistance (kJ/m?) | 50-75 100-150 [10][14][20]
Thermal Stability (°C) Up to 250 Up to 350 [81[14][21]
Durability Moderate resistance to wear and tear | High resistance to UV, [9][18][20]

corrosion, and thermal
degradation
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Future Market Outlook
Research and development

The outlook for polymer composites in HEVs is quite optimistic, and there are constant new R&D
being conducted with an objective of increasing material performance and decreasing costs. Specific
objectives include the creation of advanced composite material that exhibit improved performance
characteristics as well as advances in manufacturing methods to optimize performance to cost ratio of
composite structures. Such progresses are believed to enhance automotive industries’ use and
implementation of composites in the future.

Policy and regulation

Policies and regulations towards the use of polymer composites will probably enhance the use of the
product. Market pushers such as government policies to encourage the use of environmentally friendly
means of transport and pull factors such as enhanced emissions standards will compel automotive
manufacturers to look for better materials including composites. Other policies that encourage research
and development in addition to supporting innovations in technologies that are environmentally friendly
may also help spur the market’s growth for composites in HEVs.

Market growth projections

Forecast have been made on the growth of the market of polymer composites in HEVs. These include
a growth in technology, growing concern for the environment and the need to improve on the
performance of automobiles. With the advancement of technology and the focus of the auto
manufacturing industry towards sustainability, polymer composites have a great potential to become
the hallmark of the future automobiles.

CONCLUSION

Synthetic reinforcements are perhaps the most progressive chance to Hybrid Electric Vehicles
(HEVs), with positive impacts in area of weight decrease, capability improvement, and safety. Despite
the constraints most of which are costs and manufacturing difficulties the potentiality of these materials
is huge. In order to overcome these challenges and to enhance the application of polymer composites,
following research directions are suggested for the future. First of all, researching for cheaper ways of
manufacturing processes and looking for alternatives of materials might bring down the cost of
implementing composites. Secondly, the investment in the development of novel composite systems
and hybrid materials will assist in realizing higher competitive levels of performance and durability, so
that composites can effectively address the challenging application environment associated with
automotive designs. However, more investments have to be made towards recycling technologies and
sustainable sources of raw materials to advance the management of environmental challenges in
composites. Thus, polymer composites will remain a key factor in the progress of the automotive
industry with consideration of the HEVSs. In the case of current employment of the four investigated
technologies it will be crucial to overcome existing obstacles and to incorporate further developments
to their exploitation to fully harness their potential and contribute to a more sustainable and efficient
state of transport.

REFERENCES

1. W. Adil et al., “Composites for Electric Vehicles and Automotive Sector: A Review,” Green
Energy and Intelligent Transportation, vol. 2, no. 1, p. 100043, 2022. [Online]. Available:
https://doi.org/10.1016/j.geits.2022.100043.

2. S. K. Gupta, C. S. Mishra, R. K. Jena, J. K. Bhutto, and A. Raj, “Advancements and Future
Directions in Polymers for Electric Vehicle Technology,” Journal of Polymer and Composites, vol.
12, no. 3, pp. 29-46, 2024.

3. A.Raj, J. K. Bhutto, S. K. Sharma, and S. K. Gupta, “Sustainable Electric Vehicle Development:
The Role of Recyclable Polymers and Composites,” Journal of Polymer and Composites, vol. 12,
no. 3, pp. 16-28, 2024.

© STM Journals 2025. All Rights Reserved S430


https://doi.org/10.1016/j.geits.2022.100043

Advancements in Polymer Composites for Hybrid Electric Vehicles Gupta et al.

4,

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

K. Amar et al., “Sustainable Composites for Lightweight and Flame Retardant Parts for Electric
Vehicles to Boost Climate Benefits: A Perspective,” Composites Part C: Open Access, vol. 2023,
p. 100380, 2023. [Online]. Available: https://doi.org/10.1016/j.jcomc.2023.100380.

S. K. Gupta, J. K. Bhutto, M. V. Gopala Rao, and A. Raj, “Exploring Composite Materials for
Energy Harvesting in Electric Vehicles: A Comprehensive Review,” Journal of Polymer and
Composites, vol. 12, no. 3, pp. 1-15, 2024.

S. K. Gupta, J. K. Bhutto, S. K. Chaudhary, and A. Raj, “Exploring the Role of Advanced
Composite Materials in Current Electric Vehicles,” Journal of Polymer and Composites, vol. 12,
no. 3, pp. 47-55, 2024.

M. Farrag et al., “Improving the Efficiency of Electric Vehicles: Advancements in Hybrid Energy
Storage Systems,” Vehicles, vol. 6, no. 3, pp. 1089-1113, 2024. [Online]. Available:
https://doi.org/10.3390/vehicles6030052.

S. K. Gupta, C. S. Mishra, R. K. Jena, J. K. Bhutto, and A. Raj, “Advancements and Future
Directions in Polymers for Electric Vehicle Technology,” Journal of Polymer and Composites, vol.
12, no. 3, pp. 2946, 2024.

H. Leichtetal., “Electrically Conductive Polymer Nanocomposites for Thermal Comfort in Electric
Vehicles,” Jan. 2022. [Online]. Available: https://doi.org/10.1016/b978-0-323-90524-4.00012-8.
A. Stefanelli et al., “Integrated Thermomechanical Analysis of Tires and Brakes for Vehicle
Dynamics and Safety,” Vehicles, vol. 6, no. 3, pp. 1637-1647, 2024. [Online]. Available:
https://doi.org/10.3390/vehicles6030077.

S. K. Gupta, “Electrifying India’s Transportation: Economic Perspectives on Electric Vehicle
Impact, Opportunities, and Challenges,” European Economic Letters (EEL), vol. 14, no. 2, pp. 151—
162, 2024. [Online]. Available: https://doi.org/10.52783/eel.v14i2.1282.

D. Carlstedt and L. E. Asp, “Performance Analysis Framework for Structural Battery Composites
in Electric Vehicles,” Composites Part B: Engineering, vol. 186, p. 107822, 2020. [Online].
Available: https://doi.org/10.1016/j.compositesbh.2020.107822.

T. Donateo, “Advanced Storage Systems for Electric Mobility,” Vehicles, vol. 6, p. 1661, 2024.
[Online]. Available: https://doi.org/10.3390/vehicles6030079.

L. Pointner-Gabriel et al., “Electric Drive Units: A Set-Up for Investigating Function, Efficiency,
and Dynamics,” Vehicles, vol. 6, no. 3, pp. 1415-1441, 2024. [Online]. Auvailable:
https://doi.org/10.3390/vehicles6030067.

W. Adil et al., “Composites for Electric Vehicles and Automotive Sector: A Review,” Green
Energy and Intelligent Transportation, vol. 2, no. 1, p. 100043, 2023. [Online]. Available:
https://doi.org/10.1016/j.geits.2022.100043.

F. Khan et al., “Advances of Composite Materials in Automobile Applications — A Review,”
Journal of Engineering Research, 2024. [Online]. Available:
https://doi.org/10.1016/j.jer.2024.02.017.

S. Kumar and R. S. Bharj, “Emerging Composite Material Use in Current Electric Vehicle: A
Review,” Materials Today: Proceedings, vol. 5, no. 14, pp. 27946-27954, 2018. [Online].
Available: https://doi.org/10.1016/j.matpr.2018.06.048.

M. Delogu et al., “Innovative Composites and Hybrid Materials for Electric Vehicles Lightweight
Design in a Sustainability Perspective,” Materials Today Communications, vol. 13, p. 100328,
2017. [Online]. Available: https://doi.org/10.1016/j.mtcomm.2017.09.012.

A. Wazeer et al., “Composites for Electric Vehicles and Automotive Sector: A Review,” Green
Energy and Intelligent Transportation, advance online publication, 2022. [Online]. Available:
https://doi.org/10.1016/j.geits.2022.100043.

T. Mayr, T. Mayr, F. Niedermeier, F. Niedermeier, M. Hassler, and M. Hassler, “Application of
composite materials in inductive charging systems for electric vehicles,” Journal of Composite
Materials, vol. 22, 2019, doi: 10.1177/0021998318824637.

M. I. S. Chowdhury, Y. S. Autul, S. Rahman, and M. E. Hoque, “Polymer nanocomposites for
automotive applications,” in Advanced Polymer Nanocomposites, M. E. Hoque, K. Ramar, and A.
Sharif, Eds. Woodhead Publishing, 2022, pp. 267-317. doi: 10.1016/B978-0-12-824492-0.00010-

© STM Journals 2025. All Rights Reserved S431


https://doi.org/10.3390/vehicles6030052
https://doi.org/10.3390/vehicles6030077
https://doi.org/10.52783/eel.v14i2.1282
https://doi.org/10.1016/j.compositesb.2020.107822
https://doi.org/10.3390/vehicles6030079
https://doi.org/10.3390/vehicles6030067
https://doi.org/10.1016/j.geits.2022.100043
https://doi.org/10.1016/j.jer.2024.02.017
https://doi.org/10.1016/j.geits.2022.100043

