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Abstract

EV chargers are thought to be a major determinant in the adoption of EVs in present transport systems.
The performance and durability of these charging stations highly depend on the materials applied in
the construction of these charging stations because these materials should be very reliable, durable and
efficient. The current paper reviews the current literature on advanced composite materials relevant in
the construction of the EV charge station. Recognitions are given on Thermoplastic Polyurethanes
(TPUs), Polycarbonate Blends, Polyurethanes, Elastomers, Polycarbonate Resins and other advanced
composites. These materials are assayed with regards to their mechanical, thermal and chemical
properties and with special reference to the application of these properties in increasing the durability,
performance and reliability of the charging system of the EV. As a result of these favorable properties,
they enhance efficiency and durability of charging stations by providing increased strength, thermal
resistant and flexibility to varying environmental conditions. Additionally, the paper describes the
application of these materials in solving certain challenges that emanate from the construction of EV
charging stations, including the environmental challenge, the wear challenge and the lightweight and
robust structure challenge. The paper also addresses some concerns and improvements of advanced
composites, including aspects of recycle ability and minimum harm to the environment. Using the
critical evaluation of the existing state of affairs and the outlook, this paper highlights the significance
of advanced materials for the development of EV charging network. They offer understanding of how
these materials can enhance the charge, so promoting EVs use and overall, advancing the future of
greener transportation.
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INTRODUCTION

Switching towards the use of EVs is a major step
towards elimination of greenhouse gases and
promotion of environmentally sustainable transport
[1]. On the other hand, this has the advantage of
dashing the prerequisite of developing a reliable and
stable network of EV charging stations to ensure the
uptake [2-3]. Such charging stations have to be built
to withstand different environmental circumstances,
mechanical loads, and daily use, which lays a lot of
emphasis on the choice of materials to be used to
construct the charging stations [4-6].

In light of such demands advanced composite
materials have been identified as the perfect
solution [7]. In contrast to conventional materials, a
few of the composites like Thermoplastic
Polyurethanes — TPUs, Polycarbonate Blends,
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Polyurethanes, Elastomers and Polycarbonate Resins provide enhanced performance features [8-9].
These materials are famous for their ability to possess increased mechanical properties which will make
charging stations to be strong enough to be beaten by the physical blows over time. Besides, they offer
first-rate thermal stability, which is necessary when the devices function in diverse temperature settings.
It also also guarantees that the stations are always functional despite being exposed to environmental
pollutants and chemicals [10-11].

The application of these advanced composites also promotes the reliability as well as flexibility of
EV charging stations. For instance, TPUs are flexible and display abrasion-resistant characteristics;
therefore, they are used in parts subjected to much stress or wear. The Polycarbonate Blends and Resins
have high impact strength and transparency for end applications such as protective housing and touch
screens [12-14]. Polyurethanes and Elastomers are used predominantly for their shock/motion absorbent
capabilities to protect their moving parts and also to weather proof the exterior of the robot while
maintaining its form and structure [13-16].

The focus of this paper is to examine these characteristics of the new generation of composite
materials and assess its applicability for EV charging structures. This is done through a study on their
mechanical, thermal and chemical properties in a bid to understand the extent to which these materials
improve on the durability, performance and the overall economics of charging points. Finally, the paper
aims at explaining ways through which these materials can be used strategically to enhance the
development of efficient network of charging stations for electrical cars in a bid to push for the use of
environmentally friendly means in transportation.

ADVANCED COMPOSITE MATERIALS FOR EV CHARGING STATIONS

The advancement of electric vehicle (EV) charging relies more on adopts complex composite
materials to create durability and high efficiency. In the following sections, we describe several major
categories of composite materials further that have found increasing application in constructing EV
charging stations [17-21]. The paper highlights recent developments in smart polymers, nanoparticles,
and nanocomposites, emphasizing their applications in creating active materials, membranes, films,
adhesives, coatings, and devices, aligning with the UN Sustainability Development Goals, though it
does not cover studies from 2024[22]. The paper primarily reviews advancements in carbon nanotube-
reinforced polymer nanocomposites over the last two decades, focusing on their electro-mechanical
sensing capabilities and applications in structural health monitoring, but does not cover studies from
2024 [23]. The paper focuses on polymer nanocomposites, highlighting their enhanced mechanical
strength, thermal stability, and conductivity for industrial applications. It emphasizes the need for future
research on sustainable multifunctional nanocomposites but does not cover developments in smart
polymers or studies from 2024 [24].

Thermoplastic Polyurethanes (TPUs)

TPUs remains a broad class of materials that are described by flexibility, resilience and durability
characteristics of the thermoplastic polyurethanes. TPUs possess unusually high mechanical strength
together with considerable elastically, which make the material highly suitable for use in shock-
absorbing and flexible applications.

Properties
e Mechanical strength: TPUs possess a high tensile strength coupled with a high resistance to
deformation caused by stress.
o Flexibility: These materials are flexible and thereby are able to retain their performance under
any condition.
o Environmental resistance: TPUs do not erode away due to moisture content, ultraviolet light, or
a variety of chemicals, making the product durable to transfers to various climatic zones.
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Applications in EV Charging Stations
e Cable insulation: TPUs are employed as abrasion, chemical and environmental resistant shields
for electrical cables.
e Protective covers: They protect delicate parts from external abrasion and other unfavourable
weather conditions.
e Seals and gaskets: TPUs form well sealed hermetic barriers against the connectors and
enclosures, thus prohibiting the penetration of any environment elements.

Advantages
e Durability: This results in electric charging stations by TPUs having a longer lifespan since it
has a very high capability of withstanding environmental and mechanical stress.
o Versatility: They can also be tailored to a certain performance characteristic; making it easier for
them to be used in a variety of parts.

Polycarbonate Blends

Polycarbonate alloy is the general term for the composite material of polycarbonate and other
polymers to enhance the performance characteristic including impact strength, light transmission and
thermal stability. This is a favourite material because it is strong and very resistant.

Properties
e Impact resistance: The polycarbonate blends present excellent physical properties such as high
impact strength and mechanical strength and so it is useful for the challenging applications.
Optical clarity: They provide very good hiding that is essential for parts that need to be seen.
e Dimensional stability: These blends therefore have a shape and strength stability under these
conditions and will therefore have a stable performance.

Applications in EV Charging Stations
e Enclosures: They are applied in construction of housing for electronics where the parts ought to
be strong and resistant.
o Protective shields: They operate to protect their body appendages from getting harmed or coming
into contact with external environment.
e Display panels: Lite-on mainly uses transparent polycarbonate blends for user interfaces and
status displays to ensure both, durability and visibility.

Advantages
e High strength: Poly carbonate blends are highly resistant to both impact and stress which can be
with stood without failure.
o Thermal stability: It means that they work better over a wide temperature range thus increasing
its reliability regardless of the environment.

Polyurethanes

The class of polyurethanes contains a vast number of polymers that can be given different
characteristics of mechanical properties depending on the desired plasticity — from flexible polyurethane
foam to highly rigid plastics. These animals are known to be very versatile and excellent in extreme
conditions.

Properties
e Versatility: Polyurethanes can be produced and originate to be flexible foams or elastomers or
rigid and can be used extensively in numerous fields.
o Abrasion resistance: They also show excellent properties in wear and tear thus increasing the life
of components.
o Chemical resistance: Polyurethanes are immune to a host of chemicals and conditions in the
environment hence the ability to withstand them for longer.
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Applications in EV Charging Stations
e Structural components: They offer good support and resistance to various structural parts in each
structure’s construction.
e Vibration damping: Polyurethanes are effective in applications that require sound and shock
absorption which in turn increases the life cycle of the components.
e Coatings: They are acting as the weather coating layers that help to prevent the penetration of
environmental factors onto the coated surface.

Advantages
e Customizability: Polyurethanes can be used to poss using a wide range of properties when used
depending on the quality required from it.
e Durability: They are able to provide long time performance regardless of the climatic conditions
that may be present.

Elastomers

Elastomers are polymers with relatively high degree of elastification, that means that these materials
can be deformed and return back to their initial shape. They are very important in usage and situations
that demand flexibility and aptitude.

Properties
o Elasticity: Other amazing features that are offered by elastomers include flexibility as well as
stretchability.
o Sealing properties: These are perfect for giving one of the best seal particularly when it comes
to pressurized environments as well as aeration.
e Environmental resistance: Elastomers are not easily degraded by factors such as ozone and UV
rays hence improving the product’s durability.

Applications in EV Charging Stations
o Seals and gaskets: They are employed where there is need of sealing around connectors and
enclosures for instance.
o Flexible hoses: Cable and connector assembling uses elastomers because of the ability of
elastomers to stretch and protect other items.
e Cushioning: They help to reduce shock and vibration resulting in the increase of the reliability
of a given component.

Advantages
o High resilience: Elastomers are able to bear cyclic stress and strain with out getting ruptured.
o Effective sealing: They protect against ingress of environmental elements, thus the overall
components’ integrity is preserved.

Polycarbonate Resins

The manufacture of polycarbonate resins is unique in the copolymeristic process since the products
have high impact strength, transparency together with good thermal stability and therefore their use
involves elements where strength and clearance visibility are warranted.

Properties
o High strength: Poly carbonates are resins which have very good impact strength and are hard
wearing in most applications.
e Clarity: They deliver the visual transparency for the sake of visibility as compared to the
electrical conductivity.
o Thermal performance: They operate efficiently in various temperatures thereby making them
efficient.
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Applications in EV Charging Stations

e Protective covers: This is used in polycarbonate resins that are transparent and used as cover that
protects the equipment’s that are inside while at the same time they can be used to observe the
internal features.

e Structural parts: They are used in the parts where load bearing is required along with high
strength and high durability.

e Control panels: For user interfaces and other working displays, the firm employs polycarbonate
resins for creation of durable and clear panels.

Advantages
e Impact resistance: In particular, polycarbonate resins offer an attractive combination of high
impact strength, and the fact that they do not crack under such loads.
e Transparency: It gives visibility to the working of circulation and allows protection for other
necessary circulation parts.

Emerging Composite Materials
There are several emerging composites in the present days which received considerable interest for
the enhanced performance in EV charging infrastructure.

Carbon Fiber Composites
e properties: It provides them with a high strength to weight ratio coupled with good stiffness
besides resistance to fatigue.
e applications: Most suited for applications in structural members that require light weight, and
high strength.

Glass Fiber Reinforced Polymers (GFRP)
o Properties: The material is characterized with high strength, corrosion and thermal endurance.
e Applications: Applied to structural member and casings that are an improvement to metal
components.

Nanocomposites

e Properties: This way you can increase the mechanical, thermal, and electrical characteristics of
the item made by adding nanomaterials in it.

o Applications: Used for high performance applications Having better performance characteristics
it can be utilized for high performance enclosures and coatings. All in all, the well-defined use
of these high-performance composite materials are crucial to maintaining the appropriate
performance, sturdiness, and reliability of the EV charging stations that are instrumental to EV
proliferation.

COMPARATIVE ANALYSIS

The effectiveness analysis of the advanced composite materials described in the table is the perfect
starting point for understanding the readiness of materials for the use in the EV charging stations
components. This analysis considers parameters such as mechanical properties and toughness, resistant
to environmental conditions and costs which are vital in determining the most suitable material for
applications in the EV charging infrastructure.

Mechanical Strength and Durability
e Polycarbonate resins: Beneficial for their outstanding mechanical properties, and in particularly,
outstanding impact resistance and high strength, polycarbonate resins demonstrate excellent
longevity, and are therefore ideal for applications where components must be visible and strong.
Their enhanced ability to withstand impact makes it possible for them to resist abrasional forces
that would otherwise cause them to crack or degrade; applications of such polymers include
protective covers, structural applications and control panel applications.
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Polyurethanes: These materials are very versatile and the type of mechanical properties that the
material will have can be adjusted. These are strong and have low abrasion resistance and
therefore useful in structural items, vibration and shock absorbent functioning and protective
overlay applications. Polyurethanes attract more attention due to their adaptability to target
performance requirements and improving applicability to various high-performance applications.
Thermoplastic polyurethanes (TPUs): TPUs are also known to possess good mechanical
properties such as high strength together with flexibility. It finds greatest application in cases
which demand the property of impact resistance and flexibility like cable insulation, protective
cover and seals. They can easily stretch under stress and thus they are favored when making
components that are likely to undergo mechanical shocks repeatedly.

Elastomers: With very high elastic properties, elastomers are particularly suitable for use in
applications where considerable amounts of stretching parallel to the direction of flow is desired
such as seals and gaskets and flexible hose. Although they offer unbeaten impact strength and
sealing efficiency, they sometimes cannot compete with polycarbonate resins or polyurethanes
in terms of strength and endurance in specific applications.

Environmental Resistance

TPUs: These materials are known to have a very good environmental stability such as from Ultra
Violet radiation, moisture and chemical. This makes the TPUs very fitting for use in outdoor and
rough conditions in which exposure to environmental factors is possible. That capacity to work
to optimum when the environment places stress to the system makes them sustainable and reliable
in many applications.

Polyurethanes: They also possess good-for- the -environment protection from moisture,
chemicals and ultra-violet radiation. Due to their stability in this regard, they are ideal for use in
applications such as weathercoated coatings and parts of structures that are exposed to testing
environmental conditions.

Polycarbonate blends: These composites offer good UV and other environmental performance
resistance as chronicled above. Their ability to resist impact and remain dimensionally stable also
makes them better suited to be used in protection shields and enclosures where devices have to
withstand use in outdoor environment.

Cost-Effectiveness

TPUs and elastomers: In general, TPUs and elastomers are more economical for applications
call for flexibility and impact strength. They are less costly and can be used in components such
as cable’s enshrouds and sealing for it, performance demands does not call for higher strength
and other properties of more expensive material.

Polycarbonate resins: However, polycarbonate resins possess very high strength and
transparency than other resins but they cost more. Their usage is justified in cases of high strength
requirements of impact as well as clarity like the protective covers and control panels.

Carbon fiber composites: Albeit possessing superior strength to weight and improved durability
than other materials, carbon fiber composites are very expensive. They are most suitable to be
employed where decrease in weight is crucial and even when higher price can be afforded for
increased strength, for instance in structural parts.

Therefore, the material of construction of the EV charging stations, involves not only the strength,
the ability to withstand various environmental conditions but also the cost factor remained in the
consideration. The first group of materials includes polycarbonate resins and polyurethane intended for
production of strong and highly resistant parts while the second group is represented by TPUs and
elastomers characterized by relatively low costs and flexibility along with the necessary impact
resistance.

The properties and costs of each single material have to be considered to achieve optimal results of
EV charging facility performance and its durability.
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Table 1 presents the reviews of the mechanical, thermal, and chemical properties of various materials.
The tensile strength, which characterizes a material based on its strength in tension, is also differentially
distributed among the materials. Polycarbonate resin exhibits the highest tensile strength of 70 MPa,
deemed to be the highest among any of the composites, and is recommended for structural applications
under mechanical stress. In contrast, elastomers have the lowest tensile strength of 30 MPa, which
makes them suitable for flexible applications where loads are not significant.

As shown in the Tensile Strength Plot below, these values demonstrate that polycarbonate resin is
stronger compared to other materials, such as steel. Due to its mechanical properties, it is well-suited
for load-bearing frames, casings, and any structural members subjected to shock and abrasive wear.

From the Table 2, the reader gets overview of the cost per kilogram of each material that is useful
during scaling up of the EV charging infrastructure in India. Polycarbonate Resin has the highest
strength among the five types of pellets and costs INR 350 per kilogram. Instead, Elastomers and
Polyurethane are comparatively cheaper, as such, they are appropriate for all general-use parts that
require flexibility and sealing characteristics.

The Cost of Materials Plot shows that Polycarbonate Resin is by far the most expensive, compared
to other forms of material. This plot enables stakeholders to compare the advantages of higher strength
and durability to the cost when manufacturing charging stations.

Table 1. Material Properties Comparison.

Material Tensile strength (MPa) | Thermal stability (°C) Chemical resistance (rating)
TPU 45 180 8
Polycarbonate Blends 60 210 9
Polyurethane 35 170 8
Elastomer 30 150 7
Polycarbonate Resin 70 220 9

Table 2. Cost of Materials in INR per Kg.

Material Cost (INR/kg)
TPU 250
Polycarbonate Blends 300
Polyurethane 220
Elastomer 180
Polycarbonate Resin 350

Table 3. Environmental Resistance Ratings (1-10 scale).

Material UV resistance | Moisture resistance | Chemical resistance
TPU 9 8 8
Polycarbonate Blends 8 9 9
Polyurethane 7 7 8
Elastomer 6 6 7
Polycarbonate Resin 8 9 9

Table 4. Mechanical Properties under Stress.

Material Impact resistance (kJ/m2) | Abrasion resistance (rating)
TPU 40 9
Polycarbonate Blends 50 8
Polyurethane 30 7
Elastomer 20 6
Polycarbonate Resin 55 8
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Table 3 evaluates each material with these perspectives: UV resistance, moisture resistance, and
chemical resistance of the material. Polycarbonate Resin and Polycarbonate Blends are among the high-
ranking materials in all categories; they favorably respond to severe climates and environmental
contaminants typical of outdoor installations. TPUs also have excellent results with reference to wear
characteristics, where UV resistance is especially important to minimize the deterioration of products
exposed to direct sunlight for extended periods.

This information is also shown clearly on the UV Resistance Plot which shows that Polycarbonate
Blends and TPUs are best materials for applications that areas placed outside and regularly exposed to
sunlight like the charging station enclosures and protective shields.

In Table 4, we examine the percentages of impairment and break strength operations. Polycarbonate
Resin continues to dominate the field with the highest impact resistance of 55 kJ/m2, slightly surpassing
Polycarbonate Blends at 50 kJ/m2. Therefore, these materials are applicable in high-stress areas, such
as outer casings and panels that are often subjected to mechanical stress.

The Impact Resistance Plot further illustrates these observations and highlights the fact that
Polycarbonate Resin has significantly better impact resistance capabilities. This material is essential for
components of equipment that frequently come into contact with hands or may be exposed to accidental
strikes, such as station hoods or control panels

These Tables summarize the material properties, costs, environmental resistance, mechanical
properties under stress, and lifecycle comparisons, offering a comprehensive overview for evaluating
materials in EV charging station construction.

Table 5 presents the Lifecycle Durability Comparison, along with regional characteristics and
lifecycle expectations, which are critical for the longevity of infrastructure projects. Once again,
polycarbonate resin has the longest expected lifecycle of 15 years, while polycarbonate blends have a
lifecycle of 12 years. Elastomers and polyurethane are both cost-effective options for perimeter
applications compared to other materials, but they have lower durability, which may lead to higher
replacement costs in the future at the same intervals.

The Lifecycle Plot clearly illustrates these figures: the further left a product fall on the axis, the more
cost-effective it is, while the further right, the longer the product will last. Their extended service life is
advantageous for charging components that must demonstrate long service, although their expensive
polymer nature may initially hinder the application of these materials throughout the charging station
structure.

The Figure-1, depicts the relationship between the cost incurred for the materials being used in
building EV charging stations and materials prices per kilogram (INR/KG). The cost of a material
involved in construction of an EVCS is greatly influenced by the demand of electric vehicle
infrastructure; therefore, establishing materials to select in determining the viability of an EVCS project.

Table 5. Lifecycle Durability Comparison (in years).

Material Expected lifecycle (years)
TPU 10
Polycarbonate Blends 12
Polyurethane 8
Elastomer 7
Polycarbonate Resin 15
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Figure 1. Cost of materials for EV charging stations V/s Cost (INR / kg).

60
50
~
£
= 40
=
8
S
z 30
4
3]
g 20
E
10
0
TPU Polycarbonate  Polyurethane Elastomer Polycarbonate
blends material resin

Figure 2. Impact resistance of EV charging stations materials V/s impact resistance

The Figure-2, illustrates the effect of vandalism against their EV charging stations materials with
references to kJ/m2. It raises awareness of how one material differs from another with regards to its
resistance of mechanical stress and showcases that by using materials that have higher impact strength
increases the reliability and safety of charging equipment.

The expected product life in years from the materials used for the construction of EV charging
stations is presented in Figure 3 below. The curve demonstrates that materials differ in how long they
serve a useful life and what level of maintenance they require, which is important when deciding how
best to design the network of charging stations for the future.

The Figure-4 illustrates with a view of Figure-4, the comparison of tensile strength of the different
materials use in construction of EV charging stations expressed in units of Megapascals (MPa). It
simply compares the tensile characteristics of different materials, and draws attention to the fact that
high tensile strength materials should be used in charging station construction to ensure safe and reliable
performance.
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Figure 3. Expected lifecycle of EV charging stations materials V/s life cycle
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Figure 4. Tensile strength of EV charging stations materials V/s tensile strength (MPa).

The Figure 5, represents UV resistance values of various materials which represent the extent to
which the material can stand ultraviolet exposure. It points out the fluctuation of the results, something
that underscores why it is necessary to choose materials with higher UV transmission so as to achieve
the goal of long-lasting EV charging stations in outdoor regions.

The Tables and plots provided above present a clear picture of the types of materials required to
construct electric vehicle (EV) charging stations, especially high value-added composite materials such
as thermoplastic polyurethanes, polycarbonate blends, polyurethane, elastomers, and polycarbonate
resin. This data is particularly important for investments in this sector, as material selection is paramount
in determining the service life, efficiency, and capital cost of electric vehicle infrastructure.
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The analysis of these tables and plots indicates that material selection for EV charging stations must
balance multiple factors: durability, mechanical properties, environmental performance, cost, and
reliability over the lifecycle. Among these materials, polycarbonate resin proves to be stronger and more
durable for use in load-bearing or critical applications, while other less costly but excellent materials
for flexible and less stressed parts are elastomers and polyurethane.

For the large-scale implementation of EVs in the Indian context, where cost dominates discussions
about infrastructure, the selective use of these materials can enhance the durability of charging stations
by improving their efficiency. With the aid of superior advanced composites, EV charging infrastructure
can be designed to withstand the harsh climatic conditions prevalent in India, effectively contributing
to the country’s green mobility strategy.

CASE STUDIES AND APPLICATIONS

These advantages are best understood when analyzing the potential of real-life applications of
advanced composite materials in electric vehicle charging stations. In other words, these material cases
demonstrate that functional materials address various issues in the construction and operation of EV
charging stations.

One of the first examples of using thermoplastic polyurethanes (TPUs) in a specific application is:

Case Study: embedding TPUs into The Outer Layer of Charging Cables

TPUs have been effectively applied to provide insulation for high-voltage charging cables. In this
application, TPUs act as protective elastomers because they are highly durable and are used in many
fields. The key benefits include:

e Abrasion resistance: TPUs also exhibit fairly good abrasion properties, which are very crucial in
cables to afford protection when laid and as used. This prolongation protects from possible harm
that may lead to either danger or malfunctions that affect functioning.

e Environmental protection: During several tests, TPU emerged as the top performer due to its
high resistance to moisture, UV radiation, and chemicals, ensuring that cables remain functional
and safe in harsh environments. This protection enhances the longevity of the cables and helps
ensure that they remain operational for many years after installation.
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TPUs relevant to cable insulation serve as a phenomenal example of efficiency, reliability, and safety
in the context of EV charging systems.

Case Study 2: Poly-Carbonate Blends in Charging Station Enclosures

Poly carbons blends has therefore been applied in fabrication of enclosures of EV charging stations.
These blends give both high insulation as well as protective cover as is needed to shield sensitive
electronics. The benefits observed include:

e Mechanical strength: The different blends of polycarbonate materials have higher mechanical
stress such as impact and vibration resistance. This strength is essential in making certain that
the enclosures do not crack and so damage the internal electronics.

o Environmental durability: In the blends, there is improved barrier properties against
environmental conditions of UV light and water vapor. It also ensures the enclosures go on
working as expected and the protective cover remain intact despite various fluctuations of nature.

The matter of fact that polycarbonate blends effectively in enclosures supports the arguments of
upping the life cycle of the EV charging stations.

Case Study 3: Elastomers in Sealing Applications
Elastomers have been applied as seals or gaskets in the design of charging stations for EVs to shut
out dust, water or any dirt.

The Advantages of Using Elastomers in These Applications Include

o Effective sealing: Sealing applications require flexibility and resilience and elastomers offer this
characteristic in its extreme form. This effectiveness tends to reduce chances of contaminants to
penetrate through the charging station parts and thus enhances the part’s performance and
durability.

e Environmental resistance: The elastomers’ ability to safeguard from environmental such as
ozone and UV radiation guarantee that the seals and gaskets; delivering sustained performance
and durability regardless of the conditions encountered.

Focus on the use of elastomers in sealing points while emphasizing on the significance of the
components found in EV charging station because of the material employed in it.

FUTURE TRENDS AND INNOVATIONS

The field of materials science is still progressing today and the developments that it presents are the
ones that will define the future of EV charging. Key trends and innovations include:Key trends and
innovations include:

Integration of Smart Materials

Of all the trends that have been evidenced one of the distinctive trends is the use of smart materials
which has got the ability to engage with its environment or the operational status. These can comprise
of sensors and elements that respond to temperature pressure or any other change. The use of smart
materials is expected to improve the efficiency of the EV charging stations since the functionality of
the materials implies varied real-time performance to the operational conditions.

e Sensors: The sensors can be embedded within charging assembly for acquiring crucial data
regarding performance as well as condition of charging components and decrease safety risks
because of charging.

o Responsive materials: Smart materials for adaptable charging infrastructure: proposing them as
materials whose properties alter depending on environmental parameters.
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Sustainability

It has been observed that the cases related to the use of composites in the construction of EV charging
stations are moving towards sustainable designing. Some have intended to make these structures green
material, preferably recycled material to minimize the impact of a structure.

o Eco-friendly materials: Extensive attempts to look for materials, which can degrade or are less
fatal to the environment, are recognized as an important way to deal with the impact of the
charging station infrastructure.

o Recyclability: In this context, preparing content that can be reused after its initial use is favorable
for reducing waste and promoting a circular economy.

Enhanced Performance

A negative growth in the charging station part is related with the advancements in mechanical,
thermal and chemical behavior’s of the nanomaterials and other superior composites used in charging
stations.

o Nanocomposites: The reinforcement of the composites with nanomaterials may cause a change
in physical characteristics of the composites such as strength, thermal stability, electrical
conductivity etc.

o Advanced composites: Ongoing processes have been provided to seek out new composite
formulations that make it possible to enhance material properties to meet the intensive charging
system needs of EVs.

In conclusion and with more enhancements expected in this field of material science the performance,
sustainable and functionality of the EV Charging stations will be progressively improved to meet the
ever-growing EV market. Advanced composite materials, mostly light weight and high strength
materials are extensively used in the construction of robust efficient EV charging stations. Each of the
following materials; Thermoplastic Polyurethanes (TPUs), Polycarbonate Blends, Polyurethanes,
Elastomers, and Polycarbonate Resins bears its own benefits. TPU offers flexibility and resist impact,
Polycarbonate Blends offers high strength and environmental durability and abrasion resistance,
Polyurethanes offers versality and abrasion resistance, while Elastomers provide sealing and low
velocity shock resistance. Polyurethanes provides versality and abrasive characteristics and Elastomers
provides sealing and shock absorbing characteristics and lastly, Polycarbonate Resin provides impact
strength and clarity.

RECYCLABILITY AND SUSTAINABILITY IN ADVANCED COMPOSITES: LIFECYCLE
ANALYSIS AND ENVIRONMENTAL IMPLICATIONS FOR EV CHARGING STATIONS
When it comes to the application of advanced composite materials for the construction of electric
vehicle charging stations, recyclability and sustainability issues need to be taken into account; for this
reason, therefore, it is possible to claim that a more analytical approach to lifecycle and environment
analysis has to be developed, with specific reference to geographic areas where the recycling
capabilities are not so well developed. These problems are compounded in areas where management
and disposal infrastructure for recyclable wastes and materials recycling centers remains poor or
nonexistent, thereby contributing to rising environmental problems in form of non-biodegradable
wastes. Traditional composites though beneficial in use due to such properties as strength, durability
etc come with major drawbacks at their later life cycle stage owing to their structure and the energy
intensive sequence to recycle them. Solving these problems involves changing from inflexible material
technologies to novel thermoplastic composites, bio-based polymers and recyclable nanocomposites
that have superior reclamation characteristics. In addition, a localized approach to recycling, technology
decentralisation, and employing circular economy mechanisms can enable the reuse and recycling of
materials in areas of a limited resource. Another crucial element of the problem is that reasonable
regulatory requirements and attractive financial levers that manufacturers and other relevant
stakeholders would be using, also have a positive impact on the overall impact of the charging
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infrastructure throughout its lifecycle. There is a need for approaching the problem comprehensively
and striving to use materials that can be recycled effectively, introduce new environmentally friendly
technologies for the recycling of the relevant materials used in the construction of EV charging stations,
and contribute to the improvement of environmental management practices related to these stations and
the worldwide fight against the growing problem of waste generation and climate change.

CONCLUSION

In conclusion, the findings of this study expose the centrality of composite materials to the
improvement of the competence, safety, and efficacy of electric vehicles and corresponding charging
stations. The present paper presents a systematic overview of the opportunity in the corresponding
advanced materials including but not limited to Thermoplastic Polyurethanes (TPUs), Polycarbonate
Blends, Polyurethanes, Elastomers, and Polycarbonate Resins that enhance mechanical, thermal, and
chemical strength of EV charging infrastructure. Such materials do not only enhance the durability and
the service life of charging stations, but also guarantee dependability in various climatic environments.
As such, it is in line with the results to identify further development of material science to meet the
increasing demands of electric vehicles and making charges more efficient. Buying advanced composite
materials can improve the general performance of electric vehicle hardware and, therefore, promote the
creation of efficient transportation systems.

REFERENCES

1. Ghasemi-Marzbali A. Fast-charging station for electric vehicles, challenges and issues: A
comprehensive review. J Energy Storage. 2022;53:105090. ISSN: 2352-152X.

2. Salkuti SR. Advanced technologies for energy storage and electric vehicles. Energies.
2023;16(4):2275. ISSN: 1996-1073.

3. Collin R, Miao Y, Yokochi A, Enjeti P, Von Jouanne A. Advanced electric vehicle fast-charging
technologies. Energies. 2019;12(5):1001. ISSN: 1996-1073.

4. Ali A, Shakoor R, Raheem A, Mugeet HA, Awais Q. Latest energy storage trends in multi-energy
standalone electric vehicle charging stations: A comprehensive study. Energies. 2022;15(5):1453.
ISSN: 1996-1073.

5. Un-Noor F, Padmanaban S, Mihet-Popa L, Mollah MN, Hossain E. A comprehensive study of key
electric vehicle (EV) components, technologies, challenges, impacts, and future direction of
development. Energies. 2017;10(8):1217. ISSN: 1996-1073.

6. Ahmad A, Alam MS, Chabaan R. A comprehensive review of wireless charging technologies for
electric vehicles. IEEE Trans Transport Electrific. 2017;3(1):1-29. ISSN: 2332-7782.

7. Verma S, Mishra S, Gaur A, Chowdhury S. A comprehensive review on energy storage in hybrid
electric vehicle. J Traffic Transport Eng (Engl Ed). 2021;8(3):335-349. ISSN: 2095-7564.

8. Mohanty AK, Vivekanandhan S, Tripathi N, Misra M, Singh R. Sustainable composites for
lightweight and flame retardant parts for electric vehicles to boost climate benefits: a perspective.
Compos Part C Open Access. 2023;11:100260. ISSN: 2666-6820.

9. Abro GEM, Zulkifli SABM, Kumar K, El Ouanjli N, Kherif N, Mohamed T. Comprehensive
review of recent advancements in battery technology, propulsion, power interfaces, and vehicle
network systems for intelligent autonomous and connected electric vehicles. Energies.
2023;16(6):2178. ISSN: 1996-1073.

10. Roy H, Roy BN, Hasanuzzaman M, Islam MS. Global advancements and current challenges of
electric vehicle batteries and their prospects: a comprehensive review. Sustainability.
2022;14(19):12015. ISSN: 2071-1050.

11. Shahjalal M, Shams T, Tasnim MN, Ahmed MR. A critical review on charging technologies of
electric vehicles. Energies. 2022;15(3):625. ISSN: 1996-1073.

12. Yadlapalli RT, Kotapati A, Kandipati R, Sankar GS, Devireddy S. A review on energy-efficient
technologies for electric vehicle applications. J Energy Storage. 2022;50:104295. ISSN: 2352-
152X.

13. Li Z, Khajepour A, Song J. A comprehensive review of the key technologies for pure electric
vehicles. Energy. 2019;183:1068-1097. ISSN: 0360-5442.

© STM Journals 2025. All Rights Reserved S414



Journal of Polymer & Composites
Volume 13, Special Issue 2
ISSN: 2321-2810 (Online), ISSN: 2321-8525 (Print)

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Gupta P, Toksha B, Patel B, Rushiya Y. Recent developments and research avenues for polymers
in electric vehicles. Chem Rec. 2022;22(6) ISSN: 1528-0691.

Ahmad A, Qin Z, Wijekoon T, Dzhankhotov S, Hosseini SE. An overview on medium voltage grid
integration of ultra-fast charging stations: Current status and future trends. IEEE Open J Power
Electron. 2022;3:263-282. ISSN: 2687-9297.

Vishnuram P, Panchanathan S, Rajamanickam N, Sundar R. Review of wireless charging system:
Magnetic materials, coil configurations, challenges, and future perspectives. Energies.
2023;16(7):2920. ISSN: 1996-1073.

Aksoz A, Asal B, Biger E, Oyucu S, Gengtlirk M. Advancing electric vehicle infrastructure: A
review and exploration of battery-assisted DC fast charging stations. Energies. 2024;17(3):1030.
ISSN: 1996-1073.

Islam MS, Ahsan MS, Miah T, Ahasanuzzaman A. Advancements in battery technology for electric
vehicles: A comprehensive analysis of recent developments. Global Mainstream Renewable
Energy. 2023;10(2):67-85. ISSN: 2636-5151.

Shahapure SB, Kulkarni VA, Shinde SM. A Technology Review of Energy Storage Systems,
Battery Charging Methods and Market Analysis of EV Based on Electric Drives. Development.
2022;20(2):22-39. ISSN: 2737-6639.

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-
6.

Usman HM, Sharma NK, Joshi DK, Kaushik A. Recent trends and future prospects in electric
vehicle technologies: A comprehensive review. Purnima Univ J Eng Sci. 2024;19(1):12-29. ISSN:
2329-6465.

Ashna, R., Pramod, K., Kalambate, M., Barjini, M., Khabbaz, B., Trinh, B. M., Kamkar, M.,
Mekonnen, T., Tang, S., and Zhao, B., "Nano-enabled smart and functional materials toward human
well-being and sustainable developments,” Nanotechnology, 2024. Available from: 10.1088/1361-
6528/ad4dac.

R. K. Rao, S. Gautham, and S. Sasmal, "A comprehensive review on carbon nanotubes-based smart
nanocomposite sensors for various novel sensing applications,” Polymer Reviews, 2024. Available
from: 10.1080/15583724.2024.2308889.

M. Durairaj, G. Sathish, R. Venkatesan, T. Arun, and C. Nellaiappan, ""Synthesis, characterization,
and applications of nanomaterials," Advances in Chemical and Materials Engineering Book Series,
2024. Available from: 10.4018/979-8-3693-6326-3.ch009.

© STM Journals 2025. All Rights Reserved S415



