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Abstract

Electric vehicle (EV) market is undergoing a dynamic change due to the changes in regulations,
increasing demands of consumers, and a swift development of material science. Composite materials
were one of these innovations which have become the key facilitators of lightweight, efficient and safe
EV designs, with immense strength to weight ratios, corrosion resistance, and design flexibility
unmatched before. The paper will discuss the growing use of composite materials in EV production,
mainly through three key automation technologies, namely, Automated Fiber Placement (AFP),
filament winding, and Large Format Additive Manufacturing (LFAM) such as large-format continuous
fiber 3D printing. These new fabrication methods have transformed the art of composite manufacturing
because these processes enable the creation of complex EV parts, including parts of the chassis, battery
enclosures, and structural reinforcing, in precise amounts, at relatively low costs. How these
technologies can lead to the democratization of high-performance manufacturing is highlighted in the
discussion that also talks of the use of these technologies in ensuring that such composite-based design
can be adopted by a wide range of the automotive industry, not just premium or niche applications.
Moreover, the paper considers major issues, such as cost optimization, scalability of production, and
end-of life recyclability that are still important to integrate in the mass-market manufacturing of EVs
with composites. To sum up, the paper emphasizes the fact that the future of sustainable and high
performance electric mobility is being influenced by inventive composite technologies. Through their
lightweight, energy-saving and green credentials, composites are setting the new levels of the
contemporary car design- opening up the future of more environmentally-friendly, powerful and
efficient electric cars.
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INTRODUCTION

Electric vehicles (EVs) are spearheading the
transformation of the automotive industry into a
new model of sustainable transportation.
Combined with government policies that aim to
achieve a zero-emission society, tougher CO;
regulations, and the desire by consumers to have
clean mobility, EV adoption is growing
exponentially. Industry projections suggest that
by 2035, EVs will make up over 50% of new cars
sold, a game changer that will require car design
and production to be innovative. One key issue
about EV development is the energy-to-weight
trade-off: the heavier a car is, the more space it
will need to place the battery pack, and thus the
higher the cost and the lower the efficiency. In
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this case, composite materials have a transformative effect [1-3]. Composites increase driving range,
energy efficiency, and crash safety directly through providing lightweight attributes with high structural
integrity. Other benefits of composites can be enumerated such as corrosion resistance and weight
reduction, and thermal and design flexibility that will challenge automaker limits. At the same time, the
production of composite is changing due to advanced automation technology. Automated Fiber
Placement (AFP), filament winding, Large Format Additive Manufacturing (LFAM), and other large-
format continuous fiber 3D printing processes enable accurate positioning of a fiber, scalable
manufacturing, and minimized waste of materials. These inventions enable designs based on composites
intensive EVs to be technically viable as well as cost-effective to produce in large quantities [4-5].

In this paper, examine the purpose of composites in EVs, the automation approaches that allowed the
mass adoption of the technology, and the efforts of Add composites to democratize the automated
composite manufacturing process. It also addresses the question of sustainability, recycling, and the
future and how the next generation of smart, light, and sustainable vehicles can be powered using
composites [6].

The fast growth in the EV industry presents serious issues like reduction in weight, energy, cost-
effectiveness, and sustainability. Composite material is of critical importance in overcoming these
issues as it has high strength-to-weight and thermal stability and offers flexibility in the design.
Nevertheless, to achieve mass production, automation technologies are necessary to achieve uniformity,
lower production expenses and allow mass production of composite based EV parts at large scale.

Chassis
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Chassi Battery Body
assis enclosures panels Interiors

Figure 1. Composite Material Integration in EV Structure

As shown in this figure 1, composite materials are incorporated into the main components of electric
vehicles (EVs) grouping the chassis, battery enclosures, body panels, and interior parts. The figure
highlights the importance of composites to lower the total weight of the vehicle and improve crash
safety [7-9].

This figure 2, illustrates the manufacturing pipeline, showing how AFP, filament winding, LFAM,
and continuous fiber 3D printing integrate into EV production lines with feedback loops for Al-driven
process optimization.

Composite materials used in electric vehicles (EVs) are inspired by the twin need to attain lightweight
structures and superior mechanical performance. Composites- In general, composites are polymer
matrix materials reinforced with glass, carbon, or ceramic fibers that possess a distinctive combination
of high specific strength, rigidity, and anti-corrosiveness. Placed strategically in the EV chassis, battery
enclosure, body panels, interior components (Figure 1), these materials will greatly decrease the curb
weight of the vehicle resulting in increased driving range and enhanced energy efficiency. Also, the
crashworthiness is increased due to the high energy absorption ability of composites, thus, improving
the occupant safety. Automation in composite manufacturing is now a necessity in order to achieve such
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benefits at scale. Automated Fiber Placement (AFP) allows the placement of continuous fiber tapes
precisely to provide the best load paths in structural zones. Cylindrical and pressure bearing parts (e.g.,
hydrogen or battery enclosures) are frequently filled with filament winding. The Large-Format Additive
manufacture (LFAM) enables large parts with thick cross-section to be prototyped fast and the
continuous fiber three-dimensional printing provides a local reinforcement and freedom in design.
When applied in the EV production lines, these manufacturing methods will enable production of
quality products, less time of manufacture and at an affordable cost (Figure 2).
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Figure 2. Automation Workflow in Composite Manufacturing

The introduction of Al-based optimization of processes is one of the key advances in this workflow.
The quality of deposition, its curing, and structural stability are also monitored using real-time feedback
loops, and the manufacturing pipeline can be adjusted accordingly. The integration ensures that
composite structures are of high automotive standards with minimal defects like voids, delamination or
misalignment. The idea of composite-enabled EV production is therefore based on the principle of
synergy between material science, automated processing, and smart control of the process. The EV
industry can attain sustainable, scalable, and safe mobility solutions by integrating lightweight, high
performance materials and automated and optimized workflows in manufacturing [10-11].
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Figure 3. Recycling Lifecycle of EV Composites

This lifecycle diagram figure 3, depicts composite recycling stages—collection,
mechanical/chemical processing, fiber recovery, and reuse—showing how circular economy principles
apply to EV composites.
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The high rate of electric vehicle (EV) manufacturing has increased the need of light and high
performance composite materials. Although composites are much more energy efficient and safer
during a crash impact, the difficulty of managing them at the end of their life is critical because of their
heterogeneous structure. To overcome this recycling operations are increasingly being incorporated in
the EV composite lifecycle, which is in line with the principles of a circular economy. The Figure 3
recycling lifecycle begins with the collection stage where the end-of-life EV components consisting of
body panels, battery enclosures, and interiors are sorted to be recycled. After collection, mechanical
and chemical recycling is done. Composites are reduced to smaller fractions through mechanical
processes (grinding, shredding), or the resin matrix is broken down through chemical processes
(pyrolysis, solvolysis) so that high-value fibers can be recovered. The next step, fiber recovery, has a
central role in sustainability of recycling, both structural and economic. Carbon or glass fibers which
have been reclaimed through processing can be recycled back into production with only a small loss of
performance. These retrieved fibers are then re-used in other purposes, including non-structural
automotive parts, in secondary industrial applications and thus a material loop is completed. The use of
Al to monitor and optimize also contributes to improved recycling efficiency through forecasting
degradation trends, finding the most efficient routes to recover, and reducing the amount of energy used
in the processing. Through this integration, recycling can still be technically viable, economically
viable, as well as environmentally viable. Essentially, EV recycling would shift the EV manufacturing
processes, instead of a linear, take-make-dispose process, into a procurement cycle, whereby materials
are reintroduced into the supply chain. It will lead to less dependency on raw materials, carbon
emissions through lifecycles, and create a sustainable long-term EV ecosystem [12-13].

CURRENT ISSUES

However, even with the technology, there are still a few obstacles, which still restrict the mass
production use of automation-based composites in electric vehicles. The cost of composite raw
materials and automated manufacturing, including Automated Fiber Placement (AFP), filament
winding, and Large Format Additive Manufacturing (LFAM) is still a significant obstacle, and mass-
market integration is difficult economically. Also, the intricacy of incorporating automation in the
current automotive production lines, such as the curing, handling systems, automated inspection, etc,
has slowed the standardization of the process, and made it scalable. The other urgent problem is that
there are no standard testing procedures, certification, and regulations on composite-based EV parts,
especially in the safety-related components such as battery casings, crash structures, and structural
chassis modules. The issue of repairability and end-of-life processing also remains a problem which
most composite systems are hard to rework, refurbish, or recycle using the currently available industrial
infrastructure. Such restrictions demonstrate the necessity of combined measures that would consider
engineering, manufacturing, and sustainability challenges at once.

RESEARCH GAPS

Nevertheless, despite continuous developments, there are still significant research gaps that should
be filled with a specific study. The Al-based quality control, digital twins, and predictive defect
detection systems have a high demand in order to facilitate the fully automated composite
manufacturing setting. The studies of closed-loop automation systems such as intelligent robot layup,
real-time monitoring, and adaptive process control are still in its infancy and need additional research
to become industrial maturity. The other important research direction is the next-generation hybrid
material systems including bio-based composite materials, multifunctional structural batteries,
graphene-enhanced polymers, and recyclable thermoplastics with automated processing. More so, life-
cycle sustainability assessment, including environmental footprint, material circularity, and post-use
recovery plans, are yet to be elaborated and need to be broadened to aid policy and manufacturing
choices. To put composite technologies in premium EV applications into scalable, sustainable and
mainstream mobility solutions, it will be critical to address these research gaps.
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COMPOSITE MATERIALS IN ELECTRIC VEHICLES: A LIGHTWEIGHT REVOLUTION
Advantages of Composites in EV Design

Composites are artificial materials that are made up of reinforcing fibers embedded in a polymer, and
they are made with the aim of taking advantage of the synergy between strength, stiffness, and
lightweight properties. Fiber-reinforced polymers can reach densities of as low as 1.519 g/cm 3
compared to conventional automotive materials (steel, with a density of approximately 7.8 g/cm? and
aluminum with a density of approximately 2.7 g/cm?), allowing considerable reduction of mass in
vehicles.

This decrease in mass directly scales to increase in driving range per charge as a 10 percent decrease
in vehicle weight can increase energy efficiency by 6 to 8 percent. Also, composites lead to:

e Crashworthiness: It absorbs excessive amounts of certain energy when they are hit in an impact,
making the passengers safer.

e Corrosion resistance: It exhibits greater resistance to tough environmental conditions than
metals.

e Plasticity in form: Capacity to fashion complex forms so as to reduce the quantity of components
and permit multifunctional exploitation of the component (e.g., structural, thermal, and
electrical).

EVs Use Common Composite Materials.

e Carbon Fiber Reinforced Polymer (CFRP): It offers an extraordinary hardness and strength at
minimal weight, and is well-suited to structural EV components, including chassis parts, roof
panels, battery trays, etc.

o Fiberglass (GFRP): This is an affordable material that has decent mechanical performance and
is often used in body panels, enclosures, and semi-structural components.

Kevlar and Aramid Fibers: Kevlar and Aramid Fibers have a high impact resistance and toughness
and are used in safety-critical applications like battery pack protective shielding.

Glass Reinforced Composite (GRC) are a mixture of cost and performance, and enjoy significant
popularity in battery casing, underbody protective casing, and enclosures.

These developments highlight the potential of composites to move from passive structural roles
toward active multifunctional components in EV platforms.

The tablel, compares popular materials utilized as electric vehicles (EVs) according to density, the
strength-weight ratio, and applications. Steel is dense (7.8 g/cm?) and has a low strength to weight ratio;
however, it is used in chassis and structural frames because it is very durable. Lightweight (2.7 g/cm?),
moderately strong aluminum is used in body panels and heat exchangers. Composites CFRP (1.6 g/cm?)
and GFRP (1.9 g/cm®) are high strength-to-weight ratios and used as chassis, battery trays, and roof
panels, as well as semi-structural parts and body panels respectively. Kevlar/Aramid is the lightest (1.4
g/cm?®), most impact resistant and is usually employed in battery shielding and crash protection. In
general, composites allow to reduce weight and improve safety considerably as compared to
conventional metals when designing EV.

Table 1. Comparison of Common Composite Materials in EVs

Material Density | Strength/Weight Applications

(g/cm®) | Ratio
Steel 7.8 Low Chassis, structural frames
Aluminum 2.7 Moderate Body panels, heat exchangers
CFRP (Carbon Fiber Reinforced Polymer) 1.6 High Chassis, battery trays, roof panels
GFRP (Glass Fiber Reinforced Polymer) 1.9 Medium Body panels, semi-structural parts
Kevlar/Aramid 1.4 High (Impact) Battery shielding, crash protection
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This comparison shows how each automation technique fits specific EV applications, balancing cost,
scalability, and performance.

The table 2, describes major automation methods to manufacture composite in EVs, their principles,
applications, benefits, and shortcomings. Automated Fiber Placement (AFP) is a technology that utilizes
a robotic laying up process to apply components such as chassis and crash beam with high precision,
but is extremely expensive. Winding Filament winding, is commonly used on drive shafts and on
hydrogen tanks as it is strong and cost effective, but only available in a limited range of shapes.
Developed by Ohio State University, Large Format Additive Manufacturing (LFAM) uses chopped-
fiber 3D printing to produce body panels and molds, offering the benefits of design flexibility and low
tooling requirements at the cost of lower strength. Continuous fiber 3D printing Continuous fiber is
deposited into printed parts such as battery housing, enabling lightweight, high strength custom parts,
but is slow and costly. In general, all approaches are applicable to different EV applications with varying
tradeoffs in terms of cost, performance, and scalability [14-15].

Table 2. Automation Techniques for Composite Manufacturing in EVs

Technique Working Principle | Key Applications Advantages Limitations

AFP (Automated Fiber | Robotic fiber layup Chassis, crash beams, | Precision, low waste | High cost, skilled

Placement) enclosures operation

Filament Winding Fiber wound on Drive shafts, hydrogen | High strength, cost- Limited shapes
mandrel tanks effective

LFAM (Large Format | Chopped-fiber 3D Body panels, interiors, | Design freedom, low | Lower strength, post-

Additive printing molds tooling processing required

Manufacturing)

Continuous Fiber 3D | Continuous fiber Battery housings, High strength-to- Slow production,

Printing embedded in print brackets weight, custom parts | costly

The next table links the current problems to the new solutions, pointing to the future map of the
composite use in EVs. The table 3, identifies the key issues of using composites on EVs and possible
ways out. Low-cost precursors and modular automation can offset the cost of the expensive composites
and automation, and Al-based automation and modular AFP systems can be mass-produced. Recyclable
and low-cost materials such as hybrid fibers and bio-based resins are being developed as part of the
future of material development. Recycling is not easy because fibers and resins are separated.

However, solvolysis, thermal and chemical procedures promise. Finally, LFAM, 3D printing, and
other automation methods are still under development, and need standardization and more effective
process monitoring. Collectively, these solutions describe a direction of broader, long-term aggregate
integration of EVs.

Table 3. Challenges and Potential Solutions for Composite Adoption in EVs
Challenge

Description Potential Solutions

Cost Constraints

Composites and automation are costly

Low-cost precursors, modular automation

Scalability

Mass production is limited

Al-driven automation, modular AFP

Material Development

Need for recyclable & low-cost fibers

Hybrid fibers, bio-based resins

Recycling

Difficult separation of fibers/resins

Chemical/thermal recycling, solvolysis

Automation Limitations

LFAM/3D printing still maturing

Standardization, process monitoring

In table 4, the impact of the weight being reduced on the energy efficiency of an EV is seen to be
directly positive. A 5 percent reduction of weight increases driving range by 3 to 4 percent and decreases
battery size by 2 percent, and a 10 percent reduction increases range by 6-8 percent with a 5 percent
smaller battery. Additional 15 percent and 20 percent reductions increase range by 9 percent and 12
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percent, respectively, and the battery size is reduced by 8 percent and 11 percent. This means that
lightweight composites will have much greater range and fewer battery demands and will become much
less wasteful of EV performance and cost [16].

Table 4. Impact of Weight Reduction on EV Energy Efficiency

Weight Reduction (%) Range Improvement (%) Battery Size Reduction (%)
5 3-4 2
10 6-8 5
15 9-12 8
20 12-16 11

Table 5, summarizes major recycling paths of composite materials with advantages and
disadvantages. Simple low-cost mechanical grinding transforms composites into filler materials, but
causes a loss of fiber strength. Pyrolysis is a high-energy thermal separation method that yields high
quality fibers. Solvolysis, the method of resin dissolving in some chemical solvents, is an expensive
and creates chemical waste with a high recovery quality. Recovery in the form of used fibers is
introduced in hybrid composites and contributes to the sustainability at a reduced mechanical capacity.
Comprehensively, these processes represent trade-offs when efficiency, cost, and environmental
performance are compared in composite recycling.

Table 5. Recycling Pathways for Composite Materials

Method Process Advantages Limitations
Mechanical Grinding | Composites ground into filler materials | Low cost, simple Loss of fiber strength
Pyrolysis Thermal decomposition to recover fibers | Good fiber recovery High energy use
Solvolysis Chemical solvents dissolve resin High recovery quality | Chemical waste, cost
Reuse in Hybrid Recovered fibers mixed with virgin Sustainability Reduced mechanical
Composites materials improvement properties

Multifunctional EV components are provided by smart composites, which connect structural,
electrical and thermal space. The table 6, outlines some of the emerging applications of smart
composites in EVs, which demonstrate the multifunctional capabilities of smart composites. Sensor-
integrated CFRP helps make the battery monitored by the structural health monitoring and makes the
structure less hazardous. Piezoelectric materials are utilized as vibration energy harvesting composite
and nanotube-copper composite is used as a lightweight high current and high capacity wiring material,
lowering the mass of the vehicle. Phase-change composites can manage temperature to support
efficiency. Overall, by using smart composites, structural, electrical, and thermal functions are
interconnected and enable more effective and safer EV designs [17-20].

Table 6. Emerging Applications of Smart Composites in EVs

Application Composite Type Functionality Impact

Battery Monitoring Sensor-integrated CFRP Structural health monitoring | Improved safety
Energy Harvesting Piezoelectric composites Capture vibration energy Extended battery life
Lightweight Wiring Nanotube—copper composites High current capacity Reduced vehicle mass

Thermal Management

Phase-change composites

Temperature regulation

Enhanced efficiency

AUTOMATION TECHNIQUES IN COMPOSITE MANUFACTURING
Central to the scalability, cost, and quality requirements of the fast-growing electric vehicle (EV)

market is automation in composite manufacturing. Although composites have superior performance
value, the conventional manual layup technology is labor-intensive, ineffective, and cannot be used in
mass production. Some high-level automation technologies have thus been developed to shorten cycle
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times, enhance repeatability, and to produce defect-free components. There are four big techniques
which have direct implications to EV manufacturing as discussed below.

Automated Fiber Placement (AFP).
Working Principle

AFP uses robotic heads with several spools of continuous fiber tows or prepreg tapes, deposited on a
mold surface under controlled tension, heating and compaction. The robotic system provides the
possibility to steer fibers along optimal load paths, which enables the fabrication of anisotropic
properties based on the demands of the structure.

Applications in EVs
e Chassis structures and crash beams.
e Battery cases and carts.
e Hoods, roofs, underbody covers (acrodynamic body panel)

Electric Motor Sleeve and High Load Structural Component

Advantages
e High Accuracy: Allows the fiber orientation to be controlled in order to maximize stiffness in
stiff directions.

e Material Efficiency: Wastes are also reduced by laying tows only when required.

e Complex Geometries: It is ideally applicable to monocoque EV and curved-surface
applications.

o Hybridization with thermoplastics: Recyclable materials to the adoption of a circular economy.

Limitations
e Large capital outlay in robotic AFP systems and equipment.

Skilled operation needed, as control of processes and detection of defects is extremely specialized.

Cycle times can be longer than in metal stamping when using very high volumes, although
automation advances continue to reduce the difference.

Filament Winding
Working Principle

In filament winding, resin impregnated continuous fibers are wound around a rotating mandrel in
tension. Manufacturers can match hoop strength (circumferential) to axial strength (longitudinal) by
controlling winding angles and build very optimized cylindrical parts.

Applications in EVs
e Superior torsional drive shafts.

Hydrogen storage tanks of fuel-cell EVs (FCEVs).
e Mechanical reinforcement housings and electric motor sleeves.

Advantages
e High strength-to-weight ratio, especially of pressure vessels and rotating parts.
e Corrosion resistance, which is better than metals in adverse conditions.
e Economical on a per-tube basis, and can be produced at scale once tooling is in place.

Limitations
e Poor shape versatility: ideal in near-cylindrical or cylindrical geometry.
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e Design flexibility Design flexibility is limited and can not be applied to complex, non-
axisymmetric EV parts.

Large Format Additive Manufacturing (LFAM)
Working Principle

LFAM is an extrusion additive manufacturing process applied to thermoplastics that is reinforced
with chopped fibers to create large components in layer form. After printing parts may be machined to
high accuracy. It is a fast-developing technology that has gained popularity in the aerospace and tooling
industry and is now also applicable to EVs.

Applications in EVs
e Big body panels like roofs, doors or bumpers.
e Structural interior (dashboards, floor panels, seating supports, etc.)
e Battery module molds, prototyping and production tooling.

Advantages

Big part- large scale part capability, allowing individual components to be fabricated that would
otherwise have to be assembled.

e Less lead-time, especially when prototyping or doing low-volume production.

e Freedom of design, complex shapes and internal channels and built-in features are possible.

o Lowered cost of tooling, and thus suitable when production runs are short.

Limitations
o Reduced material palette: Thermoplastics that have chopped-fiber reinforcement, which are not
as strong as continuous fiber composites.

Surface Finish: Finish may be post-processed after the fact. Dimensional accuracy: Finish may be
post-processed after the fact.

Mechanical anisotropy may be due to layer-by-layer deposition.

Large-Format Continuous Fiber 3D Printing
Working Principle

This technique is also used instead of LFAM with chopped fibers, where continuous fiber
reinforcement is introduced into a thermoplastic substrate during printing. What remains as a result is
an additively manufactured composite part that has far greater load-bearing capacity. Designers can use
continuous fibers selectively to produce custom reinforcement areas in the printed structure.

Applications in EVs
e Battery enclosures and battery housings, which need to be strong and thermally stable.
e Load-bearing elements and structural brackets, which make it less dependent on metals.
e Custom interior parts with inherent strength and light weighting.

Advantages
High-strength-to-weight ratio- this is similar to other traditional fiber-reinforced composites.
e Complex design ability, which allows internal lattices, curved reinforcements, and integrated
functionality.
e On-demand production, which is appropriate when distributing production models and spares.

Limitations
e Increased cost in terms of high equipment and materials.
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e Reduced production rates as opposed to traditional processing of composite.
e Scale up issues, since large format continuous fiber printing is in its infancy.

ADD COMPOSITES: DEMOCRATIZING COMPOSITE MANUFACTURING

Historically, composite manufacturing methods including AFP, filament winding, and LFAM have
been available to only large aerospace or defense organizations with massive capital bases. In the case
of the electric vehicle (EV) market, particularly regarding start-ups and small-to-medium manufacturers
(SMEs), these obstacles can be a significant impediment to adoption regardless of the obvious
advantages of composites. Add composites, a technology supplier headquartered in Finland, has made
a significant entry in reducing these barriers by offering affordable, modular and scalable automation
solutions to the mobility industry.

The main Technologies developed at Add composites:

AFP-XS Systems
. Compact modular automated fiber system to be integrated with robotic arms.
e The allows thermoplastic and thermoset compatibility, which allows manufacturing of recyclable
composite.
o  With real-time fault detection and in-situ monitoring of the process quality.
Appropriate to EV chassis components, battery enclosures, and aecrodynamic body components.

Filament Winding Systems
e Light-speed, precise winding stations which can be scaled to a variety of fiber and resin.
e Applied to hydrogen storage containers, driveshafts and structural tubes.
e Scalable to prototype and to batch production.

LFAM Platforms
e Make additive manufacturing of large format possible using chopped-fiber thermoplastics.
e Dimensional stability is provided via the combined substrate heating, multi-mode deposition and
process control.
e Perfect in tooling, molds, and structural interior.

AddPath Software Suite
e An AFP and winding path planning environment using a CAD.
o Simulates and executes a digital twin, which reduces trial and error and guarantees the readiness
to produce.
e Puts in place data analytics to optimize the processes in order to complete the process design
manufacturing and quality control.

Strategic Impact

By providing modular plug-and-play solutions with access to existing robotic arms, Add composites
has made a major move towards making the world of composite automation more democratic. This
makes the costs of capital drastically lower than those of the traditional aerospace-grade machines. This
has seen small and medium EV manufacturers (who in many cases do not have the resources to run
traditional composite equipment) being able to now incorporate automation into their production lines.
This fills the void between high-end material science and the mainstream EV market adoption and will
speed up the EV industry shift to lightweight, sustainable vehicles.

CHALLENGES AND FUTURE OUTLOOK
Key Challenges
Cost Constraints
e Composites and automation systems are much more costly than stamped steel or cast aluminum.
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o Initial investment is a significant impediment to manufacturers which have mid-scale volumes
of production.

Scalability Issues
e Automation is precise, but to scale to hundreds of thousands of vehicles per year, huge
infrastructure and highly skilled labor is needed.
e  The difference of the feasibility in prototype and the feasibility in the mass production is still an
urgent issue.

Material Development
e The demand on low cost, high-performance precursors like cheap carbon fibers, thermoplastics
which can be recycled, and hybrid fibers is increasing.
e Auvailability of the materials and supply chains is a limiting factor to widespread adoption.

Recycling and End of Life Problems
e Existing fiber-resins are not easily separable and reclaimable, which makes them wasteful when
the vehicle is finally disposed of.
e Circular economy solutions are being driven by regulations in Europe and Asia, and still
composites are struggling to deliver.

Automation Limitations
e LFAM and continuous fiber 3D printing technologies are in their infancy, and they are limited
by speed, resolution, and material choice.
e Process monitoring and standardization across composite automation remain under development.

Future Prospects
The outlook for composites in EV manufacturing is highly promising, driven by parallel advances in
materials, automation, and digital technologies:

Technology: The resin, the recycled carbon fibers and hybrid reinforcements will be designed in a

manner, that it will be able to reduce the cost, and, it will also increase the sustainability.

e Hybrid Material Systems: Mixes of carbon fiber, glass fiber, and thermoplastics may be used
to attain a cost/performance/recyclability balance. Closed-Loop Recycling: New pyrolysis,
solvolysis, and chemical recycling technology can potentially recover fibers and resins to be
reused to mitigate environmental impact.

e Al-Inspired Manufacturing: Introducing artificial intelligence, digital twins, and machine
learning to composite automation may enable adaptive and self-optimizing systems that can
detect defects, anticipate failures, and optimize fiber placement in real-time. * Mass-Market
Penetration: With the proliferation of modular solutions, such as those offered by Add
composites, adoption of composite by EVs will move beyond luxury/performance models down
to mid-segment and budget cars.

SYNTHESIS

The use of composites in the EV market is not a mere change of materials but a new approach to the
design and production philosophy of a vehicle. Lightweight, structurally optimized, and high-
performance (AFP, filament winding, LFAM, continuous fiber 3D printing) The automation approaches
are enabling the production of lightweight, structurally optimized and high-performance components at
progressively competitive production rates. Firms such as Add composites have a critical role to play
in bridging the technological and economic gap, to give SMEs the means to access advanced composites
at a fraction of the traditional prohibitive prices. The outcome is an ecosystem in which both fledgling
and established OEMs would have an opportunity to experiment with new vehicle designs, speed up
the prototyping process, and roll out lighter, safer, and more sustainable vehicles.
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CONCLUSION

The findings of this study highlight that composite materials have become a critical catalyst in the
evolving electric vehicle (EV) sector, especially as the industry advances toward lightweight vehicle
designs, extended driving range, and improved safety standards. The integration of composites with
emerging automation and digital manufacturing technologies demonstrates strong potential to enhance
production scalability, precision, and efficiency—indicating significant implications for future EV
manufacturing and supply chain optimization. However, several key challenges remain, particularly in
cost reduction, large-scale manufacturability, and end-of-life recycling. Addressing these gaps will
require coordinated advancements across material science, Al-enabled production systems, and circular
economy frameworks. Looking ahead, future research should focus on the development of hybrid
composite systems, intelligent automation, and sustainable recycling technologies to support the
transition of composites from a high-cost niche solution to a mainstream, indispensable material
platform for next-generation EVs. This convergence offers opportunities for transformative innovation
while also addressing the ethical, environmental, and operational challenges that accompany rapid
industrial adoption.
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