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Abstract— Flexible solar cells have emerged as a
promising technology for integrating renewable energy
generation into electric vehicles (EVs), enabling improved
energy efficiency and extended driving range. This review
paper provides a comprehensive analysis of flexible solar cells
for electric vehicles, focusing on their current status,
challenges, and future prospects. The review covers various
types of flexible solar cell technologies, including organic, dye-
sensitized, perovskite, and thin-film technologies, and
explores their advantages and limitations. Integration
methods, efficiency improvements, and durability
considerations for flexible solar cells in EV applications are
discussed. The paper identifies key research directions and
technological advancements required for the widespread
adoption of flexible solar cells in the electric vehicle industry.
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I. INTRODUCTION

As the demand for electric vehicles (EVs) continues to
surge, the need for innovative and sustainable energy
solutions to power these vehicles becomes increasingly
pressing. The conventional reliance on fossil fuels for
transportation is being challenged by the urgency to reduce
greenhouse gas emissions and combat climate change [1].
In this context, flexible solar cells have emerged as a
promising technology that holds the potential to
revolutionize the way we power electric vehicles. Flexible
solar cells represent a significant advancement in solar
technology, offering a versatile and adaptable solution for
harnessing solar energy. Unlike traditional rigid solar
panels, these cells can be manufactured on flexible
substrates, enabling them to conform to various shapes and
sizes [6]. This inherent flexibility makes them highly
compatible with the curved surfaces of electric vehicles,
providing an opportunity to integrate solar power generation
seamlessly into the design of these vehicles.

The advantages of incorporating flexible solar cells into
electric vehicles are manifold. Firstly, they offer a means to
supplement the energy stored in the vehicle's battery,
extending the driving range and reducing the dependence on
external charging infrastructure. By converting sunlight into
electricity, these cells can generate a continuous and
sustainable power supply, making EVs more autonomous
and reducing the need for frequent recharging [3].
Moreover, the integration of flexible solar cells into the
body of an electric vehicle offers the potential for increased
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energy efficiency. The captured solar energy can be utilized
to power auxiliary systems, such as air conditioning,
lighting, or infotainment, reducing the overall energy
demand from the vehicle's battery. This energy offset
contributes to a more efficient operation and ultimately
enhances the vehicle's overall performance [5]. In this era of
sustainable  transportation, the development and
implementation of flexible solar cells for electric vehicles
have gained significant attention from researchers,
engineers, and automakers. With ongoing advancements in
materials science, solar cell efficiency, and manufacturing
techniques, the prospects for this technology continue to
improve. This progress, coupled with the accelerating
adoption of electric vehicles worldwide, highlights the
importance of exploring the potential of flexible solar cells
as a game-changing solution for sustainable and self-
sufficient transportation [2].

In this article, we delve into the world of flexible solar
cells for electric vehicles, examining their working
principles,  manufacturing  processes, performance
characteristics, and the challenges they face. We explore
their potential impact on the electric vehicle industry and
discuss the current state of research and development in this
field. By shedding light on this emerging technology, we
aim to inspire further innovation and foster a deeper
understanding of the transformative role that flexible solar
cells can play in the future of electric mobility [8].

Il. TYPES OF FLEXIBLE SOLAR CELLS

A. Organic Solar Cells
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Fig. 1. Organic Solar Cells
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Organic solar cells, also known as organic
photovoltaics (OPVs) or organic photovoltaic cells
(OPCs), are a type of solar cell that utilizes organic
materials to convert sunlight into electricity. They are
a promising alternative to traditional inorganic solar
cells, such as silicon-based photovoltaics. Organic
solar cells are composed of thin films of organic
molecules or polymers that have semiconducting
properties. These organic materials are typically
carbon-based and contain conjugated pi-electron
systems, which enable them to absorb photons and
generate electric charges [9].

The primary use of organic solar cells is in solar
energy harvesting for various applications. They can
be integrated into building materials, such as windows
or facade elements, to generate electricity from
sunlight. Additionally, they are suitable for portable
electronics, wearable devices, and low-power
applications. However, organic solar cells currently
have lower energy conversion efficiencies compared to
silicon-based solar cells, limiting their use in large-
scale solar power installations. Ongoing research and
development aim to improve their efficiency and
stability to enhance their commercial viability [12].

B. Dye-Sensitized Solar Cells
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Fig. 2. Dye-Sensitized Solar Cells

Dye-sensitized solar cells (DSSCs), also known as
Grétzel cells, are a type of photovoltaic device that converts
light energy into electrical energy. They are named after
their inventor, Michael Gréatzel. DSSCs use a unique
mechanism to capture sunlight and generate electricity,
different from traditional silicon-based solar cells [7].

Dye-sensitized solar cells have several advantages over
traditional silicon-based solar cells. They can be produced
at a lower cost, as they use less material and simpler
manufacturing processes. DSSCs can also operate
effectively under low-light conditions, including indirect
and diffused sunlight, making them more suitable for
indoor or cloudy environments. Additionally, DSSCs can
be flexible and transparent, allowing for a wide range of
applications such as integration into building materials,
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wearable electronics, and portable devices [10]. While dye-
sensitized solar cells have shown promise, there are
ongoing research efforts to improve their efficiency,
stability, and overall performance [11].

C. Perovskite Solar Cells
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Fig. 3. Perovskite Solar Cells

Perovskite solar cells are a type of solar cell that utilize
a class of materials known as perovskites. Perovskites are a
group of compounds that have a distinctive crystal
structure, named after the mineral perovskite, which has the
same crystal structure. Perovskite solar cells are typically
composed of a thin film made of a perovskite material that
acts as the light-absorbing layer. This perovskite layer is
sandwiched between two other layers, which are typically
made of conductive materials like metal oxides. When
sunlight hits the perovskite layer, it generates electric
charges (electrons and holes), which can be harvested as
electricity. One of the major advantages of perovskite solar
cells is their potential for high power conversion
efficiencies.

Perovskite materials have shown the ability to convert
a large portion of sunlight into electricity, with some
laboratory devices achieving efficiencies exceeding 25%.
This makes perovskite solar cells a promising technology
for generating clean and renewable energy. Perovskite solar
cells also offer several other advantages, including low-cost
fabrication methods and the potential for flexible and
lightweight devices. They can be manufactured using
relatively simple and low-temperature processes, such as
solution processing or vapor deposition, which could
potentially reduce the production costs compared to
traditional silicon solar cells. Additionally, the flexibility of
perovskite materials allows for the development of solar
cells that can be integrated into various applications,
including curved surfaces or flexible substrates [13].

Thin film solar cells are a type of photovoltaic (PV)
device that converts sunlight directly into electricity using
a thin semiconductor film. Unlike traditional silicon-based
solar cells, which are relatively thick and rigid, thin-film
solar cells are made from much thinner layers of light-
absorbing materials. These materials are applied in thin
film form onto various substrates such as glass, plastic, or
metal [14].



Journal of Applied Science, Engineering, Technology and Management
Vol. 1, Issue 1, June 2023

D. Thin-Film Solar Cells
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Fig. 4. Thin-Film Solar Cells

It's important to note that the efficiency of thin film
solar cells is generally lower compared to traditional
silicon-based solar cells. However, ongoing research and
development efforts aim to improve the efficiency and
performance of thin film technologies to make them more
competitive in the solar energy market [15].

I1l. INTEGRATION IN ELECTRIC VEHICLES

Integration of flexible solar cells in electric two-wheelers,
four-wheelers, and space vehicles has the potential to
provide additional power generation and improve the
energy efficiency of these vehicles. Here's how they can be
integrated:

A. Electric Two-Wheelers:

Fig. 5. Solar Panel on an Electric Cycle

Flexible solar cells can be incorporated into the design
of electric motorcycles, scooters, or bicycles to provide
supplementary power for charging the vehicle's battery.
They can be integrated into the body panels, seat covers, or
even the helmet to maximize the surface area available for
solar energy capture. The generated electricity can be used
to extend the range of the vehicle or power auxiliary
systems such as lights, indicators, or navigation systems
[16].
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Fig. 6. Solar Panel on a Car

Similar to two-wheelers, flexible solar cells can be
integrated into electric cars, vans, or buses to harness solar
energy. They can be integrated into the roof, hood, or other
exterior surfaces of the vehicle. The solar energy captured
by these cells can be used to charge the vehicle's battery,
power auxiliary systems, or even contribute to the overall
propulsion of the vehicle [4]. While the amount of energy
generated by the solar cells may not be sufficient to fully
power the vehicle, it can help in reducing the reliance on
the electrical grid and increase the overall efficiency [17].

C. Space Vehicles:

Fig. 7. Solar Panels on a Satellite

Flexible solar cells have been of interest in space
applications due to their lightweight and flexible nature. In
space vehicles such as satellites, solar cells are essential for
powering various systems on board. Flexible solar cells can
be used to cover larger areas of the spacecraft, maximizing
power generation capabilities. They can be integrated into
the spacecraft's outer surface or deployed as flexible solar
arrays. The energy generated by these solar cells can be
used to power the onboard instruments, communication
systems, and propulsion systems. Additionally, flexible
solar cells are also being explored for use in space
exploration missions where their flexibility and lightweight
characteristics can be advantageous [18].

IVV. EFFICIENCY AND POWER DENSITY

The efficiency and power density of flexible solar cells for
electric vehicles depends on various factors, including the
specific type of flexible solar cell technology used and the
design considerations for integration. Efficiency refers to
the ability of a solar cell to convert sunlight into electrical
energy. Flexible solar cells typically have lower efficiency
compared to rigid silicon-based solar panels. The efficiency
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of flexible solar cells can vary depending on the specific
technology employed, such as amorphous silicon (a-Si),
cadmium telluride (CdTe), copper indium gallium selenide
(CIGS), or organic photovoltaics (OPVs). Currently, the
efficiency of flexible solar cells typically ranges from
around 7% to 15%. However, it's important to note that
research and development efforts are ongoing to improve
the efficiency of flexible solar cell technologies. Advanced
materials and engineering techniques aim to enhance the
efficiency and performance of these cells [19].

Power density refers to the amount of power that can be
generated per unit area. Flexible solar cells generally have
lower power density compared to traditional rigid solar
panels due to their lower efficiency and often limited
surface area available for integration. The power density of
flexible solar cells for electric vehicles depends on factors
such as the size of the vehicle's surface area available for
solar integration, the efficiency of the solar cells, and the
intensity of sunlight. While the power density of flexible
solar cells alone may not be sufficient to solely power an
electric vehicle, they can contribute to the overall energy
generation and help extend the vehicle's range or power
auxiliary systems. To maximize power density, integration
strategies aim to cover as much available surface area of the
vehicle as possible with flexible solar cells, including the
roof, hood, or other exterior panels. Advanced design
techniques are being explored to optimize the solar cell
arrangement, orientation, and tracking systems to capture
the maximum amount of sunlight and increase power
density. It's worth noting that while flexible solar cells may
have lower efficiency and power density compared to rigid
solar panels, their flexibility, and lightweight
characteristics offer advantages in certain applications,
such as their integration into curved surfaces or portable
devices [20].

V. SCALABILITY AND MANUFACTURING COSTS

A. Scalability

a) Production capacity: For flexible solar cells to be
widely adopted in EVs, manufacturers must be
capable of scaling up production to meet the
demand. Scaling up involves increasing the
manufacturing capacity and yield of flexible solar
cells to ensure a sufficient supply for the
automotive industry [8].

b) Material availability: The scalability of flexible
solar cells also depends on the availability of
materials used in their production. Manufacturers
need to ensure a stable and sustainable supply
chain for the required semiconductor materials,
transparent conductive films, and encapsulation
materials [8].

c¢) Integration challenges: Integrating flexible solar
cells into the design of EVs at a large scale
requires overcoming technical challenges. This
includes optimizing the placement, orientation,
and electrical connection of the solar cells to
maximize energy generation while considering
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factors such as vehicle aesthetics, durability, and
safety [21].

Manufacturing Costs
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Fig. 8. Costs and Pricing for c-Si Modules

a) Economies of scale: As the production volume of
flexible solar cells increases, economies of scale
can be achieved, leading to lower per-unit
manufacturing costs. Larger-scale production
allows manufacturers to optimize their processes,
streamline operations, and negotiate better pricing
for raw materials and equipment.

b) Material costs: The cost of materials used in
flexible solar cells plays a significant role in
overall manufacturing costs. Researchers and
manufacturers aim to develop and utilize cost-
effective materials without compromising the
efficiency and durability of solar cells [8].

c) Process optimization: Manufacturers need to
continuously refine and optimize their production
processes to reduce costs. This includes improving
deposition techniques, reducing material waste,
enhancing efficiency in cell fabrication, and
implementing automation wherever possible.

d) Supply chain optimization: The cost of flexible
solar cells can be influenced by the efficiency and
cost-effectiveness of the entire supply chain,
including material sourcing, manufacturing
equipment, transportation, and distribution.

VI. CONCLUSION

The transition to electric vehicles is crucial for
reducing greenhouse gas emissions and mitigating
climate change. The integration of flexible solar cells
in EVs has the potential to extend the vehicle's range,
enhance energy efficiency, and promote sustainable
transportation. This review provides a comprehensive
understanding of flexible solar cell technologies,
integration methods, efficiency  improvements,
durability considerations, and challenges associated
with their implementation in electric vehicles. By
identifying  future  research  directions and
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technological advancements, this review aims to
inspire further innovation and promote the widespread
adoption of flexible solar cells in the electric vehicle
industry, paving the way for a greener and more
sustainable future.
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