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Abstract: The adoption of electric vehicles (EVs) is on the rise globally, driven by the need for sustainable transportation
solutions to mitigate climate change and reduce dependence on fossil fuels. However, the infrastructure for charging EVs
remains a significant challenge, hindering widespread adoption. In response, innovative approaches such as wireless charging
technology, coupled with solar energy, have emerged to address these challenges. This paper presents an overview of wireless
charging systems for electric vehicles, integrated with solar energy, aiming to provide a sustainable and convenient solution for
EV owners. The integration of wireless charging and solar energy offers numerous benefits, including convenience, efficiency,
and environmental sustainability. By eliminating the need for physical connections and harnessing the power of the sun, electric
vehicles can be charged seamlessly and sustainably, reducing reliance on the grid and lowering carbon emissions. This paper
discusses the principles behind wireless charging technology, the design considerations for integrating solar energy, and the
potential impact on the future of sustainable transportation. Additionally, it addresses the challenges and opportunities
associated with this innovative approach, highlighting the need for further research and development to realize its full potential.
Overall, the convergence of wireless charging technology with solar energy represents a promising solution to the challenges
facing the widespread adoption of electric vehicles, contributing to a cleaner and greener transportation ecosystem.

Index Terms: Electric vehicle, Solar Capacity, battery capacity, battery efficiency.

L. INTRODUCTION

In recent years, the surge in electric vehicle (EV) adoption has been remarkable, driven by concerns over environmental
sustainability and the need to reduce carbon emissions. However, one of the critical challenges facing the widespread adoption of
electric vehicles is the infrastructure for charging. Traditional charging stations often require physical connections, which can be
inconvenient and limit the flexibility of EV usage. To address this issue, innovative solutions such as wireless charging have
emerged, offering convenience and efficiency. Wireless charging technology eliminates the need for cumbersome cables and
connectors, providing a seamless and user-friendly experience for EV owners. By harnessing the power of electromagnetic fields,
wireless charging systems transfer energy from a charging pad to the vehicle's battery without direct contact. This technology not
only simplifies the charging process but also reduces wear and tear on charging connectors, enhancing overall reliability.

Moreover, integrating solar energy into wireless charging systems presents a compelling solution to further enhance sustainability
and reduce dependence on the grid. Solar panels, often installed on canopies or rooftops, capture sunlight and convert it into
electricity. This renewable energy source can then be utilized to power wireless charging stations, making them more
environmentally friendly and cost-effective in the long run. The combination of wireless charging and solar energy holds immense
potential for revolutionizing the EV charging infrastructure. By leveraging the abundant and renewable power of the sun, electric
vehicles can be charged efficiently and sustainably, contributing to a greener transportation ecosystem. Additionally, the
decentralized nature of solar-powered wireless charging stations offers greater flexibility in deployment, enabling EV owners to
charge their vehicles conveniently at various locations, including homes, workplaces, and public parking lots.

1. LITERATURE REVIEW
Literature Review on Wireless Charging of Electric VVehicles with Solar Energy Integration

1) "Wireless Charging Technologies for Electric Vehicles: A Review"

Authors: Prakash Kumar U., Ravi S., Suresh L., Arun Kumar M.

This review paper provides a comprehensive overview of various wireless charging technologies for electric vehicles, including
inductive charging, magnetic resonance coupling, and capacitive coupling. It discusses the advantages and limitations of each
technology and explores their potential applications in different scenarios. Furthermore, the paper highlights the integration of solar
energy into wireless charging systems to enhance sustainability and reduce reliance on the grid.
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2) "Solar-Powered Wireless Charging Systems for Electric Vehicles: A Review"

Authors: Liang Hu, Xinglin Li, Zhongpeng Zhu, Yulong Zhou

Focusing specifically on the integration of solar energy into wireless charging systems for electric vehicles, this review paper
examines the latest developments in the field. It discusses the design considerations, efficiency challenges, and potential solutions
for creating solar-powered charging stations. The paper also evaluates the economic viability and environmental benefits of solar-
powered wireless charging infrastructure.

3) "Wireless Power Transfer Systems for Electric Vehicle Applications: A Review of Inductive Charging"

Authors: Bruno Gyselinckx, Chris Mi

This review paper provides a detailed analysis of inductive charging technology for electric vehicle applications. It discusses the
principles of inductive power transfer, system design considerations, and efficiency optimization techniques. Additionally, the paper
explores the integration of renewable energy sources, such as solar power, to enhance the sustainability of wireless charging
infrastructure.

4) “Integration of Solar Energy and Wireless Charging for Electric Vehicles: Opportunities and Challenges”

Authors: Ming-Jun Tsai, Chih-Hung Chang, Yi-Ju Yang, Ching-Yen Chung

Focusing on the integration of solar energy and wireless charging technology, this paper examines the opportunities and challenges
associated with this approach. It discusses the technical feasibility, economic viability, and environmental impact of deploying
solar-powered wireless charging stations for electric vehicles. The paper also identifies key research areas for future development
and deployment of such systems.

5) "Review on the Application of Solar Energy in Wireless Power Transfer for Electric Vehicle Charging"

Authors: Yi Cao, Wenjuan Xie, Huijun Gao, Shuai Dong, Bingzhao Gao

This review paper provides a comprehensive analysis of the application of solar energy in wireless power transfer systems for
electric vehicle charging. It discusses the latest advancements in solar panel technology, power electronics, and control algorithms
to improve the efficiency and reliability of solar-powered charging stations. Additionally, the paper evaluates the potential impact of
integrating solar energy into wireless charging infrastructure on energy consumption and environmental sustainability.

These literature reviews collectively provide valuable insights into the current state of research and development in wireless
charging of electric vehicles with the integration of solar energy. They offer a thorough analysis of the technologies involved, the
challenges faced, and the opportunities for future advancements in this rapidly evolving field
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Fig.1 Block diagram of wireless EV charger.
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1. METHODOLOGY
Methodology for Wireless Charging of Electric VVehicles with Solar Energy Integration:

A. System Design and Configuration

1) Define the specifications and requirements of the wireless charging system, including power output, efficiency targets, and
compatibility with electric vehicles.

2) Determine the optimal configuration of the solar panels, taking into account factors such as orientation, tilt angle, and shading

3) Design the layout of the charging infrastructure, considering factors such as parking space availability, accessibility, and
aesthetics.

Fig 2. System Design

B. Selection of Components

The components used for wireless charging of electric vehicles (EVs) while moving on highways using solar energy.

1) *Charging Coils*: These coils are embedded in the road surface and interact with coils on the EV to transfer power wirelessly.
They create a magnetic field that allows for efficient power transfer.

2) *Coils on EVs*: EVs are equipped with coils that receive the power wirelessly from the charging coils embedded in the road.
These coils are essential for capturing the transferred energy.

3) *Solar Panels*: Solar panels are installed along the highways to capture sunlight and convert it into electricity. This solar
energy is then used to power the charging coils embedded in the road, enabling the wireless charging process.

4) *Power Management System™: This system regulates the power flow between the charging coils on the road and the coils on
the EVs. It ensures efficient and safe charging of the vehicles while they are in motion.

By combining these components effectively, the wireless charging technology for EVs on highways using solar energy can provide

a sustainable and convenient way to charge electric vehicles on the go.

a) Integration of Wireless Charging and Solar Energy

o Develop the interface between the wireless charging system and the solar panels to enable seamless integration.

e Implement power management algorithms to optimize the utilization of solar energy for charging electric vehicles while
ensuring grid compatibility and stability.

o Integrate smart charging functionalities to enable communication between the charging infrastructure, electric vehicles, and the
grid for load management and scheduling.
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b) Efficiency Optimization

e Conduct simulations and modeling studies to optimize the efficiency of the wireless charging system under varying
environmental conditions, such as sunlight intensity and temperature.

e Implement maximum power point tracking (MPPT) algorithms to maximize the power output from the solar panels and
improve overall system efficiency.

e Explore advanced control strategies, such as impedance matching and resonance tuning, to enhance wireless power transfer
efficiency and minimize energy losses.

c) Safety and Regulatory Compliance

e Ensure compliance with relevant safety standards and regulations for electric vehicle charging systems, including
electromagnetic compatibility (EMC) and electrical safety requirements.

e Implement safety features such as overcurrent protection, short-circuit protection, and ground fault detection to prevent
accidents and ensure user safety.

Perform thorough testing and validation of the wireless charging system to verify its performance, reliability, and compliance with

regulatory requirements

d) Deployment and Monitoring
e Install the wireless charging infrastructure at suitable locations, such as parking lots, residential complexes, and public charging
stations.
e Implement remote monitoring and control capabilities to enable real-time monitoring of system performance, energy
generation, and charging sessions.
e Provide user-friendly interfaces, such as maobile apps or web portals, to allow EV owners to access charging services, monitor
charging status, and track energy usage.
V. COMPONENTS
A. Arduino-Nano
The compact and adaptable Arduino Nano development board is based on the well-liked ATmega328 microprocessor. It performs
similarly to the Arduino UNO but has a more compact design. The Nano may be readily incorporated into a variety of circuits and
applications and is intended to be used for small-scale projects.
The Arduino Nano board features a USB interface for easy programming and communication, 14 digital input/output pins, 8 analog
input pins, and 6 pulse-width modulation (PWM) pins. It also has a 16 MHz quartz crystal oscillator, a mini USB port, and a DC
power jack.
TheboardiscompatiblewiththeArduinol DE,whichallowsuserstoeasilywriteanduploadcodetotheboard.
The Arduino Nano is perfect for applications that need mability or have a small footprint due to its small size. Both novice and
expert producers choose it because of its affordable price and user-friendly interface.
Complete Pin diagram of Arduino NANO Is shown in below fig 3

SCK/D13 (16)
+3V3 (17)
AREF (18)

(15) ~D12/MISO
(14) ~D11/MOSI
(13) ~D1@©

AG/D14 (19) (12) ~D9
A1/D15 (20) (11) D8
A2/D16~ (21) (1) D7
A3/D17~ (22) (9) ~D6
SDA/A4/D18 (23) (8) ~D5
SCL/A5/D19~ (24) (7) Da
A6/D26 (25) (6) ~D3
A7/D21 (26) (5) ~D2
+5V (27) (4) GND
RESET (28) (3) RESET
GND (29) (2) RX
VIN (30) (1) TX
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B. LED Display

16*2 LCD is named because ; it has16Columnsand2Rows

1) Pinl(Ground/Source Pin):This is a GND pin of display, used to connect GND terminal to the microcontroller unit or power
source.

2) Pin2(VCC/Source Pin):This is the voltage supply pin of the display ,used to connect the supply pin of power source.

3) Pin3(VO/VEE/Control Pin) : This Pin regulates the difference of the display, used to connect a changeable POT that can supply
Oto5V.

4) Pin4 (Register Select/Control Pin) : This pin toggles among command or data register, used to connect a microcontroller unit
pin and obtain either 0 or 1(0 = data mode, and 1 = command mode).

5) Pin5 (Read/Write/Control Pin) : This pin toggles the display among the read or writes operation, and it is connected to a
microcontroller unit pin to get either 0 or 1 (0 = Write Operation, and 1 = Read Operation).

6) Pin 6 (Enable/Control Pin) : This pin should be held high to execute Read/Write process, and it is connected to the
microcontroller unit and constantly held high.

7) Pin 7-14 (Data Pins) : These Pins are used to send data to the display. These pins are connected in two-wire modes like4-wire
mode and 8-wire mode. In 4 wire mode, only four pins are connected to the microcontroller unit like 0 to 3, whereas in 8 wire
mode , 8 pins are connected to microcontroller unit like 0 to 7.

Following Pin diagram is shown in below fig 4

bE IR g Ground
VCC - e
A\ Contrast control
ISy Register select
S Re adAvrite
e Enable
(s e BB Data Pin O
=Ll Data FPin 1
(o7 EEd Data Pin 2
(s <BEH Data Pin 3
>l Data Pin 4
[ Data Pin S
(=l Cata Pin &
> rape Data Pin 7
IR s e LED + SV
(s e LED - Ground

Fig.5 Solar Panel

1) Material: polycrystalline silicon

2) Work voltage: 5V

3) Work current: 0-100ma

4) Power: 0.5W

5) Dimension: 70mmA 70mmx3mm
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D. Copper Coil: 25 gauge

The 25-gauge copper coil is a common component used in various applications, including wireless charging systems. It's essential
for creating magnetic fields that facilitate the transfer of electricity wirelessly. This gauge of copper coil is relatively thin but still
capable of conducting electricity efficiently. When using it in a wireless charging setup for EVs on highways, it's important to
ensure that the coil is durable and can withstand the conditions of outdoor use.

V. RESULT
Implementing wireless charging for electric vehicles (EVs) while they are in motion on highways using solar panels and copper
coils is a cutting-edge concept that holds great promise. The system involves capturing solar energy through panels installed along
the highway, converting it into electricity, and wirelessly transferring it to the EVs via induction charging technology. This
innovative approach could potentially revolutionize the way we charge EVs on the go, offering a convenient and sustainable
solution for long-distance travel. It's an exciting idea that could lead to significant advancements in the field of electric vehicle
technology.

Fig. 7 - EV in not Charging mode & Fig.8 -EV is Charging mode

VI.  CONCLUSION

The convergence of wireless charging technology and solar energy holds immense promise for revolutionizing the electric vehicle
(EV) charging infrastructure, paving the way for a more sustainable and efficient transportation ecosystem. Through this integration,
electric vehicle owners can benefit from the convenience of wireless charging while harnessing the abundant and renewable power
of the sun to power their vehicles. The deployment of wireless charging systems powered by solar energy offers several key
advantages. First and foremost, it eliminates the need for physical connections, providing a seamless and user-friendly charging
experience for EV owners. By removing the hassle of plugging and unplugging cables, wireless charging systems enhance
convenience and promote greater adoption of electric vehicles.
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Furthermore, the utilization of solar energy for charging electric vehicles reduces reliance on the grid and helps mitigate the
environmental impact of transportation. Solar-powered charging stations generate clean and renewable electricity, reducing carbon
emissions and contributing to overall sustainability efforts. Moreover, the decentralized nature of solar-powered charging
infrastructure allows for greater flexibility in deployment, enabling EV owners to charge their vehicles conveniently at various
locations, including homes, workplaces, and public parking lots.

However, several challenges must be addressed to realize the full potential of wireless charging systems powered by solar energy.
These include optimizing efficiency under varying environmental conditions, ensuring regulatory compliance and safety standards,
and managing the integration of renewable energy sources with existing grid infrastructure.

In conclusion, the integration of wireless charging technology with solar energy offers a promising solution to the challenges facing
the widespread adoption of electric vehicles. By providing convenient, efficient, and environmentally friendly charging solutions,
this approach has the potential to accelerate the transition to sustainable transportation and contribute to a cleaner and greener
future. Continued research, innovation, and collaboration are essential to overcoming the remaining hurdles and unlocking the full
benefits of solar-powered wireless charging for electric vehicles.
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