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1. Abstract

The rapid depletion of fossil fuels and the
increasing levels of environmental
pollution have accelerated the global shift
toward sustainable and renewable energy
sources. Among these, solar energy stands
out as one of the most abundant, clean, and
eco-friendly resources. At the same time,
the transportation sector is undergoing a
major transformation with the adoption of
electric vehicles (EVs), which offer a
promising solution to reduce greenhouse
gas emissions. However, the majority of
EVs are still charged using electricity
generated from conventional, non-
renewable sources, which limits their
overall environmental benefits.

This research focuses on the design,
development, and performance analysis of
a solar-powered charging system for
electric vehicles. The proposed system
utilizes photovoltaic (PV) panels to
capture solar radiation and convert it into
electrical energy through the photovoltaic
effect. The generated direct current (DC) is
regulated using a charge controller and
stored in a battery system for efficient
energy management. This stored energy is
then used to charge electric vehicles, either
directly or through an inverter when
alternating current (AC) is required.

2. Introduction

In recent years, the use of electric
vehicles (EVs) has increased due to rising
fuel prices and environmental concerns.
However, most EVs are still charged using
electricity generated from non-renewable
sources such as coal and gas. This reduces
the environmental benefits of EVs.

Solar energy provides a clean and
renewable alternative for charging EVs. A
solar charging system uses photovoltaic
panels to capture sunlight and convert it
into electrical energy. This system can be
installed in homes, parking areas, and
highways.

The main objective of this research is to
design a solar-powered EV charging system
and analyze its performance.



3. Literature Review

The concept of utilizing solar energy
for electric vehicle (EV) charging has
gained significant attention in recent
years due to the increasing demand for
clean and sustainable energy solutions.
Various researchers have explored
different aspects of solar-powered EV
charging systems, including design,
efficiency, cost analysis, and integration
with smart technologies.

Early studies focused on the basic
feasibility of photovoltaic (PV) systems
for vehicle charging. Researchers
demonstrated that solar panels could
effectively generate sufficient energy to
charge small electric vehicles under
favorable environmental conditions.
These studies highlighted the potential
of solar energy as an alternative to
conventional grid-based electricity.

Further research introduced the concept
of standalone solar charging systems,
where EVs are charged directly using
solar panels without relying on the
electrical grid. These systems typically
include PV panels, battery storage, and
charge controllers. Studies have shown
that such systems are particularly useful
in remote and rural areas where grid
access is limited.

Several researchers have also
investigated grid-connected solar
charging systems, which combine
solar energy with conventional
electricity supply. In this approach,
excess solar energy is fed back into the
grid, and electricity can be drawn from
the grid when solar energy is
insufficient. This hybrid system
improves reliability and ensures
continuous charging availability.

4. Methodology / Working
Principle (Detailed
Explanation with
Procedure)

The proposed system is designed to
develop a solar-powered charging unit for
electric vehicles. Initially, the energy
requirement of the electric vehicle is
analyzed to determine the appropriate size
of the solar panel. Photovoltaic (PV)
panels are selected to convert solar energy
into direct current (DC) electricity. A
Maximum Power Point Tracking (MPPT)
charge controller is used to optimize power
output and regulate voltage. The generated
energy is stored in a lithium-ion battery for
continuous supply. An inverter is included
to convert DC power into AC if required
by the vehicle.

* Working Principle

© 1. Solar Panel (Photovoltaic Panel)

Function:

o Converts sunlight into electrical energy
(DC).

e Works on the photovoltaic effect.

e It is the main source of power in the
system.

© 2. Charge Controller (MPPT/PWM)

Function:

o Regulates voltage and current from the
solar panel.

e Prevents overcharging and deep
discharge of the battery.

e Improves system efficiency (MPPT
gives higher efficiency).

o 3. Battery (Lithium-ion)



Function:

o Stores the electrical energy generated
by solar panels.

e Supplies power when sunlight is not
available (night/cloudy weather).

O 4. Inverter
Function:

e Converts DC (Direct Current) into AC
(Alternating Current).

e Required if the EV or system uses AC
charging.

© 5. Electric Vehicle (EV)
Function:

e Uses stored electrical energy for
operation.

o Gets charged through the solar charging
system.

© 6. Connecting Wires and Cables
Function:

e Provide electrical connections between
all components.

o Ensure safe and efficient current flow.
© 7. Mounting Structure
Function:
o Holds the solar panels in position.

o Ensures proper tilt angle for maximum
sunlight exposure.

© 8. Meter (Voltmeter/ Ammeter)
Function:

e Measures voltage, current, and power.

e Helps in
performance

monitoring system

© 9. Protection Devices (Fuse/MCB)
Function:

o Protects system from overload and short
circuits.

e Ensures safety of components and
users.

* Step-wise Procedure

1. First, determine the power requirement of
the electric vehicle to be charged.

2. Select suitable solar panels based on
required voltage, current, and power
capacity.

3. Install the solar panels in an open area with
maximum sunlight exposure and proper tilt
angle.

4. Connect the solar panels to a charge
controller to regulate voltage and prevent
overcharging.

5. Connect a lithium-ion battery to store the
generated electrical energy.

6. Integrate a Maximum Power Point
Tracking (MPPT) system to improve
efficiency.

7. Connect an inverter if AC output is
required for the charging system.

8. Establish proper wiring between all
components (panel, controller, battery,
inverter).

9. Connect the output system to the electric
vehicle charging port.

10. Switch on the system and allow the
battery to charge using solar energy.

11. Monitor parameters like voltage,
current, and charging time during operation.
12. Record observations and analyze system
performance under different sunlight
conditions.



5. Components Used and Their

Functions

© 1. Solar Panel (Photovoltaic
Panel)

Function:

Solar panels are the primary component
of the system. They convert solar
energy (sunlight) into electrical energy
using the photovoltaic effect.

Details:

Made up of semiconductor materials
like silicon

Generate Direct Current (DC)
electricity

Output depends on sunlight intensity,
temperature, and panel efficiency

Efficiency typically ranges from 15%
to 22%

Installed at a specific tilt angle to
receive maximum solar radiation

© 2. Charge Controller
(MPPT/PWM)

Function:

The charge controller regulates and
stabilizes the voltage and current
coming from the solar panel before it
reaches the battery.

Details:

Prevents overcharging and deep
discharge

Protects battery life and improves
performance

Types:

o PWM (Pulse Width
Modulation) — simple and low
cost

o MPPT (Maximum Power
Point Tracking) — more
efficient (20—30% higher
output)

MPPT adjusts voltage to extract
maximum power from solar panels

© 3. Battery (Lithium-ion Battery)

Function:
Stores the electrical energy generated
by solar panels for later use.

Details:

Provides power during night or low
sunlight

Lithium-ion batteries are preferred due
to:

o High energy density
o Long life cycle
o Fast charging capability

Capacity measured in Ah (Ampere-
hour)

Acts as a backup energy source

O 4. Inverter

Function:

Converts DC (Direct Current) from
solar panels/battery into AC
(Alternating Current).

Details:

Required when EV charging system
needs AC supply

Types:



o Pure sine wave inverter (best
quality)

o Modified sine wave inverter

Ensures compatibility with standard
electrical appliances and EV chargers

¢ 5. Electric Vehicle (EV)

Function:
The load of the system, which uses
stored electrical energy for operation.

Details:
Contains its own battery system
Charging can be:

o Slow charging

o Fast charging

Solar system supplies energy directly or
through storage

¢ 6. Connecting Wires and Cables

Function:
Provide proper electrical connection
between all components.

Details:

Must have proper insulation to avoid
leakage

Should handle required current load

Copper wires are commonly used for
better conductivity

Proper wiring reduces energy loss

¢ 7. Mounting Structure

Function:
Supports and fixes the solar panels in
position.

Details:
Made of aluminum or steel

Provides stability against wind and
weather

Ensures correct tilt angle for maximum
efficiency

Can be fixed or adjustable

¢ 8. Measuring Instruments
(Voltmeter, Ammeter, Wattmeter)

Function:
Used to monitor system performance.

Details:

Voltmeter measures voltage
Ammeter measures current
Wattmeter measures power

Helps in analysis and troubleshooting

© 9. Protection Devices (Fuse,
MCB, Circuit Breaker)

Function:
Provide safety to the system and users.

Details:

Protect against short circuit and
overload

Automatically disconnect system
during fault

Prevent damage to expensive
components



¢ 10. Maximum Power Point
Tracking (MPPT System)

Function:
Ensures solar panels operate at
maximum efficiency.

Details:

e Continuously tracks optimal voltage
and current

e Increases overall energy output

e Very important for improving system
performance

6. Block Diagram
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7.Testing and Trial Runs

Testing and trial runs are essential to
evaluate the performance, efficiency,
safety, and reliability of the solar-
powered electric vehicle (EV) charging
system. This stage ensures that all
components function properly under
real operating conditions. Before
starting the system, a complete
inspection is carried out. All
components such as solar panels, charge
controller, battery, inverter, and wiring
connections are checked for proper
installation. Loose connections, wrong
polarity, or damaged components are
corrected to avoid malfunction.

8. Implementation Procedure

The implementation of the solar-powered
electric vehicle charging system begins
with proper planning and design based on
the energy requirements of the electric
vehicle. Suitable components such as
photovoltaic (PV) panels, charge controller,
battery, and inverter are carefully selected
according to the required power capacity
and efficiency. The solar panels are
installed in an open area or rooftop with an
3f@  tilt angle to maximize sunlight

absorption throughout the day. These
panels convert solar energy into direct
current (DC) electricity, which 1s then
supplied to a charge controller to regulate
voltage and protect the system from
overcharging and fluctuations.

The regulated electrical energy is stored in
lithium-ion  battery, which ensures

continuous power supply even during low
sunlight conditions. If the electric vehicle
requires alternating current (AC), an inverter
is used to convert the stored DC power into AC
power. Proper electrical connections are



established between all components using
insulated wires to ensure safety and efficient
power transfer. The output from the system is
then connected to the electric vehicle charging
unit.

After installation, the system is configured
and tested under various operating conditions
to verify its performance, efficiency, and
safety. Necessary protection devices such as
fuses and circuit breakers are included to
prevent damage from overloads or short
circuits. Finally, a trial run is conducted to
observe real-time operation and ensure stable
and reliable performance. This
implementation process ensures that the solar
EV charging system operates effectively and is
suitable for practical applications.

9. Results and Discussion

The results obtained from the testing and trial
runs of the solar-powered electric vehicle (EV)
charging system demonstrate its effectiveness
and practical feasibility. The system was tested
under different environmental conditions,
including varying sunlight intensity during
morning, afternoon, and evening hours. It was
observed that the power output of the solar
panel was directly dependent on solar
irradiance, with maximum output recorded
during peak sunlight hours at noon.

During the battery charging test, the system
showed stable and consistent performance.
The lithium-ion battery was charged
efficiently, and the charging time varied
depending on the availability of sunlight and
panel capacity. The use of a Maximum Power
Point Tracking (MPPT) charge controller
improved the overall efficiency of the system
by optimizing power extraction from the solar
panel.

When the electric vehicle was connected as a
load, the system successfully delivered the

required power for charging. The voltage and
current levels remained within safe limits,
indicating proper functioning of the charge
controller and protection devices. The inverter
also performed efficiently in converting DC
power into AC where required, with minimal
energy loss.

10. Advantages

1. Prevents road accidents by
alerting  the driver during
drowsiness or sleep.

2. Saves human lives by reducing
fatigue-related crashes.

3. Real-time monitoring of driver
alertness improves safety during
long drives.

4. Early warning system gives
instant alert before complete loss
of control.

5. Reduces damage to vehicle and
property by avoiding accidents.

6. Helpful for long-distance drivers
like truck, bus, and cab drivers.

7. Low cost system compared to
advanced ADAS  (Advanced
Driver Assistance Systems).

8. Easy to install and use in most
types of vehicles.

9. Can work continuously during
long journeys without human
supervision.

10. Improves road discipline and
safety awareness among drivers.



11. Portable and compact design
makes it suitable for small and
large vehicles.

12. Can be integrated with other
safety systems like GPS or
automatic braking in future.

11. Limitations

1. Solar charging systems are

environmentally friendly as they reduce air

pollution and greenhouse gas emissions.

2. They use renewable energy from sunlight,

which is unlimited and freely available.

3. They help in reducing electricity costs
after installation.

4. The system has low maintenance
requirements and is easy to operate.

5. Solar panels have a long lifespan of
around 20-25 years.

6. It provides energy independence and
reduces dependence on the power grid.

7. Itis very useful in remote and rural areas
where electricity supply is limited.

8. Itreduces the load on conventional power
generation systems.

9. The system operates silently without noise

pollution.
10. It supports sustainable development and
promotes the use of green energy.

12. Conclusion

In conclusion, the solar-powered
charging system for electric vehicles
presents an efficient and sustainable
solution to meet the growing energy
demands of modern transportation. The
study shows that solar energy can be
effectively utilized to charge electric
vehicles, reducing dependence on fossil
fuels and conventional electricity

sources. The system demonstrates
reliable performance under different
environmental conditions, with
satisfactory  efficiency and stable

operation.

Although the initial installation
cost is relatively high and the system
depends on sunlight availability, the
long-term benefits such as low operating
cost, minimal maintenance, and
environmental protection make it highly
advantageous. The integration of
advanced technologies like MPPT and
efficient battery storage further enhances
system performance.

Overall, solar EV charging
systems contribute significantly to
reducing carbon  emissions  and
promoting clean energy usage. With
continuous advancements in solar
technology and energy storage systems,
this approach has great potential for
widespread adoption in the future,
supporting sustainable development and
eco-friendly transportation.
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