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Abstract-The proposed Hybrid Electric Vehicle (HEV)
system addresses critical issues of fuel scarcity and
pollution by utilizing renewable energy sources,
particularly solar energy. This innovative approach
involves harnessing solar power to charge batteries,
which then drive the motor, enabling vehicle movement.
HEVs present a sustainable solution to the depletion of
non-renewable energy resources, making them vital for
the future. Despite challenges like weather dependency
and unpredictability, integrating multiple green energy
sources with power electronic converters enhances
reliability. This system underscores the significance of
renewable energy in reducing environmental impact and
conserving finite resources for a sustainable future.
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I.INTRODUCTION

Hybrid Electric Vehicles (HEVs) represent a
revolutionary step in addressing the critical issues of
fuel depletion and environmental pollution. The
global dependency on non-renewable energy
sources has reached unsustainable levels, driving the
need for innovative alternatives that ensure energy
efficiency and environmental preservation. HEVs
offer a compelling solution by combining traditional
fuel-based engines with renewable energy systems,
paving the way for a greener and more sustainable
future. The concept of a hybrid system lies in its
ability to integrate multiple energy sources. By
combining an internal combustion engine with an
electric motor powered by renewable energy, HEVs
optimize energy consumption and minimize
emissions. This dual approach not only improves
fuel efficiency but also provides a cleaner alternative
to conventional vehicles, addressing the growing
concerns about air quality and global warming. The
integration of solar energy into HEVs further
enhances their sustainability. Solar panels installed
on the vehicle harness sunlight to generate
electricity, which is stored in rechargeable batteries.
These batteries serve as a reliable power source for
the electric motor, enabling the vehicle to operate

efficiently while reducing its reliance on fossil fuels.
This approach also opens avenues for cleaner
transportation in remote areas with limited access to
fuel stations. The unpredictable nature of renewable
energy sources such as solar and wind presents
challenges in their application. Weather dependency
and variability in energy output can hinder the
consistent  operation of HEVs. However,
advancements in power electronic converters and
energy storage technologies have made it possible to
overcome these challenges. By integrating multiple
green energy sources, HEVs ensure a reliable and
stable power supply for uninterrupted performance.
The functionality of HEVs is built around the
efficient use of energy stored in batteries. When
charged, these batteries power the electric motor,
which acts as the primary engine in specific
scenarios. The motor drives the vehicle in both
forward and reverse directions, providing a seamless
and efficient driving experience. This innovative
design reduces wear and tear on traditional engines,
extending the lifespan of the vehicle. HEVs
contribute significantly to reducing greenhouse gas
emissions and combating climate change. By relying
on renewable energy and minimizing the
consumption of fossil fuels, they play a crucial role
in reducing air pollution and conserving natural
resources. The widespread adoption of HEVs can
help mitigate the environmental impact of
transportation, making them a vital part of
sustainable urban development. The economic
benefits of HEVs extend beyond their environmental
advantages. While the initial cost of manufacturing
and purchasing HEVs may be higher, their long-
term operational costs are considerably lower.
Reduced fuel consumption and lower maintenance
requirements make HEVs a cost-effective choice for
consumers and governments alike, incentivizing
their adoption on a larger scale. The hybrid system
also addresses the energy demands of growing
populations in urban and rural areas. HEVs can be
particularly beneficial in remote regions where
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access to fuel stations is limited. By leveraging
renewable energy sources, these vehicles provide a
reliable and efficient means of transportation,
reducing dependence on fossil fuel imports and
enhancing energy security. As the world moves
toward cleaner and more sustainable energy
solutions, the role of HEVs becomes increasingly
critical. Their ability to integrate renewable energy
sources with traditional engines offers a practical
and scalable solution to the global energy crisis. The
continued development and deployment of HEVs
will contribute to the creation of an eco-friendly
transportation ecosystem. The adoption of HEVs
represents a significant step toward achieving
energy sustainability and environmental
conservation. By addressing the challenges of fuel
depletion and pollution, HEVs offer a path to cleaner
and more efficient transportation systems. As
technology continues to evolve, the hybrid electric
vehicle is poised to play a central role in shaping the
future of global energy and mobility.

I.RELATED WORKS

The development of hybrid electric vehicles (HEVS)
has been a subject of extensive research and
innovation, aiming to address the pressing
challenges of fuel scarcity and environmental
degradation. Early studies in this field focused on
the integration of internal combustion engines with
electric motors to improve fuel efficiency and
reduce emissions. Researchers worked on
optimizing the energy flow between these two
power sources, ensuring a seamless transition and
efficient performance under varying driving
conditions. Significant advancements have been
made in battery technologies to support the energy
demands of HEVs. Early reliance on lead-acid
batteries has been replaced with more efficient
lithium-ion and nickel-metal hydride batteries.
These newer batteries offer higher energy densities,
longer life cycles, and faster charging capabilities.
Researchers have also explored alternative storage
solutions like supercapacitors to enhance the
efficiency of energy recovery during regenerative
braking. The inclusion of renewable energy sources,
such as solar panels, has been a transformative
aspect of HEV design. Studies have demonstrated
how solar energy can be effectively harnessed to
charge batteries, particularly for vehicles operating
in sunny regions. By integrating photovoltaic
systems with HEVs, researchers have explored ways
to extend the range and reduce dependency on

external charging infrastructure, making these
vehicles more self-sustaining. Efforts have also been
directed toward improving the powertrain systems
of HEVs. Innovations in power electronic converters
have played a key role in managing energy
distribution between the battery, electric motor, and
internal combustion engine. Advanced control
algorithms have been developed to optimize power
flow, minimize energy losses, and ensure smooth
operation under various load conditions. Energy
management strategies have been a focal point in
HEV research. Researchers have worked on
developing intelligent systems that dynamically
allocate energy resources based on real-time data.
These systems consider factors such as driving
patterns, terrain, and battery state of charge to
maximize energy efficiency and vehicle
performance. Machine learning techniques have
been increasingly applied to refine these strategies
further. Aerodynamic improvements have also been
explored to enhance the efficiency of HEVs.
Researchers have studied the impact of vehicle
design on air resistance, leading to innovations in
body shapes and materials. Lightweight materials,
such as carbon fiber and aluminum alloys, have been
employed to reduce vehicle weight without
compromising safety, thereby improving fuel
efficiency and overall performance. The challenges
associated with renewable energy variability have
driven research into hybrid energy systems for
HEVs. Studies have focused on combining solar,
wind, and conventional energy sources to create a
more reliable and stable energy supply. This
approach has been particularly beneficial for remote
and off-grid areas, where the availability of
consistent power sources is limited. Collaboration
between academia and industry has accelerated the
pace of HEV development. Universities and
research institutions have partnered with automotive
companies to test and implement innovative
technologies. These collaborations have resulted in
prototype vehicles that demonstrate the feasibility of
various hybrid systems, paving the way for their
commercialization. The environmental impact of
HEVs has been a key area of investigation. Life
cycle assessments have been conducted to evaluate
the carbon footprint of these vehicles from
production to disposal. Researchers have identified
areas for improvement, such as the recycling of
batteries and the use of sustainable materials in
manufacturing, to enhance the overall eco-
friendliness of HEVs. Finally, the social and
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economic implications of HEVs have been studied
extensively. Researchers have analyzed consumer
behavior, market adoption rates, and policy
frameworks that support the growth of hybrid
vehicles.  Subsidies, tax incentives, and
infrastructure development have been identified as
crucial factors in promoting HEV adoption. These
studies underline the importance of a multi-faceted
approach to ensure the successful integration of
HEVs into the global transportation system.

I11.PROPOSED SYSTEM

Achieve low switching losses with high frequency
operation across the entire load range from light load
to full load Parallel arrays are very efficient under
high load conditions Primary (input) side stacked
half bridge to obtain low voltage to achieve reduced
conduction losses.
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Figure 1: System Architecture of proposed system
HARDWARE COMPONENTS

In this section, the equipment used in the project is
presented as well as the DC-DC converter,
relay,Battery,PIC, and solar and wind module.

LCD DISPLAY

The 8x8 LCD Display offers a straightforward and
memorable response, featuring a white Liquid
Crystal Display that presents exceptionally sharp
and high-contrast white text against a blue
background or backlight.

Figure 3.2 LCD

POWER SUPPLY:

Connect a 12V battery power source to the power
jack of your Arduino board. Make sure the positive
(+) terminal of the battery is connected to the
positive side of the power jack, and the negative (-)
terminal to the negative side. Once all connections
are made, you can upload your Arduino code to the
board and proceed to test the system or the working
kit.

PIC Microcontroller

The PIC16F877A is the central component of this
system. It includes a clock circuit and a power-on
reset circuit. The clock circuit is built around a
crystal oscillator and a ceramic capacitor. The
crystal oscillator stabilizes the frequency, while the
capacitor ensures the amplitude of the clock is
stable. This circuit sets the operating speed of the
system. In this case, a 4MHz crystal oscillator is
used, which allows the microcontroller to operate at
a speed of 1uSec. The microcontroller’s role is to
control the speed of the DC shunt motor based on
the load. It utilizes an internal ADC and one port to
monitor the load and adjust the speed accordingly.
The microcontroller reads the output voltage and
generates a digital output based on this voltage. It
also sets a load limit and shuts down the DC shunt
motor to prevent overload.

Figure 3.3 Battery

SOLAR PANEL:

Photovoltaic solar panels capture sunlight to
produce direct current electricity. A photovoltaic
(PV) module is a pre-assembled, connected group of
solar cells, available in various voltages and power
ratings. These modules form the photovoltaic array
of a solar system, which generates and provides
solar energy for both commercial and residential
uses.
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Figure 3.4 Solar panel

BATTERY

A rechargeable 12-volt lead-acid battery designed
for high-cycle and standby applications. It is housed
in a sealed, rectangular, high-impact plastic case for
durability.

Figure 3.5 Battery
Boost Converters

A fire detector is a device designed to detect and
respond to the presence of fire or smoke, enabling
fire detection. Responses to a detected fire depend
on the setup but may include triggering an alarm,
shutting off a fuel line (such as propane or natural
gas), or activating a fire suppression system.

Figure 3.6 Boost Converters

RELAY

Relays are devices that enable a low-power circuit to
switch a higher current on and off or manage signals
that need to be electrically isolated from the
controlling circuit. To activate a relay, you must pass
a 'pull-in* and ‘holding' current (DC) through its
energizing coil.

Figure:3.7 Relay

IV. MODULES

The proposed hybrid energy system for vehicles
integrates both solar and wind energy to ensure
uninterrupted charging of the battery. During the
daytime, a solar panel is installed on the vehicle to
harness sunlight and convert it into electrical
energy. This energy is then stored in the battery,
enabling the vehicle to operate efficiently during
daylight hours. The solar panel ensures a sustainable
and renewable energy source, reducing dependency
on non-renewable fuels and minimizing
environmental impact. To protect the battery from
overcharging or damage caused by excessive
voltage, especially during summer when sunlight
intensity is high, a voltage stabilization circuit is
installed between the solar panel and the battery.
This circuit regulates the incoming voltage to
prevent overcharging and extends the lifespan of the
battery. The inclusion of this protective mechanism
ensures the reliability and safety of the system under
varying weather conditions. During nighttime or
when solar energy is unavailable, the system
transitions to using wind energy for charging the
battery. A fan attached to the vehicle is integrated
with a dynamo that generates electricity as the
vehicle moves. This dynamic system ensures that
even in the absence of sunlight, the battery remains
charged, allowing continuous operation of the
vehicle. The use of wind energy as a secondary
source makes the system versatile and efficient. A
switching mechanism is incorporated to allow the
user to toggle between solar and wind energy
sources. Clips or switches are provided to enable
this transition seamlessly, depending on the
availability of energy sources. This flexibility
ensures that the vehicle can adapt to different
environmental conditions and continue functioning
without interruptions. The ability to switch between
energy sources also enhances the system's user-
friendliness. The system is designed to be cost-
effective and easily implementable on existing
electric vehicles. The addition of solar panels,
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protective circuits, and wind energy mechanisms
can be achieved with minimal modifications to the
vehicle's structure. This modular approach allows
for easy scalability and customization based on user
requirements, making the system suitable for a wide
range of vehicles and applications. To ensure
optimal performance, the integration of solar and
wind energy systems is complemented by smart
energy management. This includes monitoring the
battery's state of charge, energy input from each
source, and overall system efficiency. Real-time
data collection and analysis help in optimizing
energy usage, reducing wastage, and enhancing the
overall reliability of the vehicle. In conclusion, this
hybrid energy system leverages renewable energy
sources to create a sustainable, efficient, and reliable
solution for electric vehicles. By integrating solar
and wind energy with protective mechanisms and
user-friendly features, the system addresses the
limitations of conventional electric vehicles and
contributes to reducing environmental impact. This
innovative approach can pave the way for
widespread adoption of renewable energy in
transportation.

V.RESULTS AND DISCUSSION

The proposed hybrid energy system for vehicles
demonstrated efficient utilization of solar and wind
energy for uninterrupted battery charging. The
voltage stabilization circuit effectively prevented
battery damage due to overcharging, ensuring safety
and longevity. During testing, the wind energy
mechanism provided consistent charging during
non-sunny hours, proving the system's versatility.
The seamless switching between energy sources
enhanced user convenience and adaptability to
varying conditions. Overall, the results highlight the
system's potential to revolutionize renewable energy
integration in electric vehicles.

VI.CONCLUSION

The hybrid energy system combining solar and wind
energy offers a sustainable solution for electric
vehicle charging, reducing reliance on non-
renewable resources. This innovation ensures
efficient energy utilization and promotes eco-
friendly transportation.
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