08 Mo
N ,(.

Industrial Engineering Journal

ISSN: 0970-2555

Volume : 53, Issue 4, April : 2024

DESIGN AND ANALYSIS OF SOLAR POWERED ELECTRIC VEHICLE CHARGING
SYSTEM FOR WORKPLACES

Sk. Rizwanal, K. Mohana Manjusha?, D.Poojitha®, K. Snehtih, Ch. Manasa veena®
Assistant professor!, UG Scholar?*®
Seshadri Rao Gudlavalleru Engineering College — Seshadri Rao Knowledge Village, Gudlavalleru, INDIA
Iskrizzu167@gmail.com, 2 mohanamanjushal234@gmail.com, 2 poojithadeekulla7073@gmail.com,
4 snehithmintu9999@gmail.com,’manasaveenach@gmail.com

ABSTRACT

A solar-powered Battery Energy Storage System
(BESS) serving as a backup for Electric Vehicle (EV)
charging stations. As the world transitions towards
sustainable energy solutions, integrating renewable
sources like solar power with EV infrastructure
becomes imperative. This innovative station addresses
the challenges of EV charging reliability and grid
resilience. By harnessing solar energy, it reduces
dependence on fossil fuels and mitigates greenhouse
gas emissions, aligning with global sustainability goals.
The BESS serves as a crucial backup, ensuring
uninterrupted charging even during grid outages or peak
demand periods. Key features include efficient energy
storage and distribution mechanisms, enabling optimal
utilization of solar energy while maintaining consistent
charging availability. Advanced monitoring and
management systems ensure reliability and optimize
energy utilization, enhancing operational efficiency and
cost- effectiveness.  Furthermore, the station's
scalability and modular design facilitate seamless
integration into existing infrastructure, promoting
widespread adoption across urban and remote areas
alike. Its sustainable and resilient nature not only
addresses current mobility needs but also lays the
foundation for a cleaner and more resilient
transportation ecosystem in the future. In summary, the
solar- powered BESS backup EV charging station
represents a significant step towards sustainable
mobility, offering reliability, resilience, and
environmental benefits in one integrated solution.

Keywords: Solar-powered, BESS Backup. EV
charging. Sustainability. Resilience.

INTRODUCTION

The world stands at a crucial juncture, where the
urgency to combat climate change intersects with the
evolution of transportation. As societies worldwide
pivot towards sustainable energy solutions, the rise of
electric vehicles (EVs) emerges as a beacon of hope in
the fight against carbon emissions and environmental
degradation [1]. However, the widespread adoption of
EVs presents its own set of challenges, particularly
concerning the infrastructure required to support their
proliferation. Chief among these challenges is the
establishment of robust charging networks that
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can cater to the growing demand for reliable and
efficient charging solutions [2]. In this context, the
convergence of solar energy technology and battery
storage systems heralds a new era in sustainable
transportation infrastructure [3]. The integration of
solar-powered Battery Energy Storage Systems
(BESS) with EV charging stations represents a
paradigm shift, offering a holistic solution that not
only addresses the pressing need for clean energy but
also enhances the resilience and efficiency of charging
infrastructure. This introduction sets the stage for a
comprehensive exploration of the multifaceted
benefits, technical intricacies, and socio-economic
implications of solar-powered BESS in the realm of
EV charging stations.

The imperative to transition towards sustainable
mobility solutions has never been more pressing. With
transportation being a significant contributor to
greenhouse gas emissions, the advent of EVs presents
a compelling opportunity to mitigate the
environmental impact of the automotive sector. EVs
offer a pathway towards decarbonization by
eliminating tailpipe emissions and reducing reliance
on fossil fuels. However, the realization of this
potential hinges upon the development of a robust
charging infrastructure that can support the
widespread adoption of electric vehicles [4]. The
evolution of EV charging infrastructure has been
marked by rapid innovation and expansion. From
conventional Level 1 chargers to high-speed Level

3 DC fast chargers, the landscape of charging
technology continues to evolve to meet the diverse
needs of EV drivers. However, the scalability,
sustainability, and  resilience  of  charging
infrastructure remain critical considerations as we
navigate towards a future dominated by electric
mobility [5].

Solar energy stands out as a cornerstone of the
renewable energy transition, offering abundant, clean,
and inexhaustible power potential [6]. The maturation
of solar photovoltaic (PV) technology has rendered
solar energy increasingly cost- effective and
accessible, driving its widespread adoption across
residential, commercial, and industrial sectors.
Concurrently, advancements in battery storage
technology have unlocked the ability to store surplus
solar energy for later use, mitigating intermittency
issues and enhancing the reliability of solar power
systems [7]. Against this backdrop of
technological  progress and
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environmental imperatives, the integration of solar-
powered Battery Energy Storage Systems (BESS) with
EV charging stations emerges as a synergistic solution
with profound implications. By harnessing solar energy
to power EV charging infrastructure and leveraging
battery storage to store excess energy for peak demand
periods, solar-powered BESS charging stations offer a
sustainable and resilient alternative to conventional
grid-dependent charging systems [8].

Solar-powered BESS charging stations offer a plethora
of advantages that extend beyond environmental
benefits. Firstly, they reduce reliance on grid electricity,
thereby lowering operational costs and insulating EV
charging stations from grid outages and price

fluctuations.  Secondly, they enhance energy
independence by generating and storing  renewable
energy on-site, reducing
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dependence on centralized power generation sources.
Thirdly, they contribute to grid stability and resilience
by alleviating strain during peak demand periods and
serving as distributed energy resources that can be
aggregated to support grid operations [9]. Despite the
promise of solar- powered BESS charging stations,
several technical considerations and challenges must
be addressed to ensure their effective implementation.
These include optimizing solar PV system sizing and
orientation to maximize energy generation,
integrating battery storage systems with EV charging
infrastructure to optimize energy management, and
implementing smart grid technologies to facilitate
bidirectional energy flow and grid interaction.
Moreover, factors such as site selection, permitting,
and regulatory compliance pose additional hurdles
that necessitate careful planning and coordination
[10].
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Fig 1. Proposed circuit configuration.

The deployment of solar-powered BESS charging
stations carries significant socio-economic implications
that extend beyond the realms of energy and
transportation. From job creation in the renewable
energy and electric vehicle sectors to the
decentralization of energy production and consumption,
the transition towards solar-powered BESS charging
stations promises to catalyze economic growth, foster
innovation, and empower local communities.
Moreover, as governments, utilities, and industry
stakeholders increasingly recognize the importance of
sustainable mobility and renewable energy integration,
the future outlook for solar-powered BESS charging
stations appears promising, with potential for
widespread adoption and scalability [11]. the
integration of solar-powered Battery Energy Storage
Systems (BESS) in Electric Vehicle (EV) charging
stations represents a transformative paradigm shift
towards sustainable mobility infrastructure. By
harnessing the abundant energy of the sun and
leveraging
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advanced battery storage technology, solar-powered
BESS charging stations offer a resilient, cost-
effective, and environmentally friendly solution to the
challenges facing the electrification of transportation.
As we embark on this journey towards a cleaner,
greener future, the convergence of solar energy and
electric mobility holds the promise of a more
sustainable and prosperous world for generations to
come[12].

LITERATURE SURVEY

As the world shifts towards sustainable energy
solutions, the integration of renewable energy sources
like solar power with Electric Vehicle (EV) charging
infrastructure has gained significant attention. One
innovative approach involves utilizing solar-powered
Battery Energy Storage Systems (BESS) to provide
backup power for EV charging stations, ensuring
uninterrupted charging even during grid outages or
peak demand periods. The advancement of solar
photovoltaic (PV)
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technology has made solar energy more accessible and
cost-effective. High-efficiency solar panels coupled
with smart inverters enable efficient conversion of
sunlight into electricity, providing a reliable source of
renewable energy for charging EVs.

Battery Energy Storage Systems (BESS) have also
undergone significant advancements, with
improvements in energy density, cycle life, and cost
reduction. Lithium-ion batteries dominate the market
due to their high energy density and fast charging
capabilities, making them suitable for rapid EV
charging applications. Integration of solar PV with
BESS allows for better utilization of renewable energy
resources by storing excess solar power during periods
of high generation and deploying it during peak demand
or when sunlight is unavailable, thereby enhancing the
reliability and sustainability of EV charging
infrastructure.

Several studies have demonstrated the feasibility and
potential benefits of solar-powered BESS backup EV
charging stations. Research by [Author et al., Year]
conducted a feasibility analysis of such a system in
[Location], concluding that it could reduce grid
dependency and carbon emissions while providing
reliable charging services. Another study by [Author et
al., Year] evaluated the economic viability of solar-
powered EV charging stations with BESS in [Region],
considering factors such as installation costs, electricity
tariffs, and battery degradation. Their findings indicated
a favorable return on investment and long-term cost
savings compared to conventional grid-dependent
charging stations. In addition to economic benefits,
solar-powered BESS backup EV charging stations offer
environmental advantages by reducing reliance on
fossil fuels and mitigating greenhouse gas emissions.
This aligns with global efforts to combat climate change
and transition towards a low-carbon transportation
sector.

Despite the potential benefits, several challenges need
to be addressed for widespread adoption of solar-
powered BESS backup EV charging stations.
Integration with existing grid infrastructure and
regulatory frameworks poses technical and regulatory
challenges, requiring coordination among stakeholders
and policy adjustments to facilitate deployment.
Intermittency and variability of solar power generation
necessitate robust energy management systems to
optimize charging schedules and battery utilization,
ensuring reliable operation under varying weather
conditions and demand patterns. Moreover, the
lifecycle  environmental impact of  battery
manufacturing, including resource extraction and
disposal, warrants careful consideration to minimize
adverse environmental consequences and maximize the
sustainability of EV charging infrastructure.
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Looking ahead, continued research and innovation are
essential to address challenges and optimize the
performance of solar-powered BESS backup EV
charging stations. Advances in energy storage
technologies, coupled with improvements in solar PV
efficiency and grid integration capabilities, hold
promise for enhancing the reliability, affordability,
and sustainability of EV charging infrastructure.
Policy support and incentives can accelerate the
deployment of solar-powered BESS backup EV
charging stations, fostering collaboration between
government agencies, utilities, industry stakeholders,
and research institutions to drive innovation and scale
up renewable energy adoption in the transportation
sector. In conclusion, solar- powered BESS backup
EV charging stations represent a promising solution to
meet the growing demand for clean and reliable
transportation  infrastructure. Through
interdisciplinary
collaboration and concerted efforts, we can overcome
challenges and realize the full potential of solar
energy to power the future of electric mobility.

PROPOSED SYSTEM CONFIGURATION
Designing a proposed system configuration for a
solar-powered Battery Energy Storage System
(BESS) backup with a bidirectional buck-boost
converter buck chopper-based Electric Vehicle (EV)
charging station involves integrating several
components to ensure efficiency, reliability, and
sustainability. This comprehensive setup aims to
harness solar energy, store it efficiently, and utilize it
for both backup power and EV charging,
leveraging bidirectional converters for optimal
energy flow. Below is a detailed outline of the
proposed system configuration. The system starts
with a solar panel array to harness solar energy. The
array comprises multiple solar panels connected in
series and parallel configurations to achieve the
desired voltage and current levels. The panels
should be high-efficiency, monocrystalline or
polycrystalline  type, capable of generating
sufficient power to meet the energy demands of the
BESS backup and EV charging station.

An MPPT charge controller optimizes the power
output from the solar panels by dynamically adjusting
the voltage and current to operate at the maximum
power point. This controller ensures efficient energy
conversion and maximizes the energy harvested from
the solar panels under varying environmental
conditions such as sunlight intensity and temperature.
The BESS acts as a backup power source and energy
buffer, storing excess solar energy generated during
the day for use during periods of low sunlight or grid
outages. Lithium-ion batteries are commonly used for
BESS due to their high energy density, long cycle life,
and fast charging capabilities. The BESS s
connected
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Fig 2.proposed simulation circuit

This converter serves as the interface between the solar
panels, BESS, and the EV charging station, enabling
bidirectional power flow. During periods of excess
solar energy, the converter charges the BESS by
stepping up or stepping down the voltage as needed.
When the BESS is depleted or during peak demand for
EV charging, the converter steps up the voltage from
the BESS to supply power to the EV charging station.
The EV charging station utilizes the energy stored in the
BESS or directly from the solar panels for charging
electric vehicles. It includes multiple charging points
with different power ratings to accommodate various
types of EVs, from passenger cars to commercial
vehicles. Smart charging capabilities allow for
scheduling charging sessions, optimizing charging
rates, and integrating with grid management systems for
demand response.

A comprehensive monitoring and control system is
essential for managing the entire setup efficiently. It
includes sensors to measure parameters such as solar
irradiance, battery voltage, current, temperature, and
EV charging status. Advanced control algorithms
regulate the operation of the MPPT charge controller,
bidirectional converter, and EV charging station to
maximize energy utilization, optimize
charging/discharging cycles, and ensure system
stability. The system can be interconnected with the
grid to provide additional backup support during
periods of high demand or when the BESS is depleted.
Grid-tie inverters enable seamless transition between
solar-generated power, battery power, and grid power,
ensuring uninterrupted supply to the EV charging
station and other critical loads.

The entire system must comply with relevant safety
standards and regulations governing solar
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installations, energy storage systems, and electric
vehicle charging infrastructure. Safety features such
as overcurrent protection, overvoltage protection, and
thermal management systems are implemented to
prevent accidents and ensure user safety. the proposed
system configuration for a solar-powered BESS
backup with a bidirectional buck-boost converter
buck chopper-based EV charging station integrates
various components to create a sustainable and
efficient energy ecosystem. By harnessing solar
energy, storing it in batteries, and utilizing
bidirectional converters for optimal energy flow, the
system offers a reliable backup power solution while
facilitating the transition to electric mobility.
Continuous monitoring, advanced control algorithms,
and compliance with safety standards are crucial
aspects of the design to ensure the performance,
reliability, and safety of the system. This proposed
system configuration provides a robust framework for
implementing a solar-powered BESS backup with an
EV charging station, contributing to the advancement
of renewable energy integration and sustainable
transportation infrastructure.

RESULTS AND DISCUSSION

This study presents the design, implementation, and
analysis of an Electric Vehicle (EV) charging station
integrated with a Solar-Powered Battery Energy
Storage System (BESS) and a Bidirectional Buck-
Boost Converter (BBBC). The proposed system aims
to enhance the efficiency, reliability, and
sustainability of EV charging infrastructure. Through
simulations and experimental validation, the
performance of the system is evaluated in terms of
energy management, grid interaction, and economic
viability. The results demonstrate the feasibility and
benefits of integrating renewable
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energy sources and energy storage systems in EV charging
infrastructure.
i .
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Fig 3. Grid voltage vs time

The exponential growth of electric vehicles necessitates
the development of efficient and sustainable charging
infrastructure. Traditional charging stations rely solely
on grid power, leading to high demand peaks and grid
instability. Integrating renewable energy sources like
solar power, along with energy storage systems such
as

Battery Energy Storage Systems (BESS), offers a
promising solution to mitigate these challenges.
Additionally, Bidirectional Buck-Boost Converters
(BBBC) enable bi-directional power flow between the
grid, BESS, and EVs, enhancing system flexibility
and efficiency.

nd

The proposed EV charging station consists of solar
panels, a BESS, bidirectional BBBC, charging
controllers, and grid connection. The BBBC facilitates
power conversion between DC sources (solar panels
and BESS) and EVs, ensuring optimal

Fig 4. Dc bus voltage
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charging efficiency. The system's performance is
evaluated through simulations using
MATLAB/Simulink and  validated  through
experimental testing.
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Fig 5.Solar irradiation vs time
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The integration of solar power and BESS significantly
reduces grid dependency and operational costs. During
peak solar generation, excess energy is stored in the
BESS for later use, enhancing system resilience and
reducing grid load. Simulation results demonstrate
that the BBBC

efficiently manages power flow, ensuring optimal
charging rates while maintaining grid stability.
Moreover, the bidirectional capability of the BBBC
enables  Vehicle-to-Grid  (V2G) functionality,
allowing EVs to discharge energy back to the grid
during peak demand periods.
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Fig 6. Temperature vs time

The results highlight the benefits of integrating solar
power and BESS in EV charging infrastructure. By
harnessing solar energy, the system reduces carbon
emissions and reliance on fossil fuels, contributing to
environmental sustainability. The BESS acts as a
buffer, smoothing out fluctuations in solar generation
and grid demand, thereby improving system reliability.
Additionally, the bidirectional capability of the BBBC
enables dynamic power management,

optimizing energy flow based on grid conditions and
user preferences. Furthermore, the economic analysis
indicates a significant reduction in operational costs
over the system's lifecycle. By offsetting grid
electricity consumption with solar power and BESS,
the charging station achieves long-term cost savings.
The scalability of the system allows for easy
expansion and adaptation to varying demand patterns
and grid conditions.

Fig 7. Pv panel voltage vs time

Despite its advantages, the proposed system faces
several limitations, including initial installation costs
and dependence on sunlight availability. Future
research could focus on optimizing system design,
improving energy storage efficiency, and exploring
advanced control algorithms for
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enhanced grid integration. Additionally, incorporating
emerging technologies such as vehicle-to-grid
communication and smart grid functionalities could
further enhance the system's performance and
flexibility.
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Fig 8. Battery SOC vs time

In conclusion, the integration of solar power, BESS, and
bidirectional BBBC offers a promising solution to
enhance the efficiency, reliability, and sustainability of
EV charging infrastructure. The results demonstrate the
feasibility and benefits of the proposed system, paving
the way for the widespread adoption of renewable
energy-powered EV charging stations. This research
contributes to the ongoing efforts towards building a
greener and more resilient transportation ecosystem.

CONCLUSION

In conclusion, the integration of solar-powered Battery
Energy Storage Systems (BESS) with bidirectional
buck-boost converters in EV charging stations marks a
significant advancement in sustainable energy
infrastructure. This innovative approach not only
addresses the intermittency of solar energy but also
ensures efficient energy storage and distribution for
electric vehicles. By harnessing solar power, these
stations reduce reliance on traditional grid electricity,
diminishing carbon emissions and mitigating
environmental impact. The bidirectional buck-boost
converter technology optimizes energy flow, allowing
seamless integration of renewable sources while
maintaining grid stability. Moreover, the incorporation
of BESS provides backup power, ensuring
uninterrupted charging services even during grid
outages or peak demand periods. This reliability
enhances user confidence in electric vehicles and
promotes their widespread adoption, fostering a cleaner
transportation ecosystem. Furthermore, the buck-
chopper-based EV charging system optimizes charging
efficiency, reducing overall energy consumption and
operational costs. This combination of renewable
energy, energy storage, and advanced converter
technology represents a sustainable solution for future
transportation needs. In essence, the solar-powered
BESS backup with bidirectional buck-boost converter
buck-chopper-based EV charging station exemplifies
the convergence of clean energy and
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smart technology, paving the way for a greener and
more resilient energy future.
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