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ABSTRACT

The project "Solar-Powered EV Charging Hub" proposes innovative enhancements to electric vehicle (EV)
charging infrastructure. It introduces four key innovations to optimize performance and sustainability. Firstly, the
project replaces traditional batteries with supercapacitors to improve energy storage efficiency. Secondly, it
implements an MPPT-ANN algorithm to enhance the efficiency of solar photovoltaic (PV) systems integrated into
the hub. Thirdly, the project explores the integration of alternate energy sources like grid management and wind
energy to supplement solar power. Lastly, a sophisticated battery management system is developed to ensure
efficient charging operations and prolong the lifespan of supercapacitors. Through these innovations, the project
aims to advance EV charging infrastructure's efficiency, reliability, and environmental sustainability. Theoretical
and mathematical analysis involves modeling and simulation using matlab, particularly simulink. Mathematical
models describe solar panel behavior, battery characteristics, control algorithms, and energy flow dynamics.
Simulation results are analyzed to evaluate system performance metrics such as energy efficiency, charging time,
reliability, and economic viability. By combining theoretical analysis, mathematical modeling, and matlab
simulation, the project aims to design, optimize, and validate a solar-powered ev charging hub that maximizes
energy efficiency, grid stability, and user convenience. By incorporating these enhancements and innovations based
on the suggestions provided, the project aims to develop a more robust and efficient solar-powered ev charging hub
within the matlab simulation environment, contributing to the advancement of sustainable and intelligent
transportation infrastructure. This innovative EV charging station not only supports the transition to electric
mobility but also sets new standards for sustainability, reliability, and user-centric design. Its seamless fusion of
renewable energy, data driven maintenance, and intuitive payment systems signifies a significant leap forward in
the quest for a cleaner and smarter transportation future.
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1. INTRODUCTION

The Solar-Powered EV Charging Hub project is a groundbreaking initiative poised to revolutionize the
landscape of electric vehicle (EV) charging infrastructure. This innovative endeavor encompasses a multifaceted
approach towards sustainable mobility, integrating cutting-edge technologies to address key challenges and enhance
the efficiency and reliability of EV charging systems.

At the core of this project lies the adoption of supercapacitors as an alternative energy storage solution in
place of traditional batteries. Supercapacitors offer numerous advantages, including rapid charging and discharging
capabilities, extended lifespan, and enhanced efficiency. By leveraging supercapacitors, the Solar-Powered EV
Charging Hub aims to optimize energy storage and delivery for EVs while reducing environmental impact and
promoting sustainability.
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In addition to supercapacitor integration, the project incorporates the implementation of the Maximum Power
Point Tracking (MPPT) algorithm, augmented by Artificial Neural Networks (ANN). This innovative MPPT-ANN
algorithm dynamically adjusts the operating point of solar panels to extract maximum power output under varying
environmental conditions. By harnessing machine learning capabilities, this algorithm enhances the accuracy and
adaptability of the MPPT process, resulting in improved energy efficiency and performance of the charging hub.

Moreover, the Solar-Powered EV Charging Hub project emphasizes the integration of alternate energy
sources, such as grid power and wind energy. By diversifying energy sources, the charging hub ensures reliability
and sustainability in EV charging operations. Grid integration facilitates seamless transition between renewable and
conventional energy sources, while wind energy harnesses natural resources to supplement the charging hub's
energy requirements. This holistic approach to energy management enhances the hub's resilience and reduces its
carbon footprint.

Furthermore, the project incorporates a sophisticated Battery Management System (BMS) to monitor and
control the health and operation of the supercapacitors. The BMS employs advanced algorithms for state-of-charge
(SoC) estimation, voltage/current monitoring, and temperature control. By implementing proactive maintenance
strategies and optimizing charging/discharging cycles, the BMS ensures the reliability, durability, and optimal
performances.

1.1 Obijectives of solar powered hub

The Solar-Powered EV Charging Hub project is driven by the overarching goal of revolutionizing the
landscape of electric vehicle (EV) charging infrastructure. To achieve this goal, the project focuses on integrating
several innovative technologies and methodologies aimed at enhancing energy efficiency, sustainability, and
reliability. One key innovation is the adoption of supercapacitors as an alternative energy storage solution in place
of traditional batteries. Supercapacitors offer advantages such as rapid charging and discharging, extended lifespan,
and improved efficiency, thus improving energy storage and delivery capabilities while reducing environmental
impact.

Additionally, the project aims to implement the Maximum Power Point Tracking (MPPT) algorithm
augmented by Artificial Neural Networks (ANN). This MPPT-ANN algorithm dynamically adjusts the operating
point of solar panels to maximize power output under varying environmental conditions. By harnessing machine
learning techniques, the project seeks to enhance the accuracy and efficiency of the MPPT process, leading to
improved energy harvesting from solar panels.

Furthermore, the project emphasizes the integration of alternate energy sources such as grid power and wind
energy into the charging hub. Grid integration facilitates seamless transition between renewable and conventional
energy sources, ensuring reliability and continuous operation of the charging infrastructure. Harnessing wind energy
as an alternate power source further enhances the sustainability and resilience of the charging hub.Lastly, the project
includes the development of a sophisticated Battery Management System (BMS) for efficient monitoring and
control of the supercapacitors. The BMS utilizes advanced algorithms for state-of-charge (SoC) estimation,
voltage/current monitoring, and temperature control. Through proactive maintenance strategies and optimized
charging/discharging cycles, the BMS ensures the reliability, longevity, and optimal performance of the energy
storage system within the charging hub.

The Solar-Powered EV Charging Hub project aims to create a state-of-the-art charging infrastructure that
integrates innovative technologies to meet the evolving needs of electric vehicle charging. By implementing these
innovations, the project contributes towards advancing sustainable transportation solutions and reducing dependence
on fossil fuels.

1.2 Problem Identification

Traditional batteries used in EV charging stations have limitations in terms of energy storage capacity,
charging/discharging speed, and lifespan. This restricts the efficiency and speed of EV charging, leading to
inconvenience for users and hindering widespread adoption of electric vehicles. The impact of risk awareness and
deviation factors of critical and target costs on day-ahead scheduling and EH operation costs is investigated.
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Many existing solar-powered EV charging stations lack efficient energy harvesting mechanisms. The
Maximum Power Point Tracking (MPPT) algorithm, which optimizes solar energy harvesting, may not be
adequately optimized for varying environmental conditions, resulting in suboptimal energy utilization. EV charging
stations often rely solely on grid power, which may not be sustainable or environmentally friendly. This dependence
on conventional energy sources contributes to carbon emissions and may not align with sustainability goals.The
absence of sophisticated Battery Management Systems (BMS) in EV charging stations can lead to inefficient battery
usage, reduced lifespan, and potential safety hazards. Effective management of energy storage systems is crucial for
ensuring optimal performance and longevity.

Addressing these challenges is essential for developing a more efficient, sustainable, and reliable solar-
powered EV charging infrastructure. The proposed innovations, including the use of supercapacitors, MPPT-ANN
algorithm, integration of alternate energy sources, and advanced battery management system, aim to overcome these
limitations and pave the way for a future-ready EV charging ecosystem.

1.3.0utcome

The outcome of the project, enriched with innovative features in MATLAB simulation, yields several
significant advancements in electric vehicle (EV) charging infrastructure. These outcomes include:

By implementing supercapacitors instead of regular batteries, the project achieves improved energy storage
efficiency. Supercapacitors offer rapid charging and discharging capabilities, contributing to faster and more
efficient EV charging.The integration of the MPPT-ANN algorithm enables the system to dynamically adjust solar
panel operating points for maximum power output under varying environmental conditions. The project's integration
of alternate energy sources such as grid power and wind energy expand the charging hub's energy options. This
diversification increases the hub's resilience and sustainability by reducing dependence on conventional energy
sources and leveraging renewable energy alternatives.

Through the implementation of a sophisticated Battery Management System (BMS), the project ensures
efficient monitoring and control of energy storage systems. The BMS employs advanced algorithms for state-of-
charge estimation, voltage/current monitoring, and temperature control, optimizing battery performance and
longevity. By harnessing renewable energy sources such as solar and wind power, the project contributes to
reducing greenhouse gas emissions and promoting environmental sustainability. The adoption of supercapacitors
and advanced energy management techniques further enhances energy efficiency and reduces the carbon footprint
of EV charging operations.

The integration of grid power with renewable energy sources and advanced energy management systems
improves grid stability and resilience. By intelligently managing energy flow and consumption, the charging hub
minimizes strain on the electrical grid, thereby contributing to overall grid stability and reliability. The utilization of
renewable energy sources and advanced energy management techniques results in cost savings for EV charging
operations. By reducing dependency on conventional energy sources and optimizing energy usage, the project helps
lower operational costs and offers long-term economic benefits for EV users and charging infrastructure operators.

The project fosters technological innovation and advancement in the field of EV charging infrastructure. The
development and implementation of novel technologies such as supercapacitors, MPPT-ANN algorithms, and
advanced battery management systems push the boundaries of EV charging technology, paving the way for future
innovations in the industry.

Overall, the outcome of the SOLAR-POWERED EV CHARGING HUB project signifies a significant leap
forward in EV charging infrastructure. With enhanced energy storage efficiency, optimized solar energy harvesting,
diversified energy sources, and advanced battery management, the project paves the way for a more sustainable,
reliable, and efficient EV charging ecosystem
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2. OBJECTIVES OF THE PROPOSED WORK

An electrical vehicle (EV) charging station with a solar panel, battery management system (BMS),
unmanned QR code payment mechanism, and ageing factor analysishas a number of goals that aim to solve several
important elements of long-term electric mobility and charging infrastructure. These goals can be divided into
numerous important categories, including: By using clean solar energy to charge electricautomobiles, the main goal
is to encourage sustainable mobility. These stations help to fight climate change by reducing dependency on fossil
fuels and reducinggreenhouse gas emissions.

These charging stations use solar panels and make use of cutting-edge battery management technology in an
effort to maximize energy efficiency. Processes for charging and discharging batteries must be effective if youwant
to minimize energy waste and save operating expenses.Maximizing the life of EV batteries is a crucial goal. The
BMS is essential for keeping track of battery health, avoiding overcharging, and ensuring ideal operating conditions, all
of which help prolong the life of pricey battery packs.

Convenience for the user is the main goal. The charging procedure is streamlined by the unmanned QR code
payment technique making it simple, effective, and available to a variety of EV owners.These facilities produce
solar energy on-site in aneffort to lessen reliance on the grid. This improves energy independence and eases the burden
on the grid during peak charging periods.A data-driven approach to maintenance is introduced via ageing factor
analysis, guaranteeing that charging stations stay dependable and functional. The goal is to reduce maintenance
expenses and downtime so that EV consumers have uninterrupted service.ln line with international efforts to switch
to sustainable energy systems, the incorporation of solar panels encourages the use of renewable energy sources in
the transportation industry.Some charging stations may return excess energy to the grid, assisting grid stability
during times of high demand and boosting the energy infrastructure's resilence.

The primary goal is to lessen the impact of mobility on the environment by cutting back on carbon emissions
from boththe cars and the charging process.These EV charging stations act as launching pads for new ideas and
technological developments in the sector. They support the creation of novel charging infrastructure technologies
and methods.Ambitious sustainability goals havebeen established by several governments across the world, including
the use of renewable energy sources and electric cars. These charging stations aid in achievingthese objectives.Such
charging stations seek to enable the widespread adoption of electric cars and hasten the move away from internal
combustion engine vehicles by offering effective, practical, and sustainablechargingchoices.These charging stations
can improve the profitability of the infrastructure by lowering operational expenses through solar energy generation
and effective maintenance procedures. Encouraging Private Investment: The goal is to entice private investment in
the growth and developmentof EV charging infrastructure, spurring innovation and industry growth.

The goal of these charging stations is to provide a thorough and dependable charging network to enable long-
distance EV travel and urban mobility, guaranteeing that EV owners have accessto charging everywhere they
go.These charging stations support energy resiliencebyintegrating solar power and battery storage into the infrastructure,
guaranteeing that charging is still accessible even in times of emergency or power loss.

In conclusion, the aims of an EV charging station with a solar panel, BMS, unmanned QR code payment
system, and ageing factor analysis are consistent with the more general objectives of sustainability, energy
efficiency, user convenience, and infrastructure dependability. Together, these goals help to createa transportation
future that is more environmentally friendly, intelligent, and accessible.

2.1.Software procedure

Designing an electrical vehicle (EV) charging station circuit using MATLAB involves defining key
components and visually representing their connections. Inour example, we've illustrated a basic EV charging circuit.
At the core of this setup is the interaction between the grid, the EV battery, and the essential components that
facilitate the charging process.The grid voltage (V_grid) is the initial energy source that supplies power to the
charging station. We've represented this connection with a blue rectangle symbolizing the grid input. In the transition
from the grid to the EV battery, the circuit includes a series of elements. These components include resistors (R1 and
R2), which may represent the charging station's electrical resistance and the charger-side resistance, respectively.
There'salso an inductor (L) and a capacitor (C), which are common in electrical circuits and play roles in controlling
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the flow of electricity and smoothing voltage variations.Finally, the EV battery (V_EV) is the ultimate
destination for the electrical energy, and we've indicated this connection with a blue rectangle symbolizing the EV
battery. The depicted circuit, while simplified, serves as a visual representation of the essential components involved
in an EV charging station. By modifying the values, positions, and colors of these components, youcan tailor the
circuit diagram to match the specific design and configuration of your EV charging station.

3. PROPOSED WORK MODULES

This module includes the solar panels, inverters, and relatedcomponents to harness solar energy and convert it
into electricity. A solar array isa group of several solar panels that work together to produce electricity. When a solar
panel installer refers to solar arrays, they usually mean the full solar photovoltaic, or PV, system, which includes the
solar panels themselves and theirplacement. Solar energy can only be produced by sunlight striking the photovoltaic
cells in your panels. Direct current (DC) electricity is created when sunlight causes electrons to move. The inverter
or inverters connected to your array transform the direct current (DC) power produced by the solar cells in your
panels into us eable alternating current (AC) electricity.

The BMS monitors and manages the energy storage system, ensuring the batteries are charged, discharged,
and maintained efficiently and safely. A bi-directional DC-DC converter can be usedby a BMS in a solar charging
station to both charge and drain the battery. The buck converter arrangement is used to charge the battery, while the
boost converter configuration is used to drain it2. It's crucial to remember that a BMS is not often utilized as a
charge controller for a solar panel, though. The BMS overcharge protection is an additional layer of security for
when a cell charges excessively. All loads and chargers ought to (dis)charge to the standard charge/discharge voltage
under normal circumstances, and the BMS ought to onlybe required to step in when anything is wrong. A BMS may
be used in a solar charging station to continuously improve battery performance, monitor the battery, safeguard the
battery, and estimate the battery's operating status.

This includes the EV charging connectors, cables, and charging controllers to deliver power from the solar
panels and/or battery to the electric vehicles. The infrastructure for electric charging is a crucial part of the
ecosystem for electric mobility. It is critical that the market for EV charging stations develop and accept EVs at the
same rate. EVS are constrained by their speed and range. The key to promoting a switch from conventional
automobiles to electric vehicles is the availability of charging stations and its network on the roadsl. As part of its
strategy to combat climate change and rising urban pollution,a growing country like India is swiftly embracing the
technology associated withelectric cars (EVs) and gradually phase out the vehicles powered by fossil fuels. The
Indian government said in April 2017 that all EVs will be available on the market by 2030.

For EV charging stations, UIC Pay world provides EMV-ready payment processing systems. With an
emphasis on seamless and simple customization using their own payment engine and cloud management tools, they
have spent the last several years creating and polishing their payment solutions for both closed and open-ended
payment systems for this specific market. They provide the customer loyalty solutions in settings like the office or a
multi-unit residential building, together with physical and digital prepaid cards.

The energy management software was created exclusively to optimize the charging industry. It offers a
thorough software system to manage and watch over EV charging stations, making the whole process simple. With EV-
CMS, owners and operators of charging stations may effectively manage charging sessions, keep track of the state of
their stations, and conduct all transactions remotely.

Reduced global carbon emissions and the promotion of green energy can be significantly aided by the
combination of solar power plants (SPPs) with EV charging stations. EVs' reliance on the grid limits how often they
can becharged. The addition and integration of PVs into EV charging systems will lessen their reliance on the grid and
increase system flexibility. Additionally, EVs can serve as storage for both the grid and PV systems to lessen the
ambiguity aroundthe intermittency of PV systems. The combination of SPPs with EV charging stations has been the
subject of several research.
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Effective communication strategies must be used to establish a communication link between the EV and the
charging infrastructure, i.e., vehicle-to-infrastructure (V2I) and infrastructure-to-vehicle (12V) communication, as
well as between neighboring EVs, vehicle-to-vehicle (V2V) communication, in order to enable effective EV charging
coordination andmanagement

Fig -1: Matlab structure
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Fig -2: Wind output scope
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Fig -3: ANN scope

Fig -4: Battery usage scope
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The integration of supercapacitors instead of regular batteries has shown significant advantages.
Supercapacitors exhibit faster charging and discharging rates, enabling rapid energy transfer during charging
sessions. Moreover, they have a longer lifespan compared to traditional batteries and are more resistant to extreme
temperatures, making them suitable for varied environmental conditions. The utilization of the MPPT-ANN
algorithm has proven effective in optimizing solar energy harvesting. By dynamically adjusting the operating point
of the solar panels, the algorithm ensures maximum power extraction under changing environmental conditions.
This results in higher energy yields and improved charging efficiency, ultimately reducing charging times and
enhancing the overall performance of the charging hub.

The incorporation of alternate energy sources, such as grid integration and wind energy, has bolstered the
resilience and reliability of the charging hub. Grid integration provides a reliable backup power source during
periods of low solar or wind energy generation, ensuring uninterrupted charging services. The implementation of a
sophisticated BMS has facilitated efficient monitoring and control of the energy storage system. The BMS
continuously monitors key parameters such as voltage, current, and temperature, optimizing charging and
discharging processes to maximize battery lifespan and performance. Moreover, predictive maintenance algorithms
embedded within the BMS enable early detection of potential issues, reducing downtime and maintenance costs.

Overall, the results demonstrate that the Solar-Powered EV Charging Hub with innovative features offers a
reliable, efficient, and sustainable solution for electric vehicle charging. By harnessing renewable energy sources
and employing advanced technologies, the charging hub contributes to the transition towards clean and sustainable
transportation infrastructure. Further optimization and refinement of the system parameters are warranted to ensure
seamless integration and widespread adoption in real-world applications

4. CONCLUSIONS

The Solar-Powered EV Charging Hub project has successfully demonstrated the feasibility and
effectiveness of integrating innovative technologies to enhance the efficiency, reliability, and sustainability of
electric vehicle charging infrastructure. The key innovations including the use of supercapacitors, MPPT-ANN
algorithm, grid integration with wind energy sources, and advanced battery management system have contributed to
the development of a robust and eco-friendly charging solution.

The utilization of supercapacitors instead of regular batteries offers several advantages such as rapid
charging, longer lifespan, and enhanced safety. The MPPT-ANN algorithm optimizes solar energy harvesting by
dynamically adjusting to the maximum power point, thereby improving energy efficiency and utilization. The
integration of alternate energy sources like grid and wind energy ensures continuous and reliable power supply,
reducing dependency on fossil fuels and promoting sustainability. Additionally, the battery management system
enables efficient monitoring, control, and maintenance of the energy storage system, prolonging its lifespan and
maximizing performance.

Through rigorous testing and evaluation, the Solar-Powered EV Charging Hub has demonstrated superior
performance compared to conventional charging stations. It offers faster charging times, higher energy efficiency,
and greater reliability, making it an ideal solution for sustainable transportation infrastructure.

While the Solar-Powered EV Charging Hub project has achieved significant advancements in eco-friendly
charging solutions, there are several areas for future research and development

5. REFERENCES

[1]. Amal Krishna T , Joel Varghese Joy , Francis Alexander Pattara, Joseph Michael Xavier “FLIPAY - QR Code
Based Payment System” IJSTE - International Journal of Science Technology & Engineering | Volume 2 | Issue 11 |
May 2016.

[2]. H.J. Bergveld, Battery Management Systems Design by Modeling, 2001, ISBN 9074445-51-9 D. Bell, A battery

management system, Masters thesis, School Eng., Univ. Queensland, St. Lucia, Australia, 2000. Sandeep Dhameja,
Electric Vehicle Battery Systems, 2002, ISBN 0-7506-9916-7

23069 Www.ijariie.com 2401



Vol-10 Issue-2 2024 IJARIIE-ISSN(O)-2395-4396

[3]. Pattipati, B.; Pattipati, K.; Christopherson, J.P.; Namburu, S.M.; Prokhorov, D.V.; Qiao, L. Automotive Battery
Management System. In Proceedings of IEEE AUTOTESTCON, Salt Lake City, UT, USA, 811 September 2008;
pp. 581586

[4]. Thangalakshmi, S., Ayush, B., Khan, S., Singh, R., & Kumar, A. (2023). “Building an Electric Vehicle for
Maritime Campus”. IIRE Journal of Maritime Research and Development, 7(1).

[5].Alkawsi, Gamal, et al. "Review of renewable energy-based charging infrastructure for electric vehicles." Applied
Sciences 11.9 (2021): 3847.

[6].Mousa HH, Youssef A-R, Mohamed EE. (2021): observe MPPT algorithms based wind energy conversion
systems: a technology review. Int J Electr Power Energy Syst;126: 106598

[7]. Karipoglu, Fatih, Mustafa Serdar Geng, and Beyhan Akarsu. (2022)"GIS-based optimal site selection for the
solar-powered hydrogen fuel charge stations." Fuel 324: 124626.

[8]. Mosetlhe, Thapelo C., Temitope Raphael Ayodele, Adedayo A. Yusuff, and Ayodeji S. (2022)."Optimal Design
of an Off-Grid Solar and Wind Powered Hybrid EV-HFCV Charging Station." International Journal of Energy for a
Clean Environment 23, no. 2

[9]. Mouli, GR Chandra, P. Bauer, and M. Zeman.(2015) "Comparison of system architecture and converter
topology for a solar powered electric vehicle chargingstation." 9th International Conference on Power Electronics
and ECCE Asia (ICPE-ECCE Asia), pp. 1908-1915. IEEE.

23069 Www.ijariie.com 2402



