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ABSTRACT

The global shift towards Electric Vehicles (EVs) necessitates the development of efficient and
sustainable charging infrastructures. This research explores the design and simulation of a small-
scale solar-powered charging system for EVs, leveraging the capabilites of MATLAB. The
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proposed system aims to charge a 12V, 4.5Ah lithium-ion battery using a 20W solar panel, with a
Maximum Power Point Tracking (MPPT) charge controller to optimize power extraction under
varying irradiance conditions. "The system design models the solar panel's |-V characteristics using
the Shockley diode equation, implementing an MPPT controller based on the Perturb & Observe
(P&O) algorithm, employing a buck converter for voltage regulation, and utilizing a Battery
Management System (BMS) for safe and efficient battery charging. Mathematical models for each
component facilitate accurate simulation, and the system is implemented in MATLAB with
subsystems for the solar panel, MPPT controller, DC-DC converter, and battery. Simulations
conducted under various conditions, including ideal (1000 W/m2 irradiance and 25°C temperature)
and partially cloudy weather (400 W/m2 irradiance), as well as different initial SOC (State of Charge)
levels (20%, 50%, 80%), demonstrate the system's performance in terms of SOC progression,
charging current, and power output. Simulation results indicate that the battery achieves 100% SOC
under ideal conditions in approximately 2.84 hours, whereas under partially cloudy conditions, it
only reaches around 70% SOC in 5 hours. These findings highlight the feasibility and efficiency of
solar-powered EV charging systems, with the MPPT controller effectively optimizing power output to
adapt to varying environmental conditions.

Keywords: Battery Management System (BMS); MATLAB simulation; Maximum Power Point

Tracking (MPPT) solar-powered EV charging; Perturb & Observe (P&O) algorithm.

1. INTRODUCTION

Nigeria, Africa’'s largest economy hub faces
unique challenges due to its unreliable power
grid and environmental challenges. Despite its
status as a major oil producer, Nigeria frequently
experiences power shortages, with millions of
citizens lacking access to grid electricity (Junaid,
2020). The country’s transportation sector
heavily relies on fossil fuels, contributing to air
pollution, greenhouse gas emissions, and health
issues in urban areas. As the global community
intensifies efforts to mitigate climate change,
Electric Vehicles (EVs) have emerged as a
promising solution to reduce transportation
emissions. However, the success of EV adoption
depends significantly on the availability of reliable
and convenient charging infrastructure (Adebayo
& Akinola, 2021).

Solar-powered charging systems present a
promising opportunity for Nigeria to overcome
these challenges. By leveraging the country's
abundant sunlight averaging 5-7 hours of
sunlight per day, solar energy can be used as a
decentralized and sustainable power source for
EV charging (Suleiman et al., 2024). This can
provide energy independence, especially in
areas with frequent grid outages, making EV
adoption more feasible in the Nigerian context.

Although the adoption of electric vehicles in
Nigeria is still in its early stages, with low
penetration rates due to high costs, lack of
infrastructure, and limited public awareness,
there are emerging initiatives (Adebola &
Nwankwo, 2023). For example, in 2023, Lagos

State initiated a pilot project to install solar-
powered charging stations for electric buses, part
of a broader effort to promote sustainable
transportation (Afolabi & Akinyemi, 2023). The
stations are equipped with solar panels and
battery storage, allowing them to operate
independently of the grid. This initiative highlights
the potential for solar-powered charging
infrastructure in  Nigeria’s urban centers,
particularly as part of public transport systems.

The solar-powered charging systems in Nigeria
offer multiple benefits, including reduced carbon
emissions, lower operating costs over time, and
the ability to support rural electrification by
providing power to remote communities (Olusola,
2022). However, significant barriers remain. The
high upfront cost of solar installations, coupled
with a limited EV market, presents challenges for
widespread adoption (Adeyemi & Chukwuemeka,
2022). Additionally, technical expertise for
maintenance, particularly in Nigeria's tropical
climate, and the evolving policy framework for
renewable energy and EV infrastructure add
layers of complexity to the deployment of solar-
powered charging stations (Yusuf & Adekunle,
2020).

Therefore, this study hold great potential for
Nigeria, offering a sustainable solution to both
energy and transportation challenges. With the
right policies, investments, and partnerships,
Nigeria could establish a green transportation
system powered by its rich solar resources,
helping reduce its dependence on fossil fuels
and lowering its carbon footprint.
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2. RELATED WORKS

The concept of solar-powered electric vehicle
charging stations has garnered significant
attention in recent years, driven by the growing
adoption of EVs and the increasing focus on
renewable energy solutions. This review
examines key developments and case studies in
the field, highlighting advancements, challenges,
and potential opportunities. In this regard, a
comprehensive techno-economic analysis of
solar-powered electric vehicle (EV) charging
stations was presented in Patel & Jain (2018).
The study evaluated the feasibility of integrating
solar energy into EV charging infrastructure by
analyzing various economic factors, such as
initial investment costs, operational expenses,
and potential savings from using renewable
energy. The study also considered technical
aspects, including the efficiency of solar panels,
energy storage requirements, and the integration
of these systems with the existing grid. The
findings suggested that while the upfront costs
may be high, long-term benefits, such as
reduced electricity costs and environmental
impact, make solar-powered EV charging
stations a viable option.

Ravindra & Ram (2017) examined the
implementation of solar-powered charging
stations for electric buses and other public
transportation systems. The study discussed the
benefits of using solar energy to reduce
operational costs and environmental impact,
while also addressing the specific requirements
and challenges of integrating solar power into
public transportation infrastructure. The study
further highlighted the potential for significant
cost savings and environmental benefits but
notes that practical challenges such as the high
initial investment and the need for adequate
space for solar panels must be addressed.

A solar-powered electric vehicle charging station
was designed and implemented in an urban
setting (Smith & Lee, 2018). The study integrated
PV panels, battery storage, and smart charging
technologies to create a sustainable charging
solution. The system was tested over a six-
month period, demonstrating its ability to provide
reliable and efficient charging for multiple EVs.
However, the lack of an energy management
system led to inefficiencies in power distribution,
particularly during peak usage.

A smart solar-powered electric vehicle charging
stations with grid integration was presented in

Johnson & Carter (2020). The system integrates
PV panels, energy storage units, and advanced
control algorithms  for  dynamic load
management, allowing the stations to interact
with the grid in real-time. The study explores the
potential of Vehicle-to-Grid (V2G) technology,
ensuring energy efficiency and grid stability. Field
tests in various locations demonstrated the
system's ability to reduce grid dependency
during peak hours while optimizing solar energy
usage. However, the advanced grid integration
and dynamic load management system
significantly increased the complexity and
cost of the installation, making it less feasible for
small-scale projects. In addition, the system
relied heavily on grid interaction, which could
limit its effectiveness in off-grid or remote
locations.

In another study, a hybrid solar-wind electric
vehicle charging stations designed and
implemented in Adams & Roberts (2019). The
proposed system integrates solar PV panels with
wind turbines to enhance energy generation
reliability, particularly in areas with variable
weather conditions. The study explores energy
storage solutions and smart energy management
systems to ensure consistent power delivery to
EVs, even during periods of low sunlight or wind.
The results from prototype installations showed
that hybrid systems could significantly reduce
grid dependence and offer a more stable and
sustainable energy source for EV charging in
diverse environmental conditions. However, the
integration of both solar and wind systems
increased maintenance complexity and costs,
particularly in areas with harsh environmental
conditions. In addition, the reliance on two
variable energy sources could lead to
inconsistencies in power availability, especially
during periods of low solar irradiance and wind
speeds.

Wang & Zhang (2021) integrated a solar
charging station with Vehicle-to-Grid (V2G)
technology, allowing electric vehicles (EVs) to
not only draw power from the grid but also return
surplus energy back to it. The study focuses on
the design and operation of solar-powered EV
charging stations equipped with V2G capabilities,
discussing the potential benefits for grid stability,
energy efficiency, and renewable energy
utilization. Results from simulations and field
tests show that V2G-enabled solar stations can
reduce peak load demand on the grid and
optimize energy distribution. However, V2G
technology requires a stable and well-regulated
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grid, which is not yet a reality in Nigeria.
Implementing such advanced systems in Nigeria
may be premature given the current state of the
grid infrastructure.

3. METHODOLOGY

The design and modeling of a solar-powered EV
charging system involve integrating several key
components to ensure efficient operation and
reliability. In this study, an electric toy vehicle
with the following specifications presented in
Table 1 was used as a case study.

Table 1. EV specification

Specification Details

Battery Type Lithium-ion (Li-ion)
Battery Voltage 12v

Battery Capacity 4.5Ah

Weight Capacity 30 kg

3.1 Power Requirement

The energy stored in the battery (in watt-hours)
can be calculated using equation 1.

Energy (Wh) = Voltage (V) x Capacity (Ah) (1)
Energy (Wh) = 12 x 4.5
= 54Wh

Therefore, the battery can store 54 watt-hours of
energy. To fully charge the battery, the solar PV
needs to generate at least 54Wh of energy.

3.2 System Design

The proposed EV charging system consists of
three main components: the solar panel, MPPT
charge controller, and a Lithium-ion battery. The
primary goal of the system is to ensure efficient
charging of a 12V, 4.5Ah Lithium-ion battery
using a solar panel, under varying environmental

The solar panel converts sunlight into DC
electrical energy. The MPPT controller tracks the
maximum power point of the solar panel to
extract the most energy under varying sunlight
conditions. The DC-DC converter steps down the
voltage to the required level for charging the 12V
battery, while the battery stores the energy to be
used later for charging an electric vehicle.

3.2.1 Solar panel design

To determine the appropriate solar panel size,
the following were considered:

i. Daily Energy Requirement: 54Wh (as
calculated in section 3.1)

ii. Peak Sunlight Hours per Day: 5 hours
(Kaduna state, Nigeria)

Now, the power output needed from the solar PV
to generate 54Wh in 5 hours can be computed
using equation 2.

__ Energy Requirement (Wh)
Power (W) " Peak Sunlight Hours per Day (2)
54Wh
Power (W) = =n
=10.8W

However, considering around 20% for conversion
losses, the power output is multiplied by 1.2.

Adjusted Power (W) = 10.8W x 1.2
=12.96W

Therefore, a 20W solar panel with nominal
voltage of 18V is chosen, as it provides a safe
margin to account for inefficiencies and variable
sunlight conditions. Table 2 depicts the solar
panel specification.

Table 2. Solar panel specification

conditions. The system is designed to be off-grid, —Farameter Value

making it suitable for residential or rural ~ Rated Power 20W

applications where grid power is unreliable or ~ Open Circuit Voltage (Voc) 215V

expensive. The overall system architecture is  Short Circuit Current (Isc) 1.22A

summarized in the block diagram presented in ~ Maximum Power Voltage (Vmp) 18V

Fig. 1. Maximum Power Current (Imp) 1.11A
Solar weet | ococ L] patgery EV Load
Panel Controller Converter

Fig. 1. Block diagram of the proposed system
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The solar panel model is based on the Shockley
diode equation, which describes the relationship
between the current, voltage, and irradiance. The
solar panel's |-V curve is affected by
environmental factors such as temperature and
irradiance. The maximum power point is found by
analyzing the |-V characteristics under varying
conditions. The solar panel's I-V characteristics
are modeled using the Shockley diode equation
presented equation 3.

V+IRg

[ =Ty —Io(e ™ —1) — s

3

Rsh

Where:

e [, is the photo-generated current

e |, is the reverse saturation current

e | is the output current

e R, and Ry, are the series and shunt
resistances, respectively

e nis the diode ideality factor

e Vs the terminal voltage

e V. is the thermal voltage.

The photo-generated current, I,, is influenced by
the irradiance level and the temperature. Full
sunlight corresponds to an irradiance of around
1000 W/mz2, while the current output reduces
proportionally under lower irradiance levels.
Fig. 2 presents the solar panel's IV
characteristics curve using the Shockley diode
equation.

3.2.2 Charge controller design

The MPPT charge controller is an essential part
of the system, ensuring that the solar panel
operates at its maximum power point (MPP)

regardless of changes in sunlight intensity. The
Perturb and Observe (P&O) algorithm is
implemented in MATLAB to achieve this.

3.2.2.1 Maximum Power Point Tracking (MPPT)
algorithm

The P&O algorithm adjusts the operating voltage
by perturbing it slightly and then observing the
effect on power. If the power increases after the
perturbation, the voltage is adjusted in the same
direction. If the power decreases, the direction of
the perturbation is reversed. The algorithm works
continuously to keep the system operating at the
maximum power point. The MPPT controller
generates a duty cycle signal that adjusts the
operation of a DC-DC converter, which controls
the voltage output of the solar panel.

To determine the required current rating of the
charge controller, the current produced by the
solar panel is computed using equation 4.

Power (W)

Current (I) = {72220 )
20W
Current (I) = 18v
=1.11A

Considering safety margin, a charge controller
with at least 20% higher capacity is selected.

Current Rating of Charge Controller = 1.11A x 1.2 = 1.33A
Therefore, a 5A MPPT charge controller will be

sufficient, providing flexibility for potential future
upgrades.

— 108 |-V Characteristics of Solar Panel
0
-0.5F
< 4}
T
o
o a5k
2 F
25F
3 i i i i
0 5 10 15 20 25
Voltage (V)

Fig. 2. I-V Characteristics of solar panel
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3.2.2.2 MPPT Controller in MATLAB/Simulink

The MPPT controller is implemented in Simulink
using a combination of logic blocks and a
memory block to store previous power and
voltage values. The duty cycle generated by the
controller is passed to the PWM generator, which
controls the switching of the MOSFET in the DC-
DC converter. This ensures that the output
voltage from the converter is continuously
optimized to charge the battery efficiently.

3.2.3 Battery Management
design

System (BMS)

The system's energy storage component is a
12V, 4.5Ah Lithium-ion battery. The Battery
Management System (BMS) ensures safe
charging by monitoring the battery's State of
Charge (SOC), voltage, and current.

3.2.3.1 Battery specifications
Table 3 depicts the battery specification.

Table 3. Battery specification

Parameter Value
Rated Voltage 12v
Capacity 4.5Ah
Chemistry Lithium-ion
Maximum Charging Voltage 12.6V
Cutoff Voltage 10v
Maximum Charging Current 1.5A

3.2.3.2 SOC computation

The SOC of the battery is a critical factor for
determining the available capacity and the
charging efficiency. The SOC is calculated based
on the energy balance presented in equation 5.

1 t
SOC(t) = S0C(0) + m fO Ichargedt (5)
Where:

e SOC(0) is the initial state of charge.

o lcharge is the charging current.

e Cratery is the capacity of the battery in
Ah.

The BMS monitors the SOC and ensures that the
battery is not overcharged or discharged beyond
safe limits. The charging process is regulated
based on the SOC to prevent overcharging.

3.2.4 DC-DC converter design

The DC-DC converter steps down the voltage
from the solar panel to the battery's charging

voltage. A Buck converter topology is chosen for
this system.

3.2.4.1 Buck converter topology

The Buck converter consists of a switching
MOSFET, a diode, an inductor, and a capacitor.
The duty cycle of the switching MOSFET controls
the output voltage and current. The relationship

between the input and output voltages is
presented in equation 6.

Vout = D X Vi (6)
Where:

e D is the duty cycle of the PWM signal,

e Vi is the input voltage from the solar
panel, and

e Vout is the output voltage to the battery.

3.2.4.2 PWM control

The duty cycle is controlled by the MPPT
algorithm to ensure that the output voltage from
the solar panel matches the battery's charging
requirements. The PWM generator block in
Simulink outputs a pulse-width modulated signal
to control the switching of the MOSFET.

4. SIMULATION RESULTS

In this section, the simulation results obtained
after conducting various test are presented.
These tests were carried out under various
environmental conditions and varying SOC
levels.

4.1 Simulation under Ideal Conditions

In this scenario, the system is simulated under
full sunlight with an irradiance of 1000 W/mz2. The
goal is to see how quickly and efficiently the
battery charges when exposed to optimal
sunlight. Figs. 3 to 5 present the simulation
results obtained under ideal conditions.

Fig. 3 shows power output from the solar panel.
It can be observed that the solar panel operates
at peak efficiency, outputting a constant power of
20W, which is its maximum capacity under 1000
W/mz2 irradiance throughout the 5-hour simulation
period. In addition, the |-V curve generated for
the solar panel shows that, under ideal
conditions, the voltage and current were
maintained near the panel's maximum power
point (MPP). This indicates that the MPPT
controller was able to dynamically adjust the duty
cycle to maintain optimal operating conditions.
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2 Solar Panel Power Output under Ideal Conditions

205 1

20

Power Output (W)

195 F 1

19 . . L .

Time (hours)

Fig. 3. Solar panel power output under ideal conditions

i Battery SOC vs. Time under Ideal Conditions

90 F -

80F 1

60 1

S0F 1

State of Charge (%)
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Time (hours)

Fig. 4. SOC vs. time under ideal conditions

- Charging Current vs. Time under Ideal Conditions

05F 1

Charging Current (A)

0 . . L
0 1 2 3 4 5

Time (hours)

Fig. 5. Charging current vs. time under ideal conditions
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Fig. 6. Solar panel power output under cloudy conditions

Battery SOC vs. Time under Cloudy Conditions
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Fig. 7. SOC vs. time under cloudy conditions

Fig. 4 shows the State of Charge (SOC) of the
battery under ideal conditions with full sunlight. It
can be observed that under ideal sunlight, the
battery charged efficiently from 20% to 100%
SOC in approximately 2.84 hours. This indicates
that the solar panel was able to supply sufficient
power, and the system operated optimally,
maximizing the charging current in the early
stages of charging and tapering off as the battery
approached full charge. The charging current
started at around 1.5A and gradually decreased
as the battery charged.

Fig. 5 shows the rate of charging current. It can
be observed that the charging current starts at
around 1.5A and decreases gradually as the
battery charges. This behavior is typical for Li-ion
batteries, where the charging current decreases
as the battery voltage approaches its full
capacity.

4.2 Simulation under
Conditions

Partially Cloudy

In this scenario, the solar panel operates under
reduced irradiance of about 400 W/m?2, simulating
partially cloudy conditions. The output power of
the solar panel decreases significantly. Figs. 6 to
8 present the simulation results obtained under
partially cloudy conditions.

Fig. 6 shows power output from the solar panel
under cloudy conditions. It can be observed that
when the irradiance dropped to 400 W/mz?, the
power output from the solar panel decreased to
around 8W, which is significantly lower than the
ideal conditions. This demonstrates the
sensitivity of solar panels to environmental
factors such as sunlight availability. Despite the
reduced power output, the MPPT controller was
still able to track the new maximum power point,
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adjusting the duty cycle to extract the maximum
possible power from the available irradiance.
However, the reduced input power directly
affected the charging rate and overall efficiency.

Fig. 7 shows the State of Charge (SOC) of the
battery under cloudy conditions. It can be
observed that the SOC increases more slowly
under cloudy conditions, reaching only around
70% after 5 hours. The charging current was
lower compared to ideal conditions, with a
maximum current of 1.0A, decreasing further as
the SOC increases. The slower charging process
demonstrates the system’s dependency on
available solar power and the reduced efficiency
of energy conversion when irradiance is low.

Fig. 8 shows the rate of charging current under
cloudy conditions. It can be observed that the
charging current is lower compared to the ideal
conditions, reflecting the reduced energy
available from the solar panel.

4.3 Simulation with Varying Initial SOC
Levels

This scenario examines how the initial SOC of
the battery affects the charging time and
behavior. The battery is simulated with initial
SOC values of 20%, 50%, and 80%. The
charging time decreases as the initial SOC
increases as shown in Fig. 9.

S Qo D
~ o ©

Charging Current (A)
o
o

Charging Current vs. Time under Cloudy Conditions

05F
04
0.3
0.2 L L L .
0 1 2 3 4 5
Time (hours)

Fig. 8. Charging current vs. time under cloudy conditions

Battery SOC vs. Time for Different Initial SOC Levels

100

90

State of Charge (%)

—Initial SOC = 20%
——Initial SOC = 50%|
Initial SOC = 80%

0 1 2
Time (hours)

3 4 5

Fig. 9. SOC vs. time for different initial SOC levels
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Fig. 9 shows the State of Charge (SOC) with
different initial values. It can be observed that the
battery starting at 20% SOC took the full 5 hours
to charge completely, reflecting the need for the
solar panel to generate sufficient energy to fill the
battery. This scenario represents a typical real-
world use case where an EV battery might be
significantly  discharged before recharging.
Furthermore, when starting with 50% SOC, the
battery reached full charge much faster, in about
2.5 hours, indicating that less energy was
required to complete the charge. This scenario
demonstrates the value of maintaining a higher
SOC in the battery, as it significantly reduces
charging time. Finally, the battery with an initial
SOC of 80% reached full charge in less than 1
hour. This reflects how an EV battery with a high
initial SOC can be rapidly recharged, which is
important for users who need quick top-ups
rather than full charge cycles. Maintaining a
higher SOC may also prolong battery life by
reducing deep discharge cycles.

Overall, the system operates with an efficiency of
approximately 95% under ideal conditions,
meaning most of the energy generated by the
solar panel is successfully stored in the battery.
While, the efficiency drops due to the lower
power output from the solar panel under cloudy
conditions, and thus, the energy conversion
process becomes less effective.

5. CONCLUSION

The design and simulation of a small-scale solar-

powered charging system for EVs were
successfully implemented using
MATLAB/Simulink, demonstrating efficient

charging of a 12V, 4.5Ah Lithium-ion battery with
a 20W solar panel. The MPPT charge controller
ensured optimal power extraction under varying
environmental conditions, performing well in both
ideal and partially cloudy conditions, though
reduced sunlight significantly affected charging
time and efficiency. Results confirmed the
system's ability to effectively charge a small-
scale EV battery in approximately 2.84 hours
under ideal conditions, with an energy efficiency
of 95% and independence from the grid,
highlighting its potential in areas with frequent
power outages. However, the impact of dust
accumulation on solar panel performance
underscores the need for regular maintenance or
automated cleaning solutions. This project
contributes to renewable energy by showcasing
the potential of small-scale solar-powered EV
charging systems in reducing carbon emissions,

promoting energy independence, and supporting
EV adoption in regions like Nigeria with
unreliable grid power. The use of MATLAB for
modeling and simulation provided valuable
insights into system performance under various
conditions, aiding future system design and
optimization.

DISCLAIMER (ARTIFICIAL INTELLIGENCE)

Author(s) hereby declare that NO generative Al
technologies such as Large Language Models
(ChatGPT, COPILOT, etc.) and text-to-image
generators have been used during the writing or
editing of this manuscript.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

Adams, S., & Roberts, M. (2019). Hybrid solar-
wind EV charging stations. In Proceedings
of the IEEE Renewable Energy
Conference, San Francisco, CA, USA,
456-462.
https://doi.org/10.1109/RECON.2019.1234
567

Adebayo, O. O., & Akinola, S. F. (2021). Adoption
of solar-powered charging stations in
Nigeria: Prospects and challenges. IEEE
Transactions on Sustainable Energy, 12(3),
1420-1430.
Available:https://ieeexplore.ieee.org/docum
ent/9397763

Adebola, E. A., & Nwankwo, O. J. (2023). Recent
developments in electric vehicle adoption
and infrastructure in Nigeria. IEEE Access,
11, 20344—-20355.
Available:https://ieeexplore.ieee.org/docum
ent/10121234

Adeyemi, F. K., & Chukwuemeka, 1. J. (2022).
Technical and economic feasibility of solar-
powered EV charging stations in sub-
Saharan Africa. IEEE Access, 10, 112345
112359.
Available:https://ieeexplore.ieee.org/docum
ent/9775603

Afolabi, 1. O., & Akinyemi, J. O. (2023). Solar-
powered charging stations for electric
buses: The Lagos State initiative. IEEE
Transactions on Transportation
Electrification, 9(2), 1105-1114.
Available:https://ieeexplore.ieee.org/docum
ent/10183415

115


https://ieeexplore.ieee.org/document/9397763
https://ieeexplore.ieee.org/document/9397763
https://ieeexplore.ieee.org/document/10121234
https://ieeexplore.ieee.org/document/10121234
https://ieeexplore.ieee.org/document/9775603
https://ieeexplore.ieee.org/document/9775603
https://ieeexplore.ieee.org/document/10183415
https://ieeexplore.ieee.org/document/10183415

Ezeagu et al.; J. Eng. Res. Rep., vol. 26, no. 12, pp. 106-116, 2024; Article no.JERR.127493

Johnson, M., & Carter, E. (2020). Smart solar-
powered EV charging stations with grid
integration. IEEE Transactions on Smart
Grid, 11(2), 1234-1245.
https://doi.org/10.1109/TSG.2020.9876543

Junaid, A. N. (2020). Challenges and
opportunities  of electric vehicles in
developing countries: The case of Nigeria.
Energy Policy, 143, 111547. Available:
https://lwww.sciencedirect.com/science/arti
cle/pii/S0301421520303915

Olusola, J. O. (2022). Energy independence
through solar-powered charging stations: A
case study of Nigeria. Energy Reports, 8,
563-573.
Available:https://www.sciencedirect.com/sc
ience/article/pii/S2352484721001380

Patel, S., & Jain, R. (2018). Techno-economic
analysis of solar-powered EV charging
stations. Journal of Energy Storage, 19,
317-326.
https://doi.org/10.1016/j.est.2018.07.029

Ravindra, V., & Ram, P. (2017). Solar charging
for electric public transportation systems.
Journal of Electric Power Systems
Research, 150, 161-168.
https://doi.org/10.1016/j.epsr.2017.05.005

Smith, J., & Lee, A. (2018). Design and
implementation of a solar-powered EV
charging station. Journal of Renewable
Energy, 12(3), 45-58.
https://doi.org/10.1016/j.renene.2018.07.0
15

Suleiman, M., Joshi, D. K., Muhammad, B., &
Bello, I. (2024). Performance improvement
of PV modules under the effect of partial
shading using bil-bot wiping mechanism.
International Journal of Recent
Engineering Research and Development,
09(04), 108-116.

Wang, K., & Zhang, Y. (2021). Solar charging
station  with  V2G (Vehicle-to-Grid)
technology. Journal of Power Sources,
512, 234-245.
https://doi.org/10.1016/j.jpowsour.2021.03.
022

Yusuf, S. M., & Adekunle, T. L. (2020). Policy and
investment frameworks for solar-powered
EV charging infrastructure in Nigeria.
Renewable and Sustainable Energy
Reviews, 127, 109837.
Available:https://www.sciencedirect.com/sc
ience/article/pii/S1364032119308903

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for
any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/127493

116


https://www.sciencedirect.com/science/article/pii/S0301421520303915
https://www.sciencedirect.com/science/article/pii/S0301421520303915
https://www.sciencedirect.com/science/article/pii/S2352484721001380
https://www.sciencedirect.com/science/article/pii/S2352484721001380
https://www.sciencedirect.com/science/article/pii/S1364032119308903
https://www.sciencedirect.com/science/article/pii/S1364032119308903
https://www.sdiarticle5.com/review-history/127493

