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Abstract 

Solar power is mostly influenced by solar irradiation, weather conditions, solar array mismatches and partial shading conditions. 
Therefore, before installing solar arrays, it is necessary to simulate and determine the possible power generated. Maximum power 
point tracking is needed in order to make sure that, at any time, the maximum power will be extracted from the photovoltaic system. 
However, maximum power point tracking is not a suitable solution for mismatches and partial shading conditions. To overcome the 
drawbacks of maximum power point tracking due to mismatches and shadows, distributed maximum power point tracking is util-
ized in this paper. The solar farm can be distributed in different ways, including one DC–DC converter per group of modules or per 
module. In this paper, distributed maximum power point tracking per module is implemented, which has the highest efficiency. This 
technology is applied to electric vehicles (EVs) that can be charged with a Level 3 charging station in <1 hour. However, the problem 
is that charging an EV in <1 hour puts a lot of stress on the power grid, and there is not always enough peak power reserve in the 
existing power grid to charge EVs at that rate. Therefore, a Level 3 (fast DC) EV charging station using a solar farm by implementing 
distributed maximum power point tracking is utilized to address this issue. Finally, the simulation result is reported using MATLAB®, 
LTSPICE and the System Advisor Model. Simulation results show that the proposed 1-MW solar system will provide 5 MWh of power 
each day, which is enough to fully charge ~120 EVs each day. Additionally, the use of the proposed photovoltaic system benefits the 
environment by removing a huge amount of greenhouse gases and hazardous pollutants. For example, instead of supplying EVs with 
power from coal-fired power plants, 1989 pounds of CO2 will be eliminated from the air per hour.
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Introduction
Electric vehicles (EVs) are gaining popularity as a more sus-
tainable and environmentally friendly mode of transportation. 
Therefore, the demand for EV charging stations is increasing. The 
use of renewable energy sources, such as solar energy, to power 
EV charging stations is also becoming more popular. There are 
three types of EVs on the market, including hybrid EVs, battery 
electric vehicles (BEVs) and plug-in electric vehicles [1]. With the 
invention of Level-3 charging stations, an EV can be fully charged 
in <1 hour [2]. This is an important factor for the acceptance 
of EVs by a larger demographic. However, the random nature  
of EV charging demand and the sudden high peak power draw of 
a Level-3 system put a lot of pressure on the power system [3]. 
Furthermore, the total energy demand for the projected rate of 
EV adoption would result in a lack of generation capacity for the 

existing power grid. Without additional resources, the grid cannot 
feed EVs and utilizing buffered renewable energies is a solution 
[4]. Due to the massive energy demand in recent years, renew-
able energy has grown faster than any other electrical source 
[5]. In 2020, solar energy represented ~11% of total renewable-
energy consumption in the USA [6, 7]. Solar energy, on the other 
hand, is highly dependent on weather conditions and using max-
imum power point tracking (MPPT) control methods is essen-
tial. One way to increase the efficiency of the system is to use 
a distributed maximum power point tracking (DMPPT) method 
that increases output power [8]. As a result, developing a suit-
able and efficient way to increase efficiency is required. Recently, 
several studies have been undertaken that have employed solar 
energy for EV charging stations. In [9], the authors proposed a 
system for charging stand-alone DC Level-1 EVs using a com-
bination of photovoltaic (PV) panels, grid infrastructure, MPPT 
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algorithm and the CHAdeMO protocol. The CHAdeMO protocol 
is a specific fast-charging protocol designed for EVs. CHAdeMO 
stands for ‘CHArge de MOve’, which translates into ‘charge for 
moving’ in Japanese. This protocol was developed by a consor-
tium of Japanese companies and organizations with the aim 
of providing fast and efficient charging for EVs. The article de-
scribed the design and implementation of the proposed system, 
which can charge an EV using both grid power and solar power, 
depending on the availability and cost of electricity. The authors 
also discussed the integration of the CHAdeMO protocol, which is 
a standardized communication protocol for DC fast charging of 
EVs. The proposed system allows the integration of the CHAdeMO 
protocol, allowing compatibility with a wide range of EV models. 
The results showed that the system can provide a reliable and 
efficient charging solution for EVs using a combination of grid 
and solar power. The authors in [10] proposed a novel approach to 
designing an EV charging station that used both solar and wind 
power and integrated vehicle-to-grid (V2G) technology. The au-
thors presented a comprehensive system design that included a 
solar panel array, a wind turbine, a battery energy storage system, 
an EV charging station and a V2G interface. The system was de-
signed to not only charge EVs, but also feed excess power back into 
the grid during periods of high demand. The authors concluded 
that the proposed system could provide reliable and sustainable 
energy for both EV charging and grid support. The authors in [11] 
proposed a design for an EV charging station that was supplied by 
PV energy. The authors also presented a mathematical model of 
the charging station and used simulation software to analyse the 
performance of the system under variable conditions. The results 
of the simulations showed that the proposed charging station 
was capable of meeting the charging requirements of an EV while 
operating independently of the power grid. The authors in [12] 
proposed a design for an EV charging station powered by solar 
PV energy. The paper described the design of a PV array, a DC–DC 
converter and the use of a perturb and observe (P&O) algorithm 
to improve the efficiency of the charging process. The simulation 
results showed that the charging station was capable of providing 
efficient and reliable charging for EVs. In [13], the authors pre-
sented a study on the feasibility of a hybrid system combining 
solar and wind power to generate electricity for a grid-connected 
EV charging station. The study included a system simulation 
using HOMER software, which allowed the optimization of the 
system design by finding the optimal combination of solar and 
wind resources, energy storage capacity and EV charging load. 
The results indicated that the designed hybrid system was tech-
nically feasible with a reasonable payback period. The paper 
also discussed the potential benefits of the hybrid system, such 
as improving energy security, reducing greenhouse gas (GHG) 
emissions and enhancing local economic development through 
the creation of green jobs. The authors in [14] proposed a con-
trol strategy that ensured stable operation of the charging station 
while maximizing the utilization of renewable energy sources. 
The control strategy involved a hierarchical control structure that 
included a primary control loop that smoothed the voltage and 
current of the converter and a secondary control loop that opti-
mized the power flow between the different energy sources based 
on the available energy and the EV charging demand. In [15], the 
author suggested a comparison of the two different DMPPT PV 
systems, the full power processing (FPP) and differential power 
processing (DPP) topologies. The DPP topology improved inherent 
fault tolerances for the entire system from an efficiency stand-
point and significantly reduced the cost of power converters by 

electronically processing only a fraction of the power of the PV 
panel, which resulted in a significant increase in the efficiency of 
PV systems in the future. The author in [16] improved the mini-
aturization, cost and complexity reduction capabilities of the DPP 
converter and it served as a useful model for the combination of 
hardware and PV submodule. According to simulation studies in 
[17], using DMPPT instead of a bypass diode resulted in an ~20% 
increase in the extracted PV power for higher levels of shading 
(central MPPT technique). DMPPT is more difficult and expensive 
to implement than the bypass diode approach. The authors of 
[18] used a three-level boost converter to integrate PV power into 
a rapid-charging station for EVs employing PV panels and a bat-
tery bank. Although the output capacitor voltage balance must 
be taken into account, this allowed switching devices to be less 
strained. The core concept of [19] was using the electric railway 
power system to feed loads such as EVs with a hybrid system, 
with the storage and primary power grid serving as a backup. This 
study designed a solar farm using the DMPPT method that can 
feed the power grid and charge all kinds of EVs at the same time 
using a DC fast-charging station.

The objective of this paper is to model a DC fast-charging sta-
tion employing a 1-MW solar farm with the DMPPT technique, 
which is significant for several reasons. Overall, this paper rep-
resents a significant contribution to achieving a sustainable and 
zero-emission transportation system. First, this paper addresses 
one of the major challenges in the widespread adoption of EVs—
the availability of fast and convenient charging stations. The use 
of solar energy to power EV charging stations not only provides 
a clean and renewable source of energy, but also reduces the de-
pendence on the electric grid, thus increasing the reliability of the 
charging infrastructure. Second, the use of a DMPPT technique 
in the study ensures maximum power output from solar panels. 
This technique allows real-time tracking of the maximum power 
point (MPP) of the solar panels, ensuring that the charging station 
operates at maximum efficiency throughout the day. Finally, the 
study provides a blueprint for the design and construction of a DC 
fast EV charging station using a 1-MW solar system, which can 
be replicated and scaled up to meet the increasing demand for 
an EV charging infrastructure around the world. The structure of 
this paper is as follows. The methodology, system configuration, 
ground cover ratio, inter-row spacing, feedback control system, 
Level-3 charging station and battery storage system (BSS) are ex-
plained in Section 1. The simulation results are shown in Section 
2. Finally, in Section 3, the conclusion is drawn and explained.

1  Project approach
The technique and materials used for the analysis are covered in 
this part. These include the mathematical relationships used for 
the research, the financial and technological elements taken into 
account for the simulation and the meteorological conditions. 
Finding the maximum shadowing at the potential site for the 
solar farm is a crucial step in the planning process. The maximum 
shadowing condition for the entire year must be determined by 
calculating the ground coverage ratio (GCR) and inter-row spa-
cing (IRS). DMPPT is utilized to track the MPP and extract the 
highest amount of solar energy. The MPP of the power–voltage 
(P–V) curve can change due to partial shadowing, mismatches 
and temperature changes. A DMPPT has been proven to improve 
the efficiency of PV systems. By using the DMPPT technique, it is 
possible to lower the output power loss caused by improper PV 
module operation conditions. To correctly track the MPP, a variety 
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of MPPT techniques can be used. The P&O technique is used in 
this paper because of its accuracy and fast-tracking character-
istic. Furthermore, due to the intermittent nature of PV energy, a 
BSS is necessary in addition to a solar system in order to provide a 
stable output from the intended 1-MW PV system. The BSS of the 
proposed system can provide a 1-hour buffer using 48-V/200-Ah 
batteries with a depth of discharge (DoD) set at 0.5. A simula-
tion program called the System Advisor Model (SAM) was used to 
evaluate the output power of the PV system. The data obtained 
from SAM, covering 1 year, included hourly values of solar radi-
ation (in W/m²), wind speed (in m/s), humidity (in %), rainfall (in 
inches) and temperature (in °C), covering the entire year to com-
prehensively assess system performance under different wea-
ther conditions, seasons and times of the day. The SAM software 
itself includes internal data that are used for simulations [20]. 
Furthermore, to adequately feed the DC bus that feeds the EVs, 
LTSPICE [21] is used to model and simulate the input and output 
voltages of step-up converters that serve as a bridge between a 
solar farm and a DC fast-charging station. Finally, the MPPT ap-
proach is simulated using MATLAB® software utilizing the P&O 
method.

1.1  System configuration
The proposed configuration aims to demonstrate the viability 
of the suggested system. There are several important parts and 
components, which can be seen in Fig. 1, that are used when a big 
solar farm is used to feed an EV charging station with a Level-3, 
fast-charging capability.

As shown in Fig. 1, the proposed solar farm has PV mod-
ules, fast-charging stations, DC–DC converters, power inverters, 
step-up and step-down transformers, rectifiers, energy meters 
and a power management system (PMS) [22]. SunPower spr- 
x22-359 is utilized for this system, which has a very high effi-
ciency. The features of the PV modules used in this investigation 
are listed in Table 1.

According to the table, the conversion efficiency of the PV 
modules is 22.03%, the weight of each module is 19.5 kg and the 
output power of each module is 359.3 W.

1.2  GCR and IRS
The second stage of designing a solar farm is to determine the 
maximum shadowing situation, which occurs on the December 
solstice (DS) [23]. At 9 a.m. on the winter solstice, when the 
shadow is the largest, the elevation angle (α) and azimuth angle 
(γ) are needed for the GCR calculation [24, 25]. The location of 
this article is Lubbock, a city located in the north-western re-

gion of the state of Texas, in the USA. The latitude and longitude 
coordinates for Lubbock are 33.5779° N and 101.8552° W, re-
spectively. It is located in the South Plains region, which is char-
acterized by its flat, arid landscape. In terms of climate, Lubbock 
is classified as having hot summers. The average high tempera-
ture (June through August) is ~91°F (33°C), while the average 
low temperature (December through February) is ~28°F (–2°C). 
The position of the Sun affects the amount of solar energy that 
reaches a solar panel, which in turn affects the performance of 
the panel. The solar geometry for fixed surfaces can be calcu-
lated using basic trigonometry. The angle between the Sun and 
the surface is determined by the altitude and azimuth of the 
Sun. By calculating the altitude and azimuth of the Sun for a 
specific location and time of day, the angle between the Sun and 
the solar panel can be determined. The elevation angle and azi-
muth angle during the winter solstice in Lubbock at 9 a.m. are 
depicted in Fig. 2.

Fig. 2 shows the Sun path diagram in Lubbock, which de-
picts the Sun’s path through the sky. This route was created by 
graphing the azimuth (left–right) and elevation (up–down) angles 
of the Sun on a specific day. Based on Fig. 2, the azimuth angle at 9 
a.m. on the DS is 128° and the elevation angle is 11°. For direct ir-
radiation to reach the other rows, a suitable distance between the 
rows must be established [27]. Fig. 3 shows the variables required 
to calculate the highest shadow on the DS.

Based on Fig. 3, for calculating the highest inter-row space, the 
exact size of each row, the utilized tilt angle and the azimuth and 
elevation angles of the location are required. The IRS in the winter 
solstice can be specified by using the following equations:

X = Z.cos (β)� (1)

H = Z.sin (β)� (2)

K =
H

tan (α)� (3)

D = K.sin (γ)� (4)

GCR =
X

X+ D� (5)
In the above equations, X is the projected width of the array 

on the ground, Z is the tilted width, H is the height of the array, 
K is the shadow length, D is the row distance, (α) is the elevation 
angle, (β) is the tilt angle and (γ) is the azimuth angle. The GCR is 
the ratio of the solar farm area divided by the ground area [28, 29]. 
Table 2 shows the module area, ground area, IRS and GCR with 
the different tilt angles for the proposed solar farm.

Fig. 1:  System configuration

Table 1:  PV features

Cells per 
module

96 Efficiency 22.03 
%

Module size 1.5 × 1.04 m Weight 19.5 kg

Power per 
module

359.3 W Tilt 33.5°

Number of 
modules

2785 Latitude 33.5°

 I (SC) 6.51 A  V (OC) 69.6 V

I (MPP) 6.07 A  V (MPP) 59.2 V

Temperature −40°F to +185°F 
(−40°C to +85°C)

SC, short circuit; OC, open circuit.
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1.3  Feedback control system
To extract the maximum amount of power and transfer it to the 
output load, the best converter must be selected [30]. In the pro-
posed feedback control system, the DC–DC step-up converter 
employing the DMPPT and the P&O method obtain the maximum 
power from the system.

1.3.1  Step-up converter
A DC–DC step-up converter is utilized to boost the voltage of 
the modules to the proper voltage to achieve the higher desired 
voltage [31]. The relationship between the duty ratio (D), the in-
ductor (L) and the capacitor (C) of the step-up converter is illus-
trated below:

L =
DVpvTsw

∆IL� (6)

C =
DVOTsw

R.∆VC� (7)

According to Equations (6) and (7), D is the duty ratio, Vpv is the 
PV voltage, Tsw is the switching period, ∆IL is the current ripple of 
the inductor, Vo is the output, ∆VC is the voltage ripple of the cap-
acitor and R is the series resistance in the step-up converter [32]. 
Fig. 4 depicts the step-up converter utilized.

Based on Fig. 4, the step-up converter in use comprises a  
metal-oxide-semiconductor field-effect transistor (MOSFET), M1, 
that receives control from an MPPT controller through pulse-
width modulation pulses. When M1 is on, the inductor (L1) is 
charged by the PV module and the current of the inductor in-
creases. On the other hand, when M1 is off, the power coming 
from the module and the extra stored energy in L1 feed the in-
verter or the DC fast-charging station through the diode (D1) [33].

1.3.2  P&O
Several MPPT approaches may be applied to successfully follow 
the MPP. The P&O technique is the most famous one due to its 
fast-tracking feature and accuracy [34]. The P&O control algo-
rithm and the P–V characteristic of the utilized P&O are shown 
in Fig. 5.

The output power of the PV module changes in response to 
a slight disturbance, as seen in the P–V curve [35]. The specific 
parameters used in a P&O algorithm for MPPT can vary depending 
on the implementation and characteristics of the particular PV 
system. However, the key parameters typically associated with 
the P&O algorithm are as follows.

Perturbation step size (0.05): This parameter determines how 
much the algorithm will change the voltage at each iteration. A 
smaller step size can lead to more accurate tracking but may slow 
down convergence, whereas a larger step size can result in faster 
tracking but potentially overshoot the MPP.

Sampling frequency (100 ms): The algorithm needs to sample 
the voltage and current of the PV panel at regular intervals to 
make decisions. The sampling frequency affects the responsive-
ness of the algorithm and can affect its ability to track rapid 
changes in environmental conditions. The power output from PV 
is continuously checked against the previous power and, if there 
is an increase, the procedure is repeated [36]:

∆p
∆v

> 0
� (8)
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Fig. 2:  Sun path diagram indicating the elevation angle and the 
azimuth angle on the DS [26]
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Fig. 3:  GCR and IRS in the December solstice
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∆p
∆v

= 0
� (9)

∆p
∆v

< 0
� (10)

If ∆p
∆v is positive when using the P&O method, it should con-

tinue moving in the same direction until it reaches zero, which 
is the greatest extracted power. If ∆p

∆v is negative, it should con-
tinue moving in the opposite direction until the desired outcome 
is obtained [37]. In addition, the relevant factors that influence 
the performance of the P&O algorithm are as follows.

PV parameter variations: The effectiveness of the P&O algo-
rithm is influenced by variations in the parameters of the PV 
panel, such as temperature, irradiance and age. Temperature 
variations can significantly affect the P–V curve, shifting the MPP. 
The algorithm should adapt to these changes by adjusting its per-
turbation strategy.

Shading conditions: Partial shading of PV panels can create mul-
tiple local MPPs, making it difficult for the P&O algorithm to ac-
curately track the global MPP. The algorithm should be designed to 
handle shading conditions by detecting and avoiding local maxima.

Electrical and thermal losses: Electrical losses in the wiring 
and components of the PV system, as well as thermal losses in 
the PV panel, can reduce the overall efficiency of power extrac-
tion. The P&O algorithm should be able to compensate for these 
losses and optimize power output accordingly.

1.3.3  DMPPT
The maximum power point of the P–V curve varies as a result of 
partial shadowing situations, mismatches, time differences and 

temperature shifts [38]. A DMPPT has been shown to increase the 
overall effectiveness of PV systems [39]. The DMPPT method is used 
to reduce the decrease in output power caused by incompatible 
operation circumstances of the PV module [40]. In this case, a con-
nection that combines parallel and series modules is studied. The 
fast EV charging station requires a DC voltage of 400 V. A series of 
PV modules is often connected in series to provide the 400-V level 
of the charging station to create the appropriate output power and 
then identical modules are connected in parallel to fit the desired 
current [41]. Fig. 6 shows the fast EV charging station with DMPPT. 
In the proposed DMPPT, four modules are connected in series and 
paralleled with other groups of identical modules using step-up 
DC–DC converters to provide independent control for each part.

According to Fig. 6, the BSS stores excess solar energy and re-
leases it when needed, ensuring a stable power supply. It can also 
interact with the grid, exporting excess energy to optimize energy 
usage. In addition, the grid-connected inverter converts solar-
generated DC electricity into AC electricity, making it usable to be 
fed to the power grid. It syncs with the grid and allows surplus en-
ergy to be fed back, enhancing energy efficiency and potentially 
reducing electricity costs.

1.4  Level-3 charging station
There are now three different levels of EV charging: Level 1, Level 
2 and Level 3 [42]. The power output from the charging station de-
termines which of the three EV charging levels is used. The max-
imum output for Level-1 charging stations is <5 kW, making it the 
slowest method of charging an electric car. With a power limit 
just below 25 kW, a Level-2 charging station may charge an EV 
more quickly than a Level-1 charger. The most powerful charging 
stations available today, Level-3 chargers, can supply upward of 
100 kW of electric power [43]. Level-3 charging is ideal for cities 
along streets such as gas stations due to the speed with which it 
charges [44]. An on-board charger is used for Level-1 and Level-2 
charging to convert power from AC into DC. For Level-3 char-
ging, the conversion takes place in an EV fast-charging station 
and not in the vehicle. Therefore, Level-3 charging stations are 
faster and can provide electricity at higher rates. For example, 
a Level-3 charger can charge an EV in <1 hour at its maximum 
power output [45]. However, the use of a lot of electricity from 

PV
module

MPPT

PWM

R3

C2

C1

M1 R4

C

L1 D1
out

Fig. 4:  Utilized step-up converter

Table 2:  IRS and GCR with different tilt angles

β = 15° β = 20° β = 25° β = 30° β = 33.5°

IRS = D 1.032 m 1.4 m 1.73 m 2.07 m 2.27 m

GCR 0.48 0.4 0.34 0.29 0.26

Module area 4174 m2 4174 m2 4174 m2 4174 m2 4174 m2

Ground area 6344 m2 6678 m2 6928 m2 7137 m2 7262 m2
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the power grid places a lot of stress on the power grid feeders 
[46]. Therefore, when talking about a significant number of EVs, 
the only option is to use renewable energy such as solar. Fig. 7 in-
dicates the fast EV station that uses solar energy coming from a 
proposed 1-MW PV system.

Fig. 7 shows four DC fast-charging stations between EVs. Each 
of the DC fast-charging stations has an off-board EV charger that 
uses step-up DC–DC converters to power the DC bus, which in 
turn powers the EVs. The output voltage of the solar farm is DC 
voltage; therefore, by using DC–DC step-up converters, solar en-
ergy can be used to power EVs using the recommended DC fast-
charging station without the need for equipment to convert AC 
voltage into DC [47].

1.5  BSS
To offer a stable output of the designed 1-MW PV system, a BSS 
is required in conjunction with a solar system due to the inter-
mittent nature of PV energy [48]. The BSS used is a lithium-ion 

battery with a rated capacity of 26 V and 180 Ah, offering a DoD of 
80%, 96% efficiency and an impressive cycle life of 10 000 cycles. 
This integration improves the stability of the system, enabling 
an uninterrupted power supply for EV charging while efficiently 
using solar energy. When the PV output is greater than the de-
mand, the BSS can be charged and the extra energy can be saved. 
Regarding the design, the BSS must be between the PV farm and 
the EV station. A safety concern may arise if the EV load is accom-
panied by shutdown interruptions caused by the extremely high 
fluctuations of the PV power supply. To solve the problem men-
tioned above, a battery may buffer the power output of PV energy, 
allowing EVs to charge considerably more smoothly [49]. When 
deploying PV energy for a public EV charging station, at noon, the 
battery stores any extra PV energy that might be released if the 
PV output is unexpectedly interrupted, especially due to cloud 
cover. Fig. 8 depicts the general configuration and output power 
of the system with a buffer storage system. The output power of 
the system is simulated using SAM software, as shown in Fig. 8b.
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According to Fig. 8, PEV  stands for the power required to charge 
each EV without interruption. However, because solar energy is 
intermittent, the actual output power of a PV system looks like 
the blue part of the figure, which is generated using SAM soft-
ware. As a result, at the moment of PV interruption, PEV  cannot be 
acquired continuously and a buffer storage system is required for 
a very short period of time to smooth the output power to obtain 
a continuous charge output from the EV station.

2  Results and discussion
In this research, the 1-MW solar system connected to the EV char-
ging station and the connected inverter to the grid are studied 
and the system was modelled by using MATLAB®, LTSPICE and 
SAM software.

2.1  Results
The performance of the proposed solar-powered charging station 
system is evaluated through simulations under various operating 
conditions. This paper aims to address inherent challenges in 
solar power generation, including solar irradiation, weather con-
ditions, solar array mismatches and partial shading conditions. To 
maximize power extraction from the proposed 1-MW solar farm, 
a DMPPT technique is implemented. DMPPT, particularly when 
applied to each individual module, demonstrated the highest ef-
ficiency in overcoming mismatches and shading. Temperature 
was found to have a big impact on the amount of power a PV 
system produces. Module temperature and ambient temperature 
are two different variables regarding a PV system. In order to de-
pict the module and ambient temperature, SAM is utilized. Fig. 9 
shows the average ambient and cell temperatures throughout the 
course of the year in Lubbock, Texas.

The highest module temperature was recorded in July, as 
shown in Fig. 9. The module temperature is highest while the PV 
system is generating power. The highest ambient temperature 
in Lubbock is ~40°C, whereas the maximum cell temperature is 
~70°C. Fig. 10 depicts the voltage simulation of the step-up con-
verters that are employed to increase the output voltage of the 
system and are essential for increasing the output voltage to the 
industry-standard 400 V for EV charging.

To reach the 400-V level, four PV modules in series are con-
nected, which maximize efficiency, system reliability and precise 
voltage regulation. The output voltage of the modules may be 
increased to the appropriate voltage for the EVs by connecting 
four modules in series and using one step-up converter for each 
module. This approach enables the fast and seamless charging 
of EVs while maintaining the stability and safety of the charging 
process. Also, Fig. 11 shows the thorough examination of the in-
ductor current of a single boost converter that is in continuous 
conduction mode (CCM). The CCM mode is a critical operational 
state for power electronics converters such as boost converters, 
particularly in the context of our solar-powered EV charging sta-
tion.

In CCM mode, the inductor current experiences continuous 
and steady flow throughout the entire switching cycle. Unlike the 
discontinuous conduction mode, in which the inductor current 
drops to zero during part of the cycle, CCM maintains a non-zero 
current. This mode offers several advantages. First, it contributes 
to higher efficiency in power conversion, as there is no current 
discontinuity, resulting in reduced switching losses. Furthermore, 
CCM provides better voltage regulation, ensuring that the output 
voltage remains stable even under varying loads. The most im-
portant benefit of using solar energy is that summer is when both 
solar power generation and consumption are at their peak.

Due to greater peak Sun hours and fewer overcast days, 
monthly energy output is higher during the summer months, 
as illustrated in Fig. 12. Based on Fig. 12, the highest extracted 
power with the system occurs in July, with 170 MWh of power 
production. A heat map of the generated electricity throughout 
the course of the year is shown in Fig. 13. The 365 days can be 
viewed on the top and the 24 hours every day can be seen on the 
left-hand side. The red regions denote the periods of peak electri-
city generation.

The highest extracted power of the system is 869 kW, which 
can be seen from Fig. 13. Furthermore, Fig. 14, indicates the 
hourly energy production of the presented system.

In Fig. 14, an hour-by-hour breakdown of the rated DC output 
power of the proposed solar-based EV charging system is simu-
lated. This detailed analysis takes into account various system 
losses, including dust accumulation, wire connection losses and Fig. 7:  DC fast EV station
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other factors. The findings indicate that, under ideal conditions, 
the system can produce an impressive maximum power output 
of nearly 900 kW per hour. However, it is important to note that 
this figure accounts for the inherent losses that occur in any real-

world system. These losses are often attributed to factors such as 
dust accumulation on solar panels, resistive losses in wiring and 
other inefficiencies. To determine the number of EVs that can be 
charged with this level of power output, on average, a proposed 
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Level-3 DC fast charger can provide ~50–120 miles of range per 
hour of charging, depending on the EV model and battery cap-
acity.

2.2  Discussion
This paper proposes the use of a DMPPT technique to reduce the 
reduction in output power caused by mismatch problems. This 
technique allows real-time tracking of the maximum power point 
of the solar panels, even when they are not identical in charac-
teristics, thus maximizing the power output and reducing the 
impact of mismatch losses. By reducing the impact of mismatch 
losses, the proposed technique can help to increase the overall 
efficiency of the system and maximize the use of the available 

solar energy. This paper also suggests that using a solar-powered 
DC fast EV charging station can help to reduce the system cost 
in the long run. The use of solar energy as a source of power 
can help to reduce dependence on the electricity grid, thereby 
reducing the electricity bills associated with operating the char-
ging station. Furthermore, the study proposes the use of high-
efficiency solar panels and an optimal number of panels, which 
can help to further reduce the cost of the solar system. In add-
ition, this paper proposes a simple and straightforward design for 
the DC fast EV charging station, which can reduce the complexity 
of the system. The proposed design uses a boost converter top-
ology, which reduces the number of components required for the 
charging station, simplifies the control system and reduces the 
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overall complexity of the system. This simplified design can re-
duce the cost of the charging station and make it easier to install 
and maintain. Finally, the use of solar energy as a power source 
for the DC fast EV charging station can help to eliminate a sig-
nificant amount of toxic gases such as CO2 and SO2. By reducing 
the dependence on fossil fuels and grid electricity, the charging 
station can help to reduce the carbon footprint associated with 
EV charging, which is an important step towards achieving a sus-
tainable and zero-emission transportation system. For example, 
the average amount CO2 released by coal-fired power plants per 
kilowatt hour of electricity is 2.21 pounds, increasing the chance 

of climate change and contributing to smog, acid rain and haze. 
Under ideal conditions, the proposed system has the ability to 
generate 900 kW per hour. Consequently, this results in the re-
moval of 2.21 × 900 = 1989 pounds of CO2 from the atmosphere 
every hour compared with coal-fired power plants.

3  Conclusion
In this paper, a 1-MW solar system is studied connected to an EV 
charging station and grid-connected inverter, and the system was 
modelled using MATLAB®, LTSPICE and SAM software. It has also 
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been demonstrated that a DMPPT improves the overall effective-
ness of PV systems. The DMPPT technique is utilized to reduce the 
reduction in output power caused by unfavourable working condi-
tions of the PV module, such as mismatch problems. Additionally, 
a fast EV charging station is built to directly use the DC voltage of 
the suggested solar system, reducing the cost and complexity of  
the system. The planned 1-MW solar system generates 5 MWh 
of electricity daily, which is enough to completely charge ~120 
BEVs every day. In addition, utilizing the suggested PV system 
helps the environment by eliminating a significant quantity of 
greenhouse gases and toxic gases, including SO2 and CO2. For ex-
ample, compared with coal-fired power plants, the method dis-
cussed in this article will remove 1989 pounds of CO2 from the air 
hourly. Because the data collected were from one geographic lo-
cation, the generalizability of the findings is limited. Furthermore, 
the analysis only looked at solar energy, but adding wind energy 
to the system might make it much more viable. Future studies 
should focus on overcoming these restrictions and expanding the 
model to various regions by incorporating wind energy.
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