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Abstract. In unpredictable weather circumstances, a
mazximum power point tracking (MPPT) approach is
critical for ensuring maximum photovoltaic (PV) out-
put power is extracted. In this paper, we will com-
pare the incremental conductance algorithm (IC), per-
turb and observe (p&o), and fuzzy logic controller
(FLC) as mazimum power point tracking (MPPT)
techniques. The three algorithms were used on a pho-
tovoltaic energy conversion system that was linked to a
grid. The suggested methodologies investigate the pho-
tovoltaic (PV) system’s solar energy conversion perfor-
mance under various irradiance and temperature cir-
cumstances. Lastly, a performance comparison between
IC, P O, and FLC has been performed, demonstrating
the superiority of the fuzzy controller over the other ap-
proaches. FLC converts photovoltaic electricity readily,
reducing fluctuations, and it responds quickly to vari-
ations in solar irradiation (the shading effect). The
simulation results demonstrate that the controller us-
ing fuzzy logic performs well, allowing the inverter to
convert the electricity provided by the solar panels.
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1. Introduction

It was necessary to rely on additional sustainable
sources of energy because of the rising demand for
electric energy globally. The sun’s energy is one of
these. Photovoltaic (PV) panels used to generate elec-
tricity from solar energy make up the most prevalent
and widely used alternate forms of energy [1]. Due to
its benefits, such as being a renewable and environ-
mentally friendly energy source, PV energy has been
expanding quickly in recent years [2]. PV panels are ex-
posed to a variety of factors when they are outdoors, in-
cluding wind, rain, snow, heat, lightning, shading, and
others, which slows down their productivity and causes
them to degrade over time [3]. As a result, it is nec-
essary to investigate how weather conditions affect the
efficiency of photovoltaic systems [4]. Maximum power
is extracted from the photovoltaic (PV) panel using
the Maximum Power Tracker (MPPT) methods [5,6].
The methods used to track MPP include incremen-
tal conductance (IC) |[7H11], (P and O) [11H15], and
(FLC) |15H19]. This research provides a system for ob-
taining MPPT based on various factors using the FLC
method. The FLC was operated under various working
conditions of temperature and solar radiation, and the
results were compared. The most important contribu-
tion of this essay is the workable and athletic examina-
tion of the suggested approach (FLC). In addition, the
P&O method and the IC method are designed and im-
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Fig. 2: Solar cell equivalent circuit.
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plemented, and the results are compared between the
three methods. There are five different sections in this
paper: Sec. [ 2. | contains the design of the proposed
model. Sec. [ 3.] deals with the boost converter (BC)
and explains the essentials of the FLC, P&O, and IC
methods. Sec. [4. ] provides the results attained from
the simulation. The conclusion is in Sec. [5.]
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Fig. 5: DC-AC inverter diagram.

2.  Design of the proposed

model

The model suggested is a photovoltaic system linked to
a three-phase system. This model consists of six sec-
tions, as illustrated in Fig. [I] The first section shows
the PV array. A converter is shown in the second sec-
tion; the third section is a DC/AC inverter; the fourth
section is an RL filter; the fifth section is a transformer;
and the last is the electric grid. The control portion of
MPPT is the last section.

2.1. PV panel modeling

The solar cell is depicted in Fig. [2| as a single diode
coupled with resistance in parallel and a string. To get
the desired current and voltage, the cells are linked to-
gether in series or parallel - ) and (P-V) curves
for the suggested model under dlfferent effects of so-

lar radiation are depicted in Fig. and Fig.

respectively.

The link between solar cell outputs is illustrated by
the following relationship:

v+ Rsl v+ Rsl
fsz‘“{G”(W) ‘1}‘{35;1}7

IL=[Ipn+ AiAT}(%), 2)
10 — isc, n—|—+AAvAATTI 3)
exp ( NsKTAJq 1)

Whereas I output current of the PV, I diode satura-
tion current, I, light generated current, Q charge of
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Fig. 6: Describes the P&O method.

the electron (1.6 x 10719)[C], V terminal voltage of the
PV, Rs series resistance, Vs is how many cells are in se-
ries, K Boltzmann parameter, T cell temperature (K),
Rsh size of the shunt’s cells, A diode ideality agent,
AT the proportion of short circuit current difference,
AV the proportion of short circuit current difference,
W Irradiance and Wy Nominal Irradiance.

2.2. DC-DC boost converter (BC)

Modelling

The boost converter’s primary duty is to raise the volt-
age coming out of the solar cells to the desired level
using PWM, and it tracks the maximum power point
using a set of algorithms. The boost converter is con-
nected between the solar cells and the load . The
components of this converter are the IGBT used as a
switch, which is controlled by PWM, the diode, the
inductive coil (L), and the output voltage, which is
smoothed using the capacitor C2. Fig. [4] displays the
DC-DC boost converter diagram.

The following relationship describes how the boost
converter works:
1

V=Vs——

—, (4)

Whereas: V is the terminal voltage, V's is the source
voltage, and d is duty cycle (0 < d < 1).

2.3. DC-AC inverter

A DC/AC inverter is a vital component in a grid-
connected PV system, as it performs the essential task
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of converting the DC electricity generated by PV pan-
els into AC electricity that can be seamlessly integrated
with the electrical grid. The DC/AC inverter enables
the PV system to supply excess electricity to the grid
and reduce energy consumption when generation ex-
ceeds local demand. Similarly, when the PV system’s
generation is not enough, the inverter allows drawing
power from the grid to meet the demand. Fig. [f] dis-
plays the DC-AC inverter diagram.

2.4. RL filter

An RL filter is a crucial component in photovoltaic
(PV) systems, aimed at minimizing the presence of un-
wanted harmonics and disturbances. This filter config-
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uration comprises a resistor (R) and an inductor (L)
interconnected in a series arrangement, as shown in
Fig. 5l The inductor functions to stabilize variations
in voltage and current, whereas the resistor aids in dis-
persing surplus energy by converting it into heat. By
employing this type of filtration mechanism, PV sys-
tems can experience enhanced operational effectiveness
and energy utilization.

2.5. Transformer

The 3-phase transformer in a grid-tied photovoltaic
system is essential for efficient power conversion, phase
matching, and grid connection, enabling the seamless
integration of renewable solar energy into the existing
power grid infrastructure.

3. Maximum power point
tracking (MPPT)
Techniques

3.1. Perturb and Observe (P&O)

MPPT Technique.

For MPPT control, the P&O algorithm is simpler and
less expensive. In the P&O algorithm, the PV output
power’s present value is determined and compared to
its preceding value to get the power differential, or dp
(p_ Present-p (Past )). If dp is greater than zero,
the operation remains the same while being perturbed;
otherwise, it travels in the other direction [21,22]. Fig.
[6] describes the P&O algorithm.

Incremental Conductance
Algorithm (IC).

3.2.

The IC technique can be used to overcome the P&O
technique’s failure under quickly variable ecological
conditions. The foundation of the IC algorithm is the
slope of an SPV array’s P-V curve [23]. Taking into
account that power is defined as the product of the
voltage and the current, up until we achieve the MPP
on the voltage/current curve, the power is compared
to the voltage as indicated in the equations [24]. Fig.
describes the IC algorithm.

., ol I

ol I
r 0L 4 5
if 5T > U,@LefttheMPP (5)
i 9L o _ L aRightthertpp

U ST U
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3.3.  Fuzzy Logic Controller (FLC)

Algorithm

In intricate procedures, find that FLC produces bet-
ter outcomes when compared to the use of traditional
methods. It is employed in many challenging appli-
cations since it is adaptable and has a quick response
time. Fig. [§ helps to explain how the FLC technique
works. The FLC Technique is built around four basic
structures:

o Fuzzifier
e Rule evaluations.
e Inference engine.

o Defuzzifier

1) Fuzzifier

Is the first stage. The input elements in this situation
are converted into linguistic factors, which depend on
numerous characterized enrollment capacities.

2) Rule evaluations.

According to rules based on the "if-then" principle that
directs the framework’s ideal operation, these linguistic
aspects are controlled in the second stage, as shown by
rules based on the "if-then" principle that directs the
framework’s ideal operation.

Tab. 1: Fuzzy rules.

Ce

e
P | pm | ps z Ilp | mp | bp
pl bp | bp bp bp | mp z
pm | bp | bp lp mp Ip z z
ps bp | mp lp lp mp z
z bp | mp lp z ps | pm | pl
lp z z DS DS ps | pm | pl
mp z z DS pl pm pl pl
bp pl z myp pl pl pl pl

3) Defuzzification

It is the final step in the fuzzy inference process because
it turns the fuzzy values obtained during the inference
stage into numerical values. The cycle of duty, which
is utilized to regulate the boost converter’s running,
is the FLC’s output. In the suggested controller seen
in Figure 8, fuzzy controller inputs are divided into
two parts. The first part is the error signal E, and
the second part is a disparity in the error signal CE.
To maintain the MPP, the error signal (E) should be
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zZero @ .

e(i) = [Po(i) — Po(1 —14)]/[Vo(i) — Vo(1 — 7)],

CE(i) = €(i) — €(i)-

(6)
(7)

The BC keeps track of the mmp based on the duty
cycle come from the FLC (fuzzy factor). as displayed
in Table [T, There are seven language labels that de-
scribe the I/O variables. Such as positive small pg, low
passive Ly, positive medium p,,, moderate passive m,,
positive large p;, big passive (b,) and zero (z). Tablel[]
shows the fuzzy applicable rules foundation.

Fig. [0 displays the input variable, referred to as the
error (E). Fig. illustrates another input variable,
known as the change error (CE). Lastly, Fig. repre—
sents the output variable, which is the duty ratio (D).
Fig. [12] presents the rule viewer in MATLAB and the
overview of control.

4. Simulation Results

MATLAB processing condition is utilized to show the
proposed method of legitimacy on the PV network as-
sociated framework. The framework specifics are indi-
cated in Table 2

i

o | i i
]
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Fig. 11: Membership functions for output variable D.
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Tab. 2: PV System parameters.

Parameters Values
Maximum Power (W) 308 W
Current At Maximum Power Point Imp (A) 5.64 A
Voltage At Maximum Power Point Vmp (V) 54.7 V
Open Circuit Voltage Voc (V) 64.3 V
Short-Circuit Current Isc (A) 6.02A
Parallel Strings 33
Series-Connected Modules Per String 5
light generated current 6.0258A
shunt resistance 403.8158
series resistance 0.38767 Q2

The influence of the alteration
in temperature on the output.

4.1.

1) The influence of temperature alteration
on PV’s output.

The suggested model was created and implemented us-
ing MATLAB, as shown in Fig. [I3] Fig. [I4] presents
the varieties of temperature with consistent radiation
(STC), as temperature starting from 75 (Deg. C) was
step by step declined to 50 (Deg. C) and a short time
later reduced temperature until 25 (Deg. C). Fig.
displays the suggested system output (V, I, and P) uti-
lizing three approaches. The findings indicate that the
suggested system output using P&O and IC is unsta-
ble when the temperature changes, but using FL.C, the
system output is stable, and the MPP can be tracked
with accuracy and high speed. Table [3] shows the PV
power under different temperatures between three dif-
ferent strategies.

Tab. 3: PV power under different temperature.

. P kilowatt
Tims | TopRgrady™e 1o ( PLO %LC
0:35 75 10.30 | 4178 | 43.02
35:7 50 13.38 | 45.63 | 47.03
7110 %5 1781 | 49.36 | 50.80

It has been noted from the previous results that us-
ing FLC to track MPP achieves a quick response and
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Fig. 13: Illustrates the block diagram of the proposed algo-
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Fig. 14: Temperature curve.

makes the system more stable when the temperature

changes.

2) The impact of temperature change on

the grid’s output

Fig. [16] shows the grid power when applying the MPP

algorithms, and Table [4] display the results.

Tab. 4: PV power under different temperature.

. P kilowatt
Ty | TepRgragye 1o ( P&LO )FLC
0:3.5 75 39.79 | 41.11 | 42.40
35:7 50 1274 | 45.03 | 46.38
7:10 25 17.22 | 48.73 | 50.62
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Fig. 15: The effect of changing the temperature on the output

of the suggested model; @ the PV’s voltage, @ the
PV’s current, andthe PV’s power.

4.2.  The influence of the gradual
alteration in solar radiation on
output.

1) The impact of solar radiation changes
the PV’s output.

In this instance, the solar radiation is variable while the
temperature is constant (250c). Where the solar radi-
ation is gradually changed (700 W/m2, 1000 W/m2,
and 400 W/m?2) and the temperature is fixed at STC
as shown in Fig. [I7] As shown in Fig. [I§] the output
of a PV system using FLC is constant with a variety of
solar radiation, and the energy is maximized without
oscillation around MPP using FLC [21]. The power
that comes out of PV can be illustrated by Table.
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2)  The influence of solar radiation
alteration on the grid’s productivity.

The power out of the grid using the three methods is
shown in Fig. [[9] and Table [ displays the results.
From these figures, we conclude that FLC’s method
makes the voltage out of the PV system compatible
with the voltage of the grid and that the current out
of the matrix can be controlled.

5. Conclusion

This study introduces a full photovoltaic (PV) sys-
tem, as well as its control systems, in the MAT-
LAB/Simulink environment. The goal is to increase
the system’s maximum power point tracking (MPPT)
efficiency by implementing a new control strategy
based on the fuzzy logic controller (FLC) method.
The suggested FLC approach improves system effi-
ciency and responsiveness while decreasing oscillations
in power, voltage, and current. In terms of the average
rate of maximum electric energy created under varied
weather circumstances, the FLC technique surpasses
the perturb and observe (P&O) and incremental con-
ductance (IC) approaches. The proposed system com-
bines many methodologies and technologies to harvest
the most power from the PV system and link it to the
power grid.

Author Contributions

All authors contributed to the final version of the
manuscript and all authors revised the manuscript.

(© 2024 ADVANCES IN ELECTRICAL AND ELECTRONIC ENGINEERING

400 T - - -
= 300 L —
. |
% — 1 I
=200 1
I Y ——
- ]
> 100 — -
[} H : {4 : Bl 4
0 2 4 ] 8 10
Times (S)
(a)
200 l—E'—LJZZY—I'l‘J —1 "I_
<
:;7
=

PV Power (KW)
[ (T
= &

Time(s)
(c)

Fig. 18: The leverage of radiation on the functioning of the sug-

gested system; |(a)| the module’s voltage, the mod-

ule’s current, and the module’s power.

Girid Power (KW
:5;

0 2 4 6 i 10

Fig. 19: Grid power using various techniques.

Nabila Shehata, Ahmed Emad-Eldeen, and Walid S.
Abdellatif supervised the project.

169



POWER ENGINEERING AND ELECTRICAL ENGINEERING

VOLUME: 22 | NUMBER: 2 | 2024 | JUNE

Tab. 5: PV power under different temperature.

. . . P kilowatt
Tizg | Solapfiadigpion  —q ( PLO )FLC
0:3 700 33.37 34.45 35.53
3:6 1000 47.79 | 49.36 50.90
6:8.8 400 18.85 19.45 20.07
8.8:10 700 33.37 | 34.45 35.53
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