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ARTICLE INFO ABSTRACT

Article Type: The subject of our study is the optimization and smart control of an isolated
Research Article photovoltaic system. To achieve this goal, we have used a power management control
(PMC) system to govern the examined system, relying on fuzzy logic control (FLC)
and specified decision criteria. The PMC protects the batteries against deep discharges
and overloads, ensuring that the load receives uninterrupted power. Using fuzzy logic
control, the PMC can efficiently adapt to changing conditions and make decisions to
improve system performance. The studied system consists of solar panels and batteries
interconnected with a converter enabling the bi-directional flow of current. This
feature facilitates the charging and discharging of the batteries under various
meteorological conditions. Two different algorithms have been used for power
optimization. The findings demonstrate good performance of the proposed approach
utilizing the fuzzy logic control method. These findings were consistent across two
diverse profiles, underscoring the efficacy of our approach in diverse operating
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1. INTRODUCTION
Solar energy is important in many applications since it is
renewable is renewable and environmentally friendly. However,
its efficiency is dependent on solar irradiance, which can fluctuate
based on factors such as weather variations. Photovoltaic (PV)
panels are typically integrated with maximum power point
tracking (MPPT) algorithms to improve solar energy efficiency
[1-4]. In the literature, various MPPT algorithms have been
developed. They include both traditional strategies, such as
perturb & observe (P&O) and incremental conductance (Inc
Cond), as well as modern techniques, such as fuzzy logic
controllers (FLC) and sliding mode controllers (SMC) [5].

When many energy sources are used in a system,
implementing a power management control is critical. This
control mechanism guarantees that available energy sources are
used efficiently and that the system operates optimally. Numerous
publications are dedicated to power management in PV systems,
addressing a wide range of applications and issues. These studies
have concentrated on applying smart power management
strategies [6- 12], demonstrating the systems efficiency in the face
of climatic and load demand changes. Specifically, in references
[5-7], researchers created energy management methods for self-
sufficient renewable energy sources.

Meanwhile, references [9-14] discuss
management approaches for electrifying

fuzzy
rural

energy
families,
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demonstrating their potential to improve access to electricity in
underserved areas. Furthermore, in references [12-13], the authors
present an application for electric vehicles that includes a
supervisory control system for a photovoltaic/hydrogen/battery
bank hybrid configuration. These numerous studies demonstrate
the versatility of power management approaches for PV systems
and their usefulness in enabling dependable and sustainable
energy solutions in a variety of scenarios [14-19].

A power management system applied to the PV system is
developed in this work. The system is based on FLC, which
allows it to successfully handle unpredictable changes in climatic
variations conditions and load demand. To maximize energy
extraction, we use the MPPT strategy, which combines the P&O
method with an FLC. Our proposed power management system
ensures that the PV generator produces maximum power while
also protecting the batteries from overcharge and deep discharge,
as well as satisfying the load's energy requirements. Simulation
findings performed using MATLAB/Simulink show that the
suggested energy management system is more operable, verifying
its effectiveness in applications. The most important points of this
work can be summarized as follows:

1. High-performance PMC by development of a smart PMC
system for an isolated PV system with battery storage.
2. Use of artificial intelligence techniques by implementation of

FLC for intelligent power management.

ScienceLiterature ™ © Allrightsreserved.
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3. Precise battery control by providing precise control to protect
against overcharge and deep discharge.

4. Integration of the P&O and FLC methods to maximize energy
extraction from the PV system and validation through
simulation by demonstrating the effectiveness and operability
of the proposed MPPT system through simulation results
using MATLAB/Simulink.

2. SIZING OF THE STUDIED SYSTEM

A PV generator, a battery bank, two DC/DC converters, and
an inverter that provides power to an AC load make up the
proposed structure seen in Figure 1. The efficacy of the power
management system is determined by the operation of three
switch states, indicated as Ki, Kz, and Ks. Following the sizing
process, the results are summarized and shown in Table 1.
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Fig. 1. Proposed optimized PV system with batteries and power management control.
Table 1. Sizing results of designed system. Rs lpv

Components Variables Values
Npv.-total 22
Npv-serial 2
NPV—paraIIeI 11
PV Panels Pe-total 1.87 kWp
Spv-total 14.2 m?
Pwmep 1678 Wc
Uwmpp 32V
Impp 53 A
V batt-unit 12V
Catt-unit 100 Ah
Battery Nbatt-serial 2
Nbatt—parallel 5
Chatt-total 500 Ah
Jaut 15 day

3.SYSTEM MODELING
3.1. Modeling of Photovoltaic Panels

Different models are applied to PV panels. The following
model is considered in this work as seen in Figure 2 [3, 7, 20].
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|ph

Fig. 2. PV cell model [4].

Where: Iph is the photocurrent, Iqis the diode current, lrsh and Rsn
are respectively the shunt current and resistance, Iy is the PV
current, and Rsis the serial resistance. The electrical characteristic
is described by Equation (1) and (2) [21].

Ipv = Iph _Id _IRsh

x(V,, + R, <1 vV, + R, xI
Ly = 1 — 1o x| exp Ax Moy + R x1p) )| Vo # R x 1y,
AxNgxKxT,; Ry, (2)

The electrical PV characteristics of a 80 Wp PV panel given in
Table 2 have been determined using a test bench in the Figure 3
and the experimental results are compared to those obtained by
simulations in Figure 4 (a) and (b) [4].
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Table 2. PV solar parameters of 80 Wp [3].

Parameters Symbol Values

PV power Ppv 80 Wp
Maximum current at MPP Impp 458 A
Maximum voltage at MPP Vimpp 175V

Short circuit current Isc 4.95 A

Open circuit voltage Voc 219V
Current temperature coefficient Oisc 3.00 mA/°C
Voltage temperature coefficient Poc -150.00 V/°C
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Flg 3. Determination of the electrical characteristics.
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Fig. 4. Electrical characteristics under different solar irradiance,

(@) Po=f(Vpu), (b) Ipv=f(Vpy).

3.2. Battery Model
The model depicted in Figure 5 illustrates the framework
utilized in this paper. It consists of two primary electrical

components: a voltage source E, and an internal resistance Rgatt
[13-15].
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Fig. 5. Battery model.
VBatt = Eb iR Batt IBatt 3)
1.76x(1+0.005x AT
Cpar =Cyp ( | )R Bat * | gan
1+0.67x [ IBa“ j
b @
SOC=(1- Q )
Batt (5)
Q = IBatt xt (6)

Where: Cgar battery capacity, Cyo is the rated capacity, SOC is the
battery state of charge, and t is current the discharging time.
The charge and discharge voltage battery are given as [13]:

\Y; = N conr (1.965+0.12S0C)

o [ 4 027
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3.3. MPPT Control Methods

3.3.1. P&O method

The perturb and observe approach operation is based on the
adjustment of the step size of the voltage reference. Figure 6
shows a flowchart describing the operation [3, 20].
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Fig.6. P&O algorithm flowchart.

The MPPT controller determines the switch's duty cycle (D)
using the P&O technique and Equation (9) and (10) [4].

1

V(75

Iout = Ipv(l_ D)

3.3.2. FLC method

Membership functions define how each input variable is
mapped to a degree of membership within a fuzzy set. In our case,
we have used the following seven membership functions for both
input variables: Negative Big (NB), Negative Small (NS),
Negative Medium (NM), Zero (ZE), Positive Small (PS), Positive
Medium (PM) and Positive Big (PB). The fuzzy inference system
evaluates all the rules in parallel to make a control decision.
1. Fuzzification: The input variables (e and 4e) are fuzzified
using the membership functions
2. Inference engine: Each fuzzy rule is evaluated by applying the
fuzzified inputs. The result is a set of fuzzy outputs.
3. Defuzzification: The aggregated fuzzy set is converted back.
The MPPT FLC system is structured with two inputs as seen in
Figure 7.

The error and the change in error are calculated using the
following relations [22-24]:

v (9)

out

(10)

_ Plk)-P(k-1)
7 Vl0-viy -
Ae(k) =e(k)—e(k —1) (12)
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These relations are defined by the various rules that link the
inputs to the output decision of the FLC, as grouped in Table 4.
. r r PT t t

NP P

[ [ [ r r [ [

-0.03 -0.02 -0.01 0.01 0.02 0.03

(0]
(c)
Fig.7. Membership functions (a) Input variable e, (b) Input

variable DE, (c) Output variable D.

Table 4. Fuzzy logic controller rules.

e Ae

NB NM NS ZE PS PM PM
NB NB NB NB NB NM NS ZE
NM NB NB NB NM NS ZE PS
NS NB NB NM NS ZE PS PM
ZE NB NM NS ZE PS PM PB
PS NM NS ZE PS PM PB PB
PM NS ZE PS PM PB PB PB
PBL ZE PS PM PB PB PB PB

3.3.3. Comparison results
A comparison of the two studied techniques is undertaken
under standard test conditions (STC). As depicted in Figure 8, the
FLC demonstrates a faster and more accurate response compared
to P&O. While the P&O method exhibits oscillations in a steady
state, the FLC ensures a smoother and more precise performance

[25, 26].
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Fig.8. Photovoltaic power under P&O and FLC strategies.

0.5



D. Rekioua, S. Belaid, P. O Logerais, T. Rekioua, Turk. J. Electromec. Energy, 9(2) 66-75 (2024)

4. EXPERIMENTAL STUDY

The study examines the application of the two studied
techniques in the PV system. The experimental bench of the
MPPT is given in Figure 9.

\

PC interface

I\‘

Fig. 9. The used experimental hardware.

Data acquisition and MPPT control are conducted using
dSPACE 1104 software, enabling real-time control. Sensors
measure the voltage and current of the SUNTECH STPO80S-
12/Bb solar panel, and the signals are processed by dSPACE
hardware optimizing. Three tests were conducted to evaluate the
effectiveness of the MPPT controller in Table 5.

Table 5. Tests for the MPPT controllers.

Tests G (W/m?) Ta(°C)
Testa 300 22
Testh 500 25
Testc 800 28

The PV powers and efficiencies for P&0O and FLC are
represented respectively in Figure 10(a, b). According to Figure
10(b) the FLC-based MPPT control method achieves a tracking
efficiency rate of 95%, surpassing the 88% obtained with the
P&O method. These tests aimed to calculate the amplitude of
oscillations.

Figure 11(a, b) represents a comparison between practical and
simulation results across various tests forthe two MPPT
strategies. Figure 11(a) highlights a significant difference
between the experimental and simulated results, characterized by
a more pronounced oscillation amplitude in the practical data. The
maximum power oscillation is 5 W for the P&O approach, but
only 0.01 W for the FLC method as in Figure 11(b). These
findings highlight the need to use experimental data to validate
simulations.
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Fig. 10. Evaluation of various powers and MPPT efficiency for
each strategy, (a) PV power, (b) efficiency.
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5. CONTROL OF THE STUDIED SYSTEM

The major decision elements for a PMC strategy are the PV
generator's power output and the SOC. Implementing this
management method allows the PV generator to provide the most
power possible, protects the batteries, and guarantees that energy
requirements are met [12]. The system operates as shown in
Figure 12 in one of the following modes using the following
Equation (13) and (14) [4].

AP = va - PLoad

(13)

SOC,in_gar <SOC,,, <SOC

max—Batt (14)

The fuzzy logic controller generates four control signals, Kj,
K, and Ks, from four inputs: charging power Pioad, AP: excess
power, the SOC, and PV power Ppy. Hence the output signals are:
Ki: Control signal for the switch supplying the load with PV
power, Kz: control signal for the switch that charges the battery
with PV power, Ks: control signal for the switch that supplies the
load, and battery.

Fuzzification is converting digital input/output variables into
linguistic terms in Table 6.

Table 6. Linguistic variables.
Input and output

Linguistic variables

variables
¢ g% e oo
DP >PO =ZO <NO
Lo, P z b
K1,Kz, K3 ON OFF

From the fuzzy subsets corresponding to the fuzzification of
the inputs, the inference mechanism calculates the fuzzy subset
relating to the control of the system, using the SUGENO method,
given that precise numerical outputs are required [8]. For PMC,
FLC is used and the different inputs and outputs of Smart PMC
are as follows in Figure 12.

'1}
—»
0

ru ‘ y

From10

th\“. /

/ “.‘ y
N
AVARR
/ /’ \/ \

Fuzzy Logic
Controllert

Fig.12. Different inputs and outputs of PMC.

Table 7 presents the rule table of the fuzzy logic controller.
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Table 7. States of the various switches.

Inputs Outputs
DP SOC Py Puroad K1 Kz Ks Mode
z / / / ON OFF OFF 1
P MIN / / ON ON OFF 2
P MOY |/ / ON ON OFF 2
P MAX |/ z OFF OFF OFF 3
P MAX |/ NZ ON OFF OFF 4
N MOY Z / OFF OFF ON 5
N MAX NZ / OFF OFF ON 5
N MOY Z / ON OFF ON 6
N MAX NZ / ON OFF ON 6
N MIN Z / OFF OFF OFF 7
N MIN NZ / OFF ON OFF 8

6. STUDIED SYSTEM SIMULATION

The system comprises 22 PV panels of 80 W,, 10 batteries (12
V and 100 Ah), and a load simulating a house with a daily
consumption of 4869Wh/day. Each component of the system,
including PV panels, DC/DC converter, batteries, and load, is
modelled as separate blocks. The MPPT and the management
system are controlled by fuzzy logic. The evaluation of the
system's performance is made on different four days as seen in
Figure 13(a-d) for measured ambient temperature and Figure 14
(a-d) for measured solar irradiance. The chosen load profile is
represented in Figurel5
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After simulation under MATLAB/Simulink,the different
results are shown in Figures 16-20. The variation of the SOC is
shown in Figure 16. It can be observed that the use of management
protects batteries against overcharging. It varies between 44.25%
and 90%. The DC bus voltage at the inverter input aligns with its
reference as in Figure 17, maintaining it at the required level
(Vbc_rer=24 V) with minor fluctuations.
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Fig. 16. Battery state of charge.
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Fig. 17. DC bus voltage at the inverter input.

The different switches during each day profile, obtained when
the proposed PMC is executed are given in Figure 18 (a-d).
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Fig. 18. The different switches; (a) profile 1, (b) profile 2, (c)
profile 3, (d) profile 4.

The powers during each day profile are given in Figure 19.
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Fig. 19. The different obtained powers; (a) profile 1, (b) profile 2,
(c) profile 3, (d) profile 4.

The findings obtained demonstrate the advantages of this
method for controlling and optimizing energy flows. The
simulation highlights the system's ability to switch to different
modes depending on load conditions and solar energy availability.

4. CONCLUSION

In this paper, a smart control of a PV system with battery
storage has been presented. Simulation findings show good
performances using the adopted control. The paper effectively
highlights the advantages of intelligent management systems over
traditional approaches, particularly in their ability to precisely
control the SOC across multiple states. Traditional management
approaches often use only two SOC levels. Intelligent
management systems are shown to operate over a wide range of
SOC states, offering greater flexibility and adaptability compared
to traditional methods. The study includes applications for four
different solar irradiance profiles, which correspond to different
geographical locations. This ensures that the method, tested under
varying solar conditions, demonstrates its applicability and
reliability in diverse environments. By presenting these findings,
the paper contributes valuable insights to the existing body of
research on photovoltaic systems and smart power management.
In the perspectives of this work, it is intended to implement the
proposed system in real-time.

Nomenclature

Cuo Rated capacity, Ah
D Output variable

e Error

= Voltage source

lbatt Current battery, A
lg Diode-current, A
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Impp Maximum power point current, A
lout Output current, A

lon Photocurrent, A

lpv PV current, A

Irsh Shunt current, A

G Solar radiation, W/m?

K1, Kz, K3 Switches state

CE Change in error

Npv-total PV panel number

Npvseria  Serial PV panel number
Npv-paratier  Parallel PV panel number

Pe-total Total photovoltaic power, W
PLoad Load power, W

Ppv PV power, W

Pwmpp Maximum power point, W

Rbpat Internal resistance, Q

Rs Series resistance, Q

Rsh Shunt resistance, Q

Spv-total Total PV area, m?

Uwmep Maximum power point voltage, V

t Discharging time, h

Vout Output voltage, V

Olsc Current temperature coefficient
Boc Voltage temperature coefficient
Ae Input variable

AT Accumulator’s heat, °C

AP Excess power, W

FLC Fuzzy logic controller

MPP Maximum power point

MPPT Maximum power point tracking
P&O Perturb and Observe

SMC Sliding mode controller

SOC Battery state of charge
References

[1]J. M. A. Elgendy, B. Zahawi and D. J. Atkinson, "Assessment
of Perturb and Observe MPPT Algorithm Implementation
Techniques for PV Pumping Applications,” IEEE
Transactions on Sustainable Energy, 3(1), pp. 21-33, 2012.

[2] M. E. Sahin and H. i. Okumus, "Fuzzy logic controlled buck-
boost DC-DC converter for solar energy-battery system,"
International Symposium on Innovations in Intelligent
Systems and Applications, Istanbul, Tirkiye, pp. 394-397,
2011.

[3] S. Belaid, D. Rekioua, A. Oubelaid, D. Ziane, T. Rekioua, "A
power management control and optimization of a wind turbine
with battery storage system," Journal of Energy Storage,
Vol.45, art. no. 103613, 2022.

[4] D. Rekioua, "Hybrid renewable energy systems overview," In
Hybrid Renewable Energy Systems, Green Energy and
Technology, Eds.Springer, Cham, 2020.

[5] J. Hivziefendic, L.Vuic, S. Lale, M. Saric, "Application of the
Voltage Control Technique and MPPT of Stand-alone PV
System with Storage," Advances in Electrical and Computer
Engineering, 22(1), pp. 21-30, 2022.

74

[6] M. B. Smida, A. Sakly, "Fuzzy logic control of a hybrid
renewable energy system: A comparative study,” Wind
Engineering, 45(4), pp.793-806, 2021.

[7] D. Rekioua, Z. Roumila, T. Rekioua, "Etude d’une centrale
hybride photovoltaique-éolien-diesel,”" Journal of Renewable
Energies, 11(4), pp. 623-633, 2008.

[8] Z. Feng, Z. Jingjing, X. Ji, C. Yingying, F. Ling, L. Zhe ,D.
Jie, Z. Jiaming, "Energy Management Strategy of Microgrid
Based on Fuzzy Control,” 2018 2" |EEE Advanced
Information Management, Communicates, Electronic and
Automation Control Conference, Xi'an, China, 2018, pp. 1-
1670R,

[91 R. Aissou, T. Rekioua, D. Rekioua, A. Tounzi, "Robust
nonlinear predictive control of permanent magnet
synchronous generator turbine using Dspace hardware," Int J
Hydrogen Energy, 41(45), pp. 21047-21056, 2016.

[10] E. Dursun and O. Kilic, "Comparative evaluation of
different power management strategies of a stand-alone
PV/Wind/PEMFC hybrid power system,” Electrical Power
and Energy Systems, 34(1), pp. 81-89, 2012.

[11] O. O. Mengi, and 1. H. Altas, "Fuzzy logic control for a
wind/battery renewable energy production system," Turkish
Journal of Electrical Engineering and Computer Sciences,
20(2), pp.187-206, 2012.

[12] R. Aissou, T. Rekioua, D. Rekioua, A. Tounzi, "Application
of nonlinear predictive control for charging the battery using
wind energy with permanent magnet synchronous
generator,” Int J Hydrogen Energy, 41(45), pp.20964-73,
2016.

[13] D. Rekioua, "Energy storage systems for photovoltaic and
wind systems: A Review," Energies, 16(9), 3893, 2023.

[14] T. Rekioua, D. Rekioua, "Direct torque control strategy of
permanent magnet synchronous machines,” 2003 IEEE
Bologna PowerTech - Conference Proceedings, Vol. 2
, art. no. 1304660 ,2003, pp. 861-866,

[15] A. Mohammedi, D. Rekioua, T. Rekioua, S. Bacha," Valve
Regulated Lead Acid battery behaviour in a renewable energy
system under an ideal Mediterranean climate,” Int J Hydrogen
Energy, 41(45), pp. 20928-20938, 2016.

[16] S.J. Yagoob, H. Arnoos, M. A. Qasim, E. B. Agyekum, A.
Alzahrani, S. Kamel, "An optimal energy management
strategy for a photovoltaic/li-ion battery power system for DC
microgrid application," Frontiers in Energy Research, 10
(1066231), 2023.

[17] Z. A. Padhya, S. S. Bohra, "Power management analysis for
V2G (Vehicle-to-Grid) applications in a microgrid with
photovoltaic source, "Turkish Journal of Electromechanics &
Energy, 5(2), 2020.

[18] M. S. Ebrahim, A. M. Sharaf, A. M. Atallah, A. S.
Emareh,"An Efficient Controller for Standalone Hybrid- PV
Powered System, "Turkish Journal of Electromechanics &
Energy, 2(1), 2017.

[19] F. A. Khan, N. Pal, S.H. Saeed, A. Yadav," Modelling and
techno-economic analysis of standalone SPV/Wind hybrid
renewable energy system with lead-acid battery technology


https://www-scopus-com.sndl1.arn.dz/authid/detail.uri?origin=resultslist&authorId=55876530800&zone=
https://www-scopus-com.sndl1.arn.dz/authid/detail.uri?origin=resultslist&authorId=57361977200&zone=
https://www-scopus-com.sndl1.arn.dz/authid/detail.uri?origin=resultslist&authorId=55029460900&zone=
https://www-scopus-com.sndl1.arn.dz/authid/detail.uri?origin=resultslist&authorId=56252549100&zone=
https://www-scopus-com.sndl1.arn.dz/record/display.uri?eid=2-s2.0-85126755723&origin=resultslist&sort=plf-f&cite=2-s2.0-85126755723&src=s&imp=t&sid=b9e0cca883d2f7fa6537d085957d9b8a&sot=cite&sdt=a&sl=0
https://www-scopus-com.sndl1.arn.dz/record/display.uri?eid=2-s2.0-85126755723&origin=resultslist&sort=plf-f&cite=2-s2.0-85126755723&src=s&imp=t&sid=b9e0cca883d2f7fa6537d085957d9b8a&sot=cite&sdt=a&sl=0
https://www-scopus-com.sndl1.arn.dz/record/display.uri?eid=2-s2.0-85126755723&origin=resultslist&sort=plf-f&cite=2-s2.0-85126755723&src=s&imp=t&sid=b9e0cca883d2f7fa6537d085957d9b8a&sot=cite&sdt=a&sl=0
https://scholar.google.fr/citations?view_op=view_citation&hl=fr&user=-dX0AhUAAAAJ&pagesize=80&citation_for_view=-dX0AhUAAAAJ:ZHo1McVdvXMC
https://scholar.google.fr/citations?view_op=view_citation&hl=fr&user=-dX0AhUAAAAJ&pagesize=80&citation_for_view=-dX0AhUAAAAJ:ZHo1McVdvXMC
https://ieeexplore.ieee.org/author/37086024279
https://ieeexplore.ieee.org/author/37085840494
https://ieeexplore.ieee.org/author/37085840494
https://scholar.google.fr/citations?view_op=view_citation&hl=fr&user=-dX0AhUAAAAJ&cstart=20&pagesize=80&citation_for_view=-dX0AhUAAAAJ:ML0RJ9NH7IQC
https://scholar.google.fr/citations?view_op=view_citation&hl=fr&user=-dX0AhUAAAAJ&cstart=20&pagesize=80&citation_for_view=-dX0AhUAAAAJ:ML0RJ9NH7IQC
https://scholar.google.fr/citations?view_op=view_citation&hl=fr&user=-dX0AhUAAAAJ&cstart=20&pagesize=80&citation_for_view=-dX0AhUAAAAJ:ML0RJ9NH7IQC
https://scholar.google.fr/citations?view_op=view_citation&hl=fr&user=-dX0AhUAAAAJ&pagesize=80&citation_for_view=-dX0AhUAAAAJ:08ZZubdj9fEC
https://scholar.google.fr/citations?view_op=view_citation&hl=fr&user=-dX0AhUAAAAJ&pagesize=80&citation_for_view=-dX0AhUAAAAJ:08ZZubdj9fEC
https://www-scopus-com.sndl1.arn.dz/authid/detail.uri?origin=resultslist&authorId=55796945200&zone=
https://www-scopus-com.sndl1.arn.dz/authid/detail.uri?origin=resultslist&authorId=6506639323&zone=
https://www-scopus-com.sndl1.arn.dz/authid/detail.uri?origin=resultslist&authorId=6506051950&zone=
https://www-scopus-com.sndl1.arn.dz/authid/detail.uri?origin=resultslist&authorId=6603814326&zone=
https://www-scopus-com.sndl1.arn.dz/record/display.uri?eid=2-s2.0-84970005629&origin=resultslist&sort=plf-f&cite=2-s2.0-84970005629&src=s&imp=t&sid=e61dd0bd42649bca25debb8f27637f13&sot=cite&sdt=a&sl=0
https://www-scopus-com.sndl1.arn.dz/record/display.uri?eid=2-s2.0-84970005629&origin=resultslist&sort=plf-f&cite=2-s2.0-84970005629&src=s&imp=t&sid=e61dd0bd42649bca25debb8f27637f13&sot=cite&sdt=a&sl=0
https://www-scopus-com.sndl1.arn.dz/record/display.uri?eid=2-s2.0-84970005629&origin=resultslist&sort=plf-f&cite=2-s2.0-84970005629&src=s&imp=t&sid=e61dd0bd42649bca25debb8f27637f13&sot=cite&sdt=a&sl=0
https://www-scopus-com.sndl1.arn.dz/authid/detail.uri?origin=resultslist&authorId=57208885377&zone=
https://www-scopus-com.sndl1.arn.dz/authid/detail.uri?origin=resultslist&authorId=58078748100&zone=
https://www-scopus-com.sndl1.arn.dz/authid/detail.uri?origin=resultslist&authorId=57220511544&zone=
https://www-scopus-com.sndl1.arn.dz/authid/detail.uri?origin=resultslist&authorId=57212193916&zone=
https://www-scopus-com.sndl1.arn.dz/authid/detail.uri?origin=resultslist&authorId=57195131580&zone=
https://www-scopus-com.sndl1.arn.dz/authid/detail.uri?origin=resultslist&authorId=59146418800&zone=
https://www-scopus-com.sndl1.arn.dz/record/display.uri?eid=2-s2.0-85146866860&origin=resultslist&sort=plf-f&cite=2-s2.0-85146866860&src=s&imp=t&sid=b5debbaf7bc48bd81c61cd9a02490636&sot=cite&sdt=a&sl=0
https://www-scopus-com.sndl1.arn.dz/record/display.uri?eid=2-s2.0-85146866860&origin=resultslist&sort=plf-f&cite=2-s2.0-85146866860&src=s&imp=t&sid=b5debbaf7bc48bd81c61cd9a02490636&sot=cite&sdt=a&sl=0
https://www-scopus-com.sndl1.arn.dz/record/display.uri?eid=2-s2.0-85146866860&origin=resultslist&sort=plf-f&cite=2-s2.0-85146866860&src=s&imp=t&sid=b5debbaf7bc48bd81c61cd9a02490636&sot=cite&sdt=a&sl=0
http://www.scienceliterature.com/index.php/TJOEE/article/view/157
http://www.scienceliterature.com/index.php/TJOEE/article/view/157
http://www.scienceliterature.com/index.php/TJOEE/article/view/157
https://www-scopus-com.sndl1.arn.dz/authid/detail.uri?origin=resultslist&authorId=57202079275&zone=
https://www-scopus-com.sndl1.arn.dz/authid/detail.uri?origin=resultslist&authorId=36069767000&zone=
https://www-scopus-com.sndl1.arn.dz/authid/detail.uri?origin=resultslist&authorId=35178369600&zone=
https://www-scopus-com.sndl1.arn.dz/authid/detail.uri?origin=resultslist&authorId=57192157831&zone=
https://www-scopus-com.sndl1.arn.dz/record/display.uri?eid=2-s2.0-85139285071&origin=resultslist&sort=plf-f&cite=2-s2.0-85139285071&src=s&imp=t&sid=9f0e2029ab1e5f5e8827d6758abdad24&sot=cite&sdt=a&sl=0
https://www-scopus-com.sndl1.arn.dz/record/display.uri?eid=2-s2.0-85139285071&origin=resultslist&sort=plf-f&cite=2-s2.0-85139285071&src=s&imp=t&sid=9f0e2029ab1e5f5e8827d6758abdad24&sot=cite&sdt=a&sl=0
https://www-scopus-com.sndl1.arn.dz/record/display.uri?eid=2-s2.0-85139285071&origin=resultslist&sort=plf-f&cite=2-s2.0-85139285071&src=s&imp=t&sid=9f0e2029ab1e5f5e8827d6758abdad24&sot=cite&sdt=a&sl=0

D. Rekioua, S. Belaid, P. O Logerais, T. Rekioua, Turk. J. Electromec. Energy, 9(2) 66-75 (2024)

for rural applications,” Journal
55(105742), 2022.

[20]S. Lalouni, D. Rekioua, K. Idjdarene, A. M. Tounzi, "An
improved MPPT algorithm for wind energy conversion
system," Journal of Electrical Systems, 10(4), pp.484-494,
2013.

[21] I. Buldu and M. E. Sahin, " A MATLAB/GUI Based
Photovoltaic System Simulator for Estimation of PV
Parameter using Newton-Raphson,” Gazi Journal of
Engineering Sciences, 7(3), pp. 196-212, 2021.

[22] M. E. Sahin and H. I. Okumus, "A fuzzy-logic controlled PV
powered buck-boost DC-DC converter for Battery-Load
system,” International Symposium on Innovations in
Intelligent Systems and Applications, Trabzon, Turkey, 2012.

[23] I. H. Altas, & A. M. Sharaf, "A generalized direct approach
for designing fuzzy logic controllers in MATLAB/Simulink
GUI environment,” International journal of information
technology and intelligent computing, 1(4), 1-27. (2007).

[24] M. E Sahin & H. I. Okumus, "Comparison of different
controllers and stability analysis for photovoltaic powered
Buck-Boost DC-DC  converter,”  Electric  Power
Components and Systems, 46(2), pp.149-161, 2018.

[25] A. Awatef, T. Hatem, & B. Y. Rached, "Comparison of
fuzzy logic controller (FLC) and perturb-observe (PO) of
photovoltaic system," Easy Chair, No. 4395, 2020.

[26]M. E. Sahin, & H. I. Okumus," Parallel-connected Buck—
Boost converter with FLC for hybrid energy system,”
Electric Power Components and Systems, 48(19-20), pp.
2117-2129, 2021.

of Energy Storage,

Biographies

Djamila Rekioua is a full professor at the
University of Bejaia. She obtained her PhD in
Electrical Engineering in 2002. Currently the
team leader of Renewable Energies and
Electrical Power Systems at the Research
Excellence Laboratory (Industrial
Technology and Information Laboratory) at
the University of Bejaia. She has many
publications and international scientific papers and has published
four international books related to renewable energy. She has
received several awards for her research work. Her main work
focuses on wind, photovoltaic, fuel cell, storage and multi-source
systems. She is the author of several international publications.
E-mail: djamila.ziani@univ-bejaia.dz

Saloua Belaid received her Master's degree
from the University of Bejaia in Algeria. She
has been a Ph.D. candidate in electrical
engineering at the Electrical Engineering
Department-University of Bejaia (Algeria)
since 2019. Her research activities have been
devoted to several topics: photovoltaic and
wind  systems,  modelling, batteries,
optimization, and hybrid systems control in AC machines.
E-mail: saloua.belaid@univ-bejaia.dz

75

Toufik Rekioua received his Engineer from
the National Polytechnic Institute of Algiers
and earned a Doctoral degree from I.N.P.L of
Nancy (France) in 1991. He has been a full
Professor at the Electrical Engineering
Department-University of Bejaia (Algeria)
since 1992. His research activities have been
devoted to several topics: control of electrical
drives, modeling, wind turbines, photovoltaic and control in AC
machines.

E-mail: toufik.rekioua@univ-bejaia.dz

Pierre-Olivier Logerais has been a Professor
at the Paris-Est Créteil University (UPEC) in
France since 2009. His topics of research are
photovoltaics, wind systems, thermal
systems, optimization, supercapacitors and
energy storage. He is the author of several
publications and has defended several
master's and PhD thesis in France and
Algeria. His teaching activities are at the IUT of sénart-
fontainebleau (France).

E-mail: pierre-olivier.logerais@iutsf.org



https://www-scopus-com.sndl1.arn.dz/record/display.uri?eid=2-s2.0-85139285071&origin=resultslist&sort=plf-f&cite=2-s2.0-85139285071&src=s&imp=t&sid=9f0e2029ab1e5f5e8827d6758abdad24&sot=cite&sdt=a&sl=0
mailto:djamila.rekioua@univ-bejaia.dz
mailto:toufik.rekioua@univ-bejaia.dz
mailto:pierre-olivier.logerais@u-pec.fr

