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1. INTRODUCTION

Since the 1970s, increasing greenhouse gas emissions have accelerated climate change, prompting the
rise of renewable energy sources such as wind and solar power for their lower environmental impact. Hybrid
PV/wind systems combine both energies, offering a reliable, small-scale power solution, especially for remote
areas. However, further improvements in efficiency and cost-effectiveness are needed to maximize their role
in combating climate change [1]-[3].

Designing an efficient hybrid PV/wind system involves key considerations including minimizing cost
and ensuring a reliable power supply under varying atmospheric conditions. Proper sizing of a hybrid PV/wind
system with batteries is essential for efficient and economical use of these resources. Several optimization
techniques, such as genetic algorithms and simulated annealing, have been explored for this purpose [4]-[9].
Among these methods, researchers have found genetic algorithms to be particularly effective in optimizing costs.

My contribution enhances the optimization approach for hybrid PV/wind systems with battery storage
integration. By focusing on an improved application of the genetic algorithm, aimed at refining the determination
of optimal configurations that balance cost-effectiveness and reliability, measured through the loss of power
supply probability (LPSP) [10]-[12]. The paper consists of two main sections: the first discusses the methodology,
covering wind turbines, PV panels, battery storage, criteria for optimal sizing, and application of the genetic
algorithm. The second section presents the study’s findings, including an in-depth discussion of the results.

Journal homepage: http://ijpeds.iaescore.com


https://creativecommons.org/licenses/by-sa/4.0/

Int J Pow Elec & Dri Syst ISSN: 2088-8694 O 1209

2. METHOD
2.1. Hybrid energy system configuration

Hybrid energy systems incorporate multiple energy conversion devices to meet energy needs, often
using at least one renewable energy source. These systems can be used in isolated applications or dispersed
generation in traditional electrical grids. They overcome limitations inherent in conventional energy systems and
offer a diverse range of options [13], [14]. The hybrid PV/wind energy system with battery storage comprises a
PV array, wind turbines, battery bank, inverters, controllers, and additional components [13]. Figure 1 shows the
system architecture and energy flow for the suggested hybrid PV/wind energy system with battery storage.
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Figure 1. The energy flow diagram of the proposed system

2.2. System modeling
Modeling the hybrid PV/ wind system is an essential step towards accurately assessing system
performance. This modeling process involves several key components and considerations [15] are as follows.

2.2.1. Load profile

The average daily base load for the location chosen was estimated at 110 kWh/day, which represents
a reasonable energy consumption profile for the area over the course of a year, the hourly load profile during
different months is illustrated in Figure 2 providing a detailed understanding of how energy demand varies
throughout the year [13], [16].
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Figure 2. Hourly load profile during a year
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2.2.2. Renewable energy resource

This paper evaluates renewable energy resources in Casablanca, Morocco, with an emphasis on solar
and wind energy. The region has high solar potential, receiving an average of 5.80 kWh/m#/day.
Figures 3 and 4 present the annual solar radiation and wind speed data.
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Figure 3. Hourly solar radiation Figure 4. Yearly wind speed

2.2.3. Models of system components

The following section describes the modeling of each main component in the system:
- Solar panel

The output energy of the PV system is fully dependent on solar radiation, which directly influences
its efficiency and power generation capabilities [7], [17], [15]. This relationship is given by (1) and (2).

Epp =Es*S* 7 1
PVarray = Ng * Np * By, 2

Where Es represents the solar irradiation energy (kW/m2), S is denotes the surface area of the PV module (m?),
7 indicates the power conversion efficiency of the PV module, Ns and Np refer to the number of PV modules
in series and parallel, respectively, and Ppv is signifies the power of the PV module.
- Wind turbine

The cut-in wind speed Vin, and the cut-out wind speed Vout must be taken into account in the model
we have looked at. As seen in Figure 5 and the (3), (4), and (5) the wind generator begins to produce power if
the wind speed exceeds Vin, continues to produce power if the wind speed reaches the rated wind speed Vrs,
and ceases to operate to protect the wind generator if the wind speed exceeds Vout [16], [18]. Consequently,
the power output can be expressed mathematically as (3)-(5).

Py =0 V>Vour, V<Vin 3
P

Py= ook (V= Vi) Vi <V <V 4)

By =P Vis <V < Vour 5)

Where Pw denotes the output power of the wind generator at wind speed V, Pr represents the rated power, and
Vrs signifies the rated wind speed.
- Battery modeling

Battery modeling is crucial for energy system analysis, providing insights into the performance,
efficiency, and longevity of battery types. Accurate models optimize energy storage system design, especially
in hybrid systems, balancing supply and demand [5], [8], [19]-[21]. A battery bank stores the energy produced
by solar and wind power sources for usage at any time. The energy produced minus the energy required for the
load is called EB. As determined by (6), this calculation helps figure out whether there is an energy surplus or
deficit compared to demand [22].
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EB = EP — EL (6)

Where EB: difference between energy generated and load demand, EP: energy produced, and EL: load demand.
- Charging process

The excess energy is put to use charging the batteries when EB(t) > 0. The quantity of energy needed
to charge the batteries is determined by their maximum capacity, charging efficiency, and amount of energy
stored in them before charging. It also depends on the amount of excess energy that is available. In (7) is the
expression for it [22].

Eqn(t) = min (EB(t), —— * (EJ% — Epare(t — 1)) )

— %
Nchb

Then calculate the energy stored in the batteries using (8).
Epatt = Epaee (€ = 1) * (1 — 0) + Nepp * Ecn (2) 8

- Discharging process

The batteries go into discharge mode to make up the difference in energy when EB(t) < 0, which
occurs when the demand is greater than the total energy produced by the wind and photovoltaic. The energy
required by the loads and the amount of energy that was previously in the batteries determine how much energy
the batteries can supply. The energy provided by the batteries is expressed in (9) [22].

1

Eqis (£) = min (|EB(¢)], * (Ebatt(t -1 - Ezﬁiﬁ)) 9)

Ndisb

Then use (10) to determine how much energy the batteries can store for running in discharge mode.

Epate = Epaue(t = 1) * (1 = 0) + == Eqis (1) (10)
Where, Ech is the energy required to charge the batteries, Edis is the energy of discharging the batteries, 7cnb
is the charging efficiency of the batteries, ndiss is the discharging efficiency of the batteries, Epax is the energy

present in the batteries, and o is the time step. In (11) determines the minimum energy level in the batteries
based on the specified depth of discharge (DOD) [22].

min _ max
Epaee = (1 —DOD) * Epgiy (11)
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Figure 5. Wind speed vs generation
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2.3. Criteria for optimal sizing
2.3.1. Reliability criteria

A reliable electrical power system consistently meets load demand, which is reflected by a low loss of
power supply probability (LPSP). LPSP measures the likelihood that a hybrid system (solar panels, wind turbines,
and battery storage) fails to meet demand. An LPSP of 0 indicates perfect reliability, while 1 signifies complete
failure. Numerous studies have employed this reliability criterion [9], [10], [22]-[24]. In (12) is used to calculate it.

28700 E ] 00a ()~ (Epw () +Ew (D) +Epare ()}
28790 hqa (D)

LPSP =

(12)

Where ELoad is the energy of the load demand, Epv is the solar energy, Ew is the wind energy, and Ebatt is
the battery energy.

2.3.2. Economic criteria

To evaluate the suggested new hybrid system's financial cost and viability, a number of economic
parameters were modeled, which are the levelized cost of energy (LCOE) and the project's total cost (TC) [22].
- Total cost (TC)

The total cost comprises the initial capital expenses for the solar panels, wind turbines, and batteries,
as detailed in (13), with the costs for each component derived from (14), (15), and (16) [25].

TC =TCpv + TCw + TChatt (13)
TCpv = Cpv * Npv (14)
TCwt = Cw * Nw (15)
TChatt = Cbatt * Ebatt (16)

Where Cpv represents the cost of the photovoltaic panel, Cw denotes the cost of the wind turbine, Chbatt
indicates the cost of the battery, Nw signifies the optimized quantity of wind turbines, Npv refers to the
optimized quantity of photovoltaic panels, and Ebatt represents the energy stored in the battery.
- Levelized cost of energy (LCOE)

The average cost of producing energy over the course of the project is estimated using the levelized
cost of energy criterion. The formula given in (17) is used to compute the LCOE in MAD/kWh [10], [24].

LCOE = 50— (17)

=1
Where TLCC is the total life cycle cost, Eg is the total energy generated, r is the interest rate, and n is the life
cycle of the project.

2.4. Genetic algorithm application
2.4.1. Problem description

Choosing components that can economically meet load demand and optimize system configuration
and battery charging and discharging costs are the main concerns when developing a hybrid energy system that
integrates renewable energy sources. The goal of this study's optimization is to lower the project's lifetime total
cost. It's a single objective optimization problem. In (18) provides the corresponding mathematical expression.
Therefore, the components of the system are discovered to be sensitive to i) minimizing down on system cost
and ii) ensuring the reliable fulfillment of energy load demand.

2.4.2. Objective function

The objective function is to minimize the standalone hybrid PV and wind system's total cost
(Costmin). In this study, the initial expenses are considered to be associated with the number of solar panels,
wind turbines, and the battery bank. This specific form of the objective function, as written in (18), has been
chosen to align with the technical and economic goals of our study.

Costmin = Cw * Nw + Cpv * Npv + Cbatt * Ebatt (18)
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2.4.3. Constraints

To address the problem, specific constraints are imposed: power generation must exceed load demand
asoutlined in (21), the number of PV panels and wind turbines must remain within allowable limits as described
in (20) and (19), respectively, and battery storage must stay within defined energy levels as described in (22).
These constraints are expressed as (19)-(22).

0 < Nw < Nwmax (19)
0 < Npv < Npvmax (20)
LPSP < LPSPjjmit (21)
Ebattmin < Ebatt < Ebattmax (22)

Where Npv, Nw, LPSPjimit, and Ebattmax are the number of PV panels, wind turbines, the limit of LPSP, and
the maximum battery capacity, respectively.

2.4.4. Optimization algorithm

The genetic algorithm uses random selection of individuals to produce children for future generations
through selection, crossover, and mutation, continuously modifying the population to evolve towards an optimal
solution. Figure 6 (see Appendix) shows the flowchart of the genetic algorithm used in the sizing procedure. The
GA implementation involves initialization, evaluation, selection, crossover, mutation, and termination criteria. It
creates a starting population of potential solutions, evaluates each individual's fitness, and selects those with higher
fitness. The linear crossing of parents is used, generating three children. Following crossover, half of the
population is made up of parents, and the other half is made up of children. A distance and a variable percentage
of children are used to induce mutation. After that, the termination criteria are examined [26], [27].
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Figure 6. Flowchart of the algorithm used
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3. RESULTS AND DISCUSSION

The results obtained in this study, based on the hybrid PV/wind energy system model and the applied
methodology, were obtained using a simulation program developed in a MATLAB environment. The findings
demonstrate satisfactory optimization, confirming the efficiency of the genetic algorithm in minimizing system
costs. Additionally, the energy reliability of the system is notably high. The following graphs provide a detailed
presentation of the results.

The output of solar and wind energy generated by the system is illustrated in Figure 7. Additionally,
the annual energy production of the photovoltaic and wind-based hybrid system, along with the corresponding
load demand, is depicted in Figure 8, while a detailed 48-hour zoom, highlighting the energy surplus, is shown
in Figure 9. These figures provide a comprehensive overview of the system's performance and its ability to
meet the energy requirements throughout the year.
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demand - over a 48-hour period

Figure 10 illustrates the battery energy, generated energy, and load demand, highlighting the surplus
energy used to charge the battery bank. When power generation is insufficient, the battery bank supplies energy
until it is fully discharged, ensuring a reliable energy supply. Figure 11 provides a 48-hour zoom for a closer
examination of the graphs.

The energy production is illustrated in Figure 12, while the difference between the generated energy
and the load demand is depicted in Figure 13. As shown, there are certain days when the system is unable to
meet the load demand, highlighting periods of energy deficit. According to the simulation results, as shown in
Figure 14, the optimum cost is approximately 10,921 million dirhams (MDH). This optimization is
accomplished by carefully choosing the optimal quantity of solar panels, wind turbines, and battery capacity
based on the results of our genetic algorithm. In Figure 15, the fitness function converges toward the optimal
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solution under the influence of the genetic algorithm during the system's iterations. This convergence illustrates
the algorithm's effectiveness in optimizing the system parameters to achieve the best possible cost.

In addition to showing the evolutionary algorithm's efficacy, the graphical representations shed light
on the convergence dynamics and minimized fitness attained in cost optimization for hybrid PV/wind power
systems. The optimization process is conducted under varying loss of power supply probability (LPSP) values
to ensure a thorough evaluation of system performance across different scenarios. The results obtained from
this comprehensive analysis can be effectively summarized and are presented in Table 1. As shown in the
graphs in Figures 16 and 17, the LPSP limits in function with total system cost and LCOE.

:(10‘I . .
— Load demand
| Battery energy ||
il ‘ I i"“
‘I { IM | /\‘ f/\\
\ ‘ ‘ ‘ / \\,\ ff \
| f / '\‘
[ \
;‘ \ ( \
KA A | \ | {
T T A AT I~ | 7 '
Ml il Ak e
/ N = { \ -
| | — )\, ) N\
% 1000 2000 3000 4000 5000 6000 7000 8000 5 10 15 20 25 0 35 40 45

Time (Hours) Time (Hours)
Figure 11. Zoom in-energy available-over a 48-

Figure 10. Energy available by the system
hour period

energy pr

Difference and load

15

oS

:
g

Energy ( Wh)

o
o

°

&
o

il

{1
h ) ) . 1
1000 2000 3000 4000 5000 6000
Time (Hours)

i)
4 L
3000 4000 5000 6000 7000 8000 0 7000

Time (Hours)

0 1000 2000

Figure 13. Difference between energy production

Figure 12. Energy production
and load demand

Optimized cost ang.? curve

: 4B
* Optimized cost|
2
.
’ 2
2 Optimized cost |- 2 2 E
. 10921MDH [ 8§ s
s . v KL AL A 4 o 5
3 7, (7 5y 159 2
4 Voo 0y 2 £
2 £
IR
o =
150 *
2008 0.5
Number of PV Panel i ! . ; ' ;
umber of anels 0 o 0 50 100 150 200 250 300 350 400

Number of Wind Turbines

Figure 14. Optimized cost

Number of iteration

Figure 15. Fitness curve

Sizing optimization of a standalone PV/wind hybrid energy system with battery ... (Manal Kouihi)



1216 O ISSN: 2088-8694

Table 1. Summary of the optimization outcome using different LPSP

N°  Population LPSP  Optimized cost (MDH) Energy generated (kWh) LCOE (MAD/KWh)  Execution time (s)
1 40 <0.05 10.930 58,158 0.21190 2,267
2 80 <0.04 10.941 57,405 0.21491 2,899
3 100 <0.03 10.921 57,405 0.21452 3,451
4 140 <0.02 10.928 57,405 0.21466 6,643
5 200 <0.01 10.929 57,405 0.21468 6,157
% .—‘\/\. ¢ .
é 0.01 0.02 0.03 0.04 0.05 0.01 0.0z 003 004 005
= LPSP LPSP
Figure 16. LPSP vs total system cost Figure 17. LPSP vs LCOE

4. CONCLUSION

This study aimed to optimize a hybrid energy system by employing a genetic algorithm to minimize
total cost over its lifetime. The system’s reliability was assessed using loss of power supply probability (LPSP).
The optimal cost was found to be 10.921 million Moroccan dirhams, with the optimal LPSP limit being 0.03.

In terms of system optimization, the genetic algorithm effectively determined the optimal number of
PV panels, wind turbines, and the appropriate battery capacity, ensuring that the system is both cost-effective
and reliable over its lifespan. This research underscores the importance of precise optimization in the design
of hybrid energy systems to balance cost, reliability, and energy production efficiency. Future research will
expand by integrating grid integration into hybrid energy systems, using the genetic algorithm approach. This
will analyze grid support's benefits in improving system reliability, reducing costs, and enhancing performance.

ACKNOWLEDGEMENT

Authors would like to express gratitude to the LCCPS Laboratory Director, thesis director, tutor, and
department staff for their support, encouragement, and valuable suggestions in conducting their research in a
supportive environment.

FUNDING INFORMATION
Authors state no funding involved.

AUTHOR CONTRIBUTIONS STATEMENT
This journal uses the Contributor Roles Taxonomy (CRediT) to recognize individual author
contributions, reduce authorship disputes, and facilitate collaboration.

Name of Author C M So Va Fo | R D O E Vi Su P Fu
Manal Kouihi v v v v v v v v v v

Mohamed Moutchou v v v v v v v v v v v v
Abdelhafld Ait v v v v v v v
Elmahjoub

C : Conceptualization I Investigation Vi : Visualization

M : Methodology R : Resources Su : Supervision

So : Software D : Data Curation P : Project administration

Va : Validation O : writing - Original Draft Fu : Funding acquisition

Fo : Formal analysis E : Writing - Review & Editing

CONFLICT OF INTEREST STATEMENT
Authors state no conflict of interest.

Int J Pow Elec & Dri Syst, Vol. 16, No. 2, June 2025: 1208-1218



Int J Pow Elec & Dri Syst ISSN: 2088-8694 a 1217

DATA AVAILABILITY

The data that support the findings of this study are openly available in this article.

REFERENCES

[1] J. P. Murcia Leon, H. Habbou, M. Friis-Meller, M. Gupta, R. Zhu, and K. Das, “HyDesign: a tool for sizing optimization of
grid-connected hybrid power plants including wind, solar photovoltaic, and lithium-ion batteries,” Wind Energy Science, vol.
9, no. 4, pp. 759-776, Apr. 2024, doi: 10.5194/wes-9-759-2024.

[2] B.K. Paridaand A. Kumar Bohre, “Optimal sizing of PV, wind-based grid connected hybrid renewable energy systems for rural
areas in presence of EVs,” in 2022 International Conference on Decision Aid Sciences and Applications (DASA), IEEE, Mar.
2022, pp. 1311-1316. doi: 10.1109/DASA54658.2022.9765042.

[31 A.Gonzélez, J.-R. Riba, A. Rius, and R. Puig, “Optimal sizing of a hybrid grid-connected photovoltaic and wind power system,”
Applied Energy, vol. 154, pp. 752-762, Sep. 2015, doi: 10.1016/j.apenergy.2015.04.105.

[4] O. Erdinc and M. Uzunoglu, “Optimum design of hybrid renewable energy systems: Overview of different approaches,”
Renewable and Sustainable Energy Reviews, vol. 16, no. 3, pp. 1412-1425, Apr. 2012, doi: 10.1016/j.rser.2011.11.011.

[5] K. Basaran, N. S. Cetin, and S. Borekci, “Energy management for on-grid and off-grid wind/PV and battery hybrid systems,”
IET Renewable Power Generation, vol. 11, no. 5, pp. 642-649, Apr. 2017, doi: 10.1049/iet-rpg.2016.0545.

[6] F. Sayeed et al., “A novel and comprehensive mechanism for the energy management of a hybrid micro-grid system,” Energy
Reports, vol. 8, pp. 847-862, Nov. 2022, doi: 10.1016/j.egyr.2022.09.207.

[71 A. Kaabeche and R. Ibtiouen, “Techno-economic optimization of hybrid photovoltaic/wind/diesel/battery generation in a stand-
alone power system,” Solar Energy, vol. 103, pp. 171-182, May 2014, doi: 10.1016/j.solener.2014.02.017.

[8] K.Maksudovna Vafaeva and P. Sanjeeva, “Comparative analysis of lithium-ion and flow batteries for advanced energy storage
technologies,” MATEC Web of Conferences, vol. 392, p. 01176, Mar. 2024, doi: 10.1051/matecconf/202439201176.

[91 A. N. Tiwari and N. Dubey, “A Methodology of optimal sizing for wind solar hybrid system,” Asian Review of Mechanical
Engineering, vol. 4, no. 1, pp. 11-16, May 2015, doi: 10.51983/arme-2015.4.1.2394.

[10] H. Yang, W. Zhou, L. Lu, and Z. Fang, “Optimal sizing method for stand-alone hybrid solar—wind system with LPSP technology
by using genetic algorithm,” Solar Energy, vol. 82, no. 4, pp. 354-367, Apr. 2008, doi: 10.1016/j.solener.2007.08.005.

[11] P. Gajewski and K. Pienkowski, “Control of the hybrid renewable energy system with wind turbine, photovoltaic panels and
battery energy storage,” Energies, vol. 14, no. 6, p. 1595, Mar. 2021, doi: 10.3390/en14061595.

[12] A.S. Aziz, M. F. N. Bin Tajuddin, and M. R. Bin Adzman, “Feasibility analysis of PV/wind/battery hybrid power generation:
A case study,” International Journal of Renewable Energy Research, vol. 8, no. v8i2, pp. 661-671, 2018, doi:
10.20508/ijrer.v8i2.6949.97356.

[13] T.Ma, H. Yang, and L. Lu, “A feasibility study of a stand-alone hybrid solar-wind-battery system for a remote island,” Applied
Energy, vol. 121, pp. 149-158, 2014, doi: 10.1016/j.apenergy.2014.01.090.

[14] 1. F. Manwell, “Hybrid energy systems,” Encyclopedia of Energy, pp. 215-229, 2004, doi: 10.1016/b0-12-176480-x/00360-0.

[15] Y. Sawle, S. C. Gupta, and A. Kumar Bohre, “PV-wind hybrid system: A review with case study,” Cogent Engineering, vol. 3,
no. 1, p. 1189305, Dec. 2016, doi: 10.1080/23311916.2016.1189305.

[16] C. S. Supriya, “Optimization and sizing of a grid-connected hybrid PV-wind energy system,” International Journal of
Engineering, vol. 3, no. 5, pp. 4296-4323, 2011, [Online]. Available: http://www.ijest.info/docs/IJEST11-03-05-245.pdf

[17] K. Anoune, A. Laknizi, M. Bouya, A. Astito, and A. Ben Abdellah, “Sizing a PV-wind based hybrid system using deterministic
approach,” Energy Conversion and Management, vol. 169, pp. 137-148, Aug. 2018, doi: 10.1016/j.enconman.2018.05.034.

[18] Y. El Fadili, Y. Berrada, and 1. Boumhidi, “Novel control strategy for the global model of wind turbine,” International Journal
of Electrical and Computer Engineering (IJECE), vol. 14, no. 1, p. 258, Feb. 2024, doi: 10.11591/ijece.v14i1.pp258-267.

[19] A. Shafee et al., “Technical comparison between lead-acid and lithium-ion batteries used in microgrid UPS system,” in 2023
IEEE 1AS Global Conference on Renewable Energy and Hydrogen Technologies, 2023, pp. 1-6. doi:
10.1109/GlobConHT56829.2023.10087466.

[20] M. Rouholamini et al., ““A review of modeling, management, and applications of grid-connected li-ion battery storage systems,”
IEEE Transactions on Smart Grid, vol. 13, no. 6, pp. 4505-4524, Nov. 2022, doi: 10.1109/TSG.2022.3188598.

[21] 7. Elio, P. Phelan, R. Villalobos, and R. J. Milcarek, “A review of energy storage technologies for demand -side management in
industrial facilities,” Journal of Cleaner Production, vol. 307, p. 127322, Jul. 2021, doi: 10.1016/j.jclepro.2021.127322.

[22] 1. Amoussou et al., “The optimal design of a hybrid solar PV/wind/hydrogen/lithium battery for the replacement of a heavy fuel
oil thermal power plant,” Sustainability, vol. 15, no. 15, p. 11510, Jul. 2023, doi: 10.3390/su151511510.

[23] N. A. Kamarzaman, S. I. Sulaiman, A. I. M. Yassin, I. R. Ibrahim, and H. Zainuddin, “A honey badger algorithm for optimal
sizing of an AC coupled hybrid stand-alone photovoltaic system,” Energy Reports, vol. 8, pp. 511-520, 2022, doi:
10.1016/j.egyr.2022.05.192.

[24] K. Ranjit and S. Maharjan, “Optimization of standalone photovoltaic system considering loss of power supply probability for
repeater station of nepal telecom,” Journal of Advanced College of Engineering and Management, vol. 5, pp. 53-62, Dec. 2019,
doi: 10.3126/jacem.v5i0.26682.

[25] I. Amoussou et al., “Optimal modeling and feasibility analysis of grid-interfaced solar PV/wind/pumped hydro energy storage
based hybrid system,” Sustainability, vol. 15, no. 2, p. 1222, Jan. 2023, doi: 10.3390/su15021222.

[26] Y. El Fadili, Y. Berrada, and I. Boumhidi, “Optimal controller design for wind turbine using sliding sector and genetic
algorithms,” E3S Web of Conferences, vol. 469, p. 00006, Dec. 2023, doi: 10.1051/e3sconf/202346900006.

[27] M. Moutchou, H. Mahmoudi, and A. Abbou, “A new technique of backstepping control parameters determination using genetic

algorithm,” in 2014 International Renewable and Sustainable Energy Conference (IRSEC), IEEE, Oct. 2014, pp. 475-480. doi:
10.1109/IRSEC.2014.7059744.

Sizing optimization of a standalone PV/wind hybrid energy system with battery ... (Manal Kouihi)



1218 O

ISSN: 2088-8694

BIOGRAPHIES OF AUTHORS

T

Manal Kouihi By © received her Engineering degree in Electrical Engineering and
Renewable Energy from ENSET Mohammedia, Hassan Il University, in 2019. She is currently
pursuing a Ph.D. in renewable energy at the ENSAM school, within the LCCPS Laboratory at
Hassan Il University, Casablanca, Morocco. Her research specializes in the hybridization of wind
and solar energy, focusing on optimization of system sizing and energy management. She can be
contacted at email: manal.kouihi-etu@etu.univh2c.ma or manal.kouihi@gmail.com.

Mohamed Moutchou © B B8 € received his Ph.D. degree in 2015 from the Mohamed V
University of Rabat in Electrical Engineering. Since 2016, He has been a Professor of
Electrical Engineering at the School of Arts and Crafts of Casablanca, Morocco (ENSAM),
where he continued developing his research on motor driver and control, and
photovoltaic/wind energy. His recent research interests are energy quality (power filtering),
energy recovery for 10T and Industry 4.0. He is responsible of the Laboratory of Electronic
components and conception in ENSAM-Casablanca. Since 2017, he is the general secretary of
the Association of connected objects and smart systems, domiciled at ENSAM. Since 2022,
he has been the Associate Director of the Research Laboratory of Complex Cyber Physical
Systems and a permanent member of the research team of smart control, diagnostic, and
renewable energy. He can be contacted at email: mohamed.moutchou@univh2c.ma.

Abdelhafid Ait ElImahjoub BJ B8 © s a research professor in Electrical Engineering at
ENSAM Casablanca. Doctor aggregated professor in Industrial Automation and Computer
Science. University Habilitation in Electrical Engineering. Head of the research team: smart
control, diagnostic, and renewable energy. Member of the Jury of the National Electrical
Engineering Aggregation Competition. Coordinator of the management of intelligent electrical
systems. Coordinator of a professional degree in industrial automation and electrical systems.
Field of research: control of power converters, renewable energies, and intelligent systems. He
can be contacted at email: aitelmahjoub@gmail.com.

Int J Pow Elec & Dri Syst, Vol. 16, No. 2, June 2025: 1208-1218


https://orcid.org/0009-0003-2776-393X
https://scholar.google.com/citations?user=CVT28kwAAAAJ&hl=fr
https://www.scopus.com/authid/detail.uri?authorId=58036781400
https://www.webofscience.com/wos/author/record/IQT-5480-2023
https://orcid.org/0000-0003-3720-0914
https://scholar.google.com/citations?user=OVcE4xMAAAAJ&hl=fr&oi=ao
https://www.scopus.com/authid/detail.uri?authorId=55496394600
https://www.webofscience.com/wos/author/record/38482358
https://orcid.org/0000-0002-4961-3532
https://scholar.google.com/citations?user=CYDyXbwAAAAJ&hl=fr&oi=ao
https://www.scopus.com/authid/detail.uri?authorId=55611959900
https://www.webofscience.com/wos/author/record/57591189

