International Journal of Power Electronics and Drive System (IJPEDS)
Vol. 17, No. 1, March 2026, pp. 663~673
ISSN: 2088-8694, DOI: 10.11591/ijpeds.v17.i1.pp663-673 a 663

Voltage compensation using fuel cell fed dynamic voltage

restorer

Ryma Berbaoui, Rachid Dehini

Department of Electrical Engineering, Tahri Mohamed University, Béchar, Algeria

Article Info

ABSTRACT

Article history:

Received Feb 23, 2025
Revised Nov 1, 2025
Accepted Dec 11, 2025

Keywords:

Active power

Dynamic voltage regulator
Fuel cell

MLFFN

Parallel compensator
Reactive power

Sag and swell voltage

One of the basic tasks of the dynamic voltage restorer (DVR) is to maintain
voltage stability in distribution systems by correcting any deviations or
disturbances in the three-phase supply. Whether they are increases or
decreases. However, one of its disadvantages is its power source, as it cannot
supply itself with power from the electrical grid like parallel compensators,
which obtain power directly from the grid. This article presents an energy
study of a dynamic voltage regulator (DVVR) when operated using a power
source represented by fuel cells, which are considered a clean and renewable
source. On the other hand, excess energy from the regenerator or fuel cells
can be output and injected into the distribution network for utilization via a
parallel compensator (CP). The parallel compensator also compensates for
reactive energy on the reactive load side to increase the power factor
measured at the source side of the distribution system. This integrated
system also uses neural networks to identify voltage disturbances and
determine the voltages (modules/arguments) that must be added to the
voltages in the power grid for correction. This analytical study was
completed using a simulation system to confirm the effectiveness of this
integrated system. The distinctive feature of this study is the integration of
fuel cells and neural network-based control in the DVR system, providing a
sustainable and intelligent alternative to conventional configurations, which
makes it different from traditional DVRs that operate with batteries and
supercapacitors. Its efficiency in compensating for voltage drops and surges
is evident, and it also improves the power factor and ensures reliable
operation of voltage-sensitive devices.
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1. INTRODUCTION

It is clear that electrical energy is produced from its production sources and transmitted in the form
of a three-phase, sinusoidal voltage system with a well-determined frequency and phase shift. But at the user
device level, they are usually operated in different ways, in particular as regards curve, amplitude, and
frequency. In the past, suppliers and users changed the form of voltage or current using the electromechanical
machines, but now, after the rapid development of semiconductor-based switch techniques, at low cost and
volume, electromechanical machines have been replaced by static converters and electronic devices [1].

But any evolution has consequences: the excessive use of these electronic devices has led to the
generalization of the use of strong inductive and non-linear loads [2]. In turn, these new loads caused the
injection of harmonic currents into the electrical network, thus modifying the shape of the source voltage [3].
Inductive loads have also caused power factor reduction and voltage disturbances in electrical networks [4].
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Several traditional and modern solutions have been used to correct all kinds of disturbances that can
affect the source voltage [5]. Like the use of active parallel filter to inject the harmonic currents opposite to
the harmonic currents existing in the network to cancel them [6], the dynamic voltage regulator (DVR) is also
used in order to maintain the effective value of the voltages invariable at the level of the sensitive loads [7],
and the STATCOM is used to compensate reactive power and increase power factor [8]. Recent studies
confirm that artificial intelligence-based DVR control technologies, along with optimization methods, play a
significant role in improving energy quality [9].

However, traditional digital devices rely on energy storage systems such as batteries or supercapacitors.
These technologies have several drawbacks, including limited lifespan, charging restrictions, and energy density
decline [10]. Fuel cells have been used as an alternative and sustainable solution, as they are considered a source
of clean and continuous energy, making them the ideal solution for improving energy quality [11]. In addition,
modern research has found that integrating fuel cells with DVRs improves power quality in modern microgrids
[12]. Other researchers have relied on optimization methods and control strategies to enhance the efficiency of
hydrogen fuel cells when integrated with DVR technology [13]. Other studies indicate that hybrid DVR
structures combining photovoltaic cells and fuel cells contribute to reducing harmonics [14].

Advanced control methods such as Pl adaptive controllers have been successfully applied to DVRs
to reduce voltage drops, demonstrating the potential for using intelligent technologies to further improve
performance [15]. In particular, proton exchange membrane fuel cells (PEMFCs) offer fast dynamics, high
efficiency, and scalability, which are essential features for DVR applications [16]. To safeguard sensitive
loads against fluctuations that may occur in the supply during voltage sags or swells, this research presents a
combination of the DVR and an active compensator connected back-to-back. The two compensators are
connected by a pair of common fuel cells, so that the DVR injects voltages into the network in the case of
anomaly correction affecting the electrical network voltage, using the energy of the fuel cell. While the active
compensator is used to clear out the excess energy in the DVR, which is not used, and the energy in the fuel
cells, and this active compensator also helps to increase the power factor at the source by injecting reactive
power to offset load requirements.

This combined system also used neural networks to determine the reference voltage of the DVR
compensator [17], which must be injected into the network, and they were also used to determine the
reference currents, which must be injected into the network to compensate for the reactive power and the
discharge of excess active power in this system. This study also examines the exchange of active and reactive
power flows between all the compensators and the network, in all cases: the normal state, overvoltage, and
the voltage dip state. Figure 1 shows the system to be studied. The main contributions of this article can be
summarized in the following points: i) A new integration between DVR and PEM fuel cell to ensure
sustainable and reliable voltage compensation; ii) Development of an integrated system containing an active
compensator to manage excess energy from the fuel cell and power factor; iii) Application of neural networks
to extract reference voltage and current in real time; and iv) Complete simulation using MATLAB/Simulink
and verification of its validity in operating conditions (normal, low voltage, and high voltage).
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Figure 1. System circuit configuration

2. THE POWER FLOW STUDY IN THE DVR

The electrical power distributor must supply a nominal sinusoidal voltage to the consumers of this
power, in particular the most sensitive. Otherwise, i.e. in the event of a fault affecting the consumer's voltage,
this must be corrected, for example by using a DVR, which makes it possible to maintain the nominal voltage
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and this by injecting a voltage equal to the difference between the nominal voltage and the network voltage [18].
In the case of a voltage sag at the network level, the modulus of the injected voltage is the difference
mentioned above and the phase shift of this injected voltage is in phase with the network voltage, while in the
case of an overvoltage at the network level, the modulus of the injected voltage is the difference mentioned
above and the phase shift of this injected voltage is phase shifted with respect to the network voltage.

For efficient operation of the DVR, the parallel active compensator (PC) must maintain the voltage
between the terminals of the DC capacitor or the intermediate circuit [19], in order to ensure that the active
power is transmitted between the two active compensators, the fuel cells, and the electrical network, as well
as the parallel compensator (PC) also provides compensation for the reactive power requested by the load.
The inductive load used in this system is a load with a power factor of 0.707. Figure 2 represents the
equivalent model of an equivalent single-phase circuit. With: Is,es: The source current and voltage source,
respectively; Vs: the voltage at the point of common coupling (PCC); I, Vi The load current and load
voltage, respectively; Vi: the injected voltage by DVR; I+ injected current by PC.

Figure 2. Equivalent circuit of the system

The load voltage v, is taken as the reference phasor, the load power factor is cos ¢, The following
equations can be written as (1)-(3).

VL = VLLOO (1)
ip=I£—-¢ 2
v, = V(1 + k)20° ?3)

Where Kk is the voltage fluctuation factor, it defined as (4).

="Vs 4)

Vs
The injected voltage by DVR equals:
v; = v, — v = kVs20° ®)

Considering that power losses are negligible in both active compensators, DVR, PC; i.e. semiconductor
switches are ideal, the power balance equation can be expressed by (6)-(9).

Ps+ Pec = P, (6)
Vs.Is + Ppe =V}, - I cos @, (7
Vs.Ig + Pee = Vs (1 + k) - I, cos @, (8)
15=(1+k)-1Lcosg0L—% 9)

The last equation shows that the source current, which represents the power of the source, is directly related
to the load current and the power injected by the fuel cell.

The DVR power can be written as (10)-(12).

S; = vl (10)

P, =V; - Iscos @5 = kV; - I cos g (11)
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Q; =V, Issin g (12)

Since it is the active parallel compensator that keeps the power factor equal to unity at the source, then:
os = 0.

P=V,-Ig=kV, I (13)
Q; =0 (14)
The PC's apparent power is (15).
S =i (15)

The current supplied by the parallel compensator can be calculated by calculating the difference between the
source current and the load current, and it contains the active component and the reactive component. We have:

ip=is— iy (16)
ip =120° =T,z — g, an
ip =1Is— (I, - cos @, — jlI - sing) (18)
ir=(s—1,-cos ) +jl, - sing, (19)
Pr =V, I; - cos ¢f (20)
Pr=V,(Is — 1, - cos ¢,) (21)
Qf =V Ip-singr =V, I - sing, (22)

3. NEURAL NETWORKS FOR REFERENCE SOURCE AND VOLTAGE

Among the quality factors of the compensator is the method of determining the reference currents
and voltages [20]. This work presents the use of the artificial neural network (ANN) as a system for
controlling and determining the reference values of the compensator. Nowadays, researchers are interested in
multilayer feedback neural networks (MLFFN), which are a set of output neurons and one or more
intermediate neurons, called hidden layers. It consists of the input layer, which supervises the supply of
information to the network. This information is directed to the outer layer via the hidden layers. Figure 3
illustrates this neural network structure. This correlation is performed by weight matrices W and bias
vectors b. Figure 4 shows the DVR control using a neural network, converting input voltages and currents
into reference currents to drive the Pl controller and PWM pulses.

To make the error or difference between the image or output of the ANN function and the image of
the reference function zero, the ANN uses the iterative learning method, so that the ANN network iteratively
changes W and b [21]. After all the system inputs are entered into the ANN system, these inputs are weighted
with the appropriate weights W, then the result is summed with bias b, the total output is made up as an
antecedent of the transfer function f. We can define the activation vector "a" as:

a=Yw.x+Db) (23)

In the case of the neural network used, the transformation function used in the input layer and the hidden
layer is a differentiable function, known as tan-sigmoid.

tansig(a) = Py (24)
As for the output layer, we used the linear type activation function, purelin.
purelin(a) = a (25)

In order to train or guide the network towards zero error, this network must optimize these weights
and these biases. This work used the LMS algorithm because this method provides a learning rule according
to almost any desired network behavior.
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{eryid eyl oo P ynd (26)

If we consider that xi are the values of the inputs of the neural network, and yi are the outputs corresponding
to these inputs. Immediately after obtaining these outputs, the network will compare these outputs with the
corresponding target outputs Yi, in order to estimate and to evaluate these differences or errors. This
evaluation depends on the average sum calculation of these differences:
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Figure 3. Neural network topology Figure 4. Simulated model of”the parallel compensator
controller

In order to obtain the absolute minimum value of the error, by adjusting the weights and biases of
the neural network, this system used the least mean square (LMS) error algorithm method for learning [22],
[23]. Initially, the neural network was used to determine the reference currents for the parallel compensator to
maintain the capacitor voltage between the two compensators [24]. allowing active power to flow. For this,
this work used a four-layer neural network, the input layer with 8 neurons and a hyperbolic tangent sigmoid
activation function, and 2 hidden layers with 8 and 3 neurons respectively, the hyperbolic tangent sigmoid
activation function and the purelin function, respectively, output layer with 3 neurons and a purelin function.

For reference voltages determination in a dynamic voltage restorer [25], this work use: four-layer
neural network, the input layer with 12 neurons and a hyperbolic tangent sigmoid activation function, and
two hidden layers with 12 and 3 neurons respectively, the hyperbolic tangent sigmoid activation function and
the purelin function, respectively, and the output layer with 3 neurons and a purelin function. Figure 5
illustrates the simulated DVR control system based on a neural network, witch generates reference voltages
from the measured three-phase source voltages to compensate disturbances via PWM control.
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Figure 5. Simulated model of the DVR controller
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4. METHOD

The developed configuration includes a balanced three-phase sinusoidal voltage source that supplies
an inductive load rated at 31.5 kW and 31.5 kVA, operating at a nominal frequency of 50 Hz. This setup aims
to improve overall power quality by minimizing voltage irregularities. The DVR is connected in series
between the supply and the load, while its DC link is energized by two proton exchange membrane fuel cell
(PEMFC) stacks. Each stack provides approximately 625 V DC at a nominal power capacity of 50 kW,
ensuring sufficient energy for compensation during voltage disturbances. The two fuel cell stacks are
connected in a parallel arrangement through a DC-DC converter stage rated at approximately 1500 VDC.

This configuration ensures a stable intermediate DC link voltage required for DVR functionality.
The electrochemical system operates with hydrogen and oxygen utilization rates of around 99.25% and
56.67%, respectively. Each PEMFC stack comprises about 900 individual cells, with an average Nernst
potential close to 1.138 volts per cell, providing the necessary energy density for dynamic voltage restoration.
The DVR operates through a voltage source converter (VSC) that is governed by an intelligent control
algorithm based on ANN. The ANN controller is trained to determine the reference compensation voltage,
which is subsequently applied to the distribution line whenever voltage disturbances—such as sags or
swells—occur. Additionally, a shunt compensator is incorporated into the system to regulate surplus energy
delivered by the fuel cells while supplying reactive power to enhance the overall power factor of the network.
The overall configuration of the proposed system was implemented and analyzed using the
MATLAB/Simulink simulation environment. The main operating parameters were adjusted as follows:
i) Three-phase supply voltage: 220 V RMS; ii) Inductive load: 31.5 kW / 31.5 kVA; iii) Total simulation
duration: 2 s; iv) Numerical solver: ode23s (stiff, modified Rosenbrock); and v) Applied disturbances: a
voltage sag occurring between 0.2 s and 0.4 s, followed by a swell between 0.6 s and 0.75 s. A detailed
schematic representation of the complete model—including the source, DVR module, PEM fuel cell stacks,
DC-DC converter stage, neural network controller, and the parallel compensator (Figure 6).

oep— fo I
i QE;’;.‘EAS
b o
[ M [ R

I

o U

DVR control
t—: -
Cde2

Cele3
. : EOE
olon Exchange Membrane Fued Cell (PEMFC) a8 3

Figure 6. Proposed DVR-PEM fuel cell system modeled in Simulink

5. RESULTS AND DISCUSSION

The system to be studied contains a three-phase sinusoidal voltage source with an effective voltage of
220 volts and a frequency of 50 Hz. This source supplies an inductive load of (31.5 kW and 31.5 kVA) for each
phase. This system uses a DVR in series between the source and the load to correct the imbalance that affects
the voltage of the load. The DVR is powered by two fuel cells, each fuel cell is designed at a voltage of 625 Vdc
and a power of 50 kW. the two cells connected in parallel with a DC/DC converter of 1500 Vdc, the two cells
consume hydrogen and oxygen at constant nominal values (Uf-H2 = 99.25%) and oxygen (Uf-O2 = 56.67%),
each stack has 900 cells; the voltage (nerst) of a single cell is approximately 1.138 V. Figure 6 shows the
Simulink block diagram of the proposed DVR-PEM fuel cell system, including the source, DVR, fuel cell,
converter, and control blocks. Figure 7 shows the characteristics of the fuel cell stack. In Figure 7(a), the stack
voltage decreases as the current increases. In Figure 7(b), the stack power increases with the current until it
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reaches its rated value of approximately 120 kW at 230 A. These characteristics confirm the suitability of PEM
fuel cells for supplying power to dynamic voltage restorers (DVRSs) during voltage disturbances.
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Figure 7. Fuel cell stack characteristics: (a) stack voltage vs current and (b) stack power vs current

To prove the efficiency of this system, we have created a sort of voltage imbalance, represented by a
decrease in the voltage at the source by 50% compared to the nominal rms value from 0.2 seconds to 0.4
second (voltage sag), then an increase in the supply voltage at the source to 50% of the nominal rms value
from time 0.6 sec to 0.75 sec (swell). As illustrated in Figure 8(a), in case the grid voltage is reduced compared
to the nominal grid voltage VS > VL, and based on (4), where k < 0, the DVR intervenes to inject the voltage
difference, which is in phase with the mains voltage (Figure 8(b)). DVR immediately injects the missing
voltage from the fuel cell through the VSC converter. The load voltage is restored to its nominal value of 220
volts. The restoration time was approximately 0.02 seconds, highlighting the fast dynamic response of the
proposed control block. Figure 8 also illustrates the performance of DVR during an overvoltage event. In this
case, the network experiences a voltage swell, i.e., VS > VL, where k > 0. To compensate for this, the DVR
injects a voltage equal to the difference [VS — VL| in amplitude and in phase opposition to the mains voltage.
This allows the DVR to absorb the excess energy and maintain the load voltage within safe limits. Figure 8
shows in detail: Figure 8(a) the supply voltages, Figure 8(b) the DVR injected voltages, and Figure 8(c) the
load voltages after compensation, which remained within +2% of the nominal RMS value, demonstrating the
robustness of the DVVR—fuel cell system under overvoltage conditions.

Figure 9 illustrates the current changes during DVR operation in phase a. In Figure 9(a), it can be
seen that the supply current is clearly affected by voltage disturbances. In Figure 9(b), the DVR supported by
the fuel cell and the parallel compensator (PC) injects an appropriate compensating current. Finally, in Figure
9(c), the load current is shown to remain stable, confirming that the proposed system effectively maintains
the load current close to its ideal form despite fluctuations in the supply voltage.

In the normal case, VS=VL, the PC plays the role of connecting devices between the fuel cell and
the electrical network, by injecting alternating energy, extracted from the fuel cells (see Figure 10). As well
as it also plays the role of (DSTATCOM) so it compensates for the reactive power needed by the inductive
load Figure 11, so it is responsible for increasing the power factor to unity next to the source Figure 12. As
long as the DVR does not perform any active or reactive power exchange with the utility grid. In case the
grid voltage is reduced compared to the nominal grid voltage, (Figure 8(a)): VS>VL, and based on (4), where
k <0, DVR intervenes to inject the voltage difference, which is in phase with the mains voltage (Figure 8(b)).

The DVR intervention in case of a voltage sag is followed by the withdrawal of active energy from
the PC+FC terminal to power the DVR (see Figure 10). This flow of active energy results in a decrease in the
current injected by the fuel cell to the load and an increase in the current injected by the source, for the
compensation of the voltage dip, and to meet the load power requirements. The DVR intervention in case of
voltage swell, absorbs the active power from the electrical network, then sends it back to the network via the
PC compensator (see Figure 10), the decrease in supply current (iS) means that the fuel cells and the excess
power in the DVR (see Figure 10), compensate for the lack of effective power drawn by the load. This
increase is done by adjusting the voltage across the capacitor terminals (see Figure 13).
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These results show that the proposed DVR-fuel cell system ensures rapid voltage recovery (=~0.02
seconds) and maintains the load voltage within £2% during voltage sag and surges. Compared to traditional
DVR units that rely on batteries or supercapacitors, the fuel cell-powered DVR unit provides a sustainable
and continuous power supply without recharge limitations. The integration of the VSC and neural network
control block further underscores the importance of this work in the field of power electronics and propulsion
systems, particularly for industrial motors and microgrid applications. However, challenges remain to be
addressed, such as the cost of fuel cells and startup dynamics. Future work will explore optimization
techniques and hybrid energy storage integration to enhance system performance in smart grids and electric
vehicle charging infrastructures.
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6. CONCLUSION

In order to use renewable energies in all electrical fields, this research presented an attempt to use
fuel cells to power the dynamic voltage restorer, in the event that the latter would be exposed to voltage
faults. Research has also tried to rely on neural networks to identify these faults and determine reactive
currents in inductive loads to compensate for them and increase the power factor next to the power source.
This research has also contributed to the study of active and reactive power flows between the DVR series
compensator and the electrical network in all its operating cases to repair faults that affect the network
voltage. The study of the power flows in the DVR series compensator and the parallel compensator also
contributed to determining the dimensions and sizes of the components of these compensators. The results
confirm that the proposed DVR fuel cell configuration is an effective and sustainable solution for improving
power quality in modern electrical networks. Future studies could focus on experimentally verifying the
proposed DVR-fuel cell system under real operating conditions. In addition, the integration of advanced
control techniques, such as adaptive or predictive controllers, could further improve the system's
performance. Extending the study to hybrid systems that combine fuel cells with other renewable energy
sources, such as photovoltaics or wind power, could provide even greater flexibility and resilience for smart
grid applications.

Voltage compensation using fuel cell fed dynamic voltage restorer (Ryma Berbaoui)



672 a ISSN: 2088-8694

FUNDING INFORMATION
This research received no external funding.

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
Ryma Berbaoui v v v v v Y v v v v
Rachid Dehini v v v v v v v

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
The authors declare no conflict of interest.

DATA AVAILABILITY
The data and simulation models used in this study are available from the author upon reasonable
request.

REFERENCES

[1] F.R. M. Lopez, “Harmonic quality analysis of a low power static converter,” in Proceedings of the 2018 IEEE PES Transmission
and Distribution Conference and Exposition — Latin America (T&D-LA), Lima, Peru, Sep. 18-21, 2018, pp. 1-5.

[2]  S. Lakshmi and S. Ganguly, “An on-line operational optimization approach for open unified power quality conditioner for energy
loss minimization of distribution networks,” IEEE Transactions on Power Systems, vol. 34, no. 6, pp. 4784-4795, Nov. 2019, doi:
10.1109/TPWRS.2019.2919786.

[3] H. Geng, Z. Zheng, T. Zou, B. Chu, and A. Chandra, “Fast repetitive control with harmonic correction loops for shunt active
power filter applied in weak grid,” IEEE Transactions on Industry Applications, vol. 55, no. 3, pp. 3198-3206, 2019, doi:
10.1109/T1A.2019.2895570.

[4] N. K. Jain and L. Kumar, “Power factor analysis and improvement for inductive load,” vol. 14, no. 3, pp. 1-7, 2023.

[5] R. Dehini, A. Gencer, and G. Hachemi, “Voltage stability enhancement using a novel active power filter system,” in 2020 2nd
Global Power, Energy and Communication Conference (GPECOM), Izmir, Turkey, Oct. 2020, pp. 1-5. doi:
10.1109/GPECOM49333.2020.9247937.

[6] R. Dehini and R. Berbaoui, “L’identification des courants harmoniques face A La perturbation de la tension,” Revue Roumaine
des Sciences Techniques Serie Electrotechnique et Energetique, vol. 62, no. 4, pp. 346-351, 2017.

[71 S. Rahman, “Voltage sag mitigation using direct converter based DVR without error signal,” Przeglqd Elektrotechniczny, vol. 1,
no. 12, pp. 36-39, Dec. 2021, doi: 10.15199/48.2021.12.05.

[8] A. M. S. Yunus, A. Abu-Siada, and M. A. S. Masoum, “A new application of vector based current regulator for STATCOM to
improve dynamic performance of DFIG,” Przeglqd Elektrotechniczny, vol. 1, no. 1, pp. 67-70, 2020, doi: 10.15199/48.2020.01.16.

[9] Y. Siregar, M. Muhammad, Y. Z. Arief, N. Mubarakah, Soeharwinto, and R. Dinzi, “Dynamic voltage restorer quality improvement
analysis using particle swarm optimization and artificial neural networks for voltage sag mitigation,” International Journal of
Electrical and Computer Engineering, vol. 13, no. 6, pp. 6079-6091, 2023, doi: 10.11591/ijece.v13i6.pp6079-6091.

[10] M. A. Hannan, M. M. Hoque, A. Mohamed, and A. Ayob, “Review of energy storage systems for electric vehicle applications:
Issues and challenges,” Renewable and Sustainable Energy Reviews, vol. 69, pp. 771-789, 2017, doi: 10.1016/j.rser.2016.11.171.

[11] O. Z. Sharaf and M. F. Orhan, “An overview of fuel cell technology: Fundamentals and applications,” Renewable and Sustainable
Energy Reviews, vol. 32, pp. 810-853, 2014, doi: 10.1016/j.rser.2014.01.012.

[12] A. Ben Abdelkader, Y. Mouloudi, and M. Amine Soumeur, “Integration of renewable energy sources in the dynamic voltage
restorer for improving power quality using ANFIS controller,” Journal of King Saud University - Engineering Sciences, vol. 35,
no. 8, pp. 539-548, 2023, doi: 10.1016/j.jksues.2022.11.002.

[13] M. M. Igbal, R. Divya, C. V. Pavithra, G. Vishalini, and R. Shanmugasundaram, “Modelling of solar PV-fuel cell based micro-grid
system and harmonics mitigation using fuzzy controlled dynamic voltage restorer,” International Journal of Advanced Technology
and Engineering Exploration, vol. 11, no. 120, pp. 1512-1532, 2024, doi: 10.19101/IJATEE.2023.10102241.

[14] S. M. A. M. Reda et al., “An optimization approaches and control strategies of hydrogen fuel cell systems in EDG-integration
based on DVR technology,” International Journal of Energy Production and Management, vol. 9, no. 1, pp. 57-64, 2024, doi:
10.18280/ijepm.090107.

[15] T.J. Sarwade, V. S. Jape, and D. G. Bharadwaj, “Power quality problems mitigation using dynamic voltage restorer (DVR) with
pi controller and fuzzy logic controller,” International Journal of Engineering & Technology, vol. 7, no. 2.12, p. 214, Apr. 2018,
doi: 10.14419/ijet.v7i2.12.11282.

Int J Pow Elec & Dri Syst, Vol. 17, No. 1, March 2026: 663-673



Int J Pow Elec & Dri Syst ISSN: 2088-8694 a 673

[16] C. Gonzalez-Castafio, L. L. Lorente-Leyva, J. Alpala, J. Revelo-Fuelagén, D. H. Peluffo-Ordéiiez, and C. Restrepo, “Dynamic
modeling of a proton-exchange membrane fuel cell using a gaussian approach,” Membranes, vol. 11, no. 12, p. 953, 2021, doi:
10.3390/membranes11120953.

[17] R. Dehini, A. Bassou, and B. Chellali, “Generation of voltage references using multilayer feed forward neural network,” Przeglad
Elektrotechniczny, vol. 88, no. 4 A, pp. 289-292, 2012.

[18] D. Liu, H. Zhang, X. Liang, and S. Deng, “Model predictive control for three-phase, four-leg dynamic voltage restorer,” Energies,
vol. 17, no. 22, p. 5622, Nov. 2024, doi: 10.3390/en17225622.

[19] E. Babaei, M. F. Kangarlu, and M. Sabahi, “Dynamic voltage restorer based on multilevel inverter with adjustable DC-link
voltage,” IET Power Electronics, vol. 7, no. 3, pp. 576-590, 2014, doi: 10.1049/iet-pel.2013.0179.

[20] B. Singh, A. Chandra, and K. Al-Haddad, Power quality problems and mitigation techniques. Hoboken, NJ, USA: Wiley-IEEE
Press, 2014. doi: 10.1002/9781118922057.

[21] Y. Triki, A. Bechouche, H. Seddiki, and D. O. Abdeslam, “Adaptive neural control for maximum power extraction in
photovoltaic systems,” Revue Roumaine des Sciences Techniques Serie Electrotechnique et Energetique, vol. 64, no. 4, pp. 365—
370, 2019.

[22] Y. Wang et al., “Optical fiber vibration sensor using least mean square error algorithm,” Sensors (Switzerland), vol. 20, no. 7,
2020, doi: 10.3390/s20072000.

[23] S.N. Setty, M. S. D. Shashikala, and K. T. Veeramanju, “Hybrid control mechanism-based DVR for mitigation of voltage sag and
swell in solar PV-based IEEE 33 bus system,” International Journal of Power Electronics and Drive Systems, vol. 14, no. 1, pp.
209-221, 2023, doi: 10.11591/ijpeds.v14.i1.pp209-221.

[24] S. Liasi, R. Hadidi, and N. Ghiasi, “Current harmonic compensation by active power filter using neural network-based recognition
and controller,” in 2021 6th IEEE Workshop on the Electronic Grid (eGRID), Nov. 2021, pp. 01-08. doi:
10.1109/eGRID52793.2021.9662134.

[25] J. G. Nielsen, M. Newman, H. Nielsen, and F. Blaabjerg, “Control and testing of a dynamic voltage restorer (DVR) at medium
voltage level,” IEEE Transactions on Power Electronics, vol. 19, no. 3, pp. 806-813, May 2004, doi:
10.1109/TPEL.2004.826504.

BIOGRAPHIES OF AUTHORS

Ryma Berbaoui Bd 2 was born in Bechar, Algeria. She obtained an engineering
degree in electrical engineering from Tahri Mohamed Bechar University in Algeria in 2010
and a master's degree from Tahri Mohamed Bechar University in Algeria in 2015, and is
currently working as a professor at the Center for Vocational Training. His areas of interest
include electrical power quality, electrical networks, and renewable energies. She can be
contacted at email: rymaaberbaoui25@gmail.com.

Rachid Dehini & £ B8 © obtained a Bachelor's degree in Electrical Engineering from the
National Higher School of Technical Education (ENSET), Algeria, in 1994, and earned a
Master's degree from the University of Béchar in Algeria in 2008, and a Ph.D. from Tahri
Mohammed Béchar University in 2012. He is currently teaching at Béchar University as a
professor. His areas of interest include electrical power quality, electrical networks, renewable
energies, and artificial intelligence. He can be contacted at email: dehini.rachid@univ-
bechar.dz.

Voltage compensation using fuel cell fed dynamic voltage restorer (Ryma Berbaoui)


mailto:rymaaberbaoui25@gmail.com
https://orcid.org/0009-0006-4779-1438
https://orcid.org/0009-0008-7990-2862

