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Contribution of using a photovoltaic unified power quality conditioner
in power quality improvement

Introduction. With the increasing complexity of power systems and the integration of diverse energy sources, issues such as voltage
sags, swells, and signal distortions have emerged as critical challenges. These power quality problems can result in equipment
malfunction, production downtime, and financial losses for industries, as well as inconvenience and potential damage to electrical
appliances in households. There is an urgent need for enhanced system efficiency. Methods. This objective is effectively achieved
through the utilization of the newly proposed power theory, which is rooted in solar photovoltaic (PV) control, in conjunction with
the Unified Power Quality Conditioner (UPQC). Purpose. The proposed method incorporates a modified synchronous reference
frame scheme, coupled with a phase-locked loop mechanism. This control strategy enables the UPQC to effectively mitigate power
quality issues. Novelty. PV-UPQC is utilized to uphold power integrity in the presence of diverse current and voltage distortions.
This device, known as a multi-objective power conditioning apparatus, serves the purpose of maintaining power quality. PV-UPQC
incorporates both a shunt and series voltage source converter, which are interconnected through a shared DC-link. Additionally, the
PV system is interconnected at the DC-link of the UPQC in order to supply power to the load. Results. In this study, a novel
approach is presented for controlling the UPQC, aiming to address power quality concerns such as unbalanced grid voltage and
harmonic distortions and enabling us to control active and reactive power. References 16, tables 2, figures 15.
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Bcmyn. 3i 3spocmannam cknaonocmi enepeemuyHuX cucmem ma inmespayicio pisHux odicepen enepeii makxi npobiemu, K npo6anu
Hanpyau, cmpubKu Hanpy2u ma CHOMBOPEHHs CUSHALY, CIATU KpUumudHumu npooremamu. Lli npobremu 3 axicmio erekmpoenepeii
Modicymb npussecmu 00 300i6 y pobomi 0OAAOHAHHSA, NPOCMOL8 GUPOOHUYMEA MaA (DIHAHCOGUX 6mpam Oisi NPOMUCLOBOCHE, d
makodc 00 HespyuHocmell ma NOMEHYIUHO20 NOWKOONCEHHsS eNeKmponpunadie y oomawiHix 2ocnooapcmeax. Icnye eocmpa
HeobxioHicmy niosuwenna egpekmuenocmi cucmemu. Memoou. Lla mema eekmusHo 00CA2AEMbCA 34 PAXYHOK S6UKOPUCHIAHHS
Hewo0oasHo 3anponoHO8aHOT Mmeopii enepeemuKy, wjo 6asyemvcsa Ha ynpaeninii conaunumu gomoenexkmpuynumu (PV) cucmemamu,
YV NOEOHAHHI 3 €OuHUM nepemsopiosavem axocmi enekmpoenepeii (UPQC). Mema. IIpononosaruii memoo @xioyac moougikosamny
cXeMy CUMXPOHHOI cucmemu KOOpOUHAM y NOCOHAHHI 3 MeXauismom azoeoeo asmoniocmpoiosanns wacmomu. L{a cmpamezis
xepysanns 0o3zeonsic UPQC epexmueno ycysamu npobremu 3 sxicmio enekmpoenepeii. Hosuzna. PV-UPQC sukopucmogyemucs
0711 NIOMPUMKU YITICHOCMT eJIeKMPONCUBTICHHSL 30 HASIGHOCMI PI3HUX CROMEOpeHs cmpymy ma Hanpyeu. Lleil npucmpitl, gidomuti sk
bacamoyinbosuil npucmpii cmabinizayii nOMyx’cHoCmi, cayscums niompumyi sxocmi enexkmpoenepeii. PV-UPQC exnouae sk
WYHMYIOUUL, Max [ NOCAI008HULL NEPEMBOPIOSay Hanpyau, sIKi 3 €OHani Migc cobor0 uepes 3azanvhe Koio nocmitino2o cmpymy. Kpim
moeo, ghomoenexmpuuny cucmemy niokmoueno 00 aanxku nocmitnozo cmpymy UPQC 0ns nooayi sicugients Ha HaganmadicenHs.
Pesynomamu. Y yvomy oocniodxcenni npedcmasnenuti Hosuti nioxio oo ynpaeninus UPQC, cnpamoeanuil Ha eupiwenHs npooiem
AKOCMI eflekmpoenepaii, maKux K He30aNaHcoeana Hanpy2a Mepelci ma 2apMOHIuHi CHOMEOPeHHs, W0 00360JA€ KOHMPONIO8aAMU
aKmueHy ma peakmuery nomyxcricms. bion. 16, tabmn. 2, puc. 15.

Kmouosi crnosa: equumii ctadijizaTop sAKoCTi ejieKTpoeHeprii, (hoToe/IeKTPUYHA cHcTeMa, (pa30Be AaBTOMIACTPOIOBAHHA YACTOTH,
PeaKTHBHA MOTY:KHICTh, TAPMOHIKH.

Introduction. Power electronic-based loads play a
crucial and influential role in the propagation of harmonic
currents within the electrical grid at the point of common
coupling (PCC), serving as substantial contributors to this
phenomenon [1, 2]. Voltage Source Converters (VSCs) are
extensively utilized in various power quality (PQ)
enhancement applications owing to their exceptional
capacity to absorb or deliver reactive power, thereby
providing enhanced versatility [1, 3]. Enhancing PQ is
paramount for ensuring the dependability and efficiency of
electrical systems, guaranteeing a stable and uninterrupted
supply of electricity to meet the varied requirements of
consumers [1, 2]. In the context of solar PV integration for
PQ improvement, a combined utilization of photovoltaic
(PV) systems and Unified Power Quality Conditioners
(UPQC) has been implemented [3, 4]. This paper presents
comprehensive research into the design and performance
analysis of a three-phase Photovoltaic-Unified Power
Quality Conditioner (PV-UPQC). To enhance dynamic
performance during active current extraction an advanced
Phase-Locked Loop (PLL) based Direct Current Control
(DCC) theory approach is employed [5-7]. The proposed
system offers numerous notable advantages, including
seamless integration of clean energy generation and PQ
enhancement. It achieves simultancous improvements in

both voltage and current quality, while significantly
enhancing load current compensation through the
utilization of DCC control of PV-UPQC [7-9].
Furthermore, the PV-UPQC operates to stabilize the system
amidst a plethora of dynamic scenarios, encompassing
voltage sags/swells, load unbalance, and variations in
irradiation [10, 11]. To thoroughly evaluate the
performance of the proposed system, extensive analysis is
conducted under both dynamic and steady-state conditions,
employing the MATLAB/Simulink, simulating real-world
distribution system scenarios such as voltage sags/swells,
load unbalances, and variations in irradiation.

System configuration of PV-UPQC and control
strategy. The system is shown in Fig. 1 showcases the
configuration block diagram of the considered setup. It
comprises a shunt VSC and a series VSC, which are
interconnected through a shared DC link capacitor. The
shunt VSC is connected to the load side through
interfacing inductors, while the series VSC is linked in
series with the grid via coupling inductors, in order to
facilitate the integration of the PV-UPQC system [4].

To facilitate the injection of the voltage signal
generated by the series VSC, the PV-UPQC system uses a
series transformer. The shunt VSC is connected at the
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PCC on the load side, serving a dual role of compensating
for load current harmonics and delivering PV power to
the load [8, 12].

L Non Linear
v, Grid 1, Load

Unified Power Quality

Conditioner
T \
1 1
1

Photo Valtse

Fig. 1. General structure of PV-UPQC in grid

Series active power filter control. The series active
power filter (APF) plays a crucial role in voltage
compensation by determining the required voltage
injection into the grid to achieve a sinusoidal voltage
waveform with the correct magnitude and frequency [10].
The reference voltage 7. is subtracted from the supply
voltage, and the resulting voltage error is calculated and
compared to the system’s internal error voltage. The
hysteresis voltage controller governs the switching pattern
of the inverter, ensuring precise regulation of the output
voltage of the series APF [11]. Figure 2 illustrates the
fundamental schematic of a fixed hysteresis band (HB)
voltage control. Whenever the sensed output signal
deviates from the reference by a predetermined margin, a
comparison is made between the instantaneous value of
the output voltage and the reference voltage V' e
Subsequently, the inverter is activated to minimize the
discrepancy. Consequently, switching occurs each time
the output voltage crosses the HB threshold. The output
voltage signal of the series APF is provided by this
control mechanism:

V.=V. +HB —rising case;

V.= V: — HB — in decreasing case.

oI
2 sin) . » T
sin(H—T)
"%’_' r
2)e—pmes) » |
7’ 3 Load

Fig. 2. Simplified model for fixed HB voltage control

Shunt APF control. Figure 3,a illustrates the
fundamental principle of compensation of an APF
controlled by DCC. The control architecture for the APF
is designed to supply harmonic currents and compensate
for reactive power in non-linear loads, alleviating the
burden of supplying anything beyond the fundamental
active current [9]. The objective of this identification
strategy is to generate high-quality reference currents
using a simplified algorithm. After calculating the 3
sinusoidal signals through the application of the PLL
technique, as illustrated in Fig. 3,5, the output of the PI
controller in the DC voltage regulation stage is utilized as
the peak current (/) [5-7]. This peak current can be

multiplied by the sinusoidal signals to obtain the reference
source currents, expressed in:

i:a (0= Isp sin(at);
i (1) = I, sin(wt —120); )
() = I, sin(wt —240).
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Fig. 3. Model of DCC (a) and PLL mechanism ()

In accordance with the diagram presented in Fig. 3,
the source current at the PCC is represented as:

i) =ip()—=if (), 2
where i), if), i{f) denote, in sequence, the
instantaneous magnitudes of the source current, load
current and filter current.

In the presence of a nonlinear load, the load current
can be disintegrated into a fundamental component and
harmonic components, which can be expressed through a
Fourier series expansion in the following manner:

i (=" I,sin(not+g,);

ip () =1y sin(or + @) + Z:’zz I, sin(nat +g¢,),

where [, and ¢, denote the magnitude and phase angle of
the n™ harmonic current, while /; and ¢ represent the
magnitude and phase angle of the fundamental current.
Moreover, the instantaneous load power P, (f) can be
determined by the following:
PL() =V, (1) i (1) - 4)
By utilizing (3) and (4), the load power can be
rewritten as follows:
P (t)=V,,1; sin¥wt)cos(¢) +
+ V.11 sin(at) cos(ewt) sin(dy ) + 5)

+V, sin(wt)Zfzz I, sin(not +4,).

Furthermore, the load power can be represented as:

3
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PL(t) = Py () + B() + By (1) (6)
where Py,(f), P(f), Py(t) correspond, respectively, to the
fundamental power (real power), reactive power and
harmonic power consumed by the nonlinear load.

In an ideal compensation scenario, only the
fundamental power needs to be provided by the source.
The reactive and harmonic components are supplied by
the active filter. By examining (5) and (6), it can be
inferred that the absorbed fundamental power by the
nonlinear load can be expressed as:

Pji (6) =V, Iy sin? (@n) cos(dy) =V, ()i (1) . (7)

Based on (7) after compensation the current supplied
by the source is:

‘ fun()
Y070

Taking into account certain losses in the inverter, the
total peak current 7/, shown in Fig. 3 can be defined as:
Isp =Ly +1g, )

where Iy, I, Iy denote, respectively, the total peak
current, the maximum source current and the inverter loss
component.

In the DCC algorithm, the estimation of the peak
current relies on the DC current at the output of the DC
bus controller, and it can be expressed as:

1, sp 1, de- (10)

The three-phase reference currents of the filter can
now be expressed as:

=1, cos(¢)sin(art) = I, sin(wt). (8)

i5q (1) = I3, sin(er);
igh (1) = I, sin(er —120); (11)
ige (1) = Iy, sin(ar —240).

PV system control. There are several maximum
power point tracking (MPPT) control methods and
techniques available in the literature. However, the most
commonly used is Perturb and Observe (P&O) control [13]
used in this work. This algorithm maximizes power output
in solar energy systems through system perturbations and
monitoring the effects on output power. It compares current
and previous power values to determine the optimal
perturbation direction for maximum power. It is a widely
used and renowned algorithm in MPPT [13-16] (Fig. 4).

4P, W The system is moving
away from the Maximum

Power Point {(MPF)

PPM

Ver, V

P

Fig. 4. Characteristic Ppy =f (Vpy) of a solar panel

Figure 5 shows the flowchart of P&O algorithm.

Read (V(k), I(k))

l Calculate power P(k)= V(k)-I(k) l
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]

Fig. 5. P&O algorithm

Simulation results. The simulation parameters are
detailed in Table 1.

Table 1
Parameters of simulation

Parameter Value
Source voltage 380V
Line frequency 50 Hz
Line impedance R,=001Q,L,=0.1H
DC voltage 700 V
DC capacitor 2.35 mF
Load impedance 1 | R=90Q, L=1mH
Load impedance 2 | R=55Q, L =50 mH

After deciding which perturbations to apply to the
grids such as: voltage sag, swell and variation load to test
the response of our active filter, simulations were
performed using MATLAB/Simulink. The disruptions
follow the timeline shown below:

From 0 s to 0.2 s — UPQC.

From 0.2 s to 1.3 s — PV-UPQC is commissioned
with 700 W/m’.

From 0.4 s to 0.6 s — sag voltage (with 70 % of
normal voltage).

From 0.6 s to 1 s — normal operation.

From 1 s to 1.2 s — swell voltage (with 120 % of
normal voltage).

From 1.2 s to 2.3 s — normal operation.

From 1.3 s to 2 s — PV-UPQC commissioned with
1000 W/m’.

1.65 s — another load is applied.

From 2 s to 2.3 s — UPQC.

All details are summarized in Table 2. These
simulations were performed to analyze the behavior of the
active filter under different operating conditions and
disturbances.

Table2
Variations of voltage and load

Time,s [0-0.2/0.2-0.4|0.4-0.6({0.6—1|1-1.2|1.2-2.3|1.65-2.3
Voltage, pu| 1 1 0.7 1 1.2 1 1
Load Load 1 Load 2

Simulation results before using the PV-UPQC.
Active and reactive powers transit from the green source
to the load. This study encompasses 2 comprehensive
tests to evaluate the performance of our system. In the
first test, we conducted a simulation of the system
involving a source and a non-linear load. Our
observations revealed that the source dynamically
provides active and reactive power in response to load
variations, including voltage sag and swell. We
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meticulously explain the correlation between active and
reactive power variations and changes in voltage and
current, aligning them with the specific requirements of
the load (Fig. 6). The Total Harmonic Distortion (THD)
values are notably elevated in this case due to the
presence of a non-linear load (Fig. 7).

P, W; O, VAR Grid power

Active power source

8000

Reactive power source

7000
6000
5000
4000 - l_\
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2000
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.

0
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0
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Fig. 6. Active and reactive power source
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Fig. 7. Source current and its spectral analysis
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Simulation results after using the PV-UPQC. The
study is divided into 2 modes: the first mode is the
exclusive use of an UPQC in the intervals [0-0.2] s and
[2.1-2.3] s. The second mode involves using an UPQC in
conjunction with a PV (PV-UPQC) generator between
0.2 sand 2.1 s, with a non-linear load variation at 1.65 s.

Figure 8 represents the variation of the irradiance on
the PV system.

Irradiation
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Fig. 8. Variation of irradiation
When the irradiance is zero, the source only

provides active power equal to the power consumed by
the load. The reactive power consumed by the load is
handled by the UPQC (Fig. 9). This mode of operation is
reflected in the voltage and current of the grid being in
phase (Fig. 10).

The increase in irradiance is accompanied by a
decrease in source current with reversed phases,
signifying the grid’s initiation of absorbing active power
from the PV-UPQC (see Fig. 9, 10). Between 0.4 s and
0.6 s a deliberate voltage sag is applied, causing the
voltage to drop to 0.7 times the nominal voltage. Source
current flow intensifies to meet the load demand, as
evidenced by Fig. 9, 10, highlighting the substantial
contribution of the PV-UPQC in compensating for active
power instead of relying solely on the source.
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Fig. 9. Active power variation
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The integration of PV-UPQC ensures optimized
source current flow, effectively meeting load demand
while minimizing losses and enhancing overall system
efficiency. In contrast, during the time interval from 1 to
1.2 s, a voltage swell is introduced, resulting in the
voltage rising to 1.2 times the nominal voltage,
consequently, source current decreases.

Figures 9 — 11 illustrate the significant contribution
of PV-UPQC in compensating for active power instead of
relying solely on the source. At the instant 1.3 s, an
increase in irradiation to 1000 W/m? leads to a subsequent
rise in current value and, consequently, an increase in the
active power of the PV-UPQC. However, the introduction
of a new load at 1.65 s exceeds the capacity of the PV-
UPQC to fully meet the load’s power requirements,
resulting in a portion of the source’s power being utilized.

Figure 12 represents the evolution of the current
injected by the PV-UPQC, which follows its reference
accurately identified directly by the DCC method. We can
see that in the absence of irradiance, the PV Fast Active
Power (FAP) injects only harmonic currents. However, in
the presence of irradiance, the PV-FAP injects both the
PV current and the harmonic currents.
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Fig. 12. Injection current of PV-UPQC and its reference

UPQC compensates reactive power through one of its
main components, the shunt active power filter (SAPF). To
compensate for reactive power, the SAPF injects a current
into the system that is 180° out of phase with the reactive
component of the load’s current. This injected current
interacts with the reactive power, effectively canceling it
out and reducing the system’s overall reactive power
demand, as shown in Fig. 13. Thus reducing the system’s
reactive power demand and improving PQ.

1000 0, VAR Reactive power
1 Reactive power source ' >
2 Reactive power PV-UPQC
800 3 Reactive power load 4
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Fig. 13. Reactive power variation

UPQC-PV effectively reduces the THD of the
current (Fig. 14).

Figure 15 demonstrates that DC bus voltage follows
its reference after each interruption, which shows the
effectiveness of the proposed controller.
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Fig. 14. Source current and its spectral analysis after using PV-UPQC
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Fig. 15. DC bus V. and its reference
Conclusions. Photovoltaic-Unified Power Quality

Conditioner (PV-UPQC) assumes a pivotal role in
enhancing power quality. This paper underscores its valuable
features, including its ability to improve instantaneous
waveforms (both currents and voltages), mitigate voltage
sags and swells, save active power, and compensate reactive
power. These attributes are crucial for optimizing the
utilization of electrical energy and reducing energy wastage.

Our proposed method involves employing the direct
current control method for the parallel active power filter.
This method enables real-time injection of harmonic
currents equal in magnitude and opposite in phase to those
absorbed by the nonlinear load. Additionally, for series
active power filters, we utilize hysteresis control, which
acts as a controllable voltage source and counters
troublesome voltage variations such as sags and swells.
This comprehensive control approach addresses multiple
issues simultaneously, including the mitigation of voltage
disturbances, improvement of current waveforms,
compensation for reactive power, and utilization of solar
energy when available (irradiation-based).

Finally, the positive results outlined in this paper
affirm the effectiveness of the PV-UPQC device in
enhancing the reliability and flexibility of energy systems.
These benefits extend across a wide range of industrial
and residential applications, thereby providing tangible
advantages to users.

Conflict of interest. The authors declare that they
have no conflicts of interest.

REFERENCES
1. Song Y., Nian H. Sinusoidal Output Current Implementation
of DFIG Using Repetitive Control Under a Generalized
Harmonic Power Grid With Frequency Deviation. [EEE

46

Electrical Engineering & Electromechanics, 2024, no. 4



Transactions on Power Electronics, 2015, vol. 30, no. 12, pp.
6751-6762. doi: https://doi.org/10.1109/TPEL.2015.2390213.

2018, vol. 33, no. 3, pp. 2073-2082. doi:

https://doi.org/10.1109/TPEL.2017.2697821.

2. Azeredo L.F.S., Yahyaoui I, Fiorotti R., Fardin J.F., Garcia-
Pereira H., Rocha H.R.O. Study of reducing losses, short-circuit
currents and harmonics by allocation of distributed generation,
capacitor banks and fault current limiters in distribution grids.
Applied Energy, 2023, vol. 350, art. no. 121760. doi:
https://doi.org/10.1016/j.apenergy.2023.121760.

3. Wang G., Wu Z., Liu Z. Predictive direct control strategy of
unified power quality conditioner based on power angle control.
International Journal of Electrical Power & Energy Systems,

2024, vol. 156, art. no. 109718. doi:
https://doi.org/10.1016/j.ijepes.2023.109718.
4. Reisi AR., Moradi M.H., Showkati H. Combined

photovoltaic and unified power quality controller to improve
power quality. Solar Energy, 2013, vol. 88, pp. 154-162. doi:
https://doi.org/10.1016/j.solener.2012.11.024.

5. Chemidi A., Benhabib M.C., Bourouis M.A. Performance
improvement of shunt active power filter based on indirect
control with a new robust phase-locked loop. Electrical
Engineering & Electromechanics, 2022, no. 4, pp. 51-56. doi:
https://doi.org/10.20998/2074-272X.2022.4.07.

6. Chen D., Xu Z., Xiao L., Yan W., Guo Y. A direct current
control strategy based on vector resonance controller for shunt
active power filter. Energy Reports, 2022, vol. 8, pp. 122-130.
doi: https://doi.org/10.1016/j.egyr.2022.01.158.

7. Patjoshi R.K., Mahapatra K.K. Performance comparison of
direct and indirect current control techniques applied to a sliding
mode based shunt active power filter. 2013 Annual IEEE India
Conference (INDICON), 2013, pp- 1-5. doi:
https://doi.org/10.1109/INDCON.2013.6725854.

8. Djeghader Y., Zellouma L., Lakehal A., Chelli Z. Harmonic
Mitigation in Electrical Radial Distribution System Using
Photovoltaic Unified Power Quality Conditioner (PV-UPQC). 2019
8th International Conference on Systems and Control (ICSC), 2019,
pp. 94-99. doi: https://doi.org/10.1109/ICSC47195.2019.8950507.
9. Nedeljkovic D., Nemec M., Drobnic K., Ambrozic V. Direct
Current Control of Active Power Filter without Filter Current
Measurement. 2008 International Symposium on Power
Electronics, Electrical Drives, Automation and Motion, 2008, pp.
72-76. doi: https://doi.org/10.1109/SPEEDHAM.2008.4581257.
10. Javadi A., Woodward L., Al-Haddad K. Real-Time
Implementation of a Three-Phase THSeAF Based on a VSC and
a P+R Controller to Improve the Power Quality of Weak
Distribution Systems. IEEE Transactions on Power Electronics,

How to cite this article:

11. Gopal Reddy S., Ganapathy S., Manikandan M. Power
quality improvement in distribution system based on dynamic
voltage restorer using PI tuned fuzzy logic controller. Electrical
Engineering & Electromechanics, 2022, no. 1, pp. 44-50. doi:
https://doi.org/10.20998/2074-272X.2022.1.06.

12. Sai Thrinath B.V., Prabhu S., Meghya Nayak B. Power
quality improvement by using photovoltaic based shunt active
harmonic filter with Z-source inverter converter. Electrical
Engineering & Electromechanics, 2022, no. 6, pp. 35-41. doi:
https://doi.org/10.20998/2074-272X.2022.6.06.

13. Belila H., Boudjerda N., Bahri 1., Boubakir A. Robust
Hybrid Control Strategy PI-Sliding Mode Control of a
STATCOM in the Presence of a Decentralized PV Source.
Przeglad Elektrotechniczny, 2022, vol. 98, no. 10, pp. 292-298.
doi: https://doi.org/10.15199/48.2022.10.66.

14. Djazia K., Sarra M. Improving the quality of energy using
an active power filter with zero direct power command control
related to a photovoltaic system connected to a network.
Electrical Engineering & Electromechanics, 2023, no. 5, pp. 20-
25. doi: https://doi.org/10.20998/2074-272X.2023.5.03.

15. Djeghader Y., Boumous Z., Boumous S. Investigation and
Filtering of Harmonic Currents in Hybrids Renewable Energy
System. Przeglad FElektrotechniczny, 2023, vol. 99, no. 1, pp.
124-128. doi: https://doi.org/10.15199/48.2023.01.24.

16. Mansor M.A., Hasan K., Othman M.M., Noor S.Z.B.M.,
Musirin I. Construction and Performance Investigation of Three-
Phase Solar PV and Battery Energy Storage System Integrated
UPQC. IEEE Access, 2020, vol. 8, no. 103511-103538. doi:
https://doi.org/10.1109/ACCESS.2020.2997056.

Received 06.01.2024
Accepted 26.03.2024
Published 20.06.2024

Choayb Bousnoubral, PhD Student,

Yacine Djeghader', Associate Professor,

Hassen Belilaz, Associate Professor,

!"University of Souk-Ahras, LEER Laboratory,

41000, Souk-Ahras, Algeria,

e-mail: c.bousnoubra@univ-soukahras.dz (Corresponding Author);
yacine.djeghader@univ-soukahras.dz

? University of Oum El Bouaghi, Science and Applied Sciences
Faculty, LENT Laboratory, 04000, Oum El Bouaghi, Algeria,
e-mail: hassen.belila@univ-oeb.dz

Bousnoubra C., Djeghader Y., Belila H. Contribution of using a photovoltaic unified power quality conditioner in power quality
improvement. Electrical Engineering & Electromechanics, 2024, no. 4, pp. 42-47. doi: https://doi.org/10.20998/2074-

272X.2024.4.05

Electrical Engineering & Electromechanics, 2024, no. 4

47



