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ABSTRACT: This paper presents a approach to enhance power quality and grid stability by integrating a Photovoltaic
(PV) Array-based Distribution Static Compensator (DSTATCOM) with a multilevel inverter. The system leverages the
clean energy generated by PV arrays for both active and reactive power compensation in distribution networks,
addressing issues like voltage sags, swells, and harmonics. A multilevel inverter topology is employed to efficiently
convert the DC power from the PV array into high-quality AC power with reduced harmonic distortion and improved
efficiency. Advanced control techniques such as Maximum Power Point Tracking (MPPT) for the PV array and Pulse
Width Modulation (PWM) for the inverter ensure optimal performance under varying load and environmental
conditions. The system's scalability and modularity make it suitable for smart grid applications, industrial setups, and
renewable energy integration. Simulation and experimental results validate the system's effectiveness in improving
power quality, reducing Total Harmonic Distortion (THD), and maintaining grid stability while promoting sustainable
energy utilization.

KEYWORD: Multi-level inverter, D-STATCOM, Total Harmonic Distortion
I. INTRODUCTION

As the demand for electricity continues to increase, alternative green energy sources are becoming more popular.
Photovoltaic is one of the most promising sustainable and environmentally friendly energy innovations used as an
alternative energy source. To improve performance, the integration of photovoltaic energy into the load requires the
support of power electronic converters. Due to the widespread use of power electronic converters in standalone and
grid-based systems, their complexity is rapidly evolving [1].

Distributed energy generation systems based on smart grids will replace the current centralized and large-scale grid-
dependent power systems in a sustainable future. To achieve this, the world is increasingly using renewable energy
sources such as fuel cells, solar, wind and tidal power [2, 3].

Power supply hardware is the basis for delivering energy from solar, wind and other green energy sources. The
electricity generated by solar power systems is direct current, so a converter is required to convert it to alternating
current. Similarly, a highly efficient generator is required to convert wind energy. Furthermore, power converters
contribute to improving waveforms by reducing harmonics and achieving a high power factor. Technological
developments over time, especially in power electronics applications, have brought many technical conveniences and
economic advantages. However, they have also brought new challenges to the operation of power grids. Stringent
environmental requirements, the evolution of energy markets and the privatization of the energy supply industry are
forcing power systems to operate increasingly at and even beyond their maximum performance limits in order to
expand resource utilization [4, 5]. To avoid real-world functional problems arising under these conditions, various
aspects of the power supply functionality must keep in mind the safe and reliable operation of the system.

One of the principle themes of unique concern is the part of power quality which manages, among others, voltage

characteristics, current characteristics and in particular control and forecast of harmonics. Dugan et al. distributed a
reading material in 1995 featuring this angle [6].
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Since the nature of electrical power, e.g. the utility-provided voltage or the client-infused current has become a crucial
element, and interest in identifying, illustrating, or—above all—estimating system behavior grows steadily. The broad
utilization of power electronic loads in distribution networks requests substitute techniques to figure power quality
issues previously they happen keeping in mind the end goal to keep up solid system task [7]. Routinely, power
distribution systems are designed to work with unadulterated sinusoidal waveforms and electric utilities endeavour to
meet this prerequisite. However, the nearness of harmonics in the power system speaks to a risk to touchy types of gear
like adjustable speed drives, power electronic loads, PCs and so forth. All the while, amid their typical activity, these
types of gear acquaint distortion with the consistent state current and voltages. These conditions have set the reason for
giving careful consideration to the nature of electrical power and tending to the issue of voltage and current harmonic
distortion. As a tenable solution, efforts are made to define relentless state harmonic points of confinement as rules for
electrical systems that have power devices or other nonlinear loads. Gauges force confinements on harmonic currents
which thusly impact the voltage waveform [8, 9].

II. MULTILEVEL INVERTER

The multilevel converter modulation techniques are depicted in Figure 1. There are two types of modulation control
schemes for the multilevel inverter: fundamental switching frequency and high switching frequency PWM, which
includes multilevel space vector PWM, multilevel carrier-based PWM, and selective harmonic elimination. Multiple
carriers are required for multilevel SPWM. Every DC source requires a different carrier. Based on the traditional
SPWM with triangular carriers, a number of multi-carrier techniques have been developed to reduce the distortion in
multilevel converters. Phase shifting of multiple carrier signals is used in some techniques, while carrier disposition is
used in others. In general, (n-1) carriers are required for a multilevel inverter with 'n' levels. The different carrier PWM
techniques that can be applied to multi-level inverters are as follows [10,11]:
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Figure 1: Multilevel converter modulation methods

Level Shifted PWM (LSPWM)
This modulation method is especially useful for NPC converters, since each carrier can be easily associated to two
power switches of the converter.
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Figure 2: LS-PWM carrier arrangements: (a) PD, (b) POD, and (c) APOD
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Compared to PSPWM, LSPWM produces less distorted line voltages because all of the carriers are in phase [7].
Furthermore, this principle can be applied to any multilevel converter topology because it is based on the output voltage
levels of an inverter. However, because it results in an unequal distribution of power among the various cells, this
approach is not recommended for CHB and FC. In contrast to PSPWM, this results in capacitor unbalance in the FC
and input current distortion in the CHB [8, 9]. The LS-PWM carrier arrangements are displayed in Figure 2.

Phase Shift Pulse Width Modulation

PWM signals are pulse trains which are applied to the gate of switches to perform the operation of converter. The pulse
trains are fixed frequency and magnitude and variable pulse width [10]. There is one beat of settled extent in each
PWM period. In any case, the width of the beats changes from period to period as indicated by a regulating signal. At
the point when a PWM flag is connected to the entryway of a power transistor, it causes the turn on and kills interims
of the transistor to change starting with one PWM period then onto the next PWM period as indicated by the same
regulating signal and thus working of converter begins. The recurrence of a PWM flag must be substantially higher
than that of the regulating signal, the major recurrence, with the end goal that the vitality conveyed to the heap depends
generally on the tweaking signal. The control of yield voltage is done utilizing beat width balance [11, 12].
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Figure 3: Phase Shift PWM

This technique uses a set of carriers that are all phase-shifted. The four triangular carriers are phase-shifted by 90°.
Using the same sampling period, it has four times larger switching frequency than that of other techniques. This
technique is specially conceived for FC and CHB converters. Since each FC cell is a two-level converter, and each
CHB cell is a three-level inverter, the traditional bipolar and unipolar PWM techniques can be used, respectively. Due
to the modularity of these topologies, each cell can be modulated independently using the same reference signal [13].

Total Harmonic Distortion

The total harmonic distortion (THD or THDi) is a measurement of the harmonic distortion present in a signal and is
defined as the ratio of the sum of the powers of all harmonic components to the power of the fundamental
frequency. Distortion factor, a closely related term, is sometimes used as a synonym.

In audio systems, lower distortion means the components in a loudspeaker, amplifier or microphone or other equipment
produce a more accurate reproduction of an audio recording.

In radio communications, devices with lower THD tend to produce less unintentional interference with other electronic
devices. Since harmonic distortion tends to widen the frequency spectrum of the output emissions from a device by
adding signals at multiples of the input frequency, devices with high THD are less suitable in applications such
as spectrum sharing and spectrum sensing [14, 15].

In power systems, lower THD implies lower peak currents, less heating, lower electromagnetic emissions, and less core
loss in motors.
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Figure 4: Output Waveform of Distortion
II1. LITERATURE REVIEW

Sarwar et al. (2023, [1]), when generation or load conditions are disturbed, the power system may encounter stability
issues, especially when distributed generation (DG) based on renewable energy sources (RER) is present. In this paper,
we propose a stability improvement system for intelligent wind power systems (WPGS) using a combination of three
devices: a power system stabilizer (PSS), a resistive superconducting problem current limiter (R-SFCL), and a static
integrated circuit compensator (STATCOM). The small signal stability (SS) of the test system is improved by selecting
the optimal PSS type from various PSS types. Using the R-SFCL can improve both the frequency stability and rotor
angle of the test system. The Sum of Maximum Deviations (SMD) index and the Transient Stability Index are two new
indexes that can be used to determine the optimal locations of R-SFCLs of different sizes to improve rotor angle
stability. The optimal locations of R-SFCLs of different sizes to improve frequency stability are determined using a
Sensitivity Index (SI) based on the performance difference between the locations. In addition to rotor angle and
frequency stability, the improvement of STATCOM-based LVRT capabilities for wind farms is also considered.
Finally, the impact of the combination of R-SFCL and STATCOM on rotor position and frequency stability for
different weaknesses is also investigated to determine the ideal location of R-SFCL relative to the STATCOM. The
results presented in the paper show that the STATCOM influences both the number of reachable locations and the ideal
locations that can be selected for R-SFCLs of different sizes, improving the rotor position and frequency stability of the
system during weaknesses. Furthermore, it is highlighted that the use of an ideal combination of R-SFCL and
STATCOM size and location can improve the overall stability of the test system under fault conditions.

Marouani et al. (2023, [2]), additionally, the paper provides a performance comparison of these various optimization
methods, which can be helpful in selecting the best approach for a particular issue. At last, the paper offers some
guidance for future exploration in this field, for example, growing new improvement strategies that can deal with the
intricacy of the advancement issue and integrating vulnerabilities into the enhancement model. As a whole, the paper is
a useful resource for researchers and practitioners working in the field of power systems optimization because it
summarizes the various optimization methods that were used to solve the FACTS optimization problem and offers
insights into their performance and applicability.

Abdelsattar et al. (2022, [3]), due to the increasing demand for electricity, renewable energy sources are gaining
attention as a viable energy source. One of the most important green energy sources is wind power. Due to many
advantages such as variable speed operation and autonomous power control, doubly fed induction generator (DFIG)
wind farms are gaining attention. When the stator winding of a DFIG is directly connected to the power grid, a
protection system prevents the rotor side converter (RSC) from operating during a power grid fault, as this could
expose the rotor winding to undesirable high currents. Therefore, voltage stability plays a key role in keeping DFIG-
based wind farms operational during grid disruptions and errors. To restore voltage levels in the Egyptian power grid
connected to the Al Zafarana 5th stage wind farm consisting of 100 Gamesa G52/850 kW DFIG machines, this article
uses a static synchronous compensator (STATCOM). In this article, the STATCOM is limited by its corresponding
principle function (PI) and compared with its fluffy rationale control (FLC) limited STATCOM.
MATLAB/SIMULINK environment is used for simulation. Furthermore, the simulation results show that the
STATCOM device with fuzzy logic controller outperforms the STATCOM device with PI controller in its ability to
mitigate the effects of grid disturbances and faults such as voltage sags and surges. Furthermore, the STATCOM device
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based on FLC addresses the system stability and performance quality, as well as the power system conversion strategies
of current and future wind turbines.

Ramyani Chakrabarty et al. (2021, [4]), this paper describes the operation of a cascaded H-bridge multilevel inverter
(RSDCHBMLI) with reduced switching power and a single DC source. Compared with traditional multilevel inverters,
RSDCHBMLI has many advantages, including: B. fewer components, inherent isolation, and a single DC source. This
paper proposes the application of RSDCHBMLI as a DSTATCOM in weakly distributed systems. The use of a single
DC link capacitor in this topology eliminates the capacitor voltage balance problem in DSTATCOM operation. The
DSTATCOM operates in current control mode (CCM) with finite control set model predictive control (FCS-MPC).
FCS-MPC successfully performs load compensation independently in the presence of source impedance while
maintaining a sinusoidal voltage at the point of common coupling (PCC) without the need for a modulator or additional
control techniques. Different control schemes for maintaining the DC bus voltage are also discussed in this paper.

Mehedi et al. (2021, [5]), the use of FACTS devices in power systems has become increasingly popular in recent years
as they offer various benefits such as improved voltage profiles, reduced power losses, and increased system reliability
and safety. However, determining the ideal type, location, and size of FACTS devices can be a challenging
optimization problem due to a mixture of integer, nonlinear, and nonconvex constraints. Researchers have used various
optimization techniques to determine the best way to install FACTS devices in power systems to solve this problem.
This paper provides a comprehensive and detailed analysis of various optimization techniques used in published works
in this field. This study classifies optimization methods into four broad categories: classical optimization strategies,
metaheuristic methods, analytical strategies, and mixed or hybrid methods. Classical optimization methods are proven
strategies for solving optimization problems. Metaheuristic methods are stochastic search algorithms that are effective
for non-convex conditions. Analytical strategies include consciousness analysis and trend-based optimization methods.
To improve the quality of the solution, mixed or hybrid methods combine different optimization strategies.

Sadiq R et al. (2021, [6]), the development of renewable energy sources (RES) and their integration into the traditional
power grid has increased significantly in recent years. With the transformation of the power grid enabled by the large-
scale penetration of converter-based RES such as wind and photovoltaic (PV), the operation and control of the
networked power system has become a challenging task to maintain its strength and reliability. As the dynamic
behavior of converter-connected renewable sources differs from traditional generation, the power system faces several
emerging stability issues. In this regard, parallel flexible AC transmission systems (FACTS), known as static
synchronous compensators (STATCOMSs), have been recognized as a fundamental solution to ensure the stability of the
power system. This paper presents a comprehensive and state-of-the-art study of STATCOM control in power systems
connected to wind or photovoltaic generation, improving the system performance by addressing the key stability issues
regarding rotor point safety, voltage stability, and feedback reliability. A comprehensive analysis of different
STATCOM control techniques is provided based on traditional adaptive, nonlinear, predictive, robust coordinated
control and soft computing techniques. The capabilities of grid-side converters of wind/photovoltaic power systems as
STATCOMs are also evaluated. Finally, some ideas for future research are presented, current control issues are
discussed, and shortcomings of existing research are highlighted. To further improve the stability of today's power
grids, this paper provides researchers with an opportunity to consider state-of-the-art techniques and develop new
STATCOM control systems.

Meddeb et al. (2020, [7]), has presented UPFC and SVC control for effective power grid stability. The aim of this
study is to investigate the role that FACTS devices play in attenuating voltage fluctuations under fault conditions.
When applied to an IEEE-14 bus test system, the simulation results show that the inclusion of UPFC and SVC
improves the accuracy of power grid voltage stability. The well-known EUROSTAG software is used for this case
study. Recently, there has been a surge in the demand for electricity. However, due to resource shortages, the power
transmission and distribution network is unable to fully meet the demand. Power lines have losses, which makes it
difficult to transmit as much power as possible. One of the best ways to reduce line losses is to use Flexible AC
Transmission Systems (FACTS). This paper proposes a reality-based approach to limit the power shortage within a
framework. Doing this also improves the performance of the switchgear and protection hardware. In addition, the fault
current of the switched system is lower, allowing more power to be transferred. In this case, a Static Coordinated Series
Compensator (SSSC), a Static Simultaneous Compensator (STATCOM), and a Linked Power Current Controller
(UPFC) are evaluated. The STATCOM and UPFC reduce the fault current significantly. In addition to voltage
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regulation and power flow control, the STATCOM and UPFC can also reduce the fault current in the power grid. The
effectiveness of the model is evaluated using a MATLAB/Simulink model.

IV. METHODOLOGY

Depends on the nature of the application MLI is selected, in this paper Switched-Capacitor Based Multilevel Inverter
and SRF control technique for DSTATCOM is used to extract ref. Currents to generate pulses (PWM) for the proposed
topology represented in fig 5.
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Fig. 5: Structure of Proposed Methodology

The proposed system combines a PV array, a DSTATCOM, and a multilevel inverter to enhance power quality and grid
stability. The methodology follows these key steps:
1. System Design and Configuration
¢ Photovoltaic (PV) Array:
o The PV array acts as the primary energy source.
o Incorporates a Maximum Power Point Tracking (MPPT) algorithm to optimize energy harvesting under varying
solar irradiance and temperature conditions.
o The DC output of the PV array is regulated for stable operation.

e DSTATCOM (Distribution Static Compensator):
o The DSTATCOM is designed to provide reactive power compensation and voltage regulation in the distribution
network.
o Works in synergy with the PV array to support active power delivery when surplus power is available.

e Multilevel Inverter:
o Converts DC power from the PV array to high-quality AC power.
o A multilevel topology (e.g., Cascaded H-Bridge, Diode-Clamped, or Flying Capacitor) is chosen to achieve
reduced Total Harmonic Distortion (THD) and enhanced efficiency.

2. Control Strategies
e Maximum Power Point Tracking (MPPT):
o Algorithms such as Perturb and Observe (P&O) or Incremental Conductance are implemented to ensure the PV
array operates at its peak power point under varying environmental conditions.

e Inverter Control:

o A Pulse Width Modulation (PWM) technique is applied to control the switching of the multilevel inverter.

o Advanced control methods, such as space vector modulation (SVM) or sinusoidal PWM, are utilized to achieve
precise voltage and current waveforms with low THD.

e DSTATCOM Control:

o A voltage source converter (VSC) control strategy is employed to inject or absorb reactive power, ensuring
voltage regulation and power factor correction.
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o Real-time measurement of grid parameters (voltage, current, and frequency) is performed to adaptively adjust
reactive power compensation.

V. CONCLUSION

This study demonstrates the effectiveness of integrating a PV Array-based DSTATCOM with a multilevel inverter to
enhance power quality and grid stability in distribution systems. The proposed system efficiently utilizes solar energy
to provide both active and reactive power compensation, addressing critical power quality issues such as harmonics,
voltage sags, and swells. By employing a multilevel inverter topology, the system achieves reduced Total Harmonic
Distortion (THD) and improved conversion efficiency, making it a reliable solution for modern power networks.

Advanced control strategies, including Maximum Power Point Tracking (MPPT) and optimized modulation techniques,
ensure seamless operation under dynamic load and environmental conditions. The modular and scalable design of the
multilevel inverter enhances its adaptability to various applications, including smart grids, industrial systems, and
renewable energy integration.
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