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Abstract: Addressing power quality issues in today’s modern electrical systems have become a significantly important topic 

for all consumers. Power quality issues play a vital role for reliability and efficiency of electrical networks. With distributed 

generations and mainly solar and wind energy installations power quality issues become a challenge to tackle. Power quality 

issues such as voltage sag, voltage swell, load changes and harmonics can cause financial losses, distributions in the operations 

and damage devices and equipment that is used in facilities and in daily life. There are custom power electronic devices that can 

overcome these power quality issues and improve stability. To ensure stability of voltage and reduce Total Harmonic Distortions 

(THD), Distribution Static Synchronous Compensators (D-STATCOM) is used in this paper simulate a hybrid electrical system 

in MATLAB/SIMULINK as well as compared with real site data. D-STATCOM is widely used in distribution systems due to 

their capabilities in voltage fluctuation mitigation, reduce THD, rapid response to reactive power support and improving system 

efficiency. In this study, P&O control algorithm is used and D-STACOM is integrated in the work to enhance power quality in 

total. With the current control technic and simulation THD is reduced significantly in hybrid electrical system. The simulation 

result also checked with real plant data and it is clear that D-STATCOM can support plant to reduce THD and improve power 

quality in electrical systems. 
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1. Introduction 

In today’s world, to ensure a reliable of power to all con-

sumers is essential. However, ensuring an efficient power to 

all users it is not that simple and smooth from generation to 

end users. With increase of capacity and distributed genera-

tions, power quality becomes a more significant issue than 

ever. In the last decade, PV and Wind power is the main re-

newable energy sources that is installed significantly in global 

level and it is expected to increase in coming decades too [1]. 

 This means more transmission and distribution systems to 

be installed as well as having more decentralised networks in 

the electricity infrastructure. Small and large scale of these 
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distributed generations have good impacts on the grid for sta-

bilisation of the load and voltage.  

On the other hand it brings up some power quality issues 

that needs to be optimised in to provide more efficient power 

to consumers, avoid delays and financial losses in the indus-

trial facilities and reduce damaging devices and losses that is 

wasted in a power systems [2]. 

The most common power quality issues are voltage fluctu-

ations, frequency and harmonics in the system. As the grid 

systems getting more complicated and generation moving to 

decentralised significantly, Power quality is an emerging chal-

lenge that need to be examined. There are technical solutions 

to minimise these issues to deliver better results. Installing 

power electronic devices, implementing advance control sys-

tems and advance real time analysing and monitoring will sup-

port to minimise the power quality issues [3]. Besides, grid 

regulations and standards also help for reliability of power. In 

this study, PV and Wind power with DSTATCOM is exam-

ined and positive effect of it has been demonstrated in simula-

tion and with real site data.  

1.1 Motivation  

In recent years, the world is investing in renewable energy 

sources dramatically and many countries support energy mix 

diversifications [4]. As more clean energy sources are in-

stalled such as solar, wind and storage systems, it brings up 

power quality challenges in the power networks. This issue 

will become more crucial moving towards to distributed gen-

erations. Therefore, the motivation behind this study is to fo-

cus on reducing power quality issues and increase stability. 

1.2 Literature Review 

Power quality issues have been discussed extensively in 

some studies which is especially focused on PV, Wind power 

and Storage systems [5]-[6]. In [5], mitigation of power qual-

ity is examined extensively with using Static Synchronous 

Compensator (STATCOM) in power system and its positive 

effects to power systems and increasing voltage control stabil-

ity. In [7], a comprehensive review is done for power elec-

tronic devices as well as an overview for control strategies in 

the distributed systems. There are recently some studies that 

is focused on improving the control systems in Hybrid renew-

able energy systems [8] to optimize power quality issues with 

dynamic load variations in grid with power electronic equip-

ment and validate the simulation on MATLAB/Simulink [9].  

As control strategies play a vital role in mitigation of power 

quality issues and especially Inverters has a critical role in the 

plants, [10] focused on control strategies of Photovoltaic in-

verters. In [11], a review on control and optimization for solar 

inverters have been considered to improve performance. In 

[12] An Atom Search Optimization (ASO) and  Unified 

Power Quality Conditioner (UPQC) is examined  for im-

provement of Power Quality for various loads in grid, main-

tain voltage stability and reduce THD.  

Most of these studies have raised the emerging power qual-

ity issues in hybrid renewable energy systems. In order to min-

imize power quality issues different power electronic devices 

and control systems used and optimization of PV inverters ad-

dressed. 

1.3 Contributions 

The main contributions of the current paper as follow: 

• Linear and non-linear loads are connected in the simu-

lation and results were examined and validated with real plant 

installations. 

• D-STATCOM has been integrated to system to  reduce 

THD and increase voltage stability and provide more reliable 

power to system. 

• Improvements have been done in control strategies to 

increase output and create more reliable hybrid system 

• Perturb and Observe (P&O) algorithm is used for opti-

mization as it is one of the most widely used MPPT techniques 

because of its simplicity and effectiveness. 

• MATLAB/Simulink results have been compared with 

real site data and the results are verified that the proposed con-

trol systems and implementing of D-STATCOM can signifi-

cantly reduce THD.  

  Integrating photovoltaic (PV) systems with wind turbines, 

along with a D-STATCOM, can significantly enhance the 



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH  
H. F. Aslan and M. Farsadi Vol.14, No.3, September, 2024 

 505 

power quality of distributed generation systems, creating a 

sustainable level of power quality. The following describes 

how each component contributes to the overall 

MATLAB/Simulink system that has been used in this study. 

Common used energy sources, components and power quality 

issues are described. 

1.4 Photovoltaic (PV) System 

PV systems convert sunlight into electricity, generating DC 

power. When integrated into a power system, they can help 

reduce reliance on traditional fossil-fuel-based electricity, thus 

contributing to sustainability and lowering carbon footprints. 

1.5 Wind Turbines 

Wind turbines simply harness wind energy and convert it 

into electricity with their blades, which turn around a rotor and 

spin a generator that produces energy. Similar to PV systems, 

wind turbines contribute to the generation of renewable energy 

and can be particularly useful in areas with consistent wind 

patterns. The control structures of wind turbines include 

blades, a generator, and converters with an induction genera-

tor or a PMSG [13].  

1.6 Distribution Static Synchronous Compensator (DSTAT-

COM) 

A D-STATCOM is a shunt-connected power electronic de-

vice used for mitigating power quality issues in distribution 

systems. Renewable energy sources, such as solar and wind 

power, can introduce fluctuations. A D-STATCOM helps 

maintain stability and quality in the context of variable power 

generation. It can rapidly inject or absorb the demanded reac-

tive power to balance the grid and make many improvements 

that enhance the power quality’s parameters, such as voltage 

stability, flicker reduction, and harmonic suppression, as well 

as reliability in a hybrid electrical system [14]. 

1.7 Power Quality Improvement Strategies 

Voltage Regulation: PV and wind systems, both of which 

rely on intermittent energy sources, can cause voltage fluctu-

ations in a distribution grid [15]. D-STATCOMs can help reg-

ulate voltage levels by injecting or absorbing reactive power 

as required by the grid. 

Harmonic Suppression: Power electronic converters used 

in PV and wind systems can introduce harmonics into a grid, 

leading to power quality issues [16]. D-STATCOMs equipped 

with harmonic filtering capabilities can mitigate these har-

monics, ensuring cleaner power delivery to consumers. 

Power Factor Correction: D-STATCOMs can improve the 

power factor of a system by injecting reactive power as 

needed. This helps in reducing line losses and optimizing the 

utilization of a distribution system’s infrastructure. 

Flicker Reduction: Variations in power generation from re-

newable sources, such as wind and solar power, can cause 

flickering in systems with a weak current and sensitive equip-

ment [17]. Voltage flickers are a challenge in hybrid systems, 

because the inverters in these systems rapidly change the ac-

tive power and cause unstable loads [18]. D-STATCOMs can 

smooth out such fluctuations, ensuring stable voltage levels 

and minimizing the effects of flickering. 

2. Solar Power 

The working principle of PV system, MMPT logic and Per-

turb and Observe (P&O) algorithm is stated in this section. A 

circuit diagram of a sun-oriented photovoltaic cell is presented 

in Figure 1, demonstrating the working principle of solar pan-

els [19]. Figure 2 shows the working principle of a PV cell, 

which is the ability of a semiconductor to absorb photons and 

release electrons [20].  

Figure 1. Circuit diagram of a solar panel 
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Figure 2. Basic working principle of a PV cell. 

2.1 Maximum power point tracking (MPPT) method 

Maximum Power Point Tracking (MPPT) is a technology 

used in photovoltaic (PV) systems to optimize the output of 

energy from solar panels and the efficiency of the inverters. 

Our system ensures that photovoltaics (PV) in panels operate 

at their maximum level of power output under varying envi-

ronmental conditions, including sunlight intensity and temper-

ature. MPPT performance is affected by some weather factors 

such as cloud, trees, shading, dust etc. To minimize these ef-

fects too, most widely used MPPT method is the Perturb and 

Observe (P&O) algorithm, which is used in the 

MATLAB/Simulink simulation in this paper [21]. 

MPPT is essential because the maximum power point 

(MPP) of a solar panel varies with factors such as temperature 

and irradiance. The MPPT is the point on the voltage–current 

curve (I–V curve) of the PV panel at which the production of 

the voltage and current is at the maximum. Operating a PV 

panel at this point ensures the highest efficiency and maxi-

mum power output. MPPT is a special optimization algorithm 

that mainly controls systems in PV systems [22]-[23]. 

2.2 Perturb and Observe (P&O) Algorithm 

The Perturb and Observe (P&O) algorithm is one of the 

most widely used MPPT techniques because of its simplicity 

and effectiveness. It is a very effective standard algorithm for 

the optimization of power output in PVs [24]. It works in the 

following ways: 

Power Observation: After a perturbation, the algorithm ob-

serves the change in the power output by comparing the power 

output at the new operating point with that at the previous 

point. 

Direction Determination: The algorithm determines 

whether the perturbation moves the operating point closer to 

or farther away from the MPP based on the change in the 

power output. 

Optimization: The algorithm is a simple but effective 

method for maximum power point tracking (MPPT) in photo-

voltaic (PV) systems. We optimized the P&O algorithm by 

addressing its inherent limitations. We also enhanced its per-

formance by tuning some parameters. Depending on whether 

the power increases or decreases significantly, the P&O algo-

rithm may change the direction of the perturbation. Until the 

maximum point of the power is achieved, this process is re-

peated.  

Convergence: The algorithm iteratively adjusts the operat-

ing point until it converges to the MPP, where further pertur-

bations result in a decrease in the power output.  MPPT uses 

dc-dc converter to receive maximum output from PV and this 

process is a continues process via Duty cycle control to check 

irradiance and send command to inverter to check voltage and 

current in the system till peak power output is reached. Figure 

3 below demonstrates block diagram of the MPPT [25]. 

Figure 3. Block diagram of the MPPT algorithm 
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As solar is one of main driven renewable energy source and 

it is intermittent, the control algorithm has various effects on 

the power system. Therefore P&O algorithm is proposed to 

have more efficient output and reduce power quality issues.  

3. Wind Turbine Model with PMSG 

A wind turbine with a permanent magnet synchronous gen-

erator (PMSG) is a common configuration in modern wind 

power systems. The reason is commonly used due to their 

promising high efficiency, low maintenance and flexible in 

providing variable wind speeds.  PMSG have a good control 

on the output power and can optimize the power flow in the 

grid systems as well as reduce power quality issues such as 

reducing losses in the grid system and stabilizing the voltages 

[26]. Figure 4 below shows wind energy conversion system 

using a PMSG that is used in the simulation.  Due to its effi-

ciency and a reliability this type of turbine is selected. The 

PSMG has a single control loop that keeps checking the active 

and reactive powers [27]. This gives an advantage for overall 

control system and fast responds to setpoints and changes 

whenever is required.  

Figure 5 below shows a turbine power characteristic [28] 

according to Turbine speed and output power.  

Table 1 below demonstrates the wind turbine parameters 

that is used in the MATLAB/Simulink simulation.  

        

 

Figure 5. Turbine power characteristics 

 

Table 1. Wind turbine input parameters. 

 

 

 

 Figure 4. Wind energy conversion system using a PMSG. 

 

Nominal mechanical output power 1.5e6 

Base power of electrical generator 1.5e6/0.9 

Base wind speed 12 

Maximum power at base wind speed 0.73 

Base rotational speed 1.2 

Pitch angle 0 



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH  
H. F. Aslan and M. Farsadi Vol.14, No.3, September, 2024 

 508 

4. PV Array 

PV panel configuration and inverters are important in the 

design in order to optimize the inverter output. PV systems has 

a significant role in improving the power quality such as volt-

age support, grid stability, THD mitigations, frequency regu-

lation etc. [29]. The implemented solar array comprised 10843 

equal parallel strings. Every string consisted of 24 Tiger Pro 

72HC-BDVP (Jinko) solar PV panels with a 535 Watt speci-

fication for each panel and all coefficients were used from 

panel datasheets to create a the PV simulation. Table 2 pre-

sents the modules and the parameters used to plot the I–V and 

P–V outputs which is presented in results.  

The maximum DC input of PV is designed to be 1500V and 

inverter AC output is designed to be 800V and increased to 

33kV via transformers to be injected into the grid. 

Table 2. PV panel input parameters 

 

Parallel strings 10843 

Series connected modules per string 24 

 

Module type 

Jinko Solar Panel 

Tiger Pro 72HC-

BDV 535 Watt  

Maximum power 535 

Open circuit voltage  49.54 

Cells per module 144 

Short circuit current 13.83 

Current at maximum power imp 13.07 

5. D-STATCOM  

The D-STATCOM is a power electronic device that is 

widely used in power systems for many years. They play a 

significant role for improving of power quality issues. They 

are widely used in distributed generations and transmission 

networks to minimize power quality issues especially in volt-

age regulation and controlling reactive power as well as in-

crease the reliability of the network. The D-STATCOM is 

used in the simulation on the grid side to mainly reduce the 

THD in the hybrid system. To control the load-side disturb-

ance in the distribution system, we installed solid-state devices 

connected in parallel, known as a D-STATCOM. The first D-

STATCOM, an SVC with a voltage source converter, was uti-

lized in 1999. It has overtaken the simultaneous condenser on 

account of its lower venture cost, no latency etc. during the 

time. A force VSC that is dependent on high-force electronic 

innovations is at the heart of the DSTATCOM’s responsive 

force remuneration in AC systems [30]. The voltage source 

converter controls the exchange of reactive power between a 

DC voltage storage device and an AC framework through the 

spillage reactance of a transformer. The DSTATCOM contin-

uously checks the line waveform to obtain a reference for the 

AC signal and then it commands the DSTATCOM to respond 

to the required adequate or reference AC signal with an ade-

quate responsive current remuneration to decline or adjust the 

variance in the voltage. A DSTATCOM is like a STATCOM, 

with the distinction that the STATCOM is utilized at the trans-

mission level to control the principal responsive power and to 

maintain the voltage, and a DSTATCOM is utilized at the ap-

propriation level for voltage guidelines and remedying the 

force factor [16]. A DSTATCOM can, likewise, be utilized to 

eliminate all total harmonic distortions, voltage sags, and 

swells. Applied control block diagram of it is as shown below 

in figure 6. 

Figure 6. Control Block diagram of the DSTATCOM  

Figure 7 below shows a basic diagram of DSTATCOM that 

is installed between loads and generator. The DSTATCOM 

can act as the shunt active filter to eliminate disturbances that 

are present in the supplied source current and voltage. The D-
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STATCOM mainly triggers the converters to create a closed 

loop to control the current and voltage at an optimum level 

[14].  

 

Figure 7. Basic diagram of a D-STATCOM. 

The main components of the D-STATCOM are as follows: 

• Voltage source converter 

• L-C filter 

• Coupling transformers 

• Different control blocks 

• Storage device 

Simulation Procedure 

The simulation procedure mainly is based P&O algorithm 

to receive maximum output with continues control checks on 

power-voltage curve. As it is shown in Figure 8 [31] it start 

with measuring the voltage and current and then calculate 

power P(n) with previous  perturbation. If the perturbation 

still allows to increase power the algorithm send new setpoint 

to increase the power. This cycle is done continuously from 

zero to maximum point till P(n)- P(n)=0. As this techniques 

is based on some factors such as irradiance and temperature, 

Even P&O reached to MMPT, it still has to check periodically 

for power drops. The advantages of this procedure due to its 

effectiveness, simplicity and reliability. 

Figure 8. Flowchart of the P&O technique  

6. Results and Discussions 

The results are discussed in this section. A grid-connected 

hybrid system was simulated in MATLAB/Simulink. The 

MPPT system that we used obtained the maximum power 

from the PV array, allowing us to achieve a better output of 

energy by the PV system. The input information of the Sim-

ulink on the PV side was based on the irradiance and temper-

ature. As can be seen in Figure 9, the irradiance of the PV ar-

ray model was started at 1000 W/m2, decreased to 800W/m2 

to achieve a drop in the level of production, and then increased  

Figure 9. The irradiance, PV power, and PV voltage graph  
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to 100W/m2 again. During this time, the working tempera-

ture was kept at 450C. The steady-state time was considered 

as t=0.15 sec.At this point, the output power (Pdc_mean-kW) 

was approximately 14,6e4 Kw, which also meets the PV 

panel’s production requirements. Figure 10 below demon-

strates the power and current in different temperatures. As 

temperature increase the output voltage and power is reduced 

slightly. 

Figure 10. Photovoltaic system’s simulation  I–V and P–V 

curves output for different temperatures 

As it can be seen from Figure 11 a detailed layout of hybrid 

electrical system demonstrated including PV, wind, D-STAT-

COM etc.  

The main purpose of implementing the use of a D-STAT-

COM in this system was to regulate the voltage on the grid 

side at 110 kV. Two feeders had configurations of 21 km and 

2 km. These feeders, B2 and B3, supply power to buses. We 

used shunt capacitors at B2 for the power factor correction. In 

addition, there was a load at B3 connected to a 110 kV/33kV 

transformer, which represented a plant that constantly ab-

sorbed varying currents and compensated for voltage flickers. 

The load current frequency was fixed at 50 Hz, causing the 

power to range from 1 MVA to 5.2 MVA in the distribution 

system. The power factor was fixed at 0.9 in the design. We 

can clearly observe in the graphs below that the voltage flick-

ering was mitigated by the D-STATCOM as a result. 

As per the function of the D-STATCOM, we observed that 

the voltage of bus number 3 met the regulated condition for 

the process of absorbing and generating reactive power [32]. 

Transfer of the reactive power was conducted, generally, by 

leakage of the reactance of the coupling transformer by the 

generation of voltage on the secondary side of the phase net-

work side. As our inverter was a pulse with modulation 

(PMW) type, it also allowed us to obtain the gain in the output 

voltage. However, there were conditions under which the sec-

ondary voltage was lower than the voltages of the busses. 

Thus, a D-STATCOM was used in these situations to absorb 

the reactive power that the system produced. In other words, 

the D-STATCOM worked as a capacitor to balance the sys-

tem. In this way, the D-STATCOM exerts real-time control, 

improves the quality of the voltage, and increases the stability 

and reliability of the system. 

Figure 11. Layout of the Hybrid Simulink/MATLAB system 
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6.1 Functional Blocks Consist of D-STATCOM 

A transformer’s primary voltage is located where its funda-

mentals are synchronized. We included two measuring com-

ponents that measure the voltage and current of the d-axis and 

q-axis components. Their variables are denoted as Vmeas and 

Imeas. The measurements were conducted using an ABC-dqo 

transformation of the synchronous reference. The reference 

was determined using the two following components: sin(wt) 

and cos(wt). These are provided by a phase-locked loop 

(PLL), which is an inner current regulation loop. Two PI con-

trollers were used, controlling the d-axis and q-axis currents. 

The outputs of the controller voltages are represented by the 

variables Vd and Vq, which were generated by the PMW gen-

erator. These voltages were further converted into phase volt-

ages as Va, Vb, and Vc. These phase voltages were used for 

the synthesis of the PMW voltages. Voltage regulation or qref. 

imposes the Iq reference. The main function of the PI control-

ler is to control voltages.. 

6.2 Dynamic Response of the D-STATCOM 

The dynamic response of the D-STATCOM for power, 

voltage and current is as fallow below in Figure 12. 

Figure 12. Dynamic response of the D-STATCOM. 

6.3Reactive and Active Powers of the D-STATCOM 

The result of active and reactive power of the D-STAT-

COM as fallow below in Figure 13. 

Figure 13. Reactive and active powers of the D-STATCOM 

for bus b3. 

6.4 Mitigation of Voltage Flicker 

The D-STATCOM could mitigate voltage flickering when 

there was modulation in a variable load. It injects a current 

modulated at 5 Hz to compensate for voltage fluctuations. Fig-

ure 12 demonstrates  both the capacitive and inductive volt-

ages where value of  was 0.6 p.u the, as demonstrated above 

in Figure 12. The D-STATCOM is a modern and flexible de-

vice that responds rapidly to a grid or control system’s needs 

[33]. For this test, we kept the programmable voltage source 

constant over the control circuitry and enabled variable load 

modulation. After this programming, we observed that the D-

STATCOM was able to mitigate the voltage flickering. This 

clearly indicates that the D-STATCOM can make great im-

provements by mitigating voltage flickering. Scopes could ob-

serve the results of the voltage correction under different con-

ditions in our MATLAB/Simulink. 
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6.5 FFT Analysis  

Table 3 presents a comparison of the results of the Fass Fou-

rier Transform (FFT) analysis with/without the D-STATCOM 

installed in the system in the cases of the variable loads shown 

in Figures 14 and 15. This simulation was also compared with 

the real-site THD data that is visible in Figure 16 below from 

3rd February 2024 which has been measured from energy ana-

lyzer on the grid side. 

Table 3. Comparison of the THDs. 

 

 

 

Figure 16. Real-site THD data without a D-STATCOM 

Figure 14. THD data without the D-STATCOM 

Figure 15. THD data with the D-STATCOM 

 

 Grid-

con-

nected 

wind PV 

STAT-

COM 

(Mosobi 

[34]) 

Grid-con-

nected 

wind PV 

with BESS 

and Stat-

com 

(Frangieh 

[35]) 

Grid-con-

nected 

wind Stat-

com 

(Ashok 

[36]) 

Our sys-

tem grid-

con-

nected 

with PV 

and wind  

Max 

THD  

1.32%(

V), 

0.75%(I) 

 

4.05% 

 

2.72% 

 

0.68% 
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Figure 16 shows the measurements from the plant which is 

a  full-day aggregated THD measurement on 3rd February 

2024 using the Janitza UMG512 energy analyzer. In the figure 

16, the THD is 1.68%, whereas our simulation showed a THD 

of 1.90%, which is almost the same. Table 4 shows on Simu-

lation and real site measurement results. 

Table 4. Simulation and real-site measurements 

7. Conclusions 

Power quality issues have a large influence in distribution 

networks. Harmonic distortions, voltage fluctuations and poor 

power factor creates equipment malfunction,  loss of income 

and operation challenges in the networks. To tackle these con-

cerns D-STATCOM is used in this work which is a custom-

ized power  device that is reliable and effective for evaluation 

of THD. The occurrence of harmonics is analyzed with differ-

ent loads in MATLAB/Simulink. P&O control method is used 

in hybrid energy system simulation  and improvements are 

made in control systems to increase energy efficiency and re-

duce THD in the system. The Simulation results show that D-

STATCOM  significantly reduced  THD and regulated volt-

age as well as compensated reactive power.  The simulation 

showed an improvement from 1.90% to 0.68% in the THD 

with using D-STATCOM. Further, THD measurement result 

for the hybrid simulation without the D-STATCOM was 

1.90%, whereas the real-site THD measurement was 1.68% 

for a full day. This is quite an accurate results between the 

simulation and real site data.  In addition, the results of the 

hybrid system simulation were compared with previous stud-

ies for THD and it was well within the expected range at 

0.68%. This is a significant improvement over the previously 

conducted experiment and the model demonstrated to be a 

promising solution for THD and power quality. Furthermore, 

the methodology could be extended different scale microgrids 

as well to improve power quality. 
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