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Abstract

The efficiency of the power supply network is an important factor in ensuring network reliability. Due to the rapid
development of power generation, the requirements for wind system stability have become more important. In this study,
the effects of reactive power on wind turbines \¥ER examined to see if the wind turbine system is unstable. The studies
revealed that there are several factors affecting the stability of the wind turbine system. Wind speed and blade angle are
important parameters influencing the energy production of a wind turbine. Wind speed is influenced by air temperature,
which modifies air density and thus leads to variations in wind speed. The wind turbine model has been simulated in
Matlab/Simulink. Reactive power compensation is a technique that can impmv.ﬂ)owcr efficiency by reducing current and
voltage distortion. Turbine power charf@fleristics for different pitch angles and the reactive power of wind turbines for
different wind speeds are given. Some reactive power compensation techniques for improving wind turbine stability have
been examined and a comparison between bibliographic methods is discussed.
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1. Introduction

Power efficiency and energy savings are issues that are creating more and more concern among policymakers,
economists, and academics who look at them from technological, economic, policy, and human behavior
perspectives [1]. As a result, it is necessary to continue to discover and promot@power efficiency, dependability,
and sustainability technologies. such as the use of synchronous capacitors for reactive power correction in
electrical systems [2].

Reactive power describes the power of in@ctive devices such as motors or capacitive loads. It is frequently
calculated in volt-amps reactive (VAR) [3]. To maintain the best possible circumstances for a power system from
an engineering and financial standpoint, the electrical power system must always employ the best technology for
compensating reactive power [4].

It is critical to comprehend wind qualities to effectively utilize wind energy from a wind turbine system. The
wind's velocity varies greatly with space, time, season, and hourly variations [5]. There are certain fluctuations
in wind speed on a shorter time scale in addition to seasonal variations [6]. These oscillations, which are known
as synoptic variations, peak at approximately four days. Seasonal and synoptic wind speed components are not
the only factors causing turbulence. Turbulence is the term used to describe variations in wind speed during short
periods, usually less than ten minutes [7].

There are many technologies for compensating power, but some are more adapted than others to electrical
networks [8]. This article examines how wind speed and blade orientation affect wind power and reactive power
[9].

2.  Win TurbineModeling

A wind farm has been simulated using Matlab/Simulink software. Figure 1 shows the simulation model
corresponding to the diagram described below.
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The simulated system consists of a 2 MW wind turbine connected to a 400 kVA load and a 25 kV grid via a
three-phase transformer. The driving and reactive power have been evaluated as a function of wind speed and

blade angles. In general, wind power stability depends on the following parameters [10]:

. The rem'onship between wind speed and wind turbine speed
. Blade angle as a function of wind speed

. Turbine output power

. Speed and blade angle

Electrical power is the amount of energy that flows through a given point in an electrical circuit during a unit of
time. Energy storage components like capacitors and inductors in alternating-current (AC) circuits can
periodically reverse the direction in which energy is moving [11]. The term active power refers to the portion of
the power that is highest on average during an AC waveform is whole cycle. (The suggested of method approach
is shown in Figure 1.
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Figure 1. The framework of the suggested method.

In this study, the effect of varying wind speed on the output power of a wind turbine has been examined. TR
wind turbine under investigation has a maximum outp power of 2 MW. This is reached at wind speeds of 12
m/s and above. Below 12 m/s, output power decreases. The output power of the wind turbine rises with increasing
wind speed.
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Controlliffhhe position of the turbine's pitch angle can be used to raise the power(§Eltput of the turbine. In
changing the pitch angle of the blade, the wind turbine can be rotated at higher speeds as shown in Table 1 [12].

First, the wind turbine speed has been set to 12m/s and the pitch angle will be set to zero to observe the effect of
the blade angle. The maximum power is obtained as shown in Figure 2. In Figure 3, the effect of the blade angle
is observed more precisely, where the blade angle is changed to 10° while keeping the turbine speed unchanged.
It has been noticed that the wind turbine is performance decreased.

Table 1. Function of turbine speed on pitch angle

Pitch angle Wlﬂ] speed

0 deg 12 m/s
10 deg 12 m/s
0 deg 10 m/s
0 deg 12 m/s
0 deg 14 m/s

20
In order to demonstrate the inherent instability gwind turbine systems further, an investigation was conducted
to examine the influence of varying wind speeds on deliberate reactive power. This analysis stems from
recognition that wind speed is not uniform across the entire length of the turbine blades, leading to power
fluctuations. Initially, the wind speed has been set to a constant value of 10 m/s. Examination of the results
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revealed that during the first and second seconds of operation, the deliberate reactive power was more significant

than in subsequent seconds.
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Figure 2. Turbine power characteristics for a stable pitch angle.

To delve deeper into the analysis. simulations were c#ffied out considering wind speeds of 12m/s and 14m/s, as
depicted in Figure 4. These simulations corroborated the crucial role of wind speed in the stability of the wind

turbine system.
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Figure 4. Reactive power for different wind speed.

3. Literature Review

Some techniques in the literature for reactive power compensation to improve wind turhine stability have been

reviewed.

Farees et al. [ 13] highlight the significance of using devices in the flexible AC transmission system (FACTS) to
increase the system is reactive power handling capability to prevent voltage instability. The study suggests the
higher performance of STATCOM over traditional Static VAR Compensators (SVC). The authors present a fuzzy
logic control technique for SVC and STATCOM, namely a double input, single output (DISO) FLC of the
Mamdani type, to successfully reduce oscillations and enhance voltage stability. The fuzzy rule base, fuzzy
inference engine, fuzzy fuzzification interface, and defuzzification interface are the four main parts of the FLC

[13].

Bisen et. al [14] investigate how well SVC and STATCOM perform in comparison when it comes to improving

the power system is multiple machines transient stability, which spans two areas. They highlight the increasing
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intricacy of power systems and the difficulties in maintaining power system stability, especially when it comes
to transient and small-signal stability [14].

Elsady et al. [15] focus on improving the operation of electricity networks with integrated wind farms by a
FACTS controller known as the static STATCOM. The authors highlight the capacity of the STATCOM to
quickly absorb or inject reactive power into the electrical grid as a means of facilitating efficient voltage
management and stability restoration when wind farms are present. They create a dynamic power system model
with a wind farm integrated, managed by the suggested STATCOM, and simulate a range of extreme disturbances
to verify the model's efficacy. The outcomes show how well the STATCOM controller works to quickly reduce
oscillations in the electrical grid and provide reliability [15].

Hosseini et. al [16] investigate the consequences on wind farm stability of using SVC, STACOM, or DBR and
the steadiness of induction generator-based wind farms with fixed speeds. They credit the asynchronous
functioning of FSIG-based wind farms, which causes FSIG to take in a considerable quantity of reactive power
owing to large rotor slip during faults, as the cause of the system is instability. The authors model a wind farm
with SVC, STATCOM, or DBR alled, based on fixed-speed induction generators, using
MATLAB/SIMULINK. To find out more about the effects of these devices on wind power plant stability under
various circumstances and with different variables, they compare the outcomes of system simulations in Figure
5 and Figure 6 [16].
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Figure 5. V-1 characteristics of SVC.
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Figure 6. V-I characteristics of STATCOM.

Sedighizadeh et al. [17] stud¥EH the impact of STATCOM and SVC power wind farms stability when their fixed-
speed induction generators are connected to the power grid. Owing to the asynchronous nature of FSIGs, the
excessive consumption of reactive power by FISG following a malfunction is the main source of instability in
FSIG-based wind farms. These phenomena result from the increase in reactive power consumption brought on
by the FISG is enhanced rotor slide during the failure. A comparison has been made by the authors to show how
well wind farms that use SVC and STATCOM can increase stability of wind farms during and following a fault.
Wang et al.[ 18] studied reactive power management in wind farms to regulate voltage and minimize power loss.
They analyzed a real-world wind farm in Hubei, China, considering factors like bus voltage, power factor,
transformer taps, and reactive power correction. By comparing different optimization methods, they identified
strategies to reduce power loss under varying wind power conditions. Additionally, through simulations, they
investigated the impact of various parameters on power loss and optimized transformer taps, capacitor switching,
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and reactive power output to minimize system losses. Their findings highlight the significant role of transmission
line losses and the effectiveness of reactive power optimization, especially at higher wind power levels [18].

Zhou et al. [19] emphasize the importance of maintaining the level of electrical power in a network to guarantee
a dependable electrical power infrastructure. They specifically investigate technologies for compensating reactive
power as a way to achieve this objective. The paper compares three devices: synchronous condensers, SVCs, and
STATCOMs. The authors provide an overview of their technological development, principles, and performance.
Additionally, the paper discusses the potential of reactive power compensation technology in the future,
highlighting STATCOM is advantages, such as its superior dynamic behavior and ability to control multiple
variables. The authors suggest that STATCOM is likely to become more widely used in the future [19].

4. The comparision Between the Methods of the Literature

Farees, Sedighizadeh, Bisen, Shrivastava, Elsady, and Hosseini all concluded that STATCOMs are more
effective than SVCs in damping oscillations, enhancing voltage staity . and restoring stability after disturbances
in wind farm systems. Wang's research highlighted the importance of reactive power management in wind farms,
which STATCOMSs can effectively address. Zhou predicted a rise in STATCOM usage due to their superior
dynamic capabilities and multi-variable control. While SVCs remain viable in specific scenarios, STATCOMs
generally offer better pefffimance in power quality and stability enhancement for wind power integration. Table
2 shows the comparison of the different methods.

Table 2. Comparison between the methods of the Literature.

Authors

Methods

Findings

Farees et al. [11]

Bisenetal. [12]

Elsady et al. [13]

Hosseini et al
[14]

Sedighizadeh et
al. [15]

Wang et al. [16]

Zhouet al. [17]

Fuzzy logic control technique for SVC and
STATCOM

Evaluating SVC versus STATCOM

Dynamic power system model with a wind
farm integrated, managed by the suggested
STATCOM

Comparison of SVC, STATCOM, and DBR

A comparison between STATCOM and
SVC

Wind turbines capacity for reactive power
management
Comparison of synchronous condensers,

SVCs, and static synchronous compensators
(STATCOMs)

Successfully reduces oscillations and enhances voltage
stability

STATCOM improves transient stability more than SVC

STATCOM controller works well to quickly reduce
oscillations in the power system and bring stability back

STATCOM is the greatest option for enhancing the
stability of network-connected wind farms

STATCOM performs better in boosting wind farm
stability than SVC

Power losses in the wind farm system can be efficiently
minimized by reactive power optimization

STATCOM is likely to become more widely used in the
future due to its superior dynamic behavior and ability to
control multiple variables

5. Conclusion

Wind power for electricity generation has recently attracted much attention in the electricity industry. Used
correctly, wind power can contribute to competitively priced electridf§ generation, improve the capacity factor
of renewable energy sources, and extend regeneration capabilities. The power coefficient as a function of air
density, wind speed, blade angle and other factors are all considered when producing or installing wind turbines.
In this paper, a wind turbine generator was modeled and simulated using MATLAB/§MULINK. Different levels
of wind speed with different angles of inclination were taken into account to show the power characteristics of
the wind turbine when integrated into a power system. These characteristics show that the wind energy system is
unstable. Different wind levels were used to predict and monitor the system is active and reactive power. It is
concluded that the wind energy system needs compensation techniques to reduce energy loss. Literary studies
have revealed several reactive power compensation techniques such as STATCOM, SVC, static capacitor, and
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FLC. The scientific authors have examined the reactive power compensation system and a comparison of these
approaches is also given that STATCOM is the best reactive power compensator.
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