Migration Letters

Volume: 21, No: S5 (2024), pp. 362-368
ISSN: 1741-8984 (Print) ISSN: 1741-8992 (Online)

www.migrationletters.com

Implementing A Wind Generation System And Enhancing The
Reliability Of Power Via Statcom

V. Janani %, Dr. S. Padma ?, Dr.C. Santhana Lakshmi®, Dr.S. Purushotham *, Dr.R.
Satheesh kumar ®

Abstract

When linked to the electrical lines, green energy sources—which are different from
conventional sources—may present additional difficulties. The energy reliability is
impacted when bat and gusts of wind are coupled to an energy system. The actual influence,
potential fluctuation, flutter, harmony, and electric action switches are all impacted by
reliability measures. The goal of this research determines concerns with reliability of
power caused by installing solar electricity on the national grid. With SIMULINK in the
electrical plant brick collection, the grid-tied wind farm system aimed at improving
reliability of power through the use of the Static Compensator (STATCOM) control
mechanism is emulated. The experiment illustrates the issue with power quality caused by
the grid’s adoption of wind turbines. Additionally, the grid’s improved reliability of power
has been shown here in accordance with the standards that provide various requirements
and measurements. Energy electronic gadgets that interfere STATCOM to the network help
tackle reliability problems that result from the use of unpredictable loads at the juncture of
typical interfacing. This initiative’s task includes creating and simulating a wind power
syste and connecting that will give the STATCOM coupling gadget to the matrix shunt
active remove capabilities.

1. INTRODUCTION

Sustainable energy refers to the substitute energy sources—such a breeze material,
hydropower, and photovoltaic power—that are required to maintain social advancement
and economic expansion in place of fossil fuels [1]. In contrast to fossil fuels, wind
electricity is dependent on the occurrence of breeze at certain speeds and in unpredictable
in terms of geography and climate [3-2]. Other nations with advantageous spots and
typically windy climates contrast with Malaysian. This rendered the setting up of a wind-
power system appropriate. Due to its warm environment, Johor experiences sunlight and
rain almost daily. Renewable energy systems are rarely put into operation with inadequate
wind resources. A tower that that is the right height for the turbine’s blades to be installed
is essential for maximizing the power of wind [4]. The PQ is also impacted by the
positioning of wind farms and the neighboring technological issues related to the electricity
quality (PQ) phenomena. Such obstacles must be addressed so as to enhance reliability and
dependability and simultaneously reduce PQ disruptions. The breeze from a wind turbine’s
uninterru*pted power production is contingent upon the wind velocity fluctuations, which
in turn generate fluctuations in electricity and disruptions in the electricity supply the
internet, including harmonica, flits around volatility expands and relaxes.
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The effectiveness of STATCOM-BESS in enabling the creation of a wind generator is
discussed in this research. The majority of academics are quite concerned about PQ
occurrences, which are caused by the connection of wind farms with the grid [1-5]. The
suggested layout takes into account the STATCOM’s quick response time, low cost, and
excellent voltage sustaining potential [6-7]. In addition, the STATCOM can prevent trips
and harm to the delicate equipment at the irregular loading sides. For it to sustain reactive
electricity created by the engine and irregular demand and to adjust for windmill
fluctuations, the use of BESS is necessary in the envisaged hydroelectric structure as a way
to maintain equilibrium with the power grid. In order to ensure that electrical energy may
be added to and collected by air induction engines for use as a source of energy, STATOM-
BESS is crucial.

Distribution channels profit from distributed power sources (DGs) in a humber of ways.
But these advantages also bring new difficulties. Transient excessive voltage ( TOV),
imbalanced electricity, aberrations affecting electrical excellence, rapid activation of
typical voltage regulating devices like outlet tapped adjusters and buffer lenders, variations
in feeder power factor, and steady state overvoltage are a few of these obstacles. Negative
flow of electricity caused by elevated sunny ranch coverage tends to produce voltage spikes
at PCC, which may restrict any further DG developments. Regulation of voltage in power
lines is historically achieved using stride sort regulators of voltage (SVRs), on-load tapped
converters (OLTC), and saline bank capacitors (SCs). These gadgets do, however, respond
slowly—between a couple of minutes and a couple of seconds. Furthermore, because these
gadgets like OLTC and SVR operate on a one way electricity flow, they are unreliable in
bi flows of electricity brought on by scattered turbines, such solar energy facilities. In
electrical installations, Flex AC Transit Networks (FACTS) like Static Var Compensator
(SVC) and STATCOM are generally used to regulate voltages. With an action duration
ranging from one to three periods, such gadgets can regulate volts; STATCOM responds
much quicker than SVC.

2. PROPOSED SYSTEM

This source of clean electricity with the most rapid pace of growth in globally now is the
breeze. India is among the countries where the grid-tied wind power is expanding at an
exponential rate. The sun’s energy is the least expensive alternative energy origin in terms
of the expenditure per kWh of power produced. If the sunlight is linked to the electrical
lines, it can be an extremely beneficial form of power.
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Fig 1: Proposed block diagram
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Certain defects in quality, such as harmonica, expand, and sagging voltages are caused by
STATCOM. Defects, although rarely hit the entire electrical arrangement, also harm
sunlight facilities. In addition to their primary benefit of being sustainable, they also have
the benefit of complementing one another. This study examines the use of a static
modulator (STATCOM) coupled to a clean-energy source—wind electricity. As required
by the real lines, wind power can continue to operate normally while the STATCOM makes
up for the incorrect voltage line dip.
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Fig 2: STATCOM BESS

3. STATCOM BESS

A gird-dependent wind energy network has been installed at PCC to increase PQ, as shown
in Fig.2. It comprises a make up of a BESS plus STATCOM and a wind energy producing
unit. To obtain DC bus electricity, this equipment includes of a rectifier devices, inductive
turbine, interface changer, and fan. Previous studies have examined the atmospheric energy
framework which is linked to the PCC via STATCOM as well as BESS. This arrangement
may assist in lower distortion in harmonics while also reducing fluctuations in voltage and
maintaining a power factor close to collaboration at the generating while providing a steady
power supply for the turbines and demand [12-14].

The isolated Gate Bipolar Semiconductor, or the inductively coupled, used in STATCOM
has a greater switching rate for a lower on-state power run out, enabling it to prevent
deformation in the power line.
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Fig 3: SIMULINK STATCOM CONTROLLER

Hence, if an electrical appliance is cut off and then reconnected quickly, this feature will
shield it from harm. The final result of the STATCOM diode linked gadget, while may
produce or consume reactivity, may be adjusted to regulate specific features in the
electrically linked wind energy network. A controlling gadget called STATCOM is utilized
for rectifying power factor as well as to control the amount of reactivity flowing through
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the network. In addition, it functions as a transformer for voltage sources and has the ability
to transform DC energy for adjustable magnitude, adjustable angle of incidence electricity.

These links represent an emerging pattern in retention because electrodes are employed as
an infrastructure to exchange energetic with the power grid. BESS serves as a storage
component. At the customer’s end and the electricity grid, the storage device has a link to
STATCOM at PCC. The primary function of BESS is to regulate energy and keep the
voltage of DC capacitors consistent. If a voltage swing has ever happened in a breeze
producing structure, BESS might be utilized to stabilize the current variation by conducting
charging and discharging operations [15].

The technique of control required by the STATCOM regulator to deliver the proper power
infusion via its P1 controller and the use of PWM is depicted in Fig3. Rapid switching rates
are made feasible by the PWM technique in the design, which can be employed to increase
the converter’s efficacy. In addition, the controller for the PI will interpret the mistake
indication and produce the right angle to reduce the deviation near nil. It is employed to
regulate the PCC’s present infusion.

PSO

The PSO approach combines several characteristics from revolutionary processing,
including arbitrary populace reproduction during network initiation & era update at ideals
discovery. The origins of it are in biological algorithms with adaptation tactics. The theory
of PSO, how it’s utilized to various structures, such as power plants, the shifts made to the
fundamental PSO to enhance its voracious convergence, while its integration various
sophisticated algorithms to enhance pursuit capability as well as shorten the period it takes
to exit native optimums are all covered in-depth in this paper’s comprehensive book review.

PSO is a member of the concepts of swarm Al [15,. which has recently emerged in the field
of calculating as well as Al [16] as an inventive, communal, and dispersed savvy framework
to feed resolving issues, primarily in the realm of optimization realm, lacking centralized
management and the inclusion for a worldwide framework. PSO was motivated through
examines within brain research, mental health, societal ethnography, as well as behavioral
studies.

When using PSO to solve variable problem areas, the dimension that the colony is
determined by the parameters included in the function with the goal. Within this
multifaceted layout time, every element is initially placed in various points as moves with
no speed.

Each component in this setup plus behavior tracks its location in seeking distance, plus its
behaviors are determined by the ideal positioning it obtained nor the highest total
positioning every colony component has gotten to date. Such behavioral layout optimizes
the conceptual space’s macroscopic impact.

4. RESULT

The result of this paper is obtained using the MATLAB/SIMULINK model. The difference
between the with and without STATCOM are shown in figure:

The above figure is the SIMULINK model of without STATCOM. The simulation was
run on a three-phase power, 50Hz grid at 415v.
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Fig:4 WIND POWER

In MATLAB we gave the nominal mechanical output power of 1.5e3 W and Base power
of the electrical generator is 1.5e3/0.7 VA. Base wind speed 12 m/s, Maximum power at
base wind speed is 1.4, Base rotational speed 1.2 and pitch angle 0. The above figure is the
SIMLINK model of with STATCOM. The simulation was run on a three-phase power,
50Hz grid at 415v. In MATLAB we gave the nominal mechanical output power of 1.5e3
W and Base power of the electrical generator is 1.5e3/0.7 VA. Base wind speed 12 m/s,
Maximum power at base wind speed is 1.4, Base rotational speed 1.2 and pitch angle 0.
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Fig 5: WIND POWER STATCOM WITH PSO
The result shows that, the voltage drops are taken so much time to recover its own or
original form. Due to this the system gets affected and the performances are reduced. The

expected output is not obtained.
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Fig.6: WITHOUT STATCOM
Hence, we are going for with STATCOM by PSO algorithm.
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The result shows that, the voltage drops takes quick time to recover its own or original
form. Due to this the system are not affected and the performances are not reduced. The
expected output is obtained.

5. CONCLUSION

The research proposes an electrically linked wind producing plant with an irregular load
that improves the reliability of electricity using an optimization approach based on
STATCOM. The problems with electrical quality are discussed, along with the effects they
have on customers and utility companies. A simulation is performed to see how the
automation system designed for the STATCOM-BESS in MATLAB/SIMULINK operates
to preserve the reliability of the power. It can eliminate the resonances of the electrical load
flow. It provides a chance to raise the distribution line’s recovery rating by keeping both
current and source voltage in sync and supporting the reactive power requirement for wind
power and traffic at PCC in the electrical grid. The exceptional efficacy has been
demonstrated by the combined wind generating and STATCOM plus BESS. Thus, the
electrically linked technique’s suggested plan satisfies the need for reliable electricity.

6. REFERENCES
[1] Tenaga Nasional Berhad, Energy Savings at Home, (200866-W). 2014.

[2] Gordon Walker, Renewable Energy and The Public, Division of Geography, Staffordshire
University, Leek Road, Stoke on Trent, Staffs, ST4 2DF, UK, Vol. 12, Issue 1, pp. 49-59,
1995.

[3] Chong Han, Subhashish Bhattacharya, Wayne Litzenberger, Loren Anderson, Ander L.
Johnson, Abdel-Aty Edris, Alex Q. Huang, Mesut E. Baran, STATCOM Impact Study On The
Integration of A Large Wind Farm into A Weak Loop Power System, IEEE Transaction On
Energy Conversion, Vol. 23, No. 1, March 2008.

[4] P.Ramanathan, A STATCOM-Control Scheme for Grid Connected Wind Energy System for
Power Quality Improvement™, Middle-East Journal of Scientific Research 20, Department of
EEE, Bharath University, India, 2014.

[5] Roger C. Dugan, Mark F. McGranaghan, Surya Santoso, H. Wayne Beaty, Electrical Power
System Quality, Third Edition, McGraw- Hill Professional, 2012.

[6] N.G.Hingoraniand L. Gyugyi, Understanding FACTS: Concepts and Technology of Flexible
AC Transmission Systems. Piscataway, NJ: IEEE Press, 2000.

[71 C.Han,Z. Yang, B. Chen, W. Song, A. Q. Huang, A. Edris, M. Ingram, and S. Atcitty, System
Integration and Demonstration of a 4.5 MVA STATCOM Based on Emitter Turn-off (ETO)
Thyristor and Cascade Multilevel Converter, In Proc. IEEE IECON, Nov. 6-10, pp. 1329-
1334, 2005.

[8] Math H. Bollen, Understanding Power Quality Problems: VVoltage Sags and Interruptions, P.M
Anderson, IEEE New York, 10016-5997, 1999.

[91 Kazibure, Wilson E., Sendaula, Musoke H., Electric Power Quality Control Techniques, NY:
Van Notrtrand Ranhold, 1993.

[10] Lundquist, Johan, Harmonic Distortion in Power Systems, Chalmers University of
Technology: Department of Electrical Power Engineering, 2001.

[11] Venkat Krishnan, James McCulley, Role of Induction Motor in Voltage Instability
and Conduct Reactive Power Planning, New York, 2000.

[12] Aziz Ahmad, Anwar Shehzad, V.B. Shrivastava, Power Quality Improvement in IEEE 30
Bus System, Research India Publications, Advance in Electronic and Electric Engineering,
Vol. 3, No. 6, 2013.

[13] Juan Manual Carrasco, Leopoldo Garcia Franquelo, Jan T. Bialasiewicz, Eduardo Galvan,
Ramon C. Portillo Guisado, Ma. Angeles Martin Prats, Jose Ignacio Leon, Narciso Moreno-
Alfonso, Power Electronics Systems for the Grid Integration of Renewable Energy Sources:
A Survey, IEEE Transactions on Industrial Electronics, Vol. 53, No. 4, August 2006.

[14] Supriya Tripathi and C. S. Sharma, Power Quality Improvement in Wind Grid Energy System
using STATCOM With BESS - Control Scheme, India, 2014.

[15] B.T. Ramakrishnarao, B. Eswararao, L. Narendra, K. Pravallika, A STATCOM- Control
Scheme for Power Quality Improvement of Grid Connected Wind Energy System”, Lendi
Institute of Engineering and Technology, India, Vol. 2, Issue 3, 2013.

[16] A. Sannino, “Global power systems for sustainable development”, in IEEE General Meeting,
Denver, CO, Vol. 3, Jun. 2004, pp. 3-5.

Migration Letters



368 Implementing A Wind Generation System And Enhancing The Reliability Of Power Via Statcom

[17]

[18]
[19]

[20]

[21]

[22]

[23]
[24]

Roger C. Dugan, Mark F. McGranaghan, Surya Santoso, H. Wayne Beaty,“Electrical Power
System Quality”, McGraw-Hill, pp. 203-210.

Narain g. Hingorani,Laszlo gyugyi,“Understanding FACTS, IEEE Press, pp.5-9.
E. Muljadi, C. P. Butterfield, J. Chacon and H. Romanowitz, “Power Quality Aspects in a
Wind Power Plant”, Power Engineering Society General Meeting, 2006, pp. 6-10.

Adriano Abrantes, “Overview of Power Quality Aspects in Wind Generation”, IEEE 2010,
pp. 11-14.

Jan T. Bialasiewicz, “Renewable Energy Systems With Photovoltaic Power Generators:
Operation and Modeling”, IEEE Transactions on Industrial Electronics, Vol. 55, No. 7, July
2008, pp. 5-8.

Wind Turbine Generating System Part 21, International standard-1EC 61400 21, 2001, pp.
4-7.

“Indian Wind Grid Code Draft report on Jul. 2009, pp. 15-18.

Moataz Ammar,“Flicker Emission of Distributed Wind Power: A Review of Impacts,
Modeling, Grid Codes and Mitigation Techniques”, IEEE 2012, pp.7.



