RE-2022-168062-plag-report

by Turnitin On 14 Sep 14:24

Submission date: 14-Sep-2023 11:54AM (UTC+0300)
Submission ID: 2165818470

File name: RE-2022-168062.docx (3.62M)

Word count: 10710

Character count: 63451

14



STUDY OF HYBRID DSTATCOM TOPOLOGY FOR MITIGATION
OF HARMONICS IN DISTRIBUTION SYSTEM

A Thesis Submitted

In partial fulfilment of the requirements for the award of the degree of
MASTER OF ENGINEERING

In
ELECTRICAL ENGINEERING
By
MOIDUL ISLAM LASKAR
Examination Roll No: M4ELE23009

Class Roll No: 002110802022
Registration No: 160175 of 2021-22

Under the Guidance and Supervision of
Prof. (Dr.) Sudipta Debnath

Electrical Engineering Department
Faculty of Engineering and Technology

JADAVPUR UNIVERSITY
KOLKATA- 700032, West Bengal.
INDIA
2021-2023



Electrical Engineering Department
Faculty of Engineering and Technology
JADAVPUR UNIVERSITY
KOLKATA- 700032, West Bengal, INDIA

CERTIFICATE

This is to certify that this dissertation titled “Study of hybrid
DSTATCOM topology for mitigation of harmonics in distribution
system” is being submitted by Mr. MOIDUL ISLAM LASKAR, with Roll
No. 002110802022 in partial fulfilment of the requirements for the
award of the degree of Master of Engineering in Electrical
Engineering from JADAVPUR UNIVERSITY, KOLKATA, WEST BENGAL,
has been carried out by him under my guidance and supervision. The

project, in my opinion, is worthy of its acceptance.

SUPERVISOR

Prof. (Dr.) Sudipta Debnath

Professor
Department of Electrical Engineering
Jadavpur University

COUNTERSIGNED

Prof. (Dr.) Biswanath Roy Prof. (Dr) Saswati Mazumdar

Head, Department of Electrical Engineering Dean of the Faculty of Engineering and Technology
Jadavpur University. Jadavpur University.



Electrical Engineering Department
Faculty of Engineering and Technology
JADAVPUR UNIVERSITY
KOLKATA- 700032, West Bengal, INDIA

APPROVAL CERTIFICATE *

The Master of Engineering in Electrical Engineering in Power
Systems has approved the thesis above as a creditable study. The
presentation met the satisfactory requirements to be accepted as a
prerequisite to the degree to which it was submitted. The approval does

not necessarily mean that the undersigned endorse or approve any
statement, opinion, or conclusion made in the thesis, but only approve it

for the purpose for which it was submitted.

Committee on Final
Examination for

Evaluation of the Thesis

*Only in case the thesis is approved (Signature of the Examiners)



Electrical Engineering Department
Faculty of Engineering and Technology
JADAVPUR UNIVERSITY
KOLKATA- 700032, West Bengal, INDIA

DECLARATION

I certify that the work shall be performed exclusively by the applicant,
unless it has been recognized in good time. This thesis constitutes a
summary of my previous research, which was never fully or partly
presented in order to qualify for the next academic award. Moreover, the
content of this thesis is based on work that has been accomplished since
the entry into force of the approved research program.

The work was done under the guidance of (Dr.) Sudipta Debnath,
Professor, Electrical Engineering Department of Jadavpur University,
Kolkata.

The information and data given in the report is authentic to the best
of my knowledge.

Name: MOIDUL ISLAM LASKAR

Class Roll No: 002110802022

Examination Roll No: MA4ELE23009

Thesis Name: STUDY OF HYBRID DSTATCOM TOPOLOGY FOR

MITIGATION OF HARMONICS IN DISTRIBUTION SYSTEM

Signature



ACKNOWLEDGEMENT

It is my pleasure to express my gratitude to everyone who has
accompanied and assisted me in my project work. First and
foremost, | would like to express my heartfelt gratitude to my
mentor, Prof. (Dr.) Sudipta Debnath Professor, Department of
Electrical Engineering, Jadavpur University, Kolkata, for her valuable
guidance, suggestions, and encouragement throughout the project,
which greatly aided me in improving this project work. It has been a
pleasure to work with her. Her encouragement during the good
moments has boosted my morale and confidence.

I am indebted to Prof. (Dr.) Biswanath Roy, Head, Department
of Electrical Engineering, Jadavpur University, for his kind help and
co-operation extended during this thesis work. | am also thankful to
Prof. (Dr) Saswati Mazumdar , Dean of Faculty of Engineering and
Technology for her kind help and co-operation during this thesis
work.

| would also like to convey my gratitude to Prof. (Dr.) Swapan
Kumar Goswami, Prof. (Dr.) Subrata Pal, Prof. (Dr.), Sunita Halder,
Mr. Ayan Kumar Tudu and Mrs. Madhumita Mandal of Electrical
Engineering Department, Jadavpur University for their guidance,
encouragement and valuable suggestions in course of this thesis
work.

Also special thanks to my friends, and all the PhD scholars of
the Power System simulation lab, for their useful idea, information
and moral support during the course of study and for all the fun we
had in the last years.

I would like to express my heartiest appreciation to my parents,
my family for their love and active support throughout the
endeavour.

Date: September 2023. Mr. MOIDUL ISLAM LASKAR
Electrical Engineering
Department Jadavpur
University
Kolkata - 700032



Abstract

The power system network has been spread over a wide area and usage of non-
linear load has also been increased. Due to these reasons, the distribution
system is subjected to various power quality issues. These power quality issues
B8 ’ .
are the reactive power burden, harmonic currents, load unbalance, excessive

neutral current etc.

a
This article proposes a Hybrid DSTATCOM topology connected to a distribution
system with non-linear load for mitigation of harmonics. The performance of
Hybrid DSTATCOM has been compared with traditional DSTATCOM and Electric

Spring.

In hybrid topology, an LCL filter is connected in the front of VSI which gives
better switching harmonic elimination using a smaller value of inductor as
compared to the traditional L-filter. LCL-filter is connected with a series
capacitor to reduce the voltage across the capacitor which is connected in
parallel to VSI, it is called dc-link voltage, therefore reduction of power loss,

reduction of VSl rating and reduction of voltage across the LCL-filter.

An Electric Spring with a harmonic compensation function has the capability of
harmonics compensation by the load by producing anti-harmonics and also a

capability of critical load voltage regulation which makes it to the nominal value.

The performances of Hybrid DSTATCOM topology and Electric Spring for
harmonic mitigation are investigated using simulation and compared with

traditional topology.
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Chapter 1

Introduction

1.1 Overview

Common ;.;mer quality problems nowadays are poor voltage regulation, poor power factor,
harmonics, unbalanced loading, excess neutral current, etc. Harmonic intrusion IS mainly due
to the non-inear loads and electronic devices. The presence of inductive load causes the

reduction of power factor and poor voltage regulation.

To solve these problems in systems there are many devices viz DVR, UPQC etc. have been
used. For load current-based power quality issues a shunt-connected device DSTATCOM is
used. It injects compensating current for various issues viz. voltage sag, harmonics voltage

swell, poor power factor, unbalanced loading, poor voltage regulation etc.

DSTATCOM is composed a voltage source inverter (VSI) that gives the electrical
phenomenaon. It can supply required reactive power at PCC of the distribution system for
compensating the reactive power. Earlier, thyristor-based systems were used to mitigate the
harmonics, compensate for the reactive power and reduction of the voltage flicker. But there
are some problems with thyristor-based systems, these are the possibility of occurrence of
resonance, large in size and fixed compensation. To solve these problems DSTATCOM is used.
It is used for solving the prablems of harmonic distortions, voltage fall/dip, flickers, swell etc.
It mitigates the harmonics by injecting harmonics compensation current in the system
supplied. Recently, for compensation for the power quality issues of critical loads inverter-
based technology, Electric Spring (ES) has been used using various control methods. Electric
Spring can mitigate the harmonic of critical loads using non-critical loads. Non-critical load is
connected to the ES called a smart load scheme which can compensate under voltage and
overvoltage conditions. Electric Springs with improved control schemes can compensate for

the harmonics and maintain the nominal value of critical load voltage. The performance for

9




voltage regulation and harmonics compensation ES has been investigated through simulation
studies.

38
1.2 Power quality

The ability of Power quality is to supply the effective power to the consumers and consume
the power by equipment which supplied to the line. Power quality is the measure and
enhancement of sinusoidal waveforms at the rated frequency and rated voltage. Modern

equipment is more sensitive to any changes in power quality.

Power electronic equipments are rather more sensitive instruments which are less tolerant
to disturbances in voltage quality. The common perpetrators are voltage dips, the
interruption short interruptions etc. The reason behind equipment malfunctions are the high-

frequency transients.

Equipments are used for low-power circuits and high-power equipment that produces current
disturbances and broad spectrum of distortion. This indicates the harmonic distortion in the

system.

Also, the sources of disturbance (waveform distortions) are energy-efficient equipments like
energy-saving lamps, Adjustable speed drives etc., that are very sensitive to the disturbances.
These issues become economic issues when these issues make the barrier to large-scale

integration sources and equipments.

Due the several power guality problems there is a need for quality indicators for supplying
good quality of power to the customers.

With the use of power switching devices, viz thyristors, GTOs, IGBTs etc., the controlling of
power has become advantageous. These types of controllers are used to supply the power to

loads, viz. HVDC systems, PC power providers, furnaces, etc.

E.le to non-linear loads, the electronic devices draw the harmonics current and reactive

power from the supply which causes unbalance, excessive neutral currents in the supply,

10
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power factor far from unity and low efficiency. Besides this problem, the system encountered
to numerous transients viz. voltage sags, glints etc. The capacity of the generating stations
would increase because the devices draw excessive reactive power. 5o, it is necessary to feed

the reactive power to the system.

Power quality is a vital issue as the different loads at different utilities like domestic utilities,
adjustable speed drives, process industries, microprocessors, etc. become intolerant to

harmonics, interruptions and fluctuations of voltage.

For different voltage levels regardless of the fluctuations of voltage, Power guality means
maintaining the voltage at constant magnitude at PCC, maintaining the power factor close to
unity, required power drawn from the source, preventing the current unbalance, reduction

of current and voltage harmonics and neutral current suppression.

Conventionally, fixed compensating devices and passive LC filters with variation caused by
thyristor-switched reactors and capacitors were used for power factor correction. The
disadvantages of these types of devices are large in size and resonance ageing. Nowadays for
solving power quality issues the equipment using power-switching devices, called active
power filters is used. The devices STATCOM, Electric Spring etc. associated with the issues

using various control methods.

1.3 Various Power Quality Problems

Nowadays the problems of Power quality are the mast serious concern. The use of different
power electronics devices (PLC, VSD etc.) led to a change in load nature. At the same time,
these Ipads cause major issues. Due to nonlinear characteristics of the loads cause
disturbances in the voltage waveform. These disturbances may disrupt the operation when
the loads are sensitive and cause production loss. The various factors like short circuit faults,
voltage sag in the system and electrical device energization have been discussed in [4]. These

are discussed below.

Harmonic: It is the variation of a sine wave of the fundamental frequency (e.g., 150 Hz that is
3*50=150 if the fundamental frequency is 50 Hz). Using non-linear loads the harmonics are

11
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generated when the current form does not follow the voltage form. The harmonic currents
are produced due to the Presence of different non-linear loads which in turn distort the

voltage.

Voltage sag: It is the reduction of RMS current or voltage at the rated frequency in the range
of 0.1 to 0.9 pu which s caused by a fault in the system. About B0% or more of the problems
in systems are due the voltage sag [2]. By sensitive equipments, the Voltage sags are not
tolerated which are utilized in process controllers, modern industrial plants, ASD, PLC and

artificial intelligence.

The reasons for voltage sag are

Presence of heavy loads

-

Faults on the system

. Fault in the installation of consumer

. Switching off the reactive power source

Voltage fall/dip: It occurs when the supply voltage is reduced by more than 10% after a

certain time.

Under voltage: It is when the voltage is outside of its operating range after a certain time

(more than 1 minute), or voltage magnitude (less than nominal value).

Swell: is when current and voltage increase from 1.1 to 1.8 pu supplied by the mains, outside

of range over the one cycle.

a
Voltage fluctuation: It is the voltage variation when the voltage changes within the
magnitude and/or phase angle. Fluctuations Severe voltage causes the light-weight flicker.

Voltage disturbance: It occurs when the voltage deviates far from the sine wave.
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Overvoltage: It is the voltage more than the supply voltage, which is caused by lightning
surges and switching or if between two points of a system, the abnormal voltage is more than

the voltage between the same two points under normal conditions.

Interruption: It is the voltage when the voltage is zero or when the voltage magnitude is less

than 10% of the nominal voltage during a certain time.

Power frequency variation: It is when Power frequency deviates from the nominal supply
frequency. When the generator is unsynchronized with the system the frequency variation
occurs as supply frequency is a function of the speed of the generators used for producing
the electrical energy.

The voltage tolerance: It is the immunity against the voltage variations (interruption) and

under voltage or over voltage.

1.4 Literature Review

The presence of gﬂ-lk&!ﬁt\' in power electronic devices draws harmonics and reactive
power from the power supply, which causes excessive neutral currents and unbalance. The
problems raise power quality issues. The transients are encountered in the power system viz.
voltage sag, sparkles etc. These affect the distribution voltage levels. The capacity of
generating stations would increase by the reactive power of loads which increases losses of
the conductor damages the sensitive loads and decreases the system performance. The
voltage sag is not acceptable in range due to sensitive equipment. Hence, there is a necessity

for a reactive power supply at the load side.

Power quality is a vital issue as the different loads at different utilities like domestic utilities,
adjustable speed drives, process industries, microprocessors, etc. become intolerant to
harmonics, interruptions and fluctuations of voltage. For different voltage levels regardless of
the fluctuations of voltage, Power guality means maintaining the voltage at constant

magnitude at PCC, maintaining the power factor close to unity, required power drawn from
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the source, preventing the current unbalance, reduction of current and voltage harmonics

and neutral current suppression.

Conventionally, fixed compensating devices and passive LC filters with variation caused by
thyristor-switched reactors and capacitors were used for power factor correction. The
disadvantages of this type of device are large in size, and resonance ageing. For solving power
quality issues the equipment using power switching devices, called active power filters is

used. Among these devices a promising device for such quality improvement is STATCOM.[1]

STATCOM can be renamed as DSTATCOM as a result of its application in the distribution
system, It is used in the system for improving power factor and voltage regulation. It is based
on the thyristor-based voltage source inverter and is used for harmonic control, voltage

stabilization, correction of power factor, and several solutions to power quality issues,

MNon-linear loads consume large power drawing the lagging power factor currents. Therefore
it reduces the flow of active power to the system which increases the feeder losses and affects
the voltage profile [2- 3.

The most significant power quality issue is the Voltage sag faced by several utilities.About
80% or more of the problems in systems are due the voltage sag [2]. By sensitive equipments,
the Voltage sags are not tolerated which are utilized in process controllers, modern industrial
plants, ASD, PLC and artificial intelligence [2-3].

The various factors like short circuit faults, voltage sag in the system and electrical device
energization have been discussed in [4]. The devices for compensation of reactive power like
series compensators, capacitor banks, static VAR compensators, and STATCOM and their
benefits and drawbacks are discussed [5). A PWM-Based STATCOM with various Control
methods and modelling has been explained in [6),[7],(8],[9]. The various control methods of
the STATCOM and its simulation have been explained, and using traditional, contral VSC-
based STATCOM has been discussed in [10-11].

In a 3-phase distributed system the inverter interfacing with various types of filter design has
been explained [12-13]. The control method of DSTATCOM using Current controller, Voltage
controller, voltage source converter [VSC), DC link voltage control, PLL, SPWM and abc/dg
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and dg/fabc transformation have been explained in [14-15]. The design of the DC fink is
explained [12). This DC link technigue enables DC link voltage [13]. Various types of filters like
L, LG, LCL etc. are discussed in [16],[17],[18].

Electric spring (ES) has been used for compensation uf!‘.mer quality problems of critical loads
[19] by using several control methods [20]. The performance of ES is investigated in [20] for
harmonic mitigation and voltage regulation. ES with harmonic compensation function has
been simulated. Results show that ES is capable of compensating harmonics of sensitive load
voltage caused due to system voltage distortion. ES can regulate the sensitive load voltage by
changing the power flow voltage through the non-sensitive load. To achieve this, injected
voltage by ES which is quadrature with current of non-sensitive load provides the reactive

power to the system reported in [19],[21).

The application of ESs in systems to improve power quality and regulate voltage has been
demonstrated in [22, 23). In [24, 25], the distribution losses in the systems are reduced using
the controller. The ES can compensate the neutralize the negative and zero sequence current
load imbalance issues [26].In ES operation for minimizing the active power output, several

control methods are reported in [27, 28].

Ee objective of this work is to improve the power quality in the system using hybrid
DSTATCOM and Electric Spring by compensating the required amount of current to the
system and maintaining the voltage to the nominal value. The operation of hybrid DSTATCOM
and Electric Spring for harmonic mitigation with connecte