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Distributed flexible AC transmission system (D-FACTS) devices offer many potential
benefits to power systems. This work examines the impact of installing D-FACTS
devices by studying the sensitivities of power system quantities such as voltage
magnitude, voltage angle, bus power injections, line power flows, and real power losses
with respect to line impedance. These sensitivities enable us to identify and develop
appropriate applications for the use of D-FACTS devices for the enhanced operation and
control of the grid. Specific applications of D-FACTS devices for line flow control, real
power loss minimization, and voltage control are investigated.

Simulation of Power System with Renewables provides details on the modelling and
efficient implementation of MATLAB, particularly with a renewable energy driven
power system. The book presents a step-by-step approach to modelling implementation,
including all major components used in current power systems operation, giving the
reader the opportunity to learn how to gather models for conventional generators, wind
farms, solar plants and FACTS control devices. Users will find this to be a central
resource for modelling, building and simulating renewable power systems, including
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discussions on its limitations, assumptions on the model, and the implementation and
analysis of the system. Presents worked examples and equations in each chapter that
address system limitations and flexibility Provides step-by-step guidance for building and
simulating models with required data Contains case studies on a number of devices,
including FACTS, and renewable generation

Flexible AC Transmission Systems (FACTS): Newton Power-Flow Modeling of Voltage-
Sourced Converter-Based Controllers introduces different voltage-sourced converter
(VSC)-based FACTS controllers and VSC-based high-voltage direct current (VSC-
HVDC) systems and their working principles, explaining how FACTS controllers
exchange real and reactive power with systems. Subsequently, the book: Describes the
NewtonRaphson method and its application for solving the power-flow problem Presents
the Newton power-flow modeling of the static synchronous series compensator (SSSC),
unified power-flow controller (UPFC), interline power-flow controller (IPFC),
generalized unified power-flow controller (GUPFC), and static synchronous compensator
(STATCOM), accommodating the practical device constraint limits (because of the
unique modeling strategy, the existing Newton power-flow codes can be reused)
Develops a unified Newton power-flow model of AC systems incorporating
multiterminal VSC-HVDC systems with pulse-width modulation (PWM) control

schemes, directly yielding the VSC modula}ion indices from the power-flow solution
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Provides numerous case studies for validation of Newton power-flow models, elaborating
on the occurrences and checking of unrealistic power-flow solutions in isolated cases
Includes detailed derivations of all the difficult formulae as well as solved problems on
typical VSC-based FACTS controllers Flexible AC Transmission Systems (FACTS):
Newton Power-Flow Modeling of Voltage-Sourced Converter-Based Controllers assumes
at least an undergraduate-level understanding of engineering mathematics, network
analysis, electrical machines, electrical power systems, and power electronics. Thus, the
book provides a valuable reference for practitioners as well as senior-undergraduate and
graduate students in electrical engineering and electrical power systems.
Introduction to Flexible AC Transmission System (Facts)
Power System Modeling, Computation, and Control
Power System Performance Enhancement Using Flexible AC Transmission System
Devices
Scoping Study Volume 2, Part 1: Analytical Studies
Flexible AC Transmission System Device that Will be Used to Control and Regulate AC
Power Grids
Protection Technologies of Ultra-High-Voltage AC Transmission Systems
considers the latest research on UHV, UHV transmission line electromagnetic
field, transmission line parameters, and tower structures, with a focus on
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protective relaying of UHV transmission systems. This book gives insights into
protective relaying of UHV AC transmission systems and sheds light on the
conundrum of protective relaying for the EHV systems. In addition, it elaborates
on both traditional relaying and the application of new type current differential
protection, distance protection and automatic reclosing, as well as protective
schemes for transformers and reactors in UHV transmission systems. This
resource will serve as an important reference for technical personnel in network
design and operation, as well as students and engineers in related engineering
areas. Compares new advances and trends in Ultra-High-Voltage (UHV)
transmission system from a global aspect Describes UHV protection technologies
Evaluates conventional protection and novel protection principles in applied and
verified global systems

This monograph presents advanced modelling, analysis and control techniques of
FACTS. These topics reflect the recent research and development of FACTS
controllers, and anticipate the future applications of FACTS in power systems.
The book covers comprehensively a range of power-system control problems:
from steady-state voltage and power flow control, to voltage and reactive power
control, to voltage stability control, to small signal stability control using FACTS
controllers. The book presents the modelling of the latest FACTS controllers for
power flow control, compensation and power quality (IPFC, GUPF, VSC HVDC
and M-VSCHVDC, etc.) in power system analysis. The selection is evaluated by

the actual and likely future practical relevance of each. The material is derived
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mainly from the research and industrial development in which the authors have
been heavily involved. The book is timely and of great value to power engineering
engineers and students of modelling, simulations and control design of FACTS for
a broad practical range of power system operation, planning and control
problems.

Research Paper (postgraduate) from the year 2019 in the subject
Electrotechnology, , language: English, abstract: The aim of the study is to model
FACTS devices on weak transmission line in the Nigeria power network and
consider their effect on the bus voltages, reactive and active power using genetic
algorithm(GA) approach for loss minimization. The Nigeria 330KV existing
network to be considered consist of nine (9) generating stations, thirty(30)Buses
and forty one (41) transmission lines which will be modelled and simulated using
Matlab Version 7.10. The study is limited to Nigeria 330kV existing power
network with the focus on the comparison of the Bus voltages and power flow on
the transmission lines when FACTS devices are incorporated and when the
FACTS devices are not incorporated. Research Questions: For the realization of
the objectives mentioned above and the aim, the following research questions
were set as a guide: 1. What is the significant effect of FACTS devices on weak
transmission lines? 2. Can FACTS device be used with genetic algorithm for
optimization of power loss and improvement of the bus voltages? 3. What is the
limitation of using just genetic algorithm without FACTS device for the

optimization of power loss and the improvement of the bus voltages? This
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research work is divided into five chapters with each chapter buttressing more on
minimization of power loss. The scope of the work , the objective and aim of the
research work to be achieved is addressed in chapter one (1). Chapter two(2)
focus on the literature review of other researchers on FACTS device in the
improvement of the power network, the concept of FACTS device and the choice
of FACTS device to be used was also addressed in chapter two (2) of this research
work. Chapter three focus on the methodology used for this study. The simulation
of the 330kV Nigeria power network was done on MATLAB /SIMULINK 7.5. Also
the chapter three focused on the use of power flow analysis toolbox which is a
collection of a written codes of m files that has a compatible interface with
MATLAB to generate the load flow of the power network instead of using ETAP.
The genetic algorithm was also discussed as an optimization tool deployed to
optimize the losses on the transmission line. Chapter four focus on the research
findings with possible explanation as to some of the result obtained. Finally
chapter five talks about the conclusion of this research work and highlight some
areas to explore in the future.

ELECTRICAL POWER SYSTEMS

Flexible AC Transmission System (FACTS)
FACTS
Power Quality Enhancement Using Custom Power Devices

The objective of this research is to investigate the performance enhancement of a power
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system using Flexible AC Transmission System (FACTS) devices. It is intended to show how
the reliability and performance of the power system is improved. The focus is to enhance the
understanding of the system operating with and without these devices. Power transmission
can always be improved by upgrading or adding new transmission circuits. But this is not a
practical solution. FACTS devices are feasible alternatives for optimizing the transmission
systems. Providing reactive shunt compensation with shuntconnected capacitors and reactors
is a well-established technique to get a better voltage profile in a power system. Shunt
capacitors lack dynamic capabilities, and so dynamically controlled reactive power
compensation is essential. This feature is provided by FACTS devices. Implementation of new
equipment consisting high power electronics based technologies such as FACTS becomes
essential for improvement of operation and control of power systems. FACTS promote the use
of static controllers to enhance the controllability and increase the power transfer capability.
Three software tools were used in this thesis, such as, MATLAB, PSCAD and PowerWorld.
Thyristor Controlled Reactors (TCR), Thyristor Controlled Series Capacitors (TCSC), Static
Var Compensators (SVC) are used as FACTS devices for consideration in the power system
study. This thesis aims at examining the ability of FACTS devices and distributed FACTS
devices for power flow control and reactive power compensation in a power system.
The Flexible AC Transmission System (FACTS)--a new technology based on power
electronics--offers an opportunity to enhance controllability, stability, and power transfer
capability of ac transmission systems. Two pioneers in the field provide in-depth discussions
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on power semiconductor devices, voltage-sourced and current-sourced converters, specific
FACTS controllers, and major FACTS applications in the U.S.
Artificial intelligence (Al) can successfully help in solving real-world problems in power
transmission and distribution systems because Al-based schemes are fast, adaptive, and
robust and are applicable without any knowledge of the system parameters. This book
considers the application of AI methods for the protection of different types and topologies of
transmission and distribution lines. It explains the latest pattern-recognition-based methods
as applicable to detection, classification, and location of a fault in the transmission and
distribution lines, and to manage smart power systems including all the pertinent aspects.
FEATURES Provides essential insight on uses of different Al techniques for pattern
recognition, classification, prediction, and estimation, exclusive to power system protection
issues Presents an introduction to enhanced electricity system analysis using decision-making
tools Covers Al applications in different protective relaying functions Discusses issues and
challenges in the protection of transmission and distribution systems Includes a dedicated
chapter on case studies and applications This book is aimed at graduate students, researchers,
and professionals in electrical power system protection, stability, and smart grids.
Impact of Shunt-flexible AC Transmission System (FACTS) on Distance Based Transmission
Line Protection
Robust Control in Power Systems
Power Electronics in Renewable Energy Systems and Smart Grid
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Simulation of Power System with Renewables

Flexible AC Transmission Systems

The book features selected high-quality papers presented at the International Conference on
Computing, Power and Communication Technologies 2019 (GUCON 2019), organized by
Galgotias University, India, in September 2019. Divided into three sections, the book
discusses various topics in the fields of power electronics and control engineering, power and
energy systems, and machines and renewable energy. This interesting compilation is a
valuable resource for researchers, engineers and students.

Provides a comprehensive guide to FACTS, covering all the major aspects in research and
development of FACTS technology.

The comprehensive and authoritative guide to power electronics in renewable energy systems
Power electronics plays a significant role in modern industrial automation and high-
efficiency energy systems. With contributions from an international group of noted experts,
Power Electronics in Renewable Energy Systems and Smart Grid: Technology and
Applications of fers a comprehensive review of the technology and applications of power
electronics in renewable energy systems and smart grids. The authors cover information on a
variety of energy systems including wind, solar, ocean, and geothermal energy systems as
well as fuel cell systems and bulk energy storage systems. They also examine smart grid

elements, modeling, simulation, control, and Al applications. The book's twelve chapters
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of fer an application-oriented and tutorial viewpoint and also contain technology status
review. In addition, the book contains illustrative examples of applications and discussions of
future perspectives. This important resource: Includes descriptions of power semiconductor
devices, two level and multilevel converters, HVDC systems, FACTS, and more Offers
discussions on various energy systems such as wind, solar, ocean, and geothermal energy
systems, and also fuel cell systems and bulk energy storage systems Explores smart grid
elements, modeling, simulation, control, and Al applications Contains state-of-the-art
technologies and future perspectives Provides the expertise of international authorities in the
field Written for graduate students, professors in power electronics, and industry engineers,
Power Electronics in Renewable Energy Systems and Smart Grid: Technology and
Applications of fers an up-to-date guide to technology and applications of a wide-range of
power electronics in energy systems and smart grids.

Scoping Studies

Technology and Applications

Evaluation of Flexible AC Transmission System (FACTS) Technologies on the Tennessee
Valley Authority’s Transmission System

Current Activity in Flexible AC Transmission Systems, FACTS.

Flexible AC Transmission System Devices for Subsynchronous Resonance Damping

Power Quality Enhancement Using Custom Power Devices considers the structure, control
Page 10/19



and performance of series compensating DVR, the shunt DSTATCOM and the shunt with
series UPQC for power quality improvement in electricity distribution. Also addressed are
other power electronic devices for improving power quality in Solid State Transfer
Switches and Fault Current Limiters. Applications for these technologies as they relate to
compensating busses supplied by a weak line and for distributed generation connections in
rural networks, are included. In depth treatment of inverters to achieve voltage support,
voltage balancing, harmonic suppression and transient suppression in realistic network
environments are also covered. New material on the potential for shunt and series
compensation which emphasizes the importance of control design has been introduced.
This green book offers the outstanding expertise of CIGRE professionals about FACTS in
one concise handbook. It provides the most comprehensive information about HVDC,
Power Electronic for AC systems and Power Quality Improvement as well as Advanced
Power Electronics to Professionals in Power Industry interested in Power Electronics. It
covers a large range of topics such as: HVDC: economics of HVDC, applications,
planning aspects, design, performance, control, protection, control and testing of converter
stations, 1.e., the converting equipment itself and also the equipment associated with
HVDC links. Power Electronic for AC systems and Power Quality Improvement:
economics, applications, planning, design, performance, control, protection, construction

and testing. Advanced Power Electronics: development of new converter technologies
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including controls, use of new semiconductor devices, applications of these technologies
in HVDC, Power Electronics for AC systems and Power Quality Improvement. Power
Electronics used in other fields of the Electric Power Industry. More than 30 technical
experts from industry wrote the book for electrical power system engineers, managers,
planners, project developers and investors.

Unified Power Flow Controller Technology and Application provides comprehensive
coverage on UPFC technology, providing a range of topics, including design principle,
control and protection, and insulation coordination. It summarizes all the most up-to-date
research and practical achievements that are related to UPFC and MMC technology,
including test techniques for main components, closed-loop test techniques for control and
protection systems, and onsite techniques for implementing UPFC projects. The book is
an essential reference book for both academics and engineers working in power system
protection control, power system planning engineers, and HVDC FACTS related areas.
Readers will not only obtain the detailed information regarding theoretical analysis and
practical application of UPFC, but also the control mechanism of advanced MMC
technology, both of which are not common topics in previously published books. Shows
how to use modular multilevel converters (MMC) to implement UPFC that lead to cost-
effective and reliable systems Draws from the most up-to-date research and practical

applications Teaches electromechanical/electromagnetic transient simulation techniques
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and real-time closed-loop simulation test techniques of the MMC based UPFC

System Studies to Assess FACTS Device Requirements on the Florida Power & Light Co.
System

Flexible AC Transmission System Conference, Boston, May 18-22, 1992

Proceedings of GUCON 2019

Flexible Ac Transmission Systems (FACTS)

Application of Thyrister Controlled Series Capacitors in New York State

Provides students with an understanding of the modeling and practice in power system
stability analysis and control design, as well as the computational tools used by
commercial vendors Bringing together wind, FACTS, HVDC, and several other modern
elements, this book gives readers everything they need to know about power systems.
It makes learning complex power system concepts, models, and dynamics simpler and
more efficient while providing modern viewpoints of power system analysis. Power
System Modeling, Computation, and Control provides students with a new and detailed
analysis of voltage stability; a simple example illustrating the BCU method of transient
stability analysis; and one of only a few derivations of the transient synchronous
machine model. It offers a discussion on reactive power consumption of induction
motors during start-up to illustrate the low-voltage phenomenon observed in urban
load centers. Damping controller designs using power system stabilizer, HVDC
systems, static var compensator, and thyristor-controlled series compensation are also

examined. In addition, there are chaptgrs %t/)lgering flexible AC transmission Systems
age



(FACTS)—including both thyristor and voltage-sourced converter technology—and
wind turbine generation and modeling. Simplifies the learning of complex power
system concepts, models, and dynamics Provides chapters on power flow solution,
voltage stability, simulation methods, transient stability, small signal stability,
synchronous machine models (steady-state and dynamic models), excitation systems,
and power system stabilizer design Includes advanced analysis of voltage stability,
voltage recovery during motor starts, FACTS and their operation, damping control
design using various control equipment, wind turbine models, and control Contains
numerous examples, tables, figures of block diagrams, MATLAB plots, and problems
involving real systems Written by experienced educators whose previous books and
papers are used extensively by the international scientific community Power System
Modeling, Computation, and Control is an ideal textbook for graduate students of the
subject, as well as for power system engineers and control design professionals.

This textbook, in its second edition aims to provide undergraduate students of
Electrical Engineering with a unified treatment of all aspects of modern power systems,
including generation, transmission and distribution of electric power, load flow studies,
economic considerations, fault analysis and stability, high voltage phenomena, system
protection, power control, and so on. The text systematically deals with the
fundamental techniques in power systems, coupled with adequate analytical
techniques and reference to practices in the field. Special emphasis is placed on the
latest developments in power system engineering. The book will be equally useful to

the postgraduate students specialising in power systems and practising engineers as a
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reference. NEW TO THIS EDITION « Chapters on Elements of Electric Power
Generation and Power System Economics are thoroughly updated. « A new Chapter on
Control of Active and Reactive Power is added.

This book presents information about the application of various flexible AC
transmission system devices to wind energy conversion systems. Devices such as
unified power flow controllers, superconducting magnetic energy storage and static
synchronous compensators are covered in this book. Chapters detail features of the
topology and basic control systems of each device. Additionally, case studies are
presented where necessary to demonstrate practical applications. This book is a
reference for students and technicians studying wind power and AC transmission
systems in advanced engineering courses.

Concepts and Technology of Flexible AC Transmission Systems

Unified Power Flow Controller Technology and Application

Advances in Power and Control Engineering

Facts Controllers in Power Transmission and Distribution

Protection Technologies of Ultra-High-Voltage AC Transmission Systems

An important new resource for the international utility market Over the past two
decades, static reactive power compensators have evolved into a mature
technology and become an integral part of modern electrical power systems. They
are one of the key devices in flexible AC transmission systems (FACTS).
Coordination of static compensators with other controllable FACTS devices

promises not only tremendously enhanced power system controllability, but also
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the extension of power transfer capability of existing transmission corridors to
near their thermal capacities, thus delaying or even curtailing the need to invest
in new transmission facilities. Offering both an in-depth presentation of
theoretical concepts and practical applications pertaining to these power
compensators, Thyristor-Based FACTS Controllers for Electrical Transmission
Systems fills the need for an appropriate text on this emerging technology.
Replete with examples and case studies on control design and performance, the
book provides an important resource for both students and engineers working in
the field.

Robust Control in Power Systems deals with the applications of new techniques in
linear system theory to control low frequency oscillations in power systems. The
book specifically focuses on the analysis and damping of inter-area oscillations in
the systems which are in the range of 0.2-1 Hz. The damping control action is
injected through high power electronic devices known as flexible AC transmission
system (FACTS) controllers. Three commonly used FACTS controllers: controllable
series capacitors (CSCs) controllable phase shifters (CPSs) and static var
compensators (SVCs) have been used in this book to control the inter-area
oscillations. The overview of linear system theory from the perspective of power
system control is explained through examples. The damping control design is
formulated as norm optimization problem. The H_infinity, H2 norm of properly
defined transfer functions are minimized in linear matrix inequalities (LMI)

framework to obtain desired performance and stability robustness. Both
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centralized and decentralized control structures are used. Usually the
transmission of feedback signal from a remote location encounters delays making
it difficult to control the system. Smith predictor based approach has been
successfully explored in this book as a solution to such a problem. Robust Control
in Power Systems will be valuable to academicians in the areas of power, control
and system theory, as well as professionals in the power industry.

The emerging technology of Flexible AC Transmission System (FACTS) enables
planning and operation of power systems at minimum costs, without
compromising security. This is based on modern high power electronic systems
that provide fast controllability to ensure ‘flexible' operation under changing
system conditions. This book presents a comprehensive treatment of the subject
by discussing the operating principles, mathematical models, control design and
issues that affect the applications. The concepts are explained often with
illustrative examples and case studies. In particular, the book presents an in-depth
coverage of: Applications of SVC, TCSC, GCSC, SPST, STATCOM, SSSC, UPFC,
IPFC and IPC for voltage/power control in transmission systems; Application of
DSTATCOM, DVR and UPQC for improving power quality in distribution systems;
Design of Power Oscillation Damping (POD) controllers; Discrete control of FACTS
for improving transient stability; Mitigation of SSR using series FACTS
Controllers; Issues affecting control design such as electromagnetic and harmonic
interactions. The book can serve as a text or reference for a course on FACTS

Controllers. It will also benefit researchers and practicing engineers who wish to
Page 17/19



understand and apply FACTS technology.

Flexible Ac Transmission Systems (facts)

Application of Flexible AC Transmission System Devices in Wind Energy
Conversion Systems

Understanding FACTS

Concept, Theory and Practice

Flexible AC Transmission Systems: Modelling and Control

Flexible Ac Transmission Systems (FACTS) IET

The extended and revised second edition of this successful monograph
presents advanced modeling, analysis and control techniques of
Flexible AC Transmission Systems (FACTS). The book covers
comprehensively a range of power-system control problems: from steady-
state voltage and power flow control, to voltage and reactive power
control, to voltage stability control, to small signal stability
control using FACTS controllers. In the six years since the first
edition of the book has been published research on the FACTS has
continued to flourish while renewable energy has developed into a
mature and booming global green business. The second edition reflects
the new developments in converter configuration, smart grid
technologies, super power grid developments worldwide, new approaches
for FACTS control design, new controllers for distribution system

control, and power electronic controllers in wind generation operation
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and control. The latest trends of VSC-HVDC with multilevel
architecture have been included and four completely new chapters have
been added devoted to Multi-Agent Systems for Coordinated Control of
FACTS—-devices, Power System Stability Control using FACTS with
Multiple Operating Points, Control of a Looping Device in a
Distribution System, and Power Electronic Control for Wind Generation.
Scoping Study

Newton Power-Flow Modeling of Voltage-Sourced Converter-Based
Controllers

Power Flow Control Using Flexible Ac Transmission System (facts)
Device

Thyristor-Based FACTS Controllers for Electrical Transmission Systems
Power System Control with Distributed Flexible AC Transmission System
Devices
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