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Foreword

Nowadays the sustainable development is probably the most important problem in view of mankind
surviving. It is complex, multidisciplinary concept for which the standard, finally ascertained definition
is still absent. But it is absolutely clear that among various factors defining character of development
of the countries, regions and territories is energy. According one of existing points of view sustainable
energy is any kind of energy that can sufficiently cater to the energy needs of the present generation
without endangering the supply of energy to future generations. Sometimes the term is defined to in-
clude any kind of substitute form of energy that is used as the current generation tries to come up with
technological innovations that will lead to the discovery of sustainable energy. That’s why the book
Sustaining Power Resources through Energy Optimization and Engineering is very timely and very and
important. The purpose of the book is to gather together chapters dedicated to different aspects of effective
energy resources generation and consuming which cover a huge topics dealing in very different degree
with sustainable consumption of energy such as energy management policy, economic Load Dispatch,
Biogeography Based Optimization, Heat Supply Complex, Markov Random Process, Multi-loop Opti-
mization Method, three Induction motor, bi-level modeling, competitive market, thermal power plant,
heat network, teaching learning based optimization, optimal power flow, fuzzy decision, hybrid power
filter, evolutionary optimization, artificial bee colony, greenhouse gas emissions, valve-point loading
effect and ground source energy.

Valuable emphasis has been put on two the most important tendency in the modern energy such as
rational use of energy (RES) and renewable energy sources (RES) implementations.

Actually the book is in some way the encyclopedia of efficiency in an energy sector. In spite of the
fact that in the book such important aspects as photo-voltaic conversion of solar energy, electricity gen-
eration at wind and small power stations as well as distributed energy aspects are absent it certainly is
useful to a wide range of readers, as for energy experts, as well for specialists of different profile dealing
with consumption of various energy resources.

There is a wish to express deep gratitude to all authors who were taking part in preparation of the
manuscript of the book for their efforts, for their job, and generosity with which they impart experience
and knowledge with readers. The special gratitude is deserved publishing house of IGI Global in particu-
lar editorial team, consisting of Prof. Dr. Pandian Vasant (Universiti Teknologi PETRONAS, Malaysia)
and Prof. Nikolai Voropai (Irkutsk Technical University, Russia) and the Editorial Advisory Board, for
having provided the opportunity for authors to publish their newest results.

Thanks to all who take part in preparing, editing and publishing the premium book of a high aca-
demic standards.

Valeriy V. Kharchenko
All-Russian Scientific Research Institute for Electrification of Agriculture (VIESH), Russia
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Foreword

Energy optimization and engineering are the key problems for the modern society. The efforts of many
research groups and the whole Institutes all over the globe are devoted to a proper storage, distribution
and production of power resources. This book “Sustaining Power Resources through Energy Optimization
and Engineering” is aimed at giving the state-of-the-art of various directions of research in this direc-
tion. The wideness of the cutting edge contribution is quite impressive. In the 16 chapters of the book
the reader will follow the development of cogeneration and renewable energy sources, the discussion
of optimal expansion and reconstruction of heat supply systems, with related questions of reliability for
consumers, specific software systems (e. g. SOSNA) for the parameter optimization of such systems,
exploitation of renewable energy sources dealt with by various optimization models and statistical tools,
related problems from biogeography. The expositions combine clear laymen-term explanations, argu-
ments and suggestions with deeper mathematical developments. The book is highly recommended for
all interested in this vibrant and very timely topic of sustaining power resources.

Vassili N Kolokoltsov
University of Warwick, UK

Vassili Kolokoltsov is a professor at the Department of Statistics of the University of Warwick. He receives his PhD in 1985
from the Moscow State University and the Full Doctor of Science in Mathematics and Physics from the Steklov Mathematics
Institute of the Russia Academy of Science in 1993. His research is in various areas of applied mathematics, mostly in stochastic
analysis, control theory and games, and mathematical physics. He published 8 monographs and over 100 papers in peer reviewed
Journals. He presented invited lectures on numerous international conferences in US, Mexico, Japan, Russia and Europe. In
2011 he received (jointly with O. A. Malafeyev) the award of St. Petersburg University for the Research in Game Theory.
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Foreword

The main purpose of the project of this book “Sustaining Power Resources through Energy Optimiza-
tion and Engineering” has been to introduce advanced results in the areas of sustainable development
and operation of energy systems. In fact, these have become very important problems from the perspec-
tives of an effective energy supply to consumers with required quality and of the reliability of supply,
both intra- and inter-generationally. An effective operation of the economy and of the life of the people
strongly depends on a sustainable development and an efficient and reliable operation of energy systems.
Herewith, through its collection and display of the state-of-the-art in those areas and of emerging trends,
this book project has become very worthwhile. Soon it could mean a precious and very much needed
service for the academic sector, for the practice of engineering and of our economies and, eventually,
for developing policies and innovative solutions to improve the living conditions of the people on earth.

In the course of the recent decades, the toolbox of engineering, economics, computer science, sta-
tistics and applied mathematics, informatics, bio and life sciences, has gained the interest of so many
researchers and practitioners fromall around the world, in emerging analytics, algorithms and information
technologies, giving a strong impact to all areas of engineering and information technologies, but also
in economy, finance and social sciences. A core role in this context is played by Optimization, Optimal
Control and Probability Theory, in theory, methods and practice. This book benefits from that vast growth
as much as it is applied on “Sustaining Power Resources through Energy Optimization and Engineering.”

The authors of the chapters of this book are experienced and enthusiastic researchers and scholars from
all over the world, who refine, associate and employ the less model-based but more data-driven techniques
of engineering and computer science and the deep model-based techniques methods from mathematics.
The first ones are also called smart or intelligent algorithms; they have their roots in the engineering
disciplines, in computer science, informatics, in bio- and nature-inspired traditions of reasoning. Indeed,
amazing challenges exist in all fields of the modern live, in high technology and economy, in the sectors
of development, the improvement of living conditions, of gaining future chance and perspectives for us
humans. In this context, without any doubt, the areas studied in this book, namely, power, energy and
electricity, as well as the related fields of climate change, economics, technology and environmental
sciences, play a huge role which can hardly be overestimated.

Special attention paid in this work is the presence of uncertainties of multiple kinds, the high com-
plexity of analysing and interpreting large data sets and of entire problems that we nowadays find almost
everywhere. In the present book, these two main academic cultures and traditions, namely, the more
model-free and data-driven one from engineering and the more model-based one from mathematics, are
not considered as separated or disjoint from each other, but from their potential of common chances, of
synergies and of a promise to humankind.

This valuable compendium addresses the following research topics and techniques, and much more,
in relation with “Sustaining Power Resources through Energy Optimization and Engineering”:



Foreword

Energy Management Policy,
Economic Load Dispatch,
Biogeography Based Optimization,
Heat Supply Complex,

Markov Random Process,
Multi-loop Optimization Method,
Three Induction Motor,

Bi-level Modeling,

Competitive Market,

Thermal Power Plant,

Heat Network,

Teaching Learning Based Optimization,
Optimal Power Flow,

Fuzzy Decision,

Hybrid Power Filter,

Evolutionary Optimization,
Artificial Bee Colony,

Greenhouse Gas Emissions,
Valve-Point Loading Effect,
Ground source Energy.

This means a huge variety and prosperity indeed, unfolded in sixteen chapters.

To every one of the authors of these valuable chapter contributions, we extend our sincere appre-
ciation and our gratitude for having shared their devotion, expertise and new insights with the whole
academic family and with mankind. We are very thankful to the Publishing House IGI Global, to the
editorial team which consists of the editors Prof. Dr. Pandian Vasant and Prof. Dr. Nikolai Voropai, and
to the Editorial Advisory Board Members, for having offered and maintained the chance and the stage for
experts to publish their emerging advances and suggestions. We convey to them all our heartily thanks
for having made possible a premium book on a high academic level, of an intellectual, a real-world and
a human importance.

Now, we wish you and each one of us a great pleasure and gain when reading this new IGI Global
work, a great benefit through it in all personal, professional and social directions.

Sincerely yours,

Gerhard-Wilhelm Weber
METU, Institute of Applied Mathematics, Turkey

N. Serhan Aydin
METU, Institute of Applied Mathematics, Turkey

Erik Kropat

University of the Bundeswehr Munich, Germany
July 22, 2015

XX
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Preface

Sustainable development and operation of energy systems are very important problems from the viewpoint
of effective energy supply to consumers with required quality and reliability of supply. These problems
are the most important for infrastructural energy systems which have developed transmission and distri-
bution network structures. The effective operation of the economy and the life of people strongly depend
on sustainable development and operation of energy systems. The objective of this book is to introduce
advanced results in the foregoing area.

The following research topics are well covered in this book:

Energy Management Policy
Economic Load Dispatch
Biogeography-Based Optimization
Heat Supply Complex

Markov Random Process
Multi-Loop Optimization Method
Three Induction motor

Bi-Level Modeling

Competitive Market

Thermal Power Plant

Heat Network

Teaching Learning-Based Optimization
Optimal Power Flow

Fuzzy Decision

Hybrid Power Filter

Evolutionary Optimization
Artificial Bee Colony

Greenhouse Gas Emissions
Valve-Point Loading Effect
Ground Source Energy

® ®© © © 0 ¢ © o © © ©o © © o © o © o o o

The book is organized into 16 chapters. A brief description of each of the chapters is as follows:

Chapter 1: The chapter presents methods for assessing economic, resource and environmental ef-
ficiency of energy supply systems and ways of its improvement, the main of which are the development
of cogeneration and renewable energy sources (RES). The problem of allocating fuel and financial costs
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in the case of the combined production is solved. The methods allow determining specific indicators of
supplied products which makes it possible to compare the efficiency of energy supply systems of differ-
ent companies and countries, and to define their future target indicators. The technology of introducing
RES-based power plants to the energy supply systems by means of using unstabilized RES-based power
for direct fuel substitution at thermal power plants is discussed.

Chapter 2: The chapter addresses the issue of optimal expansion and reconstruction of heat supply
systems, which includes a set of general and specific problems. Therefore, a comprehensive approach
to their solving is required to obtain a technically admissible and economically sound result. Solving
the problem suggests search for effective directions in expansion of a system in terms of allocation of
new heat sources, their type, output; construction of new heat networks, their schemes and parameters;
detection of “bottlenecks” in the system and ways of their elimination (expansion, dismantling, replace-
ment of heat pipeline sections, construction of pumping stations). The authors present a mathematical
statement of the problem, its decomposition into separate subproblems and an integrated technique to
solve it. Consideration is given to a real problem solved for a real heat supply system.

Chapter 3: In this chapter one of widespread models of the organization of heat supply of consumers
presented in the Single buyer format is considered. The scientific and methodical base for its descrip-
tion and research offers to accept the fundamental principles of the theory of hydraulic circuits, bi-level
programming, and principles of economics in the energy sector. Distinctive feature of the developed
mathematical model is that it, along with traditionally solved tasks within the bilateral relations heat
sources — consumers of heat, considers a network component with physics and technology properties
of a heat network inherent in it, and also the economic factors connected with costs of production and
transport of heat energy.

Chapter 4: This chapter presents new methods and software system SOSNA intended for the parameter
optimization of heat supply systems. They make it possible to calculate large-scale systems which have
a complex structure with any set of nodes, sections, and circuits. A new methodological approach to
solving the problem of the parameter optimization of the heat supply systems is developed. The approach
is based on the multi-level decomposition of the network model, which allows us to proceed from the
initial problem to less complex sub-problems of a smaller dimension. New algorithms are developed to
numerically solve the parameter optimization problems of heat supply systems: an effective algorithm
based on the multi-loop optimization method, which allows us to consider hierarchical creation of the
network model in the course of problem solving; a parallel high-speed algorithm based on the dynamic
programming method.

Chapter 5: This chapter deals with the problem of comprehensive analysis of heat supply reliability
for consumers. It implies a quantitative assessment of the impact of all stages of heat energy production
and distribution on heat supply reliability for each consumer of the heat supply system. A methodological
approach is suggested, in which mathematical models and methods for nodal evaluation of heat supply
reliability for consumers are developed and the studies on the impact of different elements of fuel and
heat supply systems on its level are described. Mathematical modeling is based on the Markov random
processes, models of flow distribution in a heat network, deterministic dependences of thermal processes
of heat energy consumption and some other models.

Chapter 6: In the recent attempts to stimulate alternative energy sources for heating and cooling of
buildings, emphasise has been put on utilisation of the ambient energy from ground source heat pump
systems (GSHPs) and other renewable energy sources. Exploitation of renewable energy sources and
particularly ground heat in buildings can significantly contribute towards reducing dependency on fossil

xXii



Preface

fuels. Energy Research Institute (ERI), between July 2011 and November 2011. This chapter highlights
the potential energy saving that could be achieved through use of ground energy source.

Chapter 7: This chapter presents a Fuzzy Random Regression-based model. The proposed method
demonstrates the ability to provide coefficient information and consideration of hybrid uncertainties
in the evaluation process. The schemes discussed in this work satisfy decision-maker intentions, which
address some limitation to determine the coefficient and deals with fuzzy random uncertainties in the
multi-objective problem formulation using satisfaction-based optimization.

Chapter 8: Optimal power flow with transient stability constraints becomes an effective tool of many
problems in power systems since it simultaneously considers economy and dynamic stability of power
system. TSC-OPF is a non-linear optimization problem which is not easy to deal directly because of its
huge dimension. This chapter presents a novel and efficient optimisation approach named the teaching
learning based optimisation (TLBO) for solving the TSCO-PF problem. The quality and usefulness of
the proposed algorithm is demonstrated through its application to four standard test systems namely,
IEEE 30-bus system, [EEE 118-bus system, WSCC 3-generator 9-bus system and New England 10-gen-
erator 39-bus system. To demonstrate the applicability and validity of the proposed method, the results
obtained from the proposed algorithm are compared with those obtained from other algorithms available
in the literature.

Chapter 9: This chapter proposes an improved pseudo-gradient search particle swarm optimization
(IPG-PSO) for solving optimal power flow (OPF) with non-convex generator fuel cost functions. The
objective of OPF problem is to minimize generator fuel cost considering valve point loading, voltage
deviation and voltage stability index subject to power balance constraints and generator operating con-
straints, transformer tap setting constraints, shunt VAR compensator constraints, load bus voltage and
line flow constraints. The proposed IPG-PSO method is an improved PSO by chaotic weight factor and
guided by pseudo-gradient search for particle’s movement in an appropriate direction.

Chapter 10: ICT service-providers are to daily face the problem of delivering ICT services (data
processing (Dp) and telecommunication (Tlc) services) assuring the best compromise between Quality
of Service (QoS) and Energy Optimization. Indeed, any operation of saving energy involves waste in
the QoS. This holds both for Dp and for Tlc services. This chapter introduces models the providers may
use to support their decisions in the delivery of ICT services. Dp systems totalize millions of servers
all over the world that need to be electrically powered. Dp systems are also used in the government of
Tlc systems, which also require Tlc-specific power, both for mobile networks and for wired networks.
Research is thus expected to investigate into methods to reduce ICT power consumption. This chapter
investigates ICT power management strategies that look at compromises between energy saving and QoS.

Chapter 11: This chapter presents the mathematical model of the thermal power plant in reservoir
under different hydrometeorological conditions, which is solved by three dimensional Navier - Stokes and
temperature equations for an incompressible fluid in a stratified medium. A numerical method based on
the projection method, which divides the problem into four stages. Then qualitatively and quantitatively
approximate the basic laws of the hydrothermal processes depending on different hydrometeorological
conditions are determined.

Chapter 12: Biogeography based optimization (BBO) is an efficient and powerful stochastic search
technique for solving optimization problems over continuous space. Due to excellent exploration and
exploitation property, BBO has become a popular optimization technique to solve the complex multi-
modal optimization problem. However, in some cases, the basic BBO algorithm shows slow conver-

xxiii



Preface

gence rate and may stick to local optimal solution. To overcome this, quasi-oppositional biogeography
based-optimization (QOBBO) for optimal reactive power dispatch (ORPD) is presented in this chapter.

Chapter 13: Biogeography Based Optimization (BBO) algorithm is a population-based algorithm
based on biogeography concept, which uses the idea of the migration strategy of animals or other spices
for solving optimization problems. Biogeography Based Optimization algorithm has a simple procedure
to find the optimal solution for the non-smooth and non-convex problems through the steps of migra-
tion and mutation. This research chapter presents the solution to Economic Load Dispatch Problem for
IEEE 3, 4, 6 and 10-unit generating model using Biogeography Based Optimization algorithm. It also
presents the mathematical formulation of scalar and multi-objective unit commitment problem, which
is a further extension of economic load dispatch problem.

Chapter 14: A novel hybrid series active power filter to eliminate harmonics and compensate reactive
power is presented and analyzed. The proposed active compensation technique is based on a hybrid series
active filter using ATS algorithm in the conventional Sinusoidal Fryze voltage (SFV) control technique.
This chapter discusses the comparative performances of conventional Sinusoidal Fryze voltage control
strategy and ATS-optimized controllers. The ATS-optimized controller has been attempted for shunt
active power filter too, and its performance has also been discussed in brief.

Chapter 15: Induction motors have gained its popularity as most suitable industrial workhorse, due
to its ruggedness and reliability. With the passage of time, these workhorses are susceptible to faults,
some are incipient and some are major. Such fault can be catastrophic, if unattended and may develop
serious problem that may lead to shut down the machine causing production and financial losses. To
avoid such breakdown, an early stage prognosis can help in preparing the maintenance schedule, which
will lead to improve its life span. Scientist and engineers worked with different scheme to diagnose the
machine faults. In this chapter, the authors diagnose the turn-to-turn faults condition of the stator through
symmetrical component analysis.

Chapter 16: This chapter is devoted to main tendencies of optimization in photovoltaic (PV) engineer-
ing showing the main trends in modern energy transition - the changes in the composition (structure)
of primary energy supply, the gradual shift from a traditional (mainly based on fossil fuels) energy to a
new stage based on renewable energy systems from history to current stage and to future. The chapter
shows the gradual shifting optimization from specific quite narrow areas to the new stages of optimiza-
tion of the very complex energy systems (actually smart grids) based on photovoltaics and also other
renewable energy sources and GIS.

The book editors are very grateful to the editorial team and entire staff of IGI Global, for their con-
fidence, interest, continuous guidance and support at all levels of preparation of this book’s preparation.

We editors wish all the readers a pleasant and enjoyable, insightful and inspiring lecture of the
contributions of this IGI Global book. In fact, we cordially hope that this special issue will present
and value IGI Global as a premium publishing house in science, engineering, economics, and finance,
which strongly fosters very much needed intellectual advances and their contributions to humanity and
mankind in all over the world.

Pandian Vasant
Universiti Teknologi PETRONAS, Malaysia

Nikolai Voropai
Energy Systems Institute SB RAS, Russia
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