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Preface

To foster the transition toward a sustainable energy future, islands represent
a priority test bed for pioneering technologies such as smart grids, alongside
renewable energy sources and electrical energy storage devices. The smart
grid initiative, integrating advanced sensing technologies, intelligent control
methods, and bidirectional communications into the contemporary electric-
ity grid, provides excellent opportunities for energy efficiency improvements
and better integration of distributed generation, coexisting with centralized
generation units within an active network.

A large share of the installed capacity for recent renewable energy sources
already comprises insular electricity grids, since the latter are preferable
due to their high potential for renewables. However, the increasing share
of renewables in the power generation mix of insular power systems pres-
ents a significant challenge to efficient management of the insular distribu-
tion networks, mainly due to the variability and uncertainty of renewable
generation.

More than other electricity grids, insular electricity grids require the
incorporation of sustainable resources and the maximization of the integra-
tion of local resources, as well as specific solutions to cope with the inherent
characteristics of renewable generation. Insular power systems need a new
generation of methodologies and tools to face the new paradigm of large-
scale renewable integration.

This book deals with modeling, simulation, and optimization of insular
power systems to address the effects of large-scale integration of renewables
and demand-side management, from forecasting to operations and plan-
ning and proposing efficient methodologies, tools, and solutions toward the
development of a sustainable and smart grid. Comprehensive testing and
validation of the mathematical models are provided using real-world data.

This book covers several important topics, such as insular power systems,
forecast techniques and models, renewable energies, uncertainty and vari-
ability, power flow calculations, probabilistic and stochastic approaches,
scenario generation, scheduling models, short-term operation, reserves and
demand response, electric price signals, competitive operation of distribu-
tion networks, and network expansion planning.

Joao P. S. Cataldo
University of Beira Interior

ix



X Preface

MATLAB® is a registered trademark of The MathWorks, Inc. For product
information, please contact:

The MathWorks, Inc.

3 Apple Hill Drive

Natick, MA 01760-2098 USA
Tel: +1 508 647 7000

Fax: +1 508 647 7001

E-mail: info@mathworks.com
Web: www.mathworks.com



Acknowledgments

This book would not have been possible without the exceptional contribu-
tions of several globally-recognized experts in the power systems field.

I deeply thank Professors Tasos, Javier, Gianfranco, Claudio, and Radu, as
well as all my current students and postdoctoral scholars, especially Nikos,
Ozan, Shafie, and Gerardo, for the great and singular work carried out and for
their support and friendship. Thank you very much.

A special thank you also goes to Professor Matias, for always having the
amazing capability to surpass life’s difficulties with a smile on the face,
embodying the best of the human character.

I thank the EU Seventh Framework Programme FP7/2007-2013 under
grant agreement No. 309048, the Portuguese Science and Technology
Foundation, and FEDER through COMPETE, under Projects FCOMP-01-
0124-FEDER-020282 (Ref. PTDC/EEA-EEL/118519/2010) and PEst-OE/EEI/
LA0021/2013, for financial support.

Finally, I thank the staff at CRC Press, particularly Nora Konopka and
Laurie Oknowsky, for their immense competence and kind attention during
all phases of the book preparation. Many thanks to all!

Jodo P. S. Catalao
University of Beira Interior

xi



o, 75 2 BEPDRIE U5 M) : www. ertongbook. com



Editor

Joao P. S. Cataldo received a master’s degree from the Instituto Superior
Técnico, Lisbon, Portugal, in 2003, and a PhD degree and habilitation for full
professor (“Agregagdo”) from the University of Beira Interior (UBI), Covilha,
Portugal, in 2007 and 2013, respectively.

Currently, he is a professor at UBI, director of the Sustainable Energy
Systems Lab, and researcher at INESC-ID. He is a senior member of IEEE. He
is the primary coordinator of the EU-funded FP7 project SINGULAR (Smart
and Sustainable Insular Electricity Grids Under Large-Scale Renewable
Integration), a €5.2-million project involving 11 industry partners. He has
authored or coauthored more than 320 publications, including 100 journal
papers, 200 conference proceedings papers, and 20 book chapters, with an
h-index of 22 (according to Google Scholar). He has supervised more than
25 postdoctoral, PhD, and MSc students. He is the editor of the book entitled
Electric Power Systems: Advanced Forecasting Techniques and Optimal Generation
Scheduling (Boca Raton, FL: CRC Press, 2012), translated into Chinese in
January 2014. His research interests include power system operations and
planning, hydro and thermal scheduling, wind and price forecasting, dis-
tributed renewable generation, demand response, and smart grids.

Professor Cataldo is an editor of IEEE Transactions on Smart Grid, an editor of
IEEE Transactions on Sustainable Energy, and an associate editor of IET Renewable
Power Generation. He was the guest editor-in-chief for the special section
“Real-Time Demand Response” of IEEE Transactions on Smart Grid, published
in December 2012, and he is currently guest editor-in-chief for the special
section “Reserve and Flexibility for Handling Variability and Uncertainty of
Renewable Generation” of IEEE Transactions on Sustainable Energy. He is the
recipient of the 2011 Scientific Merit Award UBI-FE/Santander Universities
and the 2012 Scientific Award UTL/Santander Totta.

xiii






Contributors

José M. Arroyo
University of Castilla-La Mancha
Ciudad Real, Spain

Miguel Asensio
University of Castilla-La Mancha
Ciudad Real, Spain

Anastasios G. Bakirtzis
Aristotle University of Thessaloniki
Thessaloniki, Greece

Emmanouil A. Bakirtzis
Aristotle University of Thessaloniki
Thessaloniki, Greece

Adriana Carillo

Italian National Agency
for New Technologies,
Energy and Sustainable
Economic Development

Rome, Italy

Gianfranco Chicco
Energy Department
Politecnico di Torino
Torino, Italy

Valeria Cocina
Energy Department
Politecnico di Torino
Torino, Italy

Javier Contreras
University of Castilla-La Mancha
Ciudad Real, Spain

Ozan Erding
Yildiz Technical University
Istanbul, Turkey

Pedro Fonte

Department of Electrical Energy
and Automation

Lisbon Superior Engineering Institute

Polytechnic Institute of Lisbon

Lisbon, Portugal

Ehsan Heydarian-Forushani
Isfahan University of Technology
Isfahan, Iran

Evaggelos G. Kardakos
Aristotle University of Thessaloniki
Thessaloniki, Greece

Andrea Mazza
Energy Department
Politecnico di Torino
Torino, Italy

Pilar Meneses de Quevedo
University of Castilla-La Mancha
Ciudad Real, Spain

Cldudio Monteiro
Department of Electrical and
Computer Engineering
School of Engineering

University of Porto
Porto, Portugal

Sergio Montoya-Bueno

University of Castilla-La Mancha
Ciudad Real, Spain

XU



Xxvi

José I. Muiioz
University of Castilla-La Mancha
Ciudad Real, Spain

Gregorio Muiioz-Delgado
University of Castilla-La Mancha
Ciudad Real, Spain

Rafael Nebot-Medina

Canary Islands Institute of
Technology

Las Palmas De Gran Canaria, Spain

Nikolaos G. Paterakis
University of Beira Interior
Covilha, Portugal

Radu Porumb

Department Electrical Power
Systems

University Politehnica of Bucharest

Bucharest, Romania

Angela Russo
Energy Department
Politecnico di Torino
Torino, Italy

Gianmaria Sannino

Italian National Agency for
New Technologies, Energy
and Sustainable Economic
Development

Rome, Italy

Bruno Santos
Smartwatt Intelligence Department
Porto, Portugal

Contributors

Tiago Santos
Smartwatt Intelligence Department
Porto, Portugal

George Seritan

Department of Measurements,
Electrical Apparatus and Static
Converters

University Politehnica of Bucharest

Bucharest, Romania

Miadreza Shafie-khah
University of Beira Interior
Covilha, Portugal

Christos K. Simoglou
Aristotle University of Thessaloniki
Thessaloniki, Greece

Carina Soares
University of Beira Interior
Covilhd, Portugal

Filippo Spertino
Energy Department
Politecnico di Torino
Torino, Italy

Ion Trigtiu

Department Electrical Power
Systems

University Politehnica of
Bucharest

Bucharest, Romania

Stylianos I. Vagropoulos
Aristotle University of Thessaloniki
Thessaloniki, Greece



Contents

PLOEACE...cveeccteeitieecteeceer et ste e st e e e e e e esas et e e eae s s e taeeasaesasesaeeesseenseserntensseensesnseesrnnens ix
PRAOWARHEINOIIS o a s RSl xi
BRITOT cisvsssissunsvsissnsivisvesassssvissssasseasssrsssisssssvasenseressaisissssswmmpsstasvasssmssasisissssssvisasssssas xiii
COMELIDUEOLS . e ivisvaniencnasanavenmaans seosaramississsissssssssssnossssmonisqminiesisosiantobess iasssossasssnces XV

1. Overview of Insular Power Systems: Challenges
AN OPPOTtUNIEIES ....c.eeeeeecieeieceiiieiec ettt ettt a e s 1
Ozan Erding and Nikolaos G. Paterakis

2, Forecasting Models and Tools for Load and Renewables
B TICTARNONY oo soniusromsvsasimmsoninacnnos g sedteamites SRR 555 A R A s AR 5 35
Cldudio Monteiro, Bruno Santos, Tiago Santos, Carina Soares,
Pedro Fonte, Rafael Nebot-Medina, Gianmaria Sannino, and Adriana Carillo

3. Probabilistic Harmonic Power Flow Calculations with
Uncertain and Correlated Data............cccooummcnniiicinniiiiicciiens 95
Gianfranco Chicco, Andrea Mazza, Angela Russo, Valeria Cocina, and
Filippo Spertino

4. Scheduling Models and Methods for Efficient and Reliable
OIPRTEEIOMIE s cosvsssanssssascsssanoversssmsssin s sona e oG T ST TSRO SH SRS HES 155
Emmanouil A. Bakirtzis, Evaggelos G. Kardakos, Stylianos I.

Vagropoulos, Christos K. Simoglou, and Anastasios G. Bakirtzis

5. Reserves and Demand Response Coping with Renewable

Energy Resources Uncertainty..........ccovivernininnivniniinninennnnrennnnnnennnns 225
Nikolaos G. Paterakis, Ozan Erding, Miadreza Shafie-khah, and Ehsan
Heydarian-Forushani

6. Electric Price Signals, Economic Operation, and Risk Analysis......285

Miguel Asensio, Pilar Meneses de Quevedo, Javier Contreras, Cldudio
Monteiro, Radu Porumb, lon Trigtiu, and George Seritan

7. Renewable Generation and Distribution Grid
Expansion PIANDING......... st s 345
Gregorio Mufioz-Delgado, Sergio Montoya-Bueno, Miguel Asensio,
Javier Contreras, José 1. Mufioz, and José M. Arroyo

vii



o, 75 2 BEPDRIE U5 M) : www. ertongbook. com



