Energy Systems in Electrical Engineering

Sunil Kumar Mishra
Dusmanta Kumar Mohanta
Bhargav Appasani

Ersan Kabalci

OWC(C-Based
Ocean Wave
Energy Plants

Modeling and Control

@ Springer



Energy Systems in Electrical Engineering

Series Editor
Muhammad H. Rashid, Florida Polytechnic University, Lakeland, USA



More information about this series at http://www.springer.com/series/13509


http://www.springer.com/series/13509

Sunil Kumar Mishra - Dusmanta Kumar Mohanta -
Bhargav Appasani - Ersan Kabalci

OWC-Based Ocean Wave
Energy Plants

Modeling and Control

@ Springer



Sunil Kumar Mishra

School of Electronics Engineering
Kalinga Institute of Industrial Technology
Bhubaneswar, India

Bhargav Appasani

School of Electronics Engineering
Kalinga Institute of Industrial Technology
Bhubaneswar, India

Dusmanta Kumar Mohanta

Department of Electrical and Electronics
Engineering

Birla Institute of Technology

Mesra, Ranchi, India

Ersan Kabalci
Department of Electrical and Electronics
Engineering

Nevsehir Haci Bektas Veli University
Nevsehir, Turkey

ISSN 2199-8582 ISSN 2199-8590 (electronic)
Energy Systems in Electrical Engineering

ISBN 978-981-15-9848-7 ISBN 978-981-15-9849-4 (eBook)
https://doi.org/10.1007/978-981-15-9849-4

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer Nature Singapore
Pte Ltd. 2021

This work is subject to copyright. All rights are solely and exclusively licensed by the Publisher, whether
the whole or part of the material is concerned, specifically the rights of translation, reprinting, reuse
of illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way, and
transmission or information storage and retrieval, electronic adaptation, computer software, or by similar
or dissimilar methodology now known or hereafter developed.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.

The publisher, the authors and the editors are safe to assume that the advice and information in this book
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or
the editors give a warranty, expressed or implied, with respect to the material contained herein or for any
errors or omissions that may have been made. The publisher remains neutral with regard to jurisdictional
claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Singapore Pte Ltd.
The registered company address is: 152 Beach Road, #21-01/04 Gateway East, Singapore 189721,
Singapore


https://doi.org/10.1007/978-981-15-9849-4

Contents

1 Introduction .......... ... .. . . . 1
1.1 The Significance of Ocean Wave Energy ........................ 1
1.2 Historical Development of OWC Control Systems ................ 2
1.3 Summary of the Book ........ ... ... .. 9
References ... ........uuuu 10
2 Overview of OWC Mathematical Model ........................... 15
2.1 Ocean Wave Modelling ...........couiiiiiiinniiiiinnennnnnn. 15
2.2 OWC Chamber Modelling ............coouuiiiiiiiinneennnn.. 18
2.3 Wells Turbine Modelling ............ ... ... i, 18
2.4 DFIG Modelling .. .......ouiiit i 23
2.5 Wells Turbine-DFIG Coupling ............c..uuiiiiiuuuunnnnnn. 25
References ... ........uuuuu 25
3 Control Challenges of OWC .....................ciiiiiiiiiein... 29
3.1 Simulation of Open Loop/Uncontrolled OWC ................... 29
3.2 Classification of Control Techniques for OWC ................... 30
Reference . ...........uuu 37
4 Power Generation Control of OWC Using Airflow Control .......... 39
4.1 PID Control .. ... ... 39
4.2 Fractional Order PID Control .......... ... ... ... oo, 43
4.3 Optimally Tuned PID and FOPID Control ....................... 48
References ... ... ......uuuun 52

5 Maximum Power Point Tracking of OWC Using Rotational Speed

Control . ... ... 55
5.1 MPPTReference ......... ... . 55
5.2 PIControl ....... ... .. 56
5.3 Backstepping Control . .............iiiiii 57
5.4 Sliding Mode Control . ...ttt 71
References . ... e 81
6 Conclusion ............. . . ... 83



About the Authors

Sunil Kumar Mishra received PhD degree in Electrical Engineering from Motilal
Nehru National Institute of Technology (MNNIT) Allahabad, India. He is presently
working as Assistant Professor in the School of Electronics Engineering, Kalinga
Institute of Industrial Technology, Bhubaneswar, Odisha, India. He previously
worked as the Assistant Professor in the Department of Electrical and Electronics
Engineering, Ajay Kumar Garg Engineering College Ghaziabad, India. His research
areas are ocean wave energy (control perspectives) and nonlinear controller design.
He has teaching experience of more than one year and has published more than 10
research papers in reputed international journals and renowned conferences. He is
also the reviewer of Transactions of Institute of Measurement and Control (TIMC)
Journal.

Dusmanta Kumar Mohanta received the Ph.D. (Engg.) degree from Jadavpur
University, Kolkata, India. He was an Electrical Engineer with the Captive Power
Plant, National Aluminium Company (NALCO), Angul, India, from 1991-1998. He
is currently a Professor with the Department of Electrical and Electronics Engineering
at BIT, Mesra, Ranchi. He has more than 20 years of teaching experience in addition
to his industrial experience of 8 years. He has been a Senior Member of IEEE (USA),
Member of IEEE PES RRPA subcommittee, Life Member of ISTE and a Fellow of
Institutions of Engineers (India). He is an Editor of Power Components & Systems
(Taylor & Francis Publications); Subject Editor of IET Generation, Transmission &
Distribution; Associate Editor of IEEE Access as well as of Electrical Engineering
(Springer Nature).

Bhargav Appasani received the Ph.D. (Engg.) degree from Birla Institute of Tech-
nology, Mesra, India. He is currently an Assistant Professor with the School of Elec-
tronics Engineering, KIIT Deemed University, Bhubaneswar, India. He has published
more than 40 papers in international journals and conference proceedings. He has
also published 4 book chapters with Springer and Elsevier. He is the reviewer for
IEEE Transactions on Smart Grid, IEEE Transactions on Antennas and Propagation,
IEEE Access, etc. He also has a patent filed to his credit.

vii



viii About the Authors

Ersan Kabalc1 received B.S. and M.Sc. degrees in Electronics and Computer
Education from Gazi University, Ankara, Turkey, in 2003 and in 2006 respectively.
He received the Ph.D. degree from Gazi University, Ankara, Turkey, in 2010 with
the thesis on implementing an enhanced modulation scheme for multilevel inverters.
From 2005 to 2007, he was with Gazi University as a lecturer. He is currently with
the Department of Electrical and Electronics Engineering Department since 2010,
Nevsehir HBV University, where he became an Assistant Professor in 2011; an
Associate Professor in 2013, and full Professor in 2019 on power plants and power
electronics-drives; and is Head of Department. Dr. Kabalci is an Associate Editor of
several international indexed journal on Power Electronics and Renewable energy
sources. His current research interests include power electronic applications and
drives for renewable energy sources, microgrids, distributed generation, power line
communication, and smart grid applications. He is IEEE Member since 2009, and
senior-member since 2018.



Chapter 1 ®)
Introduction Check for

1.1 The Significance of Ocean Wave Energy

It has become indispensable to explore clean and renewable energy resources,
as carbon-dioxide emissions pose severe environmental dangers. A very troubled
weather pattern and global warming issues seen in the last couple of years are proof
of vulnerabilities that could get worse in the near future. Therefore, many clean and
renewable energy resources such as hydro, solar and wind power are being used on
a big scale to tackle these challenging circumstances.

Another promising source of sustainable energy to generate electricity is the ocean
wave energy (Clement et al. 2002a; Zhang et al. 2009h; Brekken et al. 201 1e). It was
first realized in the form of tsunamis and cyclones as damaging in nature. Still,
nowadays, its enormous energy potential is being used for beneficial reasons such
as electric power generation (Parkinson et al. 2015e; Rusu and Onea 20160). The
potential of wave energy is estimated at around 2,000 TWh/year for the electricity
generation. This share roughly comprises 10% of total global electricity demand
(Rodrigues 2008; Gunn and Williams 2012¢; Kumar and Anoop 2015d).

Ocean wave energy has seen slower progress over many years due to a wider
tendency toward other resources and insufficient research funding. Still, the amount
of research funding has increased over the past few years. It has given a strong
momentum for wave energy technology growth. As a consequence, many prototypes
were effectively created, and some of them also achieved pre-commercial level, such
as oscillating water column (OWC), Archimedes wave swing, Pelamis, Wave dragon,
etc. (Bjarte-Larsson and Falnes 2006a; Valério et al. 2007b; Falnes 2007a; Burman
and Walker 2009¢; Falcao 2010e; Portillo 2020; Polinder et al. 2005¢; Das and Pal
2006b).

The OWC technique (Falcio and Henriques 2016d) is one of the most commonly
regarded techniques by wave power researchers. Many OWC studies have been
published recently covering several aspects related to OWC (Kelly et al. 2016j;
Delmonte et al. 2016c; Liu et al. 20161; Bailey et al. 2016a; Torres et al. 2016q). The
simplicity is the outstanding benefit of OWC since the only moving part of the system
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