2019 Offshore Energy and Storage
Summit (OSES 2019)

Brest, France
10 — 12 July 2019

I E E E IEEE Catalog Number: CFP19P96-POD
° ISBN: 978-1-7281-2318-9



Copyright © 2019 by the Institute of Electrical and Electronics Engineers, Inc.
All Rights Reserved

Copyright and Reprint Permissions: Abstracting is permitted with credit to the source.
Libraries are permitted to photocopy beyond the limit of U.S. copyright law for private
use of patrons those articles in this volume that carry a code at the bottom of the first
page, provided the per-copy fee indicated in the code is paid through Copyright
Clearance Center, 222 Rosewood Drive, Danvers, MA 01923.

For other copying, reprint or republication permission, write to IEEE Copyrights
Manager, IEEE Service Center, 445 Hoes Lane, Piscataway, NJ 08854. All rights
reserved.

*** This is a print representation of what appears in the IEEE Digital
Library. Some format issues inherent in the e-media version may also
appear in this print version.

IEEE Catalog Number: CFP19P96-POD
ISBN (Print-On-Demand): 978-1-7281-2318-9
ISBN (Online): 978-1-7281-2317-2

Additional Copies of This Publication Are Available From:

Curran Associates, Inc
57 Morehouse Lane
Red Hook, NY 12571 USA

Phone: (845) 758-0400

Fax: (845) 758-2633

E-mail: curran@proceedings.com
Web: www.proceedings.com

proceedings

.com



TABLE OF CONTENTS

MODELING OF MULTITERMINAL HVDC OFFSHORE GRIDS WITH RENEWABLE ENERGY

AND STORAGE INTEGRATION BY OPENSOURCE TOOLS .......coooiiiiiieieie et 1
Joachim Espvik ; Erling Vatn Tranulis ; Santiago Sanchez Acevedo ; Elisabetta Tedeschi

COMBINING WIND-DRIVEN AIR COMPRESSION WITH UNDERWATER COMPRESSED AIR

ENERGY STORAGE ... .ottt bkttt b bt e bt e et e bt e bt s Rt e bt e b e et e e bt e bt eb e e b e saeeeeebeennenneenes 11
Lawrie Swinfen-Styles ; Seamus D. Garvey ; Donald Giddings

ON THE ENERGY REQUIREMENTS OF UAVS USED FOR BLADE INSPECTION IN

OFFSHORE WIND FARIMS ...ttt b bbbt h bbb ettt b ekt b e bt n et ebe b 19
Jean Paul Aquilina ; Robert N. Farrugia ; Tonio Sant

A COMPARATIVE STUDY OF THE ADIABATIC COMPRESSED AIR ENERGY STORAGE (A-

CAES) AND PUMPED THERMAL ENERGY STORAGE (PTES) SYSTEMS ..o 26
Haobai Xue

MARINE TESTING OF A SMALL-SCALE PROTOTYPE OF THE FLASC OFFSHORE ENERGY

STORAGE SYSTEM ...ttt b e b1t b e st e s bt h e e bt e R b e s bt e bt e b e e R b e nb e e bt e eb e e hb e nb e e st e et e enbenbeeseenbeanen 36
Daniel Buhagiar ; Tonio Sant ; Robert N. Farrugia

MODELLING OF A HYBRID FLOATING WIND, ENERGY STORAGE AND DESALINATION

Charise Cutajar ; Tonio Sant ; Daniel Buhagiar ; Robert N. Farrugia
ON THE USE OF WIRE-WOUND PRESSURE VESSELS FOR A HYDRO-PNEUMATIC ENERGY

STORAGE CONCEPT INTEGRATED IN FLOATING WIND TURBINES ........ccooo it 57
Tonio Sant ; Robert N. Farrugia ; Daniel Buhagiar
ON THE COSTS OF GRID INERTIA L. oottt ettt sttt et e st ae et esst e e te e asta e s seeanseesseeenteeaneeantaeanaeenseesneeenees 65

Adam Hoskin ; Seamus Garvey ; James Rouse ; Bruno Cardenas

A PUMPED THERMAL ENERGY STORAGE CYCLE WITH CAPACITY FOR

CONCENTRATED SOLAR POWER INTEGRATION ....ooiiiiiiiie ittt sttt sba e st sba e sseans 72
Pau Farres-Antunez ; Joshua D. McTigue ; Alexander J. White

ENGINEERING AND COST STUDY OF AN OFFSHORE WIND FARM COMPRESSED AIR

ENERGY STORAGE SYSTEM ...ttt sttt st et s rt e b e s st e et e e steenseeanbeeabeeeteesnteanbeeaneees 82
William Hurley ; Alan Orthmann ; Paul Lieberman ; Ben Enis

ENERGY HARVESTING AND STORAGE SYSTEM STABILIZED OFFSHORE WIND

LI L4 21 1N TSR SPRPRI 93
Alexander Slocum ; Jocelyn Kluger ; Sebastien Mannai

A STUDY OF WORKING FLUIDS FOR TRANSCRITICAL PUMPED THERMAL ENERGY

STORAGE CYCLES ...ttt ettt ettt b e bt e bttt E e e bt e R e e ebe e b e e ke e R e e be et e et e eseenbeabeeabeaneenbenbeens 99
Antoine Koen ; Pau Farres Antunez ; Alexander White

THREE-DIMENSIONAL NUMERICAL MODELLING OF A U-OSCILLATING WATER

COLUMN ARRALY .ottt ettt ettt ettt e e ettt e e e ettt e e s bee e e etteeeeeateeesabeeeaasseeeasbeeeaabeeeaabeseeasbeeesabeeaaasbeaeesabeeesnteeesaseaeaan 106
Giovanni Malara ; Carlo Ruzzo ; Felice Arena
ENERGY STORAGE FOR A HIGH PENETRATION OF RENEWABLES..........cccoovi ittt 115

Bruno Cardenas ; Lawrie Swinfen-Styles ; James P. Rouse ; Adam Hoskin ; Weiging Xu ; Seamus D. Garvey
MODELLING OF SUBMERGED OSCILLATING WATER COLUMNS WITH MASS TRANSFER

FOR WAVE ENERGY EXTRACTION. ...ttt sttt ab ettt ab et ebe st an e 125
Sjors De Rooij ; Antonio Jarquin Laguna
OFFSHORE RENEWABLE ENERGY STORAGE: CAES WITH A BUOYANCY ENGINE ........ccccooviiiiiiiinn 134

Daniel Chidiebere Onwuchekwa

INTEGRATION OF HYDRAULIC WIND TURBINES FOR SEAWATER REVERSE OSMOSIS

(0] S I 1 AN I L RSB 146
Antonio Jarquin-Laguna ; Francesca Greco

LOW-TEMPERATURE ADIABATIC COMPRESSED AIR ENERGY STORAGE FOR ISLAND

P o o I (@ ANy I 10 1N T PSP 155
Marcus Budt ; Markus Hadam ; Eva Schischke
BEQS : MARINE PUMPED-STORAGE CONCEPTS FOR FLOATING CITY EXTENSIONS.......ccccoocvvvieviene. 163

Robert Klar ; Matthias Tonnel ; Regina Mayer ; Jana Marx ; Markus Aufleger
ENABLING COLD COMPRESSED AIR ENERGY STORAGE THROUGH PRESSURE VESSEL
MANUFACTURE WITH AUTOFRETTAGE ...ttt sttt n e nne e e 172
J. P.Rouse ; S. D. Garvey ; B. Cardenas ; A. Hoskin ; W. Xu



EVALUATING THE REGIONAL POTENTIAL FOR EMISSIONS REDUCTION USING ENERGY

STORAGE . ...ttt e ettt e ettt e e ettt e e e eate e e s beeeaabbee e e tbeeesabeeeaabeaeeessbeeeaabeeeaabeaeeeateeeaateeeateaaaan 180
Andrew J. Pimm ; Edward R. Barbour ; Tim T. Cockerill ; Jan Palczewski
HYDROGEN AND A NEW PARADIGM FOR ELECTRICITY STORAGE .......ocooiii ettt 186

Kenneth Brown ; Andrew McClaine ; David Bowen

MODELLING THE EFFECTS OF LOW-COST LARGE-SCALE ENERGY STORAGE IN THE UK

ELECTRICITY NETWORK ... oottt sttt sttt et et e et e st e et e e e s te e she e e abeesbeeesteesnbeenbeessae e neeanteenees 196
Edward Barbour ; Andrew Pimm ; David Parra

GREEN HYDROGEN MULTI-MARKET OPTIMISATION: REAL COMPLEMENTARITIES OR

TEMPORARY TRANSACTION COST S? .ttt iteeiie et stee e sieessteesteeasteesseeasteesseeassaessseassesssssaseessseessessnsesssesassnessens 204
Rodica Loisel ; Corentin Simon ; Maxime Woznicki ; Mathias Guérineau ; Laurent Baranger ; Lionel Lemiale ;
Emmanuel Schaeffer ; Guenael Le Solliec

PRESENT STATUS AND CHALLENGES FOR THE INTERACTION BETWEEN OFFSHORE

WIND FARMS AND MARITIME NAVIGATION IN THE TAIWAN STRAIT ...cooiiiiieeeee e 214
Jinhai Chen ; Christophe Claramunt ; Eric Saux ; Peng Peng ; Qiang Mei ; Yongfeng Suo

BUILDING SUSTAINABLE POWER MIX IN SMALL ISLAND GRIDS: A MULTI-CRITERIA

G N I 2T 1 PR SS 217
Lionel Lemiale ; Rodica Loisel ; Salvy Bourguet ; Antony Roy ; Mohamed Machmoun

ENERGETIC MACROSCOPIC REPRESENTATION AND INVERSION-BASED CONTROL OF A

GRID-CONNECTED MCT POWER GENERATION SYSTEM WITH SUPER-CAPACITOR

BASED ENERGY STORAGE UNIT IN USHANT ISLAND .....ooiiiiiieiieite et st snee e snee s 225
Mohamed Trabelsi ; Jean-Frédéric Charpentier ; Franck Scuiller ; Christopher Franquet ; Erwann Nicolas

UNDERWATER CAES ASSESSMENT: ECONOMIC AND ENGINEERING REFERENCES FOR

ENERGY MIX SIZING IN ISLANDS GRIDS ...ttt sttt snte et e e e s e sneeenneesnaeenneeaneas 234
Antoine Debille ; Corentin Simon ; Rodica Loisel ; David Guyomarc'H ; Thibault Neu ; Lionel Lemiale

A REAL SCALE PROTOTYPE TO SMOOTH SHORT-TIME POWER FLUCTUATIONS OF

MARINE RENEWABLE ENERGY SOURCES -ULISS.EMR PROJECT -......cooiiiiiiiirieeieee e 240
Sophie Molina ; Erwann Nicolas ; Mohamed Trabelsi ; Franck Scuiller ; Jean-Frédéric Charpentier ; Christopher
Franquet

THE DESIGN OF COMBINED ENERGY GENERATION USING AIRBORNE AND OCEAN

CURRENT KITES IN OFFSHORE ...ttt sttt b e bttt e e bt e n et e b sne e 246

Hoseong Yang ; Hyeonsoo Park ; Youngho Lee

SIMULATION OF A POWER ELECTRONIC CONVERSION SYSTEM WITH SHORT-TERM

ENERGY STORAGE FOR ACTIVELY CONTROLLED WAVE ENERGY CONVERTERS...........ccccvevviiiiennnnn 251
Andrew J. Hillis ; Andrew R. Plummer ; Xianwu Zeng ; John Chapman

A PRELIMINARY TECHNO-ECONOMIC COMPARISON BETWEEN A GRID-CONNECTED

AND NON-GRID CONNECTED OFFSHORE FLOATING WIND FARM .....c.ooiiiiieie et 258
Anastasia loannou ; Feargal Brennan

TRANSIENT THERMODYNAMIC ASSESSMENT OF THE WORLD'S FIRST GRID

CONNECTED UWCAES FACILITY BY EXERGY ANALYSIS ...ttt sae e 264
Mehdi Ebrahimi ; Rupp Carriveau ; David S.-K. Ting ; Andrew McGillis ; Davin Young

CONCEPT OF OFFSHORE DIRECT WIND-TO-HEAT SYSTEM INTEGRATED WITH

THERMAL ENERGY STORAGE FOR DECARBONISING HEATING.......cciiiiiiiirtc e 274
Yi-Chung Chen ; Jonathan Radcliffe ; Yulong Ding
DYNAMICS OF DISSOLUTION FOR UNDERWATER COMPRESSED AIR ENERGY STORAGE .................. 282

Weiging Xu ; Seamus D. Garvey ; Teng Ren ; Yu Hu
MECHANISM OF SPECIFIC HEAT CAPACITY ENHANCEMENT OF MOLTEN SALTS BASED

NANOFLUIDS FOR THERMAL ENERGY STORAGE - A MOLECULAR STUDY ....oooiiiiieiie e 287
Geng Qiao ; Xiaohui She ; Tongtong Zhang ; Lin Cong ; Yi-Chung Chen ; Yulong Ding
HYDRODYNAMIC PERFORMANCE OF CONICAL SHAPED HEAVE PLATES. ..o 294

Robert Mecrow ; Seamus Garvey
Author Index





