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Abstract

Planet earttas theexisting elements prove is the only place with the proper living conditions
for the human species and other living beings. For this reomprimary purpose is its
protection. Until today many actions of theumanity imply environmental hazards with
cormsequences to the quality of life. A typical example is the consumption of fossil fuels to
me et humanos @&hepositivg statk esrthatnvtien the oil cristake andwas
understoodhat these stocks are depletbd researchergried to find newsources of energy,
renewable and environmentally friendver the years these sources have evolved replacing
in many cases fossil fuels and apparently they are the future energy.

The most popular forms ofenewable energy are wind, solar and hyerergy wiie
geothermal, biomasgenerated energy and oceanergy are less known. Forecasts for

i ncreasing energy demands in the future are
finding new resources beyond the three popular. Observing the ghebsea is a vast area

that covers most of planet earth and probably a resource that contains big amounts of energy.
Her properties and the phenomena taking place in it categbribems as a wholeyave

energy, tidal energy, thermodynamic energy, endrgy the ocean currents and the one

based in the phenomenon of osmosis.

This diploma thesis deals with the exploitation of energy stored in waves. In one part, are
recorded the characteristics of some &awergy utilization facilitiesvith a short mentio to

the cost of each orend in the second, wave variables are related to the energy generated by
certain models and construction curves.

The first memorable attempt to absorb wave energy was implemented in 2000 on the west
coast of Scotland. This partian installation was known as Limpet and its installed capacity
was 500 kW. The prototypes that have been built to date are over 1000 and by February 2013
according to European Marine Energy Center (EMEC) 227 devices are op&ratidgide

(as shown in Apendix)

Concerning the second part, equations have been devetopetp the understanding of the

units operation and specify the parameters that determine the amount of energy produced for
the different categories of chapter 3. time following chapter models of floating and
overtopping technologies are applied in the region of Astypdlaiaugh measurements
compiled for the next hundred years (2€2118.7)
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RESOURCE Pgross (GW)P (GW) Pnet (GW
Europe (N and W) 381 371 286
Baltic sea 15 4 1
European Russia 37 22 3
Mediterranean 75 37 37
North Atlantic Archipelagos 111 111 111
North America (E) 115 103 35
North America (W) 273 265 207
Greenland 103 99 3
Central America 180 171 171
South America (E) 206 203 202
South America (W) 325 324 324
North Africa 40 40 40
West and Middle Africa 77 77 77
Africa (S) 178 178 178
Africa (E) 133 133 127
Asia (E) 173 164 157
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Asia (W and S) 100 90 84
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Polynesia 63 63 63
TOTAL 3703 3474
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0.5| idle | idle | idle | idle | idle | idle | idle | idle | idle | idle | idle | idle | idle | idle | idle | idle | idle
1.0] _idle 22 29 34 37 38 38 37 35 32 29 26 23 21 idle | idle | idle
1.5 32 50 65 76 83 86 86 83 78 72 65 59 53 a7 a2 37 33
2.0 57 88 115 | 136 | 148 | 153 | 152 | 147 | 138 | 127 | 116 | 104 93 83 7a 66 59

25| 89 138 180 212 231 238 238 230 216 199 181 163 146 130 116 103 92
3.0 129 198 260 305 332 340 332 315 292 266 240 219 210 188 167 149 132
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‘s 7.5 | 622 | 593
L 8.0
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mo [m]

Waove Height H

8

ve Period 10.2 {s]

Wave height Wave period Ty, (s)
HnoM) | 2.3 3.4 4.5 5-6 6-7 7-8 8-9 9-10 10-11 11-1212-13
0.0-0.5 1] 0 0 u] 0 Ju] o Q o 0 1]
0.5-1.0 1] 49 73 a5 B& 83 78 T2 BT 63 58
1.0=-1.5 5 136 183 205 186 182 167 153 142 132 123
1.5-20 106 265 M7 347 322 294 265 244 224 207 193
20-25 175 429 522 400 457 412 vz 337 2 288 267
2.5-3.0 262 GO0 B0 GO0 500 540 484 442 389 6T 340
3.0 Storm protection

Aosoh3B3B, 509 UakelWWU hdi slliode UViavestarU ¢ d d
(8 d 2 Moschos Eetal., 2017a UMarquis L. etal., 2010
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Device

Ingine Inc

IOWEC

Joules Energy
Efficiency Services
Ltd
Joules Energy
Efficiency Services
Ltd
Korean Institute of
Ocean Science and
Technology (KIOST)

Kymogen

MakerStrong

Marine Energy
Corporation

Maruthi Power

Mighty Waves
Energy Team

Motor Wave

Neptune Renewable
Energy Ltd

Neptune Wave Powe

Next Gen

Northwest Energy
Innovations

Nualgi Nanobiotech

b aA]
Norway
USA
France
USA
India
South Korea

USA

Ireland

Ireland

Korea

USA
USA
USA
USA
USA
Hong Kong
UK
USA
USA
New Zealand

India

B?Bz]

FEIETAI¢EE

Lifesaver

Ocean Wave Air

Piston

Seacap
SAEDOG
IWAVE

INWave

Wave Train

Wave Train

Kymogen WEC
eBuoy

Wave Catcher

Motor Wave

Triton

Azura

Rock n Roll wave

energy device

¢IUBE RIERT.

Point Absorber

Point Absorber

Point Absorber

Point Absorber

Point Absorber

Point Absorber

Point Absorber

Point Absorber

Point Absorber

Point Absorber

Point Absorber

Point Absorber

Point Absorber

Point Absorber

Point Absorber

Point Absorber

Point Absorber

Point Absorber

Point Absorber

Point Absorber

Point Absorber

89



UOBAALFE

) P) Yg32g AUT) ¢) B¢

Norwegian
University of Science
& Technology

Ocean Electric Inc

Ocean Energy
Industries Inc

Ocean Harvesting
Technologies
Ocean Motion
International
Ocean Energy
Laboratory of

Guangzhou Institute
of Energy Conversiol

(GIEC), Chinese

Academy of Science
Ocean Power
Technologies (OPT)

Ocean Wave and

Wind Energy
(OWWE)

Oceanic Power

Oscilla Power Inc

OWEC Ocean Wave
Energy Company

Pelagic Power AS
PIPO Systems

Pontoon Power

Protean Wave Energ
Limited

RESEN ENERGY

Sea Green
Technologies

Seabased AB

P an)

Norway

USA
USA
Sweden

USA

China

USA

Norway

Spain

USA

USA

Norway
Spain
Norway
Australia
Denmark
USA

Sweden

B?Bz]

FEIETAI¢EE

CONWEC

Wave platform

WaveSurfer

Ocean Harvester

OMI Combined
Energy System

Neza ll

Power Buoy

Wave PumpRig

SeaHeart
TDB

(magnetostrictve

wave energy
harvester )

OWEC Ocean

Wave Energy
Converter

W2Power

APCT PISYS

Pontoon Power
Converter

Protean WEC

Resen Waves
LOPF buoys

Linear generator
(Islandberg Project

gIUBE EIET,

PointAbsorber

Point Absorber

Point Absorber

Point Absorber

PointAbsorber

Point Absorber

Point Absorber

Point Absorber

Point Absorber

Point Absorber

Point Absorber

Point Absorber

Point Absorber

Point Absorber

Point Absorber

PointAbsorber

Point Absorber

Point Absorber
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Seatricity UK Oceanus 2 Point Absorber
Seawood Designs In Canada SurfPower Point Absorber
SEEVVEC UK FO3 Point Absorber
Consortium
Sigma Energy Slovenia MDC\:Nave Power Point Absorber
onverter
Sinn Power Germany Sinn Power WEC Point Absorber
Slow Mill Holland Slow Mill Point Absorber
Snapper Consortiurr UK Snapper Point Absorber
Spindrift Energy USA Splngrlft_Energy Point Absorber
evice
Super Watt Wave USA Point Absorber
Catcher
Un® [Eolsloe? UK Manchester Bobbe Point Absorber
Company Ltd
Tremont Electric USA nPower WEC Point Absorber
Wave_ ET‘?rgy UM USA Point Absorber
at Virginia Tech
Wave i:)asr Energy Denmark Wave Star Point Absorber
IENEDEIE USA Waveberg Point Absorber
Development
Waves4Power AB Sweden WaveELT buoy Point Absorber
Waveswing America USA Point Absorber
Ecole Centrale de France SEAREV Rotating Mass
Nantes
Enorasy Labs USA Rotating Mass
Waves for Energy Italy ISWEC Rotating Mass
Wello OY Finland Penguin Rotating Mass
WITT Ltd UK Rotating Mass
Advance Ocean
Energy @ Virginia USA MULLET Overtopping/Terminato

Tech
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Atlantic Wavepower
Partnership

AWS Ocean Energy
Brimes Energy
JAMSTEC
Kinetic Wave Power

Norvento

Ocean Wave and
Wind Energy
(OWWE)

Polygen Ltd

RTI Wave Power

Sea Power
International AB

SeWave Ltd

The CyanWave Wav
Energy Converter

WaveDragon

Wave Energy AS

AW Energy

BioPower Systems
Pty Ltd

CorPower Ocean AE
CorPower Ocean AE
Costas Wave

Ing Arvid Nesheim

Kozoriz Franklin
California Maglev
Inc

USA
UK
USA
Japan
USA

Spain

Norway

UK
USA
Sweden
Faroe Islands
Ireland

Denmark

Norway

Finland
Australia
Sweden
Sweden
USA

Norway

USA

Oscillating Device

B?Bz]

FEIETAI¢EE

AWS Il

Jellyfish

Mighty Whale

PowerGin

Wavecat

OWWE - Rig

Volta WaveFlex

Streamturbine

owcC

CyanWave4

Wave Dragon

Seawave Slot
Cone Generator

(SSG)

WaveRoller

bioWave

CorPower Wave
Energy Converter

CPO2

Costas Wave

g¢IYUBE EIET.
Overtopping/Terminato
Overtopping/Terminato
Overtopping/Terminato
Overtopping/Terminato
Overtopping/Terminato

Overtopping/Terminato

Overtopping/Terminato

Overtopping/Terminato
Overtopping/Terminato
Overtopping/Terminato
Overtopping/Terminato
Overtopping/Terminato

Overtopping/Terminato

Overtopping/Terminato

Oscillating Wae Surge
Converter
Oscillating WaveSurge
Converter
Oscillating Wave Surge
Converter
Oscillating Wave Surge
Converter
Oscillating Wave Surge
Converter
Oscillating Wave Surge
Converter

Oscillating Wave Surge
Converter
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Langlee Wave Powe

Offshore Wave
Energy Ltd (OWEL)

Polygen Ltd

Resolute Marine
Energy Inc

Team FLAPPER

University of Tokyo
(UT)
Wave Electricity
Renewable Power
Ocean (WERPO)

40 South Energy
Aimmer UK

AlbaTERN Ltd

Alternative Energy
Engineering
Associates

Atargis Energy
Corporation

Avium AS
Bosch Rexroth
Buoyant Energy

Caley Ocean Syster

Coppe Subsea
Technology

Earth by Design

Etymol Ocean Powe
SpA

Fetzer Wave

Gmax TidalEnergy

b an)
Norway
UK
UK
USA
USA

Japan

Israel

Italy
UK

ur

USA

USA

Turkey
Germany
USA
UK
Brazil
USA
Chile
USA

USA

B?Bz]
FIETAKI¢E

Langlee System
OWEL WEC
Ocean WaveFlex

Surge WEC

WaveRudder

SDE

H24
Aimmer

SQUID

AEEAT WECS

Cycloidal Wave
Energy Converter
(CycWEC)

Yeti Cluster Systen

Wave Plane

Clean Energy from
Waves

Etymol WECIH
Alfa Series

¢IUBE RIERT.

OscillatingWave Surge
Converter

Oscillating Wave Surge
Converter

Oscillating Wave Surge
Converter

Oscillating Wave Surge
Converter

Oscillating Wave Surge
Converter

Oscillating Wave Surge
Converter

Oscillating Wave Surge
Converter

Other
Other

Other

Other

Other

Other
Other
Other
Other
Other
Other
Other
Other

Other
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Greenfield
Technologies LLC — SNz
Greenhl_etzt Systems UK Gentec WaTS Other
Gyrogen (DNS) USA Other
Evolver (Havkraft
Wave Energy
Havkraft Norway Converter H- Other
WEC)
Heal ydos We USA Other
Convertor
Hui Nalu USA Other
Hydroklnetllc Energy USA Other
Sollutions
. Wave
IHC Tidal Energy Netherlands Rotor/Oceanmill Other
Intentium Offshore
Intentium AS Norway Wave Energy Other
Convertor
Interproject Service
(IPS) AB Sweden IPS OWEC Buoy Other
James F Marino USA Other
Jetty Joule USA Other
Jospa Ltd Ireland é”Sh bl Other
ompressor
Leviathan Energy USA Other
Waves
Limerick Wave Ltd UK HITEAIE B Other
PTO
. . MHG (Marine
Marln(e:s%dg)r:electnc USA Hydroelectric Other
pany Generator)
Muroran Institute of
Technology Japan Pendulor Other
NEMOS GmbH Germany NEMOS Other
Ocean RusEnergy Russia Ocean 3 Other
Ocean RusEnergy Russia Ocean 160 Other
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Ocean RusEnergy Russia Ocean 640 Other
Ovsiankin Energy USA Other
Group
PAULEY (Ph'.l UK Solar Marine Cells Other
Pauley Innovation)
Posei don USA Other
Rotary Wave SL Spain Rotary Other
Royal Wave USA Other
RTI Wave Energy USA RTI F2/F2D Other
Rutgers Wave Powe USA Ey7ele [P [Peil Other
Wheel
MHD Wave Energy
SARA Inc USA Conversion Other
(MWEC)
Sea Wave Energy Lt .
(SWEL) UK Waveline Magnet Other
SeaFoll USA Other
TAMU i OSSL USA Other
Team Treadwater USA Other
PowerPod &
Trident Energy Ltd UK PowerPod Il Other
(Linear Generator)
Unlturblne USA Other
Corporation
University of Genoa Italy Seaspoon Other
Uppsala/Seabase(
Uppsala University Sweden AB Wave Energy Other
Convertor
Vortex USA Other
Wave Water Works USA Other
WavePIgne Denmark WavePlane Other
Production
Wavepower UK Other

Technologies Limitec
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Waves2Energy USA Other
Wave- tricity UK Other
Wavy Turbine USA Other
Weptos Denmark Weptos WEC Other
Wizards of Energy USA Other
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2018
2018
2018
2018
2018
2018
2018
2018
2018
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2018
2018
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2117
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Wave Height Hs [m]Vave Period TO,1 [:

1,083
1,999
2,255
1,334
1,159
1,614
1,021
2,439
2,353
3,023
0,764
1,260
4,215
2,244
1,413
2,353
0,459
0,267
0,085
2,206
0,431
0,964
0,904
0,056
1,612
0,786
0,658
2,655
X
1,832
1,046

4,740
4,831
5,251
5,962
4,011
4,282
3,716
6,283
3,392
5,193
4,483
6,031
4,224
3,910
4,384
4,652
5,012
4,464
3,729
3,566
5,060
5,353
4,423
3,560
4,760
4,082
6,554
5,839
X
4,408
3,713
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23,47 0,00 86,75

74,58 1,00 150,00

200,83 2,00 150,00

36,53 3,00 73,50

27,28 4,00 86,75

52,30 5,00 124,75

20,49 6,00 86,75

235,98 7,00 150,00

219,42 8,00 150,00

354,04 9,00 0,00

9,73 10,00 51,25

32,55 11,00 73,50

605,25 12,00 0,00

198,77 13,00 150,00

40,91 14,00 124,75

219,32 15,00 150,00

0,00 16,00 21,50

0,00 17,00 0,00

0,00 18,00 0,00

191,81 19,00 150,00

0,00 20,00 21,50

17,84 21,00 49,00

15,25 22,00 51,25

0,00 23,00 0,00

52,16 24,00 124,75

10,52 25,00 48,25

6,30 26,00 20,75

278,66 27,00 150,00

X X X
0,00 8759,00 0,00
30,79 8760,00 80,50
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