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• Wave generator: 13 x 1.5 m (width and height)

• 30 individually controlled wave paddles 

• Accurate generation of 3D waves up to 45 cm 

(at 3 s period) wave height

• Max significant wave height in the range of 0.25-

0.30 m

• Current in the basin (up to 0.15 m/s at 0.5 m 

water depth)

• Access possible through MarineNet2  

WEPTOS WEC 

WAVE BASIN

TETRASPAR

AAU:

OCERG

RISE:

MARITIME 

RESEARCH

BIOFAULING

W4P FULLSCALE





OUTLINE

Overview of wave energy – principles

The resource – background on waves

BREAK

Buoy motion

Power and control



Marine energy is diverse (OES definition)

Onshore OTEC in Hawaii

From: www.makai.com

Ocean thermal energy

Tidal range

Salinity power

Sihwa Lake Tidal Power Station, Korea 

(From: OES - An international  vision for ocean energy)

Statkraft Osmotic Power Station (Tofte, Oslo Fjord, Norway)

(From: OES - An international  vision for ocean energy)

Wave energy

Tidal/ocean currents

Wave Dragon sea trial at Nissum Breding

Photo: Wave Dragon AS

GE Oceande 1.4MW

From: www.gerenewableenergy.com

MARINE 

ENERGY

http://www.makai.com/
http://www.gerenewableenergy.com/


EU goals of 2050 : 100 GW marine energy in EU

Compare to 2015 wind: 161 GW in EU

Current status (2015) : 0.5 GW marine energy worldwide 

out of which 12 MW is not tidal range…



WAVE ENERGY IS 

AN OLD IDEA…



SALTERS DUCK



WHY NOT COMMERCIAL?

COSTLY

LCOE is high but a few tech 

companies are on the SET plan track

• REPETED FAILURES

Bjerg Thomsen 2017

DISPERSED DESIGNS 

Energy source LCoE [€/kWh] Reference

Coal (Germany) 0.06 – 0.10 [4]
Onshore wind (Germany) 0.04 – 0.08 [4]
Offshore wind (Germany) 0.08 – 0.14 [4]
Solar photovoltaic (Germany) 0.04 – 0.12 [4]
Wave estimate (UK) 0.17 [5]



Over 200 concepts world wide (EMEC)

http://www.emec.org.uk/marine-energy/wave-developers/

1000s of patents filed



WEC SUBSYSTEMS
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Hydrodynamic 

Subsystem
Control 

Subsystem

PTO 

Subsystem

Perceher & Kofoed (2016) 



Pelamis

Pico

Oyster

OceanLinx

WaveBob

Pelamis

Wave 
Dragon

WEC CATEGORIES



Waves4Power

Göteborg

2010

RUNDE

2017



Wave Dragon



WEC Modelling Using OpenFOAM

http://www.wavedragon.net/

http://www.wavedragon.net/


Oyster 1

http://www.aquamarinepower.com/

http://www.aquamarinepower.com/


Oyster 800, June 2012 at EMEC 



THINK-SHARE-

PAIR 3MIN

WHICH TECHNOLOGY DO

YOU THINK HAS BEEN MOST

SUCCESFUL?

WHY DO YOU THINK SO?



TECHNOLOGY 

CONVERGENCE

SWEDEN - exciting times!

Technology convergence towards 
point absorbers

Seabased Waves4Power CorPower Ocean Harvesting



Uppsala University/

Seabased



Seabased / Fortum

Permission to build 

24 June 2010 (M 3086-09).

EU Permit Nov 2011

Contract 2011-12-09

Data:

Max 420 units

First phase 42 units

Installed power 10 MW

Area 0.5 km!

Generator height 10 m

Base area 35 m!

Design life time 20 yrs

Prod. 25 GWh/yr (28 %) 



The IPS Buoy 

Elskling

at Gamla 

Gumman, 

Göteborg

1980 - 1981 



Waves4Power

Göteborg

2010

RUNDE

2017



Power-take-off machinery
Hydraulic motor, generator and 

ackumulator



5 times higher Annual Energy / mass compared to conventional

point absorbers without phase control. [MWh/ton]
3 times higher Annual Energy / PTO Force compared to

conventional point absorbers without phase control. [MWh / kN]

Hals et al (EWTEC 2015)

CORPOWER: 

PASSIVE CONTROL



https://www.youtube.com/watch?v=5fiEEjulQSo

https://www.youtube.com/watch?v=5fiEEjulQSo




Why point absorbers? Have they better efficiency?

CWR = P/JD = capture 
width ratio = absorbed 
power / wave resource 

/ characteristic 
dimension of device

• 158 estimates of 
CWR

• Fixed OWSCs most 
efficient.

• Heaving devices 
and OWCs medium

• Floating OWSCs 
and overtopping 
devices least 
efficient devices





RESOURCE





WATER WAVES



WATER WAVES:

LINEAR



Linear waves allows for superposition



Completely determined by

Amplitude

Period 

Still water depth

LINEAR WAVE



ENGINEERING

WAVE 

PROPERTIES



PHASE VS GROUP 

VELOCITY



WAVE ENERGY



WAVE ENERGY



WAVE ENERGY



WAVE ENERGY



WAVE ENERGY



WAVE POWER 

RESOURCE

Jreg =
ρg2

32π
H2T

<latexit sha1_base64="ytf5YJUXZIGfvrEIDHaXE5xBcP4=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiSpoBuh6Ka4qtAXNDFMppN06OTBzEQoIb/gxl9x40IRt+7c+TdO2yy09cCFM+fcy9x7vIRRIQ3jWyutrW9sbpW3Kzu7e/sH+uFRT8Qpx6SLYxbzgYcEYTQiXUklI4OEExR6jPS9yc3M7z8QLmgcdeQ0IU6Igoj6FCOpJFev3boZJ0EOr6Dtc4Qzm49jGNxbMM8aFrQTmsOWenVcvWrUjTngKjELUgUF2q7+ZY9inIYkkpghIYamkUgnQ1xSzEhesVNBEoQnKCBDRSMUEuFk84tyeKaUEfRjriqScK7+nshQKMQ09FRniORYLHsz8T9vmEr/0slolKSSRHjxkZ8yKGM4iweOKCdYsqkiCHOqdoV4jFQwUoVYUSGYyyevkp5VNxt16+682rwu4iiDE3AKasAEF6AJWqANugCDR/AMXsGb9qS9aO/ax6K1pBUzx+APtM8fgg+bhQ==</latexit>

Jirreg =
ρg2

64π
H2

sT
<latexit sha1_base64="CSCqaB+9ZRAMEhiTg4rgczIIbEE=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgupCS1qBuh6Ka4qtAXNDFMppN06CQTZiZCCfkJN/6KGxeKuBXc+TdOHwttPXDhzDn3MvceP2FUKsv6NpaWV1bX1gsbxc2t7Z1dc2+/LXkqMGlhzrjo+kgSRmPSUlQx0k0EQZHPSMcf3oz9zgMRkvK4qUYJcSMUxjSgGCkteebprZdRIUiYwyvoBALhzBEDDsP7Csyz8yp0EprDuif1u+mZJatsTQAXiT0jJTBDwzO/nD7HaURihRmSsmdbiXIzJBTFjORFJ5UkQXiIQtLTNEYRkW42uSqHx1rpw4ALXbGCE/X3RIYiKUeRrzsjpAZy3huL/3m9VAWXbkbjJFUkxtOPgpRBxeE4ItingmDFRpogLKjeFeIB0tEoHWRRh2DPn7xI2pWyfVau3FVLtetZHAVwCI7ACbDBBaiBOmiAFsDgETyDV/BmPBkvxrvxMW1dMmYzB+APjM8f6dGdXw==</latexit>



WAVE POWER 

RESOURCE

X



BREAK



Incident wave

Reflected wave

Inteference pattern: Standing wave
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“To absorb a wave is to generate a wave”

Prof Falnes
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+

Incident wave

Reflected wave

Generated wave

Inteference pattern: incident wave

absorbed as the generated wave

cancels the reflected wave

J.F
. 

&

“To absorb a wave is to generate a wave”

Prof Falnes



Newtons II Law

mẍ = Fpe(t) + Fre(t),

m is total inertia

x is displacement

Fpe force due to external pressure

Fre reaction forces
<latexit sha1_base64="y1CAy7tWaHhetXMN5yaDMAYOvBE="></latexit>



Newtons II Law

mẍ = Fpe(t) + Fre(t),
<latexit sha1_base64="bbaG7/rCUSAqQlbeormQiEnasro=">AAACEHicbZDLSgMxFIYz9VbrbdSlm2BRK0qZqYJuhKIgLivYC7RDyWTSNjRzITkjlqGP4MZXceNCEbcu3fk2pu0stPWHwMd/zuHk/G4kuALL+jYyc/MLi0vZ5dzK6tr6hrm5VVNhLCmr0lCEsuESxQQPWBU4CNaIJCO+K1jd7V+N6vV7JhUPgzsYRMzxSTfgHU4JaKttHuB9H7c8L4TkYYgv8HU7idiwAIf4aMRyzMcYt828VbTGwrNgp5BHqSpt86vlhTT2WQBUEKWathWBkxAJnAo2zLVixSJC+6TLmhoD4jPlJOODhnhPOx7uhFK/APDY/T2REF+pge/qTp9AT03XRuZ/tWYMnXMn4UEUAwvoZFEnFhhCPEoHe1wyCmKggVDJ9V8x7RFJKOgMczoEe/rkWaiVivZJsXR7mi9fpnFk0Q7aRQVkozNURjeogqqIokf0jF7Rm/FkvBjvxsekNWOkM9voj4zPH2B8mkM=</latexit>

x(t) = Re(x̂(ω) expiωt)
<latexit sha1_base64="5izyOR3M+k86OdcIpx09HB7KvD0=">AAACH3icbVDLSgMxFM3Ud31VXboJFqHdlJkq6kYQ3bhUsVro1JJJb9tgMjMkd6RlmD9x46+4caGIuPNvTB8LrR4InJxzL8k5QSyFQdf9cnIzs3PzC4tL+eWV1bX1wsbmjYkSzaHGIxnpesAMSBFCDQVKqMcamAok3Ab3Z0P/9gG0EVF4jYMYmop1Q9ERnKGVWoWDfgnL9Jj6imFPq/QKshL1ewzTflbyIwVdVqY+9OO7VIyvFDNabhWKbsUdgf4l3oQUyQQXrcKn3454oiBELpkxDc+NsZkyjYJLyPJ+YiBm/J51oWFpyBSYZjrKl9Fdq7RpJ9L2hEhH6s+NlCljBiqwk8MYZtobiv95jQQ7R81UhHGCEPLxQ51EUozosCzaFho4yoEljGth/0p5j2nG0VaatyV405H/kptqxdurVC/3iyenkzoWyTbZISXikUNyQs7JBakRTh7JM3klb86T8+K8Ox/j0Zwz2dkiv+B8fQNNGaHq</latexit>

−ω
2
mx̂(ω) = F̂pe(ω) + F̂re(ω)

<latexit sha1_base64="HdOuhm1d9r8ST64sgmBrRxbl480=">AAACM3icbZDLSgMxFIYz9VbrrerSTbAIFbHMVEE3QlEQcVXBXqCtJZOeaUOTmSHJiGXoO7nxRVwI4kIRt76D6QWqrT8Efr5zDifnd0POlLbtVysxN7+wuJRcTq2srq1vpDe3yiqIJIUSDXggqy5RwJkPJc00h2oogQiXQ8XtXgzqlXuQigX+re6F0BCk7TOPUaINaqavD3E9ENAmd3kscL1DdPzQz47QPj4bkct+Mw5hgg8mWE5wM52xc/ZQeNY4Y5NBYxWb6ed6K6CRAF9TTpSqOXaoGzGRmlEO/VQ9UhAS2iVtqBnrEwGqEQ9v7uM9Q1rYC6R5vsZD+nsiJkKpnnBNpyC6o6ZrA/hfrRZp77QRMz+MNPh0tMiLONYBHgSIW0wC1bxnDKGSmb9i2iGSUG1iTpkQnOmTZ005n3OOcvmb40zhfBxHEu2gXZRFDjpBBXSFiqiEKHpEL+gdfVhP1pv1aX2NWhPWeGYb/ZH1/QNnmamd</latexit>

Time domain

Frequency domain



FORCE DUE TO PRESSURE 

ACTING ON FLOATER

−ω
2
mx̂(ω) = F̂pe(ω) + F̂re(ω)

<latexit sha1_base64="HdOuhm1d9r8ST64sgmBrRxbl480=">AAACM3icbZDLSgMxFIYz9VbrrerSTbAIFbHMVEE3QlEQcVXBXqCtJZOeaUOTmSHJiGXoO7nxRVwI4kIRt76D6QWqrT8Efr5zDifnd0POlLbtVysxN7+wuJRcTq2srq1vpDe3yiqIJIUSDXggqy5RwJkPJc00h2oogQiXQ8XtXgzqlXuQigX+re6F0BCk7TOPUaINaqavD3E9ENAmd3kscL1DdPzQz47QPj4bkct+Mw5hgg8mWE5wM52xc/ZQeNY4Y5NBYxWb6ed6K6CRAF9TTpSqOXaoGzGRmlEO/VQ9UhAS2iVtqBnrEwGqEQ9v7uM9Q1rYC6R5vsZD+nsiJkKpnnBNpyC6o6ZrA/hfrRZp77QRMz+MNPh0tMiLONYBHgSIW0wC1bxnDKGSmb9i2iGSUG1iTpkQnOmTZ005n3OOcvmb40zhfBxHEu2gXZRFDjpBBXSFiqiEKHpEL+gdfVhP1pv1aX2NWhPWeGYb/ZH1/QNnmamd</latexit>

F̂pe(ω) = F̂hd(ω) + F̂hs(ω),

F̂hd(ω) is the hydrodynamic force

F̂hs(ω) is the hydrostatic force
<latexit sha1_base64="Pn0xmZvb5XJMfrCR7tysQ7gYD1s="></latexit>



Assumption of linear waves allows 

superposition of forces

HYDRODYNAMIC 

FORCE

Fhd =

Z
Sb

pendSb = ρ

Z
Sb

∂φ

∂t
ndSb

<latexit sha1_base64="Csm2bx2Vffj3Vh1XVnB/WJqJ6rg="></latexit>

Sb
<latexit sha1_base64="cZAJT/NPZzXyvLtCT/24kI+IaKI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2m3bp7ibsboQS+he8eFDEq3/Im//GTZqDtj4YeLw3w8y8IOZMG9f9dkpr6xubW+Xtys7u3v5B9fCoo6NEEdomEY9UL8CaciZp2zDDaS9WFIuA024wvc387hNVmkXy0cxi6gs8lixkBJtMQg/DYFituXU3B1olXkFqUKA1rH4NRhFJBJWGcKx133Nj46dYGUY4nVcGiaYxJlM8pn1LJRZU+2l+6xydWWWEwkjZkgbl6u+JFAutZyKwnQKbiV72MvE/r5+Y8NpPmYwTQyVZLAoTjkyEssfRiClKDJ9Zgoli9lZEJlhhYmw8FRuCt/zyKuk06t5FvXF/WWveFHGU4QRO4Rw8uIIm3EEL2kBgAs/wCm+OcF6cd+dj0Vpyiplj+APn8wd0rI3a</latexit>

F̂hd = F̂e + F̂r
<latexit sha1_base64="ZE+t79iAkrAv1MYFiT8xvosypjM=">AAACEXicbVDLSsNAFJ34rPUVdelmsAgFoSRV0I1QFMRlBfuANoTJZNIMnUzCzEQoIb/gxl9x40IRt+7c+TdO2+Cj9cDAuefcy517vIRRqSzr01hYXFpeWS2tldc3Nre2zZ3dtoxTgUkLxywWXQ9JwignLUUVI91EEBR5jHS84eXY79wRIWnMb9UoIU6EBpwGFCOlJdes9kOksqvczUI/h+fwuyQ5PPqpRO6aFatmTQDniV2QCijQdM2Pvh/jNCJcYYak7NlWopwMCUUxI3m5n0qSIDxEA9LTlKOISCebXJTDQ634MIiFflzBifp7IkORlKPI050RUqGc9cbif14vVcGZk1GepIpwPF0UpAyqGI7jgT4VBCs20gRhQfVfIQ6RQFjpEMs6BHv25HnSrtfs41r95qTSuCjiKIF9cACqwAanoAGuQRO0AAb34BE8gxfjwXgyXo23aeuCUczsgT8w3r8AUoSdVA==</latexit>



FROUDE-KRYLOV 

FORCE
F̂e = F̂FK + F̂S ,

F̂FK = iωρ

Z
Sb

φ̂0ndSb

<latexit sha1_base64="SdGfXXws57VqNmyXLA/9aXfYMiw="></latexit>

Giorgio and Ringwood (2018)



RADIATION 

FORCE

F̂r = ω2ρx̂

Z
Sb

φ̂rndSb,

F̂r = −iωZx̂

Z = −iωρ

Z
Sb

φ̂rndSb = R+ iX = R+ iωA,

F̂r = −iωRx̂+ ω2Ax̂
<latexit sha1_base64="yt9zLbWBkDskfWeSONZ7LiSK3Ys="></latexit>

Radiation damping

Added mass



HYDROSTATIC 

FORCE

F̂hs = −Gx̂,

G = ρgS,

G is the hydrostatic stiffness

S is the waterplane area
<latexit sha1_base64="+cB5j3MqgdLAePo8+Gj8Y/F2tsk="></latexit>



REACTION FORCES

−ω
2
mx̂(ω) = F̂pe(ω) + F̂re(ω)

<latexit sha1_base64="HdOuhm1d9r8ST64sgmBrRxbl480=">AAACM3icbZDLSgMxFIYz9VbrrerSTbAIFbHMVEE3QlEQcVXBXqCtJZOeaUOTmSHJiGXoO7nxRVwI4kIRt76D6QWqrT8Efr5zDifnd0POlLbtVysxN7+wuJRcTq2srq1vpDe3yiqIJIUSDXggqy5RwJkPJc00h2oogQiXQ8XtXgzqlXuQigX+re6F0BCk7TOPUaINaqavD3E9ENAmd3kscL1DdPzQz47QPj4bkct+Mw5hgg8mWE5wM52xc/ZQeNY4Y5NBYxWb6ed6K6CRAF9TTpSqOXaoGzGRmlEO/VQ9UhAS2iVtqBnrEwGqEQ9v7uM9Q1rYC6R5vsZD+nsiJkKpnnBNpyC6o6ZrA/hfrRZp77QRMz+MNPh0tMiLONYBHgSIW0wC1bxnDKGSmb9i2iGSUG1iTpkQnOmTZ005n3OOcvmb40zhfBxHEu2gXZRFDjpBBXSFiqiEKHpEL+gdfVhP1pv1aX2NWhPWeGYb/ZH1/QNnmamd</latexit>

F̂re(ω) = F̂pto(ω) + F̂m(ω),

F̂pto(ω) is the reaction force from PTO

F̂m(ω) is the reaction force from mooring
<latexit sha1_base64="bHVxT9dQB+KCqNk3QOx2urWZO+c="></latexit>



REACTION FORCES

F̂pto = −iωBptox̂−Kptox̂,

Bpto is the PTO damping

Kpto is the PTO spring

F̂m = −Kmx̂,

Km mooring spring stiffness
<latexit sha1_base64="5LqGWnjU8UuWlnSA4WJlQ2zy5E4="></latexit>



MOTION

x̂ =
F̂e

[−ω
2(m+A) +G+Kpto +Km] + [iω(R+Bpto)]

<latexit sha1_base64="ufDwFL3NvHHhY8jAjQQ49mEgCn0="></latexit>

−ω
2
mx̂(ω) = F̂pe(ω) + F̂re(ω)

<latexit sha1_base64="HdOuhm1d9r8ST64sgmBrRxbl480=">AAACM3icbZDLSgMxFIYz9VbrrerSTbAIFbHMVEE3QlEQcVXBXqCtJZOeaUOTmSHJiGXoO7nxRVwI4kIRt76D6QWqrT8Efr5zDifnd0POlLbtVysxN7+wuJRcTq2srq1vpDe3yiqIJIUSDXggqy5RwJkPJc00h2oogQiXQ8XtXgzqlXuQigX+re6F0BCk7TOPUaINaqavD3E9ENAmd3kscL1DdPzQz47QPj4bkct+Mw5hgg8mWE5wM52xc/ZQeNY4Y5NBYxWb6ed6K6CRAF9TTpSqOXaoGzGRmlEO/VQ9UhAS2iVtqBnrEwGqEQ9v7uM9Q1rYC6R5vsZD+nsiJkKpnnBNpyC6o6ZrA/hfrRZp77QRMz+MNPh0tMiLONYBHgSIW0wC1bxnDKGSmb9i2iGSUG1iTpkQnOmTZ005n3OOcvmb40zhfBxHEu2gXZRFDjpBBXSFiqiEKHpEL+gdfVhP1pv1aX2NWhPWeGYb/ZH1/QNnmamd</latexit>



POWER

P =
1

T

Z T

0

Bptou
2
dt =

1

2
Bptoω

2|x̂|2

<latexit sha1_base64="GKPxGeK2X7B4AfxDaxzqVNzM8yk="></latexit>

P =
1

2

Bptoω
2|F̂e|

2

[−ω
2(m+A) +G+Kpto +Km]

2
− ω

2(R+Bpto)2
<latexit sha1_base64="QX0tqquSsIm5Yvix4rDOqznajuE="></latexit>



MAXIMUM 

POWER

The first condition states that power absorption 

is maximized at resonance. When this condition 

is achieved the velocity is in phase with the 

excitation force

The second condition states that the PTO 

damping must be equal to the hydrodynamic 

radiation damping. This highlights that the ability 

to generate waves is a fundamental aspect in the 

design of WECs.

Kpto = ω
2(m+A)−G−Km

Bpto = R
<latexit sha1_base64="IlGS0mmKl3LyKD+aHlv7CYjOM6k="></latexit>

P =
1

2

Bptoω
2|F̂e|

2

[−ω
2(m+A) +G+Kpto +Km]

2
− ω

2(R+Bpto)2
<latexit sha1_base64="QX0tqquSsIm5Yvix4rDOqznajuE="></latexit>

1

2

Pmax =
|F̂e|

2

8R
<latexit sha1_base64="cHpVT0R2s9Z7wjqPGCye3ow4qCQ=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZaYKdiMUBXFZxT6gHYdMmmlDk8yQZMQynQ9w46+4caGIWz/AnX9j2s5CWw8EDuecy809fsSo0rb9bS0sLi2vrObW8usbm1vbhZ3dhgpjiUkdhyyULR8pwqggdU01I61IEsR9Rpr+4GLsN++JVDQUt3oYEZejnqABxUgbySsUa17C0UMKz2AnkAgno04f6eQy9cjorpwmFXiTmpRdsieA88TJSBFkqHmFr043xDEnQmOGlGo7dqTdBElNMSNpvhMrEiE8QD3SNlQgTpSbTI5J4aFRujAIpXlCw4n6eyJBXKkh902SI91Xs95Y/M9rxzqouAkVUayJwNNFQcygDuG4GdilkmDNhoYgLKn5K8R9ZDrRpr+8KcGZPXmeNMol57hUvj4pVs+zOnJgHxyAI+CAU1AFV6AG6gCDR/AMXsGb9WS9WO/WxzS6YGUze+APrM8fWtubLA==</latexit>



THINK-

SHARE_PAIR

ARE WE MIOSSIG SOMETHING HERE?

ASSUMPTIONS?



Linear theory does not include 

viscous forces and greatly 

overpredicts response in the 

resonance region

FIX: use Morison drag. Need to 

calibrate the Morrison drag – NB: 

the calibrated drag coefficient will be 

‘all-inclusive’ including all 

nonlinearities (Scaling problem)

MISSING:

VISCOUS 

FORCES

FV = −CdẊ|Ẋ|
<latexit sha1_base64="9Lnq9XHDrJ9+Q14M+HPtM4YCx34=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEN5aZKtiNUCiIywr2Ae0wZDJpG5p5kNwRyljc+CtuXCji1q9w59+YtiNo64GQwzn3kNzjxYIrsKwvI7e0vLK6ll8vbGxube+Yu3tNFSWSsgaNRCTbHlFM8JA1gINg7VgyEniCtbxhbeK37phUPApvYRQzJyD9kPc4JaAl1zy4cpuXpzXXx10/grQ9vv+5XbNolawp8CKxM1JEGequ+amjNAlYCFQQpTq2FYOTEgmcCjYudBPFYkKHpM86moYkYMpJpyuM8bFWfNyLpD4h4Kn6O5GSQKlR4OnJgMBAzXsT8T+vk0Cv4qQ8jBNgIZ091EsEhghP+sA+l4yCGGlCqOT6r5gOiCQUdGsFXYI9v/IiaZZL9lmpfHNerFayOvLoEB2hE2SjC1RF16iOGoiiB/SEXtCr8Wg8G2/G+2w0Z2SZffQHxsc3yPmXCA==</latexit>

Rodriguez (2016) 

Palm et al  (2018) 



5 times higher Annual Energy / mass compared to conventional

point absorbers without phase control. [MWh/ton]
3 times higher Annual Energy / PTO Force compared to

conventional point absorbers without phase control. [MWh / kN]

Hals et al (EWTEC 2015)

CORPOWER: 

PASSIVE CONTROL





LATCHING: 

REACTIVE 

CONTROL



CFD LATCHING 



QUESTIONS

I CAN RECOMMEND “HANDBOOK OF 

OCEAN WAVE ENERGY” OPEN ACCESS 

BOOK FROM SPRINGER


