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WAVE ENERGY RESEARCH AND DEVELOPMENT 
IN A 40 YEARS PERSPECTIVE
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OBSERVATION PERIOD 1977 – 2016..
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THE ENERGY CRISIS 1973
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WE NEED ALTERNATIVES TO OIL – HOW I GOT INVOLVED1977
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Lecture on Water turbines
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FIRST WAVE PUMP
DTU STUDENT PERIOD 1977 - 1979
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INTERNATIONALAL WAVE ENERGY SYMPOSIUM  IN 1979

Gothenburg, Sweden

Energy costs estimated between 0,6 – 1,5 DKK/Kwh ( 0,08 – 0,2 €/kWh)

Salters DUCK
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PHD PROJECT 
“WAVE ENERGY CONVERTERS” DTU 1979 - 1982

Bølgeenergimaskiner I

Bølgeenergimaskiner II
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STATE OF THE ART 1983
Rendel Palmer,Tritton, Kennedy, Donkin. United Kingdom wave energy
program e Consultants' 1981 assessment. UK: Department of Energy; 1982.
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WAVE POWER PILOT PROJECT
1 KW GRID CONNECTED WAVE POWER IN ØRESUND

1984 – 1986 (POST DOC DTU)
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FIND A BLACKSMITH TO HELP THE DEVELOPMENT
1987 – 1991 (BUDGET 1.500.000€)

DANISH WAVE POWER APS 
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PRELIMINARY ACTIONS ON OCEAN ENERGY, 1991 - 1993
EUROPEAN COMMISSION JOU2-0003-DK

B0 Project management, Peter Randløv, BHR
B1 Device fundamentals/Hydrodynamics, UCC
Garreth Thomas
B2 Device Components and Materials, DWP
Kim Nielsen
B3 Power take-off Systems, Ued
Stephen Salter
B4 Electrical systems, control and Grid Interactions, 
Queens William Beattie
B5 Methodology for Reliability and Economic assessment, 
ETSU Tom Thorpe
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HANSTHOLM PHASE II 1993 – 1996 
DANISH FUNDING
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Measured wave and power generation, September 19 - 30, 1995

0

1

2

3

1 9 1 7 2 5 3 3 4 1 4 9 5 7 6 5 7 3 8 1 8 9
0

0.5

1

1.5

Hs, Significant wave height Measured power generation

     19         20           21           22          23           24           25         26            27         28           29        30 
    date

Performance, September 1995

0

0,2

0,4

0,6

0,8

1

1,2

1,4

1,6

1,8

0 0,5 1 1,5 2 2,5 3 3,5 4 4,5

Hs, Significant wave height [m]

Po
w

er
 g

en
er

at
io

n,
 k

W

Measured power generation Theory 2B,2

Aw [m2]   is the float water plane area   

Hs. [m]  the significant wave height  

5,1
swHAP   [kW] 



22-05-2017
TU DELFT LUNCH LECTURE

JOULE II 1993 – 1996
OFFSHORE WAVE ENERGY CONVERTERS,  OWEC-1

OWEC 1 20 researchers during a project meeting in Gothenburg 1994

Comparison of point absorbers

Numerical models 

Testing of IPS –point absorber

EU co-operation

Pico plant was planned build in the same period
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DANISH WAVE ENERGY PROGRAMME 1998 – 2002
BUDGET 3.000.000 €

Meyer NI, McDonald Arnskov M, Vad Bennetzen LCE, Burcharth HF, Bunger J, Jacobsen V, et al. Bølgekraftprogram: Afsluttende rapport 
fra Energistyrelsens Rådgivende udvalg. Rambøll, Teknikerbyen 31, 2830 Virum, Denmark: Bølgekraftudval Bølgekraftudvalgets

Sekretariat; 2002. In Danish.

Point absorber
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STRUCTURED DEVELOPMENT AND GUIDELINES FOR TESTING 
AND PRESENTATION OF RESULTS
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WAVE DRAGON 1997 - ONGOING
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FLOATING POWER PLANT 1997 - ONGOING
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WAVEPLANE 1998 – 0NGOING
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POINT ABSORBER 1998 - 2002 
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IEA –OES 2001 - ONGOING  
HTTPS://WWW.OCEAN-ENERGY-SYSTEMS.ORG/

EXCO 2003 UK

EXCO 2017 MonacoEXCO 2004 CPH
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IEA OES 2017 



22-05-2017
TU DELFT LUNCH LECTURE

1999 - 2016 PELAMIS OCEAN POWER DELIVERY
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LABBOUY EU PROJECT, GREECE 2001 - 2003
CRESS
Technical University of Athens
Queens University
University College Cork
Rambøll
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AQUA ENERGY, USA 2002 - 2007
• Numerical modelling

• Hose Pump test Dunlup UK

• 1:50 scale testing Ireland, AAU

• 1:10 scale testing DK

• 1:2 scale testing USA
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CA-OE: CO-ORDINATED ACTION ON OCEAN ENERGY 2004 - 2007

EU-OEA - founded
Development of Standards, EMEC 2005

The basis for SeaPower was formed
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CA-OE PARTNERS

• OCEAN POWER DELIVERY LIMITED UK
• TEAMWORK TECHNOLOGY BV NL
• QUEEN'S UNIVERSITY BELFAST UK
• INSTITUTO SUPERIOR TECNICO PT
• AQUAENERGY DEVELOPMENT  UK LIMITED UK
• WAVE DRAGON APS DK
• INGENIOERFIRMA   ERIC   A   ROSSEN DK
• OCEAN ENERGY LIMITED IE
• WAVEPLANE PRODUCTION A/S DK

NL TECHNISCHE UNIVERSITEIT DELFT
DE TECHNISCHE UNIVERSITAET MUENCHEN
GR NATIONAL   TECHNICAL   UNIVERSLTY OF ATHENS
NL ECOFYS B.V.
PT Instituto Nacional de Engenharia, Tecnologia e Inovação.
PT THE ROBERT GORDON UNIVERSITY
CA POWERTECH LABS INC.
DK DHI - INSTITUT FOR VAND OG MILJOE
UK LANCASTER UNIVERSITY
DK SPOK APS
FR Institut francais de recherche pour l'explittation dela mer

DK AALBORG UNIVERSITET
UK THE  UNIVERSITY OF EDINBURGH
FR ECOLE CENTRALE DE NANTES
FR ECOLE GENERALISTE DES INGENIEURS DE MARSEILLE
BG BULGARIAN SHIP HYDRODYNAMICS CENTRE -
UK UNIVERSITY   OF   SOUTHAMPTON
BE UNIVERSITEIT GENT
DE UNIVERSITAET HANNOVER
SW UPPSALA UNIVERSITET
GR UNIVERSITY OF PATRAS
SW CHALMERS TEKNISKA HOGSKOLA AB

RAMBOLL DK
UNIVERSITY OF STRATHCLYDE UK
CENTRE FOR RENEWABLE ENERGY SOURCES GR
UNIVERSITY COLLEGE CORK IE
WAVE ENERGY CENTRE PT

Universities Core Group

OE Developers 



22-05-2017
TU DELFT LUNCH LECTURE

WAVESTAR 2004 - 2016
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DEVELOPMENT OF DANWEC 2012 
2M€ GREENLAB-
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IEC TC 114 PT 102 (2012– 2015)
IEC 62600-102 TS ED.1: MARINE ENERGY - WAVE, TIDAL AND OTHER WATER CURRENT CONVERTERS - PART 102: 
WAVE ENERGY CONVERTER POWER PERFORMANCE ASSESSMENT AT A SECOND LOCATION USING MEASURED 
ASSESSMENT DATA
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FORMATION OF DANISH PARTNERSHIP 2012 - ONGOING

• Floating Power Plant

• CrestWing

• WavePlane

• WaveDragon

• ResenWave

• WEPTOS

• WavePiston

• KNSWING

• Leancon
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2011-12 DANISH STRATEGY ON WAVE ENERGY

PARTNERSHIP FOR WAVE POWER
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ROAD MAP 2015



22-05-2017
TU DELFT LUNCH LECTURE

DEVELOPMENT OF NEW “OLD” IDEAS 2012 
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KNSWING WITH BA STUDENTS DTU 
MARINET I: 2013 UCC-HMRC OCEAN WAVE BASIN
MARINET II: 2015 PORTA FERRY 
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MOORING SYSTEMS FOR LARGE WEC’S AAU 2015 - 2017 
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USA SANDIA – WAVE SPARK PROJECT 2016 - 2017
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WAVE ENERGY PROJECTS 2016
SWEDEN

• Waves4power

• CorPower Ocean

• Seabased

NORWAY

• Havkraft AS 

• Ocean Energy AS

BELGIUM

• FlanSea

• Laminaria

GERMANY

• Sinn Power 

• NEMOS GmbH

IRELAND

• OE Buoy 

• Sea Power 

PORTUGAL

• AW-Energy

• Bombora

AUSTRALIA

• Wave Swell Energy

USA

• Waveswing Americ

• Resolute Marine Energy/ SurgeWECTM

• Columbia Power Technologies

• Life safer

• Azura

KOREA

• pendulum WEC

• Heaving semi-sphere

• wave-offshore wind 

• Yongsoo OWC

CHINA

• Sharp Eagle

• Institute of Electrical Engineering 

SPAIN

• MARMOK-A-5

• UNDIGEN+
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DEVELOPMENT V KIM NIELSEN 1977 - 2017 
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THANK YOU


