
Energías Renovables Marinas

1

Departamento:

Area:

Ingeniería Eléctrica y Energética

Máquinas y Motores Térmicos

CARLOS J RENEDO renedoc@unican.es

Despachos: ETSN 236 / ETSIIT S-3 28

http://personales.unican.es/renedoc/index.htm

Tlfn: ETSN 942 20 13 44 / ETSIIT 942 20 13 82

Las trasparencias son el material de apoyo del profesor
para impartir la clase. No son apuntes de la asignatura.
Al alumno le pueden servir como guía para recopilar
información (libros, …) y elaborar sus propios apuntes
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Tecnologías de Aprovechamiento de la Energía de las Olas

• Attenuators (surface following)

• Oscillating Water Columns (OWC)
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The device is a 200 metres long rubber tube which is tethered underwater.
Passing waves will instigate a wave inside the tube, which will then
propagates down its walls, driving a turbine at the far end.

Anaconda Wave Energy Converter

http://www.checkmateukseaenergy.com/anaconda/
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The device is a 200 metres long rubber tube which is tethered underwater.
Passing waves will instigate a wave inside the tube, which will then
propagates down its walls, driving a turbine at the far end.

Anaconda Wave Energy Converter
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AquaBuoy

Energy transfer takes place by converting the vertical component of wave
kinetic energy into pressurized seawater by means of two-stroke hose pumps.
Pressurized seawater is directed into a conversion system consisting of a
turbine driving an electrical generator. The power is transmitted to shore by
means of an undersea transmission line
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AWS-III

http://www.awsocean.com/home.aspx?ln=1

The AWS-III is a floating toroidal vessel. It has rubber membranes on the
outer faces which deform as waves pass, moving air inside chambers which
in turn drive air-turbines to generate electricity.
AWS Ocean tested a 1/9 scale model in Loch Ness in 2010, and are now
working on a full sized version which will be 60m across and should generate
2.5 MW. It is envisage these will be installed in offshore farms moored in
around 100m depth of water.
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AWS-III
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CETO Wave Power

http://www.carnegiewave.com/

The device consists of a single piston pump attached to the sea floor with a
float (buoy) tethered to the piston. Waves cause the float to rise and fall,
generating pressurized water, which is piped to an onshore facility to drive
hydraulic generators or run reverse osmosis water desalination.
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Cilindro
hidráulico

Boya

Alternador

Motor Hidráulico

Producción de electricidad
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Cilindro
hidráulico

Boya

Alternador

Motor Hidráulico

Manteniendo el sentido
de giro del generador

Producción de electricidad
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Acumular energía



Energía de las Olas

19

Cilindro
hidráulico

Boya

Acumulador
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Acumular energía
Siempre en el 
mismo tanque
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Alternador

Acumulador
(A.P.)

Tanque 
(B.P.)

Producir energía eléctrica
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Cilindro
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“Mando hidráulico”
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Cycloidal Wave Energy Converter

http://www.atargis.com/index.html

Cycloidal Wave Energy Converter (CycWEC) uses two-bladed, horizontal axis
turbines deployed in deep ocean water (~100 m deep).
Using feedback flow control to synchronize with the incoming wave, the
CycWEC can completely terminate the incoming wave, extracting more than
95% of the wave energy.
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Cycloidal Wave Energy Converter

http://www.atargis.com/index.html

Cycloidal Wave Energy Converter (CycWEC) uses two-bladed, horizontal axis
turbines deployed in deep ocean water (~100 m deep).
Using feedback flow control to synchronize with the incoming wave, the
CycWEC can completely terminate the incoming wave, extracting more than
95% of the wave energy.
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FlanSea (Flanders Electricity from the Sea)

http://www.ugent.be/ea/civil-engineering/en/research/coastal-bridges-roads/coastal-engineering/research

A point absorber buoy developed for use in the southern North Sea
conditions. It works by means of a cable that due to the bobbing effect of the
buoy, generates electricity.
The “Wave Pioneer” functions with the “point absorber”-technology. A floating
body which is anchored with a cable to the seabed, follows the movements of
the wave and transforms the linear up and down going movement into a
rotational movement of the winch. By using 2 motors that are not only located
in the buoy but also function as generator, the mechanical energy is
transformed into electricity.
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Islay LIMPET

http://voith.com/en/products-services/hydro-power/ocean-energies/wave-power-plants-590.html

500 kW shoreline device uses an oscillating water column to drive air in and
out of a pressure chamber through a Wells turbine.
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Islay LIMPET

http://www.qub.ac.uk/research-centres/WelcometoSustainableDevelopmentatQueens/RelatedResearch/LIMPET/

500 kW shoreline device uses an oscillating water column to drive air in and
out of a pressure chamber through a Wells turbine.
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Mantenimiento del sentido de giro
Compuertas en el aire
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Mantenimiento del sentido de giro
Alabes directores
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Mantenimiento del sentido de giro
Con giro de los alabes directores
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Lysekil Project

http://www.el.angstrom.uu.se/forskningsprojekt/WavePower/Lysekilsprojektet_E.html

Direct driven linear generator placed on the seabed, connected to a buoy at
the surface via a line. The movements of the buoy will drive the translator in
the generator.
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Oceanlinx
http://oceanlinx.com/

To generate electricity from long-wavelength ocean swell oscillations. The
third and final demonstration-scale, grid-connected unit near Port Kembla,
near Sydney, Australia, a 2.5 MWe system that went online in early 2010.
In May 2010, the wave energy generator snapped from its mooring lines and
wrecked on Port Kembla's eastern breakwater.
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Oceanlinx
http://oceanlinx.com/

To generate electricity from long-wavelength ocean swell oscillations. The
third and final demonstration-scale, grid-connected unit near Port Kembla,
near Sydney, Australia, a 2.5 MWe system that went online in early 2010.
In May 2010, the wave energy generator snapped from its mooring lines and
wrecked on Port Kembla's eastern breakwater.
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OE Buoy

http://www.oceanenergy.ie/oe-technology/platform.html

In September 2009 completed a 2-year sea trial in one quarter scale form.
The OE buoy has only one moving part.
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Oyster Wave Energy Converter

http://www.aquamarinepower.com/technology/

A hinged mechanical flap attached to the seabed captures the energy of
nearshore waves. It drives hydraulic pistons to deliver high pressure water to
an onshore turbine which generates electricity. In November 2009, the first
full-scale demonstrator Oyster began producing power on Orkney.
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Pelamis Wave Energy Converter

http://www.pelamiswave.com/

As waves pass along a series of semi-submerged cylindrical sections linked
by hinged joints, the sections move relative to one another. This motion
activates hydraulic cylinders which pump high pressure oil through hydraulic
motors which drive electrical generators. The first working Pelamis machine in
2004 was at the European Marine Energy Center. The later P2, owned by
E.ON, started grid connected tests off Orkney in 2010.
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PowerBuoy

http://www.oceanpowertechnologies.com/technology.htm

Boya de Santoña

La parte móvil dibuja la ola sobre una estructura similar a un pistón, donde se
instala una bomba hidráulica. El fluido entra y sale de la bomba con el
movimiento e impulsa un generado eléctrica.
The electricity is transmitted by a submerged transmission line. The buoys are
designed to be installed one to 8 km offshore in water 30 to 60m deep.
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PowerBuoy

http://www.oceanpowertechnologies.com/technology.htm

Boya de Santoña

La parte móvil dibuja la ola sobre una estructura similar a un pistón, donde se
instala una bomba hidráulica. El fluido entra y sale de la bomba con el
movimiento e impulsa un generado eléctrica.
The electricity is transmitted by a submerged transmission line. The buoys are
designed to be installed one to 8 km offshore in water 30 to 60m deep.

PB150 kW
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PowerBuoy Boya de Santoña

La boya piloto, del tipo PB40ES, tiene una altura 

de 38 metros,(3/4 Sumergidas), posee:

• Flotador de 7 m. de diámetro

• Estabilizador de 11 m. de diámetro

Olas
Movimiento

vertical 
flotador

Bomba 
hidráulica

Generador
trifásico

Rectificador
AC/DC

BOYA

Línea eléctrica
submarina

- Transmisión eléctrica
- Comunicación

- Ondulación DC/AC
- Transformación

Equipamiento 
terrestre

RED 
ELECTRICA
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40South Energy Wave Energy Converters

http://www.40southenergy.com/

The 40South Energy wave energy conversion system comprises two parts.
The first part – called the “Lower Member” – is submerged at a depth of
between 15 and 25 metres (depending on model type and the site of
deployment). Above it, one or more “Upper Members” are submerged at a
depth between 1 and 12 meters (depending on the sea and operating
conditions). The relative motion between the Upper and Lower Members
converts directly into electricity within the machine.
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40South Energy Wave Energy Converters

http://www.40southenergy.com/

These machines work by extracting energy from the relative motion between
one Upper Member and one Lower Member, following an innovative method
which earned the company one UKTI Research & Development Award in
2011.A first generation full scale prototype for this solution was tested offshore
in 2010, and a second generation full scale prototype was tested offshore
during 2011.In 2012 the first units were sold to clients in various countries, for
delivery within the year. The first reduced scale prototypes were tested
offshore during 2007, but the company decided to remain in a "stealth mode"
until May 2010[61] and is now recognized as one of the technological
innovators in the sector. The company initially considered installing at Wave
Hub in 2012, but that project is on hold for now. The R38/50 kW is rated at
50 kW while the R115/150 kW is rated at 150 kW.
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SDE Sea Waves Power Plant

http://sdeenglish.kidumnet.co.il/

A breakwater-based wave energy converter, this device is built close to the
shore and utilizes the vertical motion of buoys for creating hydraulic pressure
which in turn operates the system's generators
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SeaRaser

http://searaser.net/index.html

Consisting of a piston pump attached to the sea floor with a float (buoy)
tethered to the piston. Waves cause the float to rise and fall, generating
pressurized water, which is piped to resoviors onshore which then drive
hydraulic generators
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Wavebob
http://www.wavebob.com/wavepower/

Wavebob have conducted some ocean trials, as well as extensive tank tests.
It is an ocean-going heaving buoy, with a submerged tank which captures
additional mass of seawater for added power and tunability, and as a safety
feature (Tank "Venting")
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Wave Dragon
http://www.wavedragon.net/

With the Wave Dragon wave energy converter large wing reflectors focus 
waves up a ramp into an offshore reservoir. The water returns to the ocean by 
the force of gravity via hydroelectric generators. 
Wave Dragon seen from reflector, prototype 1:4½
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WaveRoller
http://aw-energy.com/

The WaveRoller is a plate anchored on the sea bottom by its lower part. The
back and forth movement of surge moves the plate. The kinetic energy
transferred to this plate is collected by a piston pump. Full-scale demonstration
project built off Portugal in 2009.
WaveRoller farm installation in Peniche, Portugal. August 2012
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The WaveRoller is a plate anchored on the sea bottom by its lower part. The
back and forth movement of surge moves the plate. The kinetic energy
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WaveRoller farm installation in Peniche, Portugal. August 2012
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Wave Star
http://wavestarenergy.com/

The Wavestar machine draws energy from wave power with floats that rise
and fall with the up and down motion of waves. The floats are attached by
arms to a platform that stands on legs secured to the sea floor. The motion of
the floats is transferred via hydraulics into the rotation of a generator,
producing electricity. Wave Star has been testing a 1:10 machine since 2005
in Nissum Bredning, Denmark, it was taken out of duty in November 2011. A
1:2 Wave Star machine is in place in Hanstholm which has produced
electricity to the grid since September 2009.
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SRI Wave-Powered Generators

http://www.sri.com/research-development/renewable-energy

A type of wave buoys, built using special polymers, is being developed by SRI 
International.
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Mighty Whale
http://www.jamstec.go.jp/e/

Japan Agency for Marine-Earth Science and Technology
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Mighty Whale
http://www.jamstec.go.jp/jamstec-e/30th/part6/page2.html

The MIGHTY WHALE, 50 meters long and 30 meters wide, is equipped with 
three generators driven by an Oscillating Water Column . 
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Mighty Whale
http://www.jamstec.go.jp/jamstec-e/30th/part6/page2.html
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http://www.waveplane.com/
Wave Plane
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http://www.waveplane.com/
Wave Plane

1 2

3 4
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Tecnologías de Aprovechamiento de la Energía de las Corrientes

• Horizontal axis, or axial flow turbines

• Vertical axis or cross-flow turbines

• Reciprocating hydrofoils

• Venturis
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http://www.seageneration.co.uk/
Marine Current Turbines
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http://www.marineturbines.com/
Marine Current Turbines
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http://www.marineturbines.com/
Marine Current Turbines
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http://www.gulfstreamturbine.com/
Gulf Stream Turbine
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http://www.gulfstreamturbine.com/
Gulf Stream Turbine
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http://www.openhydro.com/home.html
Open Hydro
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http://www.openhydro.com/home.html
Open Hydro
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http://www.lunarenergy.co.uk/
Lunar Energy
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NEW ENERGY
http://www.newenergycorp.ca/Home/tabid/36/Default.aspx
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NEW ENERGY
http://www.newenergycorp.ca/Home/tabid/36/Default.aspx
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PULSE TIDAL
http://www.pulsetidal.com/?q=node/25
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PULSE TIDAL
http://www.pulsetidal.com/?q=node/25
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http://www.hammerfeststrom.com/
Hidro Hammerfest
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https://www.magallanesrenovables.com/
Magallanes Renovables
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EU RESEARCH http://cordis.europa.eu/projects/home_en.html 

Wave energy 
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EU RESEARCH
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Tydal energy 

EU RESEARCH

Proyectos de Investigación

84

EU RESEARCH
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Ocean energy 

EU RESEARCH

Proyectos de Investigación
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Sea energy 

EU RESEARCH
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http://www.chrissmithonline.co.uk/equimar/

EquiMar

Proyectos de Investigación
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http://www.equimar.org/equimar-project-deliverables.html

EquiMar
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http://www.equimar.org/equimar-project-deliverables.html

EquiMar

Proyectos de Investigación
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OCEAN-Lider

http://www.oceanlider.com/



Proyectos de Investigación

91

http://www.ocean-energy-systems.org/OCEAN ENERGY SYSTEMS
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http://www.ocean-energy-systems.org/OCEAN ENERGY SYSTEMS
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http://openwaveenergy.org/ 

OCEAN WAVE ENERGY PROJECT

Proyectos de Investigación
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OCEAN WAVE ENERGY PROJECT
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OCEAN WAVE ENERGY PROJECT
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OCEAN WAVE ENERGY PROJECT
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OCEAN WAVE ENERGY PROJECT
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OCEAN WAVE ENERGY PROJECT
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http://www.vliz.be/en
FLANDERS MARINE INSTITUTE

Proyectos de Investigación
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UNIVERSITY OF STRATHCLYDE, Glasgow

http://www.esru.strath.ac.uk/EandE/Web_sites/05-06/marine_renewables/home/welcome.htm
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