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OceanOcean´́ss energyenergy as as anan alternativealternative sourcesource

�� OceanOcean isis thethe mostmost fieldfield ofof EnergyEnergy

EnergyEnergy FieldField

�� NeverNever--endingending EnergyEnergy SourceSource,  quite ,  quite wastedwasted at  at  presentpresent

AreaArea: 361 M : 361 M sKmsKm ( Km( Km2)2)

VolumeVolume: 1370 M  : 1370 M  cKmcKm (Km(Km3)3)

�� ItIt worksworks as a as a EnergyEnergy BatteryBattery

1. INTRODUCTION1. INTRODUCTION OCEAN    AS    AN  ENERGY  SOURCE OCEAN    AS    AN  ENERGY  SOURCE 
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IDAEDEVELOPMENT PHASESDEVELOPMENT PHASES

Phase 1: Phase 1: conceptconcept formulationformulation

Phase 4: full Phase 4: full scalescale prototypeprototype

Phase 2: Phase 2: validationvalidation andand designdesign modelmodel

Phase 3: Phase 3: processprocess modelmodel

Phase 5: Commercial Phase 5: Commercial demostrationdemostration
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MATURITY OF MATURITY OF 

TECHNOLOGIESTECHNOLOGIES

Fuente: IEA-International Energy Agency, 2006

Different Stages of Development
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OCEAN THERMAL ENERGYOCEAN THERMAL ENERGY

OBJET: OBJET: EnergyEnergy generationgeneration frornfrorn OTEC.OTEC.

Rankine Rankine ThermodinamicThermodinamic CycleCycle: : ThermalThermal energyenergy conversionconversion needsneeds at at leastleast 2020ººCC

waterwater differencedifference..

THERMAL GRADIENT: THERMAL GRADIENT: TheThe temperaturetemperature differencedifference betweenbetween surfacesurface andand bottombottom isis

thethe resultresult ofof solar solar radiationradiation incidentincident onon thethe sea sea waterwater..



5

I  N  S  T  I  T  U  T  O    P  A  R  A    L  A    D  I  V  E  R S  I  F  I  C  A  C  I  Ó N    Y    A  H  O  R  R  O    D  E    L  A    E  N  E  R  G  Í A

Pag.9
Renewable Energy and the Sea- Technological Innovation

Off Shore Off Shore RenewableRenewable EnergyEnergy SourcesSources

CARMEN Mª ROA TORTOSA 

Hydroelectric, Sea Energy and Geothermal Department

IDAE

ThemalThemal PowerPower PlantPlant conceptual conceptual 

schemescheme

OTEC OTEC PlantPlant Conceptual Conceptual SchemeScheme
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OTEC OTEC ConventionalConventional::

CLASSIFICATIONCLASSIFICATION

1. Close 1. Close CycleCycle

2. Open 2. Open CycleCycle

3. 3. HHííbridbrid CycleCycle

HighHigh TemperatureTemperature OTEC:OTEC:

WithWith secondarysecondary fluidfluid electricityelectricity

ElElééctricityctricity

DesalinationDesalination

HybridHybrid

Elec. + Elec. + DesalinationDesalination + + otherother usesuses

OCEAN THERMAL ENERGYOCEAN THERMAL ENERGY
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Flotante Lockheed

Self mounted tower

Central Maremotérmica TRW

TECNOLOGY TYPESTECNOLOGY TYPES

On shore land based

Floating vessel plant

Platform OTEC plant

OCEAN THERMAL ENERGYOCEAN THERMAL ENERGY

I  N  S  T  I  T  U  T  O    P  A  R  A    L  A    D  I  V  E  R S  I  F  I  C  A  C  I  Ó N    Y    A  H  O  R  R  O    D  E    L  A    E  N  E  R  G  Í A

Pag.12
Renewable Energy and the Sea- Technological Innovation

Off Shore Off Shore RenewableRenewable EnergyEnergy SourcesSources

CARMEN Mª ROA TORTOSA 

Hydroelectric, Sea Energy and Geothermal Department

IDAE

HarnessingHarnessing ofof thethe KineticKinetic energyenergy ofof thethe sea sea currentscurrents

CURRENT ENERGYCURRENT ENERGY

��High water density versus wind.High water density versus wind.

��Less room size for turbines and blades.Less room size for turbines and blades.

��HlowsHlows > 8m/s.> 8m/s.

��Complex designsComplex designs..

Rotor Types

�Axial Rotor

�Cross flor Rotor 

Anchoring Structure
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Lunar Energy Hammerferst

Blue Energy
Seagen, Costa de Lynmouth

Seaflow, Costa de Lynmouth

Open Hydro

TECNOLOGY TYPESTECNOLOGY TYPES
CURRENT ENERGYCURRENT ENERGY
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TIDAL: TIDAL: thethe waterwater comingcoming andand goinggoing isis duedue toto thethe Sun Sun andand MoonMoon gravitiygravitiy forcesforces.  El ascenso y descenso de .  El ascenso y descenso de 
las aguas del mar es producido por las acciones gravitatorias delas aguas del mar es producido por las acciones gravitatorias del sol y la luna.l sol y la luna.

TIDAL ENERGYTIDAL ENERGY

RequirementsRequirements::

��Wide Wide TidalTidal > 5 m.> 5 m.

��EnoughEnough widewide baybay oror estuaryestuary..

��FasyFasy dikedike erectionerection. . 

Energy   

Tidal 

Potential   

Harnessing
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��Simple effect cycleSimple effect cycle

��Double effect cycleDouble effect cycle

��Pumped storagePumped storage
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Central Maremotriz de RANCE

TECNOLOGY TYPESTECNOLOGY TYPES
TIDAL ENERGYTIDAL ENERGY
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WAVES:WAVES:

�� WaveWave energyenergy isis producedproduced by by windwind..

��VeryVery variable in variable in heightheight..

��TertiaryTertiary derivedderived solar solar energyenergy..

��TheThe warmingwarming ofof thethe Earth'sEarth's surfacesurface generatesgenerates windwind andand windwind waveswaves general as a general as a resultresult ofof airair frictionfriction onon
thethe sea sea surfacesurface..

��TheThe intensityintensity ofof thethe waveswaves dependsdepends onon windwind intensityintensity, , durationduration andand lengthlength overover whichwhich transmitstransmits wavewave
energyenergy..

��TravelTravel long long distancesdistances withwith littlelittle energyenergy lossloss..

��Global average Global average energyenergy densitydensity 8kW / m 8kW / m coastlinecoastline..
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WAVE ENERGYWAVE ENERGY

OLAS: la energOLAS: la energíía de las olas es producida por el viento y resulta de una alturaa de las olas es producida por el viento y resulta de una altura muy variable.muy variable.World Distribution of Annual Average Off Shore (kW/m)
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Point
Absorber

Oscilating
Water
Column

Attenuator

WAVE ENERGYWAVE ENERGY

Pelamis

OPT

Aquaboy

AWS

Oceanlinx

WEDGE

TECNOLOGY TYPESTECNOLOGY TYPES

Lineal 

Generator
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20

SPAIN

IBERDROLA Energías Marinas de Cantabria S.A.
OPT  Santoña, Cantabria - OFFSHORE

Lineal Generator for Wave
Energy (Wedge). 

Mutriku – País Vasco – ONSHORE.
Wavegen

Tecnalia (PSE - MAR) 
Oceantec, Hidroflot, PISYS

País Vasco - OFFSHORE

Norvento -OPD; Pelamis
Galicia, OFFSHORE 

Consorcio de Portos Galicia, Sogama, 
Cetmar, Inega y Igape
Inicialmente PISYS 
Galicia, OFFSHORE 

Sea Energy
Technology: Wavegen; Limpet
Galicia, ONSHORE 

Cabildo de Tenerife
Technology: Wavegen
Emplazamiento: Granadilla -Tenerife, ONSHORE

OCEAN ENERGY IN SPAIN: OCEAN ENERGY IN SPAIN: WaveWave EnergyEnergy ProjectsProjects

Proyecto Calma -Hidroflot

Asturias, OFFSHORE
BIMEP

Nodo 
Santoña

PLOCAN

Ocean Lider: Líderes en Energías 

Renovables oceánicas
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Carmen MCarmen Mªª Roa TortosaRoa Tortosa

c/ Madera 8  28004 Madridc/ Madera 8  28004 Madrid-- EspaEspaññaa
Tel. +0034 91 4564900    Fax. +0034 91 5230414Tel. +0034 91 4564900    Fax. +0034 91 5230414
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