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Calentamiento Global
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GISTEMP Seasonal Cycle since 1880
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Calentamiento Global
Consenso internacional

Greenhous_e gas _emission_s by economic activity, EU-28, 2010 and 2015
Greenhouse gas emissions by economic activity and by pollutant, EU-28, 2015 (% of total emissions in CO2 equivalents)
(thousand tonnes of CO2 equivalents)
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Consumo energético en la OCDE - 2017
WORLD ENERGY BALANCES: OVERVIEW (2018 edition) - IEC
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Mix eléctrico en la OCDE - 2017

WORLD ENERGY BALANCES: OVERVIEW (2018 edition) - IEC
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Primary energy production by fuel, EU-28, in selected years, 1990-2016 1000
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La energia edlica supone el 12,4% del total de la energia produccion primaria de energia procedente de fuentes
renovables en la EU-28. La energia edlica y la solar estan en rapida expansion. La energia edlica incremento su
contribucion en un 6,3 % de la energia renovable producida en la EU-28 en 2016
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Potencia instalada en Europa 2005—- 2017

Wind in power, Annual combined onshore and offshore wind energy statistics — 2017, Wind Europe

2015: Wind overtakes hydro
as the 3™ largest form of

2013: Wind power generation capacity.
overtakes nuclear as !
. the 4 largest form 2016: Wind overtakes coal
?ﬁ-’;ir‘;'snfhzvgtakes of power generation as the 2™ largest form of
capacity. . power generation capacity.

250 largest form of power
generation capacity.
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Evolucion de la potencia instalada edlica en Europa 2005—- 2017

Wind in power, Annual combined onshore and offshore wind energy statistics — 2017, Wind Europe
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Distribucion potencia instalada edlica en Europa 2005— 2017
Wind in power, Annual combined onshore and offshore wind energy statistics — 2017, Wind Europe
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 Calidad del recurso: Mayor intensidad, menor turbulencia,
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 Calidad del recurso: Mayor intensidad, menor turbulencia,

Factor de capacidad en los parques edlicos daneses

http://energynumbers.info/capacity-factors-at-danish-offshore-wind-farms
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marina?

 Calidad del recurso: Mayor intensidad, menor turbulencia,
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 Menor impacto virual y acustico...
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 Economia de escala; Posibilidad de desarrolar grandes instalaciones

~ . ya o
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K Mayor complejidad en la gestion de parquet; interaccion entre turbinas

Onshore wind farm Offshore wind farm
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K Mayor complejidad en la gestion de parquet; interaccion entre turbinas

;Por que edlica marina?

4000 0l 1 1 51
02 32 2 62 82
— 30007 33 43 53 63
E 3 83
04 14 24 34 44 54 64 74 84 G4
g 2000 7 & & o M6
:_:: { y 2 4, 1 o To S5 9
==
Z’s 1000 ( 36 4 86 96
07 1T 27 87 47 57 67 v &7 97
of 18 2 48 58 68 T8 88 08
?180"

_1 mo 1 1 1 1
0 1000 2000 3000 4000 5000 6000 7000 8000
Easting [m]

(a)

Hasager, C & Rasmussen, Leif & Pefia, Alfredo & Jensen, Leo &
Réthoré, Pierre-Elouan. (2013). Wind farm wake: The Horns Rev
photo case. Energies. 6. 696-716. 10.3390/en6020696.
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A Barreras fisicas: profundidad, distancia a costa...
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X Mayores costes y riesgos...

Typical onshore wind energy project costs

Management
2%

Turbines
45%

Connection
13%

Installation

7%

Foundations
25%

cPor qué edlica marina?

Increase in offshore investment cost due to distance to coast (in km)

Cost split 5 10 15 20 25 30 35 40 45 60 75 938 1125 131.3 150 =200
Turbine 772 Fr2 772 fF2 7r2 yi2 Tr2 72 772 fy2 772 §i2 72 ¥z iv2 ii2
Foundation 352 352 352 352 352 352 352 352 352 352 352 352 352 352 352 352
Installation 465 471 476 482 488 494 500 506 511 5589 607 659 712 764 816 0964

Inst.-turbine 155 156 156 157 157 158 159 158 160 164 169 174 180 185 190 205

Inst.-foundation 155 1586 156 157 157 158 159 159 160 164 169 174 180 185 150 205

Inst.-grid 155 158 164 1689 173 178 183 187 192 230 269 310 352 394 436 554
Grid connection 133 146 159 172 185 198 211 224 236 275 314 362 411 459 507 702
Other 79 80 81 82 82 B3 84 85 B85 86 87 &7 88 88 88 89
Total cost 1801 1821 1840 1860 1879 1893 1919 1938 1956 2044 2132 2233 2334 2434 2535 2879

Typical offshore wind energy project costs

Turbine
39%

Onshore
preparation

4%

Project
management
7%

Other
electrical
9%

work
4%

Initial

Cables
9%

development

Wit  DE CANTABRIA

In EUR/KW, Original data without shading, interpolated values shaded grey, assumed values in italics

Increase in offshore investment cost due to water depth (in m)

Cost split

Turbine

Foundation

Installation
Inst.-turbine
Inst.-foundation
Inst.-grid

Grid connection

Other

Total cost

In EUR/KW, Original data without shading, interpolated values shaded grey, assumed values in italics
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‘/ Ventajas

+ Mayor intensidad del recurso

* Mejor calidad del recurso
» Economias de escala

« Menores restricciones socio-ambientales

: \
Desventajas dad

— Mayor con8\é3h§>ad de los parques

&%ﬂéras fisicas

A\ Mayores costes y riesgos

Energia y medio ambiente en el mar Fundacnén ./
La energia edlica en alta mar Urgg
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Otencial de la energia edlica flotante atendiendo a profundidad, recurso, severidad del
clima, centros de consumo y distancia a costa (<200km)

180° 120°W 60°W 0° 60°E 120°E 180°

Probability range

l Max (100%)

50%

60°N

55°N

Min (0%)

50°N

0 1500 3.000

Carlos VC Weiss, Raul Guanche, Barbara Ondiviela, Omar F. Castellanos, José Juanes, Marine renewable energy

erspective for offshore wind and wave exploitation, Energy Conversion and Management, VoILEngrgla y medio ambiente en el mar Fundacién ./
8204, Laenergiaedlicaen atamar ~ INGEUrQy
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Gravity base
Tripod

Monopile . |
Jacket

Tierra o poca profundidad
Menos de 30 m

FUNDACION UNIVERSIDAD
S\ DE CANTABRIA

Combined
Jacket
+
Tower

La energia edlica marina en

aguas rofundas

Spar buoy Semi
submersible

Gran prof.
>50m

Energia y medio ambiente en el mar
La energia edlica en alta mar

Fundaclén

aturgy
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Distribucidn de las estructuras instaladas en Europa
hasta 2017

Floating Spar Buoy

B foundations

Tople _ Floating Barge

1 foundation

80 foundation

___—— Others
18 foundations

Gravity Base

283 foundations

Monopile
3.720 foundations

Source: WindEurope

oo

La energia edlica marina en
aguas profundas

Distribucidn por fabricante de las subestructuras

instaladas en 2017
Offshore Wind
in Europe, Key trends and statistics 2017, Wind Europe

EEW

Sif

Steelwind Nordenham
Technip \
Navantia l

BAM Nuttall [}
Statoil |

Bladt |

deol |

0 S0 100 150 200

Jacket Gravity base Floating spar buoy Floating barge

m Monopile

Source: WindEurope

Energia y medio ambiente en el mar Fundacién
La energia edlica en alta mar Naturgg'/
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Ejemplos de jacket y monpile: Bremehaven, 2011

Energia y medio ambiente en el mar Fundamén ./
La energia edlica en alta mar Urgg



... Source: Statoil, 2011.

La energia edlica marina en
aguas profundas

El futuro edlico marino es flotante!

Share of offshore wind  Potential for floating
resource in +60m depth wind capacity
80% 4,000 GW
60% 2,450 GW
80% 500 GW
- 90 GW

Source: Carbon Trust, MOFA

Energia y medio ambiente en el mar Fundaclén ./
La energia edlica en alta mar Urgg
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Wind Farm Name

La energia edlica marina en

aguas profundas

Capacity

(Mw)

Commissioning date

Hywind Scotland United Kingdom 30 2017 (in operation)
Windfloat Atlantic Portugal 25 2019
Flocan 5 Canary Spain 25 2020
Nautilus Spain 5 2020
SeaTwirl S2 Sweden 1 2020
Kincardine United Kingdom 49 2020
Forthwind Project United Kingdom 12 2020
EFGL France 24 2021
Groix-Belle-lle France 24 2021
PGL Wind Farm France 24 2021
EolMed France 25 2021
Katanes Floating Energy Park -Array United Kingdom 32 2022
Hywind Tampen Norway 88 2022

Source: WindEurope

Energia y medio ambiente en el mar Fundwéh v

La energia edlica en alta mar Urgg
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Oil&Gas... los precursores aguas profundas
Resumen e hitos
Mas de 60 afios de experiencia en exploracion y explotacién de recursos en aguas profundas y muy profungas...
Actividad todavia en crecimiento

Parametros para la toma de decision
* Profundidad y condiciones meteocednicas Gravity-based Steel jacket Compliant Tension leg Semi- Floating production Spar
= Tipo Iogl'a e e ileta (Top side) plafformsg fixed ppiforms fowors platforms submersibles storage on(: :sfg:;:dmg units plaf;orms
» Tipologia del fondo , . ¢ i
» Requerimientos de disefio y sequridad j{ ' &/ . _}/L/ E .g L/
= Riesgos e impactos = ) 1 L_ﬁ 15~ 7 ad
= Mercados: Capex / Opex
Estandares y reglas de buena practica
= AP/ RP-2A
= 0OCS
= DNV
= Norsok
] 356235 OS de id ( (U Jeil o arna gda
= DOE-OG 947 P era platafo ao ore (prof: 6 00 e ergible Independence (dep 4
= EUROCODE 8 984 P era TLP (dep 44 010 Spar Perdido (dep S
- 99/ P era Spar (dep 80
Clima de diseiio +100yr: Niveles de seguridad ource: Floatec and Mustang, 2010

” 0 e e 010

Energia y medio ambiente en el mar Fundwéh

La energia edlica en alta mar Urgg
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- Oil&Gas... los precursores aguas profundas

Resumen e hitos

Soluciones primarias aceptadas por la industria...
Probadas, Funcionales, Escalables, Adaptables a escala global.

Spar Semi-Submegibles Tension Leg Platforms Ship —Shape (FPSO)
(10.000 ft ~3000 m) (9.000 ft ~2700m ) (6.000 ft ~1800 m) (10.000 ft ~ 3000 m)
Cilindro hueco equipadas  Cubierta  soportada  por  Gran volumen de flotacion Embarcacion o bugye

con un volume de lastre  columnas unidas ha pontonas  sujeto en tension por cables al contectado al fondo
elevado en su parte mds  sumergidas. Sistemas de  anclados al fondo. mediante “turret” (rotula de
baja. Sistemas de fondeo en  fondeo  en  tension o 3DOF-rotacidn libre)
catenaria catenaries.

Principios fisico: Principio fisico: Principio fisico: Principio fisico:
Configuracién del casco. Configuracién del casco. Sistema de fondeo Forma del casco

" 3

Energia y medio ambiente en el mar Fundacién ./

La energia edlica en alta mar Nal:urgg

Source: Floatec, 20
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Lecciones aprendidas de la industria offshore

Sinergias
Offshore ! . .
Wind | T Sinergias:
Platforms i N Seguridad, disefios, materiales...

Lecciones aprendidas:
Construccion y técnicas de instalacion
Gestion de Proyectos, cadena de suministro
Similitud de requerimientos:
Equipos y personal especializado

Diferencias

Economia de escala:
Valor afiadido del Oil&Gas vs Coste de la Energia
Riesgos:
Vida util de las estructuras, Medio-Ambiente, ...
Cargas medio ambientales de cdlculo
Localizacion
Profundidad, Distancia a costa, cercania a nucleos de poblacion

Source: NREL 2010

() APl RP-2A O&G Design Standard does not
address Offshore  Wind specific loads and

interactions. The best approach is using a joint | No se puede aplicar de manera indiscriminada el "know-how"
application combining both IEC 67400 - 3 del O[l&gGS al sector oﬁ'shore

Source: “Overcoming challenges for the offshore wind industry and learning from O&G industry.

Power cluster project, 2071 Energia y medio ambiente en el mar Fundacién ./
La energia edlica en alta mar Nal:urgg




«®®
IHcantabria

INSTITUTO DE HIDRAULICA AMBIENTAL
UNIVERSIDAD DE CANTABRIA

Objertivos/requerimeintos de un disefio para edliac marina flotante:

Disefio optimizado que asegure integridad structural, eficiencia, y coste....

La energia edlica marina en
aguas profundas

Estructuras offshore para edlica marina flotante

Siempre cumpliendo objetivos financieros

Ballast
TLP SPAR BARGUE ®
Pitch Stability Mooring Ballast Buoyancy
Natural Periods (+) Avantage (0) Neutral (-) Disvantage
Coupled Motion + 0 ® ®
Wave Sensitivity 0 + Buoyancy Mooring
Turbine Weight 0 1 2
. En la prdctica todos los
Moorings * sistemas comparten los
Anchors - + £ principios fisicos de
Construction . funcionamlento. No obstante,
siempre existira uno que sea
0&M + 0

mds relevante que los demds.

Source: Upwind Project, 2010.

Source: Upwind Project, 2010.

SPAR TLP BARGUE / TRIFLOATER / SEMI-SUB

* Estabilidad, bajo riesgo * Gran estabilidad (bajo cabeceo y balance). ¢ Formas flexible y adaptables al topside.
* Simple y econdmico * Restriciones de emplazamiento: Tipo de * Facil produccién en masa

* Facil produccién en masa fondo y profundidad. * Sistemas de fondeo en tension o

* Sistema de fondeo en catenaria o semi * Sistemas de fondeo en tension: caros. catenaria

tensionado * Muy débiles a fatiga. * Sensisbles al cabeceo y el balance

deformaciones y cabeceos * Baja rigidez a guifiada.

1;‘1 UNIVERSIDAD
1

is  DE CANTABRIA

* Faciles de operar en tierra
pEne gia y medio ambiente en el mar

La energia edlica en alta mar
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Statoil —_

Classification: | Spar Prlmary Steel or

material: concrete
Depth range: | 100-500m | Moorings: 3 catenary
Turbine axis: | Horizontal | No. blades: 3
Industrial Statoil | TRL: 4
partner(s):

Pre-
Full-scale 2009 commercial | 2017
prototype:

array:

The Hywind spar-buoy is arguably one of the most mature floating concepts under development,
having had a 2.3 MW prototype deployed off the coast of Norway since 2009. Hywind consists of a
traditional spar buoy structure, with draft of 70-920m, and a catenary 3-line mooring system. There
are plans to scale-up the device and install 5 x 6 MW turbines in a pre-commercial array off the coast
of Scotland in 2017.

The design has been modified from the original prototype to allow for a shorter but thicker hull, which
should result in a net reduction to material costs, as well as open up a wider market for its
application. The ballast will also be adapted from a water ballast in the first Hywind to a stone ballast
in the new design, in order to cope with the additional loads of the larger 6 MW turbines. In
combination, Statoil expect these adaptations and optimisations to reduce LCOE by two-thirds from
the 2.3 MW demonstration, with further cost reduction potential for commercial deployment.

. However, the exact dimensions and mass of the spar will be site-dependent.

Energia y medio ambiente en el mar
La energia edlica en alta mar

Naturgy ¥
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150m

Oslo Plaza
Morway
117 m

Hywind Pilot Park
scotland
254 m(176+78m)

Big Ben
London
96 m

Scott Monument B Leaning Tower B Statue of Liberty £
Edinburgh of Pisa, ltaly LISA
61 m 57 m 83im

Energia y medio ambiente en el mar Fundwén ./
UNIVERSIDAD La energia edlica en alta mar Urgg
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WILGIZGEL Principle Power

Classification: | Semi-sub Prlmary Steel
material:
Depth range: | 40m-1000m | Moorings: 3 catenary
Turbine axis: Horizontal No. blades: 3
EDPR;
Industrial Repsol; Pilot .
partner(s): Offshore; TRL: 4
Atkins
Full-scale 2011 Pre-commercial 2018
prototype: array:

WindFloat is one of the more mature concepts in the market, having had a 2 MW unit installed off the
coast of Portugal since 2011. The design consists of a semi-submersible hull with three columns, one
of which supports the turbine.

A static water ballast is used to achieve the desired operating draft while entrapment (heave) plates
at the base of each column provide dynamic stability to dampen wave and turbine induced motion.
This stability performance allows for the use of existing commercial wind turbine technology. The
design is therefore considered to be "turbine agnostic’, with the ability to support most conventional
three-blade upwind turbines with only minor design modifications.

The mooring system employs conventional components such as chain and polyester lines to minimise
cost and complexity. Through the use of pre-laid drag embedded anchors, site preparation and
impact is minimized.

The design is benefitting from its first-mover position in the market and there are ambitious plans to
scale up development over the next 5-10 years, with projects planned in the US (Oregon, 30 MW;
Hawaii, 2 x 408 MW), Scotland (Kincardine, 48-50 MW), and Portugal (Agucadoura, 25 MW|.

UNIVERSIDAD
DE CANTABRIA

Energia y medio ambiente en el mar
La energia edlica en alta mar

Fundaclén
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Damping Pool

IDEOL

oo

La energia edlica marina en
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Classification: | Caisson/barge Prlma.ry Concrete or
material: steel
Depth range: | 35m+ Moorings: 6-9 catenary
Turbine axis: Horizontal No. blades: 3
Industrial Hitachi Zosen;
partner(s): Adwen TRL: 3
Pre-
Full-scale 2015 commercial Undisclosed
prototype:
array:

The IDEOL platform is a square concrete hull with a central opening to create a patented ‘damping
pool’ system that uses the entrapped water to minimise floater motions, resulting in strong
hydrodynamic performance. The low floater motion means that the concept is compatible with
conventional offshore turbines in the market, with only minor tower upgrades and adapted blade pitch
control software required align with the floater’s behaviour. The design can also be constructed using
steel, but delivers greater cost reduction and higher local content when using concrete. The concept
is classified as a caisson/barge concept, but for the purposes of this study it has been grouped as a
semi-submersible design to avoid breach of confidential data in our analysis.

The modular structural design and use of concrete as the primary material means that the design is
less prone to price volatility and is highly amenable to mass production with on-site construction, high
local content, and versatile construction methods, depending on local infrastructure and capabilities.
IDEOL has also developed its own patented ‘'mobility’” solution which allows the floater to move along
its mooring lines, allowing it to alter its position to reduce wake losses in an array.

IDEOL have an initial 2 MW demonstration slated for installation at the SEM-REV test site in 2015, part
funded by the European Commission’'s FLOATGEN and French Government (ADEME] OCEAGEN
initiatives. IDEOL have also secured a partnership with Hitachi Zosen to deploy the IDEOL concept in
Japan.

Energia y medio ambiente en el mar Fundacién ./

La energia edlica en alta mar Nal:urgg




Floating Offshore Wind

M

Advanced Spar

bria

A AMBIENTAL

Japan Marine United

Hybrid

spar

concrete-steel

Toda Construction

La energia edlica marina en

aguas profundas

I Primary Concrete/
GlasxI e | g material: steel hybrid
Depth range: | 100m+ Moorings: 3 catenary
Turbine axis: | Horizontal No. blades: 3
Industrial N TRL: 4
partner(s):

Pre-
Fullsscale 2013 commercial | TBC
prototype:

array:

VolturnUS

Classification: | Spar Prlmary Steel
material:
Depth range: | 80m+ Moorings: 3 catenary
Turbine axis: | Horizontal No. blades: 3
Industrial Marubeni
partner(s): Corporation [IRL: 3
Pre-
Full-scale 2013 (sub- :
i commercial TBC
prototype: station)
array:
V-Shape Semi-Sub ‘ Mitsubishi Heavy Industries (@ |
Classification: | Semi-sub Pr'ma.ry Steel
material:
Depth range: | Undisclosed | Moorings: 8 catenary
Turbine axis: | Horizontal No. blades: 3
Industrial Marubeni
partner(s): Corporation Lz 8
Full-scale 2015 Pre-commercial TBC
prototype: array:

WindCrete

Classification:

Universitat Politécnica de Catalunya

Spar

Primary
material:

Concrete

DeepCWind Consortium

Classification: | Semi-sub anary Concrete
material:

Depth range: | Undisclosed | Moorings: Undisclosed

Turbine axis: | Horizontal No. blades: 3

Industrial » TRL: 3

partner(s):

Full-scale 2018 Pre-commercial TBC

prototype: array:

Compact Semi-Sub ‘

Depth range:

150-1000m

Moorings:

3 catenary

Turbine axis:

Horizontal

No. blades:

Industrial
partner(s):

TRL:

Full-scale
prototype:

TBC

Pre-commercial
array:

TBC

Mitsui Engineerin

g & Shipbuilding

Classification: | Semi-sub Prlmary Steel
material:
Depth range: | Undisclosed | Moorings: 6 catenary
Turbine axis: | Horizontal No. blades: 3
Industrial Maruben! TRL: 4
partner(s): Corporation
Pre-
Fullacale 2013 commercial TBC
prototype:
array:

PelaStar ‘

Glosten Associates

Classification: | TLP P""‘a.’y Steel
material:
Depth range: | 70-200m Moorings: 5 taut-leg
Turbine axis: | Horizontal No. blades: 3
Industrist | oo TRL: 3
partner(s):
Pre-
Full-scale TBC commercial TBC
prototype:
array:
GICON-SOF GICON _—
Classification: | TLP Priffiay Steel
material:
Depth range: | 40-250m Moorings: 8 taut-leg
Turbine axis: Horizontal No. blades: 3
Industrial
partner(s): ) TRk 3
Full-scale 2015 Pre-commercial 2017
prototype: array:
TLPWind Iberdrola
T Primary
o e Classification: | TLP material: Steel
B Depth range: | Undisclosed | Moorings: 4 taut [
puATRORM & tendons)
CONICAL TRANSITION \ " ACCESS STSTEM
conTma coumm Turbine axis: | Horizontal No. blades: 3
PONTOONS.
- Industrial } TRL: 3
e "~ comecrons | partner(s): ’
Pre-
Full-scale TBC commercial TBC
prototype:
array:
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Floating Offshore Wind:
Market and Technology Review

Hexicon Hexicon —*—

Multi- Prima
Classification: | turbine 3 Steel
material:
platform
TetraFloat TetraFloat Ltd. 8
- Eco TLP DBD Systems Depth range: | 50-500m Moorings: catenary
Classification: | Semi-sub v Steel
material: Prima . X 3x
Classification: | TLP b Concrete Turbine axis: : No. blades: 3
1 catenary material: Horizontal
Depth range: | 30-200m Moorings: 2
chain Industrial
- 1 inas: i - TRL: 2
Turbine axis: | Horizontal No. blades: 3 Depth range: | 100m+ Moorings: Undisclosed partner(s):
Industrial . Pre-
partner(s): g L 4 Turbine axis: | Horizontal | No. blades: 3 Full-scale TBC commercial | TBC
prototype:
array:
Full-scale Pre-commercial Industrial b TRL: 3
prototype: TRE array: L partner(s): Tri-Floater GustoMSC =
Full-scale Pre-commercial i
totype: | 2018 . TBC Classification: | Semi-sub | My Steel
VERTIWIND Technip/Nenuphar prototype: ey material:
Classification: | Semi-sub Primary material: | Steel SPINFLOAT EOLFI/GustoMSC Depth range: 50-300m Moorings: 3 catenary
Depth range: | 50m+ Moorings: 3 catena i
P g g 2 Classification: | Semi-sub P”ma.ry Steel
Turbine axis: | Vertical No. blades: 3 material: . . .
gl EDF Energy; Depth range: | 50-300m Moorings: 3 catenary Turbine axis: Horizontal | No. blades: 3
partner(s): Areva TRE: 3 Turbine axis: | Vertical No. blades: 3
ind i Industrial R TRL: 3
p"ar‘t':;rr'[";]_ - TRL: Undisclosed partner(s): :
Fullscale 2016 Pre:commarcial 2018 . Full-scale Pre-commercial
prototype: array: Full-scale Pre-commercial TBC TBC
TBC TBC prototype: array:
prototype: array:
= 0 ilus Semi-Sub Nautilus Floating Solutions Nezzy SCD Aerodyn Engineering
; R —— ¥ Primary
Primary Classification: | Semi-sub Pru;na.ryl. Steel Classficaiany| Sem-aub material: Uchcrats
Classification: | Semi-sub ateriai: Steel materiat: 5 semi-taut
= 9 Depth range: | 60-150m Moorings: 4 Depth range: | 35-200m Moorings: [turret
Depth range: | 50-200m Moorings: Undisclosed system)
: e, : . Turbine axis: | Horizontal No. blades: 3
Jurkingagis; | Hovigontsl Noshisdes: 2 Turbine axis: | Horizontal No. blades: 2
Industrial Industrial -
partner(s): Alatom TRL: 8 partner(s): . TR 8 Industrial ) TRL: 2
partner(s):
Full-scale Pre-commercial Full-scale Pre-commercial i
2018 2020 T T Full-scale Pre-commercial
prototype: array: prototype: Bc array: Be prototype: T8C array: T8C
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EMSemi-sub MWSpar METLP Multi-turbine platform B Hybrid wind/wave
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Semi-sub Spar Multi-turbine  Hybrid
platform  wind/wave
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Test / Demonstration activity

[ Component testing
® Assembly testing
® Onshore prototype testing
(Several iterations)
L4 Zero series onshore demo project
@ Further onshore demo project
Hywind tardé 8 afos en desarrollar su tecnologia > Nearshore demonsiration
y realizer un priemr demostrador.... Hasta la o Offshore demonsration
planta precommercial ta I’dO 8 anos més ® First commercial offshore deployment

% &

2001- 2009- e . : :
; d bient I Fundacién
‘ Hywind: A bright ide Demo: Proven in.thé Nerth Sea S Tgia'gé?ga 'eennai:?nzrmar Naturgy b
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Floating Offshore Wind:
Market and Technology Review

A

La energia edlica marina en
aguas profundas

Plataformas: materiales y tamafio

Tecnologias y métodos de instalacion

Operacion y Mantenimeinto + Instalaciones portuarias
Subestaciones flotantes + Cables submarinos dinamicos
Modelos de simulacion avanzados

Sistemas avanzados de control

Técnicas de ensayo en tanque avanzadas

Operacion de pargue

Estandares de disefio

Impacto medioambiental

Energia y medio ambiente en el mar Fundat:léh ./
La energia edlica en alta mar Urgg
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Floating Offshore Wind:
Market and Technology Review

Prepared for the Scottish Government

June 2015

v
.
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Technical challenge

Platform size & weight

Retos y oportunidades de la
eolica marina

Cost reduction

potential Urgency IP sensitivity

Installation procedures

22 |18

Port-side 0&M (major repair procedures)

2.3

Floating substations/transformer modules

20

Advanced control systems for floating WTGs

Mooring design & installation

Anchor design & installation

Advanced tank testing facilities

Wind farm operation (wake effects, yield, AEP)

Advanced modelling tools

High voltage dynamic cables

Bespoke standards for floating wind

Environmental impact

N.B. Scoring from 1-3; High =3, Med =2, Low = 1.

Semi-submersible Spar-buoy

- Platform size and weight

-~ Mooring design &
installation

~ Anchor design &
installation

- Advanced control systems

- Platform size and weight
(inc. reduced draft)

- Installation procedures
(platform and moorings)

- Port-side major repair
procedures

mating)

- Installation procedures
(WTG assembly and

-~ Platform size and weight

La energla eolica en alta mar

Fundaclén

aturgy
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Median LCOE Cost Reduction Scenario

10%
0%
2050
-10%
-20%
-30%
-35%
()
-40% -38%
-50% -50%
-60%
O nshore Bottom-Fixed  ss=Floating ++«+ Floating
Offshore Wind Offshore Wind Expert Group
SENTSUBMERSIBER TENSION-LEG PLATFORM (TLP)
Energia y medio ambiente en el mar WM&ﬁh.{
La energia edlica en alta mar NatUl‘Qg
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Ejemplo del sistema de fondeo de Hywind Scotland

“Chain forerunner
" Suction anchor

UNIVERSIDAD
DE CANTABRIA

Retos y oportunidades de la

edlica marina

Optimizacion de los sistema de fondeo

Mdxima carga (N)

1,20E+07

1,00E+07

8,00E+06

6,00E+06

4,00E+06

2,00E+06

0,00E+00

Cargas maximas en una linea de fondeo en funcion del peso/metro de la linea de fondeo

170

180
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230 240 250 260 270 280 290

Peso lineal (kg/m)

Energia y medio ambiente en el mar
La energia edlica en alta mar
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— Sistemas avanzados de control

215
E 7
% 125
Other 8

Environment

Torque
Yaw
Other
Thrust Operational
) (incl Accidents) Wind Thrust force - NREL 5MW
800000
i 700000 A
Weight \

600000 \
500000

z
g / AN
e
L 400000
5 / —
2 i et
£ 300000 e T ——
= /

200000 /

100000 /

0
0.0 5.0 10.0 15.0 20.0 25.0 30.0

Hub wind velocity (m/s)

t(s) t(s)
Energia y medio ambiente en el mar Fundacién
La energia edlica en alta mar Naturgg'/
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Retos y oportunidades de la
eolica marina

N Procedimientos de instalacion

Fixed-bottom installations Floating wind installations

Vessel Day rate (€) Vessel Day rate (€)

Heavy lift
Y 150-500k Standard tug 30-60k
vessel
Anchor handlin
Jack up vessel  150-200k Si g 20-50k
Mobilisation Several M€ Mobilisation <100k
Source: Carbon Trust
Energia y medio ambiente en el mar Fundaci6n
Lga er):ergia eblicaen ztallta mar NatUl‘Qg ./



Offshore Wind
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1.25 Million
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2% 1o

Environmental, sociological, Physicists and weather
marine/biology experts and fishers data experts

3%

3 9, Technicians 33 %
Naval engineers '
3%

Ship crew

Civil engineers

3 % (foundations experts) _@

Drilling system operators TOTAL
Geotechmcal \. person-days
experts

204

~ Legal, energy regulatioré.

real estate an

Loglstnc Spons taxation experts

F9' = | anal 104
inancial analyst Enargy, dlectric
electronic, mechamcal telecom
and computer engineers
Energia y medio ambiente en el mar Fundacnén l/

DE CANTABRIA La energia eodlica en alta mar Urgg



/

ndice

e |

Introduccion
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221557

133385

FUNDACION UNIVERSIDAD
DE CANTABRIA

;Qué hace IHCantabria en edlica
marina?

1.10328¢006

1015110006

Elements SCALARS Efficient axial force
Min:133385 Max:1. 103284005

Energia y medio ambiente en el mar
La energia edlica en alta mar

Fundaclén
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|Hcantabr1a , ;Qué hace IHCantabria en edlica
Vletodologia hibrida marina?

-Interaccion fluido estructura-

» Numerical modeling

01 Verification SESAM ——— @ ~
and Validation nemoH LTHIR OpenVFOAM
IEnbsayOS e.n | M(??G'OC? IH WAVE2WIRE MOdGIOS
. oratorio simpliticados avanzados

el S =
1 WA AU v W A

3i-lfWW\MvWM'LM\’\’W\,WNMNW\WW

BT -~ "W

1l
Sensor 2a 12:26 m del origen

Energia y medio ambiente en el mar Fundwéh ./
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.
UNIVERSIDAD DE CANTABRIA ?
Mmarlina:

+ de 16 tecnologias flotantes analizadas BCDB

CANTABRIA COASTAL AND OCEAN BASIN
MermaldPrOJect EC; FP7

Idermar project SAEMar: National research project

In house project

vy

IBERDROLA

loating solutions

Kinkardine: KOWL, COBRA Telwind Project: EC (H2020-LCE-2015-1)
S ; 5 - == = onvot N JI§
géshhn‘gggies = X N
ALE o/\"\
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Upper | N
Structure}x S
(Us) ,~
] | WTG \

Upper T;'nk
(ut) /

ML2

ML3 Tendo \ \
system
Mooring
Lower Tank system
(LT) ML1
Wave
direction

UNIVERSIDAD
DE CANTABRIA

Modelos de simulacién avanzados

Sistemas avanzados de control

Técnicas de ensayo en tanque avanzadas

Evolution of the
mooring lines
connected to US

;Qué hace IHCantabria en edlica
marina?

Behavior of the bodies’ center of
gravity (US and LT)

Evolution of the
tendons connected
toUSand LT

nd lower tanks
e ¥

Tendon
w

PRODUCTION :

Hydrodm

model
Position of upper

Position of the
upper structur
Forces over
upper
Mooring \SW
model

IHCANTABRIA Fully Coupled Model Aerodynamic ‘
model (WTG)

La energia eolica en aita mar

Forces over upper

and lower tanks

upper structure
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-NREL 5MW, 1:50 escala
-Empuje y momento aerodinamico
constante

Throst [N]
s a ow
r 8 8

Tecnicas avanzadas de simulacidon
aerodinamica en tanque

-Curvas de aceleracion y deceleracion

falta, parada de la emergencia)

M

Mean Error
Thrust [N] 0.25%
Aerodynamic 204 %

Moment [N-m]

Std
0.13

0.0017

-Factor importante para los cambios
rapidos de la intensidad (serie turbulenta,

Theust [N]

Basin Characteristics

-Serie de tiempo turbulenta
proporcionada por el cliente

-Objetivo de comparacion versus empuje
medido

{
|
|
- Algoritmo turbulento,
I

media 4 m/s
Algoritmo turbulento, f IR T | i
media 12 m/s IR B A L A B |
11T E==]
: |
Ny
fJacket F " 194 % of the energy correctly represe d  ndacién ./
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abria R&D Strategy: Collaboration

"Supporting MRE developers from concept to reality”

TRLY = ®@bimep + ¢
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Test site

Follow us in; www.trlplus.com |
Energia y medio ampiente en el mar Fundamén./

La energia edlica en alta mar Nal:urgg
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La energia eélica en alta mal‘ (en aguas profundas, mas de 50 m)

La experiencia internacional

Energia y medio ambiente en el mar ==
FUNDACION NATURGY
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