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{ IHcantabria Offshore Engineering & Ocean Energy
R Group Methodology

UNIVERSID ANTABRIA

Designh Methodology

Functional Requirements

Parametric Design/

&
% IHcantabria

Estimating Cost (CAPEX i cantabria
- OPEX) & Economic
easibility

Approach to Production Mode
& Estimated Annual Power
Production

General arrangement:
structure and mooring
system

Hydrostatics analysis Manufacturing

o
% Hcantabria

Structural Design. Mooring &

Hydrodynamics & Model Tests Anchoring design
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IHcantabria

c Wave / Currents / Wind
Main dimensions: 30 mx44 mx 3.2 m

CANTABRIA COASTAL AND OCEAN BASIN | Central pit: 6 m (diameter), 8 m (depth)

Basic hydrodynamic
Wave-structure interaction
Offshore structure

Sea foundations

Mooring systems

Floating structures

Wave energy converters
Fixed and floating wind
turbines

NOTRSIENR  DE CANTABRIA

Offshore Engineering & Ocean Energy
Group Competences

Coastal engineering

Port and harbor engineering
Marine structure installation
Submerged vehicles design
Sea monitoring devices

Etc.



{ mcantabria Offshore Engineering & Ocean Energy
" Group Competences

/ Commercial SoftwaQ /In House models (IH CANTABRIA)\

CFD models

Open\VFOAM | H'-. | H °9
L/ Y [‘I=I3 Y
SESAM OPEN FOAM 2VOF VO FOAM
GeniE, HydroD, IH2VOF IH3VOF IHFOAM
Simo-Riflex, etc.
Wave propagation Floating bodies
%= Y 9
Sete Ny osvc | M)
WAVE2WIRE
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WAVE2WIRE
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International standards
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! Hcantabria Recurso energético
Introduccion

Metocean conditions
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Long term data bases ioqu

Short term Mid term Climate
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Research and Development topics
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 IHcantabria Offshore Engineering & Ocean Energy
| Topics: Wind energy

Floating platforms - Wind energy

The acquired experience on design, modeling and testing of offshore floating structures,
combined with the most advanced tools give to IH Cantabria a high capacity in the offshore
wind sector and becomes in a reliable R&D partner.

*Frequency and time domain analysis
*Design loads assessment

*Mooring system performance analysis
*Design optimization.

*Production assessment: short and long term

References:

- Project: EMERGE
- Project: AZIMUT
- Project: Idermar
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{ Hcantabria > Offshore Engineering & Renewable Energy
Topics: Wind energy
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IH Cantabria participation 19th December 2011
" Numerical modeling: :‘_'sfioms
1. SESAM - DNV . V., (z=10m)=14 m/s
2. Predesign, design and certification:
. Wave-currents-wind loads and structure interaction
. Mooring system analysis
Physical modeling:
1. 8 laboratory campaigns: 338 tests
2. Movements and mooring system monitorization
3. Numerical model calibration
4. Deployment procedure test
Design certification
1. Environmental loads assessment

2. Hydrostatic analysis idermar
3. Mooring system design: extreme conditions and fatigue analysis nvestigacion y desarrollo de
UC 4. Dyamic analysis of the structure T i
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:f'.ﬂcag Offshore Engineering & Ocean Energy

Topics: Wind energy
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Floating platforms - Wind energy

Platform pitch, p [deg]

Performance assessment
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: JHcantabria - Offshore Engineering & Ocean Energy

IDRAULICA AMBIENTAL

{{{{{{{ Topics: Offshore foundations

Fixed platforms

Thanks to CFD modeling capacities developed by IH Cantabria, tools that have been
previously calibrated and validated, IH Cantabria is able to analyze wave, current and wind
interaction over almost all the fixed foundation available in the literature: GBF, Jackets,
monopiles, ...).

ga@ A
. . 9 [-HS\JQ\
*  Wave and current structure interaction 'Q ﬁ' IH I H : ‘
« Simplified models: potential flow = ZVOF 3VOF FOAM
 CFD models - > o

*  Frequency domain and time domain models
*  FEM models: structure design

° Scour assessment

References:
- Project: CEO
- Project: OCOA
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! IHcantabria Offshore Engineering & Ocean Energy
. .- TOpiCS: Offshore foundations
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IH Cantabria
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Research and Development topics
-Wave energy-
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Floating platforms - Wave energy

Offshore Engineering & Ocean Energy

Topics: Wave energy

Wave energy converters need a high flexibility in terms of numerical models and test

capacities. Each device has its own challenges that have to be accordingly faced.

IH Cantabria uses commercial software up to the state of the art. But also develops in-house

numerical tools capable to model any kind of converter.

d=8m, limite de movimiento en z de

8m

[]

*Frequency and time domain modeling "
. 16
*Design loads assessment a
~ 12
*Mooring system design E1o
8
*Design optimization 6
4

*Production assessment % 5

4
Hs(m)

*Power take off optimization

*Multi-body systems

References:

-Project: Catair

-Project: 1ISIS

-Project: Undienergia. Leading Enterprises
-Project: Undigen.
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! IHcantabria ) Offshore Engineering & Ocean Energy
. Topics: Wave energy

Experiments vs numerical modeling
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s IHcantabria . . .
Renewable energies and offshore engineering

Life cycle analysis on time domain numerical modeling basis

Trial Selected Cases
T

Sea state
selection

Time domain model

Advanced sea state

. ‘ Interpolation
selection techniques

Time domain — . )
model s wJMv techniques

Peak Pevuod

: : : WWWWWWMMMW
Non linear interpolation
techniques MMMMMMMM

Validation: 2 year time serie

Interpolated versus simulated

Long term series | - !
L . v series

®* Performance

» Production \'/ . 1 —standars doiaton]
' ' R '
Life cycle analysis M
3 oo
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Climate classification for wave farm analysis
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Renewable energies and offshore engineering
Wave farm assessment: Global perspective
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 IHcantabria Offshore Engineering & Ocean Energy
= Topics: Marine operations

NTABR

Transport, deployment and marine operations

Thanks to a deep knowledge marine dynamic and metocean conditions and
based on numerical and physical tests, IH Cantabria has acquired expertise in
design and execution of marine operations.

Operational systems have been developed based on short and long term
weather forecast. Based on them, logistics, operation and maintenance, as
well as, special transports.

»  Decision Support systems applied to marine operations

* Operational systems based on nowcast y forecast schemes(short y long

term):
* Logistics uncertainty assessment due to climate variability

* Design and optimization of marine operations

References:

-Project: Puerto de Langosteira, Dragados
-Project Oceanlider, Prysmian.

-Project Puerto Acu (Brasil), FCC

41 UC
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Shipping routes modeling

Operation and functional thresholds

Met-ocean conditions influence over shipping

routes

Risk assessment of marine special transports

Optimization and identification of best shipping
routes.
45U

UNIVERSIDAD
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Topics: Marine operations
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Economic feasibility assessment

Marine renewable concepts are in a incipient stage, therefore
economic studies and business model design have to be
conveniently designed with a limited amount of information and
high levels of uncertainties.

Wave and wind energy layout optimization
1. Local resource assessment

2. Device-device interaction (power production losses)
3. Power production maximization

Power production assessment

L g

1. Short term '
2. Mid term apLff S P ——
3. Long term B

P “‘

Business model uncertainties analysis

Financial risk assessment

Annual Production,[GWh]

References:

-Fundacion Iberdrola 2012
-Guanche et al(2014), del Jesus et al(2014), de

/‘i'H" ucdres et al(2014)

UNIVERSIDAD
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IHcantabria = Offshore Engineering & Renewable Energy

Topics: Economic feasibility

Parque de 100 MW - Produccion Media Anual (GWh)

Feeding tariff= 0.55 Eur/kWh

Il Viean Revenue
[_IMean Income

[l Mean Free cashflow
e Maximum free cash flow
= Minimum free cashflow

= ==Maximum income 1
--=*Minimum income

Euros.
|
c n




! Hcantabria Offshore Engineering & Renewable Energy
. Topics: Economic feasibility

Atlas of Economic Assessment
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41 UC

{ Hcantabria . Offshore Engineering & Ocean Energy
Topics: Environmental issues

Environmental Impact Assessment

Marine renewable industry development, as well as other marine uses, show environmental
impacts that have to be conveniently addressed. IH Cantabria participates in the most
important European projects related with offshore environmental.

Environmental impact issues
+ Effect and impact over biodiversity
*  Visual impact

*  Fisheries

*  Sediments

*  Morph-dynamic impacts
+ Etc.

Cost-benefit analysis
Local community impacts

Social impacts and participatory design

Referencias:

- European Project: Mermaid
- European Project: Maren

- European Project: Coconet

UNIVERSIDAD
DE CANTABRIA
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Environmental Hydraulics Institute of Cantabria
Clima y Cambio Climatico
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Objetivo general

Promover y facilitar una mejor gestion de los riesgos asociados a la
variabilidad climatica y al cambio climatico y de la adaptaciéon al cambio
climatico, mediante el desarrollo y la incorporacion de observaciones y
modelos climaticos, con base cientifica, en la planificacion, politicas y buenas
practicas, a escala global, regional y local.

UC
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Impacts on Humans and Ecosystems

CLIMATE | Vel DEVELOPMENT

Socioeconomic
Natural i
Variability
Hazards Adagt:atio.n and
Mitigation
Anthropogenic Actions
Climate Change
Y % Governance

Emissions and Land Use Change
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IHcantabria Spatial scales
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a) Population b) Land Surface ¢) Built Capital
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Figure 4. Present 1-in-100-yr flooding exposure from present 1-in-100-yr extreme sea level. (a)

Population; (b) land surface and (c) built capital at 2011 reference values.
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’.. a) RCP4.5 Land Surface b) [RCP8.5] - [RCP4.5]
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Figure 2. Exposure of land surface (upper panels) and Built Capital (lower panels) to sea-level rise
scenarios. (a) Exposure levels for land inundated by sea-level rise for RCP4.5 (b) Difference between

RCPs for land inundated (c) Exposure levels for built capital inundated by sea-level rise for RCP4.5
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RSLR = RMSLR + local uplift/subsidence
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1.3. HISTORICO
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(Total Water Level in Asturias)

TWL (m) correspondiente a 50 afios de periodo de retorno
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"FLOODING HIGH RESOLUTION MODELLING

PRINCIPADO DE ASTURIAS FLOODING MESHES 400 KM
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Horizonte 2050

Retroceso debido a un aumento del nivel del mar de 0.24 m
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Horizonte 2100

Retroceso debido a un aumento del nivel del mar de 0.45 m
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3.2. EROSION

EROSION due to Sea Level Rise
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STOCK DE CAPITAL VIVIENDA

METODOLOGIA
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Lalle Escenario 1.- CLIMA PRESENTE Tr=100
Vivienda * = Vi
S

e [ R

Escenario 11.- LARGO PLAZO SLR=0.65 m + Tr=100
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- STOCK DE CAPITAL VIVIENDA
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