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Introduction: Offshore Renewable Technologies

Ocean Energy: Wave, Tidal Currents, Tide rise & fall, Ocean thermal gradient and Salinity gradient
Other renewables in the marine environment: Offshore wind, marine biomass, floating PV
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» 4,543 offshore turbines are now installed and grid-
Annual offshore wind installations by country and cumulative capacity (MW) Connected, making a cumulative total of 18,499 MW.
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Introduction: Floating Wind, emerging technology

Several solutions under development:
Semisubmersible, TLP, Spar...

Hywmd Scotland

l-scale tloating wind farm

Each bladeis similarin lengih
St o an Airbus ATBD wingspan
S whichis: 79.8m

The turbines can be placed in
water with depths of up to

800m

Will provide electricity to approximately

20,000 uxnsmes
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| Will raduce carban emissions by [ ]
(€05 63,000 tons o :
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First farm in operation,
several under construction




Introduction: Offshore wind, a global market

PROJECTIONS FOR OFFSHOREWIND DEVELOPMENT GLOBALLY OUT TO 2030
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Introduction: Wave and tidal, long term perspectives

(,“..,,,m."..., ES PxeRay Ocean Energy Forum
- SYSTEMS

OCEAN ENERGY STRATEGIC ROADMAP
BUILDING OCEAN ENERGY FOR EUROPE

INDUSTRIAL GOAL UnQer favqgrable regulatory and

economic conditions, ocean energy could

meet 10% of the European Union’s (EU)
power demand by 2050

By 2050, ocean energy has the
potential to have deployed over
300 GW of installed capac ty.




Introduction: Open sea test sites for wave and tidal
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BIMEP: test infrastructure operating in real marine conditions

. bimep Biscay marine energy platform

https://bimep.com/

= Aninfrastructure for testing prototypes of marine energy
converters and auxiliary equipment at open sea

= Located in the Gulf of Biscay, 1,6 nautical miles away from
the village of Armintza (Bizkaia, Spain)

= 5.3 km? total surface area.

Armintza-Lemoi2

= Designed for testing and demonstrating prototype devices for

harnessing marine energy prior to their full-scale commercial Bilbaa
development. & Harbour

=  Fully equipped with modern subsea infrastructure for onshore grid
connection: ‘ &\ ;
* 13,2kV -5 MW subsea export cables. : e ‘ Wik, ' FRAriniea

* Research and Data Centre (Monitoring and control system)

* 24/7 surveillance




OPERA: Open sea operating experience to reduce wave energy costs

Key Challenges of Wave Energy
N\ \

Reduce COST of energy




OPERA: Open sea operating experience to reduce wave energy costs
Project Aims

Collect, analyse and share for the first time high-quality
open-sea operating data and experience

Validate & de-risk 4 industrial innovations for wave energy

Innovation Target LCOE impact
o/ b .
Novel biradial air turbine >0% higher annual eff|C|.ency 33%
compared to Wells turbine
o : :
Advanced control strategies 30% mcn.'ease N energy 23%
production
Elastomeric mooring tether Reduce peak loads by 70% 7-10%
o .
Shared mooring configuration >0% r.eductlon.m overall 5-8%
mooring costs in arrays

Reduce the cost of wave energy by 50% in the long term




OPERA: Open sea operating experience to reduce wave energy costs

Methodology
m‘gm Baseline configuration = . ’ Benchmarking of
f . . :
— Nationally funded S new configuration

prototype (2.5 M€) | Global assessment

MARMOK, floating OWC

BiMERB:test centre

De-risking pat
Innovations and
procedures

Feb 2016 e Jul 2019
www.opera-h2020.eu




OPERA: Open sea operating experience to reduce wave energy costs
Highlight of technical results

Qera
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OPERA: Open sea operating experience to reduce wave energy costs

Summary of significant achievements ()

2.5 years of Operating Data
-50% Peak loads

Elastomeric Polyester First real application of IEC
Tethers Lines Technical Specifications
+55% Eff|C|ency Standards

Field Tests
Biradial Wells Turbin@ .
. Mutriku
Turbine &
BiMEP

+30% Power Production;
No quality power issues

Advanced SoA Speeg Improved modelling, planning &
Control Control Sioha et logging of operations; H&S

Evaluation of risks, life-cycle and social impacts




OPERA: Open sea operating experience to reduce wave energy costs
Summary of significant achievements (ll)

m Long-term LCOE reduction potential due to OPERA innovations:
== Breakdown of impacts

100%

Bench case Bi-radial turbine Advanced control Shared moorings With innovation
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HarshLab: A unique offshore laboratory

CALM buoy adapted to the BIMEP metaocean conditions

= Diameter = 5.415 mm

= Heigh= 4.740 mm

= Lightweight = 8 ton

= Net buoyancy = 21 ton

Equipped with standard navigation aids as requested by BiMEP (AIS and lantern).

It allows the evaluation of standardized probes and other components in real offshore
environment.

Atmospheric racks can be inclined at 452 or 902

It can handle up to 765 samples (125 in atmospheric zone, 320 in splash and 320 in
immersion).

No need of divers for inspections, immersion and splash probes can be easily extracted




HarshLab: A unique offshore laboratory

Inspection of
samples
(December 2018)




HarshLab: A unique offshore laboratory

HarshLab1.0 can host a variety of assays, such:

» Corrosion tests
Harsh marine environment is ensured, with a CX classification in atmospheric and splash zones, and Im2
in immersion zone. Immersion zone is prone to the formation of biofouling, so it's a good opportunity to
study how the presence of barnacles and other biofouling species affect to the corrosion rate of specimens.

> Antifouling solutions
BIMEP area is specially prone to biofouling growth, so test immersion sites at HL1.0 are suitable for testing
experimental antifouling solutions under real offshore conditions. Additionally, most common species in
BIMEP have been identified:

> Ageing assays
Not only nude and coated metallic surfaces can be tested in HL1.0, but also other non-metallic materials
that need to withstand harsh marine conditions while maintaining their properties (flexibility, aesthetic, etc)




HarsLab 2.0

Coupons and
components assays in
atmospheric zone.

Coupons and
components assays in
immersion zone.

Mooring component assays:

Suspension zone for different
mooring components. Potentially
inserted in HarshLab mooring
lines.

Inspiring &

Business

What is next?

Coupons and
components assays
in confined zone

Coupons and
components assays
in splash zone

Umbilicals, connectors and
risers assays :

Possibility of connection
both in the bottom and
sides of HarshLab.

Coupons and components
assays in seabed zone (60m)




nautilus

floating solutions

FLOW Project
The FLOW Project has

What is next?

Development of a FLOating Wind turbine for its full-scale demonstration

been granted by the SPRI
(Business Development
Agency of the Basque
Government) under the
scheme of a Strategic

Main objective:
The development of a SMW FOWT to be installed at the BiMEP including the adaptation of the
Wind Turbine to the floating substructure, the detailed design of the NAUTILUS floating
platform and the design of the mooring and anchoring systems.

HAZITEK
(HAZITEK2017-FLOW
Exp. ZE-2017/00031)




Thank you / Eskerrik asko / Gracias

=)

QL ORE jrl-ore.com

Joint Research Laboratory on
OFFSHORE RENEWABLE EnERGY

Contact information:

W4 joseluis.villate@tecnalia.com
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