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Marine Renewables : General Context

Floating Offshore Wind

In Spain alone, 19.4GW
project pipeline awaiting
development of the
regulatory framework for
auction mechanismes.

Fuente: Energia Estrategica Espafa

www.eve.eus
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Marine Renewables : General Context

Floating Offshore Wind (UK)

« Consistent cost reductions through successive CfD ARs
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Fuente: 2012 prices. ORE Catapult
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Marine Renewables : General Context

Early Commercial Projects in the UK:
 AR4(2021) =<40MW@ £211/MWh
& ° AR5(2023) =38MW@ £198/MWh
= + AR6(2024) ...yet to announce..

www.eve.eus
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Marine Renewables : General Context

Wave Energy- Next untapped actor?

Pros

* High predictability and good geographical correlation
with energy demand

* Synergistic value chain with Floating Wind and Tidal

* Possible co-location with Floating Wind

Cons

» Challenging nature of the resource

* Immature technologies subjected to a rigorous
environment-> RIP by OPEX:/

* Disperse technological development and not yet ready
for commercial deployments

www.eve.eus
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Marine Renewables : General Context

Due to its potential, and despite the challenges, the commitment with the wave
energy sector holds strong

« The EU Offshore Strategy (2020) -> Installed capacity target of at least 1 GW of
ocean energy by 2030, and 40 GW, respectively, by 2050

 The Roadmap for the development of Offshore Wind and Sea Energy in Spain sets as
a statewide objective to reach an installed capacity of ocean energy sources
(currents + waves) of between 40 and 60 MW by 2030.

« The Basque Energy Strategy 2030 (3E2030) sets a target for 2030 of 50 MW of
installed capacity from offshore wind and 10 MW from ocean energy (waves,
fundamentally, because it is the only technology with potential on the Basque coast).

So...what instruments does the EVE have to implement its support for this sector and promote its value chain actors ?

www.eve.eus
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Public Procurement of Innovation as an instrument to support R+D in MREs

Why Public Procurement of Innovation ?

* Innovation procurement, where correctly designed, can mitigate the risks of complex investments in
innovation by implementing structured processes, while also creating the conditions for effective
competition in the future commercial market, therefore, promoting both mid and long-term cost reduction
of wave energy.

« Calls on public agencies from the Member States and regions to play an active role as “intelligent
procurers” of innovation, not simply as passive recipients of projects, enables the agencies to engage with
and guide technology developers towards producing effective solutions to the challenges of wave energy
applications.

* Cross-border innovation procurement has been demonstrated as an effective mechanism for collaboration
between Member States, the regions and the European Commission to drive wave energy technology
through the IEA-OES technology development stages.



ENERGIAREN _

EUSKAL
ERAKUNDEA

ENTE VASCO

DE LA
ENERGIA -

T
EUSKO JAURLARITZA Irv:nn . GOBIERNO VASCO

EKONOMIAREN GARAPEN, o DE AMENTO DE DESARROLLO
JASANGARRITASUN ECONOMICO, SOSTENIBILIDAD
ETA INGURUMEN SAILA ¥ MEDIO AMBIENTE

Public Procurement of Innovation as an instrument to support R+D in MREs

Pre-Commercial Public Procurement: Key Features:
Phased competitive development to de-risk the most promising innovations step-by-step through solution design,

prototyping, development, and demonstration testing.

Public procurement of R+D services at market price - > Attractive for developers

Open, transparent and non-discriminatory approach, open to businesses of all types and locations.
Sharing IPR-related risks and benefits under market conditions. The developer retains ownership of the IPRs

Phase O
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Driven
Research
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Phase 1

Solution design

R&D / Pre-commercial Procurement (PCP)
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Prototype development
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Original development
and testing of limited
volume of 1% test
products/services

Public Procurement of )
Innovative Solutions (PPI)
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Deployment of commercial
volumes of end-products
Wide diffusion of newly
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EVE’'s PCP Initiatives: TurboWave

EUSKO JAURLARITZA n::ﬂn . GOBIERNO VASCO

EKONOMIAREN GARAPEN, DEPARTAMENTO DE DESARROLLO

JASANGARRAITASUN ECONOMICO, SOSTENIBILIDAD
ETA INGURLMEN SAILA ¥ MEDIO AMBIENTE

The Challenge

TurboWave is a Pre-Commercial Public
Procurement initiative for the design,
development and demonstration of affordable,
efficient and safe air turbines for electric power

production at the Mutriku wave power plant.

Some Quantitative Objectives

« 30% increase in mechanical-to-
electrical conversion efficiency

* 40% increase in average annual energy
production

Turbowave %
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EVE’'s PCP Initiatives: TurboWave
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Program Overview

A We’re here now!

Phase Max. amount per No of Contracts Total per Phase Description (TRL) Fechas Estimadas
contract
Concept design and modelling
Phase | 100.000 € 5 500.000 € Jul2023-Jan 2024
(TRL2-3)
I ! |
Design Optmization & Dry-Lab testing _
Phase Il 300000 € 4 1.200000 € MEY/ 202 (RIS
(TRL4-5)
Detail design, manufacture
Phase |1 700.000 € 2 1.400.000 € &12-month testing Q2 2025 - Q4 2026
(TRL6-7)
TOTAL 3.1M€ Q32023-Q4 2026
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EVE's PCP Initiatives

Phase | Contractors
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EVE’'s PCP Initiatives: TurboWave

TU g bine AST_O E ACTIVE ACOUSTIC - g AST-OE

CANCELLATION TURBOWAVE

The turbine concept design will incorporate the following features:

Rotor aerodynamics: Wells-type turbine rotor, self-rectifying, /\/\,\/ SHORT-TERM
mechanically simple and compact with fixed symmetric blades, ELECTRICAL
optimized by CFD. STORAGE
Rotor mechanics: Low inertia turbine designed through FEA including WELLS-TYPE

rotodynamic & fatigue analysis and topological optimization TURBINE

combined with new advanced manufacturing techniques. ROTOR

. S S . CUSTOM-BUILT PMG
Generator: Custom-builtlow inertia PMG with high efficiency

encapsulated in the turbine body and optimized for variable speed
operation.

Power electronics and control system: MACHINE
* Air flow regulation through shut-off valve with variable opening. LEARNING
* Improved monitoring and self-diagnosis strategies to optimize

generation through self-learning algorithms (machine learning).
* Short-term electrical energy storage to maximize system

AUTOMATED BLADE
CLEANING SYSTEM

erformance and minimize output power fluctuations — ACTIVE AR FLOW
P putp : REGULATION
Safety and maintenance: f
. Bra:mg resistor to quickly stop or slow down the mechanical ey -
system.
* Active acoustic cancelation. OC EAN EN ERGY acgﬁud.mgmgam

. . A WORLD OF POWER
* Automaticblade cleaning system.

www.eveeus —— WwWww.eve.eus
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EVE's PCP Initiatives: TurboWave

Arrecife Energy Systems:

AWC (Arrecife Water Column)

Arrecife presenta un sistema que integra una turbina de eje
horizontal de accion o impulso y una tobera, ambas con un disefio
especifico para aplicaciones en columna de agua oscilante.

El sistema propuesto incluye un disefio de turbina sin posibilidad
de entrar en pérdida (stall), con funcionamiento bidireccional
manteniendo el giro en una Unica direccién, y una disposiciéon que
sitlla la mayoria de los componentes fuera de |a carcasa para
mejorar el mantenimiento y la durabilidad de los equipos. Ademas,
el conjunto incorpora dos toberas, una de compresién y otra de
succion, lo que mejora el rendimiento de la turbina.

Este sistema ofrece una solucion sencilla, escalable, eficiente y
confiable para la generacion de energia, al eliminar los problemas
asociados a la entrada en pérdida y el arranque, tipicos de las
turbinas existentes, y permitir un funcionamiento 6ptimo en
ambas direcciones del flujo con un disefio que facilita las labores
de mantenimiento en el interior de la carcasa.

RRECI

enerqgy sys

eIms

Www.eve.eus Www.eve.eus
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EVE’'s PCP Initiatives: TurboWave

NOVATUM Consortium: Novel Air Turbine for MWPP

A self-rectifying axial-flow impulse air turbine with multi-row guide
vanes is our proposed solution for the TurboWave Challenge. The
geometry of the rotor blades is a modified version of the classical
impulse-type steam turbines. Two fixed multi-row guide vane
stators are symmetrically arranged on either side of the rotor.

The turbine will be directly connected to a standard electrical
generator via a variable frequency drive (VFD). The VFD controls the
generator torque at variable speed, following a torque reference.

The turbine will be designed and the electrical generator will be
specified from the data representing the optimum “damping” to be
provided by the air turbine to the pneumatic chambers of the
Mutriku Wave Power Plant (MWPP). The design will withstand the
appropriate aerodynamic, mechanical, and electromagnetic loads,
and enable efficient, safe and reliable autonomous operation in the Axial flow self-rectifying impulse air turbine with five-row

significant wave height range between 0.5 and 4 m. of fixed guide vanes on each side of the rotor.

Kymaner and IDMEC/IST will combine their experience and use

standardisation processes to deliver a complete product replicable _ s

in the 16 chambers of OWC MWPP and scalable for other projects ’(((ymdﬂér “deE
ranging from 15 kW to 1 MW.

Www.e www.eve.eus
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EVE’'s PCP Initiatives: TurboWave

IDOM: Variable geometry Wells turbine

IDOM has been active in the wave energy sector for over 12 years and has
developed its own wave energy harvesting technology based on the
Oscillating Water Column (OWC) operating principle, which has already
been demonstrated offshore.

Based on this experience, IDOM is proposing for the TurboWave challenge
an innovative power take-off system with outstanding efficiency and
reliability, optimised for the Mutriku wave power plant, which is
characterised by its alternating power input and harsh environment.

Three main pillars support this design. A variable geometry turbine will
maximise the extracted power and allow the system to operate in optimal
and safe conditions. A novel, fully integrated electrical generator will be
responsible for minimising conversion losses while being fully prepared
for the harsh offshore environment. Finally, an advanced control strategy
will be responsible for ensuring optimum operation of the system,
maximising both power capture and conversion.

As a result of this project, it is expected that a new generation of adaptive m I‘
turbines will be developed, which will be compatible with other OWC Mondragon tecno :a
U AL M AR
systems both onshore and offshore. Unibertsitatea §TRCRR Y Al
Faculty of
Engineering

www.eveeus —— WwWww.eve.eus
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EVE's PCP Initiatives: EuropeWave

P . . L . Wave Energy
Bridging the gap to commercialization of wave energy
technology using pre-commercial procurement”

® o “..'.-.'. (Y . Ocean Energy
9 Siiuitteg Duration: 65 months (Jan/2021 to May/2026) Europe (OEE)
sece PCP Budget: €19,600,000

Total Budget: €22,702,112

EUROPEWAVE
Ente Vasco
: |
,\Eav,ee?‘ ar EUSKAL ERAKUNDEA - Ocean Energy
gy ENTEVASCO Europe
SCOTLAND DELAENERG/A "l

Buyers Group

Consortium

This project has received funding from the European Union’s Horizon 2020 Partner

research and innovation programme under grant agreement No 883751.

www.eve.eus
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EVE's PCP Initiatives: EuropeWave
@ Stage O Concept creation 1
.............. Early (1-3)
2 Analytical .
@ Stage 1 Concept development ik and numerical
3 models
& Stage 2 Design optimisation S ... -
ﬁ 9 griop Mid (3-6)
Experimental —
tests in controlled
@ Stage 3 Scaled demonstration 5 environment
6 il EUROPEWAVE
> : : : 7
7~~N[) Stage& Commercial-scale single device{ | | |
8 Late (6-9)
A Experimental tests
rm=] 2 in representative
g {i Stage 5 Commercial-scale array demons 2 v environment
www.eve.eus

Image taken from:

An International Evaluation and Guidance Framework for Ocean Energy Technology, IEA-OES, 2021
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EVE's PCP Initiatives: EuropeWave

Phase Il Testing areas

EMECY—

THE EUROPEAN MARINE ENERGY CENTRE LTD 1x
—
-
Bl M E P Biscay Marine
Energy F’latfml 2%

www.eve.eus
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EVE's PCP Initiatives: EuropeWave

Program Structure

Single Joint Procurement Procedure

Phase 1: Concept Design Phase 2: Prototyping Phase 3: Operational testing
~300k€ ~730kE ~4 5ME
7 contracts 5 contracts 3 contracts

Joint Tendering & evaluation
(based on common specs)

Supplier A

|
|
1
i
|
|
Supplier B L‘_._.—L‘""-' SupplierBJ\:\’
upplier i ! Supplier B
WES [ﬂ - L____—lt—"""' Supplier C ; pp
Supplier C | |l.—._._-l_._._.,_y Supplier D
1
%
:
|
]
1
!

]
I
EuropeWave Joint ! _ / Supplier D
“Buyers Group” Procurement I supplier D | - Supplier E
Agreement : - —’M Supplier E
) Supplier E \
! ! Supplier F
EVE : Supplier F_jmmet=" ",
1

Joint Evaluationand Contract Award

www.eve.eus
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The story so far..

Request Phase 1

for tenders | 1V S OnceRE PG 1
, Development

36 Wamoc

submissions -
(ARReCiFE

=

N
bombora

(_ CETO

Wave Energy Ireland

IDOM

%) mocean
energy

<> WAVERAM

OCEAN POWER TECHNOLOGY

Phase 2
FEED and | PG 2
Modelling '

Wamoc

"ARRECIFE

_
- SE1O

IDOM

%) mocean
energy

/| We’re here now!

Phase 3
Prototype
Open-water
Deployment*

(_CceTO

Wave Energy Irelat

IDOM

%) mocean
energy

www.eve.eus
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MARMOK - Atlantic

IDOM'’s wave energy harvesting technology is a point absorber
based on the Oscillating Water Column (OWC) working
principle called MARMOK. The basic device concept can be
described as a spar element holding a cylindrical water
column inside. During operation, due to waves excitation, a
relative movement between inner water column and buoy is
produced. It makes water column act like a piston that
comprises and expands the air chamber which is confined in
the upper side of the buoy, generating a reciprocating air flow
which is then converted into electric power using a power take
off system composed by an air turbine. The absorbed power is
transmitted to shore through a subsea cable.

This technology has already demonstrated its viability offshore
though a low power grid connected prototype. Within
EuropeWave project, IDOM aims to incorporate all the
experience and lessons learnt during previous testing
campaigns to develop a revised and innovative design focused
on improving the power performance of the system while
maintaining its high robustness, maintainability and reliability.

[4 www.europewave.eu W @Europewave EU [ info@europewave.eu

IDOM

mn tecnal:a . CoreMarine

Mondragon MEMBER OF BASGUE RESEARCH SMART OCEAN SOLUTION
- . & TECHNOLOGY ALLIANCE
Unibertsitatea DNV

Faculty of
Engineering

EUROPEWAVE



CETO Wave Energy Ireland: ACHIEVE

The ACHIEVE Project deploys a CETO prototype which integrates new
innovative technologies with a focus on optimising performance. Work
to date provides step change improvements while retaining
compelling features such as fully submerged operation which
minimises visual impact and offers inherent protection from breaking
waves and extreme storms.

The CETO prototype will capture nearly twice as much energy as the
previously deployed design. With three taught connections to seabed,
CETO captures energy from all primary wave forces. Advanced control,
including Al, further optimises capture and survivability through
dynamic adjustment of CETO’s position and angle in the water column.

Converting the linear motion of the CETO buoy into electricity is the
new electric rotary Power Take-Off. Operating like a futuristic winch,
this system resists the motion of the buoy and in doing so, generates
clean, renewable electricity at higher efficiencies than ever before.

ACHIEVE unlocks commercial opportunities for CETO in Europe and
globally where wave energy can contribute to the renewable energy
mix required to achieve a just transition to a climate neutral economy.

[4 www.europewave.eu W @Europewave EU [ info@europewave.eu
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Mocean Energy: Blue Horizon 250

Blue Horizon 250 is the latest embodiment of Mocean’s recognisable WEC
architecture: a hinged raft with forward and aft wave channels, geometrically
optimised using Mocean'’s in-house expertise, and a direct-drive electric PTO.
Building on the successes and lessons learned at smaller scale, via Blue X in
the WES NWEC program, it introduces key innovations across numerous IEA-
OES Evaluation Framework areas.

At 250 kW scale, the commercial applications for Blue Horizon focus on
islands & remote communities, while also including early grid projects and
off-grid applications, such as oil & gas and aquaculture. Across these key
markets, nearer to longer term value propositions have been identified.

In Phase 2, Mocean completed a FEED, progressing on technical and
commercial readiness; freezing the geometry, selecting a fabricator, and
continuing to build case studies, pipeline, and key stakeholder relationships.

Phase 3 involves detailed design, a full-scale build, and 12 months at-sea

testing of a first-of-a-kind WEC at either EMEC or BiMEP, leading to TRL6/7

(TRL1-9 scale) - minimum IEA Stage 3. Focus areas will include:

» Building the novel PTO at full-scale - combining a Vernier Hybrid Machine
(VHM) with an associated linkage mechanism to boost energy yield/mass

« Exporting power to the grid - ensuring grid compatibility and compliance

* Meeting targets set across IEA-OES evaluation areas, and improving across
power performance, availability, reliability, and survivability in particular

» Refining costs and our commercial roadmap - ensuring follow up projects
exist that are viable and attractive to customers and end-users

To complete the full-scale 250 kW Blue Horizon programme, Mocean will
bring in private funding as required. This ambitious target serves to maximise
the benefits of the program, and - crucially - to build confidence in the
industry and accelerate the technology towards commercialisation.

[4 www.europewave.eu W @Europewave EU [ info@europewave.eu
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Summary

 EuropeWave and TurboWave - two distinct and independent PCP
programmes successfully driving solutions towards commercial readiness

 Open Sea deployments and field testing planned for 2025 - exciting times
ahead!

 Learn more at www.eve.eus

www.eve.eus
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