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Glossary

Array
BE

BG

Blue Economy
EU
Farm

FID
FOW
ICT
kW
LCoE
ME
MRE
MW
0&G
O&M
OE

OEE

PTO

R&D

R&l

Real sea condition
Relevant environment

SET Plan
SRA
SRIA
TRL

WE
WEC

TRL Definition

TRL1
TRL2
TRL3
TRL 4
TRLS5

TRL 6
TRL7

TRL 8
TRLO

Series of 4 or more devices experiencing wake interactions

Blue Energy: it comprises Marine Energy and energy from marine bio-
masses

Blue Growth: EU long term strategy to support sustainable growth in the
marine and maritime sectors as a w Sustainable use of ocean resources
for economic growth hole

Sustainable use of ocean resources for economic growth

European Union

Wind/Ocean Energy Power plant composed of two or more turbine/ar-
rays

Final Investment Decision

Floating Offshore Wind

Information Communication Technology

Kilo Watts

Levelized Cost of Energy

Marine Energy: Offshore Wind and Ocean Energy

Marine Renewable Energy

Mega Watts

Oil and Gas

Operation and Maintenance

Ocean Energy: energy from the ocean (wave, tidal, thermal/salinity gradi-
ents)

Ocean Energy Europe

Power Take Off

Research and Development

Research & Innovation

Deploy at sea, there is no control over the environment

Deploy at sea, there is no control over the environment. Experiencing all
the complex phenomena relevant to an ocean energy farm

Strategic Energy Technology Plan

Strategic Research Agenda

Strategic Research and Innovation Agenda

Technology Readiness Level

Wind Energy

Wave Energy Converter

Basic principles observed

Technology concept formulated

Experimental proof of concept

Technology validated in lab

Technology validated in relevant environment (industrially relevant envi-
ronment in the case of key enabling technologies)

Technology demonstrated in relevant environment (industrially relevant
environment in the case of key enabling technologies)

System prototype demonstration in operational environment

System complete and qualified

Actual system proven in operational environment (competitive manufac-
turing in the case of key enabling technologies; or in space)



Purpose of this document

This document contains the Strategic Re-
search Agenda to Innovation on Blue Energy
developed in the framework of the PELAGOS
project (D.4.2.1). Relying on both the current
Research & Innovation guidelines and priori-
ties established at European level for exploit-
ing in the most effective way the potential of
Ocean Energy, and the knowledge acquired

during the activities of PELAGOS project at
Mediterranean level, this document consid-
ers the strategic focus areas related to the
most promising Marine Renewables Energy
technologies in the Mediterranean area.

The intervention priorities needed to support
such growth potential have been identified,
and the role of the Blue Energy Cluster,
which is a main outcome of the PELAGOS
project, has been highlighted.

g

An image of the first French offshore wind turbine is the Ideol’s floating demonstrator Floatgen,
deployed off Le Croisic on the Atlantic Ocean and equipped with a 2 MW turbine.
It is delivering power to the grid, since September 2018

Credits: Ideol BYTP ECN V. Joncheray






Executive summary

The scope of this document is to capitalize
the knowledge and the experience acquired
during the three years of activity of the Inter-
reg-Med PELAGOS project and to transfer
such knowledge in order to focus the strate-
gic areas and the priorities for Research & In-
novation (R&l) that can boost in a more effec-
tive way the development and deployment
of Blue Energy (BE) in the Mediterranean
area.

Moving from the existing guidelines already
stated in this sector at the European level,
that by no means can be overridden, we will
focus on the priorities that should be pur-
sued on short, medium and long term for
those technologies that are most promising
for the Mediterranean environment. In the
following of the document, we will refer to
BE as to the complex of Marine Energy (ME)
that has been the subject of the activities of
the project. ME usually comprises offshore
wind energy as well as energy that can be
harnessed from the ocean (namely surface
waves, tides/currents, and thermal and salin-
ity gradients), the latter referred to as Ocean
Energy (OE).

In our opinion, a fair evaluation of such prior-
ities must take into account both the Medi-
terranean marine energy resource potential
in view of future local energy harvesting, and
the already existing critical mass of research
groups, spinoffs and start-ups involved in
technology development, as well as in envi-
ronmental protection research, that in any
case will contribute to the worldwide Euro-
pean leadership in the renewable energy
sector.

Relying on these observations, and on the
past knowledge gained during the project
activities, particularly the state of art of Ma-
rine Renewable Energy (MRE) technologies,
the assessment of Mediterranean marine en-
ergy resources potential, the regulatory sta-
tus across the partner countries and the cur-
rent status of demonstration projects, which

"Documents available at: https;/pelagos.interreg-
med.eu/what-we-achieve/deliverable-database

must be considered forming part of this doc-
ument!, we will consider with particular at-
tention the following main technological
sectors: offshore wind, wave and tidal
stream”.

Offshore wind farms probably represent the
most advanced solution if the technological
maturity of converters alone is considered, as
they can rely on the expertise gained in sev-
eral years of exploitation of their land-based
analogues. Moreover, stronger and less dis-
turbed winds are available offshore com-
pared to on-land. The only commercial off-
shore wind farms use fixed foundations, and
the first ever authorized farm in the Mediter-
ranean will be deployed in Italy (Parco Eolico
di Taranto).

On the other hand, floating offshore wind en-
ergy is a breakthrough innovation market
that appears to be the one offering the
strongest market potential in the short and
medium term. Floating offshore wind tech-
nology appears to be particularly suitable for
the Mediterranean (continental shelf, high
depth). In the Lion’s Gulf, that is the area in
the Mediterranean where the maximum
wind conditions are reached, 3 pilot sites
have already been selected to host pilot pro-
jects of floating offshore wind farms by 2021.
The first French offshore wind turbine is the
Ideol's floating demonstrator Floatgen, de-
ployed off Le Croisic on the Atlantic and
equipped with a 2 MW turbine. It is delivering
power to the grid, since September 2018.
Wave energy converters derive energy from
the movement of waves. Energy output is
determined by the height and period of the
waves. Wave energy converters can be
placed in different areas — on the shoreline
and in ports, where they can act as breakwa-
ters, near shore, typically in depths less than
20m, or offshore in greater depths. A wide va-
riety of devices exists, ranging from TRL3 to
TRL7. Further technology development, test-
ing and demonstration are essential for this
sector.



Tidal stream converters harness the flow of
the currents to produce electricity. Energy
output is determined by the speed of the
currents. Tidal turbines can be fixed to the
seabed or floating. Few locations in the Med-
iterranean have enough potential for an effi-
cient harvesting, mainly in the largest Straits
of Gibraltar and Messina. However, the tech-
nology has reached a quite advanced level of
development and a number of devices have
undergone full-scale testing and the first
tidal farms have been deployed and con-
nected to grid in northern Europe by the end
of 2016.

We identified cross-cutting and single tech-
nology objectives, actions, relevance and pri-
orities, that are discussed in dedicated para-
graphs and summarized in tables at the end
of each paragraph.

In general, the environmental concern, the
social acceptance and the integration of
MRE in Maritime Spatial Plans are common
priorities for all technologies, while among
the technological priorities the development
of mooring systems is a common issue. This
is not surprising considering the particular
morphological and bathymetric characteris-
tics of the Mediterranean Sea.

From a more technical point of view, the cur-
rent survey shows that in all MRE sectors,
(offshore wind, wave and tidal) the situation
has similar characteristics.

There is a large variety of concepts, the re-
sulting competitiveness represents an
added value fostering faster improvement of
the technologies, but on the other hand it
slows down the achievement of standardiza-
tion goals.

The main conclusion is that the whole sector
needs to focus on those concepts that can
ensure scalability and industrialization.
Given the current status of development
(mostly around TRL6-7), the access to pro-
grams and facilities for the testing of devices
in operational environment is capital to fi-
nally prove performance, survivability and re-
liability and it is necessary for the selection of
“winning” technologies. In any case, an effec-
tive development of MREs cannot do with-
out adequate investments. Actually, fund
raising mechanisms remain an open chal-
lenge for all the sectors involved, even for
those now at pre-commercial stage. There-
fore, an adequate fraction of public invest-
ments in the field remains essential.

The transnational Blue Energy Cluster, built
in PELAGOS based on the 4-helix model and
involving SMEs, academia/research commu-
nity, governmental bodies and the civil soci-
ety, can play a role in the achievement of the
proposed objectives, by promoting the desir-
able synergy between all its members that
can boost MREs development at Mediterra-
nean scale.



1 Introduction: European and
transnational frameworks

1.1 The European Enerqgy Union policy
and the Strategic Energy Technology
Plan

During recent years, the EU has progres-
sively intensified its coordinated efforts to fi-
nally achieve the Energy Union's targets,
which ensure a safe, viable and accessible to
all energy supply.

The EU’s Energy Union Strategy is made up
of five dimensions: energy security and diver-
sification, a fully integrated internal energy
market, energy efficiency, the decarbonisa-
tion of the economy and the development of
research, innovation and competitiveness.
Climate change challenges and the conse-
guent decarbonisation objective have been
important driving factors of the EU re-think-
ing of energy consumption, distribution and
generation as whole.

According to the new rules on governance of
the Energy Union, EU countries are required
to develop integrated national energy and
climate plans that cover these five dimen-
sions for the period 2021 to 2030.

On 30 November 2016, the Commission pub-
lished a proposal for a revised Renewable En-
ergy Directive to make the EU a global leader
in renewable energy and ensure that the tar-
get of at least 27% renewables in the final en-
ergy consumption in the EU by 2030 is met.
The Directive specifies national renewable
energy targets for each country, taking into
account its starting point and overall poten-
tial for renewables.

Since June 2018, the European Union revised
these targets, and the share of renewable en-
ergy by 2030 has increased to 32% comypared
to the 27% originally proposed by the Com-
mission in 2014. This is binding and will be
subject to a revision clause in 2023.
According to this policy, the European Stra-
tegic Energy Technology Plan (SET Plan)
aims to accelerate the development and de-
ployment of low-carbon technologies, and
among the available renewable sources, spe-
cial attention has been devoted to both
Ocean Energy and Wind Energy.

The SET Plan Implementation Plans for
Ocean Energy and Wind Energy are both
aimed to identify the challenges that these
two sectors must face to reach fully industrial
and commercial stages, and to address the
technological, financial and environmental
actionsto be undertaken, as well asthe time-
line of such development.

The SET Plan Implementation Plans for
Ocean Energy and Wind Energy identify the
common targets to be achieved in the next
years that are mainly the reduction of the
Levelized Cost of Energy (LCoE) and the rein-
forcement of the European industry in these
sectors.

Specific targets for the OE sector are:

1. to bring ocean energy to commercial
deployment,

2. to drive down the LCoE,

3. to maintain and grow Europe’s leading
position in ocean energy,

4. to strengthen the European industrial
technology base, thereby creating eco-
nomic growth and jobs in Europe and
allowing Europe to compete on a
global stage.

For the LCoE of tidal stream and wave en-
ergy, quantitative targets were set:

- The LCoE for tidal stream energy should be
reduced to at least 15 ct€/kWh in 2025 and 10
ct€/kWh in 2030.

- Wave energy technology should follow the
same pathway through convergence in
technology development and reach at least
the same cost targets maximum 5 years later
than tidal energy: 20 ct€/kWh in 2025, 15
ct€/kWh in 2030 and 10 ct€/kWh in 2035.

On the other hand, being the offshore wind
sector at a more mature technological devel-
opment level and having reached commer-
cial status, the specific targets are:

1. to reduce the LCoE at final invest-
ment decision (FID) for fixed offshore
wind by the improvement of the per-
formances of the entire value chain to
less than 10 ct€/kWh by 2020 and to
less than 7 ct€/kWh by 2030;



2. to develop cost competitive inte-
grated wind energy systems includ-
ing substructures which can be used
in deeper waters (>50m) at a maxi-
mum distance of 50 km from shore
with a LCoE (the costs for delivering
the electricity to onshore substations
are taken into account within the lev-
elised cost of electricity) of:

- lessthan 12 ct€/kWh by 2025
- less than 9 ct€/kWh by 2030, striving
towards cost competitiveness.

In order to meet such objectives of LCoE re-
duction, the Set Plan Temporary Working
Group recognized the necessity to combine
the development of technologies (learning
by innovation) and their deployment for
mass production (learning by doing).

In order to achieve the development and de-
ployment requirements outlined above
there are also different forms of financial
supports required during the different
phases. In the earlier phase, there is a need
for the “Technology Push” through mecha-
nisms such as grants to stimulate the tech-
nology development to pre or early commer-
cial stage. At that stage, it will be necessary
to device support strategies that incentivise
wider scale deployment, with particular at-
tention to the supply chain development, ul-
timately targeting the LCoE reduction re-
quired for fully commercial stage.

1.2 The European Strategic Research
Agenda for OF

Once it is recognised the fundamental role,
played by the Research and Innovation com-
munity to meet the goals of LCoE reduction,
it is capital to orient its activities defining the
priorities to be pursued, especially for OE
which has not yet gained the strength of a
fully commercial sector.
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The first ever European Strategic Research
Agenda (SRA) for Ocean Energy has been de-
livered by TP Ocean on November 2016.

The SRA identifies challenges and defines re-
search areas, prioritize the objectives and
settles the actions to be undertaken in a
transversal way, across all possible technolo-
gies.

A direct impact on LCoE reduction is given
by increasing yield, which ultimately de-
pends on appropriate performance (how
much power is produced in certain ocean
condition), survivability (ability to withstand
extreme events) and reliability (ability to gen-
erate power when required) of the proto-
types at demonstration and pre-commercial
stage. The above-mentioned characteristics
for a particular device may be verified only
when it is placed in operation in the sea and
the operation of full-scale devices in relevant
environment is a prerequisite to the com-
mercialization.

TP Ocean SRA focuses on four research
themes, each one divided in priority areas,
objectives and actions. Three degrees of pri-
ority have been given to these areas, accord-
ing to their relevance: low, medium and high.
Table 1 synthetizes these outputs, showing
the relevance assigned to each one of the
twelve priority areas, grouped under the cor-
responding main research theme.



Research theme Priority area

Priority degree

Demonstration, Testing and

Deploy demonstration projects to generate learnings
necessary for commercialisation

*okk

Modelling

Technology development through validated numeri-
cal models and small-scale prototypes

*k

Develop high quality seaworthy materials *x

Materials, Components and and maintenance

Condition monitoring systems to optimise operation

*k

Systems

Validation of components and sub-systems

Increase yield with improved power take-off orx

Control systems to increase reliability and survivability | ***

Installation, Logistics and In- cesses and vessels

Access to ocean energy sites, design adapted pro-

*k

frastructure

Reduce uncertainty, risk and cost of foundations, an-
choring systems and cables

*okk

sis

Building a case for investment, including LCoE analy-

ok

Non-technological issues

Standards, health, safety and environment

kK

Develop manufacturing expertise for OE

Table 1: Research themes, priority areas and corresponding degree of priority for OE,
as indicated by TP Ocean SRA

13  The BLUEMED Strategic Research
and Innovation Agenda

Recently, in parallel to European strategies,
several initiatives of coordination among the
Mediterranean Countries have been taking
place. The BLUEMED Initiative collects coun-
tries around the Mediterranean, supports
and facilitates cooperation and coordination,
not only among EU Members, in order to pro-
mote the blue economy, while protecting
the environment and the fragile ecosystems
that it hosts. In this framework, the BLUE-
MED Strategic Research and Innovation
Agenda (SRIA) is a document designing a
shared pattern to foster blue growth in the
Mediterranean area.

SRIA identifies several challenges under
three pillars: knowledge enablers, economy
enablers and technology enablers. Among
all the challenges, many are related to MREs
development.

Under the economy pillar, the role of Mari-
time Clusters is recognized for the promo-
tion of emerging markets, including offshore
wind, and the need of including MREs while
planning the use of Maritime Space is explic-

itly addressed. In particular, the following is-
sues have been highlighted in order to pro-
mote MREs in the energy transition phase:

- to develop tools to evaluate and select
optimal zones for the implementation
of MREs farms with a multi-criteria ap-
proach,;

- to develop MRE sub-systems for en-
ergy transition and identify guidelines
for their sustainable operation involv-
ing both submarine (benthic) and sub-
aerial environmental/ecological im-
pacts;

- to develop large demonstration pro-
jects to sustain commercial MREs de-
velopment, including Floating Off-
shore Wind Turbine which is particu-
larly relevant in the Mediterranean.

Under the technology pillar instead, several
technologies have been classified as relevant
for the sector, including:
- Information Communication Technol-
ogies-ICT;
- technology design tools for MRE: im-
pact of biofouling on components, be-
haviour of structures/components in
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fatigue, innovative monitoring strate-
gies, anchoring;

- digital tools to characterize and ana-
lyse interactions between all stake-
holders and the environment, habitat
modification, characterization and
modelling of biofouling, contextualiza-
tion of impacts related to MRE;

- development of appropriate methods
to manage and exploit bio-resources in
the vicinity of MREs plants;

- study and improvement of MRE pro-
jects acceptability through an en-
hanced knowledge of their environ-
mental interactions and a thorough
multidisciplinary evaluation including
socio-economic dimension.

However the SRIA does not assign different
priorities to the different challenges.

1.4 The wind energy Strategic Re-
search and Innovation Agenda

Wind Energy (WE) sector has historically
been at the heart of the European energy
transition, and it offers a paradigm of how to
bring new technologies to market and to
reach competitiveness with other commer-
cial energy resources. An appropriate plan of
Research & Development accompanied by
public support, proper financing tools and
incentives are the key.

Although onshore wind energy is currently
the cheapest renewable resource, it still
needs support and a stable market outlook
to fully mature.

To this end, the WE-SRIA has been recently
updated and it outlines the cross-sectoral re-
search priorities that should be fostered by
public support. The document deliberately
discards all those sectors where industry can
carry out the research by its own means (e.g.
turbine technology) and focuses on 5 Re-
search and Innovation Priorities:

- Grid and System Integration,
- Operation & Maintenance,

- Next generation technologies,
- Offshore balance of plant,
- Floating wind.
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Four cross-cutting themes were also identi-
fied: digitalisation, electrification, industriali-
sation and human resources.
Digitalisation deals with the best use of the
huge amount of data that are already pro-
duced by operational plants and that aren’t
fully exploited. Such data could be mined
with appropriate data analysis tools and
would be valuable for O&M purposes, being
of help in view of optimal lifetime manage-
ment strategies of the devices. Moreover,
data-sharing with research institutes could
disclose new discoveries, albeit the neces-
sary protection of sensitive data.
Industrialisation is needed in order to
achieve economies of scale of the sector and
further reduce the cost of production. De-
spite of the relevance of WE in the renewable
energies sector, there is still a strong custom-
ization of the projects and a propensity to
manufacturing rather than to an industrial
standardization. So public funding is en-
couraged for projects that will:

e Enhance collaboration between all

the different stakeholders in the
value chain;
e Create common market require-

ments to trigger cost and time sav-
ings;
e Develop cross licensing as in other in-
dustries;
e Proactively encourage project-based
collaboration.
Electrification would lead to avoid carbon in-
tensive energy use by sectors like industry,
heating and transport, thus contributing to
the achievement of the European decarbon-
isation objectives. This goal demands for the
ability to deal with the variable generation of
renewable resources and its matching with
the demand, finally by means of new grid so-
lutions.
Last but not least, the further development
of the sector and the new problems posed by
those plants that will approach in the next
few years the foreseen lifetime end, will re-
guire new skilled jobs and qualified human
resources.



Differently from the preceding version of
SRIA, floating wind is notably become a sep-
arate pillar due to its enormous potential, to
the maturity of the sector and to the specific
Research & Innovation needs. However,
many different concepts of floating rotors
and platforms exist, and the sector needs to
focus on those of them more promising in
terms of scalability and industrialization.

The key action areas identified by the WE-
SRIA for the floating wind sectors are:
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- Holistic floating wind turbine system de-
sign;

- Development of sectoral synergies (multi-
use);

- Establishing a supportive regulatory frame-
work for floating wind power plants;

- Development of a stable supply chain;

- Preparing floating wind for market uptake
and wide scale deployment.






2 Strategic focus areas

Developing and implementing marine en-
ergy technologies has not been so far a pri-
ority in the Mediterranean, as it was consid-
ered less cost-effective when compared to
other renewables (e.g. solar or land-based
wind energy).

Offshore wind farms are not yet operational
in the Mediterranean Sea despite the large
resource availability (deCastro et al.,, 2018),
due to both environmental and technologi-
cal constraints and non-market barriers
(EWEA, 2013), while OE converters are still at
a pre-commercial stage (Uihlein and Maga-
gna, 2016).

Nevertheless, the share of marine energy in
the total energy budget for the Mediterra-
nean region is expected to constantly in-
crease in the forthcoming years, in particular
as regards offshore wind energy generation
(EWEA, 2013, Piante and Ody, 2015). In partic-
ular, The Occitanie Region plans to be a pos-
itive energy region by 2050 with 1.5 GW of
Floating Offshore wind by 2030, and the SUD
PACA Region to have 1 GW of Floating Off-
shore wind by 2030, overcoming the current
French national multiannual energy pro-
gram, which is below these objectives. How-
ever, such national objectives can be re-
viewed by the final decree.

The potential contribution of ocean energy
to future energy budget is still often under-
estimated (see for instance, Piante and Odly,
2015). On the contrary, recent technological
advancements have made the targeted
LCoE of OE converters more realistic, while
the overall consideration of both explicit and
implicit costs in the Mediterranean fragile
environment (e.g. including the effects of
landscape disruption and changes in land
use) strongly recommends the adoption of
less invasive devices for energy conversion.
Stepping up the role of OE in the Mediterra-
nean Now appears more a necessity than a
choice, as testified by the increasing interest
of local authorities and administrative bodies
(e.g the Italian ANCIM, Associazione Na-
zionale Comuni Isole Minori - National Asso-
ciation of Municipalities located in Small Is-
lands). As a matter of fact, as highlighted by
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OEE (Ocean energy project spotlight - In-
vesting in tidal and wave energy, March
2017), alongside utility-scale deployment,
ocean energy devices plug into local and iso-
lated energy markets. Smaller-scale wave or
tidal energy devices can already compete in
systems using diesel generators: meeting
the power demand of an island, powering a
desalinisation plant or fish farm out at sea.
Moreover, out of 10 worldwide wave and tidal
energy projects listed in the latter document,
one is at work in the Mediterranean Sea, pre-
cisely at the Pantelleria Island, and is man-
aged by Enel GP.

In this context, the Mediterranean Sea has
been proved to offer substantial opportuni-
ties for both significant energy production
(Zodiatis et al,, 2014, Besio et al., 2016, Monte-
forte at al,, 2015, Soukissian et al. 2017b) and
technological development. The latter is
mainly favoured by the milder climatic con-
ditions with respect to the North Sea and the
Atlantic Ocean, as it allows the affordable
testing of devices and stimulate the design
of particularly efficient technologies for en-
ergy harvesting. On the other hand, the ac-
centuated vulnerability of the Mediterranean
environment and sensitive species (e.g. Po-
seidonia meadows) prompts the develop-
ment of innovative technologies that, while
guaranteeing the energy independence of
coastal areas, also preserve local exposed
habitats and ecosystems. Under this respect,
the design of a methodological framework
for the environmental impact assessment
(EIA) of OE converters has been recom-
mended (Witt et al,, 2012, Margheritini et al,,
2012).

The PELAGOS project offered an observatory
across the whole Mediterranean, involving
partners from countries with very different
approachesto the matter and different inter-
ests.

France and Spain have also access to the po-
tential of Atlantic Ocean that is by far privi-
leged in the current activities of R&D in the
MREs sector in these countries. Six bottom-
fixed offshore wind farms are under con-
struction in France in the Atlantic Ocean and
there is one additional development zone in
Dunkerque.



The results of this last call are scheduled for
March 2019 with a price per MWh <70 €.
Floating offshore wind turbines will be tested
both in the Atlantic Ocean and in the Gulf of
Lions.

In the short term, the costs of electricity pro-
duced by offshore wind turbines seem to be
of the order of 13-15 ct€ / kWh, in line with the
European target of LCoE. This fact gives a
dominant position to this type of technology
with respect to others (wave and tidal) that
will reach maturity only in the medium and
long term. Although many subjects are in-
volved in research and experiments on blue
energy technologies, France focuses its inno-
vation potentials for the Mediterranean Sea
on offshore wind technologies.

Due to its geographic location with both At-
lantic and Mediterranean coasts, Spain is a
prime location for the development of Blue
Energy as reflected by the number of pro-
jects developed during the last decade, not
only at an experimental stage, but also at an
operational stage.

Spain is particularly interested in exploiting
offshore wind energy, tidal current energy
and wave energy but mainly along its Atlan-
tic coasts. Currently, Spain counts on several
projects in the BE sector going from final

demonstration state to concept. Specifically
for the OW, the projects Elican, Nautilus and
WIP10 are worth to mention. The first one,
started in 2016 in Canary Islands, aims to up-
scale the Elisa project to the final demonstra-
tion state of the technology by the construc-
tion of a real scale fully operational offshore
wind turbine in open water, in the PLOCAN
area.

The latter two projects, started in 2016 in the
Basque Country and in 2018 near Malaga re-
spectively, deal with new technical solutions
for floating structures.

The MUTRIKU power plant, operational since
2011 in the Basque Country, harnesses en-
ergy form waves and may provide around
500 MWh/year, while a prototype of a buoy
which will take the energy from the wave os-
cillating movement has been developed in
the framework of the project OCEANTEC
OWC, also in the North Coast of Spain.

On the other hand, R&D in the countries bor-
dering the Mediterranean alone has been
oriented in developing technologies most
suitable to the exploitation of locally availa-
ble resources, thus fostering either the devel-
opment of WECs and tidal current devices
mainly in Italy or floating offshore wind farms
in Greece.
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Figure 1: Histogram representing the total number of devices at different TRLs in Italy.
Red: 2 devices at TRL7, blue: 14 devices at TRL 3-8
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Only in ltaly there are sixteen different de-
vices designed for harnessing OE at TRLs
ranging from 4 to 8 (elaboration from San-
nino and Pisacane, 2017).

Most of them are WECs and two are tidal cur-
rent devices, five projects out of the total are
at a quite high level of development, i.e.
demonstration and pre-commercial level. An
important number of projects are at TRL 4,
thus signifying the vitality of the sector, and
that will hopefully increase their TRL in next
years.

On the other hand, offshore wind energy is
also a viable option in Italy, where the first ap-
proved project of offshore wind farm is under
construction near Taranto, and where the
Adriatic Sea offers the potentiality for fixed
foundation wind farms due to its moderate
depth as well as the possibility of taking ad-
vantage of already existing O&G platforms
under decommissioning phase.

Wave energy technologies are also of inter-
est for Cyprus that has recently made a liber-
alization plan of the electricity market that
includes a contribution of 30MW of electrical
energy from waves. Considering resources
availability, floating offshore wind can also be
an option for Cyprus in order to meet the tar-
getsregarding the share of energy produced
frorn Renewable Energy Sources (RES) by
2020, fixed at 13% contribution from RES as a
final use of energy and 10% contribution from
RES in the road transport consumption.
Moreover, efforts have been undertaken to-
wards the implementation of MRE technolo-
gies in the national action MSP.

According to this analysis, it results that off-
shore wind farms, either fixed or floating, are
of common interest to all the PELAGOS part-
ners' countries, among all the MREs technol-
ogies taken into account, with the great ap-
peal of having reached or being very near to
meet the targets of LCoEs, boosted by the
long experience and technological develop-
ment reached by onshore wind technolo-
gies. On the other hand, also the Wave En-
ergy Converters sector has been gaining im-
portance, currently reaching in most cases
the pre-commercial status.
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We conclude that these MREs have the po-
tential of development in Mediterranean and
are at the core of many services offered by
PELAGOS, and the Blue Energy Cluster activ-
ities mainly focus on them.

In the following, we describe their current
status of development and we make some
considerations moving from general to more
regional perspectives.

2.1 Offshore Wind

The cumulative connected European off-
shore capacity grew by 18% in 2018, reaching
18,499 GW at 3112.2018 (4543 units con-
nected in 11 countries: the UK represents 44%
of the total capacity, followed by Germany at
34% Denmark, 7%, Belgium (6.4%) and the
Netherlands (6%). Moreover, according to in-
dustry sources, there are 25 GW of consented
offshore wind farms identified, and a further
65 GW of planned offshore wind farms are in
the pipeline. According to the last position
paper by WindEurope, the association of
wind industries, onshore wind is today the
cheapest new power generation technology
in Europe in terms of Levelized Cost Of En-
ergy (LCOE), whilst offshore wind holds the
potential to become competitive with con-
ventional technologies by 2025 depending
on deployment volumes. The reduction of
costs of offshore wind energy seems to be
among the key priorities of wind industry.
However, with respect to Northern European
Seas where the resource is abundant and ac-
cessible, only the Aegean Sea and two areas
located south of France and Spain appear to
be the most suitable areas for offshore wind
deployment in southern Europe. See for in-
stance, Boero et al. 2016, Soukissian et al.
2017a, Soukissian et al. 2017b. An overview of
the MRE status in the Mediterranean Sea is
presented in Soukissian et al. 2017c.
Regarding the available offshore wind en-
ergy technologies, they can be divided in two
large groups depending on the type of foun-
dation adopted, either fixed or floating, each
one being further divided into sub-groups,
according to their specific design.
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Figure 2: Annual European onshore and offshore mean wind speeds at an 80 m height

(AWS Truepower: https/aws-dewi.ul.com/knowledge-center/maps/)

As the industry evolves, offshore wind farms
are built further from the coast and in deeper
waters, mainly based on floating platform
designs. Floating offshore wind on the other
hand, is a breakthrough innovation market
that appears to be the one offering the
strongest market potential in the short and
medium term. Floating offshore wind ap-
pears to be particularly adapted to the Med-
iterranean (continental shelf, high depth) as
for example in the Gulf of Lions where wind
is particularly high and persistent.

22 Wave Energy

The R&D activity in the wave energy sector
started in the 1970s; however, the develop-
ment of wave energy technologies has not
yet reached the same degree of maturity of
that of wind and tidal energy. The largest
amount of wave energy is found at latitude
higher than 30° in both hemispheres. In the
Northern Hemisphere, the most energetic
areas are found in the Atlantic Ocean, reach-
ing the European coastline facing the Atlan-
tic Ocean.
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A study (Mgrk, 2010) estimates that the total
theoretical potential of wave energy is
32,000 TWh/year, about twice as high as the
global electricity supply (17,000 TWh/year in
2008), which means that wave energy could
cover the global demands on electricity.
While Western and Northern Europe theo-
retical potential of wave energy is 2800
TWh/year, Mgrk does not include a relevant
figure for other EU areas. In Liberti et al., 2012,
the wave energy resource assessment for
the Mediterranean is presented.

Although the Mediterranean Sea offers a
lower level of wave energy with respect to At-
lantic Ocean, it presents a potential for future
development.

Despite this huge potential, the cost of wave
energy is not yet competitive with respect to
other renewable sources.

The central H2 scenario for 2015 estimates
the LCOE of wave energy at around $
500/MWh, whilst cost of other renewable en-
ergy sources are, for example, $174/MWh for
offshore wind, $ 122/MWh for crystalline sili-
con photovoltaics, $ 83/MWh for onshore
wind and $ 70/MWh in the case of large hy-
droelectric power.
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However, such costs are expected to halve
for 2025, and to further decrease for 2030 and
2035 according to the targets set by EU (SET-
Plan OE Implemetation Plan).

Worldwide several wave energy projects are
under construction.

In 2016, 838 GW of wave energy projects in
total were currently at different stages of de-
velopment, of which only 20 MW of this had
received authorised consent relating to a
project at Mermaid/Bligh Bank in Belgium.
In addition, there is 94 MW at the early plan-
ning and 725 MW at the early concept stage.
Portugal's 5.6 MW SWELL project north of
Peniche Peninsula was also at the early plan-
ning stage and planned to be consisted of
sixteen 350 kW oscillating Wave Surge Con-
verters.

Figure 3 summarizes this information.

At European level, only a handful of commer-
cial wave energy projects has been delivered,
reflecting the current immaturity and high
costs of these technologies, as well as the
challenging market environment in which
they operate. In particular, one wave energy
array commercial project accounting for 3
MW of capacity is operating in Sweden.
Another wave energy project was installed at
the port of Heraklion in Crete (Greece)
(www.mistralmaritime.eu). The project is lo-
cated on the outer side of the jetty, at the
edge of the port. It consists of two units of
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wave-to-electric power conversion that are
fixed with metal bases in the breakwater,
while next to them there is the base of the
first unit that operated for about 2.5 years
from 2015.

In the Atlantic Ocean, other wave energy
projects are at different stages of develop-
ment, with several prototypes currently un-
dergoing the testing phase (GEPS Techno,
PIWEC of PYTHEAS Technology, BILBOQUET
of D2M).

In the Mediterranean Sea, the milder climatic
conditions demand for ad hoc design of the
Wave Energy Converters that currently
reached in most cases the pre-commercial
status.

Wave energy devices are broadly located in
three different ocean environments: on-
shore, near-shore and offshore, their relative
strengths and weaknesses are described be-
low:

e Shoreline devices - integrated into a natural
rock face or man-made breakwater having
the advantage of both being close to the util-
ity network and contributing to energy sup-
ply of the hosting infrastructure, and of a rel-
atively easiness of maintenance. Less likely to
be damaged as energy is lost due to friction
with the seabed, on the other side the poten-
tial resource that could be captured is re-
duced.



e Near-shore devices - located in water shal-
low enough to allow the device to be fixed to
the seabed either via pinned pile founda-
tions or gravity mass, this in turn provides a
suitable stationary base against which an os-
cillating body can work. Disadvantages are
similar to shoreline devices.

e Offshore devices - located in water tens of
metres deep and tethered to the sea bed us-
ing tight or slack moorings mass. Much
greater potential energy resource versus
near-shore but more difficult to construct,
operate and maintain it must be designed to
survive to more extreme conditions. How-
ever, they present the advantage to contrib-
ute to the attenuation of incoming waves,
thus representing a protection measure for
the coast.

This potential versatility of WECs and their
visual impact lower than that of offshore
wind farms make them interesting for the
Mediterranean environment and for small is-
lands in particular, where the touristic frui-
tion of the locations must be also preserved.

2.3 Tidal Stream

Tidal stream turbines harness the flow of the
currents to produce electricity. Tidal turbines
can be fixed directly to and mounted on the
seabed, or tethered/moored to the seabed
and buoyant, floating on surface or in mid
water. A number of device designs are at a
late TRL stage and are feeding electricity into
the grid in real operational environments —
both individually and as arrays.

The energy potential of tidal currents is typi-
cally located in areas with the greatest tidal
range. In the Mediterranean area the great-
est potential for tidal energy is in corre-
spondence of the main Straits: Gibraltar,
Messina and Dardanelles.

At the end of 2016, Europe had 13 MW of in-
stalled tidal power capacity. Total of 21 tidal
turbines were deployed in European waters
at end-2016, while construction was in pro-
gress on 20 more with a combined capacity
of 12 MW.

The ocean energy industry sees 100GW of
tidal and wave capacity being built in Europe
by 2050, providing 400,000 jobs and supply-
ing 10% of the EU’s current electricity needs.

20

France has one of the best tidal resources in
Europe, a workforce with engineering skKills,
and coastal supply chains ready to service
the deployment of this new industry.

The LCOE for early arrays (arrays of 10 MW fol-
lowing the first IOMW of installed capacity)
ranges between 24-47 c€/kWh for tidal,
whereas other established technologies
range 8-15 c€/kWh. A lower LCOE is ex-
pected to be achieved through technologi-
cal improvements and risk reduction.

Based on the Bloomberg New Energy Fi-
nance 2015 LCOE analysis of various technol-
ogies, the central H2 scenario for 2015 esti-
mates the LCOE of tidal at approximately
$440/MWh.

24  Multiftunctional platforms

In the framework of this document, aimed to
focus on the priorities of R&D for ME in the
Mediterranean area, it is also worth to men-
tion the potential of application of these new
technologies in multifunctional platforms,
whose importance has also been acknowl-
edged by the last SET-plan.

Synergies between sectors, uses and activi-
ties are considered appropriate for the im-
provement of the operational and spatial ef-
ficiency. Under this framework, multi-use
platforms could contribute to the achieve-
ment of the intended sustainable and effi-
cient use of maritime space. Their combina-
tions mainly include offshore structures
(fixed or floating) or wave energy generation
devices with the development of aquacul-
ture and synergies with the oil and gas sec-
tor.

Several combinations are possible by includ-
ing the sectors of OWF, wave, aquaculture,
fisheries and O&G decommissioning, paving
the way to a “Blue Growth"” approach.

Up to now several European projects have
dealt with this topic and pilot projects have
been developed. Among them, the MUSES,
MARINA, ORECCA, TROPOS, MERMAID and
H20OCEAN projects have elaborated scien-
tific, policy and socio-economic issues on
synergies among different maritime eco-
nomic sectors (wind, wave, aquaculture,
maritime transport, leisure and oceanic ob-
servations).



3 Challenges and Intervention
priorities
3.1 Cross-cutting themes

Basing on previous analysis, only three main
categories of MREs result to be of interest in
the Mediterranean: floating offshore wind,
wave and tidal stream.

So we will separately consider their research
and development priorities, although some
common features must be highlighted.

The deployment of full scale devices in real
sea conditions is a crucial phase to reach, in
order to prove performance, survivability and
reliability of any technology, and requires as
a first step the identification of suitable test
sites and then that of new sites for energy ex-
ploitation, as well as the development of ad-
equate infrastructure and logistics in order
to manage the operational devices within af-
fordable costs.

No matter which technology is considered,
an effort in environmental impact studies is
necessary in order to define a common and
standardised approach aimed to both make
the best choice for new installation sites and
to monitor the effects on the environment
during the operation phase. To this end, one
priority is the development of multi-criteria
indexes, taking into account physical and bi-
ological stress factors, to be included in the
implementation of Decision Support Sys-
tems. Such evaluations must base upon en-
vironmental vulnerability as well as upon ex-
isting pressures due to other human activi-
ties. The establishment of specific regulatory
framework for MREs and its inclusion in the
Maritime Spatial Plans (MSPs) is indeed a pri-
ority. The development of multi-purpose
platforms in this framework would invigor-
ate the enhancement of synergies among
different economic sectors and the share of
maintenance costs.

In this view, applications of habitat mapping
studies, remote sensing technologies, algo-
rithm development, database development
supported by Geographical Information Sys-
tems (GISs), are all areas of interest for R&D in
this context.
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Adequate knowledge transfer and know-
ledge exchange are relevant at all levels and
the development of commmon platforms for
sharing data and high education pro-
grammes have been identified as needs.
School education and awareness campaigns
are also important in order to increase social
acceptance of new technologies.

Another important issue, strongly linked to
the aforementioned priority of optimal site
identification, is to promote the facilitation of
significant, cost effective commercial scale
deployments in order to enhance the con-
nections of Blue Economy businesses and
high-tech clusters with the traditional know-
how-based industries. Co-location of devices
can bear large benefits with respect to infra-
structure and represents an important op-
portunity over the short term with benefits
from joint utilization of electrical infrastruc-
ture and potentially of O&M teams, vessels
and infrastructure. It is important to find out
the principal “hotspots” where a large
amount of high intensity combined resource
exist (wind and wave). Although combined
platforms are at a conceptual phase and
need further research and modelling, they
constitute a cutting-edge issue of deploy-
ment facilitation.

Ports and harbours are also high eligible lo-
cations for the realization of deployment test
sites, for different technologies offering at
least infrastructure connections when not di-
rectly hosting onshore devices in existing
constructions. For instance, ELEMED project
(https/www.elemedproject.eu/f examined
the importance of MREs for improving ports'
operational energy needs as well as air qual-
ity in ports and adjacent coastal areas (for the
case of Greece, the port of Piraeus and the
port of Kyllini were used as case studies). A
feasibility study regarding the available wind
power potential combined with offshore and
onshore solar energy in the ports of Piraeus,
Kyllini and Limassol (Cyprus) was performed
and the results were quite encouraging.



Moreover, according to the results of the EL-
EMED project, ports may become the on-
shore hubs for offshore wind energy-based
system (including infrastructure connection,
manufacturing sites, and operational centres
for construction and maintenance of off-
shore wind). Similarly, ports and their infra-
structures could be used as HUBs also for
other offshore MREs installations, as in the
case of the Pantelleria Island project.

During July 2018 The MISTRAL test site oper-
ated by France Energies Marines was inau-
gurated off Fos sur Mer (SUD PACA Region).
It is currently equipped with a buoy with
many sensors and a LIDAR. It will be used
shortly for environmental observation as part
of the deployment of the Floating offshore
wind.

As a main advantage, the integration of
MREs in the electrical power supply systems
may contribute to the electrification of ships
and other harbour works. To this end, it is
particularly relevant the promotion of smart
grids for managing all energy sources (re-
newable and non-renewable).
Advancements in this field will introduce au-
tomations in energy management of off-grid
small islands that suffer from instability of
the RES grid due to constant change of
weather, leading to an improved quality and
increased capacity of the energy offered (e.g.
less blackouts, reduction of energy cost and
of energy loss, etc.). Automation will also al-
low for an increase of the market penetration
of renewable energy sources - including ma-
rine renewable resources — in these areas.
The Mediterranean Sea is characterized by a
steep bathymetry that imposes the use of
floating devices for offshore energy harvest-

ing.
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Adequate and innovative mooring and an-
choring systems are therefore high-level pri-
ority issues for the SRA of the Mediterranean
Sea.

Development of new environmentally
friendly materials for coating and in general
advancements aimed to improve survivabil-
ity is of course highly desirable even in a
milder climate such the Mediterranean one.
Last but not least, energy storage should be
placed among the urgent priorities transver-
sal to all technologies, as RES are character-
ized by a variable production that limits high
levels of penetration of this energy in the
market.

According to the thematic and priority areas
already identified at European level by the TP
Ocean SRA, we summarize the above consid-
erations, specialized for the Mediterranean
Sea, in Tables 2, 3, 4 and 5, each table focus-
sing on one of the specific research themes
described in the TP Ocean SRA.

Based on the experience of each project
partner and capitalizing the results and out-
puts of the current project, we highlight the
overall objectives to be pursued and we sug-
gest (of course not exhaustively) the actions
that should be undertaken in order to meet
the objective goals.

The degree of relevance (high, medium and
low) is given as well as a prioritization index
on the short, medium and long term consid-
ering the current status of maturity of tech-
nologies and/or knowledge.



Research
theme

Priority areas

Objectives

Action

Relevance

Priority

Non-technological
research priorities

Standards,
Health, Safety
and Environ-
ment

Continuous Envi-
ronmental Moni-
toring at all
stages of MRE de-
velopment (de-
sign, construction,
operation, de-
commissioning)

Habitat mapping

Medium

Use of satellite data

Long

Multi-criteria indexes

Short

Identification & Moni-
toring of the physical-
biological coupling in
the modifications in-
duced by the MRE pro-
jects on the habitats.
Modeling the reef effect
locally and globally.

Medium

Open DB of environ-
mental variables and
indexes

sk

Medium

Decision making
tools

Tools to evaluate sites
for MREs farms accord-
ing the multi-criteria
approach

Short

Multi-criteria DSS based
on multi-objective opti-
mization for MSP of
MREs

Medium

Environmental
impact reduction

Reduction of the envi-
ronmental impact on
birdlife especially mi-
gratory (shearwaters,
etc.), and on cetaceans
and fish

Short

Decommissioning
and recycling

Detection and charac-
terization of anthropic
objects

*k

Long

Regulatory frame-
works

Establishment of a spe-
cific regulatory frame-
work for marine renew-
able energies.

Short

Include MREs in Mari-
time Spatial Plans

kK

Short

Knowledge
transfer and so-
cial acceptance

High level educa-
tion

Increase education and
research exchange pro-
grammes through
grants

Short

Common platform for
sharing environmental
and technological data

kK

Medium

General public
education

Awareness campaigns

Short

Education at schools

*ok

Short

Table 2: Cross-cutting priorities under the Research theme “Non-technological research priorities”
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Research
theme

Installation, Lo-
gistics and Infra-
structure

Priority areas Objectives Action Relevance | Priority
Access to Development of Cableless underwater ok Short
ocean energy techniques for communication and
sites, design O&M in situ monitoring systems
adapted pro- Development of Develop technology for ok Medium
cesses and ves- | techniques for O&M to mount on Re-
sels O&M in situ mote Operating Vessels
Development of (ROVs) Swarms
advanced moor- In situ measurements o Short
ing systems for characterization and
monitoring of anchoring
components
Reduce uncer- Development of Design methodology for | ** Short
tainty, risk and advanced moor- a flexible anchoring sys-
cost of founda- ing systems tem
tions, anchoring
system and ca-
bles
Power trans- Optimise electrici- | Development of smart ek Long

mission and ar-
ray cable archi-
tecture

tytransmission to
the grid

grids for managing all
energy sources

Table 3: Cross-cutting priorities under the Research theme “Installation, Logistics and Infrastructure”

Research
theme

Priority areas

Objectives

Action

Relevance

Priority

Materials Com-
ponent and Sys-
tems

Develop high
quality seawor-
thy materials

Biofouling Charac-
terization and
Quantification
Methods for Sizing
and Maintenance
of MRE Systems

Provide target-oriented
protocols for biofouling
assessment in MRE con-
texts and assess the ef-
fects induced by biocolo-
nisation on specific MRE
components: corrosion
and antifouling

*%

Medium

Develop novel ma-
terials with better
properties for
ocean energy de-
vice applications

Development of new
materials / applications
of new materials to new
concepts of PTOs for
MREs

*%

Medium

Investigate possible ap-
plications of new mate-
rials with particular me-
chanical and electrical
properties to storage
devices, components
and electrical engineer-
ing sector

Hkk

Long

Increase yield
with improved
Power Take-Off

Smooth the power
output

Electrical storage tech-
nologies specific to ma-
rine environment (Hy-

drogen,..)

Hokok

Medium

Table 4: Cross-cutting priorities under the Research theme “Materials Component and Systems”
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Research Priority areas Objectives Action Relevance | Priority
theme
Demonstration, | Deploy demon- | Develop large Identify test facilities for | *** Medium
Testingand stration pro- demonstration single device and/or ar-
Modelling jects to gener- projects to sustain |ray deployment of TRL6
ate learnings commercial MREs [and higher technologies,
necessary for development and/or multi-use plat-
commercialisa- forms
tion
Technology de- | Understanding Improved wind-wave- ok Medium
velopment ocean resources, current coupling in nu-
through vali- determining best |merical models
dated numeri- condition of oper-
cal models ation

Table 5: Cross-cutting priorities under the Research theme “Demonstration, Testing and Modelling”

32 Challenges and Intervention priori-
ties in offshore wind

R&l efforts should capitalize on the progres-
sive turbine size optimization and the posi-
tive cost reduction path of the industry. Ca-
pacity factors of new offshore wind turbines
have been increasing and the average now
stands at 42%. The industry is on track to de-
liver on self-imposed cost reduction targets
(now between 50-70 €/MWh) and is working
to make offshore wind cost-competitive by
2025. In particular, there is the notable case
of Dunkerque, where costs are expected to
be at € 60-70 MWh, and around € 120-130
per MWh for FOW in the next calls.

Research & Innovation has to contribute to a
better understanding of and interaction be-
tween wind power plants and the power sys-
tem, as well as to the development of
stronger grids that are more capable of han-
dling higher amounts of variable renewable
energy that includes the development of en-
ergy system flexibility solutions, the strategic
grid expansion planning and operation and
the development of hybrid systems.
Operations & maintenance (O&M) is also con-
sidered as a pillar of the Strategic of Research
and Innovation Agenda, with emphasis on
smart wind farm operations, performance
and lifetime management.

The development of next generation tech-
nologies would enhance the scientific base
of the technology, with digitalization and big
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data management being among the key
challenges. Other challenges on the same
field, include data driven design and opera-
tion methods, development and validation of
high-fidelity models, the development of
next generation components, materials,
towers and support structures, fundamental
research into radical and/or disruptive inno-
vations and material recycling.

Especially research and innovation are
needed for the offshore balance of plant fo-
cusing on system engineering, offshore grid
design, substructure design and the minimi-
zation of the uncertainty imposed by the site
conditions.

For floating wind in particular, research
should focus on holistic wind turbine system
design, the development of sectoral syner-
gies, the development of a stable supply
chain and the preparation of floating wind
for market uptake and wide scale deploy-
ment. According to the SET-plan for Offshore
wind energy Research and Innovation, pro-
cedures on floating should include among
others the concept Development of cost ef-
fective multi-MW multipurpose modular
floating platforms made of concrete or steel
(TRL 2-6), the development of new concept
manufacturing procedures and standardiza-
tion of floating platforms (TRL 6-9), and the
development of advanced mooring systems
(TRL 6-9).



System Integration is also considered as a
significant Research and Innovation action
with some indicative actions to be the elec-
trification of an existing gas production plat-
form (TRL: 6-9), the energy storage in de-
pleted gas fields (TRL for phase 1: 1-3 and TRL
for phase 2: 3-6) and the Power to Gas and
Hydrogen Production (TRL for phase 1. 3-6
and TRL for phase 2: 6-9).

Research and Innovation in the field of wind
energy industrialization should include the
development of standardized methods for
guantification of site and system conditions
(TRL 4-7) and of numerical and test methods

for accurate assessment of system and com-
ponent reliability (TRL 2-7), while research
and Innovation on wind turbine technology,
would include among others the develop-
ment of disruptive technologies (TRL 3-7)
and the demonstration of large scale tur-
bines >10 and 15 MW (TRL: 6-9).

Given the commercial level of FOW, dedi-
cated environmental studies are particularly
relevant in order to contribute to the social
acceptance of projects, as also recom-
mended by the Environmental Authority fol-
lowing the impact study of the project
EolMed in Gruissan.

Action Priority
Tests of floating wind turbine models in oceanic engineering basin to Short term
evaluate the stability, the dynamic loads on the anchors, the optimiza-

tion of the concepts

Design methodology for a flexible anchoring system Short term
Environmental impact studies on birdlife and migratory species Short term
Local modeling of the reef effect Short term
Environmental impact studies on cetaceans and fish population Short term

Develop a socio-ecosystem approach to the environmental and socio-
economic impacts of floating wind farms

Medium term

Lower the total cost of ownership of floating wind substations

Medium term

parks, etc.

Study multi-use of floating wind substations in various areas such as:
safety, scientific observations and measurement continuously, industrial
tourism, garage of drones for inspection, repair, maintenance of wind

Medium term

trophic aquaculture

Aquaculture associated with MREs especially IMTA integrated multi-

Long term

Table 6: Offshore wind priorities

26



33 Challenges and intervention priori-
ties in Wave and Tidal Energy

Six key dimensions make up a wave energy
device, which together ultimately convert
the movement or flow of the oceans into
electricity. These are equally applicable to
tidal stream.

1. Structure and Prime Mover: the phys-
ical structure of the device, which
captures energy and the main inter-
face between the resource and the
power, take off equipment within the
ocean energy converter. The predom-
inant structural material is steel, alt-
hough certain concepts are exploring
alternatives. Prime movers such as
turbine blades are made of compo-
site materials.

2. Foundations and Moorings: the
method used to secure the device to
the sea bed. This includes permanent
foundation constructions such as
gravity bases or pile-pinned founda-
tions or could consist of moorings
such as tight or slack moored sys-
tems.

3. Power Take Off: the means by which
the mechanical energy extracted
from the waves or tides is converted
into electrical energy. Several types of
Power Take Off (PTO) exist including
mechanical, hydraulic, or electrical di-
rect drive using permanent magnet
generators.

4. Control: systems and software to safe-
guard the device and optimise the
performmance under a range of oper-
ating conditions. Control systems
may adjust certain parameters of the
device autonomously in order to en-
sure favourable operation.

5. Installation: the method of placing
the structure and device at its power
generating location. This includes all
vessels and ancillary equipment
needed to fully deploy an ocean en-
ergy device
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6. Connection: the cables and electrical
infrastructure for connecting the
power output from the device to the
electricity network. Alternatively, wa-
ter is pumped ashore for conversion
to electricity and/or desalinated wa-
ter. Subsequently, power condition-
ing systems and transformers are
needed to provide a grid code com-
pliant electrical output.

The high, and almost comparable, Levelized
Cost of Energy (LCOE) of both wave and tidal
energy indicates the relatively low level of
maturity of the current technologies that
have been developed and partly the limited
installed capacity, thus prompting further re-
search and development.

Most of the technologies in the wave sector
are at TRL 6 and 7, and according to the SET-
Plan for Ocean Energy, a key action must be
the device and array system demonstration
at large scale device, as well as the demon-
stration of early wave energy demonstration
arrays in real environments leading onto
large scale deployment (TRL 7-9). This should
be accomplished with transfer of knowledge
across the sector and from other sectors and
between Member States, Industry and aca-
demia.

To achieve the search for innovative solu-
tions to the technical challenges facing the
wave energy sector up to TRL8, SET-plan also
foresees the selection (through a competi-
tive procurement programme) of key sub-
systems, systems and devices, as identified
based on the aforementioned action, and
funding to progress. The ultimate aim is to
produce reliable technology, which will re-
sult in cost effective wave energy generation.
Last, but not least a targeted action aiming
to a dedicated installation and O&M supply
chain for ocean energy in order to optimise
processes and reduce project costs consider-
ably is foreseen in the SET-Plan. Developing
best practice procedures for installation, op-
erations and maintenance using the experi-
ence from the offshore wind sector and to
share knowledge and experience across the
industry will drive cost reductions.



The main challenges that R&D must face in
wave energy sector are related to the diffi-
culty of selecting few technologies among all
the available ones (standard technology so-
lutions), the lack of industrial cohesion and
limited supply chains for the variety of com-
ponents required.

Tidal technology is currently the most estab-
lished blue energy technology. Many differ-
ent devices have reached high TRL levels,
with demonstrated performance in real op-
erational conditions — in some cases as part
of wider arrays. EU funds and loan support

have been awarded from 2012 onwards, fo-
cusing on supporting single demonstration
of tidal devices and pre-commercial farms at
high TRLs. According to SET-plan for OE, key
actions in this sector aimed to reduce LCoE
should focus on identifying new promising
technologies, and support demonstration in
operational environment of the devices with
highest TRL. In particular, tidal stream chal-
lenges involve improvement of the device
survivability through the use of alternative
materials, development of new and more ef-
ficient PTOs and reduction of the costs re-
lated to installation and O&M.

bling predictive and preventive O&M processes

Action Priority
Improve performance through new control Systems (dynamic tuning) Short term
Design methodology for a flexible anchoring system Short term

Development of sensors and fault detection systems for accurate condition monitoring ena- | Short term

Improvement on energy storage

Medium term

Development of new materials and components apt to increase performance of PTOs

Long term

Reduction of underwater acoustic emissions

Short term
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4 Role of the Blue Energy Cluster

In order to achieve greater utilization of blue
energy it is necessary in the short term to in-
troduce real benefits and advantages, which
may come out of the improvement of this
sector. Absence of reliable information, co-
operation and why not competition between
SMEs, academia, policy makers and society
related to this topic seem as a major draw-
back of greater activity in this sector. Benefits
of blue energy should be introduced to all
relevant parties that are included in the inno-
vation process, but also topic should be intro-
duced to all public figures, including the citi-
zens. Lack of knowledge followed by the ab-
sence of reliable information cause re-
sistance toward greater utilization of such
technologies.

The establishment of national clusters based
on the 4-helix model and involving SMEs, ac-
ademia /research community, governmental
bodies and the civil society, already showed
a positive reaction of all the players toward
innovation processes in this sector, also in
those countries where the BE sector is barely
developed.

On a higher degree, the creation of the trans-
national Blue Energy Cluster is aimed to
achieve the desirable synergy between all
the aforementioned stakeholders at Medi-
terranean scale that can boost MREs devel-
opment and offer favourable opportunities
to the achievement of the previously identi-
fied objectives and actions on the medium
and long term.

Continuous communication, cooperation
and competition strategies (co-opetition)
between presented bodies could overcome
the problems related to current legislative
constraints and lack of know-how and funds
for innovation processes. Furthermore, in-
cluded parties should communicate and
produce an individual strategy related to
Blue Energy. Detecting the missing gaps
and identifying the inner advantages is a key
step toward successful development of this
sector. Missing gaps are lack of experts and
funds, as well as an absence of development
strategy that would accelerate innovation
processes.
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Moreover, lack of communication between
industrial players and academia conse-
guently leads to absence of innovative ideas
and processes. To prevail that, the Blue En-
ergy Cluster can play a key role in facilitation
processes between interested parties. The
main idea is to use the cluster as a matching
platform to connect industry and research
organizations, as well as governmental bod-
ies and society or to achieve intra-industrial
collaborations. The Cluster and all the actions
that accompany it, offer the possibility to all
the participating members to illuminate the
opportunities, keep track of obstacles, and
better understand their position in the blue
energy value chain.

The Cluster through specialised services pro-
vided to its members, assists to the develop-
ment of the necessary skills needed, with a
view to their orientation towards new inno-
vative products and services related to blue
energy, and the realization of synergies to
develop the innovation required.

Indeed, the Cluster is an area of cooperation
between its members giving them the pos-
sibility to strengthen their research and inno-
vation capacities in marine renewable en-
ergy technologies and identify business and
research opportunities in the field of blue en-
ergy technologies.

Introducing a whole concept of blue econ-
omy should be a long-term goal. Blue econ-
omy incorporates blue energy sector that is
used as a push back for other industrial and
economical activities. Blue economy is based
on synergy between different economy
branches with a goal to establish sustainable
exploitation of maritime goods.

In general, a proper introduction of blue en-
ergy concept is an essential step toward
greater utilization of this resource. At the mo-
ment, concept of blue energy is widely unfa-
miliar to different sectors, therefore lack of
innovative ideas and processes is not unex-
pected. Recognition of all benefits and ad-
vantages that are included in blue energy
concept could enhance development and
growth of this sector.



Besides the obvious and natural functions of
enhancing communication and favouring
trans-national initiatives and knowledge ex-
change, the Blue Energy Cluster and the on-
line platform, which is its main implementa-
tion tool, can contribute in a practical and ef-
fective way to the achievement of these R&D
objectives. The BE platform could be en-
riched by new sections, besides the already
implemented Cooperation and Technology
ones. As an example, it could either host or
facilitate access (e.g. by mirroring other sites)
to innovative results of worldwide projects in
MRE sector, exert leverage upon its mem-
bers for the achievement of the objectives of
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this Strategic and Research Agenda, and
physically host the “soft” tools among the
identified goals of the SRA, such environ-
mental variables databases and maps, multi-
criteria index evaluation tools, or eventually
the DSSs embedding them.

Survival and functionality of the on-line plat-
form aimed to sustain the Actions identified
in the PELAGOS SRA should be of course
guaranteed by new investments and pro-
grammes.
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