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IIn 2019, under the very favourable conditions  
described by our President, France Energies Marines 
capitalised on a growth momentum reflected both in 
our numbers and in the quality of our activity. The 
new organisation, in the form of a joint-stock com-
pany (SAS), reflects the close relationship forged with 
the market targeted by the Institute’s R&D initiatives. 
The company already boasts a portfolio of collabo-
rative and service-provider projects set up over the 
course of the year. However, 2019 is marked by the 
evolution of the Association, which has achieved 
its peak success in terms of the most important  
resource: a team of researchers and engineers at 
the service of the ORE sector. Multidisciplinary, 
cross-functional and from a variety of backgrounds, 
this team of 40 women and men work to strengthen 
ties between public and private research through  
building mutual trust: delivering results on time, with 
resources fit to match the challenges at hand. This 
work is particularly important given the fact that, for 
exogenous reasons, society—the general public as 
well as decision-makers and investors—often deems 
that it has heard talk of ORE for many years but has 
yet to see the deployment of large-scale tangible  
solutions.

This document describes no less than 22 ongoing 
collaborative projects coordinated by France Ener-
gies Marines under the framework agreement that 
served as its stepping stone to ITE (Institute for 
Energy Transition) status. Added to these are the 
4 European projects in which the Institute is now a 
partner, and the two expert panels it pilots at a na-
tional level. Some of the findings workshops held for 
projects completed during the year were opened to 
a wider stakeholder audience. These major events 
benefit from enhanced communication. France  
Energies Marines Editions has published an atlas of 
biofouling along the French coasts produced through 
the ABIOP project; a collection of post-TROPHIK  
project recommendations for applying an ecosys-

tem approach during impact studies; and bulletins  
drafted by the COME3T project's national panel of  
experts. All our activities benefit from a rigorous 
analysis of the potential dissemination of results, with 
terms of use established for available products inclu-
ding software, data, publications, and the recognised  
expertise that the Institute shares with its members.

France Energies Marines has regularly reaffirmed 
its national ambitions, which are underpinned by 
the support of coastal regions. Reflecting this, in 
2019 the Institute opened a second regional office in 
Marseille. This presence has significantly increased 
interactions with public and private players in the 
region, and simplifies the integration of the spe-
cific physical, ecological and social characteristics 
of the Mediterranean coast. This region also has a 
technological specificity, as the majority of floating 
wind farm development will take place soon in its 
waters. Most of France Energies Marines’ projects  
provide solutions to cross-cutting concerns, respon-
ding to the needs of other coastal regions interested in  
developing bottom-fixed wind solutions, fu-
ture mixed floating and bottom-fixed solutions,  
or trialling tidal and wave systems, which are  
increasingly reliable and are proving their suitability to 
specific markets.

This report invites you to join our team at sea, in 
test tanks, and in the world of numerical simu-
lations. The advances it describes encourage a  
positive outlook on the relevance and potential of ORE 
in tackling not only the climate and energy but also 
the economic and social challenges of the future. 
 
Yann-Hervé De Roeck, 

Executive Director  
of the France Energies Marines Association  

Chief Executive Officer  
of the France Energies Marines joint-stock company
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EDITORIAL

views
Converging

FFrance Energies Marines and the ORE (Offshore 
Renewable Energies) sector in general experienced 
many changes in 2019, but overall enjoyed memora-
ble successes. In the following lines, I would like to 
take the opportunity to look back on these significant 
events. 

This year was marked first and foremost by the  
recognition of France Energies Marines as an Institute 
for Energy Transition (ITE), and the creation of the joint-
stock company (SAS) that will manage the Institute's 
activities and programmes. This French State con-
tract rewards the work carried out by France Energies  
Marines for the ORE sector and represents a  
success, against odds, of which we can all be 
proud! It is also a clear sign of go-vernment sup-
port. Another positive development was the 
launch of the final consultation phase of the  
Multiannual Energy Programme (PPE). Published a 
few weeks ago, this strategic document expresses 
the French State's raised ambitions for ORE, a strong 
trend that has been echoed in many European coun-
tries and worldwide.

For France Energies Marines, 2019 was a year of 
operational stabilisation. Internal procedures are 
running smoothly and programmes are moving 
forward; our annual R&D consolidation was carried 
out and our graphic identity was updated. Such 
projects and initiatives reflect the robustness of the 
Institute and its increasing expertise.

This trend was reinforced by a strong signal from 
the government in favour of the ORE sector: French 
State approval for a new bottom-fixed offshore wind 
farm near Dunkirk, after several years with no new 
projects. There is every indication that further initia-
tives will be given the green light in the near future, 
contributing to the growth of the sector. In this stimu-
lating context, I am convinced that France Energies 
Marines will play an increasing role in accelerating 
technological innovation and contributing to analy-
sing the impact of these new projects on the environ-
ment and for socio-economic stakeholders.

Congratulations all the good work, and the rec-
ognition of France Energies Marines as an ITE.  
I sincerely thank all the members of our team for 
their unfailing commitment!

Julien Marchal, 

President  
of the France Energies Marines Association
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Mission

Position

To define, set up and apply the scientific  
and technical environment required to overcome  
the obstacles related to the development  
of ORE technologies while ensuring an optimal  
environmental integration.

Governance
Since 1st January 2019, the Institute’s activities  
have been managed by a joint-stock company (SAS). 
The organisation is built around a public-private 
partnership that brings together 18 associate  
members and 6 contributor members—all key 
French ORE sector participants—from industry,  
academic and scientific establishments, local  
authorities and maritime competitive clusters.

France Energies Marines sets itself apart  
with its cross-cutting approach through which it is 
able to provide the entire sector with proven tools to: 

›  Bring down levelized energy production costs 
through global optimisation by taking into account 
site conditions and adapting the technologies; 

›  Cut back farm project funding costs by developing 
standards tailored to OREs;

Activities
The Institute's activities are largely concentrated 
around collaborative R&D, encompassing research 
as well as project setup, coordination and scientific 
guidance.  
To ensure the success of its development model, 
France Energies Marines also provides R&D service 
offerings based on detailed market analysis and 
adapted to the needs of sector stakeholders.

›  Reduce farm construction delays by providing 
consultation methods and recommendations in 
particular relating to environmental integration;

›  Boost the sector’s visibility through a pooled  
approach.

The Institute provides services across the range  
of technologies: bottom-fixed and floating offshore 
wind energy, tidal and wave energy, ocean thermal 
energy conversion and osmotic energy.

I Members of the France Energies Marines joint-stock company at the end of November 2019

Industrial sector 
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Institute I 5th to 7th June
Strong presence of France Energies Marines  

at the Dunkirk Seanergy show, with a stand  
dedicated to the Institute’s projects and  

4 research posters, one of which won first prize.

©
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Farm optimisation I 1st May 
Publication of the functional specifications  

of the future DTOcean+ software suite, comprised 
of open-source tools for tidal and wave farms 

(DTOceanPlus project).

©
 F

EM

Institut I 25th July
Visit to France Energies Marines headquarters  
by Karine Vernier, Director of the Energy  
and Circular Economy program of the French 
Secretary General for Investment.

©
 F

EM

Environmental integration I 18th July
Publication by FEM Editions of the report  
on recommendations for an ecosystem approach 
to ORE installation sites, with the case study  
of the Courseulles-sur-mer offshore wind farm.

HIGHLIGHTS  

of 2019

02

Site characterisation I January to June
End of the second winter measurement campaign 

at La Jument lighthouse off the coast of Ushant 
Island, aimed at improving the characterisation 

and predictability of extreme breaking waves 
(DIME project).

©
 F

EM

Institute I 15th April
Opening of a France Energies Marines office  
in Marseille which will stimulate  
the Institute’s activity in the Mediterranean region  
in partnership with key players Centrale Marseille 
and the Mediterranean Maritime Cluster.
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Sector I 19th and 20th March
Launch in Brussels of the European H2020  
OceanSET project aimed at helping to implement 
the European Strategic Energy Technologies Plan 
(SET Plan) in the ocean energy sector.
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Environmental integration I 22nd and 23rd October
First benthic fauna and plankton collection  
campaign off the coast of Dunkirk to study  

the spatio-temporal dynamics of the communities 
living on the Bancs des Flandres sandbanks  

on the site of the future offshore wind farm 
(DUNES project).

©
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Design & monitoring of systems I  
October

Mechanical characterisation of a section  
of dynamic cable at University of Southampton 

facilities in preparation for electro-thermal  
and mechanical fatigue tests (OMDYN2 project).
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Communication I 8th October
First participation in the IRT & ITE Forum in Lille, 
with a presentation at the plenary meeting  
and 3 stands on the themes of ecological  
and environmental transition, human  
and animal health and sovereignty and security.

Site characterisation I 9th to17th September
Tests on the characterisation of extreme winds  
in the University of Miami SUSTAIN test canal, 
capable of simulating Category  
5 hurricanes (CARAVELE project).

©
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Institute I 30th August
France Energies Marines is contracted by the 

French State as an Institute for Energy Transition, 
and State funding is renewed through a co- 

funding agreement of c4 million over 2 years.

Systems dimensioning & monitoring I September
Centrifuge testing on piles innovatively equipped 

with instrumentation using Bragg grating in order 
to study cyclic loadings on offshore wind  

monopiles (SOLCYP+ project).
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Institute I 12th, 16th and 19th December
Three theses successfully defended  
on the durability of glued ORE-sector  
assemblages in humid environments  
(INDUSCOL project); the potential impacts  
of ORE subsea power cables on benthic  
communities (SPECIES project); and wave  
characterisation for ORE applications in coastal 
and nearshore areas (DIME project).

Communication I December
New graphic identity for France Energies Marines 
with a simple, streamlined and modern logo  
making clear reference to the marine dimension 
at the heart of the Institute’s activities.

FRANCE
ENERGIES
MARINES
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1

Geotechnics
Sediment dynamics

Marine geology

and geophysics

Metocean

Energy resources
Sea states
Extreme events

Site characterisation

2

  Design

  for the marine environment

Fluid/structure coupling 
Impacts of biofouling
Cable and mooring line behaviour

  In-service monitoring

Fatigue and ageing
Monitoring strategies

Design 
and monitoring of systems

Ecosystem and

socio-ecosystem approaches

Receptors

or affected organisms

Birds, mammals, fish,  
benthos, habitats
Society and economy
ORE systems

Types of pressure

or effects

Sound, electromagnetism 
Reserve effect, reef effect
Cumulative impacts

Environmental 
integration

4

Grid integration

Connectors, hubs & substations
Energy storage, power smoothing

Layout of turbines, cables and mooring lines
Shared moorings and connections

Array architecture

Farm optimisation

complementary R&D programmes

4 cross-cutting

Collaborative R&D led by the Institute allows 
sector stakeholders to share the risk and 
costs inherent to this activity, with a view to 
accelerating projects ranging from upstream  
to pre-competitive research.

Taking into account the principal develop-
ment challenges for OREs and the objectives 
of national players, France Energies Marines’ 
scientific and technical roadmap relies on 
4 research programmes. The programmes 
break down into collaborative R&D projects 
carried out in partnership with the leading 
ORE sector players in France, and now in  
Europe. Designed to be cross-cutting 
and complementary, the 4 programmes  
focus on site characterisation, design and  
monitoring of systems, environmental  
integration, and farm optimisation.

COLLABORATIVE R&D 

03

©
 J

er
em

y 
B

is
ho

p 
/ S

to
ck

Sn
ap

3



4 - 2019 Annual Report  I France Energies Marines 15

1

Geotechnics
Sediment dynamics

Marine geology

and geophysics

Metocean

Energy resources
Sea states
Extreme events

Site characterisation

2

  Design

  for the marine environment

Fluid/structure coupling 
Impacts of biofouling
Cable and mooring line behaviour

  In-service monitoring

Fatigue and ageing
Monitoring strategies

Design 
and monitoring of systems

Ecosystem and

socio-ecosystem approaches

Receptors

or affected organisms

Birds, mammals, fish,  
benthos, habitats
Society and economy
ORE systems

Types of pressure

or effects

Sound, electromagnetism 
Reserve effect, reef effect
Cumulative impacts

Environmental 
integration

4

Grid integration

Connectors, hubs & substations
Energy storage, power smoothing

Layout of turbines, cables and mooring lines
Shared moorings and connections

Array architecture

Farm optimisation

complementary R&D programmes

4 cross-cutting

Collaborative R&D led by the Institute allows 
sector stakeholders to share the risk and 
costs inherent to this activity, with a view to 
accelerating projects ranging from upstream  
to pre-competitive research.

Taking into account the principal develop-
ment challenges for OREs and the objectives 
of national players, France Energies Marines’ 
scientific and technical roadmap relies on 
4 research programmes. The programmes 
break down into collaborative R&D projects 
carried out in partnership with the leading 
ORE sector players in France, and now in  
Europe. Designed to be cross-cutting 
and complementary, the 4 programmes  
focus on site characterisation, design and  
monitoring of systems, environmental  
integration, and farm optimisation.
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This programme aims to acquire better knowledge and a deeper understand-
ing of the marine environment in order to select the best locations for offshore 
energy farms and optimise turbines’ overall performance.

3.1. Site characterisation

Site characterisation now focuses on drawing 
up an intra-site description of wave, current, 
wind and temperature fields. This is accompa-
nied by a description of the high frequency vari-
ability in resources, a key piece of information, 
yet which is poorly known, required to calculate 
the energy yield and predict the fatigue of ORE 
systems. The characterisation of the temporal 
and spatial variability of resources explores 
new observation methods, in particular by  
remote sensing from land or from space. Over 
and above these qualification needs, knowledge 
of extreme conditions is an indispensable pre-
requisite to guarantee the survivability of ORE 
systems.

Wind, wave and current couplings have a strong 
influence on each of the resources. In order to 
be quantified, it is important to understand the 
underlying physical processes and to be able to 
configure them in numerical models.

The seabed on which the devices are installed 
is often complex in terms of its morphology and 
geology. It is therefore essential to have reliable 
data and characterisation methodologies be-
fore deciding to install systems.
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I Deep-water floating wind turbine feasibility study 

ARCWIND

Duration: 36 months | Launched: 2018

Objective:  
›  To assess the feasibility of floating wind farms in deep waters in the Eastern Atlantic.

Scientific and technical content:
› Assessment of wind resources.
› Assessment of sea state conditions for wind turbines design.
› Adaptation and assessment of different types of floaters.
›  Experimental studies on the selected concepts.
›    Development of an array architecture comprising the components relating to installation  

logistics and maintenance planning.
› Estimation of costs and economic feasibility.

2019 achievements:
›  Finalisation of study site selection for deployment of floating wind turbines along Europe’s 

Atlantic coast.
›  Test tank studies of different towing scenarios for floating wind turbines in facilities  

at the Polytechnic University of Madrid.
›  Optimisation of a numerical wave simulation model to more precisely represent  

the design conditions for floating wind turbines in the north-east Atlantic.

Dissemination: 
›  Presentation of the project at the Wind Energy Science Conference, Cork, Ireland, 17/06/2019 - 

20/06/2019:
  • Guedes Soares C. Maintenance strategies for floating offshore wind turbines. 
  •  Couñagoa B. et al. TELWIND floating wind. A disrupting spar solution.
  •  Vittoria F. et al. Numerical models assessment for time domain simulation of the TELWIND 

floating wind turbine.
  • Morató Casademunt A. SATH, an innovative floating technology for 10+ offshore wind turbines.
  •  Souto-Iglesias A. Model scale analysis of the hydrodynamics of Centec’s ARCWIND project 

TLP offshore wind turbine floater.

Total project budget: c3 ,920K 
This project receives funding from the European Interreg Atlantic Area programme.

Partners: 

Associated partners:
- REN Rede Eléctrica Nacional SA, Portugal
- Enondas Energia das Ondas SA, Portugal
- EDA Renovaveis SA, Portugal
- Bluwind Power, Ireland
- Trelleborg Offshore, United Kingdom
- Effacer SA, Portugal
- EDP Inovaçao SA, Portugal

FRANCE
ENERGIES
MARINES

Technology |

Stages in the value chain |

This project is coordinated  
by Instituto Superior Técnico.
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ENERGIES
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Technology |

Stages in the value chain |
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by Instituto Superior Técnico.
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CARAVELE

Duration: 36 months  | Launched: 2017

Objective:  
›  To improve the characterisation of extreme winds by combining atmospheric models  

with satellite and in-situ observations.

Scientific and technical content:
›  Methodological developments to extrapolate satellite surface winds at nacelle height.
›  Use of observations performed using synthetic aperture radar (SAR) to record the high resolu-

tion spatial variability of wind fields and extreme winds, and coupling with wind forecast models.
›  Tests in a wave tank fitted with a wind generator to study air-sea interactions during extreme 

events.
›  Extraction of more accurate information from several atmospheric models combined  

with observations using optimised observation networks.

2019 achievements:
›   Tests in the University of Miami’s SUSTAIN wind and wave tank aimed at making observations to 

characterise sea surface states in extreme wind conditions, in order to improve algorithms that 
enable surface wind estimates to be derived from radar signatures received  
by SAR-equipped satellites.

›  Continuation of methodological work on optimising atmospheric condition measurement  
networks.

› Continuation of work on analogue prediction of unusual and extreme events.
›  Initial modelling of air-sea couplings in cyclonic conditions, focusing on the effects of breaking 

waves on the flows of movement and heat between the ocean and the atmosphere, which are 
key parameters of cyclone formation.

Dissemination:  
›   Presentations: 

•  Guimarães Veras P. (2019) Caracterização da superfície do mar em condições extremas de 
vento para aquisição de dados de satélite, Programa de pós-graduação en oceanografia  
de Universidade Federal de Santa Catarina, Florianópolis, Brazil, 01/11/2019.

  •  Platzer P. et al. (2019) Predicting Analog Forecasting Errors using Dynamical Systems.  
9th International Workshop on Climate Informatics, Paris, 02/10/2019 - 04/10/2019

  •   Callum T. et al. (2019) Tropical Cyclone Characteristics and Climate Change in the South 
West Indian Ocean. 18th Conference on Mesoscale Processes, Savannah, USA, 29/07/2019 - 
01/08/2019

Partners: 

This project is led by France Energies Marines and Ifremer.
 
Total project budget: c1,753K
This project receives funding from France Energies Marines and from its members 
and partners, as well as French State funding managed by the French National  
Research Agency under the Investments for the Future Programme.

FRANCE
ENERGIES
MARINES

Technologies |

Stages in the value chain |
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Total project budget: c1,753K
This project receives funding from France Energies Marines and from its members 
and partners, as well as French State funding managed by the French National  
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FRANCE
ENERGIES
MARINES

Technologies |

Stages in the value chain |



Duration: 9 months  | Launched: 2018 | Completed: 2019

Objective:  
›  To characterise coastal sea states and breaking waves using satellite observations.

Scientific and technical content:
›  Modelling of sea states in coastal and nearshore areas.
›  Development and implementation of innovative methods for extracting very local  

and quantitative parameters from high resolution satellite imagery.
›  Use of observation analysis to assess modelling results.

2019 achievements:
›  Demonstration of the contribution of satellite data to the characterisation of wave field spatial 

variability in coastal areas.

Dissemination: 
›  Publication: 

•  Varing, A. (2019) Wave characterization for coastal and nearshore marine renewable energy 
applications, focus on wave breaking and spatial (PhD thesis) Université de Bretagne  
Occidentale, Brest, France

Partners:  

This project is led by OceanDataLab.

Total project budget: c160K 
This project receives funding from the Morespace Booster.
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I  SAR amplitude map starting at 0 (left) and amplitude map derived from the BOSZ model from free surface elevation (right) on the control subdomains 
shown in grey scale at the top of the bathymetric map. 
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Duration: 36 months  | Launched: 2017

Objective:  
›  To improve the characterisation of extreme sea states with breaking waves by combining  

observations and modelling.

Scientific and technical content:
›  Use of deterministic simulations to determine the non-linear nature and precise kinetics  

of extreme sea states in the surf zone.
›  Implementation of a coupled ocean-atmosphere model to explore the role of interactions be-

tween wind and waves in storm and cyclone conditions.
›  In-situ measurements using an offshore lighthouse heavily exposed to storm waves and located 

on a bathymetric slope, allowing the structure to be used as a full-scale experimental device.

2019 achievements:
›   Scientific discussions with the University of Rhode Island concerning the use of the Fully  

Nonlinear Potential Flow-Boundary Element Method (FNPF-BEM) numerical model developed 
by Stephan Grilli which allows very precise simulation of breaking waves.

›   Definition of a new breaking parameter for waves in shallow water.
›    Demonstration of the limitations of spectral models in representing wave field variability  

in coastal and nearshore areas, as well as the potential of satellite data to provide information 
useful for validating numerical model output.

›    Second winter measurement campaign at La Jument lighthouse near Ushant Island, with 3D 
observations of giant breaking waves (up to 24.6 m high from crest to trough) and correlation  
to structural accelerations in a wave-to-wave pattern: a world first.

›     Continuation of work aimed at defining new laws for breaking wave statistics in intermediate 
and deep water, including the development of a new parameter set. 

Dissemination:
›    On 19th December, workshop on waves and sea states at the France Energies Marines  

premises in Plouzané.
›  Publications: 

•   Ayet A. et al. (2020) On the Impact of Long Wind-Waves on Near-Surface Turbulence  
and Momentum Fluxes. Boundary-Layer Meteorology, Vol 174, pp. 465–491

  •   Filipot J.-F. et al. (2019) La Jument lighthouse: a real-scale laboratory for the study of giant 
waves and their loading on marine structures. Philosophical Transactions of the Royal Society A, 
Vol 377, 2019008 

DIME   •   The WAVEWATCH III® Development Group. (2019) User manual and system documentation  
of WAVEWATCH III® version 6.07. Technical Note 333, NOAA/NWS/NCEP/MMAB, College Park, 
MD, USA, 326 p.

  •   Varing, A. (2019) Wave characterization for coastal and nearshore marine renewable energy 
applications, focus on wave breaking and spatial (PhD thesis) Université de Bretagne  
Occidentale, Brest, France

  •    Papoutsellis C.E. et al. (2019) Modelling of depth-induced wave breaking in a fully nonlinear 
free-surface potential flow model. Coastal Engineering, Vol 154, 103579

  •     Bruno S. et al. (2019) Comparing methods of modeling depth-induced breaking of irregular 
waves with a fully nonlinear potential flow approach. Journal of Ocean Engineering and Marine 
Energy, Vol 5, pp. 365–383

›  Presentations: 
•      Guimarães Veras P. (2019) The challenges on extreme waves modeling and observations.  

1st Latin America Physics of Estuaries and Coastal Oceans conference, Florianópolis, Brazil, 
18/11/2019 - 22/11/2019

  •       Guimarães Veras P. et al. (2019) Extreme Sea State Measurements by Stereo Video  
System. 29th International Ocean and Polar Engineering Conference, Honolulu, USA,  
16/06/2019 - 21/06/2019

  •       Varing A. & Filipot J.-F. (2019) Wave characterization of nearshore hydrodynamics  
with a deterministic model for MRE applications. Seanergy 2019, Dunkirk, France,  
05/06/2019 - 07/06/2019

Partners: 

This project is led by France Energies Marines. 
Total project budget: c1,664K
This project receives funding from France Energies Marines and from its members 
and partners, as well as French State funding managed by the French National 
Research Agency under the Investments for the Future Programme.  
Testing carried out at La Jument lighthouse receives funding from  
Crédit Agricole’s Filière Mer division.

FRANCE
ENERGIES
MARINES

Technologies |

Stages in the value chain |
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Duration: 36 months  | Launched: 2017

Objective:  
›  To improve the characterisation of extreme sea states with breaking waves by combining  

observations and modelling.
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›  Implementation of a coupled ocean-atmosphere model to explore the role of interactions be-
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on a bathymetric slope, allowing the structure to be used as a full-scale experimental device.
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in coastal and nearshore areas, as well as the potential of satellite data to provide information 
useful for validating numerical model output.
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observations of giant breaking waves (up to 24.6 m high from crest to trough) and correlation  
to structural accelerations in a wave-to-wave pattern: a world first.

›     Continuation of work aimed at defining new laws for breaking wave statistics in intermediate 
and deep water, including the development of a new parameter set. 

Dissemination:
›    On 19th December, workshop on waves and sea states at the France Energies Marines  

premises in Plouzané.
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  •   Filipot J.-F. et al. (2019) La Jument lighthouse: a real-scale laboratory for the study of giant 
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of WAVEWATCH III® version 6.07. Technical Note 333, NOAA/NWS/NCEP/MMAB, College Park, 
MD, USA, 326 p.

  •   Varing, A. (2019) Wave characterization for coastal and nearshore marine renewable energy 
applications, focus on wave breaking and spatial (PhD thesis) Université de Bretagne  
Occidentale, Brest, France

  •    Papoutsellis C.E. et al. (2019) Modelling of depth-induced wave breaking in a fully nonlinear 
free-surface potential flow model. Coastal Engineering, Vol 154, 103579

  •     Bruno S. et al. (2019) Comparing methods of modeling depth-induced breaking of irregular 
waves with a fully nonlinear potential flow approach. Journal of Ocean Engineering and Marine 
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›  Presentations: 
•      Guimarães Veras P. (2019) The challenges on extreme waves modeling and observations.  

1st Latin America Physics of Estuaries and Coastal Oceans conference, Florianópolis, Brazil, 
18/11/2019 - 22/11/2019
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  •       Varing A. & Filipot J.-F. (2019) Wave characterization of nearshore hydrodynamics  
with a deterministic model for MRE applications. Seanergy 2019, Dunkirk, France,  
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Partners: 

This project is led by France Energies Marines. 
Total project budget: c1,664K
This project receives funding from France Energies Marines and from its members 
and partners, as well as French State funding managed by the French National 
Research Agency under the Investments for the Future Programme.  
Testing carried out at La Jument lighthouse receives funding from  
Crédit Agricole’s Filière Mer division.

FRANCE
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I Installation of high-frequency radar to scan the Alderney Race from Goury

Duration: 36 months | Launched: 2016 | Completed: 2019

Objective:  
›  To determine the yield of different turbines at a tidal farm in the Alderney Race, taking  

into account local hydrodynamics and sea states.

Scientific and technical content:
›  In-situ and high-frequency radar observations to obtain a better understanding of wave-current 

interaction processes, and thus fine-tune the configuration of numerical models.
›  Construction of a numerical platform for the prediction of hydrodynamics in the Alderney Race.

2019 achievements:
›   Reinforced validation of different numerical models dedicated to tidal resources, and more  

generally to hydrodynamic conditions in the Alderney Race.
›  Improvement of high-resolution 3D simultaneous modelling of currents and waves in the area.
›   Integral modelling of a tidal turbine, through to power grid connection and energy yield  

estimation.

Dissemination:  
›  Publication: 

•  Thiébaut M. et al. (2019) Merging velocity measurements and modeling to improve  
understanding of tidal stream resource in Alderney Race. Energy, Vol 178, pp.460-470

Partners: 

This project is led by France Energies Marines and the University of Caen Normandy.

Total project budget: c1,753K 
This project receives funding from France Energies Marines and its members  
and partners, as well as French State funding managed by the French  
National Research Agency under the Investments for the Future Programme.

HYD2M

FRANCE
ENERGIES
MARINES

Technology |

Stages in the value chain |
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Duration: 36 months | Launched: 2016 | Completed: 2019

Objective:  
›  To improve hydro-sedimentary modelling through measurement campaigns.

Scientific and technical content:
›  Development of measurement systems for hydro-sedimentary processes followed by deployment 

at tidal sites.
›  Processing and analysis of field data.
›  Regional hydro-sedimentary modelling of the Alderney Race.

2019 achievements:
›  Measurement of sediment transport based on data provided by in-situ deployment  

of measurement and photographic equipment at the project’s outset.
›  Use of data collected from pebbles equipped with instruments to monitor their progress  

through the water column.
›   Finalisation of physical modelling experiments in the laboratory with a system recreating  

a current stream.
›   Finalisation of work on the numerical simulation of pebble mobilisation and saltation processes.

Dissemination: 
›  Publication: 

•   Minster G. (2019) Modélisation du processus de saltation en milieu extrême :  
Application au raz Blanchard (PhD thesis) Université de Bretagne Occidentale, Brest, France

Partners: 

This project is led by France Energies Marines and SHOM  

Total project budget: c1,313 K
This project receives funding from France Energies Marines and from its members and 
partners, as well as French State funding managed by the French National Research 
Agency under the Investments for the Future Programme.
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Duration: 36 months | Launched: 2016 | Completed: 2019

Objective:  
›  To improve hydro-sedimentary modelling through measurement campaigns.

Scientific and technical content:
›  Development of measurement systems for hydro-sedimentary processes followed by deployment 

at tidal sites.
›  Processing and analysis of field data.
›  Regional hydro-sedimentary modelling of the Alderney Race.

2019 achievements:
›  Measurement of sediment transport based on data provided by in-situ deployment  

of measurement and photographic equipment at the project’s outset.
›  Use of data collected from pebbles equipped with instruments to monitor their progress  

through the water column.
›   Finalisation of physical modelling experiments in the laboratory with a system recreating  

a current stream.
›   Finalisation of work on the numerical simulation of pebble mobilisation and saltation processes.

Dissemination: 
›  Publication: 

•   Minster G. (2019) Modélisation du processus de saltation en milieu extrême :  
Application au raz Blanchard (PhD thesis) Université de Bretagne Occidentale, Brest, France

Partners: 

This project is led by France Energies Marines and SHOM  

Total project budget: c1,313 K
This project receives funding from France Energies Marines and from its members and 
partners, as well as French State funding managed by the French National Research 
Agency under the Investments for the Future Programme.
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I Recovery of instrumented cages deployed in the Alderney Race

Duration: 36 months  | Launched: 2016 | Completed: 2019

Objective:  
›  To combine measurements and numerical development to obtain high resolution information  

on the turbulent flow of tidal sites.

Scientific and technical content:
›  In-situ measurements of currents flowing over rocky seabeds with complex bathymetry  

and generating intense turbulent movements.
›  Tank tests.
›  Development of numerical codes.

2019 achievements:
›   Validation of two models of turbulence in the Alderney Race, one on a local scale using an LBM 

code, and the other at a regional scale using TELEMAC.
›   Analysis of turbulence creation around obstacles based on 2018 test canal experiments, and 

development of a database for the validation of numerical results.
›   Compilation of velocity data (in-situ and laboratory observations and numerical results) and use 

of said data in industrial studies for turbine load and yield calculations.

Dissemination: 
›  Publications: 

•   Thiébaut M. et al. (2020) A comprehensive assessment of turbulence at a tidal-stream  
energy site influenced by wind-generated ocean waves. Energy, Vol 191, 116550 

  •    Thiébaut M. et al. (2019) Merging velocity measurements and modeling to improve  
understanding of tidal stream resource in Alderney Race. Energy, Vol 17 pp. 460-470

  •     Mercier P. (2019) Modélisation de la turbulence engendrée par la morphologie du fond  
dans le Raz Blanchard : approche locale avec la LBM-LES (PhD thesis) Normandie Université, 
Saint-Etienne-du-Rouvray, France

  •      Bourgoin A. (2019) Modélisation de la turbulence engendrée par la morphologie dans le Raz 
Blanchard : approche régionale avec TELEMAC-LES (PhD thesis) Normandie Université, 
Saint-Etienne-du-Rouvray, France

THYMOTE Partners:

This project is led by France Energies Marines and the University of Caen Normandy.

Total project budget: c1,382K 
This project receives funding from France Energies Marines and its members  
and partners, as well as French State funding managed by the French National Research 
Agency under the Investments for the Future Programme.
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I Recovery of instrumented cages deployed in the Alderney Race

Duration: 36 months  | Launched: 2016 | Completed: 2019

Objective:  
›  To combine measurements and numerical development to obtain high resolution information  

on the turbulent flow of tidal sites.

Scientific and technical content:
›  In-situ measurements of currents flowing over rocky seabeds with complex bathymetry  

and generating intense turbulent movements.
›  Tank tests.
›  Development of numerical codes.

2019 achievements:
›   Validation of two models of turbulence in the Alderney Race, one on a local scale using an LBM 

code, and the other at a regional scale using TELEMAC.
›   Analysis of turbulence creation around obstacles based on 2018 test canal experiments, and 

development of a database for the validation of numerical results.
›   Compilation of velocity data (in-situ and laboratory observations and numerical results) and use 

of said data in industrial studies for turbine load and yield calculations.

Dissemination: 
›  Publications: 

•   Thiébaut M. et al. (2020) A comprehensive assessment of turbulence at a tidal-stream  
energy site influenced by wind-generated ocean waves. Energy, Vol 191, 116550 

  •    Thiébaut M. et al. (2019) Merging velocity measurements and modeling to improve  
understanding of tidal stream resource in Alderney Race. Energy, Vol 17 pp. 460-470

  •     Mercier P. (2019) Modélisation de la turbulence engendrée par la morphologie du fond  
dans le Raz Blanchard : approche locale avec la LBM-LES (PhD thesis) Normandie Université, 
Saint-Etienne-du-Rouvray, France

  •      Bourgoin A. (2019) Modélisation de la turbulence engendrée par la morphologie dans le Raz 
Blanchard : approche régionale avec TELEMAC-LES (PhD thesis) Normandie Université, 
Saint-Etienne-du-Rouvray, France

THYMOTE Partners:

This project is led by France Energies Marines and the University of Caen Normandy.

Total project budget: c1,382K 
This project receives funding from France Energies Marines and its members  
and partners, as well as French State funding managed by the French National Research 
Agency under the Investments for the Future Programme.
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Duration: 36 months  | Launched: 2019

Objectives: 
›  To understand the sediment and ecosystem dynamics of underwater dunes off the coast  

of Dunkirk.
›   To offer ORE-sector technology developers and industrial firms knowledge and complementary 

approaches for working in environments with hydraulic dunes.

Scientific and technical content: 
› Mapping of the dunes of French mainland coasts. 
›  Acquisition of high-resolution spatio-temporal data on Dunkirk dune dynamics.
› Understanding the short-term evolution of these underwater dunes. 
› In-situ characterisation of the structure of dune ecosystems. 
›  Characterisation of ecosystem function by studying food webs through isotopic analyses.

2019 achievements:
›  Organisation of 3 autumn campaigns at the site of the future Dunkirk offshore wind farm to col-

lect bathymetric data and samples of fish, plankton and benthic organisms.

Dissemination:  
›  On 15th October, a public information session at the Université du Littoral Côte d’Opale in 

Dunkirk to present the project to local and ORE-sector stakeholders.
›  Presentation: 

•  Robert A. et al. (2019) Structure & fonctionnement des communautés macrobenthiques  
dans un environnement mobile. Cas des dunes hydrauliques du futur parc éolien  
de Dunkerque. Journées scientifiques Manche Mer du Nord, Le Havre, France,  
19/11/2019 - 21/11/2019.

Partners:

This project is led by France Energies Marines and SHOM 

Total project budget: c1,280K 
This project receives funding from France Energies Marines and its members  
and partners, as well as French State funding managed by the French National  
Research Agency under the Investments for the Future Programme. 
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Duration: 36 months  | Launched: 2019

Objectives: 
›  To understand the sediment and ecosystem dynamics of underwater dunes off the coast  

of Dunkirk.
›   To offer ORE-sector technology developers and industrial firms knowledge and complementary 

approaches for working in environments with hydraulic dunes.

Scientific and technical content: 
› Mapping of the dunes of French mainland coasts. 
›  Acquisition of high-resolution spatio-temporal data on Dunkirk dune dynamics.
› Understanding the short-term evolution of these underwater dunes. 
› In-situ characterisation of the structure of dune ecosystems. 
›  Characterisation of ecosystem function by studying food webs through isotopic analyses.

2019 achievements:
›  Organisation of 3 autumn campaigns at the site of the future Dunkirk offshore wind farm to col-

lect bathymetric data and samples of fish, plankton and benthic organisms.

Dissemination:  
›  On 15th October, a public information session at the Université du Littoral Côte d’Opale in 

Dunkirk to present the project to local and ORE-sector stakeholders.
›  Presentation: 

•  Robert A. et al. (2019) Structure & fonctionnement des communautés macrobenthiques  
dans un environnement mobile. Cas des dunes hydrauliques du futur parc éolien  
de Dunkerque. Journées scientifiques Manche Mer du Nord, Le Havre, France,  
19/11/2019 - 21/11/2019.

Partners:

This project is led by France Energies Marines and SHOM 

Total project budget: c1,280K 
This project receives funding from France Energies Marines and its members  
and partners, as well as French State funding managed by the French National  
Research Agency under the Investments for the Future Programme. 
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Duration: 36 months | Launched: 2018

Objective:  
›  To develop a new soil characterisation methodology based on a combination of geophysical and 

geotechnical data in order to make recommendations for use in the offshore wind sector.

Scientific and technical content:
›  Development of new methodologies for processing existing geophysical data.
›  Implementation of geophysical multitrace seismic and electromagnetic measurements.
›  Development of an effective methodology for optimising geophysical and geotechnical surveys.
›  Drafting of recommendations relating to the integration of geophysical data into site  

characterisation for project engineering purposes.

2019 achievements:
›   Deployment of a methodology using combined multitrace and electromagnetic seismic  

measurement data.
›   In August, a geophysical data collection campaign at sea on the site of the future Courseulles-

sur-Mer offshore wind farm.
›    Application of pre-developed methodology to the data collected during the campaign,  

improving resistivity profiles (from electromagnetic measurements) and velocity profiles (from 
seismic measurements) in order to compare them with geotechnical data from the same area.

Partners: 

This project is led by France Energies Marines and the University of Western Brittany. 
 
Total project budget: c775K 
This project receives funding from France Energies Marines and its members and 
partners, as well as French State funding managed by the French National Research 
Agency under the Investments for the Future Programme.
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I Preparations for the sea campaign on the site of the future Courseulles-sur-Mer offshore wind farm
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Duration: 36 months | Launched: 2018

Objective:  
›  To develop a new soil characterisation methodology based on a combination of geophysical and 

geotechnical data in order to make recommendations for use in the offshore wind sector.

Scientific and technical content:
›  Development of new methodologies for processing existing geophysical data.
›  Implementation of geophysical multitrace seismic and electromagnetic measurements.
›  Development of an effective methodology for optimising geophysical and geotechnical surveys.
›  Drafting of recommendations relating to the integration of geophysical data into site  

characterisation for project engineering purposes.

2019 achievements:
›   Deployment of a methodology using combined multitrace and electromagnetic seismic  

measurement data.
›   In August, a geophysical data collection campaign at sea on the site of the future Courseulles-

sur-Mer offshore wind farm.
›    Application of pre-developed methodology to the data collected during the campaign,  

improving resistivity profiles (from electromagnetic measurements) and velocity profiles (from 
seismic measurements) in order to compare them with geotechnical data from the same area.

Partners: 

This project is led by France Energies Marines and the University of Western Brittany. 
 
Total project budget: c775K 
This project receives funding from France Energies Marines and its members and 
partners, as well as French State funding managed by the French National Research 
Agency under the Investments for the Future Programme.

GEOSISMEM

FRANCE
ENERGIES
MARINES

©
 F

EM

I Preparations for the sea campaign on the site of the future Courseulles-sur-Mer offshore wind farm

Technology |

Stage in the value chain |



4 - 2019 Annual Report  I France Energies Marines 37

The main challenges of this programme relate to the optimisation of overall performance  
of systems, but also improving their reliability, competitiveness, as well as the adaptation  
of design standards. The primary objective is to provide industry stakeholders with the means of 
optimising ORE technologies to gain a better market position.

3.2. Design and monitoring of systems

The optimisation of the design and functio- 
ning of ORE systems is dependent on having a 
broad understanding of the interaction between 
the environment and system components or 
structures. The first challenge is therefore to 
develop methodologies and tools—both nume-
rical and experimental—that can simulate the 
behaviour of these systems in wind, waves and 
currents. The second challenge is to integrate 
these methods and innovations into marine en-
vironments and offshore practices in order to 
achieve realistic and robust solutions.

Two evolutionary phenomena must be  
considered: biofouling, in particular for cables 
and mooring lines, and material ageing, in or-

der to predict their lifespan thanks to in-service 
monitoring. An ongoing monitoring strategy is 
required to supervise the farm and optimise the 
maintenance process, two actions with a high 
potential to reduce costs, in particular for com-
ponents subject to considerable constraints, 
which is the case of cables and mooring lines.

The majority of the projects in this programme 
are therefore designed to provide information 
that can move forward current standards and 
be used to draft recommendations. The aim is 
to define a clear framework for design in order 
to optimise the solutions developed and ensure 
their integrity while mitigating risks.
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Objective:  
›   To precisely characterise the dynamic, long term behaviour of nylon mooring lines.

Scientific and technical content:
›   Determination of dominant factors leading to mooring line end-of-life and definition  

of an optimised line design.
›  Experimental campaigns to study the line’s fatigue behaviour and creep response.
›  Establishment of an experimental method to rapidly characterise the fatigue lifespan  

of polyamide lines.
›  Determination of the fatigue criterion and construction of the behaviour law for mooring lines.

2019 achievements:
›  Completion of fatigue tests on nylon mooring lines which confirmed that the lifespan  

of this material is far greater than indicated in current standards.  
Demonstration of the very strong influence of the strands’ polymer coating, designed to protect 
the strands against friction, the main cause of line failure.  
Confirmation of the effect of immersion on nylon lines, causing their resistance to be lower than 
when exposed to air.

›  Validation of the heat build-up method for more rapid prediction of the lifespan of woven nylon 
lines, then calibration of thermal energy dissipation parameters. Lifespan predictions closely 
approximate test results and are therefore possibly applicable to the lifespan of commercial 
farms (25 years).

›  Finalisation of the first visco-elasto-plastic law which accurately reproduces the behaviour  
of nylon in numerous other tests without calibration.

›   Performance of creep tests showing that stretching in nylon obeys a completely asymptotic law, 
that after 6 months, progress has not levelled off, and that complete relaxation necessitates  
recovering almost the entire lengthened portion. After this operation, tension must be main-
tained as it was at the time of installation.

Dissemination: 
›  Publication: 

•  Chevillote Y. et al. (2019) Fatigue of improved polyamide mooring ropes for floating wind  
turbines. Coastal Engineering, Vol 199, 107011

›  Presentation:
  •  Chevillote Y. et al. (2019) Characterization of the long-term mechanical behavior  

and the durability of polyamide mooring ropes for floating wind turbines. Seanergy 607,  
Brest, France, 28/08/2019 - 29/08/2019

POLYAMOOR Partners: 

This project is led by France Energies Marines and Naval Energies. 
 
Total project budget: c825K 
This project receives funding from France Energies Marines and its members  
and partners, as well as French State funding managed by the French National 
Research Agency under the Investments for the Future Programme.

FRANCE
ENERGIES
MARINES

Technologies |

Stages in the value chain |
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Objective:  
›   To precisely characterise the dynamic, long term behaviour of nylon mooring lines.

Scientific and technical content:
›   Determination of dominant factors leading to mooring line end-of-life and definition  

of an optimised line design.
›  Experimental campaigns to study the line’s fatigue behaviour and creep response.
›  Establishment of an experimental method to rapidly characterise the fatigue lifespan  

of polyamide lines.
›  Determination of the fatigue criterion and construction of the behaviour law for mooring lines.

2019 achievements:
›  Completion of fatigue tests on nylon mooring lines which confirmed that the lifespan  

of this material is far greater than indicated in current standards.  
Demonstration of the very strong influence of the strands’ polymer coating, designed to protect 
the strands against friction, the main cause of line failure.  
Confirmation of the effect of immersion on nylon lines, causing their resistance to be lower than 
when exposed to air.

›  Validation of the heat build-up method for more rapid prediction of the lifespan of woven nylon 
lines, then calibration of thermal energy dissipation parameters. Lifespan predictions closely 
approximate test results and are therefore possibly applicable to the lifespan of commercial 
farms (25 years).

›  Finalisation of the first visco-elasto-plastic law which accurately reproduces the behaviour  
of nylon in numerous other tests without calibration.

›   Performance of creep tests showing that stretching in nylon obeys a completely asymptotic law, 
that after 6 months, progress has not levelled off, and that complete relaxation necessitates  
recovering almost the entire lengthened portion. After this operation, tension must be main-
tained as it was at the time of installation.

Dissemination: 
›  Publication: 

•  Chevillote Y. et al. (2019) Fatigue of improved polyamide mooring ropes for floating wind  
turbines. Coastal Engineering, Vol 199, 107011

›  Presentation:
  •  Chevillote Y. et al. (2019) Characterization of the long-term mechanical behavior  

and the durability of polyamide mooring ropes for floating wind turbines. Seanergy 607,  
Brest, France, 28/08/2019 - 29/08/2019

POLYAMOOR Partners: 

This project is led by France Energies Marines and Naval Energies. 
 
Total project budget: c825K 
This project receives funding from France Energies Marines and its members  
and partners, as well as French State funding managed by the French National 
Research Agency under the Investments for the Future Programme.
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Objective:  
› To define an in-service mooring system monitoring methodology.

Scientific and technical content:
›  Development of an in-service monitoring methodology from accessible measurements  

and numerical tools.
›  Deployment of the methodology in real conditions at reduced scale.
›  Testing of the methodology at full scale through simulations.
›  Drafting of feedback on the application of the methodology in real conditions and of deployment 

recommendations for pilot farms.

2019 achievements:
›  Implementation of a numerical model based on the generic floater of the floating 10MW wind 

turbine described in the LIFES50+ project and on a catenary mooring solution developed  
for conditions at the Groix & Belle-Île site.

›  Based on the numerical model, identification of parameters affecting causes of failure  
or damage to mooring line materials.

›  A complete review of the different causes of failure, and of existing sensor technologies,  
then integration of results into the methodology in order to reach a feasible solution and define 
optimal frequency for in-situ monitoring (installation, specific sea states enabling decorrelation 
of significant parameters, etc).

›  Completion of work on modelling nonlinear axial rigidity in nylon mooring lines and of frequency 
domain studies enabling dynamic testing in a reliable context.

›  Recovery of monitoring data from a permanent nylon mooring line on a weather buoy  
at the SEM-REV test site for application of the methodology to measurements taken at sea.

Dissemination:  
›  Publications: 

•  Pham H.D. et al. (2019) Methodology for modeling and service life monitoring of mooring lines 
of floating wind turbines. Coastal Engineering, Vol 193, 106603 

  •  Pham H.D. et al. (2019) Dynamic modeling of nylon mooring lines for a floating wind turbine, 
Applied Ocean Research, Vol 87, pp. 1-8

  •  Pham H.D. (2019) Modeling and Service Life Monitoring of Mooring Lines of Floating Wind  
Turbines (PhD thesis) Centrale Nantes, France

MHM-EMR ›  Presentations: 
•   Pham H.D. (2019) Methodology for modeling and service life monitoring of mooring lines of 

floating wind turbines - HeaMES 2019- 2nd International Conference on Health Monitoring of Civil  
& Maritime Structures, Glasgow, United Kingdom, 23/05/2019 - 24/05/2019

  •   Pham H.D. (2019) Modeling and service life monitoring of mooring lines for floating wind  
turbines, FAID 2019 - French American Innovation Day, Boston, USA, 18/03/2019 - 19/03/2019

  •   Pham H.D. (2019) Mooring lines for Floating Wind Turbines, modeling and monitoring issues. 
Blueday - Les ancrages pour les EMR, Bouguenais, France, 13/03/2019

Partners: 

This project is led by France Energies Marines and Centrale Nantes. 
 
Total project budget: c588K 
This project receives funding from France Energies Marines and its members  
and partners, as well as French State funding managed by the French National Research  
Agency under the Investments for the Future Programme.
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Objective:  
› To define an in-service mooring system monitoring methodology.

Scientific and technical content:
›  Development of an in-service monitoring methodology from accessible measurements  

and numerical tools.
›  Deployment of the methodology in real conditions at reduced scale.
›  Testing of the methodology at full scale through simulations.
›  Drafting of feedback on the application of the methodology in real conditions and of deployment 

recommendations for pilot farms.

2019 achievements:
›  Implementation of a numerical model based on the generic floater of the floating 10MW wind 

turbine described in the LIFES50+ project and on a catenary mooring solution developed  
for conditions at the Groix & Belle-Île site.

›  Based on the numerical model, identification of parameters affecting causes of failure  
or damage to mooring line materials.

›  A complete review of the different causes of failure, and of existing sensor technologies,  
then integration of results into the methodology in order to reach a feasible solution and define 
optimal frequency for in-situ monitoring (installation, specific sea states enabling decorrelation 
of significant parameters, etc).

›  Completion of work on modelling nonlinear axial rigidity in nylon mooring lines and of frequency 
domain studies enabling dynamic testing in a reliable context.

›  Recovery of monitoring data from a permanent nylon mooring line on a weather buoy  
at the SEM-REV test site for application of the methodology to measurements taken at sea.

Dissemination:  
›  Publications: 

•  Pham H.D. et al. (2019) Methodology for modeling and service life monitoring of mooring lines 
of floating wind turbines. Coastal Engineering, Vol 193, 106603 

  •  Pham H.D. et al. (2019) Dynamic modeling of nylon mooring lines for a floating wind turbine, 
Applied Ocean Research, Vol 87, pp. 1-8

  •  Pham H.D. (2019) Modeling and Service Life Monitoring of Mooring Lines of Floating Wind  
Turbines (PhD thesis) Centrale Nantes, France

MHM-EMR ›  Presentations: 
•   Pham H.D. (2019) Methodology for modeling and service life monitoring of mooring lines of 

floating wind turbines - HeaMES 2019- 2nd International Conference on Health Monitoring of Civil  
& Maritime Structures, Glasgow, United Kingdom, 23/05/2019 - 24/05/2019

  •   Pham H.D. (2019) Modeling and service life monitoring of mooring lines for floating wind  
turbines, FAID 2019 - French American Innovation Day, Boston, USA, 18/03/2019 - 19/03/2019

  •   Pham H.D. (2019) Mooring lines for Floating Wind Turbines, modeling and monitoring issues. 
Blueday - Les ancrages pour les EMR, Bouguenais, France, 13/03/2019

Partners: 

This project is led by France Energies Marines and Centrale Nantes. 
 
Total project budget: c588K 
This project receives funding from France Energies Marines and its members  
and partners, as well as French State funding managed by the French National Research  
Agency under the Investments for the Future Programme.
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Dissemination:  
›  Presentations: 

•  Maison A. et al. (2019) An Experimental and Modelling Approach for Assessing Dynamic Cable 
Capability to Withstand Operational Constraints. JICABLE’19 - 10th International Conference  
on Power Insulated Cables, Versailles, France, 23/06/2019 - 27/06/2019.

  •  Maison A. et al. (2019) Towards a better understanding of dynamic cable ageing mechanisms: 
OMDYN2 project. Seanergy 2019, Dunkirk, France, 05/06/2019 - 07/06/2019

Partners: 

This project is led by France Energies Marines and Centrale Nantes. 
 
Total project budget: c2,143K 
This project receives funding from France Energies Marines and its members and 
partners, as well as French State funding managed by the French National Research 
Agency under the Investments for the Future Programme.
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Objective:  
›  To experimentally characterise and model the constraints on dynamic cables and propose  

an in-service fatigue monitoring methodology.

Scientific and technical content:
›  Implementation of a test bench to characterise the behavioural laws of a dynamic cable  

and to validate the lifespan modelling of its components.
›  Conducting of large-scale tank tests to confirm the hydrodynamic constraints to be considered  

in global simulation models.
›  Use of these models to obtain the sensitivity of lifespan to the cable’s hydromechanical  

parameters.
›  Testing of marine observation and measurement systems to periodically calibrate numerical 

models.

2019 achievements:
›   Implementation of an automatic tool to generate a numerical model of a dynamic cable  

section, enabling improved specification of the load conditions to be applied on the test bench 
and confirmation of the importance of taking inter-layer frictions into account in the overall 
mechanical behaviour.

›  Mechanical and electrical characterisation tests on undamaged materials. Demonstration  
of a 50% reduction in the cable’s flexural rigidity when conducting an electrical current  
at its maximum capacity. Demonstration of the impact of storage conditions on flexion  
rigidity depending on the loading scenario. 

›  Finalisation of the experiment design, defining separate and combined coupling levels,  
monitoring procedures and methods, and post-mortem studies which will allow a truly  
comparative analysis, barring material failure.

›  First innovative series of tank tests to characterise the impact of biofouling on the cable’s 
hydrodynamic behaviour, in close collaboration with the players involved in and lessons learnt 
from the ABIOP project. Comparison of hydrodynamic constraints on a full-scale cable section  
with and without biofouling, represented by a homogeneous covering of constant diameter 
along the length of the tube, punctuated by mussel-shaped protuberances distributed  
in a realistic manner based on observations made at sea during the ABIOP+ project.

OMDYN2
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EMI  Mechanical and electrical characterisation of the undamaged cable (main image). Tank tests to assess the impact of biofouling on cable hydrodynamic 
behaviour (inset).
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Dissemination:  
›  Presentations: 

•  Maison A. et al. (2019) An Experimental and Modelling Approach for Assessing Dynamic Cable 
Capability to Withstand Operational Constraints. JICABLE’19 - 10th International Conference  
on Power Insulated Cables, Versailles, France, 23/06/2019 - 27/06/2019.

  •  Maison A. et al. (2019) Towards a better understanding of dynamic cable ageing mechanisms: 
OMDYN2 project. Seanergy 2019, Dunkirk, France, 05/06/2019 - 07/06/2019

Partners: 

This project is led by France Energies Marines and Centrale Nantes. 
 
Total project budget: c2,143K 
This project receives funding from France Energies Marines and its members and 
partners, as well as French State funding managed by the French National Research 
Agency under the Investments for the Future Programme.
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Objective:  
›  To experimentally characterise and model the constraints on dynamic cables and propose  

an in-service fatigue monitoring methodology.

Scientific and technical content:
›  Implementation of a test bench to characterise the behavioural laws of a dynamic cable  

and to validate the lifespan modelling of its components.
›  Conducting of large-scale tank tests to confirm the hydrodynamic constraints to be considered  

in global simulation models.
›  Use of these models to obtain the sensitivity of lifespan to the cable’s hydromechanical  

parameters.
›  Testing of marine observation and measurement systems to periodically calibrate numerical 

models.

2019 achievements:
›   Implementation of an automatic tool to generate a numerical model of a dynamic cable  

section, enabling improved specification of the load conditions to be applied on the test bench 
and confirmation of the importance of taking inter-layer frictions into account in the overall 
mechanical behaviour.

›  Mechanical and electrical characterisation tests on undamaged materials. Demonstration  
of a 50% reduction in the cable’s flexural rigidity when conducting an electrical current  
at its maximum capacity. Demonstration of the impact of storage conditions on flexion  
rigidity depending on the loading scenario. 

›  Finalisation of the experiment design, defining separate and combined coupling levels,  
monitoring procedures and methods, and post-mortem studies which will allow a truly  
comparative analysis, barring material failure.

›  First innovative series of tank tests to characterise the impact of biofouling on the cable’s 
hydrodynamic behaviour, in close collaboration with the players involved in and lessons learnt 
from the ABIOP project. Comparison of hydrodynamic constraints on a full-scale cable section  
with and without biofouling, represented by a homogeneous covering of constant diameter 
along the length of the tube, punctuated by mussel-shaped protuberances distributed  
in a realistic manner based on observations made at sea during the ABIOP+ project.

OMDYN2
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EMI  Mechanical and electrical characterisation of the undamaged cable (main image). Tank tests to assess the impact of biofouling on cable hydrodynamic 
behaviour (inset).
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Objective:  
›  To gain a full understanding of the behaviour over time of glued multi-material structures  

in a saturated environment.

Scientific and technical content:
›  Development and demonstration of instrumentation inside the glue seal and at the glue/sub-

strate interface.
›  Proposal of analytical models to optimise glued multi-material structures in the marine  

environment meeting standard requirements.
›  Updating and development of design and maintenance rules for the design of glued tidal turbine 

blade structures.

2019 achievements:
›   End of 16-month hydric ageing of glued multi-material structures, the last stage of a kinetic 

study of water uptake.
›   Experiments on monitoring these assemblies glue/structure interface through integrating  

fibre-optic sensors without altering the properties of the join.
›   Demonstration of mechanical property gradients and water diffusion between the middle  

and the interface of the glue seal.

Dissemination:  
›  In December, a training session to communicate project findings to the sector and to initiate 

Naval Group personnel in the use of the analytic glued joint design tool developed by the project. 
›  Publications: 

•  Grangeat R. et al. (2020) Measurement of the local water content of an epoxy adhesive  
by fiber optic sensor based on Fresnel reflection. Mechanical Systems and Signal Processing,  
Vol 141, 106439

  •  Grangeat R. et al. (2019) Revealing of interphases in bonded joints with a fiber optic sensor 
based on Fresnel reflection. International Journal of Adhesion and Adhesives, Vol 91, pp. 12-18

  •  Grangeat R. (2019) Durabilité des assemblages collés en environnement humide -  
Instrumentation par capteurs à fibre optique (PhD thesis) University of Nantes, France

›  Presentations:  
•  Grangeat R. et al. (2019) Détermination de la teneur en eau locale par mesure de l’indice  

de réfraction d’un matériau polymère avec un capteur de Fresnel, JNC 21 -  
Journées Nationales sur les Composites, Bordeaux, France, 01/07/2019 - 03/07/2019

INDUSCOL •  Grangeat R. et al. (2019) Water diffusion characterization in the bonded joint interphase  
by fiber optic sensor based on Fresnel reflection, EUROMECH 607, Brest, France, 28/08/2019  
- 29/08/2019

•  Leplat J. et al. (2019) Influence de la tenue des interfaces colle/substrat sur les propriétés  
de rupture d’assemblages collés immergés, 24ème Congrès français de Mécanique, Brest, France, 
26/08/2019 - 30/08/2019

•  Leplat J. (2019) On the interfacial crack propagation in adhesive bonding. ICCM22 - 22nd Interna-
tional Conference on Composite Materials, Melbourne, Australia, 11/08/2019 - 16/08/2019

Partners: 

This project is led by France Energies Marines and ENSTA Bretagne.

Total project budget: c910K 
This project receives funding from France Energies Marines and its members  
and partners, as well as French State funding managed by the French National Research  
Agency under the Investments for the Future Programme.
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Objective:  
›  To gain a full understanding of the behaviour over time of glued multi-material structures  

in a saturated environment.

Scientific and technical content:
›  Development and demonstration of instrumentation inside the glue seal and at the glue/sub-

strate interface.
›  Proposal of analytical models to optimise glued multi-material structures in the marine  

environment meeting standard requirements.
›  Updating and development of design and maintenance rules for the design of glued tidal turbine 

blade structures.

2019 achievements:
›   End of 16-month hydric ageing of glued multi-material structures, the last stage of a kinetic 

study of water uptake.
›   Experiments on monitoring these assemblies glue/structure interface through integrating  

fibre-optic sensors without altering the properties of the join.
›   Demonstration of mechanical property gradients and water diffusion between the middle  

and the interface of the glue seal.

Dissemination:  
›  In December, a training session to communicate project findings to the sector and to initiate 

Naval Group personnel in the use of the analytic glued joint design tool developed by the project. 
›  Publications: 

•  Grangeat R. et al. (2020) Measurement of the local water content of an epoxy adhesive  
by fiber optic sensor based on Fresnel reflection. Mechanical Systems and Signal Processing,  
Vol 141, 106439

  •  Grangeat R. et al. (2019) Revealing of interphases in bonded joints with a fiber optic sensor 
based on Fresnel reflection. International Journal of Adhesion and Adhesives, Vol 91, pp. 12-18

  •  Grangeat R. (2019) Durabilité des assemblages collés en environnement humide -  
Instrumentation par capteurs à fibre optique (PhD thesis) University of Nantes, France

›  Presentations:  
•  Grangeat R. et al. (2019) Détermination de la teneur en eau locale par mesure de l’indice  

de réfraction d’un matériau polymère avec un capteur de Fresnel, JNC 21 -  
Journées Nationales sur les Composites, Bordeaux, France, 01/07/2019 - 03/07/2019

INDUSCOL •  Grangeat R. et al. (2019) Water diffusion characterization in the bonded joint interphase  
by fiber optic sensor based on Fresnel reflection, EUROMECH 607, Brest, France, 28/08/2019  
- 29/08/2019

•  Leplat J. et al. (2019) Influence de la tenue des interfaces colle/substrat sur les propriétés  
de rupture d’assemblages collés immergés, 24ème Congrès français de Mécanique, Brest, France, 
26/08/2019 - 30/08/2019

•  Leplat J. (2019) On the interfacial crack propagation in adhesive bonding. ICCM22 - 22nd Interna-
tional Conference on Composite Materials, Melbourne, Australia, 11/08/2019 - 16/08/2019

Partners: 

This project is led by France Energies Marines and ENSTA Bretagne.

Total project budget: c910K 
This project receives funding from France Energies Marines and its members  
and partners, as well as French State funding managed by the French National Research  
Agency under the Investments for the Future Programme.
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Objective:  
›  To improve the identification of complex fluid loads in an open tidal environment (waves  

and current) in order to improve performance prediction and fatigue design of mobile  
components.

Scientific and technical content:
›  Description of flow dynamics at the Alderney Race high-potential tidal energy site.
›  Proposal of formulations to take into account fluctuating hydrodynamic loads used  

in fatigue calculations.
›  Improvement of numerical models to accurately simulate complex flows.
›  Proposal of recommendations in relation to the specifications for tank tests.

2019 achievements: 
›  Comparison and error estimate of the two methods used to separate the effects of waves  

and current from coupled ADCP measurements. Completion of stress tensor construction.
›  Characterisation of turbulence parameters (intensity, integral length, stress tensor, dissipation, 

etc.) and determination of their gradient in the water column in order to identify the ideal depth 
of operation.

›  Three-dimensional analysis of turbulence parameters to determine the necessity of accounting 
for cyclic loadings in estimations of turbine performance and multi-axial fatigue.

Dissemination: 
›  Publications:
•  Thiébaut M. et al. (2020) Assessing the turbulent kinetic energy budget in an energetic tidal flow 

from measurements of coupled ADCPs. Philosophical Transaction of the Royal Society A, in press
•  Thiébaut M. et al. (2020) Characterization of the vertical evolution of the 3D turbulence  

for fatigue design of tidal turbines. Philosophical Transaction of the Royal Society A, in press

Partners: 

This project is led by France Energies Marines.

Total project budget:  c76K 
This project receives funding from the Region of Brittany. 

MUSCATTS

FRANCE
ENERGIES
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Objective:  
›  To improve the identification of complex fluid loads in an open tidal environment (waves  

and current) in order to improve performance prediction and fatigue design of mobile  
components.

Scientific and technical content:
›  Description of flow dynamics at the Alderney Race high-potential tidal energy site.
›  Proposal of formulations to take into account fluctuating hydrodynamic loads used  

in fatigue calculations.
›  Improvement of numerical models to accurately simulate complex flows.
›  Proposal of recommendations in relation to the specifications for tank tests.

2019 achievements: 
›  Comparison and error estimate of the two methods used to separate the effects of waves  

and current from coupled ADCP measurements. Completion of stress tensor construction.
›  Characterisation of turbulence parameters (intensity, integral length, stress tensor, dissipation, 

etc.) and determination of their gradient in the water column in order to identify the ideal depth 
of operation.

›  Three-dimensional analysis of turbulence parameters to determine the necessity of accounting 
for cyclic loadings in estimations of turbine performance and multi-axial fatigue.

Dissemination: 
›  Publications:
•  Thiébaut M. et al. (2020) Assessing the turbulent kinetic energy budget in an energetic tidal flow 

from measurements of coupled ADCPs. Philosophical Transaction of the Royal Society A, in press
•  Thiébaut M. et al. (2020) Characterization of the vertical evolution of the 3D turbulence  

for fatigue design of tidal turbines. Philosophical Transaction of the Royal Society A, in press

Partners: 

This project is led by France Energies Marines.

Total project budget:  c76K 
This project receives funding from the Region of Brittany. 

MUSCATTS
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Duration: 36 months  | Launched: 2019

Objective:  
›  To use artificial intelligence to improve tidal turbines’ performance and accelerate  

their commercialisation.

Scientific and technical content:
› Integration of state-of-the-art tidal and wind turbine technology.
›  Testing of a system prototype through experiments on the test bench and then towing  

and deployment at two tidal sites.
›  Testing on underwater and floating systems, with gearbox and direct drive turbines.
›  Socio-economic assessment of tidal turbine energy at regional, national and European levels.
› Independent verification of project findings.
›  Environmental characterisation of deployment sites, and assessment and modelling  

of the potential environmental impacts of tidal turbines.

2019 achievements:
›  Specification of the behavioural model, integrating current flow, blade/fluid interactions,  

support structures, turbine design and the control system.
›  Design of the socio-economic assessment, accounting for the conclusions of an initial  

documentary analysis and presentations by the different stakeholders with an interest  
in the tidal energy sector.

›  Description of the verification processes for design validation, coding and offshore and onshore 
testing.

›  Planning of environmental monitoring activities at two tidal sites: Ria d’Etel in Morbihan 
(France) and Bluemull Sound in the Shetland Islands (Scotland).

Partners: 

This project is led by Nova Innovation. 
 
Total project budget: c4,985K 
This project receives funding from the European Horizon 2020 research and innovation 
programme.
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Duration: 36 months  | Launched: 2019

Objective:  
›  To use artificial intelligence to improve tidal turbines’ performance and accelerate  

their commercialisation.

Scientific and technical content:
› Integration of state-of-the-art tidal and wind turbine technology.
›  Testing of a system prototype through experiments on the test bench and then towing  

and deployment at two tidal sites.
›  Testing on underwater and floating systems, with gearbox and direct drive turbines.
›  Socio-economic assessment of tidal turbine energy at regional, national and European levels.
› Independent verification of project findings.
›  Environmental characterisation of deployment sites, and assessment and modelling  

of the potential environmental impacts of tidal turbines.

2019 achievements:
›  Specification of the behavioural model, integrating current flow, blade/fluid interactions,  

support structures, turbine design and the control system.
›  Design of the socio-economic assessment, accounting for the conclusions of an initial  

documentary analysis and presentations by the different stakeholders with an interest  
in the tidal energy sector.

›  Description of the verification processes for design validation, coding and offshore and onshore 
testing.

›  Planning of environmental monitoring activities at two tidal sites: Ria d’Etel in Morbihan 
(France) and Bluemull Sound in the Shetland Islands (Scotland).

Partners: 

This project is led by Nova Innovation. 
 
Total project budget: c4,985K 
This project receives funding from the European Horizon 2020 research and innovation 
programme.
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Duration: 36 months  | Launched: 2019

Objectives:  
›  To provide characterisation protocols for biofouling on cable and mooring line materials  

which are very vulnerable to this biological process, in order to collect quantitative data in situ. 
›  To inventory existing biofouling management methods and test the solutions best suited  

to floating wind turbines.

Scientific and technical content:
›  Multi-scale characterisation of biofouling at ORE sites.
›  Improvement of biofouling characterisation protocols in terms of standardisation,  

operability and cost.
›  Development of a quantitative image analysis method.
›  Assessment of existing biofouling management solutions.

2019 achievements:
› Implementation of biofouling monitoring points at future ORE sites in the Mediterranean.
›  Design of a surface roughness measurement system to analyse colonised panels based  

on the standard format employed by the entire scientific community.
›  Dive campaign to recover PVC panels installed at monitoring sites.
›   Laboratory analysis of recovered panels: 

• Photography of colonised materials. 
• Measurement of the biomass, biovolume and thickness of the colonisation. 
•  Samples taken for characterisation by molecular analysis (metagenomic) of the communities 

of living organisms on the panels.
  • Conservation of samples for future taxonomic study.
›  Design and construction of a steel frame with 5 tonnes of ballast to observe the colonisation  

of different mooring material samples under the sole influence of the surrounding  
hydrodynamic conditions.

›  Revision of the programme for characterisation of biofouling impacts on dynamic cable  
thermal behaviour, with the proposal of a more progressive process to account  
for the complexity of multi-material assemblies.

›  Design of a buoy equipped with biofouling collectors for pooled APPEAL and ABIOP+ project 
deployment at the beginning of summer 2020.

Dissemination:  
›  Presentation:  

›  Quillien N. et al. Why and how characterise biofouling for floating wind turbines? FOWT 2019, 
Montpellier, France, 24/04/2019 - 26/04/2019

ABIOP+ Partners: 

This project is led by France Energies Marines and the University of Nantes.

Total project budget: c1,990K 
This project receives funding from France Energies Marines and its members and 
partners, as well as French State funding managed by the French National Research 
Agency under the Investments for the Future Programme.
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Duration: 36 months  | Launched: 2019

Objectives:  
›  To provide characterisation protocols for biofouling on cable and mooring line materials  

which are very vulnerable to this biological process, in order to collect quantitative data in situ. 
›  To inventory existing biofouling management methods and test the solutions best suited  

to floating wind turbines.

Scientific and technical content:
›  Multi-scale characterisation of biofouling at ORE sites.
›  Improvement of biofouling characterisation protocols in terms of standardisation,  

operability and cost.
›  Development of a quantitative image analysis method.
›  Assessment of existing biofouling management solutions.

2019 achievements:
› Implementation of biofouling monitoring points at future ORE sites in the Mediterranean.
›  Design of a surface roughness measurement system to analyse colonised panels based  

on the standard format employed by the entire scientific community.
›  Dive campaign to recover PVC panels installed at monitoring sites.
›   Laboratory analysis of recovered panels: 

• Photography of colonised materials. 
• Measurement of the biomass, biovolume and thickness of the colonisation. 
•  Samples taken for characterisation by molecular analysis (metagenomic) of the communities 

of living organisms on the panels.
  • Conservation of samples for future taxonomic study.
›  Design and construction of a steel frame with 5 tonnes of ballast to observe the colonisation  

of different mooring material samples under the sole influence of the surrounding  
hydrodynamic conditions.

›  Revision of the programme for characterisation of biofouling impacts on dynamic cable  
thermal behaviour, with the proposal of a more progressive process to account  
for the complexity of multi-material assemblies.

›  Design of a buoy equipped with biofouling collectors for pooled APPEAL and ABIOP+ project 
deployment at the beginning of summer 2020.

Dissemination:  
›  Presentation:  

›  Quillien N. et al. Why and how characterise biofouling for floating wind turbines? FOWT 2019, 
Montpellier, France, 24/04/2019 - 26/04/2019

ABIOP+ Partners: 

This project is led by France Energies Marines and the University of Nantes.

Total project budget: c1,990K 
This project receives funding from France Energies Marines and its members and 
partners, as well as French State funding managed by the French National Research 
Agency under the Investments for the Future Programme.
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Dissemination:  
›  Presentations:  

›  Stravopoulou E. et al. (2019) Characterisation of rock/grout interfaces foundations of offshore 
 wind turbines. ECSMGE 2019 - XVII European Conference on Soil Mechanics and Geotechnical 
 Engineering , Reykjavik, Iceland, 01/09/2019 - 06/09/2019

  ›  Blanc M. et al. (2019) Centrifuge tests on instrumented FBGs monopile foundation in sand. 
 ECSMGE 2019 - XVII European Conference on Soil Mechanics and Geotechnical Engineering , 
 Reykjavik, Iceland, 01/09/2019 - 06/09/2019

Partners: 

This project is led by France Energies Marines and Ecole des Ponts ParisTech.

Total project budget: c998K 
This project receives funding from France Energies Marines and its members  
and partners, as well as French State funding managed by the French National  
Research Agency under the Investments for the Future Programme.
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Objective:  
›  To propose recommendations to predict the effects of cyclic loading resulting from seabed/

structure interactions.

Scientific and technical content:
›  Development of an experimental reference database comprising the results of centrifuge tests 

then analysis of the behaviour of the monopile under transverse cyclic loading in dense sand.
›  Study of the behaviour of carbonate materials.
› Study of the full-scale and modelled behaviour of monopiles in limestone.
›  Development of calculation tools to estimate the movements and strain on monopiles according 

to loading cycles.

2019 achievements:
›  Centrifuge test programme on transverse cyclic loading of rigid piles (characteristic of the new 

generation of monopiles) in saturated sand.  
Development of an ad hoc process for displacement measurement using fibre-optic Bragg  
grating and a process of millimetric integration by laser scoring.  
Confirmation of significant behavioural differences for rigid piles with distinct pressure field 
asymmetry between the compressed section and that under tension, as well as non-zero  
rotation of the base. Evidence of the inadequacy of standard beam theories in calculating  
the design of these piles on the basis of current models of soil reaction.

›  Characterisation of carbonate sediment, highlighting the influence of humidity  
and the heterogeneity of porosity in chalk, leading to a high disparity in mechanical parameters.

›  Tests in a 3D shear box demonstrating that pile-driving transforms surrounding chalk  
to powder and increases the sediment’s reaction stiffness, but also showing that at least  
one month is required for the sediment to re-establish contracting behaviour.

›  Review of information on chalk and limestone confirming the visco-elastic behaviour of this 
material. Comparison of the results of standard French and English monopile design methods.

›  Implementation of a semi-analytical rheological model of the visco-elasto-plastic behaviour  
of chalk under vertical loadings, and calibration on tests carried out in a 3D shear box.
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Dissemination:  
›  Presentations:  

›  Stravopoulou E. et al. (2019) Characterisation of rock/grout interfaces foundations of offshore 
 wind turbines. ECSMGE 2019 - XVII European Conference on Soil Mechanics and Geotechnical 
 Engineering , Reykjavik, Iceland, 01/09/2019 - 06/09/2019

  ›  Blanc M. et al. (2019) Centrifuge tests on instrumented FBGs monopile foundation in sand. 
 ECSMGE 2019 - XVII European Conference on Soil Mechanics and Geotechnical Engineering , 
 Reykjavik, Iceland, 01/09/2019 - 06/09/2019

Partners: 

This project is led by France Energies Marines and Ecole des Ponts ParisTech.

Total project budget: c998K 
This project receives funding from France Energies Marines and its members  
and partners, as well as French State funding managed by the French National  
Research Agency under the Investments for the Future Programme.
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Objective:  
›  To propose recommendations to predict the effects of cyclic loading resulting from seabed/

structure interactions.

Scientific and technical content:
›  Development of an experimental reference database comprising the results of centrifuge tests 

then analysis of the behaviour of the monopile under transverse cyclic loading in dense sand.
›  Study of the behaviour of carbonate materials.
› Study of the full-scale and modelled behaviour of monopiles in limestone.
›  Development of calculation tools to estimate the movements and strain on monopiles according 

to loading cycles.

2019 achievements:
›  Centrifuge test programme on transverse cyclic loading of rigid piles (characteristic of the new 

generation of monopiles) in saturated sand.  
Development of an ad hoc process for displacement measurement using fibre-optic Bragg  
grating and a process of millimetric integration by laser scoring.  
Confirmation of significant behavioural differences for rigid piles with distinct pressure field 
asymmetry between the compressed section and that under tension, as well as non-zero  
rotation of the base. Evidence of the inadequacy of standard beam theories in calculating  
the design of these piles on the basis of current models of soil reaction.

›  Characterisation of carbonate sediment, highlighting the influence of humidity  
and the heterogeneity of porosity in chalk, leading to a high disparity in mechanical parameters.

›  Tests in a 3D shear box demonstrating that pile-driving transforms surrounding chalk  
to powder and increases the sediment’s reaction stiffness, but also showing that at least  
one month is required for the sediment to re-establish contracting behaviour.

›  Review of information on chalk and limestone confirming the visco-elastic behaviour of this 
material. Comparison of the results of standard French and English monopile design methods.

›  Implementation of a semi-analytical rheological model of the visco-elasto-plastic behaviour  
of chalk under vertical loadings, and calibration on tests carried out in a 3D shear box.
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The goal of this programme is to identify the real ecological and socio-economic challenges 
raised by ORE projects. It also aims to favour their environmental integration by reducing 
application processing times and providing answers during public consultations and debates. 
The programme focuses on developing tools and methods to conciliate ecosystem preservation 
with the economic activities conducted in the areas where offshore energy farms are to be 
installed.

3.3. Environmental integration

To reach an understanding of environmental 
integration, studies must take a twin-track ap-
proach, cross-referencing the types of pressure 
and effects created by ORE systems with the  
affected organisms or receptors. Alongside 
such studies, operational approaches should 
also be developed.

Effects created by ORE systems can fall 
into several categories such as noise,  
electromagnetic fields, risk of collision or the 
creation of new substrates or protected areas. 
Receptors are often ecosystem compartments 
such as birds, marine mammals, fish or ben-
thos. To optimise the installation of ORE pro-
jects, it is also necessary to consider social and 
economic aspects, which vary depending on 
project phases and the ecosystems in question. 

The biofouling process, an issue studied 
through several of the Institute’s projects, is a 

special case in which pressure is exerted by the 
environment, and the receptors are ORE system 
components.

Examination of both the intensity of pressure 
and the sensitivity of receptors enables an  
estimation of the impacts of ORE projects, and 
allows them to be classified into two broad  
categories: “positive”, as in the case of reefs 
and reserves, and “negative”. ORE project im-
pacts can be cumulative with those resulting 
from other anthropogenic activities.

For all these studies, operational approaches 
are gradually established. It appears particu-
larly critical to consider impacts at ecosystem 
level, to put them into context and rank them. 
Innovative characterisation and modelling 
tools are being developed, particularly through  
collaborative projects led by France Energies 
Marines.
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on Duration: 24 months  | Launched: 2016  | Completed: 2019

Objective:  
›  To model the role of offshore wind turbines and other human activities in the modification  

of the food webs in the Bay of Seine.

Scientific and technical content:
›  2D spatial modelling of food webs in the extended Bay of Seine area.
›  Food web modelling integrating isotopes and uncertainty quantification, and statistical  

testing of the reef effect associated with the Courseulles-sur-mer farm on ecological  
functioning properties.

›  Modelling of climate changes through the modification of species distribution areas  
chosen according to trophic models and their commercial value.

›  Modelling of different anthropogenic pressures on the food web.

2019 achievements:
›   Drafting and publication of the report compiling recommendations based on modelling carried 

out by the project, which has enabled the description of ecosystem functioning in the Bay  
of Seine, site of the future Courseulles-sur-mer offshore wind farm, as well as the initiation  
of a cumulative impact study including the effects of climate change.

Dissemination:
›  On 14th June at the University of Caen Normandy, a public project findings workshop to present 

the modelling method used to study the impact of a fixed-foundation wind farm on the food web, 
and the report on recommendations prepared for project partners.

›  Public deliverables:  
•  Araignous E. et al. (2019) Recommandations pour une approche écosystémique des aires 

d’implantation d’énergies marines renouvelables. Cas d’étude du parc éolien offshore  
de Courseulles-sur-Mer. Plouzané: France Energies Marines Editions, 60 p. 

  •  Raoux A. et al. (2019) Table ronde sur l’interférence entre nos résultats de scénarios  
et l’acceptabilité sociale des EMR Caen: University of Caen Normandy. 22 p.

 ›  Publications: 
   •  Niquil N. et al. (2020) Toward an ecosystem approach of Marine Renewable Energy: the case 

of the offshore wind farm of Courseulles-sur-Mer in the Bay of Seine. Estuaries and Coastal 
Zones in Times of Global Change - Proceedings of ICEC-2018, pp 137-148

  •  Raoux A. et al. (2020) Isotopic analyses, a good tool to validate models in the context  
of Marine Renewable Energy development and cumulative impacts. Estuarine,  
Coastal and Shelf Science, Vol 237, 106690 

  •  Safi G. et al. (2019) Vitamine ENA: A framework for the development of ecosystem-based  
indicators for decision makers. Ocean and Coastal Management , Vol 174, pp. 116-130 

TROPHIK ›  Presentations:  
•  Noguès Q. et al. Indices ENA et approche holistique des écosystèmes : application à la baie  

de Seine, espace de cumul d’activités humaines autour du futur parc éolien. 14e Colloque  
Association Française d’Halieutique, Caen, France 26/06/2019 - 28/06/2019

  •  Araignous E. et al. (2019) Ecosystem approach for Marine Renewable Energy:  
What recommendations can be made from the Courseulles-sur-Mer offshore  
windfarm case study? Global CHanges and Estuarine and coastal systems Conference,  
Bordeaux, France, 04/11/2019 - 08/11/2019

Partners: 

This project is led by France Energies Marines and the University of Caen Normandy. 
 
Total project budget: c525K 
This project receives funding from France Energies Marines and its members and 
partners, as well as French State funding managed by the French National Research 
Agency under the Investments for the Future Programme.

FRANCE
ENERGIES
MARINES

Technologies |

Stage in the value chain |

©
 V

iv
ia

ne
62

76
 P

ix
ab

ay

I The Bay of Seine coast



56  - 2019 Annual Report  I France Energies Marines 57

En
vi

ro
nm

en
ta

l i
nt

eg
ra

ti
on Duration: 24 months  | Launched: 2016  | Completed: 2019

Objective:  
›  To model the role of offshore wind turbines and other human activities in the modification  

of the food webs in the Bay of Seine.

Scientific and technical content:
›  2D spatial modelling of food webs in the extended Bay of Seine area.
›  Food web modelling integrating isotopes and uncertainty quantification, and statistical  

testing of the reef effect associated with the Courseulles-sur-mer farm on ecological  
functioning properties.

›  Modelling of climate changes through the modification of species distribution areas  
chosen according to trophic models and their commercial value.

›  Modelling of different anthropogenic pressures on the food web.

2019 achievements:
›   Drafting and publication of the report compiling recommendations based on modelling carried 

out by the project, which has enabled the description of ecosystem functioning in the Bay  
of Seine, site of the future Courseulles-sur-mer offshore wind farm, as well as the initiation  
of a cumulative impact study including the effects of climate change.

Dissemination:
›  On 14th June at the University of Caen Normandy, a public project findings workshop to present 

the modelling method used to study the impact of a fixed-foundation wind farm on the food web, 
and the report on recommendations prepared for project partners.

›  Public deliverables:  
•  Araignous E. et al. (2019) Recommandations pour une approche écosystémique des aires 

d’implantation d’énergies marines renouvelables. Cas d’étude du parc éolien offshore  
de Courseulles-sur-Mer. Plouzané: France Energies Marines Editions, 60 p. 

  •  Raoux A. et al. (2019) Table ronde sur l’interférence entre nos résultats de scénarios  
et l’acceptabilité sociale des EMR Caen: University of Caen Normandy. 22 p.

 ›  Publications: 
   •  Niquil N. et al. (2020) Toward an ecosystem approach of Marine Renewable Energy: the case 

of the offshore wind farm of Courseulles-sur-Mer in the Bay of Seine. Estuaries and Coastal 
Zones in Times of Global Change - Proceedings of ICEC-2018, pp 137-148

  •  Raoux A. et al. (2020) Isotopic analyses, a good tool to validate models in the context  
of Marine Renewable Energy development and cumulative impacts. Estuarine,  
Coastal and Shelf Science, Vol 237, 106690 

  •  Safi G. et al. (2019) Vitamine ENA: A framework for the development of ecosystem-based  
indicators for decision makers. Ocean and Coastal Management , Vol 174, pp. 116-130 

TROPHIK ›  Presentations:  
•  Noguès Q. et al. Indices ENA et approche holistique des écosystèmes : application à la baie  

de Seine, espace de cumul d’activités humaines autour du futur parc éolien. 14e Colloque  
Association Française d’Halieutique, Caen, France 26/06/2019 - 28/06/2019

  •  Araignous E. et al. (2019) Ecosystem approach for Marine Renewable Energy:  
What recommendations can be made from the Courseulles-sur-Mer offshore  
windfarm case study? Global CHanges and Estuarine and coastal systems Conference,  
Bordeaux, France, 04/11/2019 - 08/11/2019

Partners: 

This project is led by France Energies Marines and the University of Caen Normandy. 
 
Total project budget: c525K 
This project receives funding from France Energies Marines and its members and 
partners, as well as French State funding managed by the French National Research 
Agency under the Investments for the Future Programme.
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•  Fofack-Garcia R. et al. (2019) Shaping impacts in offshore wind farm projects in France: The 
transformative power of socio-ecological networks. Seanergy 2019, Nantes, France,  
03/07/2019 - 05/07/2019

•  Le Marchand M. et al. (2019) Changement climatique dans le Golfe de Gascogne :  
les assemblages de poissons et de céphalopodes seront modifiés par le réchauffement  
et l’arrivée de nouvelles espèces. 14e Colloque Association Française d’Halieutique, Caen, France 
26/06/2019 - 28/06/2019

•  Fofack-Garcia R. et al. (2019) Modelling the nexus Socio-Ecology in the governance of Marine 
Renewable Energies. IMBeR Open Science Conference, Brest, France, 17/06/2019 - 21/06/2019

Partners: 

This project is led by France Energies Marines and the University of Western Brittany. 
 
Total project budget: c2,280K 
This project receives funding from France Energies Marines and its members  
and partners, as well as French State funding managed by the French National Research  
Agency under the Investments for the Future Programme.En
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Objective:  
›  To develop an integrated approach to measure the effects of floating wind farms  

on the functioning of coastal ecosystems.

Scientific and technical content:
›  Acquisition of environmental data from the Groix & Belle-Île and Leucate sites.
›  Description of the structure and functioning of the benthic compartment of these sites.
›  Characterisation of benthic food webs down to fish living near the seabed, although  

they may not permanently dwell there.
›  Establishment of a spatial knowledge base on human activities at sea.
›  Construction of a methodological approach to measuring infrastructures’ social acceptability.
›  Modelling and scenario-building for 2030 and 2050.
›  Study on the legal impacts and professional fishing activities and analysis of the stakeholder 

network.
›  Modelling of the socio-ecological system.

2019 achievements:
›  In May and September, 2 campaigns at the Groix & Belle-Île site to measure multiple environ-

mental parameters (temperature, salinity, etc.) and to collect plankton and benthic fauna.
›  Processing of ecological data collected during the 2018 and 2019 campaigns at sea.
›  Modelling of the biological functioning of the ecosystem.
›  Development of a methodology for the creation of a spatial optimisation model.
›  Ongoing measurement of social acceptability for marine recreational activities.
›  Ongoing analysis of the economic effects on professional fishing.
›  Drafting of a legal guide to environmental assessment for floating wind farms.
›  Mapping and sociological analysis of the network of stakeholders involved in decision-making 

processes, based on field interviews carried out in 2018.
›  Initial development phase of a new socio-ecological modelling approach.

Dissemination:  
 ›  Presentations:  

•  Boillet N. Complexity and Relevance of the Planning of Offshore Wind Farms in French Law. 
NAWEA/WindTech 2019 Conference, Amherst, USA, 14/10/2019 - 16/10/2019

   •  Le Marchand M. et al. (2019) Changement climatique dans le Golfe de Gascogne :  
les assemblages de poissons et de céphalopodes seront modifiés par le réchauffement  
et l’arrivée de nouvelles espèces. Colloque Ancre (GP5), Paris, France, 23/10/2019

  •  Le Marchand M. et al. (2019) Southern invasions due to climate change induces reorganiza-
tion of communities in the Bay of Biscay. Species on the Move 2019, Kruger Park, South Africa, 
22/07/2019 - 26/07/2019

APPEAL

I Sorting benthic organisms collected at sea during the September campaign at the Groix & Belle-Île site
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Partners: 

This project is led by France Energies Marines and the University of Western Brittany. 
 
Total project budget: c2,280K 
This project receives funding from France Energies Marines and its members  
and partners, as well as French State funding managed by the French National Research  
Agency under the Investments for the Future Programme.En
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Duration: 12 months  | Launched: 2019

Objective:  
›  To quantify the chemical compounds released by the galvanic anodes of ORE structures  

and the risk of their dispersion in marine environment.

Scientific and technical content:
›   Literature review of cathodic protection systems and their potential environmental impact.
›   Modelling of the dispersion flow of metals released into the environment at different ORE sites 

along the French coasts.
›   Assessment of the risks of exposure to environmental emissions of chemical compounds from 

galvanic anodes.

2019 achievements:
›  Review of current knowledge on cathodic protection and its potential impacts, and review  

of existing data from French ORE sites.
›  Modelling for the 3 sites selected: Courseulles-sur-mer in the Channel, Groix & Belle-Île  

in the Bay of Biscay and Leucate in the Mediterranean.  
Creation of simulations with different tide cycles and climatic conditions, then long-term  
projections.

›  Contextualisation of the quantities of metal compounds released and dispersed  
in the marine environment against the concentrations observed from natural causes  
or previous anthropogenic activity.

Dissemination:  
 ›  Presentation:  

•  Michelet N. (2019) Modélisation du potentiel impact des relargages issus des systèmes  
anti-corrosion des éoliennes offshores sur l’environnement. Colloque Ancre (GP5),  
Paris, France, 23/10/2019

Partners: 

 
This project is led by France Energies Marines and Ifremer.

Total project budget: c263K 
This project receives funding from France Energies Marines and its members and 
partners, as well as French State funding managed by the French National Research 
Agency under the Investments for the Future Programme.
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I Galvanic anode mounted on a jacket foundation
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Duration: 12 months  | Launched: 2019
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I Deployment of acoustic recording material

Duration: 36 months | Launched: 2016

Objective:  
›  To monitor the impacts of offshore renewable energy on the benthic compartment  

by passive acoustics.

Scientific and technical content:
›  Experimentation in a controlled environment and in-situ to investigate the acoustic impacts  

of anthropogenic noise on benthos.
›  Development of a benthos observation and monitoring method by passive acoustics.
›  Development of a multi-parameter environmental measurement platform prototype.

2019 achievements:
›  Testing carried out at the beginning of summer at the Sainte-Anne-du-Portzic test platform 

near Brest (France): 
• Measurement of the acoustic emissions of different habitats and benthic species. 
• Testing of the impact of anthropogenic emissions on benthos. 
•  Finalisation of updates to the acoustic and video measurement platform, based on feedback 

from initial measurements made in summer 2018. 

Dissemination:  
 ›  Publication:  

•  Gervaise C. et al. (2019) Three-dimensional mapping of the benthic invertebrates biophony  
with a compact four-hydrophones array. Applied Acoustics, Vol 148, pp. 175-193

Partners: 

This project is led by France Energies Marines and Grenoble INP. 
 
Total project budget: c535K 
This project receives funding from France Energies Marines and its members  
and partners, as well as French State funding managed by the French National  
Research Agency under the Investments for the Future Programme.
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I Deployment of acoustic recording material

Duration: 36 months | Launched: 2016

Objective:  
›  To monitor the impacts of offshore renewable energy on the benthic compartment  

by passive acoustics.

Scientific and technical content:
›  Experimentation in a controlled environment and in-situ to investigate the acoustic impacts  

of anthropogenic noise on benthos.
›  Development of a benthos observation and monitoring method by passive acoustics.
›  Development of a multi-parameter environmental measurement platform prototype.

2019 achievements:
›  Testing carried out at the beginning of summer at the Sainte-Anne-du-Portzic test platform 

near Brest (France): 
• Measurement of the acoustic emissions of different habitats and benthic species. 
• Testing of the impact of anthropogenic emissions on benthos. 
•  Finalisation of updates to the acoustic and video measurement platform, based on feedback 

from initial measurements made in summer 2018. 

Dissemination:  
 ›  Publication:  

•  Gervaise C. et al. (2019) Three-dimensional mapping of the benthic invertebrates biophony  
with a compact four-hydrophones array. Applied Acoustics, Vol 148, pp. 175-193

Partners: 

This project is led by France Energies Marines and Grenoble INP. 
 
Total project budget: c535K 
This project receives funding from France Energies Marines and its members  
and partners, as well as French State funding managed by the French National  
Research Agency under the Investments for the Future Programme.
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Partners: 

This project is led by France Energies Marines and Ifremer.

Total project budget: c1,025K 
This project receives funding from France Energies Marines and its members  
and partners, as well as French State funding managed by the French National  
Research Agency under the Investments for the Future Programme.
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Objective:  
›  To enhance knowledge of the potential impacts of ORE electric power cables on coastal  

ecosystems.

Scientific and technical content:
›  In-situ characterisation of changes in electric and magnetic field and temperature.
›  Characterisation of the impact of power cables on benthos.
›  Drafting of recommendations for future impact assessments.

2019 achievements:
›  Numerous campaigns at the Paimpol-Bréhat, Fromveur and SEM-REV sites and around  

the Jersey interconnection cable to collect the data required for the project.
›  Analysis of the results of a laboratory experiment demonstrating that juvenile European lobster 

behaviour is not affected by a magnetic field of a similar intensity to that measured and  
modelled at 1 m from very high-power interconnections (1 GW).

›  Laboratory experiments on the effect of magnetic fields on scallops.

Dissemination:
 ›  Publications:  

•  Taormina B. et al. (2020). Optimizing image-based protocol to monitor macroepibenthic com-
munities colonizing artificial structures. ICES Journal of Marine Science, Vol 77, pp. 835–845 

   •  Taormina B. et al. (2020) Impact of magnetic fields generated by AC / DC submarine power 
cables on the behavior of juvenile European lobster (Homarus gammarus). Coastal Enginee-
ring, Vol 220, 105401

   •  Taormina B. (2019) Potential Impacts of Submarine Power Cables from Marine Renewable  
Energy Projects on Benthic Communities. (PhD thesis) University of Western Brittany, Brest, 
France

›  Presentations:  
•  Garnier L. et al. (2019) Exploring Submarine power cables from offshore wind farms  

Environmental Impacts. CIGRE 2019, Aalborg, Denmark, 04/06/2019 - 07/06/2019
  •  Taormina B. et al. (2019) Are juvenile European lobsters (Homarus gammarus) on a highway 

to hell due to AC/DC magnetic fields generated by submarine power cables? Benthic Ecology 
Meeting 2019, Saint-John’s, Canada, 03/04/2019 - 06/04/2019

  •  Taormina B. et al. (2019) Are juvenile European lobsters (Homarus gammarus) on a highway 
to hell due to AC/DC magnetic fields generated by submarine power cables? Seanergy 2019, 
Dunkirk, France, 05/06/2019 - 07/06/2019
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Partners: 

This project is led by France Energies Marines and Ifremer.

Total project budget: c1,025K 
This project receives funding from France Energies Marines and its members  
and partners, as well as French State funding managed by the French National  
Research Agency under the Investments for the Future Programme.
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ecosystems.

Scientific and technical content:
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›  Numerous campaigns at the Paimpol-Bréhat, Fromveur and SEM-REV sites and around  

the Jersey interconnection cable to collect the data required for the project.
›  Analysis of the results of a laboratory experiment demonstrating that juvenile European lobster 

behaviour is not affected by a magnetic field of a similar intensity to that measured and  
modelled at 1 m from very high-power interconnections (1 GW).

›  Laboratory experiments on the effect of magnetic fields on scallops.

Dissemination:
 ›  Publications:  

•  Taormina B. et al. (2020). Optimizing image-based protocol to monitor macroepibenthic com-
munities colonizing artificial structures. ICES Journal of Marine Science, Vol 77, pp. 835–845 

   •  Taormina B. et al. (2020) Impact of magnetic fields generated by AC / DC submarine power 
cables on the behavior of juvenile European lobster (Homarus gammarus). Coastal Enginee-
ring, Vol 220, 105401

   •  Taormina B. (2019) Potential Impacts of Submarine Power Cables from Marine Renewable  
Energy Projects on Benthic Communities. (PhD thesis) University of Western Brittany, Brest, 
France

›  Presentations:  
•  Garnier L. et al. (2019) Exploring Submarine power cables from offshore wind farms  

Environmental Impacts. CIGRE 2019, Aalborg, Denmark, 04/06/2019 - 07/06/2019
  •  Taormina B. et al. (2019) Are juvenile European lobsters (Homarus gammarus) on a highway 

to hell due to AC/DC magnetic fields generated by submarine power cables? Benthic Ecology 
Meeting 2019, Saint-John’s, Canada, 03/04/2019 - 06/04/2019

  •  Taormina B. et al. (2019) Are juvenile European lobsters (Homarus gammarus) on a highway 
to hell due to AC/DC magnetic fields generated by submarine power cables? Seanergy 2019, 
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ORNIT-EOF

Duration: 24 months | Launched: 2019

Objective:  
›  To propose high-frequency observatory architecture in the Gulf of Lion to study the condition 

and evolution of birdlife interacting with high-power floating wind farms.

Scientific and technical content:
›  Review of available knowledge and data, as well as of data currently being gathered,  

on Mediterranean birdlife.
›  Study and specifications of birdlife observation systems.
›  Detailed 3D mapping of Scopoli's shearwater activity in the Gulf of Lion.
›  Birdlife migration monitoring by land-based radar.
›  Specification of the observation network architecture.
›  Test of the repercussions of a series of future Gulf of Lion wind farm installation scenarios  

on the energy landscape of Scopoli's shearwaters, as a model species.

2019 achievements:
›  Project launch in November and initiation of various scheduled initiatives.

Partners: 

This project is led by the Mediterranean Maritime Cluster. 
 
Total project budget: c450K 
This project receives funding from French Agency for Energy Transition 
under the auspices of the call for sustainable energy research projects  
(2018-2019).
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I Prefiguration of an observatory of birdlife in the Gulf of Lion interacting with offshore floating wind farms
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ORNIT-EOF

Duration: 24 months | Launched: 2019

Objective:  
›  To propose high-frequency observatory architecture in the Gulf of Lion to study the condition 

and evolution of birdlife interacting with high-power floating wind farms.

Scientific and technical content:
›  Review of available knowledge and data, as well as of data currently being gathered,  

on Mediterranean birdlife.
›  Study and specifications of birdlife observation systems.
›  Detailed 3D mapping of Scopoli's shearwater activity in the Gulf of Lion.
›  Birdlife migration monitoring by land-based radar.
›  Specification of the observation network architecture.
›  Test of the repercussions of a series of future Gulf of Lion wind farm installation scenarios  

on the energy landscape of Scopoli's shearwaters, as a model species.

2019 achievements:
›  Project launch in November and initiation of various scheduled initiatives.

Partners: 

This project is led by the Mediterranean Maritime Cluster. 
 
Total project budget: c450K 
This project receives funding from French Agency for Energy Transition 
under the auspices of the call for sustainable energy research projects  
(2018-2019).
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on Duration: 36 months  | Launched: 2017

Objective:  
› To develop a miniature geolocation tag for medium-sized seabirds.

Scientific and technical content:
›  Technological development of a tag prototype.
›  Testing of the prototype on shearwaters in the Atlantic and Mediterranean.

2019 achievements:
›  Completion of tag prototype development.
›  Prototype testing in summer on Scopoli’s shearwaters in the Mediterranean, with results  

enabling improvements to performance, weight and watertightness, and to the tag parameter 
and data collection platform.

Partners: 

This project is led by France Energies Marines. 
 
Total project budget: c858K 
This project receives funding from France Energies Marines and its members  
and partners, as well as French State funding managed by the French National Research  
Agency under the Investments for the Future Programme.
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Objective:  
› To develop a miniature geolocation tag for medium-sized seabirds.

Scientific and technical content:
›  Technological development of a tag prototype.
›  Testing of the prototype on shearwaters in the Atlantic and Mediterranean.

2019 achievements:
›  Completion of tag prototype development.
›  Prototype testing in summer on Scopoli’s shearwaters in the Mediterranean, with results  

enabling improvements to performance, weight and watertightness, and to the tag parameter 
and data collection platform.

Partners: 

This project is led by France Energies Marines. 
 
Total project budget: c858K 
This project receives funding from France Energies Marines and its members  
and partners, as well as French State funding managed by the French National Research  
Agency under the Investments for the Future Programme.
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Duration: 36 months  | Launched: 2019

Objective:  
›  To demonstrate the ability of aerial photography processing and analysis software  

to automatically inventory marine megafauna.

Scientific and technical content:
›  Aerial megafauna observation campaign (standard visual method and VHR digital photography 

system), integrating the seasonal variability of species and environmental conditions.
›  Development and qualification of 2 types of automatic aerial photography processing algorithms 

for animal identification and classification: 
•  Detection by deep neural (end-to-end) network, moving directly from the global image  

to bounding boxes;
  • Detection of anomalies by unsupervised deep learning.
›  Assessment of the performance of each detection method tested based on indicators classed  

by species or group of species, as well as according to environmental conditions.

2019 achievements:
›  Project launch in November and initiation of various scheduled initiatives.

Partners:  
 
 

This project is led by Institut de Recherche en Informatique et Systèmes Aléatoires
of the University of Southern Brittany. 

Total project budget: c600K 
This project receives funding from French Agency for Energy Transition  
under the auspices of the call for sustainable energy research projects (2018-2019).
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Duration: 36 months  | Launched: 2019

Objective:  
›  To demonstrate the ability of aerial photography processing and analysis software  

to automatically inventory marine megafauna.

Scientific and technical content:
›  Aerial megafauna observation campaign (standard visual method and VHR digital photography 

system), integrating the seasonal variability of species and environmental conditions.
›  Development and qualification of 2 types of automatic aerial photography processing algorithms 

for animal identification and classification: 
•  Detection by deep neural (end-to-end) network, moving directly from the global image  

to bounding boxes;
  • Detection of anomalies by unsupervised deep learning.
›  Assessment of the performance of each detection method tested based on indicators classed  

by species or group of species, as well as according to environmental conditions.

2019 achievements:
›  Project launch in November and initiation of various scheduled initiatives.

Partners:  
 
 

This project is led by Institut de Recherche en Informatique et Systèmes Aléatoires
of the University of Southern Brittany. 

Total project budget: c600K 
This project receives funding from French Agency for Energy Transition  
under the auspices of the call for sustainable energy research projects (2018-2019).
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This programme focuses on a number of key challenges: optimising overall farm performance, 
developing design standards and grid integration. The aim is to develop tools and methods for 
players in the sector to optimise the overall costs of a farm, according to the most relevant 
technical and economic criteria.

3.4. Farm optimisation

Farm optimisation encompasses a large 
share of the developments made through the  
institute’s three other R&D programmes. The 
implementation of new software or of mod-
ules interfaced with other numerical tools will  
enable us to offer a suite adapted to all ORE 
technologies. This package will incorporate in-
novative optimisation methods as well as a num-
ber of essential criteria including global costs, 
maintenance and environmental integration.

In addition, the programme comprises the  
optimisation of connections between turbines 
by studying the stability of subsea cables as well 
as connection equipment and substations. The 
objective here remains the same: to put forward 
optimisation solutions at farm scale in order to 
achieve a technical and economic optimum.
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Duration: 36 months  | Launched: 2018

Objective:  
›  To develop the second generation of an open source software suite for the design  

and optimisation of wave and tidal farms.

Scientific and technical content:
›  Identification of end user needs.
›  Development of numerical tools for structured innovation, stage-gating, deployment and evalu-

ation of wave and tidal farms, from the subsystem to the whole farm.
›  Integration of different tools and testing with real scenarios in order to achieve Technology 

Readiness Level (TRL) 6 by the end of the project.
›  Market analysis for this software suite.

2019 achievements:
›  Production of a standard numerical data model for ocean energy systems.
›  Ongoing writing of the 13 modules following numerous preparatory interactions to ensure 

coherent data flow between the different tools in the suite, which are being developed by various 
European partners.

›  Delivery at the end of 2019 of the alpha versions of the “system performance and energy yield” 
and “system life cycle costs” modules.

Dissemination:  
 ›  Publication:  

•  Topper M.B.R et al. (2019) Reducing variability in the cost of energy of ocean energy arrays. 
Renewable and Sustainable Energy Reviews, Vol 112, pp. 263-279 

 ›  Presentations: 
•  Henderson J. (2019) DTOceanPlus project. WES Annual Conference, Edinburgh, United King-

dom, 05/12/2019
   •  Fonseca F. (2019) DTOceanPlus project. WavEC Annual Seminar, Lisbon, Portugal, 04/12/2019
   •  Germain N. (2019) Offshore Renewable Energy design tools & MCDA applications - VALARRAY 

and DTOcean+ projects. EWG MCDA 90 Conference, Brest, France, 26/09/2019 - 28/09/2019
   •  Nava V.et al. (2019) A novel framework for the Digital Representation of physical and  

functional characteristics of Ocean Energy Arrays. EWTEC 2019, Naples, Italy, 01/09/2019 - 
06/09/2019 

  •  Bloise Thomaz T. (2019) Assessment of DTOcean Array Design Tool for Ocean Energy.  
EWTEC 2019, Naples, Italy, 01/09/2019 - 06/09/2019

DTOCEANPLUS •  Weber J. (2019) Wave-SPARC: Structured Innovation Experience. EWTEC 2019, Naples, Italy, 
01/09/2019 - 06/09/2019 

•  Jeffrey H.F. (2019) DTOceanPlus, an ambitious EU project to accelerate the commercialization 
in the ocean energy sector. 3rd Clustering Meeting on H2020 Ocean Energy Projects, Brussels, 
Belgium, 14/03/2019

Partners: 
This project is led by Tecnalia.

Total project budget: c8,000K 
This project receives funding from the Horizon 2020 European research and innovation 
programme.

Technologies |

Stages in the value chain |
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Duration: 36 months  | Launched: 2018

Objective:  
›  To develop the second generation of an open source software suite for the design  

and optimisation of wave and tidal farms.

Scientific and technical content:
›  Identification of end user needs.
›  Development of numerical tools for structured innovation, stage-gating, deployment and evalu-

ation of wave and tidal farms, from the subsystem to the whole farm.
›  Integration of different tools and testing with real scenarios in order to achieve Technology 

Readiness Level (TRL) 6 by the end of the project.
›  Market analysis for this software suite.

2019 achievements:
›  Production of a standard numerical data model for ocean energy systems.
›  Ongoing writing of the 13 modules following numerous preparatory interactions to ensure 

coherent data flow between the different tools in the suite, which are being developed by various 
European partners.

›  Delivery at the end of 2019 of the alpha versions of the “system performance and energy yield” 
and “system life cycle costs” modules.

Dissemination:  
 ›  Publication:  

•  Topper M.B.R et al. (2019) Reducing variability in the cost of energy of ocean energy arrays. 
Renewable and Sustainable Energy Reviews, Vol 112, pp. 263-279 

 ›  Presentations: 
•  Henderson J. (2019) DTOceanPlus project. WES Annual Conference, Edinburgh, United King-

dom, 05/12/2019
   •  Fonseca F. (2019) DTOceanPlus project. WavEC Annual Seminar, Lisbon, Portugal, 04/12/2019
   •  Germain N. (2019) Offshore Renewable Energy design tools & MCDA applications - VALARRAY 

and DTOcean+ projects. EWG MCDA 90 Conference, Brest, France, 26/09/2019 - 28/09/2019
   •  Nava V.et al. (2019) A novel framework for the Digital Representation of physical and  

functional characteristics of Ocean Energy Arrays. EWTEC 2019, Naples, Italy, 01/09/2019 - 
06/09/2019 

  •  Bloise Thomaz T. (2019) Assessment of DTOcean Array Design Tool for Ocean Energy.  
EWTEC 2019, Naples, Italy, 01/09/2019 - 06/09/2019

DTOCEANPLUS •  Weber J. (2019) Wave-SPARC: Structured Innovation Experience. EWTEC 2019, Naples, Italy, 
01/09/2019 - 06/09/2019 

•  Jeffrey H.F. (2019) DTOceanPlus, an ambitious EU project to accelerate the commercialization 
in the ocean energy sector. 3rd Clustering Meeting on H2020 Ocean Energy Projects, Brussels, 
Belgium, 14/03/2019

Partners: 
This project is led by Tecnalia.

Total project budget: c8,000K 
This project receives funding from the Horizon 2020 European research and innovation 
programme.
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Duration: 12 months  | Launched: 2018  | Completed: 2019

Objective:  
›  To draw up specifications for new tools to optimise floating wind and tidal farms.

Scientific and technical content:
›  Review of current methods and software for the optimisation of tidal and offshore wind farms, 

as well as physical or economic models providing input for these tools.
›  Quantification of the performance of the software selected based on common test cases.
›  Definition of the framework for assessing the sector’s needs and development priorities in order 

to create optimisation tools that meet the identified needs.

2019 achievements:
›  Identification of user needs based on a survey in order to rank the real needs of the sector.
›  Software testing based on a joint experimental plan with the testing partners, and of a common 

formal comparison framework from a functional analysis. 
›  Analysis of the gap between benchmarking and user expectations, in order to list and rank the 

key elements of a functional requirement which will serve as the basis for future projects on 
this theme.

Dissemination: 
›  Presentation: 

• Germain N. (2019) Offshore Renewable Energy design tools & MCDA applications - VALARRAY 
and DTOcean+ projects. EWG MCDA 90 Conference, Brest, France, 26/09/2019 – 28/09/2019

Partners: 

 
 

This project is led by France Energies Marines.

Total project budget: c289K 
This project receives funding from France Energies Marines and its members and 
partners, as well as French State funding managed by the French National Research 
Agency under the Investments for the Future Programme.
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Duration: 12 months  | Launched: 2018  | Completed: 2019

Objective:  
›  To draw up specifications for new tools to optimise floating wind and tidal farms.

Scientific and technical content:
›  Review of current methods and software for the optimisation of tidal and offshore wind farms, 

as well as physical or economic models providing input for these tools.
›  Quantification of the performance of the software selected based on common test cases.
›  Definition of the framework for assessing the sector’s needs and development priorities in order 

to create optimisation tools that meet the identified needs.

2019 achievements:
›  Identification of user needs based on a survey in order to rank the real needs of the sector.
›  Software testing based on a joint experimental plan with the testing partners, and of a common 

formal comparison framework from a functional analysis. 
›  Analysis of the gap between benchmarking and user expectations, in order to list and rank the 

key elements of a functional requirement which will serve as the basis for future projects on 
this theme.

Dissemination: 
›  Presentation: 

• Germain N. (2019) Offshore Renewable Energy design tools & MCDA applications - VALARRAY 
and DTOcean+ projects. EWG MCDA 90 Conference, Brest, France, 26/09/2019 – 28/09/2019

Partners: 

 
 

This project is led by France Energies Marines.

Total project budget: c289K 
This project receives funding from France Energies Marines and its members and 
partners, as well as French State funding managed by the French National Research 
Agency under the Investments for the Future Programme.
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Duration: 15 months | Launched: 2019

Objective:  
›  To identify technological bottlenecks and potential solutions which will enable the reduction  

of the total cost of marine substations by 2025 for commercial floating wind farm projects.

Scientific and technical content:
›  Technical feasibility study for floating or subsea substations adapted to ORE.
›  Feasibility study of the system and the associated maintenance plan.
›  Economic evaluation of their global ownership cost.
›  Identification of technological bottlenecks relating to the materials and processes required  

for innovative substations with a technology readiness level (TRL) below 5.

2019 achievements:
›  Definition of fuctional specifications and case studies.
›  First stages of design studies: naval architecture, stability, mooring, installation, etc.
›  Production of the unified mechanical and electrical framework regarding the reliability analysis,  

and acquisition of initial results. 

Partners: 

 
 
 

This project is led by France Energies Marines and RTE.

Total project budget: c476K 
This project receives funding from France Energies Marines and its members and 
partners, as well as French State funding managed by the French National Research 
Agency under the Investments for the Future Programme.
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Duration: 24 months  | Launched: 2017 | Completed: 2019

Objective:  
›  To define a new prediction model for stability of cables laid on seabed at tidal sites.

Scientific and technical content:
›  Review of knowledge on cable stability at tidal sites.
›  Development of a modelling tool for a cable laid on the seabed.
›  Development and qualification of a numerical model configured to reproduce hydrodynamic  

constraints on a section of cable.
›  Proposal and application of a cable stability evaluation methodology.
›  Specification, monitoring and analysis of tank tests to characterise the hydrodynamic  

constraints on a cable in a tidal environment.

2019 achievements:
›  Validation of the selected cable constraints evaluation methodology based on the Wake II model.
›  Numerical modelling of a section of cable in a tidal environment. 
›  Tank tests enabling validation of the wake model and design studies on a tidal turbine industrial 

case study.

Dissemination:  
›  Presentation: 

•  Maison A. & Damblans G. (2019). On the validity of the use of standard stability models  
for pipeline laid on seabed, on the case of a tidal-turbine export cable.  
24ème Congrès français de Mécanique, Brest, France, 26/08/2019 - 30/08/2019 

Partners: 

This project is led by France Energies Marines and EDF.

Total project budget: c426K 
This project receives funding from France Energies Marines and its members  
and partners, as well as French State funding managed by the French National  
Research Agency under the Investments for the Future Programme. 
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04
R&D SERVICES 

As laid out in its strategic plan, France Energies Marines has built a service offering based on 
a detailed market analysis as well as the know-how and resources mainly developed through 
R&D programmes. 

This offering is divided into 4 key areas: software engineering and development, studies and 
audits, instruments and performance and finally representation and coordination.

Representation 
& coordination

Studies 
and audits

R&D 
services

Coordination  
of expert panels

Representation  
of R&D of the sector

Software 
development  

and engineering

Development  
of technology design  

and monitoring software

Optimisation  
of farm architecture

Design and dimensioning  
of cables and mooring lines

Environmental 
integration  

and impacts

Prediction 
of extreme events

Resource  
characterisation

Instruments  
and performance

Instrumentation  
and testing resources

Environmental 
monitoring tools

Sea state prediction 
tools



8372 - 2019 Annual Report  I France Energies Marines ©
 O

nv
ic

to
ri

0 
Ad

ob
eS

to
ck

04
R&D SERVICES 

As laid out in its strategic plan, France Energies Marines has built a service offering based on 
a detailed market analysis as well as the know-how and resources mainly developed through 
R&D programmes. 

This offering is divided into 4 key areas: software engineering and development, studies and 
audits, instruments and performance and finally representation and coordination.

Representation 
& coordination

Studies 
and audits

R&D 
services

Coordination  
of expert panels

Representation  
of R&D of the sector

Software 
development  

and engineering

Development  
of technology design  

and monitoring software

Optimisation  
of farm architecture

Design and dimensioning  
of cables and mooring lines

Environmental 
integration  

and impacts

Prediction 
of extreme events

Resource  
characterisation

Instruments  
and performance

Instrumentation  
and testing resources

Environmental 
monitoring tools

Sea state prediction 
tools



8584 - 2019 Annual Report  I France Energies Marines

4.1. Software engineering and development

The tools for the design and monitoring of 
systems which are currently under development 
for bottom-fixed and floating wind turbines 
will make it possible to address a wide range 
of themes: prediction of wave breaking, in-
service fatigue of cables under coupled 
loadings, dynamic and long-term behaviour 
of nylon mooring lines, and cyclical loadings 
on monopiles in carbonate substrates. Other 
initiatives focus on the tidal turbine sector, 
with tools designed to characterise current and 
associated turbulence, estimate yield, assist 
with design of systems, and study cable stability 
on rocky seabeds.
Numerical tools for forecasting rogue waves 
will soon be available to stakeholders in the 
sector. These tools focus mainly on operation 
and maintenance phases during which it is 
crucial to have accurate knowledge of metocean 
conditions and to have innovative tools to provide 
an unprecedented degree of accuracy.
France Energies Marines also provides its 
expertise to support developers and the Insitute’s 
partner consultancy firms for joint offerings 
through which these firms set themselves 
apart on the market by expanding their scope of 
competence. These offerings include assistance 
with cable and mooring line design, integrating 
biofouling and wind/wave/current coupling 
issues that can significantly impact moorings 
and dynamic cables.
France Energies Marines is jointly developing 
the open source software suite DTOcean+ for the 
optimisation of tidal and wave energy farms. Our 
teams have developed three flagship modules:

•  Site characterisation: This tool receives as 
input the environmental data of the selected 
site, and provides the user with the main 
site characteristics in terms of bathymetry, 
seabed types, marine species, waves, tidal 
currents, winds and water levels. It includes 
time series of pertinent parameters as well 
as statistics on these parameters, such as 
probability distributions, scatter diagrams or 
extreme values.

•  Station keeping: This tool supports the design 
of gravity-based foundation, anchors and 
mooring lines, as well as dynamic cables and 
their interaction with the other elements of 
the mooring system. It enables an automated 
process as well as the rapid design and 
selection of the  technology most adapted to 
the farm configuration.

•  Environmental and social acceptance: This 
module enables environmental and socio-
economic assessment of the different 
technological options and configurations 
of tidal and wave farms. For each phase 
in a project's life cycle, the potential 
environmental and socio-economic impact 
is assessed in terms of existing pressures 
(e.g. risk of collision with marine megafauna), 
life cycle analysis (e.g. estimation of the 
carbon footprint) and social acceptability (e.g. 
economic benefits through job creation).

Our teams can integrally develop new custom 
modules for other ORE applications. We offer 
training in the use of the suite, in addition to 
technical support.
The STHYF project enabled the development of 

With the support of key partnerships, France Energies Marines brings to the market new nu-
merical tools for site selection, design and monitoring of systems, and farm optimisation. These 
tools are largely developed within R&D projects and are designed to be compatible with existing 
software.

models for the study of cable stability in tidal 
environments, namely on rocky substratum and 
with high current velocity in the water column. 
These models were integrated into software 
tools for which France Energies Marines owns 
certain algorithms. The Institute is therefore 

able to provide service offerings, either alone or 
in partnership with an engineering firm, to study 
the stability of cables in dynamic environments, 
and has the option of selling licences for the 
developed code.
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4.2. Studies and audits

We bring to the table our expertise and the 
methodological, numerical and experimental 
tools developed through our R&D projects. 
Our offering is particularly aimed at support 
for the characterisation and modelling of wind 
fields, coastal and extreme sea states, breaking 
waves, storms and cyclones. France Energies 
Marines can specifically offer its services in:
• the selection of characterisation tools;
•  preparing measurement campaigns;
•  assistance with processing and analysing 

collected data;
• the selection of numerical models;
•  preparation of numerical campaigns including 

model parametrisation;
• assistance with data processing and analysis.

We also put our environmental and social 
integration expertise at the service of sector 
players. Working closely with many of our 
academic partners, we have developed a 
support service for the preparation of impact 
studies that qualify the effects of ORE projects 
on the ecosystem. This service includes:
•  creation of 0D, 1D, 2D or statistical models of 

an ecosystem's trophic function, and scenario 
testing (climate change, fishing, etc.);

•  description of ecosystem evolution in the 
different scenarios through application of 
environmental health indicators; 

•  data processing and analysis. 
This year, France Energies Marines published 
open-access recommendations which sum- 
marise this ecosystem approach in the case 
study of the Courseulles-sur-mer offshore  
wind farm.

France Energies Marines can provide support to specialised consultancy firms, to farm  
developers as well as French State services for project management in order to characterise re-
sources, forecast metocean conditions, and prepare environmental and socio-economic impact 
studies.
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Environmental monitoring equipment
Marine life monitoring 
France Energies Marines has a multi-channel 
underwater acoustic recorder able to record 
subsea noise across a wide frequency band. 
This recorder has an autonomous power mode 
and is equipped with 4 hydrophones that enable 
it to characterise all underwater ambient sound 
produced by anthropogenic and biological 
activities as well as physical phenomena. It has 
been adapted by RTSYS and was used during the 
projects BENTHOSCOPE 1 and 2, in stationary 
mode, attached to a structure placed on the 
seabed, and in drifting mode attached to a buoy.
The recorder can be deployed to carry out 
acoustic monitoring aimed at establishing 
baseline conditions at an ORE site, as well as 
to estimate sound emissions from turbines 
after their installation. Algorithms developed 
during BENTHOSCOPE projects 1 and 2 enable 
mapping of acoustic emissions, in particular 
biological, for the acoustic characterisation of 
studied sites. Studies are offered in partnership 
with teams such as Chorus, scientific manager 
of the two BENTHOSCOPE projects, to ensure 
high-quality data collection and processing.

  

Measurement of electromagnetic fields
France Energies Marines has a stationary 
electromagnetic field measurement station 
dubbed STATEM, developed by MAPPEM 
Geophysics through the SPECIES project. 
This demonstrator system is dimensioned for 
use at depths of up to 50 m. It is autonomous 
over several days of continuous operation, and 
was tested in 2019 at several coastal sites and 
offshore. This station will be able to measure the 
electric and magnetic fields near ORE project 
power export cables, or any other structure 
liable to generate electromagnetic fields to be 
monitored.

Deployed by divers, the station can be used 
to establish baseline conditions at ORE sites 
prior to turbine installation and connection. It 
can also carry out medium-length monitoring 
once turbines have begun operation in order 
to establish ranges of fields for a wind farm 
exposed to varying wind conditions, or whole 
tide cycle conditions in the case of tidal sites. 
Studies are carried out in partnership with the 
MAPPEM Geophysics team to ensure high-
quality data collection and processing.
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4.3. Instruments and performance

Instrumentation for site characterisation 

Characterisation of current and associated 
turbulence 

France Energies Marines has 4 measurement 
cages and a range of instruments that can be 
mounted on them:

•  4 five-beam ADCPs: 2 Nortek Signature500 
(500 Hz) devices and 2 Signature1000 
(1000 Hz) devices;

•  2 Nortek Aquadopp single-point current meters;

•  4 hydrophones and 5 acoustic receivers;

•  1 stereo video system combined with a camera.

This equipment can be used together or 
separately to obtain detailed information on 
current fields, turbulence parameters and 
sediment transport. 

Some of our equipment was deployed during 
winter 2017 campaigns at the Alderney Race 
in extreme sea state conditions, and was 
successfully recovered in 2018. 

Many of France Energies Marines’ projects 
have led to the development of numerical 
processing chains with defined parameter 
sets and validated methodologies. These 
enable us to offer services for the tidal energy 
sector including characterisation of current 
and associated turbulence, estimation of tidal 
energy yield, and assistance with turbines 
design. Numerical processing chains as well as 
parameter sets and methodologies—for fatigue 
calculations, for example—are included in our 
offering. 

Wave characterisation

A stereo video camera system installed on La 
Jument lighthouse is able to film 3D real time 
imagery of wave propagation within a square 
with a side length of approximately 100 m. This 
work led to the development of a methodology to 
measure the relationship between an incoming 
wave, the resulting loading, and the response of 
a structure at sea. Based on a data processing 
algorithm developed through the DIME project, 
information on the three-dimensional geometry 
of waves and their propagation rate can be 
correlated with the impacts of waves on the 
lighthouse structure. France Energies Marines 
has the necessary expertise and data processing 
tools to assist in measurement campaigns 
and to analyse results. We can also offer 
support to engineers, technology developers 
and farm developers in characterising future 
sites and preparing structural calculations. 

The full range of France Energies Marines’ resources are intended to be accessible to the  
sector’s players. In a bid to offer stakeholders comprehensive solutions, the Institute works 
together with its members to offer complementary resources and enhance its capacity  
to characterise both components and complete systems.

I Measurement cages deployed in the Alderney Race
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I  Stereo video camera system placed at the top of La Jument light-
house, off Ushant Island
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I Acoustic recorder in stationary mode
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Biofouling characterisation and monitoring
France Energies Marines has a video system 
with antifouling protection developed by 
Ifremer as part of the ABIOP project. This 
system comprises a video camera in a titanium 
housing with a port protected by a transparent, 
conductive tin oxide film. The use of this film 
at the surface of the optical lenses produces 
hypochlorous acid which prevents biofouling 
(Ifremer/CNRS method). The system, designed 
for use at a maximum depth of 200 m, was 
successfully tested during the ABIOP project. 
The camera, connected by an Ethernet cable, 
transmits live images and can be deployed for 
several months maintenance-free. Its long 
deployment period opens up several possibilities 
for its use, including biofouling monitoring 
on an underwater structure, and underwater 
viewing for monitoring equipment or biological 
activity around floaters, wind turbine moorings, 
or tidal turbines.

Permanent Mediterranean observatory for 
floating offshore wind sector
Offshore floating wind technology has required 
the development of new components and 
materials adapted to environmental conditions 
at the selected site. Design methods, tools 
and regulations originating in the offshore 
oil industry must be significantly adapted for 
use in floating wind farms. As there is not 
yet much available feedback, it is essential 
to have continuous in-situ observations and 
measurements of the physical and biological 
environment. 
With support from the South Provence-
Alpes-Côte d’Azur Region and the City of Aix-
Marseille, France Energies Marines deployed 
an instrumented buoy (a weather station and 
inertial measurement unit) and a wave buoy in 

the Mediterranean, on the Mistral testing site 
in the Gulf of Fos, which is now managed by 
Valeco. These two units are the first building 
blocks of a growing environmental observatory.
Materials
•  Wave buoy: Datawell Waverider DWR MKIII 

directional wave recorder (70 cm diameter), 
anchored in 60 m deep water at 43.316111°N 
4.920361°E. The data obtained are visible in 
real time in the Gulf of Fos Campaign section 
of the CANDHIS (National Centre for Archiving 
Swell Measurements) website. The resolution 
is typically 1 cm/1.5° for wave height/direction 
and precision is <0.5% of the value measured 
(in m)/0.5° respectively.

•  Special mark instrumented buoy equipped 
with a 2D sonic anemometer (z~3 m from the 
surface) and a 9-axis inertial measurement 
unit. This unit is anchored in 60 m deep water 
at 43.31425°N 4.921°E. The anemometer 
resolution is typically 0.01 m/s for wind speed 
and precision is +/- 2% of the measured value 
at 12 m/s.
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Available data
•  Wave data for any period from December 

2018 to the current day (maintenance period 
with no data in late November and December 
2019). All classic spectral measurements 
can be provided for 30-minute intervals 
throughout the period. Raw data, 1.28 Hz time 
series, free surface elevation and north and 
west positions are also available.

•  Wind data from the end of July 2018 to 
October 2019. 1 Hz time series and statistics 
are available for the following measurements: 
wind speed (in m/s) and wind direction (in 
degrees).

•  Weather data from the end of July 2018 
to October 2019. 1/600 Hz time series 
(10-minute period) and statistics are available 
for the following measurements: atmospheric 
pressure (in hPa), atmospheric temperature 
(in °C) and relative atmospheric humidity  
(in %).

•  Inertial measurement unit data from the 
end of July 2018 to October 2019. 2 Hz time 
series and statistics are available for the 
following measurements: yaw, roll and pitch 
(in degrees), sensor acceleration along axes 
x, y and z (in m/s/s).

Statistical data analysis
France Energies Marines can carry out statistical 
data analysis on the metocean and inertial data 
mentioned above. For example, we can provide 
a correlogram of wind speed (average over 
30 min) crossed with wave intensity (Hs over 
30 min) for measurement periods of almost one 
year (mid-December 2018 to October 2019).

I Wave buoy
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•  Wind data from the end of July 2018 to 
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to October 2019. 1/600 Hz time series 
(10-minute period) and statistics are available 
for the following measurements: atmospheric 
pressure (in hPa), atmospheric temperature 
(in °C) and relative atmospheric humidity  
(in %).

•  Inertial measurement unit data from the 
end of July 2018 to October 2019. 2 Hz time 
series and statistics are available for the 
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(in degrees), sensor acceleration along axes 
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Statistical data analysis
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Representation of the R&D of the sector 

Support implementation of the European 
strategic plan for ocean energy technologies 
(H2020 OceanSET Project).

The European Strategic Energy Technology Plan 
(SET Plan) aims to improve new technology and 
reduce its cost by coordinating national research 
initiatives and contributing to project financing. 
Its operational rollout in the ocean energy sector 
is set for 2025 for tidal energy and 2030 for wave 
energy.

The European H2020 OceanSET project 
was launched in March 2019 to support this 
implementation. With a 3-year lifespan and a 
budget of €1 million, it is coordinated by the 
Sustainable Energy Authority of Ireland and 
is comprised of 9 partners, including France 
Energies Marines. The project has 3 key 
objectives: to facilitate and support technology 
development; to promote knowledge sharing 
among stakeholders in the ocean energy sector; 
and to investigate mechanisms for pooled 
funding between member States and Regions. 
OceanSET’s annual operational process of 
data collection and analysis, monitoring and 
recommendations is summarised in a report. 
 
 

Three of the project's flagship actions were 
implemented in 2019:
•  Dissemination of surveys to member States 

and technology developers based on pre-
defined indicators selected by project 
partners;

•  Design of a collaborative funding mechanism 
for the wave energy sector;

•  A workshop held on 30th September during the 
international Ocean Energy Europe (OEE2019) 
conference in Dublin to explain the selected 
data collection and analysis methodology.
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Databases
For its R&D projects, France Energies Marines 
carries out measurement campaigns in test 
tanks or at sea. When these projects are com-
pleted, the resulting data can be used to sup-
port Institute activities. Scheduled for launch at 
the end of 2021, the RESCORE resource centre 
will make it possible to view all available meta-
data through a graphic interface.

•  Description of hydrodynamic constraints on 
a cable based on test tank studies with vari-
ous conditions of roughness for both cable 
and seabed. Another parameter being studied 
is the distance between the seabed and the 
cable. Accounting for the combined effects 
of tide and current by using a cylinder sub-
jected to periodic oscillatory motion in a con-
stant current - Tests carried out in the Ifremer 
current and wave tank in Boulogne-sur-Mer 
(France) - May 2019. (STHYF project, owned by 
France Energies Marines)

•  Current pattern and hydrosedimentary pro-
cess measured with 2 ADCP current profilers, 
2 single-point current meters, 4 hydrophones 
and acoustic pebble tracking - Alderney 
Race (northwest of the temporary occupation 
permit area) - September 2017 to May 2018 
(PHYSIC project, co-owned by France Ener-
gies Marines)

•  Surface and vertical current mapping us-
ing ADCPs installed on the seabed from 
April 2017 to July 2018, a surface-towed 
ADCP in April 2017, drifting buoys and vid-
eo seabed observation - Alderney Race 
- April 2017 to July 2018 (HYD2M project, 
co-owned by France Energies Marines) 

•  Hydrokinetic resource mapping using HF and 
VHF radar - Goury and Jobourg - December 
2017 to present (HYD2M project, co-owned by 
France Energies Marines)

•  Three-dimensional high-resolution current 
maps accounting for sea states, created by 
combining a MARS hydrodynamic model and 
a WAVEWATCH III spectral wave model - Al-
derney Race/Gulf of Saint-Malo - 10 days in 
September 2017, 10 days in November 2017 
and 1 month in October 2018 (HYD2M project, 
co-owned by France Energies Marines)

•  Current and turbulence measurements 
made with a double ADCP - Alderney Race 
(northwest of the temporary occupation per-
mit area) - September 2017 to May 2018 (THY-
MOTE project, co-owned by France Energies 
Marines)

•  Atlas of biofouling along the French coasts 
including measurement protocols and data 
measured as well as all information relating 
to conditions, sites, duration etc. - Literature 
review - 2017 to 2018 (ABIOP project, owned 
by France Energies Marines)
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I Atlas of biofouling along the French coasts

4.4. Representation and coordination

In complement to its collaborative R&D activities, France Energies Marines represents the R&D 
of the sector in initiatives such as the European OceanSET project and the International Energy 
Agency’s (IEA) working group on ocean energy. The Institute also coordinates panels of interna-
tional experts on specific themes. Through these activities, France Energies Marines contrib-
utes its knowledge of the ORE-sector stakeholder network and challenges to specific initiatives.

I OceanSET project workshop
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4.4. Representation and coordination

In complement to its collaborative R&D activities, France Energies Marines represents the R&D 
of the sector in initiatives such as the European OceanSET project and the International Energy 
Agency’s (IEA) working group on ocean energy. The Institute also coordinates panels of interna-
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utes its knowledge of the ORE-sector stakeholder network and challenges to specific initiatives.
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Technology Collaboration Programme  
on Ocean Energy Systems (TCP/OES)

At an international level, the most visible 
France Energies Marines initiative takes place 
within the IEA’s Technology Collaboration 
Programme on Ocean Energy Systems (TCP/
OES). This initiative receives funding from 
the French Agency for Energy Transition.  
The Institute is currently vice-president of the 
Programme and represents it at international 
meetings. France Energies Marines also leads 
a French mirror group which improves the 
dissemination of initiatives and makes it easier 
to share information of international interest, 
thereby raising the profile of the French sector 
and its successes. 

The Institute also pilots themed working 
groups within the Programme, one of which is 
responsible for an inventory of job opportunities 
created by the ocean energy sector around the 
world. Of the 25 member countries of the TCP/
OES, many of the mandated representatives 
belong to entities with which France Energies 
Marines already collaborates and sets up 
European projects. At the end of the year, the 
Institute was involved as either partner or 
coordinator in the setting up of three H2020 
projects.

Coordination of expert panels

COME3T - Ranking environmental challenges 
In 2019, France Energies Marines completed 
the first phase of the COME3T project (initiated 
18 months ago) in which national ORE-sector 
stakeholders come together to address 
environmental issues to a panel of neutral 
and independent experts. These questions are 
based on challenges identified by the sector 
as well as public queries about the integration 

of these new technologies in France. It is 
this close association of the concerns of all 
parties which makes this initiative unique. 
France Energies Marines set up and coordinates 
the COME3T approach, acting as the interface 
between a steering committee and the panel 
of experts. The steering committee, made up 
of representatives from industry, engineering 
firms, universities and regional governments, 
ranks the questions, which France Energies 
Marines then transmits to the panel of 
neutral scientific experts who will explore 
them. The experts begin by categorising the 
questions by type of environmental issue. 
For each question asked, a summary is written 
to scientifically explain its categorisation. 
These summaries are the basis for richly 
illustrated educational bulletins. Two of these 
bulletins appeared this year and are available 
for free download from the France Energies 
Marines website: the first addresses the issue 
of dangerous waves, and the second, the 
introduction and spread of non-native species. 
COME3T is set to continue in 2020 with 6 new 
questions to be defined, and the expansion of the 
steering committee to include representatives 
of environmental associations and State 
services. This project is funded by France 
Energies Marines members.
Cumulative impact study
The ECUME working group was launched in May 
2018 by the Fench Ministry for Environment. 
The working group was active throughout 2019, 
with its panel of experts seeking to simplify the 
analysis of cumulative ORE impacts for State 
services and project leaders. INERIS (French 
National Institute for Industrial Environment 
and Risks) supervises the group’s progress. 
France Energies Marines coordinates the 
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experts, jointly leading the working group 
with the French (Centre for the study and 
assessment of risks, environment, mobility and 
planning) and the French Office for Biodiversity, 
which finances the project. This year's goal was 
to implement a decision support system for the 
selection of marine ecosystem receptors and 
pressures for study. From a list of around 500 

species representative of all marine ecosystem 
components and around 30 pressures, the 
group made a selection of 50 pressure/receptor 
pairs. This first step makes it possible to launch 
the second phase: implementation of methods 
and models to quantify the cumulative effects of 
multiple offshore wind farms.

I  Spread of non-native species, one of the issues which were examinated  
in the framework of COME3T
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to implement a decision support system for the 
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contribute to tender planning for future com-
mercial farms, but also the contribution to the  
drafting of specification proposals for pre-
liminary studies and initial reference states  
submitted to the French Directorate General 
for Energy and Climate.

›  Participation in the Offshore Commission of 
France Energie Eolienne in order to present 
the Institute’s contributions to the sector. 

Towards standardisation organisations
•   Participation in IECRE/ME&WE mirror groups 

on certification, organised by Bureau Veritas 
and focused on test sites and tanks that will need 
to adapt to upcoming international changes.

•  Participation in the IEC/TC114 mirror group 
aimed at preparing future international 
standards applicable to all offshore energy 
conversion systems, and in particular wor-
king group n°5 on resource characterisation.

Towards commissions responsible for public 
debate around the installation of future off-
shore wind farms
•   Preparation of educational workshops,  

discussion forums and materials (including a 
comic book) for the general public, to present 
and clarify R&D challenges and contributions 
to the development of offshore wind sector.

•    Planning of first steps for events in Normandy 
linked to the procedure for determining the 
installation site of the future 1GW bottom-
fixed offshore wind farm off Normandy.

Towards committees of environmental ex-
perts
•    Participation in the ORE and biodiversity 

working group of the French committee of 
the International Union for the Conservation 
of Nature.

•     Participation in the biodiversity working group 
of the French Renewable Energy Trade Asso-
ciation.

•  Participation in the consultation and monitor-
ing body for the Groix and Belle-Île pilot float-
ing wind farm project.

•   Participation in the Scientific Interest Group 
steering committee for the future Dieppe Le 
Tréport offshore wind farm.
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In addition to its collaborative R&D work and R&D service offerings, France Energies  
Marines takes part in multiple cross-cutting initiatives with a common goal of supporting ORE 
development. The Institute is thus involved in several national initiatives with stakeholders 
which bring together the sector to provide tools to offer structured support throughout the value 
chain. France Energies Marines also plays an active role in French and international R&D net-
works. The Institute shares knowledge through various initiatives, including dissemination and  
communication events for the R&D community, training modules, and scientific education 
aimed at the general public.

CROSS-CUTTING  
ACTIVITIES 

05

5.1. National support for the 
sector’s development
Towards local authorities
•  Participation in think tanks on ORE de-

ployment and planning policies with the  
different coastal regions concerned, through 
work programmes aimed at defining the fu-
ture Documents Stratégiques de Façade: 
Conférence Régionale Mer Littoral (Brittany), 
Assemblée Régionale Mer Littoral (Pays de 
la Loire Region), Assemblée Maritime pour 
la Croissance Régionale et l’Environnement 
(Provence-Alpes-Côte d’Azur Region).

•  In Brittany: active participation in the discus-
sion group set up to determine the future of 
the Paimpol Bréhat tidal power test site.

•  In the Pays de la Loire Region: signature of the 
Défi maritime et littoral de Loire-Atlantique  
charter.

•  In support of the Réunion Region: continu-
ation of discussions on future ORE platform 
installation and support for the TEMERGIES 
cluster.

Towards clusters and professional organisations
•   For the Sector Strategy Committee of New 

Energy Systems Industry: participation in the 
offshore wind sector programme, specifical-
ly in defining the numbers of necessary test 
sites. This initiative led to the development of 
the Plug & Test survey aimed at defining the 
opportunity to anticipate the possible integra-
tion of future test sites into commercial farms 
near planned substations.

•   For Sector Strategy Committee of Sea In-
dustry, co-leadership with EVOLEN and Ifre-
mer of the Smart Offshore Industries sector’s  
Research, Development and Innovation  
programme, including drafting a roadmap 
and evaluating submissions received follo-
wing the 2019 call for innovative projects.

•  Participation in the ORE working groups  
organised by the French Maritime Cluster as 
part of discussion sessions on market pros-
pects.

•    Participation in the working groups organ-
ised by the ORE commission of the French 
Renewable Energy Trade Association (SER) to 

I Offshore wind farm

©
 M

ic
ha

el
 R

os
sk

ot
he

n 
Ad

ob
eS

to
ck

.



contribute to tender planning for future com-
mercial farms, but also the contribution to the  
drafting of specification proposals for pre-
liminary studies and initial reference states  
submitted to the French Directorate General 
for Energy and Climate.

›  Participation in the Offshore Commission of 
France Energie Eolienne in order to present 
the Institute’s contributions to the sector. 

Towards standardisation organisations
•   Participation in IECRE/ME&WE mirror groups 

on certification, organised by Bureau Veritas 
and focused on test sites and tanks that will need 
to adapt to upcoming international changes.

•  Participation in the IEC/TC114 mirror group 
aimed at preparing future international 
standards applicable to all offshore energy 
conversion systems, and in particular wor-
king group n°5 on resource characterisation.

Towards commissions responsible for public 
debate around the installation of future off-
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discussion forums and materials (including a 
comic book) for the general public, to present 
and clarify R&D challenges and contributions 
to the development of offshore wind sector.

•    Planning of first steps for events in Normandy 
linked to the procedure for determining the 
installation site of the future 1GW bottom-
fixed offshore wind farm off Normandy.

Towards committees of environmental ex-
perts
•    Participation in the ORE and biodiversity 

working group of the French committee of 
the International Union for the Conservation 
of Nature.

•     Participation in the biodiversity working group 
of the French Renewable Energy Trade Asso-
ciation.

•  Participation in the consultation and monitor-
ing body for the Groix and Belle-Île pilot float-
ing wind farm project.

•   Participation in the Scientific Interest Group 
steering committee for the future Dieppe Le 
Tréport offshore wind farm.
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In addition to its collaborative R&D work and R&D service offerings, France Energies  
Marines takes part in multiple cross-cutting initiatives with a common goal of supporting ORE 
development. The Institute is thus involved in several national initiatives with stakeholders 
which bring together the sector to provide tools to offer structured support throughout the value 
chain. France Energies Marines also plays an active role in French and international R&D net-
works. The Institute shares knowledge through various initiatives, including dissemination and  
communication events for the R&D community, training modules, and scientific education 
aimed at the general public.

CROSS-CUTTING  
ACTIVITIES 

05

5.1. National support for the 
sector’s development
Towards local authorities
•  Participation in think tanks on ORE de-

ployment and planning policies with the  
different coastal regions concerned, through 
work programmes aimed at defining the fu-
ture Documents Stratégiques de Façade: 
Conférence Régionale Mer Littoral (Brittany), 
Assemblée Régionale Mer Littoral (Pays de 
la Loire Region), Assemblée Maritime pour 
la Croissance Régionale et l’Environnement 
(Provence-Alpes-Côte d’Azur Region).

•  In Brittany: active participation in the discus-
sion group set up to determine the future of 
the Paimpol Bréhat tidal power test site.

•  In the Pays de la Loire Region: signature of the 
Défi maritime et littoral de Loire-Atlantique  
charter.

•  In support of the Réunion Region: continu-
ation of discussions on future ORE platform 
installation and support for the TEMERGIES 
cluster.

Towards clusters and professional organisations
•   For the Sector Strategy Committee of New 

Energy Systems Industry: participation in the 
offshore wind sector programme, specifical-
ly in defining the numbers of necessary test 
sites. This initiative led to the development of 
the Plug & Test survey aimed at defining the 
opportunity to anticipate the possible integra-
tion of future test sites into commercial farms 
near planned substations.

•   For Sector Strategy Committee of Sea In-
dustry, co-leadership with EVOLEN and Ifre-
mer of the Smart Offshore Industries sector’s  
Research, Development and Innovation  
programme, including drafting a roadmap 
and evaluating submissions received follo-
wing the 2019 call for innovative projects.

•  Participation in the ORE working groups  
organised by the French Maritime Cluster as 
part of discussion sessions on market pros-
pects.

•    Participation in the working groups organ-
ised by the ORE commission of the French 
Renewable Energy Trade Association (SER) to 

I Offshore wind farm
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5.2. Participation in R&D stake-
holder networks
Locally

The first French community dedicated to ma-
rine knowledge and resource dissemina-
tion, Campus Mondial de la Mer consists of 
2,720 academics, scientists, economists and  
institutionnal bodies working in the fields of 
marine science and technology and maritime 
economy in the Brest region. France Energies 
Marines plays an active role in this community, 
which has strong common values: a sense of 
community, ambition and excellence. In De-
cember, the Institute signed a charter com-
mitting itself to contributing to the strategy and 
implementation of collective initiatives, and to 
participating in activities developed by the Cam-
pus and its community.

Regionally

France Energies Marines maintains close ties 
with the activities of the Brittany-Atlantic Mari-
time Cluster (PMBA) and the Mediterranean 
Maritime Cluster (PMM), which both play an 
active role in its governance. Most of the Insti-

tute’s collaborative projects have received la-
belling, thereby raising their visibility. PMBA’s 
geographical proximity to Brest and Nantes has 
facilitated collaborations with local players, and 
relations with PMM have been strengthened by 
the opening of the Institute's Mediterranean  
office in April. PMM works with France Ener-
gies Marines on complementary activities and 
on building partnerships in the region. 
Numerous shared initiatives in 2019 aimed 
to generate new projects with local players 
through offering support based on expertise 
and project coordination, especially in admi- 
nistrative areas. Such relationships demon-
strate these organisations’ complementarity  
working to the benefit of the sector.
Nationally
The French Directorate General for Energy and 
Climate of the French Ministry for the Environ-
ment now participates in French Agency for  
Energy Transition quarterly project reviews. 
These reviews play an important role in sharing 
information on projects set up and coordinated 
by France Energies Marines, in complement to 
other projects supported at a national level. The 
resulting global vision also makes it possible to 
better support players, with the possibility of pro-
viding targeted services when supporting a tech-
nological development or sharing knowledge. 
This year, the 8 Technological Research Insti-
tutes (IRT) came together with the 8 Institutes 
for Energy Transition (ITE) to form French Insti-
tutes of Technology Association, or FIT. Through 
FIT, France Energies Marines consolidates its 
ties with these different institutes, which share 
its basic principles in terms of multi-partner 
public-private research and innovation culture 
to drive two major transitions: the industrial 
transition and the energy transition. Discus-

I Signature of the Campus Mondial de la Mer charter
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sions between directors made it possible to coor-
dinate feedback to the French National Research 
Agency and the French Secretary General for 
Investment on the institutes’ management pro-
cesses. Several working groups are set between 
the 16 institutes adressing themes ranging from 
human resources to dissemination and training. 
These cross-organisational groups make it pos-
sible to share feedback on each institute’s activi-
ties on these themes and, when possible, to pool 
the resources dedicated to them.

France Energies Marines is actively involved 
in two academic groups focused on ORE R&D:  
•  The CNRS-certified Offshore Renewable  

Energies Research Group (GDR EMR), where 
it contributes to scientific education days 
and themed educational events through oral  
presentations and financial support;

•  The Programme group on ORE and Hy-
draulics of the Alliance for the Coor-
dination of Energy Research, where it  
contributes to the revision of a national public 
research road map for the French Directorate 
General for Research and Innovation at the 
Ministry for Higher Education, Research and 
Innovation.

In Europe

France Energies Marines contributes to the 
Joint Programme Ocean Energy of the Eu-
ropean Energy Research Alliance (EERA) 
through its role on the steering committee of 
ETIP Ocean, a recognised R&D advisory body 
that has drafted a Strategic Research and  
Innovation Agenda (SRIA) for the European 
Commission. This type of lobbying initiative is 
also debated within Ocean Energy Europe, of 
which France Energies Marines has been a 
member since 2015. 

These pan-European initiatives have enabled 
France Energies Marines to take its place in the 
networks that are laying the groundwork for the 
European Commission's support policy, and to 
forge links within the Directorates-General for 
Research & Innovation and Maritime Affairs & 
Fisheries. European project opportunities have 
also been forthcoming, notably within the H2020 
programme. France Energies Marines has been 
approached to set up 4 European projects and 
to participate in the annual WindEurope event.
 

This year, France Energies Marines joined 
the network of players involved in the Com-
mon Environmental Assessment Framework 
(CEAF), working on marine environments 
and wind energy in the Channel and North 
Sea alongside participants from the Nether-
lands, Germany, Denmark, Belgium, Scotland,  
England and France. Their objective is to  
support the EU energy policy declaration by 
making recommendations on implementing 
a common framework for environmental as-
sessment. In June, the Institute hosted a mee-
ting of this working group, providing numerous 
French experts with the opportunity to attend  
a workshop on assessment methods for the en-
vironmental impacts of offshore wind farms.

I  CEAF meeting held at France Energies Marines’ Brest office
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5.3. Dissemination and communi-
cation
Science & Technology Tribune
Since 2017, France Energies Marines has been 
holding its Science & Technology Tribune to  
discuss R&D challenges and the results of  
collaborative projects led by Institute teams, 
members and partners. Due to the major strike 
in Paris at the end of the year, the 2019 Tribune 
was rescheduled for 2020. Against the backdrop 
of construction of the first French commercial 
offshore farm and the launch of public debate 
on future farms, the 3rd edition of the Tribune will  
focus on farm integration and optimisation. 
Four panel session with audience participa-
tion have been defined: seabed dynamics, the  
influence of biofouling, environmental recom-
mendations and farm optimisation.
Themed workshops
In complement to the Science & Techno- 
logy Tribune, France Energies Marines set  
itself the objective of holding findings work-
shops at the end of each R&D project for the 
benefit of project partners and, if the con-
sortium agrees, for external stakeholders. 
These workshops are particularly important 
in cases where new methodologies have been  
developed and the sector would benefit from 
them being disseminated as widely as possible.  
 
In 2019, 4 such events were held:
•  On 14th June in Caen, a public restitution work-

shop for the TROPHIK project, presenting the 
modelling method used to study the impact 
of a bottom-fixed wind farm on the food web;

•  On 15th October in Dunkirk, an information 
meeting presenting the DUNES project to the 
general public and local and sector stake-
holders;

•  In December, a training session on the use of 
the analytic glued joint design tool developed 
by the INDUSCOL project;

•  On 19th December in Plouzané, a workshop 
on waves and sea states linked to the DIME 
project. 
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Internationally

The Institute continued its participation in OES-
Environmental, an international collaborative 
programme involved in examining the environ-
mental effects of ocean energy development. 
This programme brings together 15 nations 
from all 4 continents. France Energies Marines 
team members participate in the organisation's 
quarterly analyst meetings, most often held by 
videoconference and aimed at coordinating the 
programme and working on the revision of the 
State of the Science Report. The next edition 
of this reference document, drafted over the 
course of the year, is due for release in 2020. 
Institute scientists have also contributed to the 
preparation and dissemination of a survey on 
the process of ORE project environmental ap-
proval. 
France Energies Marines assisted with the  
organisation of the 6th Offshore Energy and 
Storage Summit, held in Brest from 10th to 12th 
July. Led by two experienced organisations, 
IEEE Oceanic Engineering Society and Offshore 
Energy and Storage Society, this international 
conference focuses on advanced innovations in 
offshore energy system integration. The agenda 
included sessions on floating wind turbine and 
solar panel platforms, hybrid energy collection 
systems, energy storage, and diverse energy re-
covery solutions with no land-based equivalent. 
For this year's Summit, the Institute presented 
an overview of ORE development in France.

With a variety of partnerships and circumstances, 
international collaborations yield diverse re-
sults. Among the most notable in 2019:
•  Participation in an activity review and pres-

entation of key perspectives for the renewal 
of the registration of MERIC, France Energies 
Marines’ Chilean alter ago.

•   Hosting of the Institute's Technical and  
Scientific Council, made up of 8 experts from 
organisations in the USA, Norway, the UK and 
Denmark, to discuss upcoming projects with 
the teams.

•   Along with academic and professional part-
ners in Brest, co-signature of an agreement 
with the Indian Institute of Technology in Goa, 
in answer to both countries’ governments  
desire for increased exchange. 

•   Annual financial support to the Internation-
al Network on Offshore Renewable Energy  
(INORE), an association of postgraduate  
students, postdoctoral researchers, and other 
professionals at early stages of their careers, 
working in the fields of offshore renewable 
energy. 

I TROPHIK project restitution workshop in June
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IRT & ITE Forum
Reflecting its commitment to FIT (French Insti-
tutes of Technology Association), France Ener-
gies Marines took part in the organisation of 
the IRT & ITE Forum held on 8th October in Lille. 
From the themed exhibitions, 3 collaborative 
projects with Institute participation and fund-
ing from the Investments for the Future Pro-
gramme were presented to illustrate:
•  Energy and environmental transition through 

the LISORE project on innovative, compet-
itively-priced offshore ORE substations for 
2025, with the involvement of another ITE, the 
SuperGrid Institute;

•  Human and animal health through a SPECIES 
project experiment seeking to understand the 
effects of ORE farm power cables’ electro-
magnetic fields on juvenile lobsters;

•  Sovereignty and security through the APPEAL 
project, in particular through work carried 
out on integrating ORE into maritime spatial 
planning. 

During the plenary session, Yann-Hervé De 
Roeck, Executive Director of France Energies 
Marines, gave a joint presentation with Roch 
Drozdowski-Strehl, Executive Director of IPVF 
(the Photovoltaic Institute of Ile-de-France) 
on the theme of technology collaboration pro-
grammes and soft power in an international 
scale.

I Themed exhibitions (left) and plenary session (right) at the IRT & ITE Forum
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DUT technical diploma 
in Industrial Engineering 
and Maintenance

Masters in Environmental Management 
- Environmental assessment  
and management speciality

Masters in Earth and Planetary  
Sciences, Environment  
- Geoscience and oceans specialty

Masters in Marine Sciences 
- Ocean and climate physics specialty

Electrical energy production  
for in-stream tidal/offshore wind  
turbine and network integration  
– Export Cable issue

Final year of the Hydrography  
& Oceanography programme

Specialised Masters  
- Expert in offshore  

renewable energy

2nd year of
Navy Officer training

Continuing education 
The challenges  
of blue growth

Technical executive  
in marine environment 

engineering training

France Energies Marines continues to coope- 
rate with national and regional ORE players in 
initiatives aimed at helping sector stakeholders 
to increase the expertise of their collaborators. 
In support of educational institutions, the Insti-
tute makes its human and material resources 
(internal staff expertise, classrooms, experi-
mental facilities, audiovisual resources, etc.) 

available for learners, whether at its own sites 
or those of its partner establishments. France 
Energies Marines team-member talent is  
increasingly sought in order to add recognised 
expertise to existing training programmes.

Training
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General public

The France Energies Marines team puts great 
emphasis on communications aimed at the 
general public. Several media operations were 

conducted this year and are summarised in the 
table below.
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France Energies Marines strengthened its  
presence in professional social networks,  
making 337 Twitter posts and 184 posts on 
LinkedIn which respectively garnered 203,000 
and 150,000 views. As proof of the community’s 
interest for the news shared, the number of  
followers is steadily growing. In 2019, the num-
ber of followers on Twitter rose by 125% and on 
LinkedIn by 185%. France Energies Marines’ 
YouTube channel was launched in October and 
has since been regularly updated with videos. 
Our teams are readily involved in public events 
that contribute to a better understanding of ORE. 

On 27th September, France Energies Marines  
participated in the Brest edition of the 15th Euro-
pean Researchers’ Night, which attracted around 
7,000 people over the course of the evening.  
Numerous games and experiments were  
invented around this year's theme, “Enter the 
investigation!”. 
The Institute also organised scientific education 
activities during an ORE exhibition at Quimper 
IUT in March, at La Mer XXL in Nantes in July, 
and at the RESSAC (Sciences Arts) Festival in 
Brest in November.
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I  Activities and workshops for all ages held during European Researchers’ Night
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Date Subject Media coverage

02/2019 SPECIES
Is the lobster sensitive to the electromagnetic field  
of subsea power cables?

3 reports  
and 6 articles

04/2019
08/2019

APPEAL
Second year of in situ monitoring on the Groix & Belle-
Île site for integrated study of floating wind farm impact

1 report  
and 4 articles

04/2019 INSTITUTE
Opening of France Energies Marines’ Mediterranean 
office

1 article

07/2019 OCEANSET
A 1M€ H2020 project to support implementation  
of ocean energy initiatives in line with the SET Plan

4 articles

07/2019 DTOCEANPLUS
Enhanced involvement of French partners in the project, 
and assessment after 1 year of activity

5 articles 

08/2019 DUNES
First offshore campaign near Dunkirk to study interac-
tions between wind turbines and underwater dunes
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France Energies Marines is contracted by the State  
as an Institute for Energy Transition and receives €4M of 
funding
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10/2019 DUNES
Project aimed at improving knowledge of the ecological 
and sediment dynamics of underwater dunes in order  
to predict the impacts of offshore wind farm installation

1 article

11/2019 DTOCEANPLUS
Publication of 2 key deliverables:  
data format standardisation framework for tidal  
and wave array design, and alpha version of the first 
module in the suite

4 articles



General public

The France Energies Marines team puts great 
emphasis on communications aimed at the 
general public. Several media operations were 

conducted this year and are summarised in the 
table below.
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France Energies Marines strengthened its  
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FINANCIAL  
SUMMARY

06

Two organisations co-exist in the 2019 financial report: the Association created at the outset 
of France Energies Marines, and the joint-stock company (SAS) responsible for the Institute’s 
activities since 1st January 2019. With 26 ongoing projects coordinated by the Association and 
the setup of 8 new projects by the joint-stock company, 2019 was a time of significant activity, 
with a 12% rise in the overall volume as compared with 2018.

The Association reached its peak in 2019. Fol-
lowing the granting of ITE status to the Insti-
tute in the form of a joint-stock company, the 
Association will no longer initiate projects and 
all personnel will gradually be transferred from 
one organisation to the other. The Association 
nevertheless remains very active, as it conti-
nues to manage all of the projects it initiated. 
7 projects were completed in 2019, while 15 are 
ongoing and will be completed by 2022. 50% of 
project costs were financed by Association dues 

contributed at the time of their launch. Although 
the Association did not approve the launch of any 
new projects in 2019, the General Meeting de-
cided to maintain dues at 10% of their previous 
amount. The remainder of the funding consists 
of the balance of project grants and contribu-
tions from the Investments for the Future Pro-
gramme. For the first time since its inception, 
the Association made a loss in 2019; this is due 
to the decision to transfer all new project activ-
ity and funding to the joint-stock company.

6.1. France Energies Marines Association

FY 
2019

Operating expenses

Operating expenditure, excluding RDI subcontracting c2,212,000 

Total RDI subcontracting during the year, actual amount before ceiling set by financial regulations c524,000 

Depreciation and provisions c92,000 

Total c2,828,000 

Operating income

Income from commercially provided services including intellectual property income c4,000 

Funding by FEM private sector founders and members c70,000 

French public funding excluding State funding (local authorities),  
amount attributed to projects during the year

c95,000 
c13,000 

Community funding (Europe), amount attributed to projects during the year c336,000 

State funding excluding PIA (including members’ own resource contributions),  
amount attributed to projects during the year

c177,000 
c162,000 

PIA funding allocated during the year,  
amount attributed to projects during the year c958,000 

Total c1,855,000 

Operating result C- 973,000 

I Operating result for the Association 
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Year-end  
cumulative total

Balance sheet - Assets

Fixed assets

Long-term investments c50 

Total c50 

Current assets

Receivables c1,256,639 

Liquid assets c582,575 

Total c1,839,214 

Grand total c1,839,264 

Balance sheet - Liabilities

Equity c303,820 

Loans and debts c1,535,445 

Grand total c1,839,265 

FY  
2019

Operating expenses

Operating expenditure,  
excluding RDI subcontracting c195,000 

Total c195,000 

Operating income

Total c1 

Operating result c-195,000 

I Operating result for the joint-stock company I Joint-stock company balance sheet

Following the granting of ITE status in September 
2019, the joint-stock company launched its  
activity, finalising project setup and fund-
ing. On 13th December, 5 projects result-
ing from the 2019 R&D consolidation process 
were approved by the General Assembly. Their  
official launch is scheduled for the beginning 
of 2020; as a result, the joint-stock company  
declared no profits in 2019. Funds resulting 
from the 2019 call for contributions will be  
attributed to the projects as they advance, 
as will funding from the Investments for the  

Future Programme. Three successive  
capital increases took place over the year,  
reflecting the capital contributions of the 6  
founding associates and the integration of 9 new  
shareholders. These capital increases, the 
call for contributions and the payment of the 
first instalment of Investments for the Future  
Programme funding have resulted in a  
comfortable cash-flow situation, enabling the 
joint-stock company to launch its activities in 
favourable conditions.

6.2. France Energies Marines joint-stock companyYear-end  
cumulative total

Balance sheet • Assets

Fixed assets

Intangible assets c13,892 

Tangible assets c273,615 

Long-term investments c50 

Total c287,557 

Current assets

Inventory and WIP c229 

Receivables  c5,653,124 

Liquid assets c1,302,799 

Deferred receivables c15,949 

Total c6,972,101 

Grand total c7,259,658 

Balance sheet • Liabilities

Equity c1,481,464 

Loans and debts c5,778,194 

Grand total c7,299,953 

I Association balance sheet
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OUTLOOK  

07

The 20 ongoing projects launched by the Association are set to continue in 2020: they cannot 
be transferred to the joint-stock company. The newly created organisation will, however, lead 
2 projects funded by ADEME and launched in late 2019/early 2020, as well as 6 new projects.

•   DIMPACT, a continuation of the DIME pro-
ject aimed at characterising loadings  from  
breaking waves on floating wind turbines with 
a view to revising certification documentation;

•   MONAMOOR, a continuation of the POLYA-
MOOR project aimed at improving tools for 
modelling and in-service monitoring of nylon 
mooring lines for floating wind turbines;

•   WINDSERV, a continuation of the TROPHIK 
and APPEAL projects aimed at implementing 
a multi-model approach to predicting the  
impacts of wind farms, and developing new 
indicators for the ecosystem services they 
provide;

•  RESCORE, aimed at developing a resource cen-
tre to guarantee the lifespan and sharing of 
ORE-sector databases and documentation;

•   An 18-month extension for COME3T, which 
consists of coordinating the expert panels re-
sponsible for ranking environmental issues 
linked to ORE in France;

•  ECOSYSM-EOF, aimed at developing a high-
frequency observatory architecture relying on 
the subsea cable network of the Gulf of Lion 
to determine the state and evolution of marine 
ecosystems in interaction with high-power 
floating wind farms  (project funded by the 
French Agency for Energy Transition);

•   SUBSEA4D, aimed at developing a numeri-
cal platform integrating the physical models 
required to represent the complexity of the  
subsea environment, particularly for ca-
bles and mooring lines. This project  
receives funding from Brittany and the Euro-
pean Regional Development Fund. It will be 
coordinated by CERVVAL, a company specia-
lising in virtual reality.

In total, the Institute will be involved in 28 pro-
jects which will constitute the majority of its 
2020 activity. Researcher and R&D engineer 
hiring is scheduled to take place to ensure 
that operational needs are met. Multiple Eu-
ropean projects are being planned with foreign  
partners, and, for the first time, France  
Energies Marines will offer to lead 
some of them. To reinforce the stra-
tegic paths we have identified and in  
response to new challenges in the sector,  
further projects will be initiated in 2020  
following the R&D consolidation process.

France Energies Marines will organise restitu-
tion workshops for projects completed in 2020 in  
order to disseminate our work and results. 
These will be open to all sector stakeholders, 
thus raising the Institute’s activities and  
encouraging new partnerships. France Ener-
gies Marines continues to invite new players 
to join the joint-stock company, whether by  
contracting for new projects or by becoming 
contributors.
Early 2020 should see the rollout of a new  
service by the Institute focusing on expertise 
coordination and environmental data collection  
in response to fundamental issues surrounding 
floating wind turbine deployment in the Gulf of 
Lion.

The projects led by the France Energies Marines joint-stock company scheduled for launch in 
2020 are:
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