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Abstract: The French government has since the beginning of the 2000’ the ambition that the offshore wind production formed
40% of the renewable electricity in 2030, and three calls tenders of Offshore Wind Farms (OWF) construction have been
pronounced since 2011. However, no marine wind farm had been constructed at the end of 2017 due to long administrative
procedures and numerous appeals in justice, at French and European levels. Nevertheless, several studies have been enterprise
to identify the environmental conditions and ecosystem functioning in selected sites before OWF implantations. However,
these studies are generally focused on the conservation of some species or groups of species and there is no holistic study on
the effects of the construction and operation of OWF on an ecosystem taken as a whole. In 2017, a complete and integrated
view of the ecosystem of two future OWF sites of the eastern English Channel (Courseulles-sur-Mer and Dieppe-Le Tréport)
were developed to model the marine ecosystems before OWF implementation and to simulate reef effects due to new spatial
occupation of maritime territory. Results contribute to a better knowledge of the impacts of the OWFs on the functioning of
marine ecosystems. They also allow to define recommendations for environmental managers and industry in terms of
monitoring the effects of Marine Renewable Energy (MRE), not only locally, but also on other sites, at national and European

levels.
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1 Introduction

In the face of global climate change linked to CO2 emissions, there is a worldwide demand for energy transition
and the development of Marine Renewable Energy (MRE) has became a major policy objective [1]. For instance,
the European Union (EU) has set a target of 20% of the energetic consumption to be derived from renewable
energy sources by 2020 (Directive 2009/28/EC). In line with these political imperative, MRE sector is growing
significantly to allow the energetic transition. Among these MRE, Offshore Wind Farms (OWFs) has seen
consistent growth in capacity and it is by far the most technically advanced of all MRE [2]. However, this OWF
development has raised concerns about their potential impacts on ecosystems [3]. In fact, the construction of OWF
is responsible for change in the surrounding environment and so far, the different ecosystem components (i.e.
benthos, fish, and birds) that have been studied have already shown some degree of response to OWF. For instance,
OWEF will be responsible for the introduction of hard substratum [4, 5] which will create new habitats for several
benthic and epibenthic species [6]. Thus, OWF may act as artificial reefs due to their foundations and potential
scour protections [6, 7]. At the same time, OWF may also include a local habitat loss or degradation [4]. OWFs
that have been built in Europe have been subjected to an Environmental Impact Assessment (EIA) in order to
identify both the environmental conditions and ecosystem functioning in selected sites (before OWF construction)
and the effects of these new structures on the surrounding marine ecosystems. However, one of the main issue
linked to these monitoring programs is that they are focused on the conservation of some species or groups (iconic
or flag species) and there is no holistic study on the effects of OWF construction and operation on an ecosystem

taken as a whole [7]. Thus, the environmental impacts of OWF construction at the ecosystem scale remain unclear

[3].

In France, no OWF have been yet constructed. However, three successive calls for tenders related to OWF
development have been successively published and seven sites have been selected for future OWF construction
[8, 9]. Following, these calls for tenders, several studies have been enterprise to identify the environmental
conditions and ecosystem functioning in selected sites before OWF constructions. In 2017, Raoux et al. [7], Raoux
[8] and Pezy [9] explored a new way to look at the potential impacts of OWFs through food-web models and flow
analysis. In fact, they developed an ecosystem integrated view of two future OWF sites of the eastern English
Channel (Courseulles-sur-Mer and Dieppe-Le Tréport) to describe the marine ecosystems before OWF

construction and to simulate reef effect.

In this article, we summarize the present state of art of the offshore renewable energy development in France and
more particularly in the eastern English Channel, with a special emphasis on the issues that are hampering its
effective implementation. We also present the methodology and the main results of the MRE ecosystem approach
developed by Raoux et al. [7], Raoux [8] and Pezy [9]. Finally, we also conclude with the lessons learned from

this modelling and with the recommendations for future monitoring programmes that we can derived from it.



2 OWEF development state-of-the-art

2.1  OWEF in France

Renewable energy sources research and development raised a challenge for maritime countries in Europe in the
last decades. For more thant fitheen years, OWF have been built accross the Europe [8]. OWF developments were
most important in the north European countries (Denmark, Germany, Netherlands, United-Kingdom) than in the
south European countries like those around the Mediterranean Sea, where the wind farm had been developed in
land (Spain, Greece, Italy). With more than 11 million km? of waters under its jurisdiction, France holds a huge
natural potential for marine renewable energy [8]. At the scale of the Europe the France has the second potential
of Offshore Wind Farm (OWF) after the UK. The French government has since the beginning of the 2000’ the
ambition that the offshore wind production formed 40% of the renewable electricity in 2030, with to first steps:
500 MW on 31 December 2018, and 3,000 MW on 31 December 2023 (https://www.ecologique-

solidaire.gouv.fr/eolien-en-mer).

Three successive calls for tenders linked to the offshore wind development had been successively published. The
first call for tenders was pronounced on 11 July 2011 and concerned five zones for a total production of 3,000
MW: Dieppe-Le Tréport, Fécamp, Courseulles-sur-Mer, Saint-Brieuc and Saint-Nazaire, four of them concerned
the English Channel (EC) and three the eastern part of the EC (Fig. 1). The candidates have been selected following
three main criteria: the quality of the industrial and social project, the price of the electricity, and the respect of the
marine environment and the sea users. Only four candidates had been retained: Fécamp (Seine-Maritime, 498
MW), Courseulles-sur-Mer (Calvados, 450 MW), Saint-Nazaire (Loire-Atlantique, 480 MW) and Saint-Brieuc
(Cotes d’Armor, 500 MW). After the administrative authorisations and the maritime concessions, the beginning
of the production had been estimated to 2020-2021 (ten years of administrative procedures).

The second call was pronounced on 18 March 2013 and concerned two zones: Dieppe-Le Tréport (Seine-Maritime,
500 MW) and between the Yeu and Noirmoutier islands (Loire-Atlantique, 500 MW) near the Loire estuary (Fig.
1).

The third call published in April 2017 concerned only one site offshore of Dunkerque in the southern part of the
North Sea (Fig. 1).

<Figure 1>

At the same time, the French government wants to develop a floating wind turbine sector. A call for projects for
the deployment of pre-commercial floating wind farms was launched on 5 August 2015. Four projects were
founded of which three are in the Mediterranean Sea and one along the Atlantic coast:

e  “Provence Grand Large” project is owned by “Electricité De France Energies Nouvelles” (EDF) EN? and
will comprise 3 turbines (8 MW);

e  “Eoliennes flottantes Golfe du Lion” project is owned by Engie/EDP Renewables/Caisse des Dép6ts and
will comprise 4 (6 MW) turbines;

o "Eolmed" project is owned by Quadran and will comprise 4 turbines (6 MW);

e “Eoliennes flottantes de Groix” project is owned by Eolfi/CGN (China Guangdong Nuclear power group)
and will comprise 4 turbines (6 MW).


https://www.ecologique-solidaire.gouv.fr/eolien-en-mer
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OWF construction follows a regulatory framework based on the maritime public domain (decree n°2004-308 of
29 March 2009), and on the environmental code (article L214-2). Moreover, the General Tax Code (article 519 B)
is beneficial for municipalities and sea users, and annual tax on electricity production encourages using mechanical
wind energy located offshore (territorial sea). A simplification and consolidation of the offshore wind farm’s legal
framework was revised in the publication of decree n°2016-9. One improvement, for instance, is that the allowance

to occupy a maritime public domain was increased from 30 to 40 years.

A guide to assess the environmental impact of the offshore wind farm construction and operation was published
in 2010 and is revised each year [8]. This guide takes into account the evolution of methods and knowledge as
well as feedback on the operation of OWF. This document aims to support actors in the offshore wind power

branch during the EIA. It is targeted at all actors concerned by the OWF development.

The implementation of this infrastructure is a challenge for developers from technical, legal, social, and
environmental points of view. Indeed, these OWF will be integrated into ecosystems already subjected to a
growing number of anthropogenic disturbances such as pollution, transportation, fishing, aggregate extraction, or
sediment dredging and deposit [7, 10-12]. Nevertheless, seven years after the first call, no OWF was constructed

in France and probably, if they exist, the construction would begin in 2021

2.2 OWF ineastern EC

Four projects raised in the eastern part of the EC, one along UK and three along France. The following paragraphs

present the four OWF that have been built or will be built in the future in the eastern EC.

The Rampion OWF

The Rampion OWF (79 kmz; 13 and 25 km to the coast; 400 MW) was constructed by E.ON off the Sussex coast
in the UK. The construction is expected to be completed in 2018. E.ON's final plans use 116 turbines of
approximately 3.45 MW capacities. The project was approved by the UK government in July 2014. An onshore
construction work began in June 2015 with construction of a new electricity substation adjacent to the existing
National Grid Bolney. The first wind turbine was lifted into place in March 2017, with work to backfill the cable
duct trenches off Lancing beach initially due to be completed in Spring 2017. Electricity production is expected to
start during the third quarter of 2017- Construction of the wind farm is expected to be completed in 2018 at a cost
of £1.3 billion (https://www.eonenergy.com/). Thus, the delay between the decision and the electricity production

in the case of the UK procedure was about four years.

The Courseulles-sur-mer OWF

The project is owned by “Eoliennes Offshore du Calvados”, a subsidiary of Eolien Maritime France and WPD
Offshore. The Eolien Maritime France (EMF) was allowed to operate the offshore wind farm off from Courseulles-
sur-Mer by the Ministerial Order of April 18" 2012. The proposed wind farm will be located 10 to 16 km offshore
from the coast of Calvados — Normandy. The wind farm will have a total area of approximately 50 km?2. It will
comprise 75 turbines (6 MW) giving a combinated nameplate capacity of 450 MW. The wind farm turbines will

be connected via an interarray network of 33 k\VV AC cables which will link at one offshore transformer substation
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located within the wind farm. From this station power will be exported via two 225 kV AC marine cables. The
turbines are supported by 7 m of diameter monopiles driven into the sea bed. The foot print of the 75 turbines
foundation and of the converter station will be 0.158 kmz or 0.03 % of the overall wind farm area. Our work
hypothesis was that scour protections will be installed around the 75 turbines and the converter station and 33%
of the cables will be rock-dumped, thus the foot print would amount to 0.342 kmz, or 0.72% of the OWF area. The
production generated by the wind park would cover the average annual electricity consumption of approximately
630,000 people, i.e. around 40 % of the inhabitants of the surrounding region of Normandy. The commissioning
would be provided for 2021.

The Fécamp OWF

The project is owned by “Eoliennes Offshore de Fécamp”, a subsidiary of EMF. The proposed wind farm will be
located 13 to 22 km offshore from Fécamp. The wind farm will have a total area of approximately 67 km2. The
wind farm will comprise 83 turbines (6 MW) giving a combined nameplate capacity of 498 MW. The foundations
correspond to gravity base structures. The wind farm turbines will be connected via an interarray network of 33
kV AC cables, which will link at one offshore transformer substation located within the wind farm. From this
station, power will be exported via two 225 kV AC marine cables. The commissioning would be provided for
2021.

The Dieppe-Le-Tréport OWF

Following the call of tender launched by the government in March 2013, the Dieppe-Le Tréport offshore wind
farm project is owned, the June 3" 2014 by the society « Eoliennes en mer Dieppe-Le Tréport », a subsidiary of
ENGIE, EDP Renewables and Caisse des Dépbts whose exclusive supplier is ADWEN (100 % subsidiary of
Siemens Gamesa Renewable). The wind farm will be located 15.5 km offshore Le Tréport and 17 km offshore
Dieppe, in water depths ranging from 12 to 25 m. The project will cover an area of approximately 83 km?, with a
total of 62 turbines, each having a capacity of 8 MW, giving a combined installed capacity of 496 MW. The wind
farm turbines will be connected via an interarray network of 33 kV AC cables, which will link at one offshore
transformer substation located within the wind farm. From this station, power will be exported via two 225 kV AC
marine cables. The foundations correspond to jacket structures. The turbines would be spaced of 1,000 m in order

to favor the fishing. The commissioning would be provided for 2021.

2.3 Issue Hampering MRE development

The French government wants to develop OWF activities along its coasts. However, this development is hampered
by too many procedures and actions for annulment brought by fisherman and environmental protection
associations. For instance, the public inquiry, who had been appointed by the Seine Maritime Prefect, gave a
favourable opinion on the construction of the Fécamp OWF on 1%t December 2015. However, today the project is
still hampered by actions for annulment brought by fisherman on 13 June 2017 who have lodged complaints to the

European Commission.

On the same line, the Marine Nature Park “Estuaires Picards et mer d'Opale” (MNP) management board has not
given a favourable opinion concerning the Dieppe-Le Tréport OWF construction on the October 20™ 2017. This

decision was reached after careful analysis of the environmental impact assessment. However, it is worth to know



that this decision is no longer decisive but advisory. Indeed, the final decision belongs to the French Agency for

Biodiversity which gave a favorable opinion on the 20" February 2018.

In front of the long delay to the implantation of OWF along the French metropolitan coast, at the end of November
2017, a part of the discourse of the Prime Ministry Edouard Philippe at the ‘Assisses de I’économie de la mer’, Le
Havre concerned the OWF development in France. ‘Wind turbines at sea in France; it's mostly for the delay. A
delay which, in the country of the Rance tidal plant, made a little mess. A delay that we tried to catch up in 2015.
As soon as 2018, we will launch the preliminary studies for the application of future tenders on wind power floating
in Brittany and the Mediterranean. We will also launch environmental studies and public debate on the draft wind
laid off the coast of Oléron. To better manage future conflicts of use, | have asked the prefects to implement
strategic planning and space of the maritime spaces and their copy by summer 2018. | asked to the Environment
ministry, a radical simplification of procedures of education work. The goal? Be traced back as early as possible
the preliminary, in particular environmental studies. And make them drive by the State. Of course, it is not to deny
conflicts of use. The sea belongs to anyone. It belongs to all. But a conflict, it is anticipated, it is defused, it can

subside too, thanks to studies of quality and a serious dialogue ”.

In addition, the administrative procedures of the French government are not always consistent between the
different sites of OWF construction leading to different monitoring strategies. Thus, monitoring surveys will differ
from one site to another. This is the case for the Courseulles-sur-mer and the Fécamp OWF sites which are located

in the same region (Normandy) and are situated some 100 km from one another.

For the Courseulles-sur-Mer OWF project, a monitoring committee and a scientific committee are scheduled to be
set up under the authority of the Calvados department prefect and maritime prefect. This committee would be
composed by the regional fisheries committee, the local communities and scientists. The offshore wind farm
consortium will present the environmental monitoring strategy to the committee which will be in charge to analyse
and validate it. For the Fécamp offshore wind farm site, a scientific monitoring committee was created under the
authority of the department prefect and maritime prefect. This scientific committee relies on the Commission
Régionale Mer et Littoral (COMEL), extended to the French Research Institute for the Exploitation of the Sea
(Institut Frangais de Recherche pour I’Exploitation de la MER, IFREMER) and the French Agency for Biodiversity
(AFB). The monitoring studies should be also presented to the scientific committee for recommendation before

validation.

In the end, pragmatism prevailed in the UK procedures which led to the construction of the Rampion offshore
wind farm in four years whereas no OWF have been yet constructed (in seven years) along the French coasts due
to many complex procedures. There is an urgent need to simplify the French procedures. One way, would be to
have only one operator responsible for the coordination of the OWF construction environmental studies along the
French coasts as found in Belgium. For instance, each year the Royal Belgium Institute of Natural Sciences
publishes the main scientific findings of the Belgian offshore wind farm monitoring program [13]. These
monitoring programs target physical (i.e: hydro-geomorphology), biological (i.e: fish communities, soft substrate

macrobenthos, fish communities, hard substrate) and socio-economic aspects [13].



3 An ecosystem approach for Dieppe-Le Tréport and Courseulles-sur-Mer wind
farm sites

3.1  The Ecopath modelling approach

In order to gain further knowledge on the ecosystem structure and functioning before the construction of the
Dieppe-Le Tréport (DLT) and the Courseulles-sur-Mer OWF, trophic web models describing the initial state of
the both sites were built by Pezy [9] and Raoux et al. [7]. They used the software Ecopath with Ecosim (EwWE)
[14-16] to model the trophic web at the two sites. This approach, in which all biotic components of the system
could be considered at the same time, is useful to gain a better understanding of the system trophic structure and
functioning, and for predicting how it may change over time when facing perturbations [17]. The proposed model
considered the full range of size classes of biota, from prokaryotes to top predators. In addition, this approach also
allows to provide measure of the ecosystem emergent properties through the calculation of Ecological Network

Analysis indices [18]. More details are given in Raoux et al. [7].

Dieppe-Le Tréport OWF site

As mentioned below, Pezy [8] built an Ecopath model to describe the initial state of the Dieppe-Le Tréport OWF
site. For that the collection of new data on biological compartments (zooplankton, suprabenthos, meiofauna,
benthos and demersal fishes) were essential. Four cruises (summers 2014 /2015 and winters 2015 /2016) allowed
to estimate the contribution of each zoological group in three main benthic habitats: i.e. sandy Gravels (sG),
gravelly Sand (gS) and medium clean Sand (S), founded on the site, corresponding to two benthic communities
well represented in the English Channel (Fig. 2). The Zooplankton were sampled with WP2 (200 um) nets in two
stations from two benthic habitats (sG and S) with day and night samplings. Benthic macrofauna was sampled
with a Van Veen grab (0.1 m?) at 25 stations (with 5 replicates) (Fig. 2). The Suprabenthos was sampled with a
modified Macer-Giroq sledge [19] in two stations from two benthic habitats (sG and S) with day and night
samplings (Fig. 2). Demersal fish was sampled with a beam trawl (3m) in ten stations. Stomach contents analysis
of demersal fish were carried out (Fig. 2). In fact, this analysis allowed to quantify the contribution of benthic
preys located in the future implementation site of the offshore wind farm to the diet of demersal fish species and
so to identify the benthic species playing a key role in the trophic web. The models were composed by 27

compartments from bacteria to cetacean.

<Figure 2>

Courseulles-sur-Mer OWF site

On the same line, Raoux et al. [7] ran also the EwE approach to model the trophic web at the site of the construction
of the future Courseulles-sur-Mer OWF. Thus an Ecopath ecosystem model composed of 37 compartments, from
phytoplankton to seabirds, was built to describe the situation “before” the OWF construction. It was built by using

the data collected during the EIA of the Courseulles-sur-Mer (CSM) wind farm site

The Dieppe-Le Tréport and the Courseulles-sur-Mer OWFs share in common a same sedimentary type which is

the gravelly Sand. The ecosystem biomasses of the gravelly sand of the both sites (DLT and CSM) are dominated



by benthic invertebrate filter feeders with a biomass of 45gC.m= at the DLT site (dominated by the bivalves
Glycymeris glycymeris and Polititapes rhomboides) and a biomass of 22.5gC.m2 at the CSM site (dominated by
the bivalve Polititapes rhomboides) (Table 1).

<Table 1>

3.2 Simulation the “reef effect” due to the wind farm implantation using Ecosim simulations

As mentioned before, so far, there is no holistic study on the OWF construction and operation effects on an
ecosystem taken as a whole. Indeed, EIA have only been investigated on benthic and fish species but no studies
have adopted a holistic approach to assess its potential impacts on the ecosystem structure and functioning [7, 8].
Recently, Raoux et al. [7] explored a new way to look at the potential impacts of OWFs through food-web models
and flow analysis. In fact, Raoux et al. [7] derived an Ecosim model (the temporal dynamic module of EwWE) to
project over the next 30 years the ecosystem evolution after the simulated increase in biomass of some targeted
benthic and fish compartments in relation to the wind farm construction (i.e. forcing a reef effect). ENA indices
[18] were finally calculated, summarising ecosystem functional traits and giving indications about the possible
ecosystem state evolutions at the end of the simulation. Among the core conclusions, this modelling approach
showed (1) that the total ecosystem activity, the overall system omnivory (proportion of generalist feeders in the
system), and the recycling should increase after the construction of the OWF [7], (2) that important higher trophic
levels such as exploited piscivorous fish species, endangered marine mammals and seabirds might very likely and
positively respond to the aggregation of biomass on piles and turbine scour protections. More details were given

in Raoux et al. [7].

4 Lessons learned and recommendation for the future

Actually, the EIA consider the sensitivity to potential disruptions of some groups of valuable species without
taking into account the links between them [7, 8]. Thus, OWF construction effects on the ecosystem structure and
function remain unclear. A more holistic view is needed to allow the passage of the split vision (site by site; activity
by activity, country by country) to an ecosystem approach of the English Channel (especially since the species
impacted by OWFs are species with large distribution area (i.e, marine mammals and sea birds)) as recommended
by the Marine Framework Directive [12]. The holistic view of OWF impacts on the trophic web developed by
Raoux et al. [7] through trophic web modelling could be replicated on other site in the English Channel (French
and English sides) and could be useful to analyze the reef and reserve long term effects in the context of climate
change. Indeed, using quantitative modelling to assess offshore wind farm impacts on the whole ecosystem would
allow to bring new knowledge to policy makers. It would also allow for a better integration of ecological
considerations in managing decisions, and for planning maritime space.

The vision for an ecosystem-based management for both sides of the EC requires a common vision between France
and the UK to adapt the future management of this marine space as climate change and human pressures increase
(e.g., granulate extraction and new offshore energies, such as wind farms and hydraulic systems). In the future,
studies of the cumulative effects of human pressure [10-11] must be promoted at the level of both the subdivisions

proposed, which appears to be a coherent level of ecosystem-based management. However, to date each state



manages its own side independently. Thus, France and the UK must imagine synergies to jointly manage this

maritime area in a Brexit context.
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Fig. 1. Map of the French offshore wind farm development
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Fig. 2. Localisation of the different compartment samples (benthos, suprabenthos, and demersal fish) at the Dieppe-Le-Tréport

site



Table 1. Biomass (gC.m™2) of the different compartments of the two sites. (DLT: Dieppe-Le Tréport; CSM:

Courseulles-sur-Mer).

Biomass (gC.m™?)

DLT CSM
Fish piscivorous 0.02 0.28
Fish planktivorous 0.62 1.16
Fish. benthos feeders 0.007 3.16
Fish flatfish 0.02 0.08
Benthic invertebrate. Predators 1.08 2.93
Benthic invertebrate. Filter feeders 46.49 23.42
Benthic invertebrate. Deposit feeders 4.86 3.54
Meiofauna 1.67 0.97
Suprabenthos 0.56 2.00
Zooplankton 0.61 1.72
Phytoplankton 3.10 3.24
Bacteria 0.75 0.75




