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• Offshore wind farms (OWF) pose serious
environmental risks to the Mediterranean
Sea.
• OWF models cannot be simply imported
from the northern European seas to other
seas.
• OWF should be excluded from areas of
high biodiversity and/or high valuable
seascape.
• OWF development should be forbidden in
or in the vicinity of Marine Protected
Areas (MPAs).
• Biodiversity loss and climate change are
interconnected and must be tackled simultaneously.
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A B S T R A C T

The need for alternative energy systems like offshore wind power to move towards the Green Deal objectives is undeniable. However, it is also increasingly clear that biodiversity loss and climate change are interconnected issues that
must be tackled in unison. In this paper we highlight that offshore wind farms (OWF) in the Mediterranean Sea
(MS) pose serious environmental risks to the seabed and the biodiversity of many areas due to the particular ecological
and socioeconomic characteristics and vulnerability of this semi-enclosed sea. The MS hosts a high diversity of species
and habitats, many of which are threatened. Furthermore, valuable species, habitats, and seascapes for citizens' health
and well-being coexist with compounding effects of other economic activities (cruises, maritime transport, tourism activities, ﬁsheries and aquaculture) in a busy space on a narrower continental shelf than in other European seas. We
argue that simply importing the OWF models from the northern European seas, which are mostly based on large
scale projects, to other seas like the Mediterranean is not straightforward. The risks of implementing these wind
farms in the MS have not yet been well evaluated and, considering the Precautionary Principle incorporated into
the Marine Strategy Framework Directive and the Maritime Spatial Planning Directive, they should not be ignored.
We propose that OWF development in the MS should be excluded from high biodiversity areas containing sensitive
and threatened species and habitats, particularly those situated inside or in the vicinity of Marine Protected Areas or

Abbreviations: OWF, Offshore Wind Farm(s); CCWF, Cap de Creus Wind Farm; MS, Mediterranean Sea; MPA, Marine Protected Area(s); EU, European Union; MSFD, Marine Strategy
Framework Directive; GES, Good Environmental Status.
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areas with valuable seascapes. In the absence of a clearer and comprehensive EU planning of wind farms in the MS, the
trade-off between the beneﬁts (climate goals) and risks (environmental and socioeconomic impacts) of OWF could be
unbalanced in favor of the risks.

1. The context

Furthermore and notably, offshore wind energy potential is much lower
in the MS than in the northern European Seas. The overall estimated potential for offshore wind energy in Mediterranean countries such as Croatia,
Cyprus, France, Greece, Italy, Malta, Slovenia and Spain for the period
2030–2050 is approximately three times lower than the estimated values
of northern European countries such as the United Kingdom, Norway,
Sweden, Netherlands, and Denmark (EEA, 2009; European Commission,
2020c).
In this paper, we present arguments to demonstrate that simply
importing the OWF models, or the massive deployment of large wind
farms from the northern European Seas to other seas like the MS, is not
straightforward. To illustrate these environmental and policy aspects, we
will use the example of a large OWF designed to be built in the Costa
Brava region of the northern Catalan Sea (Spain, NW Mediterranean) in
the waters of Cape Creus/Gulf of Roses (MITECO, 2021). This large OWF
(referenced here as CCWF) is surrounded by eight MPAs (mainly Natura
2000 areas) and is used here as a case study of the ﬁrst large OWF proposed
in the MS (Fig. 1).
This paper is structured as follows. Based on a literature review, in the
second section we assess the historical pressures of OWF on different components of the marine environment and their corresponding impacts in
terms of the Good Environmental Status concept, emphasizing the particularities of the MS. In the third section, we describe the incompatibility of
OWF with MPAs and other areas of high ecological value in the MS. In
the subsequent sections, we explore different conﬂicts between OWF and
various maritime activities. Last, we present key recommendations to assess
OWF pressures on the marine environment to be considered by policy
makers before operational licensing.

The offshore wind energy sector has been expanding since the 1990s
when the ﬁrst offshore wind farms (OWF) were built. Interest in OWF
and other sources of renewable energy is growing in many parts of the
world as a crucial component of the global ﬁght to mitigate climate change
(EEA, 2009; Dannheim et al., 2020; Bennun et al., 2021; ICES, 2021). OWF
constitute a key sector in the European Union's so-called “Blue Economy”
(European Commission, 2021), receiving priority ﬁnancial interest from
the member states (particularly since the COVID-19 pandemic, with the
EU's Next Generation Funds). The ‘Blue Economy’ is a contested but increasingly inﬂuential concept that is gaining considerable traction in the oceanbased sustainable development narrative (Voyer and van Leeuwen, 2019).
A particular area of contestation is which ocean-based industries, sectors, or
projects can be ‘Blue’ in the sense of producing socioeconomic beneﬁts from
a sustainable exploitation or use of the marine ecosystems. OWF are
experiencing a signiﬁcant boom in the North Sea, the North Atlantic and
the Baltic Sea, accounting for more than 85% of all offshore wind capacity
in European waters (European Parliament, 2019). With the goal of Europe
becoming climate neutral by 2050, the EU estimates that offshore wind
must provide 30% of Member States' electricity demand by 2050, increasing from the current 12 GW capacity to a target of more than 300 GW,
which means multiplying by 15 the marine space allocated to wind energy
(European Parliament, 2019).
While in terms of reducing greenhouse gas emissions the beneﬁts of
OWF and other renewable sources such as solar and biomass are undeniable
(EEA, 2009), the risks posed to the marine ecosystems are diverse and must
not be neglected (Gill, 2005; Perrow, 2019; ICES, 2021). The biodiversity
crisis has led to calls for the adoption of a succinct Global Goal for Nature,
which should be combined with development and climate goals to create
an integrated and overarching direction for global agreements aimed at
an Equitable, Nature-Positive, Carbon-Neutral world (Locke et al., 2021).
In this context, the European Commission (2020a) highlights that designated sea spaces for offshore energy exploitation should be compatible
with biodiversity protection, considering socioeconomic consequences for
sectors relying on the good health of marine ecosystems and integrating
other uses of the sea as much as possible. In addition, the European Commission recently adopted the Biodiversity Strategy for 2030 (European
Commission, 2020b) with the overall goal of putting biodiversity on the
path to recovery by 2030, and of protecting 30% of marine and terrestrial
land, of which 10% must be strictly protected.
The development of offshore wind energy in the MS is currently in its
infancy, with no OWF in operation to date in the region, apart from pilot
projects (e.g., just three ﬂoating turbines in the French part of the Gulf of
Lion; https://info-efgl.fr./ and www.provencegrandlarge.fr). This situation
of small-scale testing is about to change with abrupt plans for around 30
OWF projects in the Mediterranean countries (Soukissian et al., 2017;
WWF, 2019), raising concerns about their potential effects on marine wildlife and ecosystems already affected by a wide range of economic activities
(ﬁsheries, recreational boats, cruises, cargo ships and aquaculture, among
others) in the area. Several Mediterranean countries, including Spain,
France, Italy and Greece are currently effecting legal changes regarding
OWF and establishing new legal tools to facilitate their development. The
narrow continental shelf and steep bathymetry in many parts of the MS
largely constrain offshore wind energy potential compared to the Baltic
and the North Sea (EEA, 2009). This containment means that wind farms
can easily be projected close to the coast where most Mediterranean Marine
Protected Areas (MPAs), which host high biodiversity, are located (IUCN,
2008). This fact makes it more difﬁcult to balance wind potential needs
in the MS with the biodiversity conservation goals on a spatial basis.

2. The environmental pressures of OWF on the marine environment of
the MS
While there are no robust empirical studies of environmental changes
caused by operational OWF in the MS to date due to a lack of these facilities
in operation, the potential environmental effects in the MS during the construction, operation, and decommissioning phases of future OWF in the MS
can be identiﬁed using the scientiﬁc literature on analog cases in other
oceans and seas such as the North Sea, the Baltic Sea and the North Atlantic
(Bray et al., 2016). Nonetheless, the knowledge gained from northern
European seas can only be partially applied to OWF development in the
MS since the region has its own set of unique environmental and socioeconomic characteristics, which are detailed in the next sections and paragraphs. Also important is that compared to other seas and oceans there is
less knowledge about the conservation status of Mediterranean deep-sea
marine habitats (IUCN, 2019a), which is a handicap for proposing suitable
marine areas for the construction of OWF. In general, there are still substantial knowledge gaps on the quantiﬁcation of the environmental pressures of
OWF in the MS. Table 1 summarizes the potential environmental effects of
OWF in the MS translated into the 11 Good Environmental Status descriptors of the European Marine Strategy Framework Directive (MSFD).
2.1. Species and habitats
Most of the European research carried out in the North Sea, the Baltic
Sea and the North Atlantic has shown that offshore wind development
has potential negative impacts on the marine environment (Table 1).
Nevertheless, some studies have found evidence of OWF beneﬁts during
the operative phase for benthic habitats and animals (including benthic
ﬁsh, marine mammals, and sessile invertebrates) when wind farms are
built in areas with relatively homogenous seabeds (ICES, 2008; Vaissière
2
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Fig. 1. Map of the region showing all the MPAs in the area where the Cap de Creus/Gulf of Roses offshore wind farm (CCWF) is proposed: (1) SPA of Cap Bear-Cap Cerbère,
(2) SPAMI, SCI, SAC, and SPA of Cap de Creus, (3) SPAMI, SCI, SAC, and SPA of Montgrí-Medes-Baix Ter, (4) SCI “Western Submarine Canyon System of the Gulf of Lions”,
(5) “Mediterranean Cetacean Migration Corridor”, (6) SPA of the “Espacio Marino del Empordà”, (7) maritime part of the SCI, SAC and SPA of the Aiguamolls de l’Empordà;
and (8) SCI, SPA and SAC “Litoral del Baix Empordà”. SAC: Natura 2000 Special Areas of Conservation; SCI: Natura 2000 Sites of Community Importance; SPA: Natura 2000
Special Protection Areas; SPAMI: Specially Protected Areas of Mediterranean Importance. Note: All boundary lines are approximate and for illustration purposes only.

in the planning of OWF in the EU maritime regions analyzed. By way of
example, the CCWF is projected to be built in an area encompassing eight
MPAs (Fig. 1) with high substratum heterogeneity, comprising fragile
habitats such as seagrass (Posidonia oceanica, Cymodocea nodosa and Zostera
sp.) meadows, gravel ﬁelds, rocky bottoms, crinoid beds, coralligenous
assemblages, maërl beds, and communities of deep-sea corals (Madrepora
oculata, Lophelia pertusa and Dendrophyllia cornigera) in nearby submarine
canyons, many of which act as natural reefs (Sardá et al., 2012; Gili et al.,
2014; Domínguez-Carrió et al., 2014; García de Vinuesa, 2021). These
habitats are likely to be disturbed by the foundations of the turbines.
A further point to consider is that the creation of new and artiﬁcial substrates favors the colonization by opportunistic species and the arrival of
non-indigenous species that can alter the local biodiversity balance
(Airoldi and Bulleri, 2011; De Mesel et al., 2015). This is particularly
worrying in the case of the MS, which hosts the highest number of marine,
coastal and estuarine non-indigenous species among all European Seas. Indeed, a total of 69% of all non-indigenous species in European Seas have
been recorded in the MS, compared to 21% in the North-East Atlantic
Ocean and 5% in the Baltic Sea (Wise Marine, 2021). The MS is one of

et al., 2014; Hammar et al., 2016; Mavraki et al., 2021). Under these circumstances, the installation of foundations and piles can create an artiﬁcial
reef that may provide space for the settlement, shelter and foraging for
some species. However, these broad continental shelves with muddy sediments are rare in the MS, where the continental shelf has an enormous morphological and sedimentary heterogeneity, with rocky outcrops alternating
with soft sediments (Gili et al., 2014). Therefore, any ecological beneﬁts related to an increase of habitat heterogeneity linked to OWF, as described for
northern European Seas, would be nil or absent in the MS, given its already
high habitat heterogeneity.
In addition to the sandy and muddy habitats, there are many important
and fragile benthic habitats in the MS, including seagrass meadows and
sublittoral rocks in shallow areas, coralligenous reefs, maerl beds,
seamounts, deep-sea coral reefs, and submarine canyons along the continental shelf and slope (European Commission, 2016). The MS has the
highest proportion of threatened habitats (32%), well ahead of the NorthEast Atlantic (23%), the Black Sea (13%), and the Baltic Sea (8%)
(European Commission, 2016). The particular complexity and fragility of
Mediterranean habitats is an important aspect to take into consideration
3
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Table 1
Summary of potential environmental effects of Offshore Wind Farms (construction, operation, and decommissioning stages combined) in the Mediterranean Sea translated
into the 11 Good Environmental Status (GES) descriptors of the Marine Strategy Framework Directive.
GES descriptor

Effects of the offshore
wind farms

References

#1 Biodiversity:
The quality and occurrence of habitats and the distribution
and abundance of species are in line with prevailing
physiographic, geographic and climatic conditions

Loss of fragile benthic marine and coastal habitats
important for biodiversity, particularly in protected areas
Disturbance to sensitive and threatened species (birds,
mammals, sea turtles and ﬁsh) due to piles, anchors and
cables (including the effects of electromagnetic ﬁelds and
artiﬁcial lights, and entanglement risks). The OWF may
cause species injury or death, changes in their behavioural
response (attraction to and avoidance of the turbines)
and/or changes in habitat.
As ﬂoating wind farms expand in size and increase in distance
from the shore, longer and higher capacity subsea cables are
required to interconnect facility components to each other, to
the seaﬂoor, and to the shore. This may increase the extent of
electromagnetic ﬁelds in the water column and potentially
interact with a great diversity of marine organisms.
For ﬂoating wind farms, midwater mooring lines and ﬂoating
substructures may similarly act as ﬁsh aggregation devices and
settlement surfaces for invertebrates and algae, thus altering
species composition in pelagic communities. Additional
concerns are the potential for marine mammal collision and
entanglement with these mooring lines and subsea cables
Risk of accidents (associated with natural hazards, such as
storms and extreme events, and wind turbine accidents,
including ﬁre, the aerogenerator itself falling into the sea
and ship collisions)
Artiﬁcial reef effect: when wind farms are built in areas
with homogenous seabeds, the installation of foundations
and piles may provide space for settlement, shelter and
foraging for some species (positive effect)
Habitat destruction on nearshore and inland fragile areas
(estuaries, coastal lagoons, large shallow inlets and bays, etc.)
due to the building of new terrestrial/ coastal infrastructure
New, artiﬁcial substrates favor the colonization of
non-indigenous species

Gill, 2005; Perrow, 2019; ICES, 2021

#2 Non-indigenous species:
Non-indigenous species introduced by human activities are
at levels that do not adversely alter the ecosystems
#3 Commercial ﬁsh and shellﬁsh:
Populations of all commercially exploited ﬁsh and shellﬁsh
are within safe biological limits, exhibiting a population
age and size distribution that is indicative of a healthy stock

Effects on exploited species due to sound, vibrations and
electromagnetic ﬁelds from cables
In the absence of ﬁshing (usually forbidden within wind
farms), biodiversity and the abundance of benthopelagic
and benthic species using OWF for shelter and as feeding
grounds may increase, with potential spillover effects
(positive effect)
OWF will alter the dynamics (periodicity, access to areas
occupied by wind farms) of scientiﬁc ﬁshery resource
surveys, thus affecting the stock assessment and
management of ﬁshery resources
Colonization by new (atypical) communities (sessile
#4 Food webs:
benthic species) that may modify food webs and
All elements of the marine food webs, as far as they are
biogeochemical cycling
known, occur at normal abundance and diversity and at
Increase of suspension feeders leading to changes in local
levels capable of ensuring the long-term abundance of the
species and the retention of their full reproductive capacity primary production
Unknown
#5 Eutrophication:
Human-induced eutrophication is minimised, and
especially its adverse effects, such as biodiversity losses,
ecosystem degradation, harmful algae blooms and oxygen
deﬁciency in bottom waters
#6 Sea-ﬂoor integrity:
Habitat alterations due to the installation and dismantling
Sea-ﬂoor integrity is at a level that ensures that the
of pile foundations, cables, and anchors, the scour of the
seabed, and the strumming of the cables
structure and functions of the ecosystems are safeguarded
Floating OWF require mooring and anchoring systems
and benthic ecosystems in particular are not adversely
consisting of heavy chains to keep their substructures
affected
stationary, and in some cases, the use of suction anchors
that may require scour protection through rock dumping,
affecting sea-ﬂoor integrity.
Changes in atmospheric and oceanic dynamics leading to
#7 Hydrographical conditions:
Permanent alteration of hydrographical conditions does not alterations in local primary productivity and carbon ﬂow to
the benthos, and changes in larval transport pathways.
adversely affect marine ecosystems
Oceanographic processes that could be affected by offshore
wind farms include downstream turbulence, surface wave
energy, local scour, inﬂowing currents and surface upwelling.
Turbulent mixing generated by turbine structures and wind
reduction that can modify ocean vertical mixing and, in
turn, stratiﬁcation patterns

4

Zettler and Pollehne, 2006; Vermeij et al., 2010; Benjamins
et al., 2014; Bergström et al., 2014; Leopold et al., 2015;
Goodale and Milman, 2016; WWF, 2014, 2019; Stanley
et al., 2020; Hutchison et al., 2020; Taormina et al., 2020;
De Jong et al., 2020; Jones et al., 2021; Anderson et al.,
2021, Farr et al., 2021
Benjamins et al., 2014; Farr et al., 2021.

Benjamins et al., 2014; Farr et al., 2021.

Biehl and Lehmann, 2006; Asian et al., 2017

ICES, 2008; Vaissière et al., 2014; Hammar et al., 2016;
Degraer et al., 2020; Mavraki et al., 2021

This study

Glasby et al., 2007; Duarte et al., 2013; De Mesel et al.,
2015
Zettler and Pollehne, 2006; Bergström et al., 2014; Leopold
et al., 2015; Hutchison et al., 2020
Halouani et al., 2020; Degraer et al., 2020; Gill et al., 2020;
Mavraki et al., 2021.

Methratta et al., 2020.

Wilhelmsson and Langhamer, 2014; Coolen et al., 2020;
Dannheim et al., 2020
Slavik et al., 2019; Mavraki et al., 2020

Gill, 2005; Wilhelmsson and Langhamer, 2014; Slavik
et al., 2019; Perrow, 2019; Degraer et al., 2020; Coolen
et al., 2020; ICES, 2021
Statoil, 2015; Deﬁngou et al., 2019; Farr et al., 2021

Christensen et al., 2013; Clark et al., 2014; Ludewig, 2015;
Carpenter et al., 2016; Grashorn and Stanev, 2016; Floeter
et al., 2017; van Berkel et al., 2020, Lampert et al., 2020;
Dannheim et al., 2020; Gill et al., 2020; Akhtar et al., 2021

Ludewig, 2015; van Berkel et al., 2020; Miles et al., 2020
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Table 1 (continued)
GES descriptor

#8 Contaminants in the marine environment:
Contaminants are at a level not giving rise to pollution
effects

#9 Contaminants in seafood:
Contaminants in ﬁsh and other seafood for human
consumption do not exceed levels established by
Community legislation or other relevant standards
#10 Marine litter:
Properties and quantities of marine litter do not cause harm
to the coastal and marine environment
#11 Energy, including Underwater Noise:
Introduction of energy, including underwater noise, is at
levels that do not adversely affect the marine environment

Effects of the offshore
wind farms

References

While the ﬂoating OWF may initially have a smaller impact
on the underwater hydrodynamics than a ﬁxed OWF, the
higher emerged structure (up to 250 m) could signiﬁcantly
modify the wind ﬁeld
Contamination from chemical emissions, including organic
compounds such as bisphenol A and metals such as
aluminum, zinc, and indium from corrosion and biofouling
protection measures and sacriﬁcial anodes
Pollution from the industrialization of the coastline,
including the associated hydrogen plants
Pollution from accidents
Floating OWF may hold internal tanks that may contain
both solid ballast and ballast water typically dosed with
sodium hydroxide, a chemical compound that is toxic for
aquatic organisms
Unknown

This study

Kirchgeorga et al., 2018; De Witte and Hostens, 2019; Farr
et al., 2021

GIZ, 2020; WindEurope, 2021, Khan et al., 2021
Biehl and Lehmann, 2006; Asian et al., 2017
European Commission, 2007; Statoil, 2015

Unknown

Changes to water quality: increase in local water turbidity
arising from suspended solids
Signiﬁcant marine noise and vibration from turbines and
mounting structures (including ﬂoating OWF, which
require mooring and anchoring systems consisting of heavy
chains to keep their substructures stationary)
Emission of electromagnetic ﬁelds can affect electrosensitive
species, such as marine mammals and bottom dwelling
species (e.g., elasmobranchs and decapods)

Gill, 2005; Perrow, 2019; ICES, 2021
Gill, 2005 Statoil, 2015; Perrow, 2019; Deﬁngou et al.,
2019; Stanley et al., 2020; ICES, 2021; Jones et al., 2021;
Farr et al., 2021
Zettler and Pollehne, 2006; Bergström et al., 2014; Leopold
et al., 2015; Hutchison et al., 2020

offshore (i.e., they may need to be towed to the shore for major repairs,
thus increasing the GWP; Garcia-Teruel et al., 2022).
All the adverse effects described in the northern European seas could be
magniﬁed in a semi-closed sea like the Mediterranean, one of the world's
hot spots for marine biodiversity (Bray et al., 2016). Although it covers
just 0.82% of the global oceanic surface and accounts for 0.32% in terms
of volume, the MS hosts 4%–18% of all known marine species with a
high proportion (about 30%) of endemism (Bianchi and Morri, 2000).
Globally, more than 600 ﬁsh and 22 marine mammal species
(Notarbartolo di Sciara, 2016; EEA, 2020) have been recorded in the MS
compared to 230 ﬁsh and 19 mammal species in the North Sea (EEA,
2020). The MS is also an important habitat for seabirds: many marine
birds species (33) breed in the MS and migrate to the Atlantic Ocean after
the breeding season (EEA, 2020). Nevertheless, this rich biodiversity is particularly threatened in the MS (EEA, 2020). The map of the integrated classiﬁcation of biodiversity conditions in European seas (EEA, 2021a) shows a
higher coverage of “problem areas” (i.e., areas with poor, moderate and
bad biodiversity status) in the MS than in the North Sea and the North Atlantic. Seven of the 12 marine mammals occurring regularly in the Mediterranean region are listed as “threatened” on the IUCN's Red List
(Notarbartolo di Sciara, 2016). Furthermore, as of 2018 ﬁve species of
seabirds appear on the list of endangered or threatened species established
under the Protocol Concerning Specially Protected Areas and Biological
Diversity in the Mediterranean (UNEP, 2021). In addition, over half of
the 519 native marine ﬁsh species assessed in the MS are threatened by ﬁshing, with 40% of the 76 species of cartilaginous ﬁsh species present in the
MS listed in threatened categories on the IUCN's Red List (IUCN, 2011).
The need to protect ecologically valuable Mediterranean species and habitats from OWF development may also be a challenge for other ecologically
valuable habitats, such as the deep-sea coral habitats found in some North
Atlantic areas (e.g., Fosså et al., 2002; Buhl-Mortensen et al., 2017;
NOAA, 2021).
It is increasingly clear that biodiversity loss and climate change are interconnected issues that must be tackled in unison. Marine habitats are recognized as important carbon sinks with great carbon storage potential

the places most affected by the presence of opportunistic and invasive species due to several factors such as climate change (Galil, 2007) and the construction of artiﬁcial substrates (Glasby et al., 2007). Furthermore, artiﬁcial
structures have been described as playing a very important role in jellyﬁsh
proliferations because they are ideal substrates for the establishment of
their sessile polyp phase (Duarte et al., 2013).
While both ﬁxed and ﬂoating OWF are being planned in the MS, the
geomorphology of the sea suggests that ﬂoating foundations may be the
most appropriate installations in many areas (WWF, 2019). Although ﬂoating wind farms supposedly have a lower impact than ﬁxed (traditional)
wind farms during the non-operational stages of their life history, the effects of installations of this type on the marine environment can still be important during the operational and decommissioning stages (Table 1). Few
studies have analyzed the environmental impact of the speciﬁc features of
ﬂoating OWF such as the deployment of mooring and anchoring systems,
consisting of heaving chains to keep their substructures stationary; the potential use of suction anchors that may require scour protection through
rock dumping; the deployment of additional, longer, and higher capacity
subsea cables to interconnect facility components to each other, to the seaﬂoor, and to the shore; the use of inter-array cables suspended within the
water column, rather than solely along the seaﬂoor as is often the case
with ﬁxed-bottom OWF; and the use of internal tanks that contain both
solid ballast and ballast water typically dosed with sodium hydroxide
(Statoil, 2015, Farr et al., 2021; Garcia-Teruel et al., 2022). All these speciﬁc technical characteristics pose their own environmental risks, which
are detailed in Table 1. Furthermore, the environmental footprint of ﬂoating offshore turbines measured by the Global Warming Potential (GWP)1
could be greater than that of bottom-ﬁxed turbines (Mendecka and
Lombardi, 2019), particularly because, unlike bottom-ﬁxed turbines, it
may not always be possible to perform major repairs on ﬂoating turbines

1
The GWP associated to an energy generating technology represents the equivalent weight
of CO2 that will generate the greenhouse gas emissions occurring throughout the life of the
project.
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(Mitra and Zaman, 2015), constituting the so called ‘blue carbon’. While climate change is a major driver of biodiversity loss, preserving biodiversity
and ecosystems are vital to combatting climate change. Biodiversity may
mitigate climate change impacts on (i) biodiversity itself, as more diverse
systems could be more resilient to climate change impacts, and (ii) ecosystem functioning through the positive relationship between this and diversity (Roberts et al., 2017; Hisano et al., 2018). Therefore, any loss of the
rich marine biodiversity of the MS due to OWF implementation may be
counterproductive for mitigating the effects of climate change.

OECM, as do military waters that are managed for the purpose of defense
(IUCN, 2019b).
2.3. Atmospheric and oceanic dynamics
OWF can modify the atmospheric and oceanic dynamics through the inﬂuence of both emerged and underwater structures (Table 1). For example,
a marked reduction in wind speed in the immediate and downstream OWF
of up to 70–90% has been estimated in the North Sea (Christensen et al.,
2013; Ludewig, 2015; Akhtar et al., 2021). Wind speed reduction will affect
both the atmospheric boundary layer and, consequently, the surface mixed
layer, which in turn will impact the photic zone and thus marine primary
production. Indeed, wind is one of the main factors modulating ecosystem
productivity in many regions of the MS, including the northern Catalan Sea
(Estrada, 1996). Strong north-westerly winds in the Gulf of Lions constitute
a main fertilizing driver by favoring nutrient rich water upwelling along the
Catalano-Levantine coast of Spain. However, compared with other semienclosed seas adjacent to the European continent, such as the Baltic Sea
and the North Sea (e.g., Hoepffner, 2006), the MS chlorophyll levels in summer are an order of magnitude lower (Powley et al., 2017). Considering the
oligotrophic character of the MS, the effects of turbine structures on the
local atmospheric and oceanic dynamics and primary productivity could
have a much larger impact in the MS than in other northern European Seas.
The effects of OWF on atmospheric and oceanic dynamics may be particularly pronounced at a local level through modiﬁcation of the wind ﬁelds
and oceanographic parameters including turbulence, mixing, and vertical
stratiﬁcation (Ludewig, 2015; Grashorn and Stanev, 2016; van Berkel
et al., 2020; Miles et al., 2020). Speciﬁc local effects that end up impinging
on local ecosystem functioning include alteration of the seawater's vertical
density stratiﬁcation generated by the wind turbines' underwater foundations and reduced wind speeds locally inside the installation's footprint
and regionally as a downwind wake (van Berkel et al., 2020). In the MS,
the installation of ﬂoating OWF with emerged structures up to 250 m
high can alter wind speeds and the associated vertical water mixing, potentially resulting in a negative effect on the local primary production essential
for the health of the ecosystem and upper levels of the food webs.

2.2. Threats of OWF to MPAs
Mediterranean MPAs often occupy sites exposed to rough weather conditions (e.g., strong winds), dispelling human pressures (to a certain point)
and thus allowing their pristine environmental conditions to be maintained
over time. Because strong winds are a pre-requisite for site selection for the
implementation of OWF, the plans for OWF and MPAs in the MS can easily
overlap, rendering the installation of large OWF projects a challenge.
Let's take the area where the CCWF is projected as an example. Suitable
conditions and requirements in terms of wind and bathymetric constraints
for the wind farm have been found in an area where eight different MPAs
coexist, including Special Areas of Conservation (SAC) and Sites of Community Importance (SCI) designated under the European Commission Habitats
Directive (92/43/EEC); Special Protection Areas (SPA) designated under
the European Commission Birds Directive (2009/147/EC); Specially
Protected Areas of Mediterranean Importance (SPAMI) designated under
the Barcelona Convention of 1976 for Protection against Pollution in the
Mediterranean and a Mediterranean Cetacean Migration Corridor, established by the Government of Spain (Fig. 1). This is a good example of
how, based on technical criteria only (wind potential, depth, etc.), energy
companies would choose to build OWF in ecologically valuable and sensitive areas where they could easily run counter to the conservation of
MPAs. Hence, policy makers are faced with the challenge of balancing
OWF deployment and environmental protection.
It is important to highlight the role of MPAs in mitigating the effects of
climate change in the oceans and alleviating some of its expected hardships
(e.g., reduced food security, sea-level rise) by promoting intact and complex
ecosystems with high diversity and abundance of species (Roberts et al.,
2017). MPAs can particularly maintain carbon sequestration and storage
and act as an insurance policy against climate change (Roberts et al.,
2017). Any impact of OWF on the Mediterranean MPAs could therefore
compromise this role.
Although the role of MPAs is becoming increasingly important due to
global community aims to protect 30% of the world's oceans by 2030
(HAC, 2021), there is still little guidance on the identiﬁcation of OWF locations compatible with MPAs in the MS. The Maritime Spatial Planning Directive strongly encourages the declaration of MPAs, which are also
included in the member states' program of coastal measures contained in
the MSFD. As key tools for protecting marine biodiversity and ecosystems
in the MS, it is essential that the relation of MPAs to activities such as
OWF is well deﬁned. In Germany, designated protected areas (e.g., the
Wadden Sea German National Park) and shipping routes close to the German coastline constitute massive obstacles for the installation of wind turbines. Offshore wind areas are therefore limited because approximately
one-third of the German Economic Exclusive Zone is protected (marine reserve and Nature 2000 areas), meaning that wind farm projects must keep a
signiﬁcant distance from the shore (usually at least 40 km) and be installed
in relatively deep waters (Schomerus and Maly, 2017).
Although OWF could incidentally help to increase local biodiversity
around the underwater structures by excluding ﬁshing and becoming a
so-called ‘other effective area-based conservation measure’ (OECM),
which may have preservation beneﬁts outside MPAs (IUCN, 2019b), it is
very unlikely that farms such as CCWF, projected in areas of high ecological
value, could ﬁt into this category. A beneﬁcially placed OWF is one in a degraded area where the underwater structures could help restore the damaged ecosystem and increase biodiversity. It could then operate as an

2.4. Cumulative pressures
While the effects of one wind farm on a particular wildlife population
may be negligible, the aggregate effects of multiple wind farms through
space and time will amplify the effects caused by other sectors (Gușatu
et al., 2021). Cumulative pressures can be particularly important in the
MS because of the increased deployment of OWF combined with pressures
from other marine activities and sea users in this area. The MS has historically and remains threatened by intense pressure from multiple uses and
stressors, causing major shifts in the marine ecosystem and widespread conﬂict among marine users (Micheli et al., 2013). OWF will add pressures to
those generated by other maritime sectors such as cruises, maritime transport, ﬁsheries, and tourism activities. For example, some of the world's busiest marine trafﬁc routes are in the Mediterranean, introducing a high level
of background noise. The extra noise generated by OWF and their associated vessel trafﬁc may lead to cumulative noise impacts on marine mammals in these areas, affecting their behavior (WWF, 2019; Tougaard et al.,
2020). Another threat is pollution. The MS is considered one of the most
polluted European Seas, with a huge 93% of its coastal areas classiﬁed as
‘problem areas’ (i.e., areas that are impaired as a result of contaminants
such as synthetic chemicals and heavy metals mobilized by human activities) compared to 79% in the North-East Atlantic Ocean (EEA, 2018). The
extra pollution potentially generated by ﬂoating OWF (e.g., from internal
water ballast tanks typically containing sodium hydroxide, a chemical compound that is toxic for aquatic organisms; Table 1) may lead to cumulative
impacts on the Mediterranean marine ecosystem. Because the cumulative
adverse effects of OWF on wildlife vary by taxonomic group and the offshore wind energy development phase, it is important to address these cumulative pressures in more detail. However, apart from a small number of
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aquaculture, and tourism activities) are concentrated in a reduced space
and projects quickly face opposition from local stakeholders and end users.

studies (see e.g., National Academies, 2017; Goodale et al., 2019; BOEM,
2020), the cumulative adverse effects of OWF on wildlife remains relatively
unexplored and poorly understood (Goodale and Milman, 2016).

3.1. Fisheries
2.5. Other environmental pressures related to OWF in the MS
In northern European seas where OWF have been developed, the scientiﬁc and policy debate has mainly centered on the impact on ﬁsheries, particularly in the North Sea where there is the greatest spatial overlap
between ﬁsheries and OWF (European Parliament, 2019, Van Hoey et al.,
2021). Excluding ﬁsheries from OWF (particularly ﬁshing ﬂeets deploying
bottom contacting gears, which are affected the most by the OWF) has a
range of negative direct and indirect economic, social and environmental effects on individual ﬁshers, the ﬁshing industry, ﬁshery-dependent coastal
communities and wider society (Schupp et al., 2021; Stelzenmüller et al.,
2022). The impact of OWF on Mediterranean ﬁsheries would be exacerbated if we consider the special importance of small-scale ﬁsheries in this region (more than 80% of the total ﬁshing ﬂeet is composed of small-scale
vessels that mostly use bottom contacting gears), which have been playing
a dominant role in the livelihoods of coastal communities for centuries
(Gómez et al., 2006; FAO, 2020), and the poorer status of Mediterranean
stocks compared to those in northern European Seas. While in the NorthEast Atlantic Ocean and the Baltic Sea 24–47% of all stocks meet at least
one of two criteria deﬁning the Good Environmental Status in the
regions, in the MS only 9% of the stocks meet at least one criterion (EEA,
2021b). In addition, offshore wind energy developments in the MS could
also affect scientiﬁc ﬁshery resource surveys, which have been gathering
data used in stock assessments for more than 20 years. This impact has
also been highlighted in the Northeast United States, where a number of
scientiﬁc surveys overlap with wind development areas (Methratta et al.,
2020).
In the North Atlantic, it has been reported that OWF can provide foraging opportunities and shelter for benthic ﬁsh in locations previously exposed to ﬁsheries, and particularly bottom trawling. OWF exclude any
ﬁshing operations during their construction and, in some countries such
as Germany, the operational phase effectively acts as a ﬁshing area closure
(Kafas et al., 2018; Schupp et al., 2021). In the absence of ﬁshing, biodiversity and the abundance of benthic species using OWF for shelter and as
feeding grounds may increase (Hammar et al., 2016; Gill et al., 2020;
Mavraki et al., 2021). In any case, these potential positive effects on ﬁsheries would not be directly applicable to all OWF because any eventual increase in ﬁsh productivity has to be balanced against the loss of ﬁshing
grounds to wind farms. In addition, some OWF in the MS such as the
CCWF are planned to be built in areas already closed to trawl ﬁsheries,
where there are already many beneﬁts arising from the prohibition of
trawling compared to an analogous open one nearby (Balcells et al.,
2016; Sala-Coromina et al., 2021; Tuset et al., 2021).

Other environmental pressures related to OWF in northern European
Seas may be magniﬁed in the MS because of its particular features. First,
the risk of accidents. While the global production of wind energy is on
the increase, there is a signiﬁcant gap in the academic and practice literature on the analysis of wind turbine accidents (Asian et al., 2017). The
risks associated with natural hazards such as storms and other extreme
events exacerbated by climate change, such as hurricane Gloria in 2020
in the Western Mediterranean (Amores et al., 2020; De Alfonso et al.,
2021), can be added to those of wind turbine accidents, including ﬁre,
the aerogenerator itself falling into the sea and ship collisions (Asian
et al., 2017; Biehl and Lehmann, 2006). The latter constitutes a considerable threat to the environment due to damage to the ships' structure potentially causing the leakage of operating supplies or cargo (e.g., oil or
chemicals) and structural damage to the OWF itself (Biehl and Lehmann,
2006). Because the MS is among the world's busiest waterways in terms
of maritime transport (Randone et al., 2019), cruising (Lloret et al.,
2021a) and recreational boating (Carreño and Lloret, 2021), there may be
a substantial risk of collision between commercial and passenger ships in
the trafﬁc lanes in the Mediterranean and OWF.
Second, there are the environmental concerns related to the industrialization of coastal areas. Ports are crucial to OWF because all the required
turbines and equipment are transported through them and they are the
base from where they are operated and maintained (WindEurope, 2021).
Furthermore, it has been acknowledged that over the next decade ports
will play a key role in upscaling renewable hydrogen infrastructures associated with large wind farms (WindEurope, 2021). The development of harbors and other infrastructure related to OWF in Mediterranean coastal
areas will put additional pressure on a region already considered a hotspot
of urban development on a global scale (Wolff et al., 2020). Urbanization
and industrialization of the coastline is one of the major problems in the
Mediterranean region, often leading to loss of biodiversity due to habitat
destruction and landscape fragmentation (MedECC, 2020). Despite the potential socioeconomic beneﬁts of port development, the enlargement and
industrialization of some small ports in Mediterranean coastal towns
(e.g., for lodging wind farm service vessels) could result in the loss of the
maritime cultural heritage linked to ﬁshing and tourism activities that sustains the economy of many Mediterranean coastal areas (WWF, 2017). The
impact would be exacerbated in coastal areas with MPAs, which are usually
low populated and industrialized.
Last, the nearshore and inland environmental impacts of associated
OWF infrastructures (access roads, sub-stations, transmission lines and temporary structures) built prior to, during, and after construction should be
considered. Power lines must drive the OWF generated energy to the global
distribution grid on land. In highly urbanized Mediterranean coastal areas,
including the proposed area for the CCWF, these power lines may be forced
to cross non-urbanized zones that can be fragile ecosystems (estuaries,
coastal lagoons, large shallow inlets, bays, etc.), causing negative impacts
on these ecosystems. Furthermore, the different components of the hydrogen infrastructures associated with large wind farms may place speciﬁc
pressures on the environment linked to water and land use, brine release,
hydrogen leaks and hazards (GIZ, 2020; Khan et al., 2021).

3.2. Tourism
As stated in the previous sections, and unlike areas like the North Sea,
most of the MS has a relatively narrow continental shelf, meaning that
OWF are often projected close to the coast. In the MS, the debate regarding
the potential impacts of OWF on seascape and coastal tourism is particularly intense. Compared to the North Sea and the North Atlantic, tourism
is a major economic driver in the MS, where maritime and coastal leisure
activities (sailing, scuba diving, swimming and bird and whale watching)
take place that are very important for the local economy as ecotourism
activities (Europarc, 2019). The OWF may have negative ecological
consequences on many vulnerable and threatened species and habitats
(see Section 2.1) that are important for leisure activities like scuba diving
and bird and whale watching. The seascapes of Mediterranean MPAs such
as Cape Creus Natural Park provide scenic and subsequently amenity/
socioeconomic value for the local and tourist communities who enjoy
their views (Torres and Hanley, 2016), or whose appreciation together
with other leisure and sport activities undertaken in the marine park is
enhanced by the surrounding scenery (Lloret et al., 2021b). A similar

3. Interactions between OWF and other maritime activities
In the MS, the spatial conﬂicts in marine areas that are already overcrowded with other multiple uses may be more intense than in their
northern sea counterparts. The expansion of the OWF sector increases
competition for space with other economic sectors in an already busy MS.
The narrow continental shelf in many places means that where depths are
adequate to install offshore wind farms, human activities (ﬁsheries,
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4. Recommendations for the future development of OWF projects in
the MS

situation occurs in other popular areas for maritime activities such as
Jurien Bay Marine Park in Australia (McCartney, 2006). Therefore, the
economic and social loss of seascapes as part of the marine goods and
services that can be affected by OWF could be signiﬁcant. This is especially pertinent in areas of high biodiversity and with valuable landscapes / seascapes, or in other words, those that are considered iconic
and whose historical interaction of natural and cultural elements, factors and processes have shaped them as high quality visually aesthetic
sites (Kalivoda et al., 2014; Feleki et al., 2018).
In the MS, fear that the recreational value of the coastal use can be
jeopardized by the visual impacts of OWF is intense. For example, the impact of OWF projects on beach recreation demand during the summer season in the Mediterranean region of Catalonia (Spain), precisely where the
CCWF is projected, has been estimated as a signiﬁcant welfare loss of up
to €203 million per season (Voltaire et al., 2017). The installation of wind
farms will cause a shift to visits to beaches without them, implying that
the estimated negative economic impacts will occur mostly in areas
where wind farms are located (Voltaire et al., 2017; Voltaire and
Koutchade, 2020). The notion that the visual impacts of wind farms on
the ocean horizon will deter visitors to coastal destinations has also been
a primary concern for local communities and policy makers in northern
Europe and the US. The general public and coastal recreational users such
as recreational ﬁshers, leisure boaters and beachgoers are often concerned
about potential negative impacts of OWF on the landscape (Gee, 2010;
Rudolph, 2014; Firestone et al., 2009; Ladenburg, 2009; Ladenburg and
Dubgaard, 2009; Landry et al., 2012; Sullivan et al., 2013; Parsons et al.,
2020).
Large OWF projects in the MS such as the CCWF have been strongly
rejected by local communities (see for example https://stopmacroparce
olicmari.org/), local governmental agencies, local tourism businesses
and environmental NGOs, among others. The CCWF is proposed to be
built between 8 and 30 km from the shore, whereas in 2019 OWF
were installed in European Seas at an average distance of 59 km, with
the greatest distance from shore of up to 100 km in German waters
(WindEurope, 2020). This farm (CCWF) is an example of how ocean industries in the MS belonging to the Blue Economy are struggling to harmonize local values and opinions about the use of this space with their
own (Voyer and van Leeuwen, 2019). The intangible qualities of the seascape are a cause of difference of opinion among the local population
and planners and decision-makers, who can disregard the symbolic signiﬁcance of the sea and the role it plays in the both the meaning and
quality of the place and the well-being of the local population and visitors (Gee, 2010). Furthermore, OWF can be perceived by residents as an
imposition of a large-scale industrial business with the capacity to transform the seascape through a process of industrialization of the sea
(Burkhard and Gee, 2012; Gee, 2013). Nonetheless, attitudes towards
wind farms depend on their speciﬁc characteristics and the context,
with the height and number of the turbines, their size, and the landscape
where they are installed particularly signiﬁcant determinants (Wolsink,
2010; Devine-Wright, 2005; Westerberg, 2012).

In this last section, we make some basic recommendations for governments and policymakers to help shape the post-pandemic rush of OWF
proposals in the MS by energy companies. Although lessons learned from
countries where OWF have been developed much earlier, such as
Germany (Lüdeke, 2017; Schomerus and Maly, 2017) and the UK (Singh
Ghaleigh, 2017), can be considered for the implementation of OWF in the
MS, the particularities of the MS in relation to impact assessments, spatial
planning and mitigation measures (Deﬁngou et al., 2019) make careful consideration of the particular environmental, social and economic impacts of
OWF necessary. These recommendations could be useful for the planning of
OWF not only in the MS but also in all areas of the world with fragile species
and habitats, MPAs and/or valuable seascapes, such as the Australian and
New Zealand coasts and the Canadian and US Atlantic.
Policy makers in the MS must apply the Precautionary Principle to ensure that the collective pressure of all activities is kept within levels compatible with the preservation of marine ecosystems and the correct ecosystem
functioning of the entire network of MPAs. This Principle, detailed in
Article 191 of the Treaty on the Functioning of the European Union and
in Principle 15 of the 1992 Rio Declaration on Environment and Development, and incorporated in the MSFD (2008/56/EC) and the Maritime
Spatial Planning Directive (2014/89/EU), aims at ensuring a higher level
of environmental protection through preventive decision-taking in the
case of risk. In this regard, independent diagnoses (impacts assessment)
must examine the potential environmental, social and economic consequences of constructing OWF facilities (including seascape and cultural impacts) during all the phases: the pre-construction phase (including site
assessment and the required geotechnical and geophysical surveys that
may interact with the marine environment), the construction phase, the
operational phase and the decommissioning phase. This analysis should
be conducted with the broad participation of the scientiﬁc community
(including marine and ﬁsheries biologists, social scientists, economists, experts in renewable energy, etc.) and should follow an ecosystem-based approach (CBD, 2021). Standardized monitoring programs to assess the
diversity of impacts in the MS, and especially those concerning the cumulative impacts of OWF and other maritime activities over a long period
(Lüdeke, 2017; Deﬁngou et al., 2019; Gușatu et al., 2021), must be established and should cover timeframes before, during and after construction.
German experiences suggest that around eight years of data comprising
the pre-construction phase (three years), the construction phase (two
years), and the operational phase (three years) are needed to build a strong
database to show the effects of OWF (BSH, 2013). Monitoring programs
should use different techniques to detect changes in the different components of the marine ecosystem potentially affected by OWF in the MS
(Table 2). In particular, threatened, sensitive or endangered species and
their critical or essential habitats should be considered. The monitoring
should also include the surveillance of other maritime activities such as
maritime trafﬁc and ﬁshing activities. A diversity of non-invasive and environmentally friendly tools such as the macrofauna Automatic Identiﬁcation
System should be used. It is also important to develop detailed guidelines
for the assessment of cumulative adverse effects, addressing the different
taxonomic groups and OWF phases (Goodale and Milman, 2016). Furthermore, a detailed analysis of the implications for the wind ﬁeld and hydrography on a regional scale and the effects on ecosystem functioning should
be undertaken.
More detailed and integrated assessments at regional, national and local
scales, such as the Cumulative Effect Assessment methodology (Gușatu
et al., 2021) and the Distance-Based Sampling Method (Methratta, 2021),
are needed to make decisions about developing OWF in the MS, accompanied by energy-saving policies and the consideration of alternatives to
large OWF (such as self / local generation and consumption in coastal communities). The need to develop more integrated, holistic, coordinated approaches to evaluate the cumulative impacts of OWF over a long period is
particularly relevant in the MS. Each Mediterranean country is presently

3.3. Other activities
Another crucial topic is the interaction between OWF, shipping
(NorthSEE, 2017; Twigg et al., 2020) and aquaculture (Soukissian et al.,
2017; Van Hoey et al., 2021). This multi-dimensional interaction is often
viewed as a marine spatial conﬂict, with different stakeholders vying for adequate space. The MS is one of the busiest seas in the world in terms of shipping, with 21 of its ports among the busiest 100 in the world (Bray et al.,
2016; Soukissian et al., 2017). OWF may restrict the navigable space available to ships, leading to increased trafﬁc density and risk of collision
(NorthSEE, 2017). During the past decades, Mediterranean aquaculture
has expanded dramatically (Bolognini et al., 2019) and, as has occurred
in northern European Seas (Van Hoey et al., 2021), the expansion of OWF
will lead to competition for space between OWF and aquaculture sites in
certain places.
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etc.) and associated ecosystem goods and services. The development of offshore renewable energy in the MS must comply with EU environmental legislation and the integrated maritime policy, which includes the protection
of vulnerable marine ecosystems, and with the obligations to reach Good
Environmental Status (European MSFD). Policy makers should also consider indirect environmental impacts outside the territories where the
OWF are implemented. For example, the deep-sea mining of rare earth elements used for the construction of parts of the turbines, which are obtained
from the tailings of other metallic ores, involve environmentally aggressive
techniques that produce tailing ponds often containing heavy metals or radioactive elements, thus raising the issue of the disposal of radioactive
waste (Nansai et al., 2015; Alves Dias et al., 2020).
Marine Spatial Planning must play a key role at an international and not
only national or regional levels, placing greater emphasis on the preservation of the many existing MPA in the MS and always prioritizing the conservation of sensitive species and vulnerable habitats. It must also consider the
interface between terrestrial and marine environments. Based on the Precautionary Principle, OWF should be excluded from hotspots of sensitive
species (e.g., ﬁsh, marine mammals, birds and sea turtles) and fragile
habitats (e.g., deep-sea corals, maerl beds and crinoid assemblages), particularly in MPAs, as well as from important ﬁsh spawning areas and migration routes. The advice against constructing OWF in sensitive or valuable
areas and in areas that are of special importance for certain species was
also recently advocated in Norwegian waters (de Jong et al., 2020).
The creation of buffer zones between OWF and MPAs and the establishment of corridors (i.e., areas free of OWF) between adjacent MPAs to ensure
that sensitive species (birds, ﬁsh, sea turtles, marine mammals, etc.) can
safely switch between MPAs should be another priority. Furthermore, a
minimum distance of the OWF from the Mediterranean shore (as naturally
occurs in Germany; Schomerus and Maly, 2017) should be established in
certain places with valuable seascapes to avoid any important loss of
seascape value. However, the implications for the marine biodiversity of
moving OWF away from coastal waters to deeper waters should be well
analyzed in each zone to avoid any damage to Mediterranean fragile
deep-water habitats such as submarine canyons, which are key for the
ecosystem functioning of the MS (Würtz, 2012).
Moreover, OWF licensing studies on the socioeconomic implications of
OWF for ﬁsheries and tourism should previously be carried out (ICES,
2021). The preservation of seascape in the MS should also be a priority,
considering the links between seascape, tourism and local identity. The seascape constitutes a resource favorable to economic activity, the protection,
management and planning of which can contribute to job creation. The
importance of landscape/seascape is recognized by the European
Landscape Convention (Council of Europe, 2000), the ﬁrst international
treaty committed to the protection, management and planning of all
landscapes in Europe. This Convention, ratiﬁed by 40 Council of Europe
member states, acknowledges that landscape is an important part of
citizens' quality of life and a basic component of the European natural
and cultural heritage, contributing to human well-being and consolidation
of the European identity.
Last, governments should avoid any impact of OWF in existing Mediterranean MPAs or fragile sites to not compromise the 30% target set by the
High Ambition Coalition for People and Nature, a United Nations initiative
that aims for aspirational action to address the global climate crisis (HAC,
2021).

Table 2
Summary of monitoring approaches to evaluate the impact of OWF in the MS
(modiﬁed from WWF, 2019).
Element

Tools and methods

Abiotic environment

Monitoring certain abiotic parameters (e.g., sediment grain
size distribution, water temperature and oxygen levels)
Developing monitoring strategies for OWF released chemical
compounds
Monitoring of heavy metals and other chemical pollutants in
the water column and in the sediments
Characterization of the sediment and habitat structure and
their dynamics
Video survey of benthic fauna, macrophytes and habitat
structure
Sampling (with grabs, beam trawls, dredges, etc.,) of infauna
and epifauna
Investigation of growth and demersal megafauna on the
underwater construction structure, of benthos and habitat
structures for installation of cable routes
Trawl surveys
Use of existing sampling and survey data
Non-invasive methods (e.g., hydroacoustic methods, scuba
diving surveys in shallow waters)
Ship-based and (digital) aircraft-based surveys (video/photo)
along transects
Use of radars for long-term monitoring data on seabird
behavior around OWFs and to monitor migration intensity,
ﬂight direction and ﬂight altitude
Passive acoustic monitoring from temporary and permanent
monitoring-stations
(Digital) aircraft-based surveys
Monitoring through ship surveys or (digital) aircraft-based
surveys
Satellite or acoustic tracking of tagged animals

Habitats / Benthic
communities

Fish

Birds

Marine mammals

Sea turtles

planning their own OWF without an overall transnational planning effort.
Environmental impacts of OWF, particularly those caused by ﬂoating turbines, should include not only direct impacts on the marine species and
habitats by the structure itself but also those caused by the activities related
to the manufacture, operation, disposal and recycling stages of the OWF. To
this effect, different impact categories to be analyzed include Acidiﬁcation
Potential, Eutrophication Potential, Global Warming Potential and Cumulative Energy Demand (Garcia-Teruel et al., 2022).
International guideline documents such as the technical recommendations for avoiding or mitigating the environmental impacts of OWF in the
MS (WWF, 2019), the Guidance Document on Wind Energy Developments
and EU Nature Legislation (European Commission, 2020d), the guidelines
for project developers to mitigate biodiversity impacts associated with
wind energy development of the IUCN (Bennun et al., 2021), the recommendations of EASME/EMFF of the European Commission to avoid impacts
of OWF on ﬁsheries and aquaculture (Van Hoey et al., 2021), and the IMR
recommendations for OWF development (De Jong et al., 2020) should be
thoroughly considered and applied by policy makers and businesses. The
recommendations stemming from the Pharos4MPAs project (WWF, 2019)
should be particularly considered because they cover the different roles
and objectives of decision makers, MPA managers and the OWF sector in
the MS. One of them, for example, is that speciﬁcations for pilot OWF
(2–3 turbines) should always be considered in sensitive areas before proposing larger OWF.
The EU mandates in relation to the Blue Economy must be fully met before any decision is made: the initiative must be environmentally sustainable, offer long-term social and economic beneﬁts (especially for the
territories where it is established), and at the same time protect and restore
the biodiversity, productivity, and resilience of marine ecosystems, while
based on participatory and effective governance that is inclusive, accountable and transparent. It must also promote the sustainable use of the sea
through spatial planning that optimizes the location of OWF (Yates and
Bradshaw, 2018) and implements an ecosystem-based approach that
considers not only the diversity of species and habitats but also ecological
functions (nurseries, feeding grounds, spawning areas, migration corridor,

5. Conclusion
While there are plans to develop and expand the offshore wind energy
industry in the MS, the many environmental drawbacks associated with
this sector are not well considered and analyzed. The different stages of
OWF implementation (from manufacture and geotechnical/geophysical
surveys to operational, maintenance and decommissioning) in the MS
have potential ecological impacts that strongly compromise the objectives
of achieving and maintaining a Good Environmental Status of the marine
environment, the goals of the European Strategy for Biodiversity 2030,
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and the Sustainable Development Goals of the United Nations (particularly
Goal 14: Conserve and sustainably use the oceans, seas and marine resources for sustainable development). These considerations are particularly
relevant when OWF are projected near marine biodiversity hotspots including marine priority conservation areas, MPAs, and wildlife corridors.
In particular, the incompatibility between OWF and MPAs and other
areas of high ecological value is evident in terms of the enormous ecological
and socioeconomic risks posed by OWF on vulnerable species and habitats.
We propose that OWF development in the MS should be excluded from high
biodiversity areas containing sensitive and threatened species and habitats,
particularly those situated in or in the vicinity of MPAs and/or areas with
valuable seascapes. In these cases, we believe the risks far outweigh the
beneﬁts. However, other areas may be able to support a sustainable offshore wind sector without causing irremediable harm to vital ecosystems
if avoidance, mitigation and preventive measures are well implemented
and are accompanied by rigorous monitoring.
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