
Unravelling the ecological impacts of large-scale offshore 
wind farms in the Mediterranean Sea: the example of 

Cape Creus/Gulf of Roses/Montgrí

Dr. Josep Lloret



Context



2050. Europemust becomeclimateneutral
Å Offshorewind must provide 30% of EU Member States' electricity 

demand by 2050: increase from the current 12 GW capacity to a 
target of more than 300 GW (multiply by 15 the marine space 
allocated to wind energy (European Parliament, 2019).

Å Today, the North Sea, the North Atlantic and the Baltic Sea, account 
for more than 85% of all offshore wind capacity in European waters 
(European Parliament, 2019).

The spacesdevotedto offshore wind must be compatible with : 
Å Biodiversityprotection
Å Preservationof ecosystemservices
Å Otheruses 

EU BiodiversityStrategyfor 2030 (European Green Deal)
Å Protectionof 30% of marine watersand terrestrial land
Å Of which10% mustbe strictly protected

Policy



Maritime SpatialPlanning
Directive(2014/89/EC

Marine  StrategyFramework
Directive(2008/56/EC)

SEAS & OCEANS

Habitats Directive (92/43/EEC)
Birds Directive (2009/147/EU)

Biodiversity
Strategy 2030

BIODIVERSITY

Ley  41/2010 de protección
del medio marino

GoodEnvironmental Status

Real Decreto 363/2017, que 
se establece un  marco para 
la ordenación del espacio 
marítimo

Policy



MSP: In order to promote the sustainable growth of maritime economies, the 

sustainable development of marine areas and the sustainable use of marine 

resources, maritime spatial planning should apply an Ecosystem-based 

approach as referred to in Article 1(3) of Directive 2008/56/EC

Policy



Adaptive management of human activities must be applied 

taking into account the Precautionary Principle & Ecosystem 

Approach and taking into account the scientific knowledge

Ley  41/2010 de proteccióndel medio marino: 
GoodEnvironmental StatusPolicy



Offshore energyPlanning in Spain
(Strategic Environmental Assessment, "SEAέ)

EVALUACIÓN ESTRATÉGICA AMBIENTAL
DEL LITORAL ESPAÑOL
PARA LA INSTALACIÓN
DE PARQUES  EÓLICOS MARINOS

SEA 2009

Aptas

De exclusión

Áreas Eólicas Marinas ςZonificación definitiva

Con condicionantes

SEA 2020SEA 2009

Policy



Corporate Sustainability3.0 έcreating a significant positive impact in societies as well 
as increasing the resilience of social-ŜŎƻƭƻƎƛŎŀƭ ǎȅǎǘŜƳǎέ            

Sardá & Pogutz (2019)

Business In Nature

SustainableDevelopmentάŜƴƘŀƴŎƛƴƎ ǎƻŎƛŀƭ ǿŜƭƭ-being (SDGs 1st to 6th ) and economic 
prosperity (SDGs 7th  o 12th) while maintaining the integrity of natural systems and its 
ǇƻǘŜƴǘƛŀƭ ŦƻǊ ǘƘŜ ǇǊƻǾƛǎƛƻƴ ƻŦ ŜŎƻƭƻƎƛŎŀƭ ƎƻƻŘǎ ŀƴŘ ǎŜǊǾƛŎŜǎ ό{5Dǎ моǘƘ ǘƻ мрǘƘύέΦ

Sardá & Pogutz (2019)

SustainableDevelopment& 
CorporateSustainability

Policy



4 Offshorewind farms(OWF) projectsappliedby energycompanies
before SEA in CapeCreus/Gulf of Roses

1: 1000 MW (65 turbines))
2: 500 MW (36 turbines)
3: 50 MW (5 turbines)
4: 1200 MW



Civil society platform has amassed the support of:
ÅThe governing board of the 2 large marine protected areas in Catalonia: Cap de Creus+Medes
Å> 20 City councils in the area 
ÅThe biggest local environmental NGOs
Å> 30.000 individual supports

Social opposition



Political debate



Written by 9 scientists experts in marine biology, oceanography, energy, bioeconomicsand 
geography (UdG, CSIC, UB)

Supported by > 100 scientists of > 20 research centers, universities and other organisms where 
scientists are represented

Virginijus Sinkevicius
Commissioner for 

Environment, Oceans 
and Fisheries 
02/06/2022

άΦΦThe area of Cap de CreusŀƴŘ DǳƭŦ ƻŦ wƻǎŜǎ ƻƴ ǘƘŜ {ǇŀƴƛǎƘ ŎƻŀǎǘΣ ǘƘŜǊŜ ŀǊŜ ǎŜǾŜǊŀƭ bŀǘǳǊŀ нллл ǎƛǘŜǎ ΧΦΦ 
In accordance with the Habitats Directive, if individual wind energy projects, located inside or outside a
Natura 2000 site, are likely to have a significant effect on the sites, individually or in combination with 
other plans or projects, they must be subject to an appropriate assessment of their implications for the 
sitesƛƴ ǾƛŜǿ ƻŦ ǘƘŜ ǎƛǘŜǎΩ ŎƻƴǎŜǊǾŀǘƛƻƴ ƻōƧŜŎǘƛǾŜǎΧΦ¢ƘŜ competent authorities can agreeto the plan or 
project only after having ascertained that it will not adversely affect the integrity of the sites concernedέ

Scientific manifesto



Ourstudy



Multidisciplinary team: marine biology, physical oceanography, geography, 
bioeconomy, corporate responsibility, energy



1) Evaluationof the ecological
characteristicsof the area



OWFs

9. Closedfishingareahake-
Roses
10. Closedfishingarea

5. Cetaceancorridor

4. Submarinecanyons

8. Litoral del Baix Empordà

3. Montgrí-Medes-Baix Ter

7. Aiguamollsde ƭΩ9ƳǇƻǊŘŁ

2. Capde Creus

6. Espaimaríde ƭΩ9ƳǇƻǊŘŁ

1. Cap Bear-Cap Cerbère

1, 2, 3, 4, 6, 7 i 8 are Natura 
2000 sites

This area comprises 10 Marine Protected Areas (several categories)





Wecan find there:
Å > 3200 species(ca 1/3 -

1/2 of the known
speciesin the Med)

Å 70% of the marine
habitats describedin 
Natura 2000

Ros et al 1984 
Gili et al 2011

Gili et al 2011, Domínguez-Carrió et al 2022 

Cap de Creus

Gulf of Roses

Among the  Mediterranean areas with the highest diversity of species 
and habitats



The area contains a highly diverse and fragile benthic fauna



Seafloorwith highfunctional diversity that build habitat, provide refugiaand food for
manyspecies, includingthe exploited ones(Fish and invertebrates)



SEAGRASS MEADOWS

MAERL BEDS

The coastal MPAs nearby comprise the most representative coastal 
habitats of the Mediterranean, many of which are fragile and included 

in the Habitats Directive

CORALIGENOUS ASSEMBLAGES



Important areafor the reproductionof smallpelagicfish

Anchovylarvae

Sabatés et al. (2013, 2020) 

Sardineeggs



Cetacean corridor

Important area for the migration of marine mammals, vulnerable birds 
and elasmobranchs 

Balearicshearwater(Puffinus
mauretanicus)
IUCN: Criticallyendangered(Europe) 

Blue shark(Prionaceglauca)
IUCN: Criticallyendangered(Med) 



Ribó et al 2018

Highlyproductivezone
Particular oceanographicconditions(currents, wind + Rhonerunoff)



Area with highfishingpressure, but with preservedsites

Ribo et al (2018)

Gili and Company (2018) Trawling
area

Preserved
site



https://portal.emodnet-bathymetry.eu/

North Sea
- Shallow(<50m), wide continental shelf
- Mainly soft bottoms

MediterraneanSea
- Narrowcontinental shelf(150 m depthoften closeto shore)
- Highdiversityof habitats and species

The Mediterraneanvs the North Sea



2) Analysis of the technical 
characteristics of the OWF



- Fixedturbines

- Up to 40-60 m depth

- ++ knowledge

Fixedvs floating wind turbines

NORTH SEA

- Floatingturbines

- >60 m depth

- Litleknowledge

MEDITERRANEAN SEA

Cape Creus/Gulfof Roses
- All exceptoneare mega OWF
- New technology: floatingOWF
- Between10 & 24 km aproxfrom the coast
- Somecharacteristicsnot yet describedin the project
descriptionof the energycompanies



Sizeof the floating wind turbines

Source: Sener



Font: Vryhof

Gryphon, 35 Tm. Font: Toal et al. 2014

Anchoringsystemsof the floating wind turbines

1,2km 

2
,5
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m

Sweptarea: 70 m



Electricitytransmissionof floating wind farms

Offshore 
station

Landstation



3) Potentialecologicaland 
socioeconomicimpactsof OWF in 

the Mediterranean
Combining1), 2) and bibliographicreviewof the impactsof 

OWF in other areas



Habitat alteration/ destruction:
Å Impacton benthos
Å Impacton fish spawningand recruitment

grounds
Å Implicationsfor the food web

Å Direct: chains and anchors
Å Indirect: sediment resuspension / increase of 

water turbidity

ICM-UB

Potentialecologicalimpacts

Impactson anchorsand chainson 
benthic habitats



Impactof chainsand anchorson the closedareato fishingestablishedby policymakers+fishers
(co-management)

Recoveryof fish stocks
impinged

Potentialecologicalimpacts



Soundand vibrations(air, sea)

Impacton 
sensible and 
threatened

species

Marine mammals:
Communication 
(migrations), 
behaviour, feeding 

Map: SEO/Birdlife. Project ZEPAMAR  

Potentialecologicalimpacts

Fish and 
invertebrates: 
Communication, 
prey detection

Balearicshearwater(Puffinus
mauretanicus) IUCN: Critically
endangered(Europe) 



Impactof the electromagneticfieldson animals

Physiologicaland behaviouralchanges
Impacton migrations

Potentialecologicalimpacts



Structures that favor the expansion of invasive 
and opportunistic species

Impacton the marinebiodiversity and 
function of the ecosystem

Source: Mar a fons, ICM-CSIC

Duarte al., 2013

Potentialecologicalimpacts


