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This paper is challenging the new blue deal outlining the need for a change in the expectative. Offshore wind farms (OWFs) are not only a climate-friendly way of producing electricity but also a shifting paradigm unique opportunity, acknowledging the increasing presence of anthropogenic infrastructure in the marine environment and seeing them as the place for recreating relations with non-humans and work with them. We give some ideas that could ground a research program pairing both positive and negative aspects of OWF and study the conditions of realization of mutual beneficial relationship coming from the “mosaic of open-ended assemblages of entangled ways of life.”
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Introduction

Offshore wind farm (OWF) development is increasingly seen as a climate-friendly way for energy supply by contributing decarbonizing and reducing greenhouse gas emissions and achieving the United Nations Sustainable Development Goal 7 “Affordable and Clean Energy” (IEA, 2019; Galparsoro et al., 2022). In addition, technological advances and increasing demand for renewable energy (Glarou et al., 2020) added to the European goal of climate neutrality by 2050 and lead to the integration of this technology option into the future energy mix. Hence, the European Union (EU) forecasts that offshore wind must provide 30% of Member States’ electricity demand by 2050, increasing from the current 12 Gigawatts (GW) capacity to 300 GW, hence multiplying by 15 the marine space allocated to wind energy (Lloret et al., 2022). The US Department of Energy (DOE) as well has set a goal of 54 GW installed by 2030 and is planning for 86 GW to be installed by 2050 (Goodale and Milman, 2019). This ocean sprawl (Duarte et al., 2013; Firth et al., 2016) will at least modify the occupation of the marine space and consequently the status of marine ecosystems. One can imagine that introducing a deep technological artifact will alter the living conditions of the inhabitants and hence disturb the environment or users of this environment. This new potential source of alteration of marine spaces must be added to the list of disturbances and pressures already existing in the marine space and recorded through the 11 descriptors of good environmental status of the Marine Strategy Framework Directive (MSFD) adopted in 2008. What does this perspective imply for marine life and the present ocean users? Will the development of wind power be an additional pressure on ecosystems when we are struggling to reduce those that are actually harming the marine environment? What if this large-scale deployment initiates a new era of our development model looking for a symbiosis between energy production for human use and proliferation of marine life? How does this challenge open up new perspectives for approaches to conservation and economic development? To clarify these issues, we first review the literature identifying socio-ecological impacts of OWF development. Then, we explore the contemporary thoughts that pave the way for imagining a symbiotic relation between energy production and marine life. Then, we conclude by identifying grounds for future research.



OWF, a threat for marine life and users of the ocean but also an asset

OWFs are and will be increasingly established in marine areas to meet the rising global demand for renewable energy, hence experiencing the ocean sprawl. For Europe, however, this development must be consistent with the commitments to marine biodiversity protection and strategic planning. Those latter are contained respectively in the MSFD (Directive 2008/56/EC), which came into force in 2008 as the environmental pillar of European maritime policy, and the Maritime Spatial Planning Directive (MSPD; Directive 2014/89/EU). While the former aims to maintain or restore the functioning of marine ecosystems, the latter aims to promote the sustainable growth of maritime economies, the sustainable development of maritime spaces, and the sustainable use of marine resources. To achieve this, Member States must take into account economic, social, and environmental aspects by applying an ecosystem-based approach and promote the coexistence of relevant activities and uses. In this context, OWF as one pillar of the blue economy provides obvious benefits while producing renewable energy but may induce several ecological disruptions in marine environment and socioeconomic upheavals, known as negative externalities. They can provide some positive impacts as well. With few exceptions like Galparsoro et al. (2022), the scientific literature reviews separately negative and positive impacts. Hernandez et al. (2021) stress the importance of understanding the relationship between the activities associated with an OWF and their impacts, distinguishing effects from impacts (Taormina et al., 2018; Hernandez et al., 2021). They can be classified considering the ecological levels and the spatial and temporal scales (Hernandez et al., 2021). Whereas effects consider modifications of environmental parameters, such as the substrate type, hydrodynamics, water temperature, noise, or electromagnetic fields, the impacts are the changes observed at the receptor level, that is, the ecosystemic compartments (biotopes, biocenocis), ecological levels (populations or community), and some ecological processes within marine ecosystems (trophic interactions) (Hernandez et al., 2021). OWF effects and impacts might be present at the three stages of OWF development (installation, operation and maintenance, decommissioning) regardless of technologies used (Furness et al., 2013; Bailey et al., 2014; Bergström et al., 2014; Schuster et al., 2015).

Among the negative impacts are collision risks with avian and bat collision above the water and entanglement of marine vertebrates or marine mammals with underwater structures (Inger et al., 2009; Peschko et al., 2020; Peschko et al., 2021), underwater noise could generate stress (Wahlberg and Westerberg, 2005; Madsen et al., 2006; Cook et al., 2018; Glarou et al., 2020; Mooney et al., 2020; Tougaard et al., 2020; ; Maxwell et al., 2022), generation of electromagnetic fields that could be a concern for some fish species that are magneto-sensitive or that use geomagnetic field information for orientation purposes (Peters et al., 2007; Normandeau et al., 2011; Gill et al., 2014; Maxwell et al., 2022), and loss of soft bottom habitats with the introduction of hard bottom substrata (Glarou et al., 2020). Maxwell et al. (2022), acknowledging the abundance of literature about fixed offshore wind turbines, do it as well, focusing on floating wind turbines. They all mainly identify ecosystem degradation; habitat loss for marine mammals, fish, benthic communities (at the installation and operation stages); habitat disturbance for birds and bats (at the operation stage); changes on habitat at the seabed level for benthic communities (at the installation and decommissioning stage); and physical damage for marine mammals, birds, and bats (at the installation, operation stage). However, there are still gaps in scientific knowledge about the ecological impact of wind turbines (Dannheim et al., 2020; WWF, 2014); especially, uncertainties remain regarding the assessment of cumulative impacts (Galparsoro et al., 2022). Nevertheless, Gartman et al. (2016a); Gartman et al. 2016b) identify how to design turbines and operate their installation and operation to minimize impacts on marine species and habitats and reduce risks on marine life.

However, this discussion is site-specific. It depends greatly on location. The magnitude and the matter of concern are determined case by case for each specific OWF project. The initial state and resilience of the area can vary and impact differently some ecosystem elements (Causon and Gill, 2018; Gill, 2005; Cook et al., 2018; Galparsoro et al., 2022). Lloret et al. (2022) demonstrate that importing the northern European sea OWF model development to the Mediterranean Sea is not straightforward. That is why each project, as a response to a call for tenders, is supposed to carry out an impact analysis showing in each specific case what the issues are. Indeed, OWF projects must be consistent with biodiversity protection and conservation objectives like Sustainable Development Goal (SDG) 14 or Convention on Biological Diversity at the international level or Marine Strategy Framework Directive (MSFD) at the European level.

Moreover, as this implementation occurs in a crowded ocean, not only marine life but also some human uses and activities could be disrupted as well (Inger et al., 2009; Glarou et al., 2020). Conflicting marine activities and competing uses of the littoral zone are likely to arise, as well as different societies’ inherent values regarding legacy and “patrimonialization” in coastal regions (Bell et al., 2013; Bidwell, 2017; Lloret et al., 2022). Although OWF can be seen as visually appealing, representing a shift toward clean energy in the future, it could compete spatially with some other uses, mainly fishing, but also shipping, extraction of resources, tourism (Virtanen et al., 2022) that are responsible for current pressures and cumulated impacts on marine environments and their degradation while OWFs are not yet implemented. OWFs could also face societal opposition and disapproval especially from close by communities (Kermagoret et al., 2016; Virtanen et al., 2022). Therefore, the OWF is developed as part of marine spatial planning, especially in Europe, since the EU set a target in May 2020 to protect 30% of the EU’s seas by 2030 when launching the EU Biodiversity Strategy 2030.

But wind farm implementation could also have positive effects by increasing the abundance and biodiversity of hard bottom species due to reef effects (provision of food, spawning, nursery, shelter opportunity) (Punt et al., 2009; Wilson and Elliott, 2009; Langhamer, 2012; Reubens et al., 2013; Ashley et al., 2014; Bray et al., 2016; van Hal et al., 2017; Glarou et al., 2020; Coolen et al., 2020; Degraer et al., 2020). Indirect impacts, such as the increase in prey species that results from the creation of a no-fishing zone for safety reasons in the OWF, may in some cases have positive impacts. The increase in prey species will increase the availability of food for higher trophic levels (Galparsoro et al., 2022) and outlines the need for an ecosystem-based approach when considering the suitability of wind farm implementation. Creating a no-take zone within the OWF can also favor possible spillover effects to neighboring areas (Ashley et al., 2014; Coates et al., 2016; Halaouani et al., 2020). As an example, Langhamer (2012) outlines how the artificial reef effect is important when constructing scour protections; it can generate an enhanced habitat, creating heterogeneity in the area that is important for species diversity and density. OWFs could also behave as marine protected areas (MPAs) by being exclusion zones to destructive fishing activities like trawling (Ashley et al., 2014; Halouani et al., 2020). Indeed, prohibiting trawling near OWFs eliminates fishing pressure and decreases disturbance of fish benthos and benthic habitats (Teilmann and Carstensen J, 2012; Galparsoro et al., 2022). Here again, location matters and can differ among organisms (Langhamer, 2012). Benefits will only be realized with consideration of the layout, design of OWF arrays, location, and access rules. Illustrative evidence of the reef aspect and spillover effect is the discussion around the “rigs to reef” in the context of decommissioned offshore man-made installations that pave the way of “renewables to reefs” (Smyth et al., 2015). Fowler et al. (2018) conducted a global survey of environmental experts to guide the best decommissioning practices in the North Sea. Whereas partial removal options were considered to deliver better environmental outcomes than complete removal platforms, they were equally supported for wind turbines. The key elements under discussion here are biodiversity enhancement, provision of reef habitat, and protection from bottom trawling (Fowler et al., 2018). This reef effect is confirmed by Coolen et al. (2020); by conducting a multivariate analysis, they compared data from old oil and gas platforms with data of a young wind farm and a natural reef. They showed an overlap in communities on steel and rock and between the wind farm and platforms (Coolen et al., 2020). Callahan and Jackson (2014) explored the future of California’s offshore oil and gas platforms and assessed the economic and ecological efficiency of a “rig-to-reef” program through a cost–benefit analysis and concluded that such a program would result in direct and indirect benefits that far exceed the costs. When displacement of fisheries occurs and is of particular concern, the artificial reef effects could be an argument for exploring the coexistence of OWF and fisheries (Hooper et al., 2015). Indeed, the co-location already exists off the coast of Louisiana in the Gulf of Mexico where oil and gas platforms are used by recreational fishermen and scuba divers (Stanley and Wilson, 1989; Gordon, 1993).



A discussion that remains within the minimizing risks perspective: The need for a change of paradigm seeking for hybridity

The literature review allows to consider OWF development projects’ pros and cons and how much they are site-dependent. Major studies discuss separately wind farms’ positive and negative effects related to the different projects’ locations focusing on one side on disruptions and on the other side—however to a lesser extent—on reef and MPA benefiting effects. Literature neglects assessing systematically both sides jointly. At the very best, discussions about wind farm developments and their locations try to be the least invasive concerning other existing activities and try to minimize the associated risks. From one specific project point of view, this approach allows to consider the necessary trade-offs to be made. But it remains within the paradigm of impact minimization and cost–benefit analysis. This approach is in line with the thinking that considers economic development on one hand and environmental preservation on the other. The very few studying both negative impacts and benefits conclude asking policymakers “whether installations should be designed to either minimize negative environmental impacts or as facilitators of ecosystem restoration” (in Inger et al., 2009). Is this enough for overcoming issues at stake that face climate change upheavals and loss of biodiversity in an ocean sprawl? In Europe, the existing institutional and political frameworks with the MSFD (Directive 2008/56/EC) and the MSPD (Directive 2014/89/EU) together with the blue growth challenge and the EU Biodiversity Strategy 2030 shape a context that calls for a new conception of marine space. This new conception could be based on recent philosophical proposals. Recent proposals allow us to consider the relationships between humans, their actions, and their non-human environment in a more integrated way and with a different ambition than that of minimizing impacts. In this perspective, what if the ocean sprawl becomes the opportunity of establishing a mutually beneficial relationship between biota, users of the sea, and man-made infrastructure (Glarou et al., 2020)? The OWF would not be considered only as disruptive or benefiting projects but rather as a disturbance occasioning fluctuating assemblages between humans and non-humans alike. Those assemblages would be multispecies “world-making projects” in line with a renewal ecology (Bowman et al., 2017), a symbiotic economy that would showcase a shifting development pathway groundbreaking with business-as-usual trends.



OWF as a disturbance occasioning fluctuating assemblages between humans and non-humans alike

OWFs could challenge the traditional dichotomy between conservation and exploitation because they could initiate new ways of inhabiting the world. Michel Serres and Philippe Descola put an end to the great division between nature and culture (Boemare, 2021). The former by calling for a natural contract to be negotiated between Earth and its inhabitants and granting nature the status of a legal subject (Serres, 1990). The latter by stressing on the existing different conceptions of relating human and non-human and shaping new ontology about nature–culture relations (Descola, 2005, 2013 for the English version). Hence, the idea of inhabiting the Earth within an interspecific co-habitation with non-human has emerged far away from the “modern” vision of the 17th century inherited from Descartes for whom the project was to become master and possessor of nature. This approach is enlarged to things and objects by Morton (2012); Haraway (2016), and Coccia (2019); Coccia (2020); Coccia (2022).



The landscape and the territory as a life artifact

We follow on the analysis proposed by Boemare (2021). The first step is to explore what life is, awakening awareness of the oneness of life that runs through all living things, leading to an understanding of culture and nature (Coccia, 2019). Coccia (2019) proposes in the sower a useful interpretation of the painting Sower at Sunset of Vincent Van Gogh. The starting idea, well known to biologists, is that at the base of life is the process of capturing light and solar energy and transforming it into organic matter. Growing up is a process of accumulating light in the body; it is still metabolized light that both and identically animals and humans seek to capture in the tissues of their prey. Van Gogh’s painting shows the sower and a tree on the same foreground outlining no difference between sowing whether it will be a human’s or vegetable’s act. Hence, the landscape and therefore the territory are resulting from the various strategies of human, animal, or vegetable seeding, of each of the live beings that compose it. There is no more artificiality in the act of the sower than in the act of the plant, “every species cultivates and constructs the world differently”; they are both developers of space, the territory is co-constructed by the species that animate it. The landscape is thus a “random accumulation of disparate living individuals … each species is the agro-ecological territory of the other: each being is the gardener of other species but also the garden of other species, and what we call ‘world’ is finally only a relationship of reciprocal culture.” His conclusion enlightens the notion of wild nature, “in this sense there is no wild space, because everything is cultivated and because being in the world means gardening other species, and at the same time and with the same gesture being the object of the seeding of others … Each landscape is thus an ephemeral, artificial installation provisionally constructed by the sowing of its inhabitants,” which is the essence of living. Enlarging the analysis, he sees the earth as a non-natural space but a “life artefact, no less artificial than a chair or a smartphone” (Coccia, 2022).



A life artifact composed of living and non-living beings in an entangled mesh

The second step takes root in Morton (2012). Morton (2012) is opposed to the idea of a face-to-face confrontation between man and nature. He pleads for a participative ecology that experiences the interweaving and coexistence of things and beings (Morton, 2012). He argues that all forms of life as well as all dead forms, just like the environment composed of living and non-living beings, are connected in a vast entangling mesh. But what are those things interconnected? The mesh is vast in Tim Morton’s work and confronts us with encountering “strange strangers.” Those are the ones, beings and things of all kinds, with which the things we look at are likely to enter into relation, to coexist. Hence, this interconnectedness penetrates all dimensions of the natural and the artificial: no being, construct, or object.



Less is more, the necessity of cooperation and symbiosis to inhabiting disorder

It allows him to account for the idea that thinking the mesh means that “less is more” like two married people pay less taxes than two single people because in a sense they are less than two (Morton, 2012). Because each one needs the other to exist, there are no two single parts interconnected but interdependent like bacteria in the human stomach. In Morton’s theory, it leads to the very interesting necessity of cooperation and symbiosis to exist. In this, he joins and relies on Margulis (1981) for whom symbiosis is the driving force of evolution. He is not very far away from Haraway (2016) arguing for sympoiesis, the “making-with” idea that nothing is self-organizing. Since all things depend on each other, we have a good reason to pay attention to things. The destruction or creation of some things will affect others, since we cannot exist independently. Meeting with strange strangers, we have to accept “inhabiting disorder” (Haraway, 2016), which means “to risk getting back to earth, to follow the tangled threads of everything that makes up the complicated fabric of the world, the wefts that attach to each other, not only humans, the earth, other species, biological elements, but also artifacts, technologies, and objects mixed together…” (Caeymaex et al., 2019).



Renewing relationships: Assemblages as multispecies “world-making projects”

The detour we made through the analysis of the sower’s chart, the entangling mesh, and inhabiting the disorder is useful because it renders obsolete the arbitrations between artificiality and naturalness, domestic and wildlife and allows for a shift that considers the actions of the species that inhabit a territory, and therefore their impacts, as powers to act. These powers of action are inscribed in time and space. As such, the landscape is an ephemeral and contextual temporal construction. For those who wish to intervene on the territory, the objective of prioritizing an ecological composition rather than another in reference to a known ideal state of the past is no longer necessarily appropriate and allows thinking about the territory, its composition, and the exploration of its possible futures with other criteria that can be debated by “ruminating” as proposed by Isabelle Stengers (Boemare, 2021).

The project of acting becomes that of defining “new and more attentive ways” of relating to other beings in order to make the world with them (Despret, 2019; Stengers, 2019; Morizot, 2020). The erosion of biodiversity and environmental upheavals can then be understood as a “crisis of relations” between live beings, things. The project becomes one of building, rebuilding, and renewing these relationships and “reviving the world” (Latour, 2021). For research, remedying the erosion of biodiversity and the living requires conducting a program that places the powers of action as the meshes of a web of entangled relationships to be constructed. We also need tools for its operationalization.



Discussion

How far this analysis helps us thinking to OWF development? What if one grabs this moment, seizes this window of opportunity of OWF development to change our way of being in the world operating a true metamorphosis challenging the new blue deal? The institutional and political context is favorable. Wind energy development projects are part of national energy transition strategies aligned with ambitious international climate and biodiversity protection objectives. They are also integrated for European states in a regulatory framework formed by a national planning imposed by the European directive on strategic planning establishing a framework for maritime spatial planning. The governance of the ocean is being reshaped (Guerreiro, 2021). A wind turbine is an artifact, it is also a portion of territory engaging economic activities and marine life on the ground and throughout the height of the water column on the whole territory of the farm but also on land. A contemporary and fruitful avenue for research would be to put at the core of research the idea of interconnectedness and to seek around offshore wind turbines the creation of interspecific assemblages that maximize the benefits for both humankind and biodiversity. This would allow us to take advantage of the advances in science and philosophy while being careful not to fall into unbridled optimism and remaining conscious of our cultural hubris. Indeed, we face here a moment of “wild renaissance” (Logé, 2019) where cross-cutting knowledge between ecology, economy, biosemiotics (Emmeche and Kull, 2011), and anthropology but also the opening to a new sensibility can lead to a metamorphosis of our way of being in the world (Coccia, 2020; Latour, 2021). Paradoxically, this new perspective should emerge thanks to an “enlarged anthropocentrism” allowing us to make a common world (Bimbenet, 2017) and operate the necessary decentering and multiplication of worlds (Viveiros de Castro, 2009). We first need rethinking habitats and worlds as environments in an Uexküll sense. In an operational way, it consists of translating and taking into account the “world” produced by each living being in its specific way of inhabiting it, that is, by considering that each living being accesses its surroundings through its physiological senses (Uexküll, 1934). This is a subjective “world view.” These being different from one species to another, living beings of multiple species can at the same time inhabit a different and similar environment. The mesh obtained will represent the juxtaposition of “environments-worlds.” These “environments-worlds” are made of more or less broad series of elements, “carriers of significance,” and “marks” that are the only things that interest the animal. These new elements could be integrated in an ecosystemic framework and related to the OWF pros and cons reviewed. The MSFD and MSPD directives would shape their development and ensure consistency with the new governance of the ocean. We would then be up to locate, design, and define OWF access rules at each specific site in a way that fosters mutual beneficial relationships coming from the “mosaic of open-ended assemblages of entangled ways of life” (Morton, 2018).
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