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Abstract 
Deployment of floating solar photovoltaic installations (floatovoltaics) is advancing, with various 
designs beginning to appear in a range of marine environments. Insight from freshwater floatovoltaics 
is not readily transferable offshore, and so lessons from other marine energy infrastructure are used 
to highlight how the marine environment may impact floatovoltaics, how the floatovoltaics impact the 
environment (both positively and negatively) and the likely societal response. It becomes clear that 
research to understand the environmental and societal implications of floating solar in the marine 
environment must proceed in parallel with investigations of the technical and economic feasibility. 
 
Introduction  
The deployment of floating solar photovoltaic arrays (floatovoltaics) in freshwater environments has 
risen exponentially, and now installations are beginning to appear at sea (SERIS, 2019). Marine 
demonstrations have occurred in shallow tropical lagoons (Maldives), deep, protected fjords 
(Norway), the rough North Sea (The Netherlands), and nearshore in the Persian Gulf (Dubai). As a 
consequence, marine designs vary significantly: circular structures with central photovoltaic panels on 
a thin hydro-elastic membrane; individual square pontoons (Fig 1a); rectangular, closely 
interconnected, rigid modules (Fig 1b); or small, light structures, each supporting individual 
photovoltaic panel(s) (Fig 1c).   
   

 

Figure 1. (a) Swimsol’s floating SolarSea™ platforms in the Maldives (photo provided by Swimsol).  
(b) Oceans of Energy floating solar array in the Dutch North Sea (photo provided by Oceans of Energy).  
(c) Enerwhere’s floating solar on sea water in Abu Dhabi, UAE (photo provided by enerwhere) 
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Knowledge of floatovoltaic impacts on inland waters is emerging, but insight is not readily transferable 
to marine environments as they are unbounded, tidal, saline, highly ecologically diverse and, 
generally, experience stronger winds, waves and currents. Increased understanding of the 
interactions between emerging floatovoltaic designs and the marine environment is therefore 
required. In the absence of direct field studies, experience with other man-made structures at sea 
(particularly other offshore energy platforms) can serve as a proxy to infer probable impacts and 
highlight research needs. This Brief Note provides an introduction to the main areas of environmental 
impact that need to be considered for marine-based floatovoltaic applications. 
 
Ecosystem effects on marine floatovoltaic systems 
Simultations suggest that photovoltaic system performance at sea can increase by up to 13% 
compared to land-based systems due to natural cooling (Golroodbari and Sark, 2020). However, the 
harsh marine environment, and its implications for the reliability of components and devices, is a 
major engineering challenge for ocean-based energy (Theis, 2012). Consequently, marine 
floatovoltaic design will need to take account of how the environment will affect system integrity and 
performance. Arguably the principal ecosystem impact is the rapid and extensive colonisation of 
structures by fouling organisms. For example, 115 taxa were found on a floating wave energy 
converter, and the mass of biofouling at the waterline exceeded 2 kg m-2 (Nall et al., 2017). Biofouling 
also roughens the surface of the structure, increasing drag coefficients and otherwise affecting 
hydrodynamic loading (Jusoh and Wolfram, 1996). There are implications for thermal management, 
as the dissipation of heat from cables and other components may be affected by the growth of marine 
organisms (Narayanaswamy, 2013). Biofouling is also likely to enhance corrosion and corrosion 
fatigue; modelling suggests that fouling could decrease the fatigue life of wave energy mooring lines 
by 20% (Yang et al., 2017). Fouling also increases maintenance costs (Edyvean, 1987). Moreover, 
colonisation of the photovoltaic surfaces may affect rates of power absorption; biofouling extends into 
the splash zone and can affect light transmittance even at low biomass through the occurrence of thin 
films of organisms that are strong absorbers of light (Harris et al., 2013). Much existing learning about 
the presence and treatment of biofouling is transferable to floatovoltaics. Key knowledge gaps remain, 
however, particularly around the implications of fouling for novel materials (Loxton et al., 2017) and 
the implications of salt deposits on generation. The complexity of the biofouling issue requires site-
specific testing to provide accurate risk assessment (Blair et al., 2014), which is pivotal given the 
range of marine environments floatovoltaics are deployed within.  
 
Impact of marine floatovoltaics on ecosystems 
The impact of marine floatovoltaics on the ecosystem will depend on the project design, as well as on 
environmental variables such as geography, water depth, distance to shore and local hydro- and 
oceanographical conditions. A first study modelling the effects of large-scale marine floatovoltaics in a 
temperate, shallow coastal sea illustrates negligible effects on net primary production and also 
reduced turbidity, which is beneficial for light availability underneath the platforms (Karpouzoglou et 
al., 2020). Early studies suggest freshwater floatovoltaics increase water quality by reducing algal 
blooms (Jones & Armstrong, 2018; Sahu et al., 2016) and decrease evaporation rate, a notable co-
benefit in areas of water scarcity (Santafe et al., 2014; da Silva and Branco, 2018). Negative 
environmental effects include anchoring and cable impacts on the substrate, disturbance during 
installation including sediment resuspension, blocking sunlight penetration, and electromagnetic field 
effects (Sahu et al., 2016; Pimental da Silva & Branco, 2018). These risks also apply in the marine 
environment. Shading and sediment resuspension are of particular concern for coral reefs and 
seagrass, which require sunlight for growth (Rogers, 1990; Benham et al., 2016). Furthermore, tidal 
changes in water depths may result in extended periods during which slack mooring cables interact 
with the seabed. Any dragging of the cables as the floating structure moves with the wind and waves 
will cause scour. This is again of particular concern for seagrass beds, and also for the carbon stocks 
stored within their sediments (Serrano et al., 2016). Careful project design is important to mitigate 
detrimental impacts.  
 
There are general risks associated with new installations, including the spread of invasive species; 
modelling suggests that offshore wind structures may act as vectors for the widespread distribution of 
both intertidal and pelagic species (Adams et al., 2014; Jansen et al., 2013). Risks are heightened if 
marine energy infrastructure is ‘wet-towed’ from harbour to the deployment site, as ports are often 
highly contaminated with non-native species (Loxton et al., 2017). The introduction of new 
infrastructure into areas of otherwise soft sediment will alter the biodiversity at the site more generally. 
Species that inhabit hard substrate are different to those in sedimentary seabeds, and surface 



piercing structures will introduce species adapted for the shoreline into areas previously inhabited by 
those found only in fully marine conditions (Kerckhof et al., 2009, 2011). 
 
Not all potential environmental implications are negative, however. Offshore energy infrastructure 
provides new substrate for species to settle on, and so functions as an artificial reef (Kogan, 2006; 
Sherwood et al., 2016). These small organisms that attach to structures form the base of food webs, 
which, together with the shelter offered by energy infrastructure, create environments attractive to 
larger and more mobile species such as crab, lobster and fish (Hooper et al., 2018). Species use the 
offshore structures as stepping stones to colonise larger areas or as nursery grounds, which create 
spill-over effects to the surrounding areas. Most studies to date have focussed on artificial reefs 
created by the foundations and scour protection around offshore wind farms and oil and gas platforms 
(and hence on species that live close to the seabed). However, floating structures are also widely 
utilised by fish that inhabit the wider water column (Dempster and Taquet, 2004). Understanding, and 
enhancing, positive environmental effects at the design stage would also align the industry with the 
wider policy direction for marine renewable energy: nature-inclusive designs for offshore wind farms 
are now mandated in parts of Europe (Bureau Waardenburg, 2020). 
 
Public perception 
Offshore energy infrastructure, particularly nearshore, attracts opposition from the public. Concerns 
about environmental impacts are a key factor in likely public opposition, and can outweigh the 
potential benefits (such as local job creation) in shaping attitudes (Hooper et al., 2020). These 
concerns include perceived impacts on wildlife, but also direct impacts on people through their use of 
the environment. Visual impact is known to be an issue for solar parks on land (Bevk & Golobič, 2020) 
and for offshore wind developments (Voltaire & Koutchade, 2020) and so is likely to be of concern for 
marine floatovoltaics, particularly in areas with high levels of recreation and tourism.   
 
Artificial reef effects create opportunities for commercial and recreational fisheries to be co-located 
with energy devices potentially reducing conflict with other marine users; displacement of fishing 
activities is of particular concern as more marine space is utilised for marine renewable energy 
(Mackinson et al., 2006). Deploying floatovoltaics between offshore wind turbines is one mechanism 
for reducing the spatial footprint of offshore energy. The principle of shared marine spaces is 
extended in the concept of multi-use platforms, whereby common infrastructure is used for multiple 
activities, such as energy production and aquaculture (Schupp et al., 2019; Zheng et al., 2020). The 
potential of the use of marine floatovoltaics to support aquaculture is under investigation in projects 
such as the EU-funded UNITED programme.  
 
Research on public attitudes, user conflicts and co-location for the marine energy sector has tended 
to focus on northern Europe and Canada, as the locations in which most offshore wind and tidal 
energy has been deployed to date (Hooper et al., 2020). Understanding of these issues in developing 
countries, which may be a specific target for floating solar given the flexibility in system size and lower 
cost, is less well advanced and requires particular attention. 
 
Conclusion 
Realising opportunities for marine floatovoltaics brings with it the need to understand a range of 
environmental implications; resolving the effects of biofouling on system performance is critical. 
Potential negative impacts of any installation on marine life need to be assessed comprehensively, 
particularly in highly vulnerable ecosystems such as coral reefs and seagrass. However, there is the 
opportunity for the sector to ensure, from the outset, that designs maximise positive environmental 
outcomes. Interactions with other marine users, and the factors that shape public opinion, need to be 
considered very early in project design. Opponents can be vocal, and initial impressions are going to 
be important in shaping the acceptability of any nascent marine solar industry. In summary, it is 
essential that research to understand the environmental and societal implications of floating solar in 
the marine environment proceeds in parallel with investigations of the technical and economic 
feasibility. 
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