


















Introduction1
This report reviews the available scientific research and 
industry information regarding biofouling, invasive aquatic 
species (IAS), and biofouling management in new and 
emerging maritime industries with offshore structures and 
infrastructure: 1) renewable energy generators (wind, tidal, 
wave, solar); 2) pipelines, cables, pipes; 3) monitoring stations 
and buoys; 4) mining; and 5) mobile associated equipment 
(support vessels, ROV, AUV). Knowledge gaps are identi�ed 
and recommendations are presented to guide future efforts 
to limit or reduce biofouling and expansion of IAS. 

Comprehensive biofouling management plans (BFMP) 
for infrastructure or vehicles of maritime industries 
are important tools to mitigate risks from biofouling, 
as biofouling causes many problems and issues for 
industries and the environment, has signi�cant economic 
costs to control, and can indirectly (through the spreading 
of IAS) have far-reaching negative effects on livelihoods 
and damage environmental and human health. Biofouling 
causes (and can exacerbate) corrosion, material fatigue, 
and results in increased drag, fuel consumption and 
associated emissions, thus contributing signi�cantly to 
global climate change (GCC) (Poloczanska and Butler, 
2010). By way of example, authors from the US Department 
for Naval Architecture and Ocean Engineering (Schultz et 
al., 2011) estimated that the economic impact of biofouling 
for the US DDG-51 fleet1 alone was US$56 million per 
year. Historic measures to mitigate biofouling have been 

1	 Consisting of 56 ships in 2009

seen to have unintended impacts on non-target species, 
food security and human health, and innovative solutions 
are therefore needed.

In addition to the issues described above, biofouling can 
also result in the translocation of non-native species to 
new areas and regions. Mineur et al. (2012) (among others) 
called these �invasive alien species�; however, the acronym 
IAS in the IMO 2023 Guidelines on Biofouling Management 
refers speci�cally to �invasive aquatic species�, which is 
de�ned as �non-native species to a particular ecosystem 
which may pose threats to human, animal and plant 
life, economic and cultural activities, and the aquatic 
environment� (IMO, 2023). Therefore, in this report IAS 
refers to invasive aquatic species and the term invasive 
alien species (which includes terrestrial species) will be 
referred to as non-native invasive species (NIS)2 for clarity.

IAS may change the ecosystem, contribute to biodiversity 
loss and disease and parasite and pathogen infestation in 
local marine communities. As a result, UN Member States 
agreed on actions in their Agenda 2030 against these 
impacts with their Sustainable Development Goals (SDG), 
particularly SDG 13 (Climate Action), SDG 14 (Life below 
water) and their inclusion in the United Nations Convention 
on the Law of the Sea (UNCLOS), the IMO Ballast Water 
Management Convention, the IMO Biofouling Guidelines, 

2	 Additional terminology used in the scienti�c literature includes �invasive 
non-native species� (INNS), �neobiota�, �exotic species�, �immigrant species 
and �non-indigenous’ species, among others.
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The quest for clean and renewable energy sources to 
replace fossil fuels and nuclear energy is a relatively 
new effort over the past three decades (Petersen and 
Malm, 2006; IPCC, 2016). Renewable energy generated 
from tidal, wave, sun, and wind resources as static and 
�oating energy-generating options are rapidly growing 
industries globally (Boehlert and Gill, 2015), introducing 
new structures to the offshore environment, which are 
very different from offshore oil and gas platforms. Offshore 
wind energy had a value of US$33.52 billion in 2021 and is 
expected to grow at a compound annual growth rate (CAGR) 
of 12.1% to 2030 (https://www.polarismarketresearch.
com/industry-analysis/offshore-wind-energy-market). 
These offshore structures are hugely diverse in form, 
materials, and function (Loxton et al., 2017; Figure 4) 
and if including essential component infrastructures, 
the situation can become overwhelming with regard to 
biofouling, IAS, and biofouling management. The recent 
appearance of these artificial structures associated 
with oil, gas, aquaculture, and renewable energy many 
kilometres offshore has provided vast new habitats for 
settlement of biofouling and IAS larvae and spores in 

deeper waters globally, including vertical biofouling 
zonation (see Figure 5). These offshore structures can 
provide settlement opportunities and may serve as 
stepping stones and vectors for dispersal for IAS (see 
Tyrrell and Byers, 2007; Mineur et al., 2012; Airoldi et 
al., 2015; Sammarco et al., 2004; Ruiz et al., 2009; Miller 
et al., 2013; Adams et al., 2014; Nall et al., 2022). It is 
important to consider that every structure deployed in 
offshore waters will face unique physical stresses and 
exposures to potential biofouling species, very different 
from structures close to shore, and expert designs will be 
needed if structures and equipment are to be reliable for 
periods of two to three decades (see Figure 4) for diversity 
of structures in the renewable energy field. For wave 
generators, Tiron et al. (2015) and Nall et al. (2017) (see 
Table 2) summarized potential stresses, noting differences 
in devices, effects of extreme wave events, accessibility for 
maintenance, and environmental considerations including 
biofouling. Overall, the impact of ORE on the natural 
marine environment is rather unknown and requires 
research (e.g., Soukissian et al., 2023; Methratta et al., 
2023; ICES, 2024). 

Renewable energy generators  
(wind, tidal, wave, solar)2
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Engineering

Offshore windfarms were engineered and built during the 
past 20 years in Europe and are currently the dominant 
type of ORE generator worldwide (Figure 6). They are 
currently experiencing enormous expansion owing to 
their relatively easy installation compared to other ORE 
generators (Figures 7, 8; Box 3). More windfarms are in 
the planning phases worldwide (e.g., USA, Australia). 
Until now, standard windfarms were built in shallow water 
(the deepest pylon is currently at 58 m; SSE Renewables, 
2022 a,b). Rotors are built on pylons made from steel, 
concrete, or a concrete base with a steel pylon (e.g., 
Canning, 2020), depending on the type of sediment and 
depth. Pylons (windfarm units) may form a lattice tower 
and even monopiles are not solid, but seawater filled. 
Thus, materials and forms are highly diverse and an ideal 
haven for biofouling species. Some structures, similar to 
those on terrestrial windfarms, may not be well adapted 
to the marine environment. Newly developed windfarms, 
not yet in operation, are the so-called �oating windfarms. 
Here again, the underwater structures are surprisingly 
diverse, including anchorage and materials. Further plans 
for windfarms, beyond the generation of energy, include, 

for example, pairing them with aquaculture operations 
and using them as offshore ports. In particular, �oating 
windfarms are considered for translocation as needed 
and for repair on land (ports). Windfarms are serviced 
by vessels often located in the nearest port or marina. 
Cleaning vessels operate on the windfarms daily to 
maintain ladders to reach rotors. Engineering support 
vessels visit structures, but are not necessarily stationed 
in the nearest port and may be �exible in their locations.

Specialized vessels set pylons, and rotors, and these 
vessels may be active regionally or interregionally, 
depending on the windfarm density. Every windfarm unit 
will have a cable to connect it with a central linking station 
serving many units. From that station, a subsea cable will 
allow connection to the shore and constitute the grid of 
the energy company. These cables will either be deployed 
within the sediment or protected by cable covers that 
encourage arti�cial reefs of biofouling (Figure 9). These 
scour protections for cables are demanded by the energy 
companies so that they can facilitate the perceived bene�t 
of arti�cial reef formation. 

Wind energy generators3
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Figure 6. Windfarm near Hilbre Island, United Kingdom.
Photo: Matthew Thomas, Wirral Council

Biofouling

Very few reports on biofouling at windfarms provide 
identification of specific biofouling species, and are 
limited in identi�cation to mussels and barnacles. The true 
picture, however, is that the biofouling is very diverse after 
a few seasons (Figure 10; Appendix 2). Often the structures 
are first colonized by the local dominant species (e.g., 
hydroids, mussels) and the community will develop very 
fast, will develop very fast, within one season in temperate 
regions’. Most windfarms are currently operating in cold-
temperate regions around the North Sea, English Channel, 
Irish Sea, and northeast Atlantic. Based on experience 
from aquaculture structures (Dürr and Watson, 2010), 
the expectation is that a biofouling community will be 
dominated within the �rst year by the blue mussel Mytilus 
edulis, ascidians such as Ciona intestinalis, and barnacle 
species, and later by kelp species such as Laminaria 
spp. and Alaria esculenta in the �rst 5 to 10 metres (e.g., 
DHI Water and Environment, 2005; Leonhard et al., 2006; 
Bouma and Lengkeek, 2009; Canning, 2020; Degraer et al., 
2020; Figure 5). Deeper regions will slowly be colonized 
by, for example, anemones (e.g., Metridium senile). 
Some examples of biofouling IAS identi�ed on windfarms 
were the barnacle Austrominius modestus, which is 
already naturalized in the region, the hydroid Tubularia 
(now Ectopleura) larynx, the Paci�c oyster Crassostrea 
gigas, and the Atlantic slipper limpet Crepidula fornicata 
(Bouma and Lengkeek, 2009; Canning, 2020; Degraer et 
al., 2020). For more detailed information see Table 3 for 
IAS speci�cally identi�ed on ORE structures.

Biofouling management

Interviews with relevant marine renewable energy 
companies indicated that there are very few biofouling 
management plans for windfarm structures in operation. 
Some companies include with their environmental 
impact assessment an outline invasive non-native 
species management plan which includes biofouling 
management generally (e.g., SSE Renewables, 2022a), 
whereby biofouling is not recognized as an issue for the 
ecosystem (e.g., SSE Renewables, 2022b). Nexer et al. 
(2019) recommend a management plan be in place for 
windfarms and that components for windfarms (e.g., 
foundations, �oats) should not be stored in ports.

Overall, subsea areas of the structures are not treated with 
antifouling coatings, nor are they cleaned. It is unclear if 
the steel components receive an anticorrosion treatment. 
Discussions with industry representatives revealed that 
during the planning phase, and only in some countries, 
environmental surveys are conducted and evaluated by the 
environmental regulators. Past the planning phase, the aim 
and focus are on construction, not maintenance. There is 
apparently no requirement for a biofouling management plan 
per se by regulators in any of the countries with currently 
operating windfarms. While there are subsea surveys of the 
structures, these are technical engineering surveys, there 
are no biofouling or IAS surveys required, and, if surveys are 
done, they are to demonstrate the presence of an arti�cial 
reef. In fact, many windfarm companies seem to be unaware 
that biofouling or IAS may result in serious environmental 
issues. This may be the consequence of limited transparency 
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Best practice 

There are no known biofouling management plan (BFMP) 
documents for windfarm structures. Best practices 
for support vessels include antifouling coatings, 
cleaning, and ballast water treatment as required by 
shipping regulations.

Consequences of unmanaged biofouling 
on windfarms 

The lack of comprehensive biofouling management plans 
(and therefore enforcement of preventative measures) 
leads to biofouling communities on the windfarm structures 
as well as on cables and ropes, often referred to by industry 
as arti�cial reefs (Rivier et al., 2018; Raoux et al., 2017, 
2019, 2021). The biofouling community on the windfarm 
structure will release algal propagules and larvae (Crisp, 
1984) which will be carried to the next windfarm unit 
and will colonize these neighbouring structures with 
a similar community developing. Individual windfarm 
units are usually close enough together that re-seeding 
of structures can be achieved within a season, even after 
disturbances. The biofouling community on cables, ropes, 
and other structures are dif�cult to predict, particularly for 
long cable arrays of many kilometres (Bulleri and Airoldi, 
2005; Sammarco et al., 2012; Bishop et al., 2017). Given that 

species can colonize this infrastructure over a wide local 
dispersal span and additionally expand their population on 
the cable by growth of the colony, the potential for long-
distance exchange of species is high. Floating windfarms 
pose additional risks of IAS (see Nall et al., 2022) because 
of the added issue of potential failure of anchorage; 
the likelihood of such a risk is increased by biofouling 
load and storms. �Escaped� �oating windfarm units may 
drift with currents for long distances and their associated 
biofouling, and IAS may function as founder populations en 
route. This may mean that �oating windfarms are not just 
stepping stones for IAS (Boehlert and Gill, 2015; Shields et 
al., 2011; Adams et al., 2014; Bishop et al., 2017), but also 
function as passive vectors. 

Structural effects 

The dominant species found on the windfarm structure 
described for cold-temperate regions in Europe are 
so-called �heavy� species. On salmon aquaculture farms 
in Scotland, a 1-ton net can easily gain another 10 tons over 
the summer from mussel spatfall (Dürr and Watson, 2010). 
The same situation can be seen at the windfarm structures 
as the biofouling load multiplies exponentially, as the 
gravity foundation mass will increase, and that is to some 
extent a positive effect for the structure. The additional 
load will, however, very likely not be distributed evenly, 

Figure 11. The ATOC/Pioneer Seamount cable (California, USA) in an unconsolidated sandy silt area showing three 
Metridium farcimen settled on the cable. 
Source: Taormina et al., 2018.
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as the species are �lter-feeders and position themselves 
vertically to maximize exposure to food particles. 
This uneven weight load may compromise the gravity 
factor of the pylon in the sediment and stability, structural 
integrity, hydrodynamic inef�ciency and may, in the worst-
case scenario, lead to the failure and decommissioning 
of the unit (Jusoh and Wolfram 1996; Raoux et al., 2021; 
Schoefs et al., 2022).

Biofouling on the building materials for windfarm subsea 
structures, metal, and concrete, cause corrosion and 
erosion (Little and Lee, 2022). The biofouling species use 
species-speci�c arrays of adhesives to attach to a surface 
and often create cavities in the materials (e.g., barnacles). 
Biofouling facilitates the colonization of a microbiome 
that supports marine corrosion, (e.g., sulphate-reducing 
bacteria that cause anaerobic corrosion on metal). 
On concrete, the attached species erode the material 
which can lead to failure and to decommissioning of the 
structures with potential need of a re-build. Cable and rope 
materials may experience fatigue due to species adhesion, 
stretching caused by biofouling weight, or complete 
failure (e.g., Theophanatos and Wolfram, 1989; Jusoh 
and Wolfram, 1996; Det Norske Veritas, 2004, 2013, 2015, 

2021; Murugan et al., 2020; Canning, 2020; Ren et al., 2021; 
Zhang et al., 2022; Maduka et al., 2023).

Environmental effects 

Invasive aquatic species (IAS) are opportunistic and colonize 
artificial surfaces quickly and successfully (Brodin and 
Andersson 2009; Ruiz et al., 2009). Thus, it can be assumed 
that the biofouling communities on windfarm structures 
will include IAS components. Given the limited survey 
data on biofouling on these structures (e.g., DHI Water 
and Environment, 2005; Leonhard et al., 2006; Bouma 
and Lengkeek, 2009; Canning, 2020; Degraer et al., 2020; 
see Table 3 for more detailed information), there is little 
information available on species composition, dispersal 
dynamics between windfarm units, or origin of IAS. Focus 
is rather on an artificial reef effect (Rivier et al., 2018; 
Raoux et al., 2017, 2019, 2021). As the IAS release their 
planktonic algal propagules and larvae that disperse in 
�ow, it is assumed that these will spread between windfarm 
units and potentially further distances from there. Thus, 
each unit (and each farm) is a potential stepping stone 
for IAS to relocate into the local ecosystem and change 
the composition, dynamics, structure, and instigate local 

Figure 12. The BassLink cable (Tasmania, Australia), protected by a cast-iron half-shell, showing a heavy encrustation 
of algal and invertebrate species on the underlying basalt reef.
Source: Taormina et al., 2018.





Engineering

Tidal and wave energy generators have been in the early 
development phases for the last 15 years with several 
test sites in Europe. The tidal and wave devices are not 
typically deployed throughout the entire water column, 
with the exception of mooring structures and dynamic 
cables (Figure 14).

To date, none of the designs for tidal and wave generators 
are available commercially. Previously, very promising 
designs did not reach commercialization (e.g., Anderson, 
2003; Nall et al., 2017). Worldwide, there are many areas 
where generators could harvest the energy driven by 
waves, tides, or currents. There are currently a number of 
designs in �eld tests. The current tidal energy generators 
are harvesting by propellers, some of the demonstrators 
are modular and may be used in tidal barrages in 
estuaries (see Figure 4 and https://www.emec.org.uk/
marine-energy/tidal-devices/ for examples). Wave energy 
generators may be more diverse; some of the versions 
currently run as demonstration trials are working as 
hinged rafts (the movement of the hinges generates 
the energy). This general design and method has been 
used in earlier wave energy inventions (see for examples 
https://www.emec.org.uk/marine-energy/wave-devices/). 
Most of the current tidal and wave energy generators are 
situated at the sea surface, while a few types are deployed 
in the water column. All of these demonstrators are to be 
anchored on the seabed and will require subsea cables 
connected to link stations and main cables to the shore (for 
stresses on the structure, see Tiron et al., 2015). 

Biofouling

The difference between the offshore oil, gas, and wind 
structures, and tidal and wave structures is that the former 
provide habitats for fouling organisms from the sea�oor 
up into the water column. Cables also provide habitats for 
settling organisms (see Taormina et al., 2018). 

Biofouling species colonizing tidal and wave structures 
are similar to species on windfarm structures, 
with the difference that the vertical zonation is less relevant 
(Appendix 2; Figures 15, 16, 17, 18; for biofouling on wave 
structures, see Figures 9, 13, 17). There are very few studies 
of biofouling accumulation on wave energy generators. 
Nall et al., (2017) reported 115 taxa, including four IAS. 
There were clear differences between depths, site and 
species composition between modules, and of the wave 
energy device. Another study reported the dominance of 
the blue mussel Mytilus edulis on wave energy generators 
(Langhamer et al., 2009) and the barnacle Megabalanus 
rosa on propellers (Katsuyama et al., 2014).

Biofouling assessments on tidal energy generators are 
equally sparse and fouling communities appear to be 
diverse (Want et al., 2017, 2021; see Table 3, Appendix 2).

Biofouling management

It is unknown if demonstration structures carry 
antifouling and anticorrosion coatings, if the industry 
considers biofouling management plans, or if there will 
be regulations for biofouling and IAS on the generators. 

Tidal and wave energy generators4
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It remains to be seen if biofouling management plans will 
be required for generators in operation and eventually by 
the regulator. Adherence to a comprehensive management 
plan is needed, not only after commercialization, 
but also during demonstration trials to avoid IAS transfer. 
Importantly, it is also unknown if the industry considers 
the organisms biofouling their structures to be potential 
IAS for other locations. Support vessels are required to 
have a biofouling management plan and record book as per 
shipping regulations when servicing the demonstrators 
and therefore will have applied antifouling coatings, 
cleaning, and ballast water treatment, as required. These 
vessels will then pose only limited risk for IAS transfer 
due to mitigation of antifouling if these precautions are in 
place. If devices have to be wet-towed to ports, however, 
this may result in a high risk for new IAS reaching the 
ecosystem (Iacarella et al., 2019; Nall et al., 2015, 2022; 
Figures 19, 20, 21). Cables and ropes are likely not under 
a biofouling management plan and will harbour biofouling. 
As cables reach extended distances, the risk of transfer 
of IAS from origin (generator unit) to end and vice versa is 
high (see Box 1, 2; Figures 1, 2, 3). 

Unlike for windfarms, in the wave and tidal energy 
industry, materials and coatings are tested for corrosion 
and antifouling/foul-release ef�cacy at the potential site 
(Polagye and Thomson, 2010; Katsuyama et al., 2014; 

Want and Porter, 2018; Want et al., 2017, 2021; Linden 
et al., 2022). Husbandry (timing of settlement of fouling 
organisms), paired with cleaning, have been highlighted 
as important elements for both tidal and wave generators 
(Want and Porter, 2018; Want et al., 2017, 2018, 2021; 
Vinagre and Fonseca, 2022).

Best practice 

Best practices in place (or not) are unknown, as all of these 
generators are in development phases and information is 
confidential; however, it should be noted that on some 
demonstrators, antifouling coatings were tested and a 
combination of husbandry (spatfall) with cleaning was 
suggested (Want and Porter, 2018; Want et al., 2017, 2018, 
2021; Vinagre and Fonseca, 2022). 

Consequences of unmanaged biofouling 
at the tidal or wave generators 

For general information, see section on Windfarms.

Structural effects 

With the high diversity in function, form, and materials 
of tidal and wave demonstrators, it is dif�cult to predict 
the structural effects of biofouling on a commercialized 

Figure 14. Open Hydro Centre Turbine at European Marine Energy Center (EMEC) tidal test site.
Source: https://www.emec.org.uk/; https://twitter.com/emec_ltd/status/955469431148343297.
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tidal or wave energy generator. Generally, biofouling may 
have impacts on loading of devices such as increased 
structural diameter, displacement volume, structural 
weight, mass, �ow instability, and physical obstructions 
(see Jusoh and Wolfram, 1996; Schoefs et al., 2022). Nall et 
al., (2017) summarized some of the technical issues for 
wave energy generators (Table 2). Generally, the weight 
of biofouling on the �oating generators in cold-temperate 
regions will be very high (Miller and Macleod, 2016) within 
a season (Dürr and Watson, 2010). That may lead to the 
generator slowly sinking and the generator may become 
dysfunctional. For hinged generators, like any movable 
section, the hinges may be very sensitive to corrosion 
resulting from biofouling and lead to malfunctioning. In the 
case of generators using propellers to produce energy, 
these will be very sensitive to biofouling and will be of great 
concern for the industry (Orme et al., 2001; Polagye and 
Thomson, 2010; Katsuyama et al., 2014; Walker et al., 2014; 
Miller and Macleod, 2016; Stringer and Polagye, 2020). 
A propeller with biofouling may stop completely or the 
ef�cacy of rotation will be decreased. The hydrodynamic 
response on wave-monitoring buoys may be dampened 
by biofouling (Want et al., 2018), though it might help to 
determine biofouling during operation. Langhamer et al. 

(2009) found no impact of biofouling on the response of 
the wave-generating buoys. Regarding general impacts 
on steel material, cables and ropes, and support vessels 
(see section on Windfarms), Miller and Macleod (2016) 
suggested that biofouling is an important knowledge gap 
for engineering decision-making, and that suggestion 
holds today.

Environmental effects 

Please see section on Windfarms, regarding floating 
windfarms in particular.

There are some speci�c �ndings from the tidal and wave 
energy industry with regard to IAS risks. Biofouling IAS 
presence in harbours in northern Scotland was found 
to be positively associated with floating tidal and wave 
structure presence and their support vessel activity (Nall 
et al., 2015), and IAS were found at marinas and harbours 
close to test sites (Ryland et al., 2014; Loxton et al., 2017; 
Want et al., 2017). This suggests that the development of 
wave and tidal energy may have the potential to facilitate 
the invasion of IAS. 

Figure 15. Two electrical connection hubs, one on top of the other, used at the wave test site of EMEC (Orkney, Scotland) 
and expanded view of barnacle colonization after three years at sea.
Source: Taormina, 2019.









Engineering
Offshore energy generators using solar energy are 
currently in development by just a few companies (e.g., 
RWE). It is unclear if there are any demonstrators already 
in place in Europe or the USA. There are some plants in 
Asia (e.g., Singapore, China).

There is not much information available on the design 
of solar generators (Oliveira-Pinto and Stokkermans, 
2020; Huang et al., 2023). It is assumed solar panels 
(photovoltaic) will be organized on �oating rafts, similar 
to �oating windfarm units that are anchored to the seabed 
and with cables feeding to a link station, and from there 
to the shore. Some of these solar generators may be 
associated with windfarms. Regarding �oating structures, 
anchoring and cables, please see the engineering section 
for windfarms. Regarding the particular solar structures 
(see, for example, https://www.rwe.com/en/research-
and-development/solar-energy-projects/offshore-solar/), 
these may be exposed to storms, waves, and sea spray. 
Solar panels may be susceptible to the impact of wind and 
waves, and to the corrosive effect of seawater and aerosols 
on metals and alloys. The effect of splashing may result 
in biofouling larvae and algal propagules carried onto 
the raft and the subsequent development of an intertidal 
community including IAS impacting the solar panels 
themselves. As there are no studies available, the risk 
cannot be assessed and research is needed urgently.

Biofouling management
There is probably no solar energy generator at a 
demonstrator TRL5 available, and no information, but it 
is assumed that there is no biofouling management plan 

5	  Technology readiness level

in place (and therefore no preventative practices being 
undertaken at regular intervals). Please see section on 
Biofouling Management of Windfarms for the biofouling 
Management of floating structures, support vessels, 
cables and ropes.

Best practice 
Best practice documents are not available for the solar energy 
generators ,as they are too early in the development phase. 

Please see section on Best practice for Windfarms. 
Best practice is only available for support vessels, 
see windfarms. 

Consequences of unmanaged biofouling on solar 
energy generators

Structural Effects 

Please see section on Structural Effects for floating 
windfarms, including support vessels, cables and ropes. 
In addition, biofouling may colonize in the intertidal zone 
of the solar panels and their base structures as larvae and 
algal spores may get washed up by splash and wave action. 
This may result in higher weight load, further corrosion of 
surfaces, as well as veiling or completely obscuring the 
photovoltaic units, thus decreasing their ef�cacy. These are 
assumptions; scienti�c �eld studies are needed urgently. 

Environmental Effects 

Please see section on Environmental effects of �oating 
Windfarms including support vessels, cables and ropes. 
There is not enough known about these structures to 
determine additional environmental effects.

Solar5
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Cables, pipes, and pipelines tend to be associated with 
structures; however, cables transferring data and energy 
can be isolated from structures. The telecom cables can 
reach from one continent to another (Figure 22). These 
structures are not new, yet research regarding biofouling 
and its impacts is lacking. 

Engineering
Please see section on cables in the Engineering section 
for windfarms.

Biofouling
There is little literature or information available on biofouling 
on offshore cables, pipelines, or pipes, but see Figures 9, 
11, 12, and 13 for examples. Cables, pipelines, and pipes 
can provide habitat for settling organisms, including 
extensive biofouling (e.g., Kogan et al., 2006; Taormina 
et al., 2018; Taormina, 2019). Kogan et al., (2006) showed 
that the anemone Metridium farcimen had recruited on an 
uncovered cable to a depth of 950 m.

An important point here is that these corridors will have to 
reach the surface at some point. IAS will be able to access 
that infrastructure mostly in shallow waters and utilize the 
corridor for further spread.

Biofouling management
Please see section on cables in the Biofouling Management 
section for windfarms. In terms of data or energy cables, 
these run mostly freely on the seabed, but are covered with 
a scour protection in places. There is no known biofouling 

management plan. As these structures are mostly running 
on the seabed, the International Seabed Authority (ISA) 
may need to consider development and implementation of 
biofouling and ISA regulations.

Best practice 
Best practice documents are not available.

Consequences of unmanaged biofouling 
on cables, pipes, and pipelines

Structural Effects 

The outer material of cables, pipes, and pipelines on the 
seabed may be deteriorated by the adhesive of the biofouling 
species or, in the case of metals or alloys, corroded. In the 
case of cables in the water column, these may suffer from 
increased temperature (conductor wire overheating), 
from drag, stretching or damage from biofouling weight and 
hydrodynamic loads, leading to failure of the cable (Paschen 
et al., 2014; Yang et al., 2017; Matine et al., 2019; Marty et 
al., 2021; Maksassi et al., 2022). Please see the section on 
Structural Effects on windfarms for further information.

Environmental effects 

Please see section on Environmental effects of windfarms. 
In addition, the data and electricity cables connecting 
continents or regions become pathways for IAS between 
biogeographically different regions (see Box 2).  Sherwood 
et al., (2016) found that the biofouling on the protective cast-
iron half shell of the Bass Link is similar to the hard bottom 
community on which the cable is situated.

Long-reach cables, pipes, and pipelines6
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Monitoring stations have been established worldwide 
for many years (Figure 23). They tend to have multiple 
users (often shared between countries) and uses, e.g.,, 
by government agencies, scienti�c institutes, companies, 
and for �elds such as meteorology, physical oceanography, 
and biological oceanography. The stations consist of 
multiple arrays of sensors and other instruments from the 
surface to the deep sea and often in truly oceanic offshore 
conditions. Some stations consist of just one buoy. Stations 
are deployed worldwide and can be permanent or limited 
in time, e.g., two years in Antarctica. Stations are visited 
by different vessels (e.g., research vessels), often from 
different countries � clear potential vectors for biofouling 
and IAS.

Engineering

Arrays of sensors and instruments are set up individually 
or on platforms at different depths with buoys, �oats and 
rafts on mooring lines, cables, and anchors (Figure 24). 
The deployment type can vary between stations, but the 
overall con�guration is similar.  Materials include metals, 
alloys, and plastics. Monitoring stations rarely lose 
anchorage, but parts of the arrays may get destroyed 
or ripped off in storms. Overall, the structures are well 
designed for high-sea oceanic conditions. Large buoys are 
usually deployed in shallower water (e.g., cautionary buoys 
and wave energy generators, see section on Tidal and wave 
energy generators).

Biofouling

Large buoys, such as cautionary buoys, in shallower 
water carry extensive biofouling included in the intertidal 
and splash zones (Figure 25). The biofouling community 
is similar in composition as described for wind, wave, 
and tidal energy generators.

Large oceanic monitoring stations may not often harbour 
heavy macrofouling species such as the blue mussel 
Mytilus edulis, but their biofouling is mostly limited to 
bio�lm and dense mats of hydroids (Figure 26).  As the 
monitoring stations carry a high number of specialized 
instruments and sensors, even these will be covered. 
This is true for deeper depths as well, as Zhang et al., 
(2015) report hydroids at a depth of 410 m. In this study, 
the barnacle Lepas anatifera was found between 15�30 m 
and the barnacle Conchoderma hunteri between 35�40 m. 
Meier et al. (2013) discovered bio�lm on different materials 
exposed at 4,700 m depth. Interestingly, Bellou et al., 
(2012) demonstrated that bio�lm communities developed 
differently on moorings in the Mediterranean Deep Sea 
depending on depth, orientation, and materials at 1,500 
m, 2,500 m, 3,500 m, and 4,500 m.

Biofouling management

The monitoring stations as such seem to have no biofouling 
management regulations in place. Some of the sensors 
and instruments are treated with an antifouling coating, 

Monitoring stations and buoys7
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but often the sensor surface and housing cannot be 
treated as it would interfere with data quality. This loss of 
functionality of sensors is caused by the components of the 
coatings (e.g.,  metals). Meier et al. (2013) recommended 
consideration of mitigation measures for biofilm on 
sensors for deep sea deployments. Sensors, instruments, 
and parts of the monitoring array are cleaned by the 
visiting vessels in irregular intervals (Figure 26). Please 
see section on Biofouling Management of Windfarms, 
Tidal, and Wave Generators for the biofouling management 
of support vessels, cables, and ropes.

Best practice 

Please see section on Best Practice for Antifouling of 
Floating Windfarms (best practice of support vessels, 
cables, and ropes). Best practice is only available for 
support vessels.

Consequences of unmanaged biofouling 
at monitoring stations

Structural effects 

Depending on the location of the station, biofouling weight 
can be a problem. Stations in the high seas will not have 

a weight problem, but rather a problem as the sensors 
and instruments become defunct, with biofouling and 
bio�lm leading to deterioration of data quality or complete 
loss of data. Decurey et al. (2020) recommend routine 
replacement of mooring lines on �oating structures.

Environmental effects 

Even with monitoring stations well distant from each other 
and without a routine schedule of visits by the same vessel, 
as opposed to visits by multiple vessels from different 
locations, there may be a risk of IAS transfer via visiting 
vessels. The monitoring stations may work to some degree 
as stepping stones, or a biofouled hub that can transfer 
IAS to other ports. This will depend on the geographic 
location of the monitoring station. When sensors and 
instruments are cleaned on board the visiting vessels, 
there may be a risk of transporting fragments to the next 
port. Additionally, with these vessels visiting multiple 
monitoring stations, biofouling residue from cleaning may 
reach even deeper arrays of the next mooring station and 
introduce shallow ecosystem IAS into a very sensitive and 
mostly unknown ecosystem.

Figure 24. Photo of P3 mooring buoy deployment.
Photo: Peter Enderlein, British Antarctic Survey.
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Appendix 1. Websites and databases
AquaNIS � Information system on aquatic 

non-indigenous and cryptogenic species  
http://www.corpi.ku.lt/databases/index.php/aquanis

Baltic Marine Environment Protection Commission 
https://helcom.�

Ecospeed � Hull Coating 
https://subind.net/coatings/ecospeed

European Alien Species Information Network (EASIN) 
https://easin.jrc.ec.europa.eu/easin

European Wave and Tidal Energy Conference Series 
(EWTEC) https://ewtec.org/

GloFouling Partnerships project 
https://www.glofouling.imo.org/knowledge 

International Maritime Organization 
https://www.imo.org/en/About/Conventions/Pages/
International-Convention-on-the-Control-of-
Harmful-Anti-fouling-Systems-on-Ships-(AFS).aspx

International Seabed Authority 
https://www.isa.org.jm/about-isa/��� 

National Estuarine and Marine Exotic Species 
Information System (NEMESIS)  
https://invasions.si.edu/nemesis/

OCEANIC 
http://oceanic-project.eu/biofouling-database/

Offshore Solar Power 
https://www.rwe.com/en/research-and-
development/solar-energy-projects/offshore-solar/

OpenHydro 
https://www.emec.org.uk/about-us/our-tidal-clients/
open-hydro/

Oslo and Paris Commission (OSPAR) 
https://www.ospar.org

PELAMIS wave energy converter 
https://www.emec.org.uk/about-us/wave-clients/
pelamis-wave-power/

PRIMRE 
https://openei.org/wiki/PRIMRE/
Search?q=biofouling

Submarine Cable Map 
https://www.submarinecablemap.com/

Support Vessels 
https://www.dco.uscg.mil/OCSNCOE/Renewable-
Energy/Support-Vessels/

Tethys  
https://tethys.pnnl.gov/summaries/short-science-
summary-offshore-wind-farms-stepping-stones-
non-indigenous-species

World Register of Introduced Marine Species (WRiMS) 
https://www.marinespecies.org/introduced/





































































104 / BIOFOULING PREVENTION AND MANAGEMENT IN OFFSHORE RENEWABLE ENERGY INFRASTRUCTURE AND CONSTRUCTION

Appendix 3. Further reading
Abarzua, S. and Jakubowski, S. 1995. Biotechnological 

investigation for the prevention of biofouling. 
I. Biological and biochemical principles for the 
prevention of biofouling. Marine Ecological Progress 
Series, Vol. 123, pp. 301�12.

American Petroleum Institute (API). 2014. 
API Recommended Practice 2A-WSD: Planning, 
Designing and Constructing Fixed Offshore 
Platforms � Working Stress Design. Twenty-
second Edition, November 2014. Washington, DC, 
API Publishing Services.

Atalah, J., Fletcher, L.M., Davidson, I.C., South, P.M. 
and Forrest, B.M. 2020. Arti�cial habitat and 
biofouling species distributions in an aquaculture 
seascape. Aquaculture Environment Interactions, Vol. 
12, pp. 495�509.

Baulaz, Y., Mouchet, M. Niquil, N. and Lasram, F.B.R. 
2023. An integrated conceptual model to characterize 
the effects of offshore wind farms on ecosystem 
services. Ecosystems Services, Vol. 60, p. 101513.

Bicknell, A.W.J., Sheehan, E.V., Godley, B.J., Doherty, 
P.D. and Witt, M.J. 2019. Assessing the impact of 
introduced infrastructure at sea with cameras: A 
case study for spatial scale, time and statistical 
power. Marine Environmental Research, Vol. 147, 
pp. 126�37.

Bray, L., Kassis, D. and Hall-Spencer, J.M. 2017. 
Assessing larval connectivity for marine spatial 
planning in the Adriatic. Marine Environmental 
Research, Vol. 125, pp. 73�81.

Bureau of Ocean Energy Management (BOEM). 2021. 
Vineyard Wind 1 Offshore Wind Energy Project. 
Final Environmental Impact Statement. Volume I. 
OCS EIS/EA BOEM 2021-0012. U.S. Department of 
the Interior.

Carey, D.A., Wilber, D.H., Read, L.B., Guarinello, M.L., 
Grif�n, M. and Sabo, S. 2020. Effects of the Block 
Island Wind Farm on coastal resources: Lessons 
learned. Oceanography, Vol. 33, No. 4, pp. 70�81.

Castro, K.L., Battini, N., Giachetti, C.B., Trovant, B., 
Abelando, M., Basso, N.G. and Schwindt, E. 2021. 
Early detection of marine invasive species following 
the deployment of an arti�cial reef: Integrating tools 
to assist the decision-making process. Journal of 
Environmental Management, Vol. 297, p. 113333.

Chambers, L.D., Stokes, K.R., Walsh, F.C. and Wood, 
R.J.K. 2006. Modern approaches to marine 
antifouling coatings. Surface and Coatings 
Technology, Vol. 201, pp. 3642�52.

Champ, M.A. 2000. A review of organotin regulatory 
strategies, pending actions, related costs and 
bene�ts. Science of the Total Environment, Vol. 258, 
pp. 21�71.

Clare, A.S. 1996. Marine natural product antifoulants: 
Status and potential. Biofouling, Vol. 9, No. 3, 
pp. 211�29.

Couturier, L., Lecaillon, G., Lenfant, P. and Thiriet, P. 
2022. The reef effect induced by wind farms and their 
grid connection. COME3T Bulletin, No. 3.

Currie, D.R. and Jenkins, G.P. 1984. Marine Growth on 
Submarine Structures in the Minerva Field. Appendix 
U. A Review for BHP Petroleum. Victorian Institute of 
Marine Sciences.

Dannheim, J., Bergstrom, L., Birchenough, S.N.R., 
Brzana, R., Boon, A.R., Coolen, J.W.P., Dauvin, J.-C., 
De Mesel, I., Derweduwen, J., Bill, A.B. et al. 2020. 
Benthic effects of offshore renewables: Identi�cation 
of knowledge gaps and urgently needed research. 
ICES Journal of Marine Science, Vol. 77, No. 3, 
pp. 1092�108.

Degraer, S. and Brabant, R. (eds). 2009. Offshore 
Wind Farms in the Belgian Part of the North Sea: 
State of the Art after Two Years of Environmental 
Monitoring. Royal Belgian Institute for Natural 
Sciences, Management Unit of the North Sea 
Mathematical Models. Brussels, Marine Ecosystem 
Management Unit.

Degraer, S., Brabant, R. and Rumes, B. (eds). 2011. 
Offshore Wind Farms in the Belgian Part of the 
North Sea: Selected Findings from the Baseline 
and Targeted Monitoring. Royal Belgian Institute of 
Natural Sciences, Management Unit of the North Sea 
Mathematical Models. Brussels, Marine Ecosystem 
Management Unit.

Degraer, S., Brabant, R., Rumes, B. and Vigin, L. (eds). 
2019. Environmental Impacts of Offshore Wind 
Farms in the Belgian Part of the North Sea: Marking 
a Decade of Monitoring, Research and Innovation. 
Brussels, Royal Belgian Institute of Natural 
Sciences, OD Natural Environment, Marine Ecology 
and Management.

Dobretsov, S. and Rittschof, D. 2023. Biofouling and 
antifouling: Interactions between microbes and 
larvae of invertebrates. International Journal of 
Molecular Sciences, Vol. 24, p. 6531.

Farr, H., Ruttenberg, B., Walter, R.K., Wang, Y.-H. 
and White, C. 2021. Potential environmental effects 





106 / BIOFOULING PREVENTION AND MANAGEMENT IN OFFSHORE RENEWABLE ENERGY INFRASTRUCTURE AND CONSTRUCTION

on the Abundance of Foulers in Tracadie Bay, 
Prince Edward Island. Canadian Technical Report of 
Fisheries and Aquatic Sciences 2477.

Lejars, M., Margaillan, A. and Bressy, C. 2012. Fouling 
release coatings: A nontoxic alternative to biocidal 
antifouling coatings. Chemical Reviews, Vol. 112, 
pp. 4347�90.

Li, C., Coolen, J.W.P., Scherer, L., Mogollon, J.M., 
Braeckman, U., Vanaverbeke, J., Tukker, A. 
and Steubing, B. 2023. Offshore wind energy and 
marine biodiversity in the North Sea: Life cycle 
impact assessment for benthic communities. 
Environmental Science and Technology, Vol. 57, 
pp. 6455�64.

Lin, L. and Yu, H. 2012. Offshore wave energy generation 
devices: Impacts on ocean bio-environment. 
Acta Ecologica Sinica, Vol. 32, pp. 117�22.

Love, M.S., Nishimoto, M.M., Clark, S., McCrea, M. 
and Bull, A.S. 2017. The organisms living around 
energized submarine power cables, pipe and natural 
sea �oor in the inshore waters of southern California. 
Bulletin, Southern California Academy of Sciences, 
Vol. 116, No. 2, pp. 61�87.

Mathew, N.T., Kronholm, J., Bertilsson, K., Despeisse, 
M. and Johansson, B. 2020. Environmental and 
economic impacts of biofouling on marine and 
coastal heat exchangers. Y. Kishita, M. Matsumoto, 
M. Inoue and S. Fukushige (eds), EcoDesign and 
Sustainability II Sustainable Production, Life Cycle 
Engineering and Management. Singapore, Springer, 
pp. 385�98.

Mbadinga, M.L.B., Quiniou-Ramus, V., Birades, M. 
and Garretta, R. 2007. Marine growth colonization 
process in Guinea Gulf: Data analysis. Journal of 
Offshore Mechanics and Arctic Engineering, Vol. 129, 
pp. 97�106. 

McDonald, J.I., Wellington, C.M., Coupland, G.T., 
Pedersen, D., Kitchen, B., Bridgwood, S.D., Hewitt, 
M., Duggan, R. and Abdo, D.A. 2019. A united front 
against marine invaders: Developing a cost-effective 
marine biosecurity surveillance partnership between 
government and industry. Journal of Applied Ecology, 
Vol. 57, pp. 77�84.

McLean, D.L., Ferreira, L.C., Benthuysen, J.A., Miller, 
K.J., Schläppy, M.L., Ajemian, M.J., Berry, O., 
Birchenough, S.N.R., Bond, T., Boschetti, F. et al. 
2022. In�uence of offshore oil and gas structures 
on seascape ecological connectivity. Global Change 
Biology, Vol. 28, No. 11, pp. 3515�36.

Mendoza, M. 2016. The effects of arti�cial structures 
on estuarine infaunal communities and offshore 

biofouling communities. Master�s thesis. Oregon 
State University, USA.

Miller, R. and Loxton, J. 2016. Expert Workshop 
Report: Biofouling. Environmental Interactions 
of Marine Renewable Technologies International 
Workshop, Edinburgh.

Musial, W., Spitsen, P., Duffy, P., Beiter, P., Shields, M., 
Hernando, D.M., Hammond, R., Marquis, M., King, J. 
and Sathish, S. 2023. Offshore Wind Market Report: 
2023 Edition. Report produced by National Renewable 
Energy Laboratory for US Department of Energy Wind 
Energy Technologies Of�ce.

Navarrete, S., Parrague, M., Osiadacz, N., Rojas, F., 
Bonicelli, J., Fernandez, M., Arboleda-Baena, 
C., Finke, R. and Baldanzi, S. 2020. Susceptibility 
of different materials and antifouling coating to 
macrofouling organisms in a high wave-energy 
environment. Journal of Ocean Technology, Vol. 15, 
No. 1, pp. 70�91.

National Offshore Petroleum Safety and Environmental 
Management Authority (NOPSEMA). 2020. Reducing 
Marine Pest Biosecurity Risks through Good Practice 
Biofouling Management. Document No: N-04750-
IP1899 A715054.

O�Carroll, J.P.J., Kennedy, R.M., Creech, A. and Savidge, 
G. 2017. Tidal energy: The benthic effects of 
an operational tidal stream turbine. Marine 
Environmental Research, 129: 277-290.

O�Carroll, J.P.J., Kennedy, R.M. and Savidge, G. 
2017. Identifying relevant scales of variability for 
monitoring epifaunal reef communities at a tidal 
energy extraction site. Ecological Indicators, Vol. 73, 
pp. 388�97.

Omae, I. 2003. General aspects of tin-free antifouling 
paints. Chemical Reviews, Vol. 103, pp. 343�48.

Picken, G.B. 1985. Review of Marine Fouling Organisms 
in the North Sea on Offshore Structures. Paper No. 
5. Discussion Forum and Exhibition on Offshore 
Engineering with Elastomers, 5�6 June, Plastic and 
Rubber Institute.

Pidgeon, J.D. 1993. Critical Review of Current and 
Future Marine Antifouling Coatings. Report No. 93/
TIPEE/4787. Lloyd�s Register Engineering Services.

Piola, R.F., Dunmore, R.A. and Forrest, B.M. 2010. 
Assessing the ef�cacy of spray-delivered 
�eco-friendly� chemicals for the control and 
eradication of marine fouling pests. Biofouling, Vol. 
26, No. 2, pp. 187�203.

Ruehl, K., Driscoll, F., Copping, A., Weers, J. and Lilje, 
A. 2019. Development of PRIMRE, the portal and 
repository for information on marine renewable 



BEST PRACTICES IN BIOFOULING MANAGEMENT � VOLUME 3 / 107

energy. Proceedings of the 13th European Wave and 
Tidal Energy Conference. September 1-6, 2019, 
Naples, Italy.

RWE Renewables 2022. Outline Invasive Non-Native 
Species Management Plan. Awel y Môr Offshore 
Wind Farm. Document Reference: 1.39. Revision 
C. 24 October 2022. RWE Renewables UK 
Swindon Limited.

Scardino, A.J., Fletcher, L.E. and Lewis, J.A. 2009. 
Fouling control using air bubble curtains: Protection 
for stationary vessels. Journal of Marine Engineering 
and Technology, Vol. A13, pp. 3�10.

Schoefs, F. and Tran, T.-B. 2022. Reliability updating 
of offshore structures subjected to marine growth. 
Energies, Vol. 15, p. 414.

Schrage, K.R. and Meyer-Kaiser, K.S. 2023. Fine-
resolution patterns of fouling community settlement, 
growth and mortality using the CATAIN camera 
system. Marine Ecological Progress Series, Vol. 711, 
pp. 17�29.

Sheehan, E.V., Cartwright, A.Y., Witt, M.J., Attrill, M.J., 
Vural, M. and Holmes, L.A. 2020. Development 
of epibenthic assemblages on arti�cial habitat 
associated with marine renewable infrastructure. 
ICES Journal of Marine Science, Vol. 77, No. 3, 
pp. 1178�89.

Spraul, C., Pham, H.-D., Arnal, V. and Reynaud, M. 2017. 
Effect of Marine Growth on Floating Wind Turbines 
Mooring Lines Responses. 23Łme CongrŁs Français de 
MØcanique, 28 August�1 September, Lille, France.

Swain, G. 1999. Rede�ning antifouling coatings. Journal 
of Protective Coatings and Linings, Vol. 16, 26�35.

Tamburri, M.N., Georgiades, E.T., Scianni, C., First, 
M.R., Ruiz, G.M. and Junemann, C.E. 2021. Technical 
considerations for development of policy and 
approvals for in-water cleaning of ship biofouling. 
Frontiers in Marine Science, Vol. 8, p. 804766.

Terlizzi, A., Conte, E., Zupo V. and Mazzella, L. 2000. 
Biological succession on silicone fouling release 
surfaces: Long term exposure tests in the harbour of 
Ischia, Italy. Biofouling, Vol. 15, pp. 327�42.

Titah-Benbouzid, H. and Benbouzid, M. 2015. Marine 
Renewable Energy Converters and Biofouling: A 
Review on Impacts and Prevention. EWTEC 2015, 
September, Nantes, France. Paper 09P1-4-2.

______. 2017. Biofouling issue on marine renewable 
energy converters: A state of the art review on 
impacts and prevention. International Journal on 
Energy Conversion, Vol. 5, No. 3, pp. 67�78.

Trevisanut, S. 2022. Unconventional lawmaking in the 
offshore energy sector. Flexibilities and weaknesses 

of the international framework. N. Klein (ed.) 
Unconventional Lawmaking in the Law of the Sea. 
Oxford, Oxford University Press, pp. 163�82.

Varanasi, A. 2022. Minimizing offshore wind�s impact on 
nature is tricky, but not impossible. Popular Science, 
March 15. https://www.popsci.com/environment/
offshore-wind-farms-marine-ecosystems. Accessed 
May 11, 2023.

Vedaprakash, L., Senthilkumar, P., Inbakandan, D. 
and Venkatesan, R. 2022. Marine Biofouling and 
Corrosion on Long-Term Behavior of Marine 
Structures. U. Kamachi Mudali, T. Subba Rao, 
S.G. Ningshen, R.P. Pillai, R. George, T.M. Sridhar 
(eds), A Treatise on Corrosion Science, Engineering 
and Technology. Indian Institute of Metals Series. 
Singapore, Springer, pp. 447�66.

Vinagre, P.A., Mardaras, E., Pinori, E., Svenson, J., Cruz, 
E. and Simas, T. 2019. Comparison of biofouling 
communities among European regions. Proceedings 
of the 13th European Wave and Tidal Energy 
Conference. 1�6 September, 2019, Naples, Italy.

Voet, H.E.E., Vlaminck, E., Van Colen, C., Bode, S., 
Boeckx, P., Degraer, S., Moen, T., Vanaverbeke, J. 
and Braeckman, U. 2023. Organic matter processing 
in a [simulated] offshore wind farm ecosystem 
in current and future climate and aquaculture 
scenarios. Science of the Total Environment, Vol. 857, 
p. 159285.

Wang, T., Ru, X., Deng, B., Zhang, C., Wang, X., Yang, 
B. and Zhang, L. 2023. Evidence that offshore 
wind farms might affect marine sediment quality 
and microbial communities. Science of the Total 
Environment, Vol. 856, p. 158782.

Wilding, T.A., Gill, A.B., Boon, A., Sheehan, E., Dauvin, 
J.-C., Pezy, J.-P., O�Beirn, F., Janas, U., Rostin, 
L. and De Mesel, I. 2017. Turning off the DRIP 
(�Data-rich, information-poor�) � Rationalizing 
monitoring with a focus on marine renewable energy 
developments and the benthos. Renewable and 
Sustainable Energy Reviews, Vol. 74, pp. 848�59.

Willis, K.J. and Woods, C.M.C. 2011. Managing invasive 
Styela clava populations: Inhibiting larval recruitment 
with medetomidine. Aquatic Invasions, Vol. 6, No. 4, 
pp. 511�14.

Wright, C., Murphy, J. and Pakrashi, V. 2016. 
The Dynamic Effects of Marine growth on a 
Tension Moored fFoating Wind Turbine. Progress 
in Renewable Energies Offshore. 2nd International 
Conference on Renewable Energies Offshore, 24�26 
October, Lisbon, Portugal.

Wu, X., Hu, Y., Li, Y., Yang, J., Duan, L., Wang, T., Adcock, 
T., Jiang, Z., Gao, Z., Lin, Z., Borthwich, A. and Liao 



108 / BIOFOULING PREVENTION AND MANAGEMENT IN OFFSHORE RENEWABLE ENERGY INFRASTRUCTURE AND CONSTRUCTION

S. 2019. Foundations of offshore wind turbines: A 
review. Renewable and Sustainable Energy Reviews, 
Vol. 104, pp. 379�93.

Yan, T., Yan, W.-X., Dong, Y., Wang, H.-J., Yan, Y. 
and Liang, G.-H. 2009. Marine fouling on �oating 
installations west of Dongsha Islands, the northern 
South China Sea. International Biodeterioration and 
Biodegradation, Vol. 63, pp. 1079�87.

Yang, S., Rinsberg, J., Johnson, E. and Hu, Z. 2017. 
Biofouling on mooring lines and power cables used 
in wave energy converter systems � Analysis of 
fatigue life and energy performance. Applied Ocean 
Research, Vol. 65, pp. 166�77.

Yebra, D.M., Siil, S. and Dam-Johansen, K. 2004. 
Antifouling technology � Past, present and future 
steps towards ef�cient and environmentally friendly 

antifouling coatings. Progress in Organic Coatings, 
Vol. 50, pp. 75�104.

Yigit, M., Celikkol, B., Ozalp, B., Bulut, M., L. Dwyer, 
R., Yilmaz, S., Maita, M. and Buyukates, Y. 2018. 
Comparison of copper alloy mesh with conventional 
nylon nets in offshore cage farming of gilthead 
seabream (Sparus aurata). Aquaculture Studies, Vol. 
18, No. 5, pp. 57�65.

Zhang, B., Zhou, Q., Ma, L., Fan, X. and Xu, D. 2022. 
Editorial: Advances in materials toward anti-
corrosion and anti-biofoulings. Frontiers in Materials, 
Vol. 9, p. 968100.

Zhang, Z. 2012. Environmentally Benign and 
Permanent Modi�cations to Prevent Biofouling on 
Marine and Hydrokinetic Devices. Final Scienti�c/
Technical Report. Award Number DE-EE0004566. 
Semprus BioSciences.






	1. Introduction
	2. Renewable energy generators (wind, tidal, wave, solar)
	3. Wind energy generators


