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ABSTRACT

The deployment of offshore wind turbines (WTs) isf gaining momentum worldwide, offering
significant potential for clean energy generation. However, the maintenanee anddongevity of offshore
WT structures present complex challenges, particularly. concerning'corrosion protection coatings and
their environmental impacts. This paper discusses the key'design criteria, protective mechanisms, and
application methods of coating systems for offshore WTs, emphasizing'the need for durable solutions
to withstand harsh marine conditions. Additionally, the study examines the chemical emissions
originating from offshore wind farms, iacluding corrosion products and plastics, and their potential
ecological impacts. While there is a lack of comprehénsive.scientific studies on the environmental
effects of deepwater, floating oftshore wind farms, this paper aims to shed light on these issues and
their implications for marine gcosystems and human health. By synthesizing existing literature on
analogous situations, the discussion provides insights into the environmental footprints of offshore
wind power and underscores the importance of prudent decision-making in advancing future offshore
wind projects.
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OZET

Agik deniz riizgar tiirbinlerinin (RT'ler) konuslandirilmas: diinya capinda ivme kazanirken, temiz
enerji iiretimi i¢in 6nemli bir potansiyel sunmaktadir. Bununla birlikte, agik denizdeki riizgar tiirbini
yapilarmin bakimi ve uzun émiirliiliigii, 6zellikle korozyona karsi koruma kaplamalar1 ve bunlarin
cevresel etkileriyle ilgili olarak karmasik zorluklar ortaya ¢ikarmaktadir. Bu calisma, zorlu deniz
kosullarina dayanacak dayanikli ¢oziimlere olan ihtiyaci vurgulayarak, agik deniz RT'leri i¢in
kaplama sistemlerinin temel tasarim kriterlerini, koruyucu mekanizmalarim1 ve uygulama
yontemlerini hakkinda gergeklestirilen bir derlemedir. Ayrica ¢alisma, acik deniz riizgar
santrallerinden kaynaklanan, korozyon iirlinleri ve plastikler de dahil olmak {izere kimyasal
emisyonlar1 ve bunlarin potansiyel ekolojik etkilerini incelemektedir. Derin sulardayyiizen agik deniz
riizgar santrallerinin ¢evresel etkilerine iliskin kapsamli bilimsel ¢alismalat bulunmamakla birlikte,
bu makale bu konulara ve bunlarin deniz ekosistemleri ve insan sagligina olan etkilerin€isik tutmay1
amaglamaktadir. Calisma, benzer durumlara iliskin mevcut literatiirli séntezleyerek, acik deniz riizgar
enerjisinin gevresel ayak izleri hakkinda fikir olusturarak ve gelecekteki agik deniz riizgar projelerini
ilerletmede yerinde ve dogru karar vermenin 6neminin altin1 ¢izmektedir.

Anahtar sozciikler: A¢ik deniz riizgar tiirbinleri, Kimyasal kitleticiler, Kimyasal emisyonlar.

1. OFFSHORE WIND FARMS efiergy flowsa, While “eurfently, 80% of global
energyis generated from fossil fuels (IEA, 2023),
in December 2022, this ratio decreased to 54% in
Tiirkiye (Fig.1). Renewable energy sources play
a crucial role in reducing dependence on fossil
fuels such as'coal, oil, and natural gas (Zou et al.,
2016). Solar, wind, biomass, geothermal, hydro,
hydrogen, and ocean energy (wave and tidal) are

considered within the scope of renewable energy
(TEIAS, 2022).

1.1. Offshore wind energy turbines and
Tiirkiye’s policy

The main offshore wind energy facilitieshare a
significant component of the renewable energy
sector on a broad scale. Renewabl€energy is
defined as the energy derived from the ongoing
natural processes, and it is sourced from existing
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Figure 1. Installed electricity capacity in Tiirkiye for the year 2022 (TEIAS, 2022)

The characteristics of wind vary temporally and  changes proportionally to the cube of its speed.

spatially due to local geographical differences
and the non-uniform heating of the Earth's
surface. Wind is expressed through two
parameters: speed and direction. Wind speed
increases with height, and its theoretical power

Despite the initial high investment costs, low-
capacity factors, and disadvantages such as
variable energy production associated with wind
energy-based electricity generation applications,
the advantages can generally be listed as follows:
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e [tis arenewable and clean energy source,
environmentally friendly.
e There is no risk of depletion and
increasing prices over time.
e [ts cost has become competitive with
contemporary power plants.
e Maintenance and operating costs are low.
e The technology for installation and
operation is relatively simple.
e Commissioning can be achieved in a
short period of time.
Wind turbines, the main structural elements of
wind energy plants, are machines that primarily

mechanical

2022 report data from the Turkish Electricity
Transmission Corporation (TEIAS), wind
turbines constitute approximately 11% of the
installed  capacity in  Tirkiye (Fig.2).
Considering these data, it can be stated that wind
energy is a significant resource for Tiirkiye
(Fig.3) (GMKA report, 2023).

According to World Bank data, Tirkiye's
technical potential for offshore wind turbines
(WTs) is identified as 75 GW (World Bank,
2019). Within this capaci GW is expected
to come from fixed-b
projected to be provid
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Figure 3. Wind map of Tiirkiye
1.2. Global perspectives on offshore wind establish ambitious targets for reducing

farms

Growing demand for electrical energy and
concerns about the consequences of climate
change have led governments worldwide to

greenhouse gas emissions and increasing the
share of renewable energy sources, such as solar
and wind, in their energy portfolios (Graabak et
al., 2016).
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The wind industry is an emerging sector that
experienced significant growth, boasting 1.1
million jobs globally in 2016 (Irena, 2016).
Notably, China, Germany, and the USA stand out
as the primary employers in this field (Irena,
2016). While onshore WTs constitute a
significant portion of the installed capacity, it is
observed that the share of offshore WTs in
installed capacity has been steadily increasing
since 2009 (Leybourne, 2022). In the first quarter
of the 2000s, the offshore wind energy industry
has evolved from turbines on foundations in
shallow waters to floating turbines in deeper
waters, and there are even considerations for
floating turbines in very deep waters (BOEM
wind energy Call Areas and the Castle Winds
proposal in California, USA; BOEM, 2018,
Trident Winds, 2016) (BOEM, 2021). As an
example, China, hold first place, reached 2.8 GW
of offshore wind energy capacity in 2017 and
aims to reach 30 GW by 2020 (GWEC, 2018).

If we delve into the details of these
advancements; the most substantial capacity
increase in offshore WTs occurred im' 2020,
reaching 21 GW (Leybourne, 2022). According
to the "2021 Global Wind Energy Report”
prepared by the Global Wind £nergy Council
(GWEC), the installed wind power \capacity
worldwide has reached approximately 837 GW
levels. As of the year 2021, 7800 GW of the
installed capacity eomes from onshore wind
energy plants, while“the remaining 57°GW is
from offshore WTs. Sinee 2001, onshore WTs

—_
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Onshore

has shown significant development in terms of
installed capacity, while this progress has been
slower in offshore WTs. However, in recent
years, significant strides have been made in
offshore WTs due to advancements in
technology (GWR, 2021). At this point, it can be
stated that offshore plants have gained global
significance. As of 2021, offshore WTs
represents 6.8% of the total installed capacity
worldwide, while onshore, WTs constitutes
93.2% (Leybourne, 2022);

In the last two decades, there has been a
significant increase i\, new.ginvestments in
offshore wind energy, particularly m  Europe
(Fig.4). The tofal installed capacity in European
waters was less than 50 MW in the yeaf 2000, but
by the end of 2008yit had risen to approximately
1500 MWA(EWEA, 2019). As a result of these
investments, there is an annuial average growth
rate,of around, 50%. Althéugh most operational
offshore systems ate concentrated in a limited
number of Northern European countries, global
interest 1n_offshore wind farms is on the rise
(EWEA, 2019). Both onshore and offshore wind
turbines shate similar components, such as the
tower, nacelle, rotor assembly, and rotor blades.
However, distinctions emerge concerning factors
like” costs, size, transportation of components,
working environment, novelty, wind conditions,
and more (EU-OSHA; 2013). Therefore, the
current share of offshore wind farms remains
lower compared to onshore activities (EWEA,
2019).

Offshore

Figure 4. 2021 European wind energy investments



Celik Giil and Giil, (2024). Turkish Journal of Maritime and Marine Sciences, XX(XX): XXX-XXX

As seen in the Table 1, as of 2021, the global
installed capacity of offshore WTs has reached
57,176 MW. Approximately half of this capacity
was added in the year 2022 (GWEC, 2022).

Table 1. The installed capacity of offshore WTs
and capacity increases worldwide as of 2022.

Country capIalllcsi:;‘III(T\?IW) Total capacity
2022 (MW) 2022
World 8941 63200
Asia 4678 32496
China 4070 30460
Chinese Taipei 508 745
Japan 0 61
Korea Rep 0 136
Vietnam 100 1094
Europe 4264 30663
Belgium 0 2262
Denmark 0 2306
Finland 0 73
France 480 482
Germany 342 8129
Ireland 0 25
Italy 30 30
Netherlands 760 3220
Norway 60 66
Portugal 0 25
Spain 0 5
Sweden 0 193
UK 2592 13848
European Unien 1612 16749
N America 0 41
USA 0 41

1.3. Types of offshoreiwind turbines

A general categorization for wind turbines
installed offshore into the sea beyond the coast is
commonly referfed to as offshore wind turbines.
Installations comprising multiple turbines
arranged in groups or arrays are also recognized
as offshore wind farms. The primary reasons for
preferring installations at sea over onshore wind
turbines include their minimal impact on
residential areas and the ability to harness higher
average wind speeds with less disruption from
turbulence, as the wind flows unimpeded.
However, offshore wind farms, compared to their

onshore counterparts, are notably disadvantaged
in terms of cost. Therefore, when deciding on the
installation of any offshore wind farm,
profitability  calculations  must  consider
installation, maintenance, and operation costs as
crucial factors.

Furthermore, various aspects such as the region's
wind climate, habitats of marine and airborne
species, maritime routes, and other relevant
considerations must be thoroughly assessed.
Depending on the depth offinstallation, offshore
wind turbines are broadly classified into two
main types (Fig.4): those\fixed tosthé'seabed and
those designed to float (Cokyasar ef al, 2019).

Figure 4. Fixed and floated offshore turbines
(TEKMAR, 2023).

2. CHEMICAL EMISSIONS
OFFSHORE WIND FARMS

OF

2.1. Corrosive products

The generation of electric power through
offshore WTs is gaining prominence globally.
The offshore WTs can be broadly categorized
into tower constructions and transmission
platforms, both of which involve intricate
engineering steel structures. The costs associated
with repairing protective coating systems for
offshore WTs are estimated to be approximately
50 times higher than the costs incurred for the
initial application of corrosion protection
systems during the tower manufacturing process.
Consequently, protection systems for offshore
WTs need to be designed with high reliability,
and their expected durability can exceed 25 years
(Momber et al., 2018).

Key design criteria for coating systems on steel
encompass binder type, dry film thickness, and
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layer system (ISO 12944-5, 2007, NACE
SP0108-2008). Due to the absence of specific
offshore WTs standards, the industry often relies
on existing offshore coating standards, despite
differing stress conditions between offshore WTs
and oil and gas platforms (Norsok M-501, 2012;
ISO 20340, 2009). For instance, offshore WTs
support structures face high dynamic stresses
from wind, waves, and operation, requiring
resilience to an exceptionally high number of
stress cycles throughout their design life
(Anderson et al., 2011). These unmanned
structures lack systematic inspection and
maintenance capabilities (Schaumann et al.,
2011). Additionally, internal areas such as
monopiles and transition pieces within
foundations have been identified as susceptible
to corrosion (Hilbert et al., 2011).

A coating system comprises multiple layers, each
serving distinct purposes (Soerensen et al.,
2009). In the context of corrosion protection, a
coating system generally includes the following
layers:

Priming coat: the initial coat in the system.
Intermediate coat: any coat positioned between
the priming and topcoat.

Topcoat: the final coat in the coating system.
Corrosion protection coating$ (Fig.5) (Boga et
al., 2021) operate through different protective
mechanisms, which can be categorized as
follows:

Barrier effect: Priming and intermediate Coats
with inert pigmentation, like titaniumy’ oxide,
micaceous iron oxide, or glass flakes.

Inhibitive” effect Priming ¢oats commonly use
inhibitive pigments, relying on substrate
passivation and protective layer buildup, often
involvinginerganic salts.

Galvanic effect: Achieved with sacrificial
coatings, protecting the substrate through
galvanic  corrgsion  principles. Common

protective metals include zinc and aluminium or
their alloys, with zinc-rich organic coats being
widely used (Soerensen ef al., 2009; Boga et al.,
2021).
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Figure 5. Scheématic illustration of batrier;
galvanic; and inhibitive effects

Most ceatings for offshore WTs are chemically
curing systems with two packs: a base
cofnponent (binder/tesin)«and a curing agent
compenent’ (hardener). “Common binder types
include “alkyd, chlorinated rubber, acrylic,
polyvinylehlorideys” epoxy, ethyl silicate, and
polyurethane.nCommon  hardeners include
polyamines, /polyamides, and polyisocyanates,
withipelyamines being more suitable for priming
coats (ISO 12944-5, 2007).

Coating systems, comprising both organic and
metallic coatings, can be applied either in a
factory setting or on-site. Factory application of
coatings provides numerous benefits, including
precise control over application conditions to
ensure optimal performance, ease of damage
repair, and effective waste and pollution
management. However, drawbacks should be
taken into account, such as limitations on
component size and the potential for damage
during handling, transportation, and installation.
Maintenance activities are typically conducted
on-site. The most prevalent methods for applying
coatings to structural steelwork in construction
involve organic coatings, primarily through
manual application or spraying. Additionally,
metallic coatings are applied using techniques
such as hot-dipping, electroplating, thermal
spraying, and diffusion. Both types of coatings
contain hazardous components, including
poly(vinylchloride)  copolymer, chlorinated
rubber, zinc silicate, alkyd, epoxy, polyurethane,
zinc-iron alloys, silicon, and phosphorous (Price
etal.,2017).
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In offshore environments, structures are
subjected to prolonged exposure to high
humidity, elevated salinity levels, intense UV
radiation, wave action, and bird droppings.
Research indicates that bird droppings can
degrade coating systems through chemical
processes (Rafiei et al., 2016; Ramezanzadeh et
al., 2011; Ramezanzadeh et al., 2009).
Ramezanza-deh et al. (2009) found that
biological materials, such as bird droppings, can
chemically impact coating performance through
hydrolytic reactions catalyzed by enzymatic
structures (Ramezanzadeh et al., 2009). The
corrosion rate of steel towers on wind platforms
varies depending on factors such as oxygen and
humidity levels, water depth around the
structure, salt concentration, mechanical stresses
(e.g., ice drifts or floating debris), current
velocities, biological factors, temperature
fluctuations, irregular inspection schedules,
maintenance and repair expenses, and the
intended design lifespan. All these factors should
be considered when selecting a correSion
protection system (Price et al., 2017).

Recent developments include high-sélid coats,
with a solids volume ranging from 70% to 100%s
providing an alternative forgoffshore WTs
applications (Momber ef al., 2018).

The exposure to the rigorous marine.environment
poses a significant challenge for the construction
and longevity _of offshore “structures,
predominantly compesed of steel. Offshore
WTs, offshore substation platforms, and
converter platforms are “engineered with a
minimum’operational liféspaniof 25 years. The
chemical charagteristics of the immersion
medium, be it seawater or brackish water, exert a
pronouncedy, influenee »on the corrosion
mechanisms. of metals. Seawater, with its
heightened salinitys” is notably corrosive in
comparison to | freshwater. Corrosion rates
escalate with the increasing salinity of seawater,
while additional factors such as oxygen
concentration, pH levels (seawater typically
ranging from 7.8 to 8.3), and temperature also
contribute to the modulation of corrosion
processes (Adedipe et al., 2016; Sato, 2011).

In contrast to the previous studies and reviews
addressing various ecological aspects and
pressures on the marine environment, there exists

limited knowledge concerning the chemical
emissions originating from Offshore Wind
Farms throughout their construction, operation,
and decommissioning phases, along with their
potential impacts on the environmental status of
the sea and seafood quality. Potential chemical
emissions from the offshore wind industry may
arise from various sources, including increased
maritime traffic and associated risks of
accidental spills, the disturbance of seabed
sediment due to subsea cable, and foundation
construction, discharges from wastewater
treatment plants and \coolings®water from
platforms, use of, artificial “scour protection
materials, atmOsphetic emissions from diesel
generators, and direct chemical releases and
spills during ‘aceidents (e.g., platform fires and
the use of. firefighting foams, or unintentional
spils of  oil, lubricants, or coolants).
Nevertheless,the risk ‘of emissions or accidental
release, of ‘these chemicals can be significantly
mitigatedy, through = the implementation of
constructivey, preventive measures, such as
backup systems, secondary containment, closed-
loop systems, and recovery tanks (Kirchgeorg et
al’;2018).

Due to the emissions generated, it is essential to
handle paints and coatings with care. Adhering to
all health and safety guidelines provided by the
manufacturer during work procedures is crucial
to mitigate potential health hazards. Prolonged
contact with epoxies may lead to dermatitis,
while hardeners found in polyurethane (PU)
coatings can impact the respiratory system.
Furthermore, many solvents are flammable and
pose risks to human skin. When mixing paints
and coatings, protective measures should be
taken to minimize the inhalation of paint particles
and solvents (Price et al., 2017). The painting and
coating processes, commonly conducted to
mitigate corrosion, particularly on steel
components, including composite or ceramic
parts within the turbine structure, encompass a
range of substances such as chlorinated rubber,
acrylic, polyvinyl chloride, epoxy, ethyl silicate,
polyurethane, polyamines, polyamides,
polyisocyanates, zinc silicate, alkyd, zinc-iron
alloys, silicon, and phosphorous. Following
degradation under offshore turbine conditions
(pH, temperature, salinity, etc.) and exposure to
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UV radiation, the emissions resulting from these
components will initially integrate into the
marine ecosystem and eventually permeate
throughout the entire ecosystem over the medium
to long term.

2.2. Plastics and derivatives

Across the globe, people extensively utilize
plastics, which are organic synthetic polymers,
due to their distinctive characteristics such as a
high strength-to-weight ratio, bio-inertia, and
affordability. The global production of plastic is
reported to exceed 300 million tons annually
(Plastics Europe), with an estimated 10% of this
amount entering the ocean (Thompson, 2007).
Studies suggest that 4.8—12.7 million tons of
plastic debris find their way into the marine
environment each year, and this figure is
projected to increase significantly by 2025
(Jambeck et al., 2015). Plastic, known for its
persistent nature lasting hundreds to thousands of
years (Collignon et al., 2012), poses a potential
threat to marine environments and ecosystems.
Environmental debris of this naturedcan be
categorized by size into macroplastics, ‘mega
plastics, and microplastics (Barnes#éfail., 2009).
Microplastics typically refer togplastic fragments
smaller than 5 mm, including those at millimeter
and micron levels.

Microplastic sources, can be categotized into
primary and seCondary types.  Primary
microplastics directly enter the oceans in micro-
sized forms, encompassing synthetic fibers,
cosmetics méedicine;;and raw. materials used in
plastic production (Ashton et al, 2010; Browne
et al42011; Fendall et al., 2009; Lechner et al.,
2015). Secondary microplastics primarily result
from the “degradation jof larger plastic items
through mechanical 4 action, biodegradation,
photodegradation, "photooxidative degradation,
and other processes (Rochman et al., 2013;
Zbyszewski et al., 2014).

A standard wind turbine consists of a concrete
foundation, a tower constructed from steel and/or
concrete, a nacelle comprising steel and copper
components, and typically three blades (Vestas
2006; Tremeac et al., 2009; Guezuraga et al.,
2012). Wind turbine blades typically consist of
either carbon fiber or glass fiber composite
material, leveraging the combined properties of

these materials to create lighter, longer blades
with optimized aerodynamic shapes, thus
enhancing blade performance while maintaining
a lightweight profile (Lijin et al., 2018). The
majority of blades are composed of a
combination of fibers and polymers, constituting
60—70 wt% reinforcing fibers and 30-40 wt%
polymer matrix (Liu et al., 2017; Albers 2009;
Stewart 2012). For instance, one study estimates
that in 2008, 260,000 tonnes of material were
used for wind turbine® blade production,
increasing to 1.18 million tonnes by 2017 (Red
2006). and 43.4 million tonnes:by2050 (Liu et
al., 2017). As of now, much of the waste
generated fitom “wind turbine / blades,
predominantly composed of Garbonsfiber and
glass fiber materials; ends up. in [andfills due to
the complexities associated with their recycling
(Peter et al,, 2022). Both the currently actively
used wind turbine blades*and the obsolete ones
stored'in landfills are directly involved in the life
cycle “byy, mixing /with groundwater through
primary or secondary pathways, depending on
their size.

Due to theit small size, microplastics can be
ingested and transferred into the intestinal
system, stomach, hepatopancreas, and other
tissdes of marine biota (Browne et al., 2010;
Moos et al., 2012). Microplastic particles also
absorb various persistent organic pollutants
(POPs) and heavy metals (Bejgarn et al., 2015;
Goldstein et al.,2012; Kaposi et al., 2016). These
microplastics, along with their associated
pollutants, pose toxicity to certain marine life,
impacting growth, feeding, spawning, and other
physiological activities of organisms (Bejgarn et
al., 2015; Goldstein et al., 2012; Kaposi et al.,
2016). Moreover, the potential hazards of
microplastics extend to humans through the
consumption of marine and terrestrial food
products, as well as drinking water (Brennecke et
al., 2015; Vethaak et al., 2016). Therefore, the
investigation of microplastic pollution in the
environment is a pressing concern.
Microplastics find their way into the marine
environment through  various pathways,
including sewage river flow, discharge, currents,
and wind (Auta et al., 2017; Ryan et al., 2009).
They have been discovered in marine surface
waters and sediments globally, especially in
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coastal and estuarine regions associated with
human activities (Cole ef al., 2013; Fossi et al.,
2012; Lusher et al., 2013; Moos et al., 2012).
Coastal areas face an elevated risk of
microplastic  contamination due to their
proximity to microplastic sources, and the
abundance of microplastics in coastal sediments
surpasses that in the deep sea (Imhof ef al.,
2013). Additionally, coastal zones are rich in
biological resources and serve as crucial
ecosystems. The rise in human activities has
heightened the threat of microplastic pollution in
these coastal zones (Mathalon et al., 2014).

3. RESULTS AND DISCUSSIONS

The development of deepwater, floating offshore
WTs offers advantages such as reduced impacts
on human activities and marine ecosystems,
leveraging existing infrastructure from the
offshore oil and gas industry, and accessing
larger and more consistent offshore wind speeds
(Musial et al., 2010; James et al., 2015; Wang et
al. 2019a, 2019b). However, the techmnology
supporting deepwater, floating offshote WTs is
still in its early stages, with few, prototype
turbines and mooring systems . currently
deployed. As a resulty ,the ‘potential
environmental effects of thesewtechnologies
remain speculative.

To date, there is n@ comprehensive seientific
study on the potentialienvironmental impacts of
deepwater, floating offshere WTs.

This studygaims to focusyon examining the
chemical/emissions, such'as corrosion products
and types of plastics originating from offshore
wind farms, for the first time in the literature. The
objective ishto investigate their impacts on the
marine ecosystem and, consequently, on humans
and the envitonment from a chemical
perspective. This information can be valuable for
evaluating and permitting processes for
deepwater, floating offshore WT development
sites and guiding coating products for operational
facilities. While a comprehensive applicable
study and testing of these effects are currently
challenging due to the limited number of
deepwater, floating offshore WTs in operation,
plausible effects and their potential magnitudes
can be estimated and reviewed by combining the

scientific literature on analogous situations.
Boehlert and Gill (2010) conducted a synthesis
focusing on the environmental and ecological
impacts of ocean renewable energy development,
identifying six key stressors: energy removal
effects, electromagnetic field (EMF) effects,
physical presence of devices, dynamic effects of
devices, acoustic effects, and chemical effects.
On the other hand, in a comprehensive report on
the environmental effects of, Marine Renewable
Energy (MRE), Copping et@l-(2016) delved into
these stressors, examining associated risks and
impacts. These included,alterationsvin, physical
systems due to edergy removal and changes in
flow, EMF effécts onumarine animals stemming
from cables, modifications in benthicdiabitat and
reef fish communities due to energy devices,
risks to animals from underwater sound, and the
collision risk around turbines. In these two
studies, by /categorizingrthe direct or indirect
impacts_of chemical emissions on the marine
ecosystem, we have transparently presented the
facts and shed light on our compilation of such a
review.

Offshore _wind farms, harnessing clean
technologies, hold the potential to enhance the
supply of green energy. However, persistent
challenges exist. Some research suggests
potential risks to marine fisheries (Deveci ef al.,
2020), while others emphasize navigation
hazards and possible drawbacks to tourism and
marine ecology (Kulkarni ef al., 2022). With the
industry's expansion driven by its extensive
supply chain, the environmental and economic
impacts of offshore wind farms could escalate.
The intricate interplay between Offshore Wind
Power (OWP), the marine economy, and the
marine environment is crucial for the prudent
advancement of future OWP projects, especially
given the industry's rapid growth trajectory. A
significant portion of existing literature revolves
around OWP's environmental footprints,
particularly its interactions with fisheries
(Kulkarni et al., 2022). While economic
analyses, though limited (Glasson et al., 2022),
often concentrate on individual cases,
emphasizing direct economic benefits. Notably,
empirical studies evaluating OWP's influence on
marine sectors like mining, salt production, and
chemical production are conspicuously absent.
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4. CONCLUSIONS

In conclusion, the development of offshore WTs
represents a significant advancement in
renewable energy production, offering numerous
benefits such as reduced impacts on human
activities and marine ecosystems, utilization of
existing offshore infrastructure, and access to
consistent offshore wind speeds. However, the
technology supporting deepwater, floating
offshore WT is still in its early stages, with
limited deployment of prototype turbines and
mooring systems. Consequently, the potential
environmental impacts of these technologies
remain speculative.

Despite the lack of comprehensive scientific
studies on the environmental impacts of
deepwater, floating offshore WTs, our study
sheds light on the examination of chemical
emissions, including corrosion products and
types of plastics originating from offshore wind
farms. Understanding these emissions' impacts
on the marine ecosystem and human health"is
crucial for evaluating and permitting deepwater,
floating offshore WT development “sites »and
guiding coating product selection for.operational
facilities.

While challenges persist, such as potential risks
to marine fisheries, navigation ‘hazards, and
impacts on tourism and marine ‘€celogy, the
expansion of the offshore wind industry presents
opportunities for enhancing green energy supply
and reducing carbon emissions. However, a
thorough understanding of the intricate interplay
between ~offshore wind" power, the marine
economy, andWthe marine cnvironment is
essentialfor the prudent advancement of future
offshore "W projectsy, Future research should
aim to addressigaps in/knowledge regarding the
environmental and.economic impacts of offshore
WTs on various marine sectors, facilitating
informed decision-making and sustainable
offshore wind energy development.

In summary, while offshore wind farms hold the
potential to enhance the supply of green energy,
the environmental and economic impacts must be
carefully considered, especially in the context of
the chemical effects on the marine ecosystem. As
the industry expands, a holistic understanding of
these factors will be essential for sustainable and

responsible offshore wind power development.
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