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The potential ecological 
effects of chemical pollution 
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While offshore wind energy serves the goal of creating clean energy to 
combat climate change, a closer look at the chemical pollution they 
create is an essential tool to understand   the ecological effects once 
wind turbines have been installed out at sea. Some of the substances 
that could pollute and their effects will be discussed. As far as currently 
known,  these are the best described types of chemical pollution. 
 

Corrosion protection 
Although not new, corrosion protection systems are being applied on 
every steel structure in the North Sea. There are a few different types of 
systems, but historically the one that is most widely used is sacrificial 
anodes. These anodes consist mainly of aluminium, with 2.5-5.75% zinc, 
0.015-0.04% indium and several tracers such as Cd, Pb, Cu, Mn, Fe, Si and 
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Ga (Kirchgeorg et al., 2018; Reese et al., 2019).  
 
Just one single uncoated monopile with a sacrificial anode could lose 
13.000 kg of aluminium into the sea over 25 years (Kirchgeorg et al., 
2018). The question if the leaked chemicals can bio-accumulate in the 
food web and what this leakage means for ecology has not been 
studied much in marine systems so far. However, aluminium is not 
significantly found in seawater as it precipitates, therefore sediments in 
the vicinity are getting enriched (Gabelle et al., 2012). For both 
aluminium and zinc, it is known that part of it binds bioavailable 
fractions of the sediment (Leleyter et al., 2007, 2018). From here, it might 
enter organisms, although some research found that the bioavailable 
fraction in the sediment is not directly linked to the metal concentration 
in filter feeding species (Jara-Marini et al., 2013).  
 
Benthic diatoms function as bio-indicators for metal pollution and a 
negative effect on photosynthesis (stress) was already found with 
values >10 mg per kg sediment (Leleyter et al., 2016). Another study 
experimented with the effect of dissolved and precipitated aluminium 
on three species of diatoms and concluded that responses are species-
specific and that diatoms have a broad range in sensitivity to 
aluminium in both dissolved and precipitated stage (Gillmore et al., 
2016). A moderate sensitivity to aluminium was found for planktonic 
larvae of a barnacle species (van Dam et al., 2016). Being filter feeders, 
mussels can be affected by metal pollution in the same way, but seem 
to adapt. When blue mussels were placed in aluminium polluted water, 
the highest concentration in the 8 week experiment was found after 13 
days (Mao et al., 2011). At this point, filtering activity was low due to valve 
closure as protection and detoxification processes seem to have started 
and caused a decrease in aluminium concentrations. Questions 
therefore arise if habituation takes place  and if experiments are 
covering a period that is long enough to signal this. 
 
A bioassay on the effects of aluminium and zinc from sacrificial anodes 
on sea urchin reproduction and offspring development parameters 
barely indicates negative, sometimes even positive, effects (Caplat et 
al., 2010). Preliminary Belgian research into potential zinc pollution near 
an offshore wind farm did not find higher zinc concentrations near the 
offshore wind farm compared to the reference site (Bavo & Kris, 2018). 
They recommended more research to confirm the results and find the 
reason for this as understanding impacts would be in line with the 
Marine Strategy Framework. While the focus of the previous description 
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was on aluminium and zinc, it should be kept in mind that also tracers of 
heavy metals are being emitted. At regional scale however, these 
concentrations are probably negligible compared to wastewater and 
river influxes (Deborde et al., 2015). 
 
ICCP, or impressed current cathodic protection, is a method in which 
chemically inert anodes are being used to create a direct current on the 
steel surface. After a short time, a calcareous layer will appear on the 
metal surface, further slowing the chemical corrosion processes 
(Burggraaf-van den Berg et al., 2012). Currently used ICCP anode 
materials are titanium, iridium or iridium/ruthenium-MOX coatings, 
magnetite or platinum with titanium, niobium, and tantalum coatings 
(Kirchgeorg et al., 2018). This system has a long lifetime and the 
emission seems not significant, with 12,5 g of metal oxide per wind 
turbine in 25 years. It makes coating the monopiles redundant and is an 
emerging technique that is also used in water infrastructure and ships. It 
provides a high amount of protection current per anode and can be 
monitored and regulated onshore. In The Netherlands almost all (future) 
wind turbines are equipped with ICCP. 

 
Oil leakage 
Oil leakage seems to be a minor threat in relation to other effects of 
offshore wind farms. The biggest potential impact would be that from a 
collision between a ship and a turbine or high-voltage station, thereby 
spilling bunker or cargo oil, as well as other potential hazardous cargo. 
Extending the amount and size of offshore wind farms near shipping 
lanes increases the risk of these collisions. In a risk assessment of the 
Greater North Sea, the chance of this type of oil spill to happen was 
predicted to increase 10 fold in 2020 compared to 2011, from 0.0064 to 
0.0643 (Van der Tak et al., 2014). The frequency and volume of these spills 
are approximately 3 and 7 percent respectively compared to the grand 
total, in which oil and gas platform operational spills are recognised as 
the biggest risk. As far as known, no repetition of these calculations were 
made with the new construction plans (until 2030). In the Environmental 
Impact Assessments made per offshore wind farm site the rate of spill 
from both bunker and cargo  oil due to a collision (by drifting or sailing) is 
estimated per alternative offshore wind farm design using the SAMSON 
model (Safety Assessment Model for Shipping and Offshore on the North 
Sea.) This risk is often assessed as neutral because of the small chance of 
occurrence (e.g. once every 646 years for Hollandse Kust Noord and 1100 
years for Gemini) and shipping lanes being widely diverted around offshore 
wind farms (Burggraaf-van den Berg et al., 2012; van de Bilt et al., 2018). 
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Ship-wind turbine collision chances of the Greater North Sea in 2020 (Van der Tak et al., 
2014). 
 

Other chemicals 
As wind turbines have to withstand harsh and salty environments, one 
important component of the maintenance is the lubrication system. 
Although the gearbox is probably the most apparent, many 
components need lubrication. Therefore, parts that need consistent and 
clean lubrication are supported by an automatic greasing system and 
oil filter (AZO Cleantech, 2021). It is estimated that more than 80% of the 
lubricants used in wind turbines are synthetic, with a global lubricant usage 
of 35-40 kilotons in 2015 (Windpower Engineering Development, 2019). These 
can be separated into gear oil, grease and hydraulic    fluids, with the first one 
being the most dominant. If a leak in the hydraulic system occurs, these 
lubricants could contaminate the sea. The alternative is bio lubricants, 
which can be non-toxic, biodegradable and renewable. Although there 
is no general consensus about what is a ‘bio-’, green or environmental 
lubricant, the type of oil used is often vegetable oil (Bart et al., 2013). 
 
Other chemicals are grouts; these are mainly used to cement the 
transition piece to the foundation. Only two spilling events were reported 



Chemical pollution by wind turbines – The North Sea Foundation – Feb 2022 
 

within the OSPAR maritime area, with 30 tonnes  of grout ending in the sea 
(Rees & Judd, 2019). Divers have not been able to identify grout at the 
seabed. New innovative techniques such as the Slip Joint connection do 
not make use of grouts and therefore strongly reduces the risk of this type 
of spill. The main  function of paints or coatings are shielding metal from 
the environment, thereby reducing the load on the cathodic protection 
system. They are often composed of multiple layers and especially 
important in the intertidal/splash zone, where cathodic protection is 
ineffective. When prescriptions on the application are not taken into 
account, spills of paints will occur, as is reported twice now in the OSPAR 
maritime area. Knowledge on the effects of paint on marine 
phytoplankton, benthic species or fish is very limited.   
 
BPA, or bisphenol A, is a chemical substance used in plastics and epoxy 
resins that can act as an endocrine disruptor. Within Europe, the usage 
is increasingly restricted in certain products, e.g. thermal paper. BPA is 
still allowed to be used in rotor blades, where it is mainly present 
underneath the coating. During service life, BPA release due to epoxy 
particle loss is seemingly neglectable (Epoxy Resin Committee (ERC), 
2015). Exposure could create abnormalities, alter behaviour or cause 
negative effects on the cardiovascular system, development and 
survival on (certain) marine species (Wu and Seebacher, 2020). BPA is 
taken as an example here, but more research is needed to estimate 
exposure and investigate possible ramifications of these types of 
potentially leaking chemicals.  
 

IRBC agreement on wind energy 
The International Responsible Business Conduct agreement (IRBC 
agreement) on renewable energy by the Dutch Socio-Economic Council 
addresses the risks for people and the environment in the supply chain 
of the renewable energy sector, from risks related to the extraction of 
raw materials for wind turbines and solar panels through their 
decommissioning. Chemical pollution by especially wind turbines is part 
of the risks in the supply chain, however, the focus within this conduct is 
put on the upstream side of the supply chain. The agreement is currently 
in the process of being agreed upon by the parties that have helped 
draft this agreement. 

  

https://www.imvoconvenanten.nl/en/wind-energy/News/windenergiesector-streeft-overeenkomst
https://www.imvoconvenanten.nl/en/wind-energy/News/windenergiesector-streeft-overeenkomst
https://www.imvoconvenanten.nl/en/wind-energy/News/windenergiesector-streeft-overeenkomst
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The North Sea Foundation recommends the 
following: 
• More bio-assays or creation of a Biotic Ligand Model is needed for the 

effects of cathodic protection systems on marine animals. 
• Update the risk assessment of ship-turbine and ship-substation 

collisions for all (planned) wind farms in the North Sea. 
• Investigate the functioning of bio lubricants and if successful, include 

it in the Best Practices. 
• More systematic, independent multi-substance research into 

(accidental or continuous) chemical pollution is needed to conclude 
whether this poses a serious risks to marine life. 

 
 

 
 
 

 

If you would like to know more about the other potential 
ecological risks discussed in our report, please click here. 

https://www.noordzee.nl/verdieping-over-de-ecologische-risicos-van-windenergie-op-zee/
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The North Sea Foundation is an independent nature and 

environmental organization and has been the go-to organization 

for protection and sustainable use of the North Sea for over 40 

years. Our main goals are to achieve sufficient space for nature in 

the form of marine protected areas, a clean sea, the production 

of sustainable food, and eco-friendly offshore energy. 
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