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PREFACE 
The Offshore Coalition for Energy and Nature (OCEaN) brings together non-governmental 

organisations (NGOs), transmission system operators (TSOs), and wind industry organisations from 

across Europe. Together we work towards a sustainable deployment of offshore energy and grid 

infrastructure while ensuring alignment with nature protection and healthy marine ecosystems. 

OCEaN focuses on nature-friendly offshore wind and grid deployment in the Baltic Sea and Northern 

Seas, including the Greater North Sea area and Celtic Seas.

This report was made as a part of the OCEaN workstream on mitigation measures, through which OCEaN Members dissect 

the potential environmental impacts of offshore wind and grid infrastructure deployment, identify ways to avoid and 

minimise them, and advocate for the further uptake of these measures. However, avoidance and minimisation of impacts 

on marine ecosystems is just one puzzle piece in achieving a nature-friendly energy transition at sea. Other proactive and 

innovative measures such as adopting nature-inclusive design, restoring nature on- and off-site, and finding synergies 

with other human activities at sea are equally important if the biodiversity and climate crises are to be addressed in a 

comprehensive way. While OCEaN also works on these topics, they fall outside the scope of this report.
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EIA Environmental Impact Assessment

EMF Electromagnetic field
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EXECUTIVE SUMMARY

The world faces two interconnected crises – climate change and biodiversity loss. There are known approaches to address 

these challenges, however, a solution for one can unintentionally intensify the other. For instance, to address the climate 

change, rapid decarbonisation of our energy systems is the top priority. Countries bordering the Northern and Baltic Seas 

are planning to achieve this through large-scale deployment of renewable energy, including offshore wind. This means 

additional human activities will take place in seas with already depleted and fragile ecosystems. However, if offshore wind 

farms (OWFs) and grids are planned in a responsible way, we can minimise the additional pressures placed on nature from 

these developments.

While there are many existing avoidance and 

minimisation measures that have been tested and vary in 

effectiveness, certain knowledge gaps still remain. This is 

particularly true for more subtle pressures which could 

lead to significant impacts on a cumulative level. We need 

to better understand the risks OWFs can pose to bats, 

primary production and the effect on the higher trophic 

level in the food web, and the relationship between 

electro-magnetic fields (EMFs) and behaviours of 

EMF-sensitive animals. Nevertheless, existing research 

projects trying to address these knowledge gaps were 

identified and OCEaN will continue to follow their results.

Many policies and guidelines aiming to minimise the harm 

caused by the development of offshore wind and grid 

infrastructure already exist. However, there is still room 

for improvement. OCEaN identified areas where more 

adjustments, flexibility, or guidelines from regulatory 

bodies and wind and grid developers are needed to reach 

better biodiversity outcomes and accelerate deployment 

of offshore wind farms. Furthermore, to reach both 

climate and biodiversity targets, cooperation is crucial. 

Therefore, OCEaN invites all interested stakeholders to 

give their feedback to this report and join the endeavour 

of ensuring offshore wind and grid deployment goes 

hand-in-hand with nature protection. 

Avoidance and minimisation measures can be applied 

throughout all life stages of offshore wind and grid 

infrastructure. A comprehensive design and planning 

of activities within an offshore wind farm and grid 

infrastructure is crucial to avoid environmental impacts. 

For example, during planning, (micro)siting is completed 

in combination with design of infrastructure and the 

choice of materials. These decisions can avoid and 

significantly minimise negative impacts such as collisions 

and displacement. Throughout construction, noise 

emissions are released both above and below water and 

can potentially cause injury and avoidance of seabirds, 

fish, and marine mammals. Therefore, effective noise 

minimisation tools should be applied. 

The purpose of this report is to outline the 

methodology used by OCEaN, provide a summary 

of the identified measures, highlight knowledge 

gaps and areas where mitigation efforts are still 

lacking, and provide recommendations on how to 

improve the deployment of offshore wind and grid 

to achieve even better outcomes for nature.

In order to support the deployment of offshore wind and 

grid in a nature-friendly manner, the Offshore Coalition 

for Energy and Nature (OCEaN) has identified 80 

measures through which wind and grid developers can 

minimise potential environmental impacts on marine 

ecosystems. This work includes measures that reflect the 

first two steps of the mitigation hierarchy – avoidance and 

minimisation. This was done by combining the fragmented 

knowledge on available avoidance and minimisation 

measures for offshore wind and grid infrastructure, 

including the most recent, relevant, and available 

information, and finding common ground between the 

diverse stakeholders that make up OCEaN. Furthermore, 

‘best practice’ measures were identified, which are 

implemented across multiple sites and are proven to 

effectively reduce negative environmental impacts.

When the infrastructure becomes operational, offshore 

wind and grid developers should not stop their effort 

to minimise their environmental impacts. Informed 

and science-based curtailment is one of the measures 

that could potentially reduce the negative impacts on 

biodiversity, but more testing is needed to understand 

its effectiveness offshore. Although only a few offshore 

wind farms have undergone decommissioning so far, the 

current trend suggests that full removal of infrastructure 

is still generally seen as the default option at the end 

of the lifecycle. However, this approach is increasingly 

being challenged by various stakeholders. To minimize 

additional pressures on biodiversity during this process, 

extending the operational lifetime of these structures 

should be prioritised, where appropriate.

https://offshore-coalition.eu/
https://offshore-coalition.eu/


08

I. INTRODUCTION

08



09

I. INTRODUCTION

In addition, pressures on the ecosystem are exacerbated 

by climate change (Weinert et al., 2021). To address the 

climate crisis, rapid decarbonisation of energy systems is a 

top priority. Countries bordering the Northern and Baltic 

Seas are planning to meet their climate objectives through 

large-scale deployment of renewable energy, including 

offshore wind energy. More concretely, the European 

Union has the goal of reaching installed capacity of at 

least 60 GW of offshore wind by 2030 and 300 GW by 

2050 (European Commission, 2020). Consequently, this 

means additional human activities will take place in seas 

with already depleted and fragile ecosystems. Offshore 

wind farms and grids should therefore be planned in a 

responsible way to minimise the additional pressures 

placed on nature as much as possible. The offshore 

wind sector can become frontrunner in addressing the 

intertwined challenges of climate change and biodiversity 

loss, while also bringing economic and social benefits.

There is growing awareness that healthy ecosystems 

are essential to adequately accommodate the expansion 

of offshore renewable energy production. National 

policies are set in place to minimise pressures and 

tender processes for new wind sites are increasingly 

incorporating qualitative award criteria, including 

ecological considerations. To facilitate offshore wind 

development without compromising ecological integrity, 

adherence to the mitigation hierarchy is paramount. 

Avoidance of environmental impacts is a foundational 

principle to work towards a resilient marine ecosystem. 

Unavoidable impacts should be minimised throughout 

the whole lifecycle of an offshore wind farm. This can 

be achieved by implementing mitigation measures, with 

an increasing number of options available. However, an 

overview is lacking. Information is scattered and not up to 

date, complicating effective implementation of mitigation 

measures, especially on a sea basin scale. 

Europe’s northern seas have been supporting human civilizations for centuries. Transport, fishing, 

energy production, tourism, aquaculture, and recreation are just some of the services provided by 

the marine ecosystems in these bodies of water. Unfortunately, the health of the Northern and Baltic 

Seas is in a dire condition. For instance, populations of seabirds are decreasing due to shortage of 

prey, overfishing led to the bad status of the majority of fish stocks, marine mammals are impacted by 

increasing underwater noise, benthic communities are disturbed by human activities such as bottom 

trawling, and entire ecosystems face cumulative impacts from various anthropogenic pressures 

(Helsinki Commission - HELCOM, 2023; OSPAR, 2023).

To address this fragmented state of knowledge, OCEaN has undertaken the development of a comprehensive overview 

aimed at understanding the potential environmental impacts associated with offshore wind and grid developments in the 

Northern and Baltic Seas. This framework served as the basis for identifying specific avoidance and minimisation measures. 

The purpose of this report is to outline our methodology, provide a summary of the identified measures, highlight knowledge 

gaps and areas where mitigation efforts are still lacking, and provide recommendations on how to improve the deployment 

of offshore wind and grid to achieve even better outcomes for nature.

Healthy and resilient marine ecosystems are needed to not only support human 

activities, but also to maintain the climate of our planet by acting as its largest carbon 

sink. Therefore, urgent action is necessary to protect and restore our seas. 

 1 For the purposes of this paper, Northern and Baltic Seas refers to the Greater North Sea region, Celtic Sea, and Baltic Sea.
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II. OBJECTIVE AND SCOPE

Some overviews of mitigation measures for environmental impacts caused by the offshore wind and 

grid infrastructure currently exist (see for instance, Bennun et al. (2021),  BildLife International - Europe 

and Central Asia (2023), or Crown Estate Scotland (2024)). However, they fail to include mitigation 

measures for grid infrastructure, are incomplete, have limited geographical scope, or are outdated.

FACILITATING THE ACCELERATED SUSTAINABLE ENERGY TRANSITION 
IN THE NORTHERN AND BALTIC SEAS BY

OCEaN’S WORKSTREAM ON MITIGATION HAS THE OBJECTIVE OF

Combining the fragmented know- 

ledge on mitigation measures for 

offshore wind (bottom-fixed) and 

grid infrastructure;

a Including the most recent, relevant, 

and available information;

b Finding common ground between 

the diverse stakeholders that 

make up OCEaN.

c

According to the 2014 EU Directive on Environmental Impact Assessment, all major development 

projects in the EU, offshore wind farms included, should first be assessed for their impacts on the 

environment before receiving a permit. Within this process, project developers are obliged to identify 

all potential negative impacts on human health, biodiversity, land, soil, water, air, climate, landscape, 

material assets, and cultural heritage. In the case of identified significant negative impacts, methods 

to address them should also be proposed. To guide this process, the mitigation hierarchy is used (Box 

1). Though the application of avoidance and minimisation is mandatory by law, offshore wind and grid 

developers have a certain amount of freedom and flexibility in choosing the measures they will apply.

The implementation of a mitigation hierarchy is essential for effectively managing adverse ecological 

consequences. This hierarchy, as seen by OCEaN, includes avoidance, minimisation, restoration, and offsetting 

measures and provides a structured framework to guide mitigation efforts. 

MITIGATION HIERARCHY
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The graphic was adapted from the International Institute for Sustainable Development (IISD)
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This report focuses on the first two steps of the mitigation hierarchy – avoidance and minimisation 

(Textbox 2). In this way we highlight the importance of avoiding the environmental impacts in the 

first place and, if this is not possible, we call for their proper minimisation. This approach is not only 

the best for the nature but is also economically beneficial for developers in the long run.  OCEaN 

Members actively work on the other steps of the mitigation hierarchy (see for instance Energy & 

Nature Database), but these aspects are outside of the scope of this report. 

Our collection of avoidance and minimisation 

measures is not categorised according to 

effectiveness. It is important to highlight that 

the level of effectiveness for the included 

measures depends on specific environmental 

conditions unique to each site. Therefore, 

project developers always conduct individual 

assessments to determine the most suitable 

measures for their projects. There are 

frameworks being developed to help this 

assessment, such as the one developed by the 

Dutch consultancy Witteveen + Bos (Hermans 

et al., 2024). The Witteveen + Bos framework 

provides a systematic approach to evaluating

and implementing nature conservation 

(avoidance and minimisation) and enhancement 

measures (e.g. nature-inclusive design) for 

offshore projects. The assessment criteria 

within this framework relates to expected 

ecological impact, technical feasibility, and costs. 

Their results are not meant to be interpreted 

as a definitive outcome, but offer a foundation 

for further discussions on implementation 

strategies. Optionally, it can be used to assess 

mitigation measures identified by OCEaN and 

facilitate informed discussions on suitable 

measures for a certain project, considering their 

unique environmental characteristics. 

Firstly, avoidance measures prioritise the identification and selection of project sites, or locations within 

a site, with minimal ecological sensitivity, thereby reducing the likelihood of significant harm to marine 

habitats and species.

Subsequently, minimisation measures focus on reducing the intensity and extent of impacts through the 

adoption of best practices in project design, construction, operation, and decommissioning. This includes, 

for instance, employing advanced technologies to minimise noise and vibration during installation and 

implementing measures to mitigate seabed disturbance.

DEFINITION OF AVOIDANCE AND MINIMISATION MEASURES

https://offshore-coalition.eu/database-projects/
https://offshore-coalition.eu/database-projects/
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Lastly, OCEaN identified ‘best practice’ avoidance and minimisation measures, which are not only 

tested in the offshore context but are also implemented in multiple sites and are deemed effective 

at reducing negative environmental impacts, based on current evidence. These ‘best practices’ could 

be considered across all projects to maximise environmental protection. In addition to offering a 

comprehensive overview, this compilation of best practices has the potential to inspire advocacy 

efforts that promote the adoption of measures designed to minimize the environmental impacts 

of future offshore wind and grid infrastructure. Moreover, the process of compiling avoidance and 

minimisation measures has facilitated the identification of crucial gaps where further development 

or testing of mitigation strategies is required. This exercise thus serves to inform stakeholders and 

represents a significant advocacy tool which aims to enhance environmental stewardship in offshore 

wind projects across the Northern and Baltic Seas.

II. OBJECTIVE AND SCOPE
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III. METHODS

The starting point of OCEaN’s efforts to compile avoidance and minimisation measures was the 

development of a comprehensive framework which connects potential pressures caused by offshore 

wind and grid infrastructure with specific receptors observed across the lifecycle of this infrastructure.  

The framework developed by OCEaN draws inspiration from the widely used and broadly accepted 

DPSIR (driver, pressure, state, impact, response) framework. In this context, pressure is defined as any 

excessive amount of resource use, change in land use, or production of emissions that is a direct result 

of human activities (Kristensen, 2004), while receptor is any species or habitat under the influence of 

a certain pressure. The lifecycle of an offshore wind farm and accompanying grid infrastructure in this 

context includes the phase of planning, construction, operation, and decommissioning. The identified 

potential pressures and associated impacts can be seen in Table 1.

TABLE 1

OVERVIEW OF IDENTIFIED PRESSURES WITH ASSOCIATED IMPACTS

PRESSURES IMPACT(S)

Presence of man-made assets (which include all 

anthropogenic structures and objects, including all 

types of vessels)

Light emissions

Noise emissions and vibrations

Chemical and solid (e.g. microplastics) discharges

Hydrodynamic changes

Attraction of native and non-native species

Avoidance

Displacement

Injury

Collision

Displacement

Attraction

Avoidance

Injury

Avoidance

Displacement

Ill health (including fitness degradation, injury, 

health hazards, contamination, toxication)

EMF and heat emissions

Displacement

Attraction

Avoidance

Injury

Potential behavioural and physical impacts
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Habitat disturbance and/or loss

Attraction of native and non-native species

Avoidance

Displacement

PRESSURE IMPACT(S)

For each of these pressures, biodiversity receptors were investigated and assessed for potential 

negative impact. To be as comprehensive as possible, receptors from both above water (namely bats and 

birds (migratory and local)) and underwater (fish (pelagic and demersal), marine mammals, plankton, 

sea turtles, and benthos) were looked at. Once the relationship between pressures and biodiversity 

receptors was established, avoidance and minimisation measures created to address these impacts 

were collected. These measures were then categorised according to the infrastructure they apply to 

(wind farm or grid), their position in the mitigation hierarchy (avoidance or minimisation), and their 

status of application offshore (concept, tested, or different levels of implementation).

FIGURE 1

FRAMEWORK USED FOR IDENTIFYING MEASURES 

Birds

Bats

Fish

Marine 
mammals

Sea turtles

Plankton

Benthos

RECEPTOR

Presence of 
man-made assets

Noise emissions 
and vibrations

Light emissions

Chemical and 
solid discharges

Electro-magnetic fields

Heat emissions

Habitat disturbance 
and loss

PRESSUREPHASE

PLANNING & 
DESIGNING

CONSTRUCTION

OPERATION

DECOMMISSIONING
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III. METHODS

This information was further supplemented with examples where these measures are being 

implemented and relevant sources. The work of identifying measures was undertaken through 

literature reviews, interviews with OCEaN Members, and discussions in a larger Task Force dedicated 

to this workstream. After a few rounds of collecting and discussing the measures, around 80 

avoidance and minimisation measures were identified in the framework. This collection is the result 

of collective knowledge based on experience of more than 25 years of offshore developments in 

the Northern and Baltic Sea. A full collection of measures accompanied with examples where these 

measures have been implemented is available via the OCEaN website upon request. This report 

doesn’t mention all measures available in the collection, but instead summarises the main findings. 

Furthermore, the process facilitated the identification of knowledge gaps. More research is needed 

on the relationship between certain pressures caused by offshore wind and grid infrastructure and 

biodiversity receptors, and areas where potential negative relationships could exist, but avoidance 

and minimisation measures are either missing or are still being tested and waiting to be validated (see 

more under Knowledge gaps). Lastly, discussions between OCEaN Members also led to consensus 

regarding needed adjustments in legislation and coordination with other maritime sectors to improve 

current approaches to nature-friendly offshore wind deployment (see more under Recommendations).

Implemented

Tested

Concept

STATUS OFFSHOREIMPACT

Collision or injury

Physical impacts

Behavioural impacts

Avoidance

Displacement

Attraction

Ill health

Hydrodynamic changes

AVOIDANCE

Careful siting based on 
sensitivity mapping

Timing of activities to avoid 
sensitive feeding, spawning, 
breeding and nursery areas 
during times of the year when 
being used for these activities

MINIMISATION

Shutdown on demand using 
either camera or radar 
technology

Leaving scour protection 
behind to protect newly 
established habitat

MITIGATION HIERARCHY
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IV. OVERVIEW OF COLLECTED AVOIDANCE AND MINIMISATION MEASURES

It is important to highlight that the development of nature-friendly offshore wind and 

grid infrastructure starts before the project planning phase. The first stage includes 

the government-led Maritime Spatial Planning (MSP) process coupled with a Strategic 

Environmental Assessment (SEA). During this process, it is crucial to identify sites for 

offshore wind and grid development which avoid biodiversity-rich and sensitive areas, 

by for instance using biodiversity sensitivity maps and risk screening. A government-led 

and SEA-informed MSP is essential to ensure siting takes biodiversity into account, but 

also to help level the playing field for developers. Therefore, policymakers and relevant 

authorities are invited to develop comprehensive SEA-informed MSPs. Furthermore, 

cross-border cooperation during MSP is vital for the successful development of 

offshore wind projects, as our oceans form a single, interconnected ecosystem that 

transcends national boundaries.

PROJECT PLANNING PHASE
1

Comprehensive planning of an offshore wind farm and its connected grid 

infrastructure is crucial to avoid many environmental impacts. This is also reflected 

in OCEaN’s collection of measures, where almost half are implemented during the 

planning phase of OWFs and grids. During planning, decisions on (micro)siting,  

design, and timing of activities take place. To enable responsible planning decisions, detailed surveying 

and mapping of a site is a prerequisite. The actor responsible for surveying and mapping differs 

between countries. One type of conducted studies necessary for site characterisation is geophysical 

surveys. The conductor of the survey, either the state or the developer, is advised to consider using 

least-intrusive equipment and complete surveys outside of sensitive periods for threatened species 

at the site (Bennun et al., 2021). Additionally, seismic surveys can produce substantial noise, which 

calls for the application of noise minimisation measures. Furthermore, sometimes surveying, threat, 

and risk assessment for potential unexploded ordnance (UXOs) is required. If UXOs are identified, 

the site should ideally be located away from them. If this is not possible, low order deflagration and 

removal should take place (Robinson et al., 2020). Traditional detonation and removal could be 

coupled with noise mitigation measures such as a double bubble curtain, acoustic mitigation devices 

(AMDs), or acoustic deterrent devices (ADDs) to alert marine mammals in the area (Salomons et al., 

2021). 
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A comprehensive assessment of baseline conditions within all offshore wind development sites is 

needed and careful micro-siting of infrastructure should be done. For instance, the layout design of 

turbines could consider migratory routes of seabirds by arranging turbines in clusters, depending on 

flight paths of migrating birds and their migratory routes (Gartman et al., 2016). Depending on bird 

species, they could exhibit either avoidance behaviour (and therefore use more energy to circumvent 

OWFs), no avoidance, or can even be attracted to the OWF, which could potentially lead to collisions. 

By using behaviour movement modelling, it is possible to inform the layout of turbines in an OWF 

and minimise both avoidance behaviour and collisions (Masden et al., 2012). Positioning of turbines 

in the development site should consider avoiding the placement of turbines within each other’s 

atmospheric- and current wakes. This can potentially reduce the risk of (long term) ecosystem effects 

through the reduction of mixing of air and water (van Duren et al., 2021), though more research is 

needed to understand the importance and risk of this mechanism. 

In general, siting is the most powerful tool governments and offshore wind and grid 

developers can and are using to avoid negative environmental impacts such as bird 

collisions, displacement and injury of fish, marine mammals, and benthic habitat 

disturbance, and habitat loss. Siting is usually informed by Maritime Spatial Plans

(MSP), as governments typically identify sites for offshore wind development during MSP development. 

However, not all MSPs are done properly and/or in time. Therefore, governments, wind and grid 

developers are recommended to:

Avoid areas designated as Natura 2000 sites, Marine Protected Areas (MPAs), and areas 

designated under national protection schemes for nature and biodiversity conservation.

Avoid valuable areas used by sensitive seabird species, such as breeding colonies, migration 

flyways for vulnerable species, and routes that seabirds use to travel between their colonies and 

foraging areas. This can be achieved by using standardised bird surveys and sensitivity mapping.

Avoid spawning and nursery habitats for fish, species-rich habitats, and biogenic reefs. 

If information on where these are located is not available, a dedicated survey within an 

Environmental Impact Assessment should be conducted. 

Depending on the site conditions and characteristics, avoid seasonally stratified waters to 

minimise changes in nutrient richness and primary production and therefore avoid negative 

ecosystem effects.

If possible and relevant, avoid areas with sand waves present to reduce the need for dredging 

prior to installation.

Avoid marine mammal migratory routes, mating and nursery grounds, and haul out sites used 

by seals, especially during sensitive periods such as breeding seasons. Taking haul out sites in 

consideration is important as they could coincide with key locations for grid connections from 

sea to land.

Avoid migration flyways or areas used frequently by bats.
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IV. OVERVIEW OF COLLECTED AVOIDANCE AND MINIMISATION MEASURES

Furthermore, it is recommended to do  micro-siting of turbines and cables in a way that avoids 

vulnerable habitats, such as dense aggregations of reef-building organisms, but also to avoid silty 

deposits and peat to limit turbidity (Department for Business Enterprise & Regulatory Reform, 2008).

If complete avoidance of the site, and therefore impacts, is not possible, timing and scheduling 

of activities becomes crucial. This is particularly important for the activities taking place during 

construction phase, which will be further elaborated on in the next chapter.

The design of lights used on turbines and platforms can potentially minimise the attraction or 

avoidance of bats, birds, and marine mammals. Avoiding non-mandatory lighting, reducing the level 

of illumination, adjusting the colour spectrum of lighting, or using deflectors are some of the potential 

light design adjustments that could take place (Bennun et al., 2021; BirdLife International - Europe 

and Central Asia, 2023; Deakin et al., 2022). It is crucial to adjust the design of lighting in consultation 

with relevant stakeholders, considering its significant role in ensuring aviation and navigational safety. 

Cable design and burial depth are also crucial to minimise the level of electro-magnetic field (EMF) at 

which the animals can be exposed to and heat emissions being produced (Hermans, 2022).

Adjustments to the design of infrastructure elements can also potentially minimise 

the environmental impact. For instance, scour protection is typically applied 

around piles to prevent scouring and sediment re-suspension. The choice of turbine 

foundation type can also influence the size of the seabed footprint and, depending on

the type, can produce less noise emissions during construction. Bird collisions can potentially be 

minimised if either lower or upper tip height is adjusted to local migratory flight patterns of bird and 

bat species or by applying achromatic patterns to the blades, painting them in contrasting colour, or 

with UV colours to enhance their detectability (Martin & Banks, 2023; May et al., 2020). However, 

these blade design adjustments are still in a conceptual phase for offshore wind turbines. While some 

measures work for onshore wind turbines, research in the offshore context has yet to prove their 

effectiveness in the marine environment. Nevertheless, research shows that maximising the height of 

the rotor zones is assumed to minimise collision risk for bats, as a higher proportion of migrating bats 

cross in heights below 30 meters (Seebens-Hoyer et al., 2024). 

Lastly, the choice of materials used can be extremely important to minimise infrastruc-

ture’s chemical emissions on the environment. To minimise the amount of metal 

pollution entering water and sediment, environmentally-friendly techniques for 

corrosion protection are encouraged (e.g. use of impressed current cathodic protection

(ICCP) systems) (Federal Maritime and Hydrographic Agency & Helmholtz-Zentrum Hereon, 2022). 

Furthermore, anti-fouling paint containing biocides should ideally be avoided. When cable protection 

by covering is necessary, the use of inert materials which do not undergo any dangerous chemical 

modification is recommended.
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CONSTRUCTION PHASE
1 2

The construction phase, for the purposes of this report, encompasses the installation of offshore 

wind turbines and their foundations, laying and protection of submarine cables, and installation 

of marine electrical substations. All these activities require numerous vessel movements.

Before starting the construction, it is essential to prepare a detailed and 

comprehensive construction protocol which should aim to reduce the number 

of vessel trips to only necessary ones (Bennun et al., 2021). Besides reducing the 

number of trips, it is recommended for vessels to adjust their speed and routes to 

reduce noise emissions and minimise the chances of animal disturbances and injury (BildLife 

International - Europe and Central Asia, 2023; Department for Business Enterprise & Regulatory 

Reform, 2008). Furthermore, timing of all construction activities could be adjusted in a way to avoid 

important periods, such as migratory periods, over-wintering, or breeding periods for birds and 

nursery periods for marine mammals (according to the life stage and abundance of target species). To 

minimise the risk of injury to marine mammals, there is a possibility to hire a marine mammal observer 

(MMO) on the installation vessel. The MMO can then request adjustments of the activities if marine 

mammals are observed in the area and therefore minimise the disturbance of animals (Bennun et al., 

2021; Department for Business Enterprise & Regulatory Reform, 2008). 

Noise is one of the most severe pressures on the environment during construction, 

particularly during piling. Therefore, most of the identified mitigation measures 

for the construction phase are dedicated to noise emissions and have already been 

implemented in various sites. To manage noise emissions during construction,

mandatory noise threshold values could be established (where supported by the necessary data), 

offering developers guidance on the noise levels that should not be exceeded during their activities. 

These values usually come from governments, are defined by law, and based on specific noise-sensitive 

species. For instance, to minimise the effects of noise emissions on harbour porpoises, compliance 

with a dual noise protection criterion is mandatory in Germany (Bundesministerum für Umwelt, 

Naturschutz und Reaktorsicherheit, 2022). When deciding on the methodology of installing piles, 

it is recommended to assess if pile drilling is an option instead of pile hammering since the former 

is less noise intensive than the latter (Bennun et al., 2021). There are many ways to minimise the 

noise emissions emitted in the environment from piling. Bubble curtains and cofferdams are some of 

the noise minimisation measures which are already implemented on a larger scale with good results 

(Bennun et al., 2021; Defingou et al., 2019). 
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New noise minimising piling methodologies are also being developed and tested constantly. For 

instance, instead of using conventional hydraulic hammering while piling, it is possible to use blue 

piling technology (Defingou et al., 2019). Another example is the use of vibro-piling, instead of 

conventional impact-piling, which causes a temporary reduction in the surrounding soil resistance 

that allows the pile to sink into the seabed (Verfuss et al., 2019). Exciting developments in lower-noise 

installation methods, which includes jetting technology lowering the resistance of the surrounding 

sandy soil, have recently been tested in a new German OWF Gode Wind 3 (Ørsted, 2024). 

Furthermore, developers are recommended to use a soft start, which means they adjust their piling 

energy in the beginning of the pile-driving-process in a way that increases the piling energy gradually 

so noise-sensitive animals have enough time to leave the area (Defingou et al., 2019). Another way to 

displace marine animals from the area is to use acoustic deterrence devices (ADD) such as seal scarers 

and pingers. However, deterrence devices introduce more noise to the environment on a cumulative 

level and sometimes produce a stronger deterrence effect than needed, which can consequently lead 

to a negative impact on biodiversity, including also sessile species in the surrounding area. Therefore, 

their usage should be undertaken carefully. Which device to use should be decided on a case-by-case 

basis, with the overall goal to use the deterrence device with the smallest environmental impact 

(McGarry et al., 2022; Voß et al., 2023). Furthermore, to ensure no marine mammals are within a 

specified area prior to the construction activities, it is possible to use passive acoustic monitoring 

(PAM) to monitor marine mammals at night and during poor visibility (JNCC, 2023).

Timing of piling is also crucial. Like vessel movements, limiting the number of hours per 

day when piling takes place or limiting the total number of piling days will influence the 

amount of noise emitted in the environment on a cumulative level.  The decision which 

approach to take will depend both on the national regulations and local ecosystems.

It is also important to avoid sensitive feeding, spawning, breeding, and nursery areas during times 

of the year when they are being used for these activities. Additionally, piling  preferably wouldn’t 

take place during sensitive spawning times for substrate spawning species and seasonal migration of 

specific fish and shellfish species All of this should be included in the installation protocol. 

Cable laying is another essential part of offshore wind farm and grid construction, 

and to ensure negative impacts on environment are minimised it is important to 

use the least intrusive technique available. Which technique to use depends on 

seabed conditions. In intertidal and landfall areas where habitats may be vulnerable

(such as chalk cliffs and saltmarsh), using horizontal directional drilling (HDD) can avoid significant 

habitat disturbance (Department for Business Enterprise & Regulatory Reform, 2008). In soft seabed, 

using jet ploughing can help reduce benthic disturbance (Bennun et al., 2021). After the cable is laid 

and buried, it is recommended to back fill the trench with original excavated materials to promote the 

recovery of the seabed. In the case of hard substrate areas, if the same material cannot be used, use of 

sustainable nature-based materials to cover cables is preferred. 
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OPERATIONAL PHASE
1 2 3

Most of the avoidance and minimisation measures that can be implemented for offshore wind 

farm and grid infrastructure should take place during the planning and construction phases. 

During the operational phase it is either too late, extremely complicated, and/or too costly 

to adjust or remove infrastructure. This is particularly the case for pressures such as light 

emissions, chemical and solid emissions, electromagnetic fields (EMF), and heat emissions. 

However, even during the operational phase certain minimisation measures of environmental 

impacts can be used.

The biggest threat to the environment when an offshore wind farm becomes operational is the 

collision of birds and bats with the infrastructure, which can lead to injury and death. Bats can also 

experience barotrauma, a condition caused by a sudden drop in air pressure within the vortex of wind 

turbine blades, which, combined with their comparatively delicate lungs, can be harmful to them (The 

North Sea Foundation, 2022). A proposed solution for these problems is to implement curtailment or 

shutdown on demand, during which the speed of blade rotation is almost completely halted.

THIS SHUTDOWN ON DEMAND CAN BE IMPLEMENTED IN DIFFERENT WAYS

During already determined times of the day/night (e.g. 1 hour after sunset) or ambient environmental 

factors (e.g. westerly wind and low temperatures) (Ahlén et al., 2009; Bach et al., 2022; Bennun et al., 

2021; Brabant et al., 2021; Lagerveld et al., 2021; Rydell et al., 2014; Seebens-Hoyer et al., 2024).

Preventing bird collisions through active control of wind turbines by making small adjustments to the 

rotor speed after detecting the presence of birds within a certain distance of the blades.

During specific pre-determined periods based on, for instance, the outputs of migration predictive 

models for birds and bats.

Using either digital camera, radar, or acoustic technology to do post-construction monitoring and 

identify which turbines should have their rotation halted at what times (e.g. migratory periods or other 

periods of high activity).
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DECOMMISSIONING PHASE
1 2 3 4

Even after an offshore wind farm is finally constructed, regular vessel trips are still 

needed for maintenance and occasional repairment services. It is recommended 

to minimise the number of trips as much as possible to reduce the disturbance of 

ecosystems. Furthermore, the speed of maintenance vessels could be adjusted to 

 minimise the noise emissions being produced and minimise the risk of collision with fauna.

OSPAR Decision 98/3 on the Disposal of Disused Offshore Installations has been critical in defining 

offshore decommissioning obligations since its publication in 1998. While the dumping prohibition for 

oil and gas installations is clear, there is less clarity when it comes to offshore wind and grid infrastructure, 

which is mostly nationally regulated. These national regulations dictate whether the complete removal 

of infrastructure is mandated, or partial decommissioning is permissible. Nevertheless, the important 

measure to avoid, minimise or at least postpone the impacts of decommissioning activities on onsite 

biodiversity is to extend the lifespan of the infrastructure, where appropriate, such as by increasing 

the longevity of wind turbine foundations.

When full removal is compulsory, minimisation strategies closely resemble those 

employed during construction phase, particularly those for noise minimisation. 

Coordination of decommissioning activities by making regional decommissioning 

plans can aid in minimising cumulative disturbance as a result of consecutive activities.

By grouping decommissioning activities together, the periods of disturbance can potentially be 

shortened. When partial decommissioning is allowed, the emphasis shifts towards safeguarding 

crucial species that have established ecosystems within these structures. It is important to already 

integrate decommissioning considerations in the design phase to ensure effective planning of 

decommissioning activities. Potential activities for partial decommissioning include cutting 

monopiles below the seabed or leaving scour protection in place. While such approaches aid in 

minimising habitat disturbance, questions arise regarding their alignment with circularity principles 

and future material needs. Despite regulations typically favouring full removal, the reality often 

diverges due to a lack of comprehensive regulatory frameworks and incomplete understanding of 

environmental impacts, posing challenges for developers and transmission system operators (TSOs). 

The decision regarding whether infrastructure is fully or only partially decommissioned should be 

assessed on case-by-case basis.



26

V. KNOWLEDGE
 GAPS 

26



27

V. KNOWLEDGE GAPS

While doing this exercise, OCEaN Members 

were not only able to identify ways to deploy 

offshore wind and grid in a nature-friendly 

way, but also areas where more research is 

still needed to understand the relationship 

between deployment of offshore infrastructure 

and marine ecosystems. For certain aspects, 

there are already ongoing research projects 

trying to fill in these knowledge gaps while in 

other areas more attention is needed. There 

is a growing realisation that some more subtle 

environmental impacts have the potential to 

become more prominent on a cumulative level. 

Therefore, more research on the relationship

between offshore wind and grid infrastructure 

and biodiversity is needed, coupled up with pilot 

projects testing new minimisation measures. 

For this, collaboration between academia, civil 

society and industry is crucial.

OCEaN invites relevant stakeholders to approach 

these collaborations pro-actively to address the 

topics mentioned below. This chapter provides 

an overview of identified knowledge gaps and 

existing research projects trying to address 

them. 

Offshore wind and grid infrastructure is necessary for a sustainable energy transition, 

and ongoing research on how to deploy it in an environmentally-friendly way is producing 

relevant and new knowledge every day. The offshore environment is a challenging one 

to operate in for many reasons, and this is compounded by knowledge gaps on how 

marine ecosystems function and uncertainties about how human activities are affecting 

them. Nevertheless, certain threats to the environment posed by offshore wind and grid 

infrastructure are proven. For these clear and direct impacts, targeted avoidance and 

minimisation measures have been developed and are to some extent being implemented. 

When the nature, size, and scale of the impact is clear, it is easier to develop avoidance 

and minimisation measures and consequently assess their efficacy to reduce the impact. 

Furthermore, efforts to reduce the impact should be proportional to the impact’s size.

A good understanding of suitable mitigation measures for impacts of offshore wind 

and grids on bats is lacking. Scientists have observed  that migrating bats cross the 

North and Baltic Sea and are impacted by offshore wind farms (Rydell et al., 2010; 

Voigt et al., 2015). In some regions offshore bat migration has been investigated for

several years, creating a sound knowledge base on activity patterns, phenology, and weather 

dependence of bat migration events (Bach et al., 2022; Brabant et al., 2021; Lagerveld, Geelhoed, et 

al., 2023; Lagerveld, Wilkes, et al., 2023). In contrast, knowledge on offshore bat migration is limited 

in several other regions (most of Scandinavia, the Baltics, and Great Britain). Detailed knowledge on 

population dynamics is lacking and hampers efforts to quantify the impact on overall bat populations 

(The North Sea Foundation, 2022).
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To help fill these knowledge gaps, Vattenfall, Energinet, Danish Energy Agency and conslutants from 

WSP, Pennen & Swærdet  and EnviroPlanning are conducting the research project Kattegat West 

Baltic Bats Project (KABAP) to investigate bat behaviour around offshore wind farms developments 

in the Kattegat - SW Baltic Sea region. More than 100 bat detectors were placed throughout the area 

to understand bat migrations, activity patterns, phenology, and responses to weather conditions. The 

results should inform impact assessments for future offshore wind farms and allow for the evaluation 

of appropriate mitigation measures. Similarly, Iberdrola’s Saint-Brieuc offshore wind farm off the coast 

of Brittany is conducting a three-year bat monitoring study using acoustic recording devices placed 

on eight of the wind turbines. The objectives of this monitoring include providing information on the 

presence of migrating bats in the offshore wind farm and investigating whether bats are attracted to 

wind farm lights. 

While onshore wind farms are minimising their bird collision impacts by 

applying different versions of curtailment (Birdlife International, 2015), its 

implementation in the offshore environment is still either in a conceptual or 

testing phase. For instance, radar technologies for shutdown on demand are being

tested in a few offshore wind farms (Fryslan OWF, and Maasvlakte II OWF), however, their turbines 

are located very close to shore and the technology is only being implemented on a limited number 

of turbines (Cunningham, 2022). The Dutch Government is currently testing its Start/Stop program, 

which shuts down offshore wind turbines in wind farm zones parallel to the coast of Zeeland and 

Holland when bird migration is expected to reach a peak. To inform curtailment, it is necessary to 

understand the collision risk. The PrediCtOr project is trying to improve the accuracy of collision risk 

estimates and therefore contribute to the reduction of bird collisions in offshore wind farms. 

While seabird collisions and curtailment are getting increasing attention, more 

understanding is needed on the impacts of seabirds avoiding offshore wind farms 

and how to properly address them. For instance, more information on migratory 

corridors allows developers to adjust the planned layout of offshore wind turbines to

minimise negative impacts on seabirds. Layout adjustments might reduce displacement, however, 

the trade-off of reducing the level of displacement might be an increase in collision risk (Harwood & 

Perrow, 2019). Therefore, it is advised to already consider migratory routes during government led 

MSP and site allocation, rather than solely creating migratory corridors within an OWF. If migratory 

corridors within an OWF are created, they should be done in coordination with migratory corridors of 

other neighbouring offshore wind farms to ensure the flight path of birds is not interrupted.

https://group.vattenfall.com/press-and-media/newsroom/2024/are-bats-and-wind-turbines-a-viable-cocktail-at-sea
https://group.vattenfall.com/press-and-media/newsroom/2024/are-bats-and-wind-turbines-a-viable-cocktail-at-sea
https://ailes-marines.bzh/en/measures/follow-up-measures/monitoring-of-bats-in-the-exploitation-phase/
https://www.noordzeeloket.nl/functies-gebruik/windenergie/start-stop/
https://www.carbontrust.com/our-work-and-impact/impact-stories/large-scale-rd-projects-offshore-wind/prevalence-of-seabird-species-and-collision-events-in-offshore-wind-farms-predictor
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Creation of the exact migratory corridors within an OWF would be then done by wind developers; 

however, regulatory bodies, particularly permitting authorities, should ensure these corridors are 

coordinated between developers and that they are based on real scientific knowledge, which is still 

missing. Therefore, more research and pilot projects are needed to understand the role migratory 

corridors can play in minimising both collisions and avoidance behaviour of birds and their effectiveness.

As already mentioned in the project planning phase, while some potential ideas for 

mitigation measures involving the design of wind turbine do exist, they are still in 

a conceptual phase. Some alterations, such as vision-based collision mitigation, are 

proving to be effective onshore for some species, but direct transfer of these measures

to offshore environments should be assessed carefully (Martin & Banks, 2023; May et al., 2020). 

Currently, there is a trial underway testing the effectiveness of painting a turbine blade black on 

existing turbines in a nearshore wind farm in the Netherlands. The project is an initiative of RWE 

and Groningen Province in collaboration with other public authorities and private parties in the wind 

sector. Reducing Seabird Collisions Using Evidence (ReSCUE) project, led by Natural England, is 

striving to improve knowledge of seabird flight heights and collision risk with offshore wind turbines 

in UK waters. Additionally, Iberdrola’s Saint-Brieuc offshore windfarm is currently testing a bird 

collision avoidance system on three of the wind turbines. The system is composed of a network of 

cameras, which detect the trajectories of different categories of birds, connected to a sound scaring 

system, which is activated once a bird enters a risk perimeter around the rotor of the wind turbine. 

While such systems have been in use onshore for several years now, applications offshore are only 

just catching up. 

Research and modelling on the impacts offshore wind can have on primary 

production, nutrient cycling, oxygen saturation and therefore entire ecosystems is 

scarce and needs more attention. Primary production is essential for providing food 

and oxygen production in marine ecosystems and driving oceans’ chemical cycles.

Underwater structures, such as foundations and piles, may cause turbulent current wakes, which 

impact circulation, stratification, mixing, and sediment resuspension. This can affect the ability of 

plankton to perform primary production and change the intensity, timing, and distribution of primary 

production, which can impact higher trophic levels and therefore entire food web dynamics (Daewel 

et al., 2022; Dorrell et al., 2022; Slavik et al., 2019; The North Sea Foundation, 2022). Considering the 

potential cumulative impact of these combined changes, it is important to test if specific wind farm 

layouts or avoidance of stratified waters can help alleviate this problem. Monitoring and adaptive 

management frameworks should be established to address abiotic changes and their potential impacts 

on primary production, ensuring timely intervention to safeguard marine ecosystems. 

https://www.rwe.com/en/research-and-development/wind-power/black-blade-study/
https://www.rwe.com/en/research-and-development/wind-power/black-blade-study/
https://www.thecrownestate.co.uk/news/the-crown-estate-invests-a-further-gbp9m-in-new-research-to-drive-nature
https://ailes-marines.bzh/mesures/mesures-daccompagnement/experimentation-dun-systeme-devitement-des-collisions-pour-lavifaune/
https://ailes-marines.bzh/mesures/mesures-daccompagnement/experimentation-dun-systeme-devitement-des-collisions-pour-lavifaune/
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Research on chemical pollution caused by corrosion protection, microplastics 

or other potential chemical spills is still scarce and should be expanded (Federal 

Maritime and Hydrographic Agency & Helmholtz-Zentrum Hereon, 2022; The 

North Sea Foundation, 2022). There are several ongoing research projects

in this field, such as ANEMOI, ECOCAP and PREMISE. ANEMOI studies the chemical emissions from 

offshore wind farms and their impact on ecosystems and aquaculture, while ECOCAP analyses if 

cathodic protection materials used to prevent corrosion of infrastructure (such as galvanic anode and 

impressed current) have negative impacts on marine ecosystems and their food webs. Furthermore, 

although research on microplastics pollution in offshore wind farms is so far quite limited, existing 

results show negligible amounts of microplastics from infrastructure are being released into the 

surrounding environment (Piarulli et al., 2023). More monitoring could be conducted so the scale and 

potential impact of chemical pollution can be understood better. PREMISE project aims to address 

this gap by evaluating the size and volume of microplastics erosion and assessing environmental risk 

and toxicological effects. 

Existing research on the impact of EMF on marine ecosystems is limited, and the 

studies that do exist often yield mixed results. This inconsistency makes it difficult 

to draw clear conclusions about the overall impact of EMF on marine ecosystems 

(Hermans, 2022; The North Sea Foundation, 2022). To address this knowledge gap,

the FlatEMF study is trying to uncover the impacts EMF might have on commercially important flatfish 

species and how to mitigate them. This topic is particularly important for discussions with other 

maritime sectors, such as the fishing industry.  Furthermore, ElasmoPower project focuses on the 

potential impacts of EMF on benthic elasmobranch. Similarly, heat emissions produced by offshore 

wind farm and grid infrastructure needs more research to understand what possible impacts might 

be, especially on a cumulative level. Some limited research is showing that the temperature changes 

resulting from power cables are within the range of natural temperature variations (SEER, 2022b).

As already mentioned, habitat alteration caused by offshore wind farm and grid 

infrastructure can cause habitat disturbance and loss for many species. An additional 

risk connected to habitat alteration is the attraction of other non-native species. 

While most habitat alteration is localised to the area closest to the infrastructure

(The North Sea Foundation, 2022), the impact could become more significant on the long-term and 

cumulative level (Rezaei et al., 2023). More understanding regarding how introduced hard substrate 

on the seabed and in the water column can alter habitats and attract non-native or invasive species is 

needed (The North Sea Foundation, 2022). To enhance our scientific knowledge, monitoring of changes 

to benthic communities and habitats should be done. Some research on this topic already exist, such 

as the research project FISHOWF on monitoring strategies to identify impacts on fish communities 

from OWFs and their export cables and DRACCAR-MMERMAID, which looks at monitoring marine 

megafauna around OWFs.

https://www.interregnorthsea.eu/anemoi
https://www.france-energies-marines.org/en/projects/ecocap/
https://premise.dtu.dk/
https://renewables-grid.eu/publications/press-releases/detail/news/join-the-flatemf-study-to-discover-the-impact-of-subsea-electricity-cables-on-marine-wildlife.html
https://www.wur.nl/en/project/elasmopower-1.htm
https://www.france-energies-marines.org/en/projects/fishowf/
https://www.france-energies-marines.org/en/projects/draccar/
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VI. RECOMMENDATIONS FOR POLICY MAKERS AND PERMITTING AUTHORITIES

While there are already some policies and guidelines in place which are ensuring 

that the harm caused by the development of offshore wind and grid infrastructure 

is minimised, there is still opportunities for advancement. Throughout discussions 

between its Members, OCEaN identified areas where further adjustments, flexibility, or 

guidelines from regulatory bodies are recommended to reach both better biodiversity 

outcomes and accelerated deployment of offshore wind farms.

LIGHT DESIGN & 
TURBINE BLADE COLOUR 

While light design and turbine blade colour 

could reduce negative impacts on biodiversity, 

at least if proven effective, developers are 

often limited by the guidelines and restrictions 

given by national regulations, especially with 

connection to aviation and safety standards. 

Therefore, wind developers don’t have a lot of 

freedom to choose their light design and blade 

colours, which could have negative impacts 

on various biodiversity receptors. Therefore, 

more flexibility is needed from the national 

regulators to address this pressure. This can 

be done by allowing different light designs and 

turbine colours when requested by the OWF 

developer.

NOISE 
EMISSIONS 

Thresholds for noise emissions should be based 

on best available science. Currently the type 

of noise mitigations applied in each country 

depends on national regulations. For instance, 

Sweden has no national guidelines and leaves 

local municipalities to decide on a case-by-case 

basis.
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DECOMMISSIONING Decommissioning practices largely depend 

on what is mandatory or allowed by law. 

Currently, all infrastructure needs to be 

removed, including subsea cables. If this 

continues to be the standard, coordination of 

decommissioning activities on a regional level 

could be done in order to potentially group 

activities and therefore shorten the period of 

cumulative disturbance. However, complete 

decommissioning might not always be the best 

solution for biodiversity and therefore there 

is a need to reconsider decommissioning 

obligations.

CHOICE 
OF MATERIALS

As previously mentioned, the choice of 

materials used for infrastructure can minimise 

chemical emissions on the environment (e.g. 

using environmentally-friendly corrosion 

protection and avoidance of anti-fouling 

paint with biocides). However, there should 

be a consistent, standardised requirement 

from permitting authorities to use these less 

damaging chemicals. 

Danish guidelines consider accumulated levels 

of noise, while in Germany and the Netherlands 

mitigations are only applied once a set 

maximum level of noise is reached. Therefore, 

coordination between nation states within a 

sea basin is needed to agree on how to approach 

noise minimisation and should be based on the 

presence of noise-sensitive species. Potential 

fora where these conversations can take place 

are regional organisations such as OSPAR and 

HELCOM. 

NOISE 
EMISSIONS 

(continued)
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Importantly, the decision on whether to 

pursue a partial or full decommissioning 

should be completed on case-by-case basis to 

find the best decision for species at the site. 

In the of case of partial decommissioning, it 

is advised to focus on protecting key species 

that might have developed stable populations 

within the footprint of offshore wind and grid 

infrastructure.  

DECOMMISSIONING

(continued)
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VII. BEST PRACTICES – INSPIRATION FOR OFFSHORE WIND AND GRID DEVELOPERS

The collection of avoidance and minimisation measures provided by OCEaN aims to give an overview of measures that can 

be implemented in offshore wind farms and grid infrastructure. However, the effectiveness of each measure is context- and 

site-dependant. OCEaN therefore encourages offshore wind and grid developers to use the collection as a first step to get 

acquainted with existing measures (full collection of measures is available via OCEaN website upon request). Nevertheless, 

avoidance and minimisation measures that have been implemented in various environmental, geographical, and geophysical 

settings and have proven to be effective in these settings were also identified. These ‘best practices’ measures are listed below. 

During geophysical surveys necessary for site characterisation, consider using least-intrusive equipment and 

doing surveys outside of sensitive periods for threatened species present at the site.

Avoid haul out sites in general, but especially during sensitive periods such as breeding seasons.

Site offshore substations in a way which minimises the number and length of inter-array cabling.

Avoid the use of anti-fouling paint containing biocides.

When cable protection by covering is necessary, use inert materials that do not undergo any dangerous chemical 

modification.

Shield and bury cables to reduce the amount of seabed under EMF.

Prepare detailed and comprehensive construction protocols that include all vessel movements and activities. The 

aim should be to reduce the number of trips to only necessary ones.

Avoid construction during sensitive periods for species present at the site (e.g. migratory periods, over-wintering 

periods, breeding periods).

While scour protection is originally placed to ensure stability around the monopile, scour protection in soft 

sediment areas can also help avoid sediment resuspension which can affect benthic communities (and subsequently 

plankton).

Adjust piling energy (soft start) in the beginning of the pile-driving-process and gradually increase the piling energy 

so that noise-sensitive animals can leave the area.

Deploy noise abatement systems such as Hydro Sound Dampers (HSD) and cofferdams to reduce noise during 

installation of monopiles and jacket foundation for turbines and offshore platforms.

Use the Horizontal Directional Drilling method when laying underground cables to reduce damage in intertidal 

and landfall areas where habitats may be more sensitive (e.g. chalk cliffs, saltmarsh).

Reduce the number of maintenance vessel trips as much as possible to reduce the disturbance of ecosystems. 

Adjust the speed of maintenance vessels to reduce the noise emissions.

Aim at siting away from areas designated as MPAs and avoiding spawning and nursery habitats and species-rich 

habitats. Micro-site in a way which avoids habitats valuable for threatened species (e.g. spawning, nursery and 

feeding grounds) and reefs. 

Apply careful (micro)siting based on sensitivity mapping and standardised bird and bat surveys, avoiding valuable 

areas for sensitive seabird species (e.g. functionally linked areas), migration flyways for vulnerable species of birds 

and bats, and routes that seabirds use to travel between their colonies and foraging areas. 
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While offshore wind and grid infrastructure are an essential part of the endeavour to mitigate the climate 

crisis, it is important to highlight that there is an ongoing biodiversity crisis as well. Therefore, all future 

offshore wind and grid infrastructure should be deployed with a comprehensive and careful application 

of measures which avoid and minimise potential negative environmental impacts. The overview provided 

by OCEaN, which this report tried to summarise, contains around 80 of these measures spanning across 

different stages of an offshore wind farm’s lifecycle. The overview can act as a first step by identifying existing 

measures. All measures should be then assessed for their effectiveness on a case-by-case basis. 

VIII. CONCLUSION

What is apparent from this joint work is that 

many environmental impacts can be minimised, 

or even avoided, if they are considered early 

on during Maritime Spatial Planning and in 

the project planning process. However, even 

better results could be achieved if MSP is done 

on a sea basin level and if more offshore wind 

farm auctions include non-price ecological 

criteria. MSP should, therefore, integrate 

ecosystem-based approach, ensuring that 

future offshore wind projects are implemented 

in a way that is both environmentally responsible 

and aligned with nature-friendly practices. 

Furthermore, while most pressures occur during 

infrastructure construction, there are plenty of 

avoidance and minimisation measures that are 

and should continue to be applied due to their 

proven effectiveness in reducing environmental 

impacts. These, along with many others, were 

identified in the ‘best practice’ list, and OCEaN 

advocates for their continued adoption.

The goal of this collection was to be as 

comprehensive as possible, however, there are 

still areas which should be explored further. 

Besides identified knowledge gaps regarding 

more subtle pressures which may operate at 

larger geographical or long-term scales, there 

is also uncertainty if identified measures can 

be directly transferred to other sea basins with 

the same effectiveness. Another clear gap is 

that this collection only covers bottom-fixed 

technology. Considering developments in 

floating technology and especially its relevance 

for the Mediterranean basin, it would be 

useful to identify which measures already 

implemented for bottom-fixed technology are 

of relevance for floating technology, and which 

environmental pressures caused by floating 

technology need specialised avoidance and 

minimisation measures. 

The complete collection of avoidance and minimisation measures, their status of implementation 

offshore, and examples of deployment is available to everyone upon request via OCEaN website. 

This collection was developed as part of OCEaN’s commitment to supporting the nature-friendly 

deployment of offshore wind and grids and demonstrating that this goal is achievable. Furthermore, 

OCEaN will continue the work on avoidance and minimisation to ensure the collection is still relevant 

and useful. Innovation and new developments in the offshore wind and grid sector are constantly 

emerging and therefore adjustments to the database are anticipated. To support this process, all 

stakeholders are invited to give their feedback and join OCEaN in ensuring offshore wind and grid 

deployment goes hand-in-hand with nature protection. 
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A variety of different devices which emit sounds 

to deter/alert animals form a specific hazard/

area, sometimes also called Acoustic Mitigation 

Devices (AMDs) and Acoustic Harassment 

Devices (AHDs) (McGarry et al., 2022).

ACOUSTIC 
DETERRENT DEVICES 
(ADDS) 

EIA is a systematic process that examines the 

environmental consequences of development 

actions in during planning process (Glasson et 

al., 2005).

ENVIRONMENTAL 
IMPACT 
ASSESSMENT (EIA) 

The air-bubble curtain is one potential noise 

minimisation measure, which consists of rising 

air bubbles that encircle the pile, forming a 

closed curtain which minimises the amount 

of noise being emitted in the surrounding 

environment (Tsouvalas & Metrikine, 2016). 

BUBBLE 
CURTAIN 

Total impacts resulting from the successive, 

incremental, and/or combined effects of a 

project when added to other existing, planned, 

and/or reasonably anticipated future projects, 

as well as background pressures (Stephenson, 

2022).

CUMULATIVE 
IMPACTS 

A type of temporary structure designed to 

keep water and/or soil from the execution of 

construction at a site, so that the permanent 

structure/facility can be constructed in water 

(Qian et al., 2018).

COFFERDAM

Limiting the normal use of an area within or 

adjacent to a wind farm. Occurs when species 

alter their normal use of the habitat (SEER, 

2022a).

DISPLACEMENT

An encompassing term used to classify 

organisms found on, in, or in close contact 

with the bottom region of bodies of water and 

seabed (Walag, 2022).

BENTHOS 

GLOSSARY
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A change in conditions which interferes with 

the normal functioning of a biological system. 

A disturbed habitat indicates a temporary 

change in environmental conditions, which 

causes a pronounced change in the ecosystem 

(Capucchio et al., 2019).

HABITAT 
DISTURBANCE 

The mitigation hierarchy is a framework 

developed to guide activities toward limiting 

negative impacts on biodiversity. It includes 

four categories of actions that are designed to 

be implemented sequentially: avoid, minimise, 

restore/remediate, and offset (Arlidge et al., 

2018). 

MITIGATION 
HIERARCHY 

HDD is a construction technique whereby a 

tunnel is drilled under a waterway or other 

designated area, and a pipeline or other utility is 

pulled through the drilled underground tunnel 

(Enbridge, 2023).

HORIZONTAL 
DIRECTIONAL 
DRILLING (HDD)

Maritime Spatial Planning manages the 

distribution of human activities in space and 

time to achieve ecological, economic, and social 

objectives and outcomes (Zaucha & Gee, 2019).

MARITIME 
SPATIAL 
PLANNING (MSP) 

Changes in the state of ecosystems may 

have environmental consequences on their 

functioning, their life-supporting abilities, 

and ultimately on human health and on the 

economic and social performance of society 

(Kristensen, 2004).

IMPACT

Natura 2000 is a network of protected areas 

covering Europe’s most valuable and threatened 

species and habitats. The sites within Natura 

2000 are designated under the EU Birds and 

the Habitats Directive (European Environment 

Agency, 2023.

NATURA 2000 
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GLOSSARY

In the context of offshore wind and grid 

development, nature-inclusive designs refer 

to nature-inclusive construction, in which the 

design and construction of wind farms include 

the potential to enhance biodiversity and 

natural resources (Stephenson, 2022).

NATURE-INCLUSIVE 
DESIGN 

UXOs are explosive mines and amunition that 

did not explode when they were employed and 

still pose a risk of detonation (Office for Coastal 

Management, 2024).

UNEXPLODED 
ORDNANCE (UXO) 

 A product of excessive amount of resource use, 

change in land use, or emissions as a result of 

human activities (Kristensen, 2004).

PRESSURE

Receptor is any element of biodiversity that 

is affected by the release of pressures in the 

environment (Kristensen, 2004).

RECEPTOR

PAM entails using fixed autonomous acoustic 

recording devices which are placed at the 

development site before the activities with 

potential negative impacts on marine flora take 

place. With the help of PAM, developers can 

understand if animals are available at the site 

and therefore time their activities accordingly 

(JNCC, 2023).

PASSIVE 
ACOUSTIC 
MONITORING (PAM)

SEA is a process which facilitates a proactive 

approach to ensuring that environmental and 

sustainability considerations are considered 

during early stages of strategic decision-making 

process. It evaluates environmental impacts 

of policies, programs and plans (Fundingsland 

Tetlow & Hanusch, 2012).

STRATEGIC 
ENVIRONMENTAL 
ASSESSMENT (SEA) 
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