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The expansion of offshore wind power in the Baltic Sea raises concerns about biodiversity impacts. Ecological
compensation (EC) is a potential strategy to mitigate these effects, but its feasibility remains uncertain. This
study examines the viability of EC for offshore wind projects in the Finnish Baltic Sea region from ecological,
governance, financial, and social perspectives. Through expert interviews with industry, government, NGOs, and
researchers, we identify key challenges and opportunities of implementing EC measures, using Finland as a case
study. While governance and social acceptance support EC, ecological and financial constraints pose significant
barriers due to the limited knowledge and uncertainties considering marine ecosystems. Four suggestions are
highlighted to improve the feasibility of EC, including 1) establishing a specialised authority for implementation
and market management of EC, 2) initiate pilot projects in collaboration with stakeholders, industry and research
institutes, 3) conduct further research on offshore wind impacts in the Baltic Sea and 4) adopt flexible and
transparent policy frameworks supporting implementation of EC.

1. Introduction

Climate change and biodiversity loss are critical global issues
demanding urgent action. Rising temperatures and human-driven
biodiversity decline, through activities like land-use change, pollution,
and resource overexploitation, threaten ecosystems worldwide [13,8].
Addressing these challenges requires coordinated global efforts. Further,
we urgently need to decarbonise our energy systems to reduce emis-
sions, limit the increasing impact from climate change and transition to
clean and renewable energy.

Offshore wind is one promising alternative renewable energy source
that can aid in decarbonisation but can have substantial environmental
and social impacts, particularly during its construction. Offshore wind
can threaten marine biodiversity by disrupting seabeds, hydrodynamics,
affect water quality and marine life, particularly in vulnerable regions
like the Baltic Sea [14,28]. Offshore wind has numerous advantages and
opportunities for boosting economic development in a region, creation
of jobs and skilled labour, and promoting energy independence and
self-sufficiency [42]. This is a typical example of a green-green dilemma;
the difficulty in choosing between producing green and renewable
electricity that can decarbonise the energy system but may have sub-
stantial environmental and social impacts [36,43].
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Finland, committed to carbon neutrality by 2035, is targeting sig-
nificant emission reductions within the energy sector [10,24].
Currently, wind power accounts for approximately 14 % of electricity
production [35], and this is almost all onshore wind. Wind power is
expected to be a key component of the transition to carbon neutrality.
Thus, the interest in developing offshore wind is also rapidly increasing.
Currently, Finland has one offshore wind park in operation and several
projects in different stages of development, including 6 GW of suitable
marine areas releasing for auction in 2024,/2025 [23]. Seven areas
within the territorial waters have been identified as suitable for offshore
wind ranging in size from 120 km? to 200 km? along the west coast of
Finland. Offshore wind could be an important piece of the transition
towards carbon neutrality but requires careful planning and mitigation
of impacts before it can be rapidly upscaled.

To balance the development of renewable energy with biodiversity
conservation, ecological compensation (EC) offers a potential solution.
EC allows parties causing environmental harm to offset impacts through
habitat restoration or protection (Ministry for the Environment, 9/
2023). While it has seen limited use in offshore wind projects, its po-
tential for mitigating biodiversity loss is growing. However, challenges
such as knowledge gaps, the assumption of negligible impacts and leg-
islative hurdles remain [27,39,5]. In Finland, EC is voluntary and guided
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by criteria in the 2023 Nature Conservation Act, allowing developers to
offset damage prior to project implementation.

The terms biodiversity offsetting and ecological compensation are
closely related and sometimes interchangeable. In Finland, the term
ecological compensation is more commonly used than the internation-
ally popular term biodiversity offsetting. Further, ecological compen-
sation was the term used during the interview process with participants,
so ecological compensation (EC) will be used throughout this article. EC
should only be implemented after all efforts to avoid adverse biodiver-
sity impacts, minimise unavoidable damage, and restore biodiversity on-
site are exhausted [29]. Ecological compensation internalises negative
externalities by incorporating the economic value of biodiversity loss
into project costs. This cost increase can influence decision-making by
encouraging developers to account for biodiversity impacts, incentivis-
ing them to choose socially optimal options, such as compensating for or
avoiding environmental damage. EC efforts have been implemented
mostly on terrestrial ecosystems, with fewer projects in marine and
coastal environments [1,34] or offshore wind farm development [39].
Several compensatory measures have been outlined as suitable for
offshore wind development, such as removing invasive species from
seabird nesting grounds, improving habitat conditions for marine
mammals or supporting the protection of critical species or habitats [3].
However, there is little information on how EC could effectively be
implemented into offshore wind development projects in Finland, where
the industry has great potential and may rapidly increase in the coming
years.

The Baltic Sea, already facing pressures from eutrophication and
pollution, is particularly vulnerable to the impact from the construction
of offshore wind on marine ecosystems [14]. Research on offshore wind
impacts in the Baltic Sea is limited, and the unique environmental
conditions there may exacerbate these effects [32]. Further, compen-
sating for biodiversity loss in the Baltic Sea is challenging due to
knowledge gaps and the unique conditions of the sea [31]. While EC has
been applied more in terrestrial projects, lessons can be adapted for
marine environments, despite challenges like high restoration costs and
uncertain effectiveness [1,15]. For example, experiences from onshore
projects can help developers and companies become familiar with the
EC process, not necessarily in terms of ecological measures transferable
offshore, but rather the administrative procedures and regulatory pro-
cesses involved.

This study investigates the feasibility of EC in offshore wind power
projects in the Finnish Baltic Sea area, considering ecological, gover-
nance, financial, and social perspectives with two main research
questions:

1. Is it feasible to implement ecological compensation in offshore wind
projects in the Finnish Baltic Sea area, and what are the challenges
and opportunities for its implementation?

2. How do different stakeholder groups perceive the viability of
ecological compensation for offshore wind projects in the Finnish
Baltic Sea region?

To answer these research questions and explore the challenges and
viability of implementing EC in offshore wind projects, data was
collected from 11 expert stakeholder interviews. Offshore wind is a
relatively new industry in Finland, and EC has only been part of the
Nature Conservation Act since 2023 [26], so there were a limited
number of experts knowledgeable in these intersecting topics. Thus, the
smaller number of interviews was justified in this case while still
providing a detailed overview of the viability dimensions of imple-
menting EC.

2. Feasibility definition

Feasibility research assesses the viability and acceptability of pro-
jects, helping guide decision-making [12]. While there is no single
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definition of feasibility, it is commonly understood as the likelihood of a
project achieving its goals. Solutions can be classified as feasible, effi-
cient, or optimal, with feasible solutions meeting basic constraints and
efficient solutions being a subset of those. Economic, technical and po-
litical feasibility are distinguished, incorporating factors such as social,
institutional and administrative considerations. [19,20]

Building on this previous research, this study evaluates the feasibility
of EC for offshore wind power projects in the Baltic Sea across four di-
mensions: ecological, governance, financial, and social. The three sus-
tainability pillars—ecological, social, and financial—form the
foundation of this framework, with governance added to align with
national legislation. For EC to be viable, all four dimensions must be
satisfied.

Ecological feasibility assesses the applicability and effectiveness of
compensation measures in the Baltic Sea, considering habitat restoration
potential and ecological equivalence to offshore wind power’s biodi-
versity impacts.

Governance feasibility examines barriers and drivers within
Finnish legislation, ensuring alignment with regulations and land tenure
considerations.

Financial feasibility evaluates the costs of implementing different
EC measures.

Social feasibility focuses on stakeholder acceptance, particularly in
voluntary EC schemes, where local support is key for success and to
avoid greenwashing risks.

While these dimensions may overlap, such as ecological equivalence
and habitat availability affecting both ecological and governance
feasibility, each contributes uniquely to the overall feasibility assess-
ment. Greenwashing is defined as the process of deliberate corporate
action to mislead consumers into thinking their business activities are
more environmentally friendly than they are in reality [9].

The chosen feasibility dimensions do not include all factors affecting
the decision-making and success of EC projects. Some elements may
have been excluded, such as the influence of biological, physical, and
chemical conditions on EC success [30]. These dimensions were chosen
based on preliminary readings and discussions, representing some of the
most significant factors affecting EC feasibility.

2.1. Data and methods

Data was collected through semi-structured expert interviews. Ex-
perts were selected from four key groups: governmental (GOV1-2), in-
dustry (IND1-5), non-governmental organizations (NGO1-3), and
research organizations (RES1-2), ensuring a broad range of ecological,
governance, financial, and social insights. Interviews were conducted
with 11 of 25 contacted experts, selected through academic networks
and industry connections.

All interviews were conducted in Finnish, recorded with consent, and
subsequently transcribed. The transcripts were reviewed to remove filler
words, repetitions, and significant grammatical errors. Due to the added
complexity of colloquial Finnish in the transcripts, they were translated
into English. Quotations used in this article are translated from Finnish
into English and edited for clarity and readability. All participants were
anonymized, and data were handled in compliance with the University
of Helsinki’s data protection policies and GDPR requirements.

The interview data were analysed using inductive thematic content
analysis, guided by the principles outlined by Braun and Clarke [6]. The
process followed their six-phase model: (1) familiarisation with data, (2)
generation of initial codes, (3) theme searching, (4) theme reviewing,
(5) defining and naming themes, and (6) report production. This enabled
an in-depth exploration of participants’ perspectives surrounding
ecological compensation in marine environments, free from
pre-determined theoretical frameworks.

The transcribed and translated interview data were imported into
Atlas.ti for the analysis. Transcripts were read multiple times during the
familiarisation phase, and notes were systematically written to capture
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emerging patterns and insights. The next phase involved inductive
coding, where codes were derived directly from the data without
imposing pre-existing frameworks. For example, phrases such as “the
seabed is modelled rather than fully mapped, which is a challenge” and
“ecological compensation can enhance public acceptability” were coded
as “lack of knowledge” and “positive social acceptance”.

Then, the codes were refined to align with the research problem, and
redundant or overlapping codes were combined. For example, codes
“fishers”, “local people” and “public opinion” were grouped under
broader codes such as “positive social acceptance” and “negative social
acceptance”. The refined codes were organised into broader thematic
categories that reflected patterns across stakeholder responses. For
example, the theme “governance feasibility” included codes such as
“compensation market”, “legislation: challenges”, and “legislation:
possibilities”.

Finally, themes and codes were further analysed across the four
stakeholder groups, allowing comparison of shared and divergent per-
spectives. Patterns that recurred across multiple interviews were iden-
tified, and particular attention was paid to the frequency and
divisiveness of specific codes among the groups. This comparative
analysis provided deeper insight into the feasibility of ecological
compensation for offshore wind power in the Baltic Sea.

3. Results

The integration of biodiversity considerations into offshore wind
projects is widely acknowledged as important by most interviewees,
who stress that addressing biodiversity loss should be part of business
decisions. Tools such as environmental impact assessments and
compliance with frameworks like the EU Taxonomy are essential. The
pressure to address biodiversity loss is increasing, especially with
deteriorating biodiversity in Finland and the poor state of the Baltic Sea.
Experts argue that the green energy transition should be sustainable and
respect key marine ecosystems.

“Something needs to be done, and all indicators also show worsening
biodiversity in Finland. There is certainly increasing pressure on the
business community to address biodiversity issues” - (IND2)

“The transition to green energy should happen sustainably, consid-
ering our most important nature value areas at sea.” - (GOV1)

However, some experts downplay the significance of offshore wind
power’s biodiversity impacts, suggesting that all activities affect biodi-
versity, and offshore wind power is not necessarily the worst offender.
They advocate focusing on broader systemic issues rather than indi-
vidual projects.

“Compared to other energy production methods, I would not
necessarily see that offshore wind power specifically requires special
attention in ecological compensation.” - (IND1)

“Discussions about how responsible wind power is might not be a
central issue at the moment; the priority is often to get the broader
system in order. While addressing these issues well is important, I
think we should focus on the larger picture first.” - (IND3)

Despite widespread support for biodiversity protection, the imple-
mentation of ecological compensation (EC) remains controversial. Many
interviewees stress that EC should be a last resort, to be used only after
all other mitigation measures, such as harm avoidance, have been
applied. Others view EC as crucial for mitigating unavoidable biodi-
versity harm, particularly in areas where sensitive habitats cannot be
avoided.
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“I think it [ecological compensation] is important. The Baltic Sea as a
marine area is in such poor condition, and an offshore wind power
farm is a massive infrastructure construction, so harmful impacts are
inevitable. Even though efforts are made to minimise harmful im-
pacts, they will still occur.” - (IND5)

Optimism exists regarding the future of EC, with some experts
advocating for practical steps to begin implementation, despite un-
certainties. They emphasize learning through trial and error, rather than
waiting for perfect conditions. The main obstacles identified include the
lack of knowledge, the uncertainty of impacts of offshore wind, diffi-
culties in finding suitable target areas, challenges with the Baltic Sea’s
marine conditions, legislative challenges, social unacceptability and
challenges related to the ecological equivalence. Conversely, some
pathways for success have been identified, and the potential opportu-
nities focus on EC in drainage and coastal areas, improving social
acceptability, avoiding greenwashing, and flexible, supportive legisla-
tion. Fig. 1 below shows key themes that arose from the responses.

3.1. Ecological feasibility

Experts view compensating for offshore wind’s biodiversity impacts
as challenging, primarily due to the uncertainty surrounding these im-
pacts. Seabed damage is considered easier to address, while compen-
sating for impacts on animal migration and electromagnetic fields is
seen as difficult. Social impacts on fishers’ livelihoods are also impor-
tant, though not compensable under the Finnish Nature Conservation
Act. The Baltic Sea’s unique and degraded ecological conditions further
complicate EC efforts. The lack of mapped data and ecological knowl-
edge is another significant barrier.

“Offshore wind power, in particular, seems to present additional
challenges. For example, how would one compensate for impacts on
birds? I struggle to imagine how to compensate specifically for im-
pacts on birds’ migration routes, fish or benthic organisms.” - (IND2)

A key barrier is the lack of ecological knowledge, especially in the
Baltic Sea, where much of the environment has been modelled rather
than fully mapped. Without a clear understanding of what is being
harmed, compensating for the damage is difficult. These concerns are
particularly considered in deep-sea areas, where compensation efforts
are seen as unfeasible due to logistical and technical challenges and
lower biodiversity values.

“Realistically, there is little that can be done in deep-sea areas. ... [T]
here are no significant actions that could realistically improve con-
ditions of deep seabed areas.” - (RES1)

Shallow coastal and seabed habitats are considered the most suitable
targets for EC, with drainage areas seen as potential opportunities for EC
due to eutrophication concerns. However, the Finnish Nature Conser-
vation Act limits the applicability of EC to offshore wind projects, as
these projects do not directly involve nutrient emissions. A combination
of conservation and restoration measures is recognized as essential to
achieving effective compensation.

“A combination [of restoration and conservation measures is neces-
sary]. Under the Nature Conservation Act, protection is always part
of the process. For marine environments, it is likely a mix.” - (RES1)

Challenges related to restoration measures include the uncertain
availability of suitable marine areas, slow benefits, and potential fail-
ures. However, restoration can be effective if appropriately planned and
monitored afterwards. The need for restoration measures in the Baltic
Sea was recognised.
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Fig. 1. A word cloud highlighting the common themes that arose from the response.

3.2. Governance feasibility

Government representatives see the Nature Conservation Act as
enabling EC, as it includes clear compensation criteria and aligns with
broader regulations like the RED Directive. For businesses, this regula-
tory clarity reduces the risk of greenwashing.

“For businesses, having a clear system where things are verified
removes the fear of greenwashing accusations. Since it [ecological
compensation] is voluntary, companies want to show their re-
sponsibility to financiers that they operate with no significant harm
or aim for no net loss. ... In that sense, it enables.” - (GOV2)

However, industry representatives argue that the Act’s inflexibility
and voluntary nature may limit EC adoption. The acts overreliance on
the natural value hectare concept may be too restrictive.

“Another major challenge is that the criteria for conservation offsets
in Finnish legislation are very strict. It is limited to endangered
habitats that are representative of natural value or state of preser-
vation, meaning the site must be an endangered habitat and already
in very good condition.” - (RES2)

Legal challenges also arise from the need for ecological equivalence
and issues related to land tenure in marine areas. The interviewees
suspect that coastal and archipelago regions are likely privately owned
and as a result, gathering large enough areas may be challenging. Outer
open sea areas are often government-owned, and areas may face
competing uses. In both cases, negotiations can be resource intensive.

“Effective Baltic Sea protection and improvement would involve
reducing nutrient emissions from drainage areas. This could be done,
but in the context of ecological compensation, which involves a
promise of ecological equivalence — ensuring that compensation
benefits target the same type of nature as was destroyed — challenges
arise.” - (RES1)

3.3. Financial feasibility

Interviewees have limited insight into EC project costs, given the lack
of data and experience in the Baltic Sea’s marine environment. High
costs, especially for restoration measures, are seen as a significant bar-
rier to EC implementation. EC may increase the overall cost of offshore
wind projects, threatening their profitability. However, conservation

measures are generally perceived as less expensive than restoration ef-
forts, though their effectiveness is questioned if eutrophication issues
are not addressed. Uncertainty about costs further decreases the appeal
of EC projects.

“Costs certainly play a role. Companies often consider the cost-
benefit aspect of compensation — what do you get out of it?” - (IND2)

“However, if comprehensive compensation measures were imple-
mented, they could become so expensive that they undermine the
project’s profitability.” - (IND3)

However, research representatives emphasise that the primary goal
of a compensation system is to increase project costs high enough to
incentivise minimising environmental harm, intending that the costs
should, at least, be noticeable to avoid unnecessary harm.

3.4. Social feasibility

The social acceptability of EC in offshore wind projects is mixed.
Positive effects are seen when local stakeholders are involved in the
process, and clear, official compensation criteria are established to avoid
greenwashing.

Negative social impacts stem from prior negative experiences, op-
position to the projects, and concerns about the effectiveness of
compensation measures. When EC is implemented transparently, it can
enhance social acceptance, particularly if it is seen as a genuine effort to
minimize environmental harm.

“This is a double-edged sword. When people oppose a project, they
see compensation as greenwashing. When they understand what it is
about, it certainly supports local communities’ welfare, ensuring that
their marine environment remains healthy.” - (IND5)

Having clear criteria and official approval through legislation plays a
crucial role in reducing the risk of greenwashing. EC may significantly
enhance social acceptance of projects, particularly among stakeholders
who already have a positive view of EC and offshore wind power
projects.

“For others who may not have such a close connection to the area,
knowing that ‘at least the environmental damage was compensated,
and nature did not suffer overall’ might be sufficient for acceptance.
Especially when talking about something like wind power, it is
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probably the electricity customer who might think, “Oh, they
compensate for their environmental impacts, that is great,” thus,
acceptance might come through the attraction of gaining customers.”
- (RES2)

4. Discussion

The first objective within this research was to identify the challenges,
opportunities and viability in the implementation of ecological
compensation (EC) in offshore wind projects in Finland. Ecological
compensation has potential to aid in biodiversity protection and could
be feasible in offshore wind development, but several challenges remain
that need to be addressed. While implementing EC appears feasible in
governance and social respects, ecological and financial factors face
challenges.

One major challenge considering EC’s feasibility is fulfilling the
Finnish Nature Conservation Act’s requirement for ecological equiva-
lence in marine environments. Although marine areas can legally be
used for EC, finding ecologically equivalent sites remains difficult,
depending on the habitat type. This challenge is compounded by limited
data on the underwater ecosystems and uncertainties considering the
biodiversity impacts of offshore wind. The complexity of marine envi-
ronments and restricted knowledge and uncertainty in offshore wind
power projects’ impact assessments are mentioned as barriers to
implementing EC in marine environments [1,15,27,39].

Some interviews raised concerns about the impacts of offshore wind
energy farms on local stakeholders, such as fishers’ livelihoods. It has
been considered whether it is possible to compensate for biodiversity
and local community values simultaneously [38]. Involving local
stakeholders is crucial both in the damaged area and the target area,
although it requires additional time, financial resources, and education
[38,4].

Another challenge highlighted in this study is the voluntariness of
the Finnish Nature Conservation Act. The Act’s rigid, but voluntary re-
quirements may reduce its attractiveness for developers and hinder the
widespread adoption of EC. For example, in Germany, some developers
have stated that the EC regulation and criteria may reduce imple-
mentation efficiency, especially in sectors operating in many countries,
such as the energy sector [37]. Mandatory EC could increase the avail-
ability of suitable target areas by providing greater certainty for land-
owners. Target areas are specific locations or ecosystems that have been
identified as suitable for ecological compensation efforts that are
equivalent to the area that has, or will be, damaged during the project
development. With a more stable demand for EC, landowners would find
it more appealing to engage in restoration, knowing there will likely be a
buyer for their efforts. Voluntary EC limits demand and thus shrinks the
market [16]. For the system to function effectively, the market needs to
be strong enough [44].

However, the voluntary EC has only recently been introduced into
Finnish legislation, and the compensation market is still developing,
meaning that more time is needed to assess its effects. Therefore, more
research is required on the market’s development and the impacts of
gradually integrating mandatory EC into legislation. It is essential to
ensure that developers can adapt to regulations without facing an
overwhelming burden. Too strict requirements could exacerbate the
green-green dilemma, where biodiversity conservation conflicts with
low-carbon energy targets, complicating renewable energy
development.

This study indicates that shallow coastal areas and terrestrial habi-
tats could offer more apparent opportunities to start implementing EC
due to existing restoration experiences, availability of suitable measures,
simpler monitoring methods, and more straightforward land value
evaluation than in marine areas. Further, shallow coastal regions often
have higher biodiversity, the presence of breeding and nesting areas,
and lower cost of restoration in coastal areas compared to deeper marine
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areas [14,18,31,40,3]. Onshore impacts from offshore wind develop-
ment usually stem from cable installation and grid connection, and
should be restored upon finalising construction [28]. To clarify further,
in addition to offshore cables, the connection points between the
offshore wind turbines and the grid network are also built onshore, and
impacts to the coastline occur from these connection points. Therefore,
cables to connect the offshore wind parks to grid connections are
installed underwater and on the coastline.

There is much knowledge regarding the restoration of Finnish mire
and forest habitats compared to marine habitats [22]. These areas also
have degraded habitats suitable for restoration and the general potential
for EC [16]. Lessons from terrestrial EC experiences could prove a
foundation for developing marine compensation practices, as the core
principles remain similar. Experiences from onshore projects can help
developers and companies become familiar with the EC process, not
necessarily in terms of ecological measures transferable offshore, but
rather the administrative procedures and regulatory processes involved.

Additionally, drainage area restoration emerged as an important
complementary measure to marine EC efforts. Although reducing
nutrient loads alone may not be sufficient as a compensation method for
offshore wind, it can support other EC measures. Combining drainage
management with marine restoration could enhance the Baltic Sea’s
water quality, which is heavily impacted by eutrophication [18,31].

Uncertain and potentially high costs challenge the financial feasi-
bility of EC in the Baltic Sea [2,40]. Estimating the costs is further
complicated by limited local experience from the Baltic Sea region, as
the expenses depend heavily on the local ecosystem, regional economy,
and restoration techniques [2]. The high costs of EC may discourage
offshore wind industry investments. However, in German terrestrial EC
projects, costs have been about 2-5 % of total construction costs, indi-
cating a relatively minor economic impact [37]. Nevertheless, costs will
likely increase in marine environments, leaving the impact on the
profitability of offshore wind power projects uncertain.

Escalating costs could again exacerbate the green-green dilemma,
potentially deterring developers due to the already high expenses of
offshore wind power projects. Conversely, low expenses might reduce
the effectiveness of EC in preventing biodiversity loss. Establishing a
balanced cost level is crucial for incentivising responsible ecological
practices among developers and minimising unnecessary harm to
biodiversity without undermining the viability of renewable energy
projects.

Experts’ opinions on the seriousness of offshore wind’s biodiversity
impacts and the significance of EC varied. Researchers tended to support
for EC, while NGO representatives favoured harm avoidance by setting
up projects in low-impact areas rather than relying on EC. Industry
representatives were divided: some perceived the biodiversity impacts
and their mitigation as less significant, while others emphasised the
need for EC within the mitigation hierarchy, particularly in the sensitive
Baltic Sea. In general, it was highlighted that EC should not justify
biodiversity damage. Rather, it should be the last resort after all mea-
sures to mitigate harm have been fully exhausted [29,11]. The obser-
vation that assumptions about minimal impacts often justify not
implementing EC [39], alongside the range of experts’ opinions, em-
phasises the need for continued knowledge-building and stronger
collaboration among the industry, stakeholders, and research
organisations.

5. Limitations and considerations

The number of interviewees may limit the generalisability of the
results, and the selected experts may not be knowledgeable about all
relevant factors. For instance, technical and logistical aspects were
underexplored, and the perspectives on social acceptance were based
solely on the experts’ assumptions about stakeholder views. However,
considering the relative novelty of EC in marine environments, the
limited pool of experts with sufficient knowledge justifies the sample
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size used. In addition, qualitative research presents challenges to ob-
jectivity, as interviews are shaped by experts’ opinions and the re-
searcher’s interpretive decisions [7]. Distortion was minimised by
systematically coding the data and reflecting on the analysis throughout
the research process.

While this study primarily addresses compensating for marine im-
pacts, it is also essential to recognise that offshore wind development
influences terrestrial environments and has biodiversity impacts
throughout the supply chain of offshore wind. Future research could
focus on offshore wind development’s terrestrial and supply chain im-
pacts to provide a more holistic understanding of its effects and the
feasibility of compensating for them. In addition, it would be worth-
while to examine how evolving national and EU legislation might impact
the feasibility of EC across its various dimensions.

6. Suggestions for improving the viability of ecological
compensation

Four suggestions to enhance the viability of ecological compensation
stem from the results. Firstly, consider establishing a specialised au-
thority for EC market management and implementation. Such an au-
thority could address some existing challenges by serving as an
intermediary, managing, coordinating and monitoring EC efforts, and
ensuring consistent standards across projects. This would provide de-
velopers with policy guidance, facilitate the identification of suitable
compensation sites, and oversee the long-term monitoring of EC mea-
sures to secure their effectiveness considering time and costs [21].
German experience shows that common reasons for EC failures are dif-
ficulties in finding suitable sites and a lack of clear requirements for
authorities for long-term monitoring [37]. Long-term monitoring is
significant for the success of EC projects [1,2].

Secondly, initiate pilot projects in close collaboration with stake-
holders, industry, government authorities and researchers. Trans-
parency and active stakeholder involvement are essential in the
implementation of EC. Developers should foster collaboration with
stakeholders and researchers in EC projects to build trust and avoid
perceptions of greenwashing. Challenges with transparency emerged,
with interviewees advocating for open information-sharing to enhance
future EC implementation. Transparency and public engagement,
alongside ecological and economic values, ensure positive social and
ecological outcomes [17,33,41].

Thirdly, conduct further research to fill data and knowledge gaps on
the impact of offshore wind on marine ecosystems and habitats, the
compensation market, the potential impacts of mandatory EC legisla-
tion, and the underwater ecosystems of the Baltic Sea. The results
indicate that identifying suitable target areas for EC is difficult without
detailed information on the specific biodiversity impacts and damaged
habitats from offshore wind development. More research on compen-
sation measures’ long-term and cumulative impacts is needed [39], as
effective EC must rely on the best available knowledge [18,2]. It has
been proposed that research should be initiated on the impacts of
offshore wind power on migratory fish, marine mammals, migratory
birds, and bats, as well as increase the quality and quantity of data from
the deeper sea areas of the Baltic Sea [25,10]. These efforts could
enhance EC’s feasibility for future offshore wind projects.

Fourthly, develop clear and flexible legal frameworks that support
EC adoption while addressing ecological equivalence and land tenure
issues. Flexibility in legislation will encourage industry participation
and ensure effective compensation measures.

7. Conclusions

This article investigated the feasibility of ecological compensation in
the context of offshore wind power development in the Baltic Sea. It
examined the challenges and opportunities associated with ecological
compensation, considering ecological, financial, governance, and social
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factors. The study analysed diverse perspectives on implementing
ecological compensation in Baltic offshore wind power projects through
expert interviews with representatives from industry, government,
research, and NGOs. While experts expressed varying opinions on the
implementation of ecological compensation, a commonly shared
perspective was that ecological compensation should only be considered
after all other mitigation measures have been exhausted, in accordance
with the mitigation hierarchy. Although ecological compensation can
mitigate biodiversity loss, its implementation in the Baltic Sea faces
challenges, mainly due to existing knowledge gaps.

Uncertainty regarding the impacts of offshore wind farms on marine
biodiversity is a significant ecological challenge, as effective compen-
sation is difficult without a clear understanding of what is being
damaged. The Finnish Nature Conservation Act’s requirement for
ecological equivalence may further complicate compensation efforts in
marine environments. The effects on the seabed in coastal areas and
terrestrial ecosystems associated with offshore wind development were
seen as possibilities for compensation. Integrating drainage area resto-
ration with underwater restoration efforts can promote overall
ecosystem health. In addition to the marine environment, offshore wind
power projects can impact the terrestrial environment due to grid con-
nections. According to the Finnish Nature Conservation Act, the damage
to the marine environment must be compensated in a similar ecosystem.
Thus, the terrestrial areas cannot be used to compensate for the damage
in the marine environment, and vice versa, but only for the damage
associated with equivalent areas.

The financial factors present a second significant challenge, as ma-
rine restoration can be resource-intensive, increasing offshore wind
projects’ costs and decreasing the attractiveness of EC for project de-
velopers. Furthermore, uncertainties in cost estimations pose risks for
project developers, mainly due to the limited experience of ecological
compensation in the Baltic Sea region. Establishing an appropriate level
of costs is essential to make the mitigation of biodiversity impacts
feasible for project developers without impeding the development of
renewable energy.

From a governance perspective, marine areas can be utilised for
ecological compensation. However, the inflexibility of legislation could
limit its attractiveness to the industry. Additionally, the voluntary na-
ture of ecological compensation presents challenges for landowners of-
fering compensation areas, as there is no guaranteed demand for areas
designated for restoration. Socially, ecological compensation could
enhance social acceptance when implemented transparently and
following the Nature Conservation Act.

In conclusion, while experts recognise the role of ecological
compensation as a final measure within the mitigation hierarchy, its
practical implementation remains challenging. It is important to strike a
balance in making ecological compensation a feasible mitigation mea-
sure for project developers without hindering renewable energy devel-
opment or neglecting biodiversity loss.
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