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Introduction

Denmark and its neighboring countries are planning a large-scale development of
offshore wind. In connection with the establishment of the National Committee for the
Ocean Decade in Denmark, Greenland, and the Faroe Islands, a working group was set
up in 2023 with the aim of supporting knowledge sharing regarding the implementation
of environmental considerations in the development of offshore energy infrastructure.

As part of this work, a conference was held on May 215 2026 at Leederstraede 20 in
Copenhagen in collaboration with the research and development projects ULTFARMS,
OLAMUR and WIN@sea dedicated to the related topic of “multi-use”. The conference
was structured around a morning session focusing on the results from recently
completed pilot studies on low-trophic aquaculture within offshore wind farms, and an
afternoon session focused on the topic of the working group of understanding and
mitigating impacts on the marine environment from offshore wind and strengthening
environmental considerations in future development of offshore wind.

As a key component of the afternoon session, three parallel sector-focused workshops
were conducted with the aim of supporting 68 participating stakeholder representatives
in sharing their experiences and assessments regarding the opportunities and
challenges. In preparation, a project portfolio of current relevant Danish research
projects that are expected to contribute to developments within the field (see Annex 1)
was collected. This project portfolio was distributed to all participants in advance of the
conference as a common knowledge base and inspiration.



Thematic summary of workshop reflections

The workshops highlighted that the main challenges with respect to reconciling offshore
energy expansion with nature protection are less about technology and more about
governance, knowledge, and implementation. Progress will require advances in relation
to

Clear environmental goals and success criteria with focus on cumulative impact
e Better data, monitoring, and impact assessment

e Stronger coordination across authorities, sectors, and countries

¢ Ecosystem-based marine spatial planning in light of cumulative impacts

e Closer collaboration between science, policymakers, and industry

¢ Incentives and funding that support environmental performance and
standardised data sharing

¢ Apragmatic approach to managing uncertainty while continuing offshore wind
deployment

Overall, stakeholders agreed that offshore wind expansion and environmental
protection should be pursued as complementary objectives. Delivering both will
depend on aligning policy, knowledge, planning, and investment around a shared long-
term vision and targets for sustainable marine development.



Environmental considerations workshop A - challenges and
opportunities for authorities and related organizations

Policy Implementation

1. Governance and coordination
There is a need for stronger coordination, knowledge sharing, and transparency across
authorities.

2. Marine Spatial Planning (MSP)

The Danish Maritime Spatial Plan could play a more active role in facilitating co-
existence between marine uses through stronger incentives, clearer prioritization, and
more frequent updates.

3. Nature Inclusive Design (NID)
A more differentiated and region-specific approach to NID is heeded, recognizing that
ecological conditions and appropriate measures vary between areas.

4. Policy goals and incentives
There is need for clearer ambitions and targets, particularly regarding the role of co-
existence measures in mitigation and restoration.

Knowledge and data gaps

1. Data availability and accessibility
While substantial data exists, important gaps remain, particularly regarding historical
datasets and spatially comprehensive information.

2. Data standardization and ecosystem-based planning

Although large amounts of environmental data are collected, a lack of common
standards and reporting formats limits their usability. There is need for common
standards and systems that can support environmental impact assessments etc.

3. Environmental impacts of offshore wind

There is limited knowledge of the long-term environmental effects of offshore wind
development. There is need for improved access to monitoring data and lessons
learned from other countries to help address these gaps.

4. Impacts of Nature Inclusive Design

There is need for further research on the long-term ecological effects of nature-inclusive
desigh measures, including possible negative impacts such as introduction and spread
of non-indigenous species into nearby marine protected areas, and ecological
connectivity of species e.g. not belonging on soft bottom communities.



Environmental considerations workshop B - challenges and
opportunities for private companies

Policy implementation
1) Governance, coordination and strategic alignment

The absence of a shared vision and consistent definitions of environmental goals,
including nature restoration and nature-inclusive development combined with
fragmented governance, differing stakeholder priorities, and varying national
approaches hinders progress. There is a need for stronger collaboration across
authorities, alignment of political and regulatory objectives, EU-level standardisation,
and clear integration of environmental ambitions into planning processes.

2) Marine spatial planning and environmental management

Competing demands for limited marine space, and environmental uncertainties
challenge offshore wind development. More integrated marine spatial planning and
ecosystem-based management are required, including a stronger focus on ecosystem-
scale protection and restoration rather than project-specific mitigation measures.

3) Implementation, incentives and scalability

Limited funding, weak incentives, and uncertainty about costs and benefits restrict
uptake of environmental measures. Demonstration projects, financial support, and
scalable business models are needed.

Knowledge and data gaps

1) Monitoring, effectiveness and environmental outcomes

Insufficient monitoring and a lack of common standards for metrics make it difficult to
assess the effectiveness of environmental measures. Enhanced long-term monitoring
and common effectiveness metrics are needed to support evidence-based decisions.

2) Environmental data and ecosystem understanding

Knowledge gaps on habitats, cumulative impacts, and ecosystem effects limit informed
decision-making. Better data collection, mapping, and assessment frameworks are
required.

3) Knowledge sharing and research-industry integration

Poor use of available knowledge and knowledge transfer between researchers, industry,
and authorities slow down implementation. Improved data sharing, collaborative
research, joint environmental mapping, & strong stakeholder collaboration are needed.

4) Environmental uncertainty and risk management

Uncertainty about ecological impacts discourage action or lead to overly cautious
decision-making. More research and long-term monitoring are needed to reduce risks
and identify measures that maximise environmental benefits while minimising risks.



Environmental considerations workshop C - challenges and
opportunities for research institutions and NGOs

Policy implementation

1. Need for prioritized management targets
To deliver e.g. scientific advice in relation to ‘coexistence’, the present lack of explicit
and prioritized management targets is a major challenge.

2. Interpretation of ‘co-existence’ and ‘nature-inclusive design’
The conceptual interpretation of the term “co-existence” needs clarification from the
policy-side to clearly articulate what is meant in various contexts.

3. Sector-based silos in the government reduce synergies
Silos appear to be a barrier for bringing in relevant knowledge at the right time in
maritime spatial planning in general. A more transparent and open process is needed.

4. Assess the role of wind farm siting and design
The desired role of e.g. wind farm projects in relation to general maritime spatial
planning should be further clarified to support progress towards defined targets.

5. Address decommissioning
Similarly to the planning phase, ecosystem targets for ‘good’ decommissioning should
be resolved, also to guide scientific advice on this topic.

Knowledge and data gaps

1. Understand and predict ecosystem dynamics
It remains scientifically challenging to understand and predict ecosystem scale
responses to offshore wind and multi-use developments.

2. Planning for decommissioning
How decommissioning activities can be carried out with the lowest possible impact on
the marine environment remains a key scientific question to explore.

3. Understand the potential value of nature-inclusive designs (NID)

The extent to which nature-inclusive add-ons are environmentally worthwhile
considering their own impact from production, deployment and potential
decommissioning, will likely be very context dependent. To be of value developers
should likely be guided by the mitigation hierarchy and clear restoration targets.

4. The role of science in reconciling energy and nature under time pressure
Developing evidence-based approaches that support coexistence and clever synergies
between nature protection and energy development should remain a strategic priority.



Cross-cutting themes and relevant actions across the
stakeholder groups

1. Establish Clear Environmental Objectives

A common challenge is the lack of clear and shared objectives for co-existence, nature
restoration, and nature-inclusive design (NID). Stakeholders highlighted the need for
explicit targets, agreed definitions, and measurable indicators to guide planning,
implementation, and evaluation.

2. Strengthen Data, Monitoring, and Evidence Generation

All groups identified a need for better environmental data, long-term monitoring, and
standardised assessment methods. Improved understanding of cumulative impacts,
ecosystem responses, and the effectiveness of environmental measures is essential for
informed decision-making.

3. Improve Governance and Coordination

Fragmented governance, sectoral silos, and inconsistent regulatory approaches
continue to hinder progress. Stronger coordination between authorities, policymakers,
researchers, and industry is needed to align objectives and streamline implementation.

4. Adopt Ecosystem-Based Marine Planning

Stakeholders emphasized moving beyond project-level assessments towards
ecosystem-based planning that considers cumulative impacts, ecological connectivity,
competing sea uses, and long-term restoration goals. Marine spatial planningis seen as
a key enabler of this transition.

5. Connect Science, Policy, and Practice

While significant knowledge already exists, it is not always effectively applied nor
shared. Stronger mechanisms for knowledge sharing, data accessibility, and
collaboration between research, industry, and authorities are needed to turn evidence
into action. As learned through this conference, gathering actors around continuous
dialogue is (still) important.

6. Act Under Uncertainty

Environmental uncertainty should not prevent progress. Stakeholders highlighted the
need for adaptive, evidence-based decision-making that supports offshore wind
deployment while continuously improving environmental understanding.

7. Create Stronger Incentives for Environmental Outcomes



Achieving environmental ambitions will require clearer business cases, dedicated

funding, and policy incentives that reward environmental performance, co-existence
solutions, and nature restoration efforts.

8. Advance and redefine Nature-Inclusive Design

NID is widely viewed as a promising tool, but clearer objectives and definitions, area-
and type-specific approaches, and stronger evidence of effectiveness are needed
before it should be implemented consistently and at scale.



Next steps

With this report the organizers wish to establish a common understanding of the state
of the field in Denmark, as seen through the lens of the field’s various stakeholders. In
the coming years ongoing work, e.g. through many of the participating actors and the
projects presented in the annex, will continue to develop and advance the
understanding of both challenges and options to address them. Thus, to capitalize on
the received input, the working group under the Ocean Decade Committee will aim to
map out the generated portfolio of DK-based projects to clarify how, and the extent to
which, the identified priorities are presently being addressed in a Danish context,
enabling a new stock taking by the end of the decade, to understand where progress
have been achieved or where action is still needed. This should support all stakeholders
from authorities to funders, academia and industry in the planning of future efforts.

The organisers would like to thank all participants for a productive conference and
workshop, the Velux Foundation for generous financial support, and Ocean Institute (Ol)
Teenketanken Hav) for providing a venue, logistic support and moderation of workshops.

While this conference was mainly focused on experiences with offshore energy
infrastructure in a Danish context, the working group under the Ocean Decade
Committee plan to initiate a dialogue with Greenlandic and Faroese representatives to
explore how future output could also become of value in their context.

Contributors to the organization of the Conference

Ocean Decade working group members: Liselotte Hohwy (Ol), Christian Riisager-
Simonsen (DTU), Lars O. Mortensen (DHI), Jakob Nabe-Nielsen (AU), Katrina Povidisa-
Delefosse (TTE).

Project leads from contributing multi-use projects: Annette Bruhn (AU), Jens Kjerulf
Petersen (DTU)

Additional support: Mathilde Mammen (Ol), Mathilde Hgjrup (Ol), Pernille Schou
Jakobsen (Ol), Ditte Mandg Andreasen (Ol)

Editors: Mathilde Mammen (Ol), Mathilde Hgjrup (Ol), Liselotte Hohwy (Ol), Christian
Riisager-Simonsen (DTU).
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B | requirements for NiDs for offshore wind by co-creating and validating fit-for-purpose decision-

= e | regulatory scrutiny together with end users (industry, managers, policy makers), and tailored to

1] NiD4
= OCEAN

NiD4OCEAN

Nature-inclusive designs for reconciling offshore renewables with ocean protection
Horizon Europe — EU Mission Restore our Ocean & Waters

Grant Agreement: 101156861 Call: HORIZON-MISS-2023-OCEAN-01-06
Duration: October 2024 - September 2027

12 Consortium partners:

Norwegian Institute for Water Research (NO), Akvaplan-NIVA (NO), Spanish National Research
Council CSIC (ES), Wageningen Marine Research (NL), Stichting Deltares (NL), Technical University of
Denmark (DK), Klaipeda University (LI), Science Crunchers (PT), Renewables Grid Initiative (DE), DNV
(NO), Equinor (NO), ScottishPower Renewables (UK)

The overall goal of the project is to advance the emerging field of Nature-inclusive Designs
(NiDs) for offshore renewables and provide effective, context-dependent solutions to industry,
managers, and policy makers.

Specific objectives:
e Knowledge foundation - mapping existing solutions and fostering co-creation of novel NiDs
for offshore renewables across European Seas.
e Assess biological, socio-economic, and social benefits and risks of NiDs for offshore wind
farms (at different spatial scales and across the life-cycle) to evaluate performance and goals.
e Provide science-based guidelines for the selection, implementation, and monitoring

support tools, frameworks, and recommendations towards standards and for easing
regions, ecosystems, and technologies, emphasizing that there is not a one-size-fits-all solution.

¢ Find pathways to prioritise solutions that simultaneously address biodiversity and
decarbonisation through stakeholder engagement and tailored strategies.

//

Case studies

e CS1: Southern North Sea. Technology: bottom-fixed wind turbines and floating solar infrastructure.
Status: Operational farms with NiDs

e CS2: Northen North Sea. Technology: floating wind turbines. Status: Operational farms.

e CS3: Eastern Baltic Sea. Technology: bottom-fixed wind turbines. Status: Planned.

e (CS4: Northwestern Mediterranean Sea. Technology: floating wind turbines. Status: Planned.

Midterm results:

e Brought NiD innovations in a unified catalogue and identified gaps for innovation prioritisation

e Provided clarity about biodiversity, social and economic metrics to be considered

e Social, Economic and Ecological assessment frameworks developed

e Modelling approach and data identified for near and mid-filed assessments of NiD net
contributions

Contact: Norwegian Institute for Water Research —nid4ocean@niva.no
Presenter: David Lusseau — Technical University of Denmark (davliu@dtu.dk)
Website: nid4ocean.eu LinkedIN page: NiDAOCEAN Project

Funded by
the European Union




NP NIP@PUBWIS :UBSIPUY JBA] UOWIS :30BIU0D

Das ay3 03 pawa sazupisqn
40f |D12n.3 S| 133DMD3S U] bUIISI} 3IUB3SISAd -

jJuswdo|anap oAiquwia ysij uo pedwli |10
1521 T0€ A230 1 43YyBIYy SIUNYISUOD AUIOS
0f1nq 1521 60€ A2IO PUDL 90E AIID U! JbjIWIS
243M San1IppD fo uoipppibapolq Aipwiid -
131DMD3S Ul UOIIDZI|DIUIW
ou 1nq J31pM3alsbM Ul (Dvd) [10 asbq
ay31 fo uonDZIPIAUIW %GE PIMOYS
s1531 A11j1gppIBaPOIq APDIY -

9 (s13/do4p 40 uo1oD.f pa1OPOWOIID
1310M) subisap ainsodxa

U343[fIp 40f paniasqo adualaffip
paubN spunodwod ay3 Jo

Aduajod )E Auniaisuas sarads yioq
ul Ayjiqolipa ybiy b bunpaipul

! *$1533 UO1IDPDIBIPOIG %9 01 Axwoo.o pabup.i
1 aydnnw ur paipbiisanul m\m\._m\ u& 04} € SPIDMO}
TS SOM , [10 UD3B 3UQ 2U03923ff2 E\M.\
uonepei3apolg A311X0303

%] :o_.!.cou:ru
1 1o 100 1000
L L |

| e
L %.\ or m
r [ » / l / 09 .W
e 1 =

14apuadap os|p pub Juaaffip sa123ds fo bululIIID4 Yoy "38" "

‘aloysffo buippa.ids aonpai pjnod yarym
1310M YSa.Lf 03 paipduwiod 4121poMpas ul A11[1GDIg
paonpa. o3 buippa| Ajulps 1910m Aq
pa12affb aq 03 punof s Alj1qois
*A1121X01003 21013U36 01 PaWINSSD

24D 0S|D 10Y1 SINIIPPD
Aq pazijiqpis a.p s13doip ay |
pf [aADJ] UDI S33[doJp 3|qD]

9¢0¢-50-80 40 smeis X

NAIANOJd XOTIA

1oedwi

|EIUSWUOIAUD UO |10 JO 98esn Jo 312944 Sulpn|aul siy3 oul s3ydisul ssau8oud 01 140449 panuiuo)
*AlIAIOE |BIDBLIDIUI JUBIDIP DY) 03 Bnp Ajluljes ua1em uo duapuadap pue Ajljigelien adie)

moys Ajjigels 19|douq ‘s9ses|ad sulJew JO JUBWISSISSe paezey aienbape Joj s3u1119s ainsodxa
pue wn|nooul JueAa|aJd 4o} paau ayl Sunysiysiy ‘syuejd Juswieasy Jo1emalsem wody aspn|s
3uisn s3s91 Asoje|n3a. wody paipald aq ued Jeym ueyy Jaysiy si syuswiiedwod sulew uj s|io
9y3 Jo 9oud)sisiad ay] syonpoud passadsip 01 pasedwod s19|doup |10 Byl USIMIDQ UOIIDeIDIUI BY)
uo 10edwi payJew e sey walsAs aunsodxa syl 1eYl pue s|10 3yl SpIeMol ALIAIISUSS JUSIIP SARY
S|aA3] 21ydoJl JuBJBYIp 1ey) 1edipul pasn Ajpuepunge sadAl [10 USSP DAL} UO S} NSAU JULIND

MIA 321 dulqun] (10daJ ¥ €202) SeISIA

pO01SJapun Jo passasse 39A jou s| yoedw| st ot S 0
"JA/ Su0189 01 0Z 29 p|NoMm payea| % T o 0 o3
‘siseq Adejun|on e uo si Suiyodau yea 3 ¢z = 2
‘pa1e|n3daJun s 10edwi pue sasesn pinjj pue — ......0..0 W m
umouun AjauaJind S| 23eJ yes| [el3ualod ﬂ v ° m
"|10 U021 0089 01 000 4O ; 9§52
Aiojuanul ue pjoy pjnod PO £T-S 40 |>>_>_\__O sSuol m._w O g s 8

ue|d T @SpJON 8Y] :0LIBUSIS [BIAUSI0d

€70z Modal 7 seisap woly eleq

Jernuaiod Suipeauds Jo sisAjeue soIpIN(IOIIA

O

s19|doJp 3 s|IQ

Ja1em ui s313|doup |10 Jean
£T0T-¥20T sunJ 103(o.d

"S309}49 PaAI3SCO Aue 3onpaJ 03 suollepuswWwWolaJ 03 Sulpes| ainjeu
ul s|1o 9say1 jo Suipeasds syl pue ‘Acuquia Ysi} UO 103443 Y3 ‘AUSWUOIIAUD SUlJew 3y}
ul 8say1 Jo Asuaisisiad ayi ‘syonpoud [eaidAl jo A1dixo100s syl SulAjied e swie 1afoud siyp <«

‘SWJBJPUIM 9J0YSHO Ul paleindaJ jou S| ases|aJ pue adAy
|eaiway) 3oedwi pue SySL ‘S91el ‘SJUIPIJIE B3| UO 3UN1eJD1| Ul paliodal siyJom 31| Alap <«

‘Juswulelu0d AJepuodas pue s|eas 91ealilul Yy1oq Suisn s10ye audsap yes| Aew |0 <«
‘sjuswadinbas soueualuiew Supnpad saAppe ualod Suisn
A1nS8u0| pue 92ewWJ04I9d 10} PIIBINWIOS DJE S|I0 BUIGIN} PUIM 310YSH0 Jejndjlied u| 'S}09443

[e2180]0q 13 JBY3I0 pUB JBSM 3SEDII9P 03 SAJISS S[I0 3y "N ed| Ajeausaplodoe Aew jeys '239 spinjy
alnedpAy ‘|lo Jeas se yans saoueisgns Aj1o SUIBIUOD 3UIgINIPUIM B ‘AJBUlyoew |edIssep |[B SY <

uonditasap pue wajqoad 133foad

AMISISAIPOIG UO S10943 — SWJUBJPUIA WOL] suoissiwg AlIO




OWESOME

Offshore Wind Environmental Survey Optimization for Monitoring
impacts on Ecosystems

P

é.)):"
Funded by TotalEnergies ® *‘
OWESOME

Duration: 2025 -2030

Aim - Test and deliver an end-to-end protocol to estimate the biodiversity footprint of platforms and
its consequences for local ecosystems. To do so, the project aims to advance multimodal
environmental DNA, optics and acoustics data integration methods to reliably and robustly monitor
local changes in ecosystem composition.

Objectives

e I|dentify indicators relevant to monitor changes in ecosystem service provision and multiple
dimensions of biodiversity within and around offshore wind farms.

e Develop anintegrated monitoring platform to reliably monitor key biodiversity indicators at a
relevant spatial and temporal resolution.

e Evaluate methods to assess the impacts on local biodiversity of the floating wind turbine using
existing data and newly collected data on and around the platform.

e Explore likely biodiversity and ecosystem services impacts qualitatively of offshore wind farms in
different locations from the platform to farm to sea basin level

Work programme

Project progress & TotalE .
| Other industrial partners Iv feedback otalEnergles Feed in experience to .‘ Other research partners

programme of work

Task 1.1
Task 1.3 identify synergies (TRL 5-7) L/ attract research synergies (TRL 2-4)  Task 1.3
| WP 1. coordination ’
/‘ Task 1.2
WP 2. eDNA-based monitoring dvipt WP 3. active acoustics & optics monitoring
dvipt
T?_;kbsg‘iihoor::i:;;imzo;i;a{g;;mv n Task 3.1 fish assemblage detection and density
P ¥ € <P WP 4. Biodiversity and ecosystem estimation (02)

Task 2.2 estimate spatial resolution of eDNA indicators

sampling (02) Task 3.2 zooplankton and envtal conditions

estimation (02
Task 4.1: relate biodiversity measures to (02)

Task 2.3: estimating spatial & temporal »| estimate Essential Biodiversity Variables «
biodiversity variation at & in the vicinity of (EBVS) (01) Task 3.3 estimate fish seasonal dynamics (03)
the platform (03)

Task 2.4 estimate trends in biodiversity
measures from eDNA detections (03) Task 4.2: qualitatively appraise status of
" regulatory targets (04)

Task 3.4 estimate fish spatial dynamics at & in
the vicinity of the platform (03)

Task 2.5 platform biogeography: immigration
phase (03)

B
monitoring protocols and schedules, net biodiversity footprint inference method

Milestone

e Designed integrated multimodal sensor unit which has been integrated to the platform
e Identified candidate Essential Biodiversity Indicators

Contact: David Lusseau —Technical University of Denmark (daviu@dtu.dk)
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