
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Co-design of production-related activities 

 

Deliverable 3.1 

Ref. Ares(2023)8850162 - 22/12/2023



 
 

Page 1  ULTFARMS Deliverable 3.1 

 

Grant Agreement number 101093888 

Project title 
ULTFARMS - Circular Low Trophic 
Aquaculture in wind farms and Restoration of 
Marine Space 

Deliverable title Co-design of production-related activities 

Deliverable number D3.1 

Deliverable version 1 

Contractual date of delivery 31 December 2023 

Actual date of delivery 22 December 2023 

Document status Final 

Document version V1.6 

Online access Yes 

Diffusion Public 

Nature of deliverable Report 

Work Package 3 

Partner responsible DELTARES 

Contributing Partners UGent, JDN, DTU, FuE, WR, OOS, RBINS, 
SAS, PARK, BBE, OST, BB, BMRS 

Author(s) 

Loreta Cornacchia, Molly Hughes, Annelies 
Declercq, Ajie Pribadi, Jessica Knoop, Sam 
Desmet, Daniel Taylor, Jens Kjerulf Petersen, 
Eva Strothotte, Tim Staufenberger, Jakob 
Becker, Marnix Poelman, Oscar Bos, Pauline 
Kamermans, Annaïk Van Gerven, Karin van 
der Braak, Andrea Fischel 

Editor Loreta Cornacchia, Alex Ziemba 

Approved by Ghada El Serafy, Alex Ziemba 

Project Officer Loïc Blanchard 

Abstract 

This document reports on Task 3.1 of the 
ULTFARMS project, which outlines the 
approach used to design low-trophic 
aquaculture activities within offshore wind 
farms in the pilot locations (North and Baltic 
seas). The co-design approach is essential to 
successfully integrate low-trophic 



 
 

Page 2  ULTFARMS Deliverable 3.1 

aquaculture within operational offshore wind 
farms. It entails a collaborative design process 
that includes various stakeholders, 
addressing both technical (engineering and 
biological aspects) and legal challenges. This 
task describes the challenges involved, the 
co-design approach and the collaborations. 
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Executive Summary 

The marine aquaculture sector is facing increasing challenges due to the growing 
demands and conflicts over the use of space in the coastal zone. The competition 
for marine space has even led to the decline of some European aquaculture 
industries. The co-location of Low-Trophic Aquaculture (LTA) and Offshore Wind 
Farms (OWFs) could help reduce multi-user conflicts and provide benefits for 
ecosystem health and biodiversity, as these species require fewer resources and 
contribute to the provision of ecosystem services. The ULTFARMS project aims to 
develop and operate six innovative Low-Trophic Aquaculture Pilots (LTAPs) in six 
different OWF locations across the North and Baltic Seas. The project’s goal is to 
optimize LTA systems in harsh offshore conditions and low salinities, using novel 
engineering, technical, ecological, and biological processes to optimize 
production and integrate LTA within OWFs.  
 
This document reports on Task 3.1 of the ULTFARMS project, which outlines the 
approach used to design low-trophic aquaculture activities within offshore wind 
farms in the pilot locations (North and Baltic seas). The co-design approach is 
essential to successfully integrate LTA within operational OWFs. It entails a 
collaborative design process that includes various stakeholders, addressing both 
technical (engineering and biological aspects) and legal challenges. This task 
describes the challenges involved, the co-design approach and the collaborations. 
 
This deliverable is composed of four main sections. After a background on the 
concept of regenerative aquaculture, the pilot activities are described. This 
includes the description of the wind farm(s) in which they are located, the co-
design approach and collaborations with relevant stakeholders, and the 
preliminary designs at the end of the first year of the project, both related to 
production (aquaculture) activities and any other activities (i.e., restoration, nature-
inclusive designs). Finally, an overview is provided of the challenges in the design 
phase (environmental, technical, and legal considerations) and the target benefits 
and optimizations of the designs. 
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1. Introduction 

1.1 Description of the project 

The ULTFARMS project aims to move beyond the current application of Low-
Trophic Aquaculture (LTA) systems with novel engineering, technical, ecological 
and biological processes to optimise production in harsh offshore conditions, low 
salinities, and their integration within Offshore Wind Farms (OWFs). ULTFARMS will 
cover the whole value chain expertise for LTA production in OWFs. The project 
will work with research and industry partners to develop and operate six innovative 
Low-Trophic Aquaculture Pilots (LTAPs) in six different OWF locations across the 
North and Baltic Seas. 

These six pilots are implemented in the following areas (Table 1): 

Table 1: Overview of the six LTA pilots of ULTFARMS. 

Member state Name of OWF LTA production 

Belgium Belwind Seaweed-Mussels-Oysters 

The Netherlands Borssele Mussels 

Germany FINO2 Seaweed 

Germany FINO3 Seaweed-Mussels-Oysters 

Denmark  Anholt Seaweed-Mussels 

Denmark Samsø Seaweed-Mussels 

 

1.2 Objective of task 3.1 

This deliverable reports on task 3.1 of ULTFARMS: “Co-design of production-
related activities”. The objective is to share the preliminary designs of the LTA 
pilots at the end of year 1 of the project, in terms of design, testing and production 
capacities, resulting from task 3.1. This includes which type of aquaculture will be 
used in each pilot, how it connects to environmentally beneficial systems for food 
and how it can yield greater environmental, social, and financial benefits while 
addressing technical and legal challenges. In May 2023, a first workshop was held 
in Copenhagen, marking the first step of this task. It brought together the 
ULTFARMS pilots to focus on three core elements in development: System 
Design, Biology & Production, and Monitoring. As the Work Package 3 describes 
the basis of the system design, its output will contribute to Deliverable 4.1, situated 
within Work Package 4, which focuses on the implementation and demonstration 
aspect. Additionally, this document reports on the environmental criteria and 
considerations, which will be shared with WP7 (Environmental Sustainability 
Assessment). 
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This deliverable is composed of four main sections. After a background on the 
concept of regenerative aquaculture, the pilot activities are described. This 
includes the description of the wind farm(s) in which they are located, the co-
design approach and collaborations with relevant stakeholders, and the 
preliminary designs at the end of the first year of the project, both related to 
production activities and any other activities (i.e., restoration, nature-inclusive 
designs). Finally, an overview is provided of the challenges in the design phase 
(environmental, technical, and legal considerations) and the target benefits and 
optimizations of the designs. 

2. Regenerative nature-positive aquaculture 

2.1 Definition and significance 

Regenerative nature-positive aquaculture refers to commercial or subsistence 
aquaculture that aims to maintain a healthy environment through the nature of the 
farming activities and outcomes (e.g., low or no inputs, carbon and nitrogen 
fixation, net benefits to marine ecosystems), while also contributing to the social 
well-being of communities that depend on the natural ecosystem (Mizuta et al., 
2022). Maintaining a healthy ecosystem implies that aquaculture production 
should not exceed the ecological carrying capacity. This requires that the 
aquaculture practices do not push levels of an environmental variable beyond 
unacceptable levels, and do not alter ecosystem structure or functions (Smaal and 
van Duren, 2019; Chary et al., 2023). With the increasing demand for sustainable 
food sources and the need to conserve marine biodiversity, regenerative 
aquaculture can play a role in contrasting environmental degradation. 

Low-trophic aquaculture can provide benefits for ecosystem health and 
biodiversity. Farming of extractive species (such as oysters, mussels, seaweed) 
belongs in this category as these species provide several ecosystem functions, 
next to their financial benefits. These species do not require feeding from external 
sources but take their nutrition from the environment and contribute to provide 
ecosystem services such as carbon sequestration, nutrient removal, and biogenic 
habitat creation. However, the marine aquaculture sector is reaching space 
limitations due to the growing demands and conflicts over the use of space in the 
coastal zone. This situation has led to the decline of some European aquaculture 
industries (Avdelas et al., 2020) and is driving them to move their operations further 
offshore.  As the global development of Offshore Wind Farms (OWF) continues to 
expand, there are increasing attempts to establish aquaculture operations in 
offshore settings, using the marine space efficiently in a multi-use (MU) approach. 

The design of aquaculture activities within wind farms must face several 
challenges and considerations. The creation process in ULTFARMS has a strong 
focus on a holistic approach of designs based on nature inclusivity, thus 
safeguarding the farmed animals and plants in windfarms, while adhering to the 
requirements for both renewable energy and LTA operators. In the context of the 



 
 

Page 9  ULTFARMS Deliverable 3.1 

project, co-design refers to a collaborative and integrated design process 
involving various stakeholders, which is essential to successfully integrate LTA 
within operational OWFs. One of the main goals is the sustainable provisioning of 
food and LTA products, contributing to ecosystem restoration in the North Sea and 
Baltic basin through nutrient extraction and habitat creation. These efforts will at 
the same time create financial benefits alongside renewable energy production. 
The inclusion of LTA in a sustainable way in OWFs requires the consideration of 
inherent technical (both engineering and biological) and legal challenges. The 
approach and collaborations in the co-design phase, the challenges involved, and 
the resulting production activities and preliminary designs for the ULTFARMS 
pilots are described in the following sections. 

3. Description of co-design in the pilots 

This section provides a detailed description of the pilot activities, starting with the 
wind farm in which they are located and the co-design collaborations, the 
concepts design for aquaculture production at the end of the first year of the 
project, and any additional activities (i.e., related to restoration). An overview of the 
actors involved and the collaboration activities is given in Table 2. The refinements 
to be taken after the results of numerical modelling, physical tests in experimental 
facilities, as well as nearshore testing, are also described below. 
 

Table 2: Overview of co-design actors involved and activities per pilot. 

Pilot Co-design partner Co-design activity 
Danish (DTU Aqua) – 
Samsø Blå Biomasse Harvesting machinery for 

mussel lines 
Danish (DTU Aqua) – 
Anholt 

DTU Construct Co-design of farm structure 
Ørsted Co-design of area 

German (FUE) – FINO2 DNV 

Co-design of modular units 
and systems for cultivation; 
anchoring and mooring 
systems; nature-inclusive 
design 

German (FUE) – FINO3 Offshore operator 
Logistics, maintenance, data 
availability, cultivation 
structures 

Dutch (WR) 
OOS Development of Submersible 

Mussel Farm 

OOS, WMR, BESE Mussel cultivation system 
enhancing reef development 

Belgian (UGent) 

Parkwind Integration activities in 
offshore site 

Community of Practice Input on design activities 

Impact-9 Novel submersible seaweed 
longline system 
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Bantry Marine Research 
Station 

Nearshore testing 

RBINS  Model of LTA-OWF multi-use 
supporting oyster restoration 

Across-pilot collaborations 

Belgian – Dutch 
Measuring force and position 
of a full-scale mussel line 
system in the Dutch pilot 

Belgian – German Co-planning sea missions to 
reduce vessel costs 

Deltares, all pilots 

Physical experimental 
campaign to improve design 
of bivalve and seaweed 
offshore aquaculture 
systems 

 

3.1 Danish pilots 

3.1.1. Wind farm location and co-design collaborations 

The wind farms of Samsø and Anholt are operated by Wind Estate and Ørsted 
respectively. Previous studies have shown that Danish waters have the potential 
for LTA production, and the mapping exercises conducted, which denote areas of 
production potential, include the Samsø site. The two locations are very promising 
for the production of sugar kelp (Saccharina latissima) and dulse (Palmaria 
palmata). Anholt and Samsø also provide unique opportunities for mussel 
cultivation. 

The location at Samsø is operated with a commercial partner, Blå Biomasse, which 
is involved in the co-design with DTU Aqua. Two tube-net systems will be set up 
in this location, which requires special harvesting machinery. Using an adapted 
tube-net system, thinning of the mussel lines can be accomplished mechanically 
in order to adhere to the reduced accessibility that is innate to offshore operations. 
At Anholt, the co-design of the farm structure is done by DTU Aqua and DTU 
Construct, while the co-design of the area is done by Ørsted and DTU Aqua. 

3.1.2. Design of production-related activities 

For the pilot at Anholt, the envisaged farm structure will consist of two-four 
longlines and one-two submersible PE tubes with nets. The longlines and tube-
nets are 100m of working line with buoys and concrete blocks for balanced 
buoyancy/ballast. Two of the longlines have seaweed droppers with sugar kelp 
(Saccharina latissima) and dulse (Palmaria palmata), which have been installed in 
autumn 2023. The other two longlines will have continuous spat collectors for 
mussels and different spat collector materials and are planned to be deployed in 
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spring 2024. One to two submersible PE tubes with nets (3m deep) for mussels will 
also be deployed in spring 2024. 

The lines are anchored to the seabed using anchors 
and chains as initial attempts with screw anchors 
could not be carried out. The longline buoys are of 
two types: type 1 is 250 L and used at the ends of 
longlines and for regular use on the mussel lines; 
type 2 is 17 L and used on the seaweed longlines. 

Samsø is a commercial mussel farming test site, 
where the co-design is done between Blå 
Biomasse and DTU Aqua. The farm structure 
consists of two to four tube-nets (3 m deep) on the 
surface. Anchoring system has been finally decided 
upon.  

3.1.3 Other activities 
No other activities are foreseen for this pilot. 

3.2 German pilots 

3.2.1. Wind farm location and co-design collaborations 
The German pilot is operating at two pilots and a nearshore site.  

- At the near shore test site in Kiel in the Baltic Sea with a relatively low salinity 
of up to 12 PSU, calm and sheltered conditions, and a water dept of up to 12 
m. The nearshore site allows for testing of equipment and algae cultivation 
techniques that can be transferred later to the Baltic Sea offshore site FINO2 
in the Baltic Sea. The location Fino2 represents harsh weather conditions in 
most months of the year with a water depth of 22 m in between three wind 
parks and a low salinity environment with typical short hard waves but 
overall lower current speeds, compared to the North Sea. Salinity going 
down to 9 PSU, ruling out mussel cultivation due to low growth rates. Focus 
is given to algae cultivation.  

- The second German location is FINO3, located in the North Sea, operating 
80 km offshore. This site represents the harshest of all ULTFARMS pilot 
locations with max. wave height of 18 m and a significant wave height of 9 
m with strong currents (see section 4.2.2). 

Nearshore Site in Kiel, Baltic Sea:  

The nearshore site is used as “the sandbox” to look into different materials and 
techniques later to be implemented in the offshore sites. It is easily reachable by 
boat within 20 min. As it is a commercial mussel and algae farm the location is ideal 
to test different material and organisms, mainly for the Baltic Sea Pilot FINO2. 
However, it is also suitable for training purposes, As the nearshore site is only 
meant for testing and no permanent installation will take place, a collaboration 

Figure 1- Dulse (Palmaria palmata) seedlings 
on twine deployed on carrier rope. 
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with local authorities and stakeholders or co-design to cater for the unique 
environmental a nearshore location issues is not necessary.  

Offshore site FINO2, Baltic Sea:         
As FINO2 is in the safety zone of 3 wind parks, safe operations are of utmost 
importance. Space is very scarce as shipping routes, anchoring points, cables 
prevent placement of large systems. Manoeuvrability in such a densely crowded 
space has high priority. The development of small moveable units that can be built 
modular is hence one solution that will be developed. The design of such systems 
is a joint effort and close cooperation between FUE and the worldwide offshore 
company DNV, which operates the offshore structure FINO2 and consults 
regarding transferability to wind parks. Development of systems small enough to 
be integrated into different offshore structures, e.g., existing wind turbines, without 
compromising stability or increasing drag significantly is a goal for the German 
pilot team. In the highly unlikely event that parts of the flotation device might be 
ripped off the system all devices are designed to absorb shocks and not to incur 
damage to wind turbines if they should collide with one. Also, anchoring and 
mooring systems are designed with safety in mind to ensure that the system will 
not be lost and collide with the wind park.   

Offshore site FINO3, North Sea: 

The research platform FINO3 is operated by the FuE technical department, which 
brings multiple synergies in terms of logistics, maintenance, and data availability. 
However, the allocated space for the seaweed and mussel systems northwest to 
the research platform FINO3 is reserved for this project as all other areas in the 
vicinity of the offshore platform are already used by authorities, other offshore 
projects are needed for the operation of the platform itself. Therefore, a close 
cooperation and co-design between offshore operator and offshore aquaculture 
pilot is essential to ensure  the feasibility for a later implementation. 

The determined space allows for larger structures such as a 300-meter-long net 
and mooring systems with bigger scattering radius, adapted for offshore 
conditions with 22 meter of maximum water depth and high current speeds (1.5 
m/sec). Due to the vicinity, buoys made from plastics are preferred as they pose 
no threat to a wind turbine structure. The use of the net intends to increase the 
cultivating surface within the same space compared to longlines and therefore 
increase effectiveness, 

It is foreseen to deploy an oyster cultivation system on the seafloor to minimize 
the risk of detachment and losses in such a very exposed offshore site and to 
increase positive effects like providing shelter and additional habitat.  

 

3.2.2. Design of production-related activities 
The production-related activities within the German pilots are mainly focused on 
the best available and adapted cultivation techniques intending to increase the 
maximum biomass gained for seaweed (Saccharina latissima, Ulva intestinalis) and 



 
 

Page 13  ULTFARMS Deliverable 3.1 

shellfish (Mytilus edulis, Ostrea edulis) aquaculture. In the German North Sea pilot 
different seeding techniques are explored in close collaboration with Hortimare 
for the harsh offshore currents as the wave and tidal conditions impact the juvenile 
growth stages of Saccharina. Direct seeding (sporophytes suspended in viscous 
medium) and nursery seeding (sporophytes grown out on twine) is being 
compared on different rope materials such as “Langman-ropes” or a 40-meter-
long net. This attempts to evaluate the trade-off for additional surface that intends 
to increase the biomass in comparison to the long lines (Langman ropes), that are 
currently easier to handle. For the cultivation of blue mussels (M. edulis), four 
different commercial net types with varying mesh sizes and materials have been 
chosen to investigate the ideal substrate for the offshore conditions. The 
cultivation of oysters (O. edulis) is envisioned to focus on the grow out of larger 
mussel spat (>3cm) to reduce mortality, but also to design a most well adapted 
system for the conditions at the FINO3 site. Preferred structures must be easy to 
handle and should have long maintenance intervals of one year or be recollected 
after 1-2 years of growth, when the oysters reached market size (20-30 cm). For 
the offshore pilot FINO2, a sampling campaign has been launched in close 
collaboration with the University Gothenburg, to investigate the selection of Ulva 
species (U. intestinalis), population and strain, adapted to the harsh conditions at 
the offshore location. Ulva intestinalis has been chosen as it is of particular interest 
for entry of the market. The choice of the ideal organism for macro-algae 
cultivation is of particular challenge within the Baltic Sea, due to its gradient in low 
salinity. This highlights the need for a locally adapted macroalgae, as currently, 
there are no established strains for the Baltic Sea aquaculture offshore production. 

3.2.3 Other activities 

Nature-inclusive design is, in combination with aquaculture, one goal of the 
German Baltic Sea pilot at FINO2. The envisioned design applies to all described 
requirements in Section 2.1. For example, no additional components beyond the 
anyway existing offshore structures like mooring systems will be installed. 

Throughout the recent past, countless offshore platforms and monopiles have 
been installed. Additionally, as outlined by the German maritime sectoral plan of 
2023, the offshore wind energy sector aims to increase production to, up to 70 GW 
by 2045 within the German EEZ alone. This could provide the structural basis to be 
used for the growth of biomass (Ulva) or the restoration of threated habitats and 
ecosystem communities.   
Therefore, we currently envision to design a modular system for the Baltic Sea 
pilot, which can be applied to offshore installations. Minimal maintenance and 
de/installation procedure efforts are of priority. Other requirements include a 
seawater and biofouling resistant design. The system should be decoupled as far 
as possible from other environmental influences such as waves, wind and currents 
so that as few interactions as possible occur. If that is not an option, the design 
must be stable enough to withstand the harsh conditions. Any attachment of the 
system to the structures of the wind turbines must also not impair the safety of the 
system and, in particular, its corrosion protection. An optimized trial for first 
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deployments of attachment systems is planned for the first quarter of 2024.           
Depending on the holding capacity in such energy intensive environment, nature 
inclusive design adaptations may be undertaken, namely, to increase the habitat 
complexity. Promising studies have been conducted with various installations (e.g., 
Biohut, Bouchoucha et al., 2016, Varenne et al., 2023), which targeted the attraction 
of juvenile fish communities especially. This aims to ultimately support already 
present populations of fish, invertebrates and mussels, at the site. Any NID 
approach, however, must be accompanied by specified goals and a monitoring 
strategy to verify the response of the environment. An environmental sustainability 
assessment framework to assess structural and functional biodiversity is currently 
being developed within the Work package 7, D7.1, and partially within the work 
package 4, D4.1. 

3.3 Dutch pilot 

3.3.1. Wind farm location and co-design collaborations 
The Dutch pilot focuses on offshore mussel aquaculture in the wind farm Borssele, 
in combination with nature-inclusive elements to promote biodiversity. The 
offshore windfarm Borssele is located about 55 kilometres from the Port of 
Vlissingen, Netherlands. It consists of four major areas, of which sections III and IV 
are owned and operated by the consortium Blauwwind. The multi-use planning 
for these two areas includes a section dedicated to the integration of aquaculture 
within the wind park. Borssele III is the location where a Submersible Mussel Farm 
(SMF) is planned to be deployed in the future, and where a small-scale test model 
(5 longlines of 200 m) will be deployed in 2024. The co-design of a mussel 
cultivation system that enhances reef development underneath the structure is 
carried out in cooperation between the developer of the system (OOS) and the 
parties involved in enhancing reef development (WMR and BESE). 

3.3.2. Design of production-related activities 
To withstand the strong and adverse offshore conditions in the Dutch North Sea, a 
depth-adjustable Submerged Mussel Farm (SMF) Platform was designed by OOS 
for Borssele Offshore Windfarm. This system will utilize a semi-submersible 
platform as a central point from which the cultivation longline will run. This central 
platform will serve as the connector point and will remain almost fully submersed 
in order to guard the aquaculture lines from the harsh environment. The unique 
line deployment system to be implemented in this configuration is relatively 
denser than many existing configurations. The system is estimated to have a high 
potential for other low trophic aquaculture besides mussels. 

The full-scale SMF platform is still under development and will not be ready within 
the timeframe of the ULTFARMS project. First, a small-scale pilot SMF consisting 
of 5 lines of 200 m in Borssele Offshore Windfarm is planned to be installed in 2024. 
In December 2023 a ‘go’ was given for this project. Meanwhile we will use a 
nearshore mussel farm for testing various monitoring techniques that later can be 
used offshore. This nearshore mussel farm was installed in the Voordelta in August 
2023. 
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3.3.3 Other activities 
The Dutch pilot plans to design a mussel cultivation system that enhances reef 
development underneath the structure. This enhancement can support 
ecosystem functioning which will benefit both designers of cultivation systems 
and windfarm operators. 

The goal is to apply Biodegradable EcoSystem Engineering Elements (BESE) 
structures underneath the mussel cultivation system in the Borssele windfarm to 
enhance nature on the seabed, possibly resulting in a reef (Sabellaria spinulosa or 
Lanice conchilega, blue mussel Mytilus edulis, or the native European oyster Ostrea 
edulis) that can enhance and support ecosystem functioning. BESE elements are 
3D, biodegradable structures made of potato starch that are used to kickstart 
ecosystem restoration, by providing a temporary protection and structure for 
organisms to grow. A first test with BESE elements is envisioned for 2024.  

3.4 Belgian pilot 

3.4.1. Wind farm location and co-design collaborations 
The Belgian Pilot will combine mussel, oyster and seaweed cultivation alongside 
nature restoration efforts within an offshore wind farm. The pilot consists of two 
nearshore testing sites – the Blue Accelerator test platform in front of Ostend, 
Belgium and a nearshore test location in front of Bantry, Ireland – and an offshore 
site situated within the wind farm Belwind, operated by Parkwind. The Belgian pilot 
has several co-design collaborations, among which there is the collaboration with 
the offshore wind farm operator Parkwind, which is a partner in the project. 

Next, there is an ongoing collaboration with Deltares and all pilots in performing a 
physical experimental campaign to obtain hydrodynamic coefficients of the 
mussel dropper lines, oyster cultivation structures and seaweed nets. These 
coefficients are implemented in the numerical simulation which is used to perform 
design iterations of bivalve and seaweed offshore aquaculture systems. 

The pilot is also collaborating with the Dutch pilot to measure force and position 
of a full-scale mussel line system in their pilot. These data are used to validate the 
numerical modelling of a full-scale mussel aquaculture. There is an intended 
collaboration with the German pilot for co-planning sea missions to reduce costs 
and increase reliability of vessel contracts.  

Co-design input also comes from stakeholders through the Belgian pilot’s 
Community of Practice. This group includes representatives from the federal 
government (FOD Volksgezondheid/Leefmilieu), regional government (Flemish 
department of Fisheries and the Provincie West Vlaanderen), the Flemish fish 
market (Vlaamse Visveiling), Marifish (Incubator for aquaculture and fisheries), 
Colruyt Group, and the Blue Cluster. 

3.4.2. Design of production-related activities 
The production activities in the Belgian pilot involve a seaweed longline system 
with the novel Impact-9 system. This system uses buoyancy control through a 
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backbone structure. A preliminary design for a submersible seaweed longline 
system has been simulated by means of numerical modelling. Further design 
refinement is undertaken based on the preliminary results to minimize the 
hydrodynamic forces by lowering the cultivation system in the water column (i.e., 
buoyancy control). For a more detailed description of this system, we refer to Task 
and Deliverable 3.2 

Further refinements based on physical modelling will be carried out at the facilities 
at Deltares. This will involve testing the buoyancy control system and subjecting 
the submersible backbone to waves and currents, as well as obtaining 
hydrodynamic coefficients for the mussel dropper and seaweed net to be 
implemented in the numerical modelling. Further refinements will also be taken 
after nearshore testing. 

The pilot also includes a novel design that involves restoration tables and 
settlement mooring systems, to include nature restoration in low-trophic 
aquaculture farms. 

3.4.3 Other activities 
Restoration plans (Figure 2) for the Belgian pilot have been developed by UGent 
and RBINS. The purpose is to develop a model of LTA-OWF multi-use that 
supports conservation and restoration of European Flat Oysters. These oysters are 
a key species in the North Sea, thanks to their reef building capacity, but have 
locally disappeared because of overfishing, diseases and habitat loss.  
LTA brings the opportunity to have an easy and cost-effective way for the 
introduction of mature oysters with the cultivated stock. This is necessary, for the 
oysters cultivated are too young and will not stay long enough at sea to reproduce 
(they are harvested after two years). The combination with OWF brings the 
advantage of an area in which fishing and bottom-disturbing activities are 
excluded, allowing for biogenic reefs to build themselves over time. 
While the idea is to test the model effectiveness in the Belgian pilot of ULTFARMS, 
in the future it is meant to be used in areas where oysters were naturally occurring 
in the past, such as the Princess Elisabeth Zone and the Vlaamse Banken. 
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Figure 2- General concept for production and restoration activities in the Belgian Pilot. 

 
The detailed plan is described below for the first two years of the project. 
 
Year 1 
In June 2024, the artificial hard 
substrate garden of RBINS will 
be deployed (Figure 3). Four 
settlement tables will be 
installed on the sandy bottom 
between the turbines, one will 
hold mature and young 
oysters, one will hold clean 
rocks and shells and young 
oysters, and the two remaining 
ones will hold solely clean 
rocks and shells. In addition, 
two moorings, the spat 
collectors, will be installed at about 10 m under the sea surface. Both the tables 
and the moorings have successfully been used before for similar purposes. The 
tables will contain stone mixtures mimicking optimized and existing scour 
protection layers, with oysters on some of them. The moorings will support 
settlement plates composed of clay, with different surfaces. Other types of plates 
may be experimented with (e.g., clay mixed with shell debris), either to assess what 
is most successful, or to mimic what is most likely to be used in a commercial 
setting, or to offer better resistance to the high energy environment in which they 
will have to remain for a few months. 

The mature oysters will be specifically bought ready to spawn. June was chosen 
because it matches the oysters’ spawning period. The settlement plates and tables 

Figure 3- Belgian Pilot Year 1 
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will be deployed at the same time, to maximize the chances of oysters spat settling 
on the still relatively clean surfaces. 

In October 2024, the two moorings will be recovered. The settlement plates will 
be analyzed for presence of oysters spat. If they are found settled on the plates, it 
can be assumed that low-trophic aquaculture might enhance its own productivity 
by having reproduction and nursery at sea. 

In March 2025, the tables will be recovered, and the rocks analyzed for presence 
of oysters spat. If they are found on the rocks, it can be assumed that adding 
mature oysters on the seafloor may support an active restoration strategy.  

 
Year 2 

During the second year 
(Figure 4), the first-year 
scheme will be replicated, 
with some modifications. On 
the parent settlement table, a 
biodegradable structure 
holding rocks, oysters and 
shells together will be 
installed on the table, to test 
its performance. While the 
structure must be 
biodegradable and harmless 
for the marine environment, it 
should stay whole as long as 
possible so that the artificial reef consolidates on its own and the reintroduced 
oysters have the best survival chance. On the spat collectors, the type of plates 
that had the best success the previous year will be re-used and optimized if 
necessary.  

In June 2025, the four tables, one parent and three receiving, and the two spat 
collectors will be deployed again. Some of the tables will also hold young oysters, 
again to examine the feasibility of bottom oyster cultivation in the area, and to 
assess if they attract spat. 

In Octobre 2025, everything will be decommissioned and analyzed. The results will 
inform about:  

• The success of spat settlement from reintroducing oysters in an area where 
no bottom disturbing activities occur. 

• The possibility for LTA practitioners to produce their own spat by engaging 
in active restoration of European flat oysters. 

• The survival of reintroduced young and mature oysters at sea. 

• The effectiveness of clay plates for oysters spat settlement. 

Figure 4- Belgian Pilot Year 2 
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• The effectiveness of biodegradable nets/socks/etc. for reintroducing 
artificial oyster reefs. 

  
The idea moving forward is to explore the applicability of the LTA's circularity as a 
self-sustaining model that helps in restoration. 

4. Considerations and challenges in the co-design process 

4.1 Environmental criteria and considerations 

The design process of production-related activities within the pilots takes into 
consideration their potential environmental impact. Several environmental criteria 
are considered such as the potential effects on sedimentation, associated 
biodiversity, carbon input, and nutrients, using knowledge acquired from the 
previous H2020 UNITED project (UNITED D4.1, 2020; UNITED D8.3, 2023). As the 
pilots are all dealing with seaweed and mollusc production in similar 
environments, this section is consolidated into an overall consideration of 
environmental criteria, with pilot specific considerations denoted where applicable 
due to the high degree of overlap between all six pilots. 
 
Seaweed and shellfish farming can have both positive and negative effects on 
sedimentation (UNITED D8.3, 2023). One of the positive effects is that the sinking 
of faecal pellets and dead organic material (such as leaves and shells) contributes 
to the transfer of carbon to marine sediments (Jones et al., 2022). On the other 
hand, the sedimentation of (pseudo)faeces can lead to an excess of organic matter 
accumulating on the bottom and resulting in oxygen depletion.  Seaweed 
cultivation may lead to reduced phytoplankton primary production due to 
competition for nutrients, if carrying capacity is exceeded (Campbell et al., 2019). 
However, both processes depend on site-specific parameters and on the size of 
the aquaculture farm. Oxygen depletion and reduced phytoplankton primary 
production due to nutrient competition can occur in protected bays but are not 
expected to take place in offshore conditions with high currents, and not within the 
scale of the ULTFARMS pilots. 
Shellfish production may initially boost primary production, due to the quicker 
recycling of nutrients (Arzul et al., 2001; Pietros & Rice, 2003; Trottet et al., 2008), 
but will also result in nutrient immobilization as nutrients are incorporated into 
mussel tissue potentially causing decreasing primary production. Filtration by the 
mussels may further reduce phytoplankton concentration in and around mussel 
farms. When carrying capacity is exceeded (i.e., when the mussels eat faster than 
the maximum growth rate of the algae), this might lead to a reduction of primary 
production (Maar et al., 2008; Petersen et al., 2008; Hulot et al., 2018). These risks 
are avoided in ULTFARMS and are considered in the upscaling concepts in all 
further steps of the project. 
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The choice of anchors for aquaculture structures also requires environmental 
considerations. Seabed mapping and information on seabed typology are needed 
for safe anchoring in the area. Anchors impact the seabed, thus there are 
considerations on the type of anchors that would create minimal seabed 
disturbance. However, anchoring will only affect a very small proportion of the 
seabed. 
 
Low-trophic aquaculture can lead to positive impact on water quality and nutrient 
concentrations (UNITED D4.1, 2020). Mussels, oysters, and seaweed are low-
trophic species that require no feeding or fertilizers, and therefore would not lead 
to nutrient pollution. On the contrary, there is a potential to mitigate eutrophication 
effects thanks to nutrient uptake by seaweed and reduced impact of excess 
nutrients by suspension-feeding organisms (oysters and mussels). However, there 
could be competition for nutrients with naturally occurring species, for instance if 
nutrients taken up by seaweed are not available to other species. 
 
Salinity is a key factor in the suitability of a certain area for various species of 
molluscs and seaweed species. This can often be a deciding factor in the potential 
siting of LTA sites, particularly in the confluence zones between the North Sea, 
Danish Straights, and Baltic Sea; it is a limiting factor for molluscs and what type of 
seaweeds can be grown in Baltic waters. A number of studies have investigated 
this potential, with Maar et al. 2023 specifically addressing the potentials for sugar 
kelp and blue mussels farming cross referenced with existing and planned wind 
farm developments within these confluence zones. When entering areas of lower 
salinities, the result for blue mussels is higher densities of small mussels (not suited 
for human consumption) with associated lower growth rates which are still suitable 
for use as nutrient sinks and nutrient removers, however not for commercial 
applications for human consumption. Therefore, aside from hydrodynamic and 
force considerations, the mixing and salinity gradients in this meeting of the North 
and Baltic Seas in the Danish straights offers further complexities and 
environmental considerations in design and potential harvest yields. 
 
Lastly, before implementing a low-trophic aquaculture farm, it is important to 
consider the biodiversity of the area and how it might be affected by this activity 
(UNITED D8.3, 2023). Multi-use offshore aquaculture can promote marine 
biodiversity by creating artificial reefs and substrates. The implementation of 
aquaculture at an offshore wind farm will introduce additional hard substrates 
such as anchors, buoys, and aquaculture lines, creating habitats for certain 
species. In addition, there is a potential for spill-over effect from the nursery and 
shelter offered by the multi-use area. Combined with the fact that bottom trawling 
is prohibited within wind farms, this leads to stronger protection. However, there 
are also risks of negative effects on biodiversity, such as the introduction of 
associated pathogens and/or non-native species by all users (e.g., Crew Transfer 
Vessels working in different wind parks and serving as “taxis”). 
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Implementing restoration measures such as flat oyster reefs in the North Sea is 
made possible by the protection against bottom trawling within wind farms. These 
oyster reefs contribute to higher fish yields, improved water clarity, and enhanced 
sediment stability. By providing habitat, feeding, nursery and shelter, shellfish reefs 
will in turn further increase biodiversity. A variety of birds are attracted to oyster 
reefs and many species of fish lay their eggs around the shellfish beds (UNITED 
D4.1, 2020). In the specific case of the Dutch pilot, providing BESE structures on the 
bottom will reduce predation and enhance survival of mussels that will drop off 
the culture system. In addition, other species can find attachment substrate and 
shelter from predation. In this way a reef is formed that can process organic matter 
and reduce the risk of oxygen depletion. However, a challenge will be the physical 
conditions beneath the mussel farm. Is it sheltered enough for the reef to develop? 

Although artificial structures on the seabed can enhance biodiversity, they cannot 
replace a natural habitat. There are differences between materials in terms of 
which species they attract and how they react to harsh marine conditions. When 
designing artificial structures, natural materials such as stones and boulders 
should be preferred to man-made materials such as metal and concrete. 
Additionally, the structural complexity of natural habitats, which has evolved over 
long timeframes, cannot easily be replaced by artificial substrate in the same or 
another area (UNITED D8.3, 2023023a). 

4.1.1 Environmental monitoring 

Because OWF-LTA multi-use presents both risks and opportunities for the marine 
environment, it is essential to monitor its impact on the environment. 
Environmental monitoring allows to ensure that negative impacts are avoided or 
reduced as much as possible, or mitigated for whatever cannot be reduced, and 
that positive impacts are maximized.  
 
In a previous deliverable of the project, “Review of the monitoring requirements 
and strategies for offshore low-trophic aquaculture” (ULTFARMS D6.1, 2023), an 
environmental monitoring strategy was designed for offshore low-trophic 
aquaculture. This strategy proposes to monitor the impact of offshore LTA on three 
major ecosystem components: water quality, sediment and biodiversity. The 
strategy is designed to be adaptable, based on the specific requirements of each 
pilot. This includes modifications to accommodate the availability of resources and 
technology, and could be extended to encompass structural aspects and the 
monitoring of biomass growth on the setups. Hence, while comprehensive 
environmental monitoring is crucial, the specific design choices will also influence 
the nature and scope of the required monitoring. 

4.1.2 Environmental sustainability assessment 

The environmental considerations during the design phase align well with the 
Environmental Sustainability Assessment in WP7. First, the environmental criteria 
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consider the potential environmental impacts of production-related activities, 
which will be scoped and assessed in WP7 through an assessment framework. 
This will be partly based on the H2020 UNITED Assessment Framework, but 
further tailored and adapted to the specific multi-use cases of combining offshore 
wind farms and low-trophic aquaculture. 
 
The effects on biodiversity will be evaluated in WP7, and specifically the potential 
of multi-use offshore aquaculture to enhance biodiversity through the introduction 
of artificial reefs and substrates. Both structural and functional biodiversity will be 
assessed, and outcomes of these assessments will feed into the design of nature-
inclusive structures, which are aimed to avoid or minimise negative environmental 
impacts and enhance and stimulate the natural biodiversity by creating favourable 
habitats. 
 
Moreover, the ULTFARMS project aims to develop a zero carbon, circular, and 
slowly biodegradable reef restoration system, which aligns with the emphasis on 
using sustainable materials in the design phase. The environmental considerations 
related to carbon sequestration are aligned with the detailed exploration of bivalve 
aquaculture's effect on sediment C-sequestration in WP7.  

4.2 Technical challenges 

4.2.1 Danish pilots 

One of the challenges for the Danish pilots is that high speed currents for the 
design specification result in high drag on the seaweed and mussel net-structures, 
leading to tangling and increased drag in the specified sites. Another relevant 
challenge is sourcing vessels with the appropriate size and right equipment to 
work with lines and in the environment, and that to be approved by the OWF 
owners. Associated technical complications for sourcing the right boat for drilling 
in screw anchors have led to preliminary change in choice of anchor type. Third, 
mussel recruitment rates are unknown in the pilot locations and will be tested in 
2024. Lastly, inoperable weather conditions are predominant. 

4.2.2 German pilot 

Technical challenges at the offshore sites: 

Both pilots are offshore, and therefore encounter similar technical challenges.  
Of foremost importance are the significant and maximum wave heights.  The two 
research platforms (FINO2 and 3) give critical insights into the nature of those 
parameters, and enable high resolution monitoring 
(https://www.bsh.de/DE/THEMEN/Beobachtungssysteme/Messnetz-
MARNET/FINO/fino_node.html).The following parameters have been estimated 
for a 50-year observation period: 
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FINO3, North Sea:  
 Technical challenge: Wind & wave conditions  
 Location: 82 km Offshore near Sylt   
 1 min. average wind speed 33.8 m/s   
 Main wind direction: West  
 Water depth: 23 m   
 Significant wave height: 9.2 m   
 Maximal wave height: 17.9 m   
 Wave period: 10.7 – 13.9 s   
 Main tidal direction: NW-SE  
 Max. current speed: Surface - 1.2 m/s, 12m depth – 0.9 m/s 

 

FINO2, Baltic Sea:  
Technical challenge: Wind, tidal & wave direction  
 Location: 33 km offshore near Rügen  
 1 min average wind speed: 9.6 m/s  
 Main wind direction: NW / SW  
 Water depth: 24.5 m  
 Significant wave height: 6,4 m  
 Maximal wave height: 11,9 m  
 Wave period: 8,9 s  
  
Technical challenge: Offshore conditions       
The research platforms enable the monitoring of a wide range of parameters.  
For the North Sea, the high energy conditions and a salinity of 35 PSU lead (risk of 
corrosion) to a challenging environment for any construction. The parameters 
observed for the Baltic Sea pilot are more moderate in their extremes. The salinity 
is more than halved to about 9 PSU which shall reduce the risk of corrosion.  The 
wave period and wavelength are higher in the North Sea which leads to different 
forces and technical requirements than shorter waves in the Baltic Sea.  
In addition to that, the choice of material has been shown of outmost importance. 
Despite the high energetic wave conditions that define the materials chosen, a 
combination of precious and non-precious metals must be prevented as it 
potentially leads to a galvanic chain and risks an enhanced corrosion, especially in 
a high saline environment. 

 

Technical challenge: Operational windows 

Operational windows are periods of time, in which the conditions allow safe 
operation, based on weather predictions and depending on the time needed to 
complete the respective tasks. 

For operating at the offshore pilot in the North Sea, the maximum wave height of 
1m is defined as a suitable and safest condition for most offshore installation and 
maintenance work. As those periods are rare and may change spontaneously, 
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especially in quartile 1 and 4 of the year, the installed systems need to run 
autonomously and remain stable for longer periods of time. Similarly, reliable 
models and weather forecasts are required, to predict operational windows in 
advance, to be practical for vessel operations. For the offshore pilot in the Baltic 
Sea, a similar operational window is defined to ensure safe working conditions. 
 

Technical challenge: Mooring in harsh offshore conditions 

For both locations, a side-specific mooring design is crucial for successful 
operations. At the German Baltic Sea pilot, the rocky seabed limits the amount of 
suitable mooring devices and defines the dimensions of the system design itself. 
At the German North Sea pilot (FINO3) location, the following can be defined. 
A calculated maximum holding capacity of 50t per anchor is needed, to withstand 
the maximum wave heights and current speeds of 1.2 m/s. The composition of the 
substrate however is medium-dense to very dense sand deposits with partially 
gravelly and silty constituents (1), and therefore demand special adapted anchors 
to those conditions. The safe handling of the mooring solutions with standard tow 
ship equipment is a further objective.  

Technical challenge: Staff training and assembly plan 

The staff must be experienced and trained to operate and maintain not only the 
offshore facilities but also the associated onshore equipment (e.g., enough data 
storage of 1TB, pre-fabrication and adaption of monitoring equipment, spare parts). 
International certified training serves as a risk mitigation measure. The whole 
deployment procedure must be planned in such a way that the time offshore is as 
short as possible to be able to also use short weather conditions (max. a few hours) 
and to keep costs as low as possible. All steps of the deployment must be tested, 
and staff trained to enable a safe and smooth procedure offshore. 

Technical challenge: Monitoring strategy       
As the offshore locations can be reached only within operational windows directed 
by weather conditions and forecasts, spontaneous reactions are often limited. 
Real-time data access for the most critical parameters and monitoring devices is 
a must to tackle the above-mentioned challenges.   
Offshore maintenance and operation of these systems are very costly and difficult. 
The challenge is therefore, to work out a design, setup and management for an 
offshore operation system that provides a high chance for as much automatization 
of remote data recording as possible. Remote monitoring is a key compound to 
predict certain technical but also biological developments. The system´s sensors 
and electronics, however, must be reliable and adapted to the existing conditions. 
The data transfer from the sensor within the water column to the research buoy or 
platform and then to a land-based server, are critical weak points, as cables are 
prone to break and indirect transfer such as Bluetooth or Wi-Fi are not available 
under water.   
The development of a common data collection and dashboard solution to provide 
access to the data collected of five pilots is another challenge and part of the 
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monitoring plan (D3.1). Energy supply and energy consumption must be on a level 
to allow maintenance routines of approximately every six to twelve months or until 
decommissioning. The energy demand of the sensors and the possible power 
generated by e.g., solar panels need to be balanced.   
Biofouling on sensors and cameras can cause extreme intensive maintenance. 
State of the art and tested antifouling measures must be applied to keep the 
intervals between maintenance trips as long as possible and the maintenance trips 
themselves as short as possible to save costs. The biofouling material must fulfil 
the legal requirements to produce food for human consumption. 

4.2.3 Dutch pilot 

Technical challenges 

The technical challenges faced by the Dutch pilot concern the robustness of the 
BESE for reef restoration. Another possible challenge could be the dynamic nature 
of the seabed in the area (cf. Damen et al., 2018). This can be a concern for the 
long-term stability of the reef blocks and the potential risk to be buried under 
sediment over time. Moreover, there are challenges related to the attachment of 
bivalves to the lines and the shaking/falling off. In addition, the configuration of 
the lines, close together near the platform, can affect growth rate of the mussels. 
Lastly, the balance between technology and biology is challenging, in terms of 
how to ensure reef formation and the correct species is attracted or attached. 

 

Pilot Submerged Mussel Farm (SMF) in Borssele III  

Location: 24 km offshore near Walcheren 
1 min average wind speed: 9.5 m/s                
Main wind direction: SW  
Water depth: 21 m (LAT) 
Average wave height: 0.5-1.5 m 
Significant wave height (Hs) = 6.5 m 
Maximal wave height: 11.7 m (observed, 10 y data) 
Main tidal direction: NNE – SSW 
Max. average current speed: Surface 1,0m/s, 12m depth 1.2 m/s 
Seawater temperature: min mean: 5.9 (Feb), max mean: 17.4 (Aug) degr C. 

Sources: Handreiking gebiedspaspoort Borssele (Ministerie van Binnenlandse 
Zaken en Koninkrijksrelaties, 2020); Metocean report Borssele I (Deltares, 2015). 

4.2.4 Belgian pilot 

As a participant of the preceding H2020 UNITED project, the Belgian pilot of 
ULTFARMS is able to build off of lessons learned in previous years. One of the 
greatest challenges identified during the operational phase of the UNITED project 
was sea mission planning. To access the Belwind site, the Belgian pilot team must 
contract a third-party vessel. Due to the nature of working with the longline 
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cultivation systems, there are only a limited number of vessels that have the 
appropriate machinery and configuration to operate in the Belgian pilot. These 
vessels require calm conditions to carry out work related to installations and 
harvesting. Therefore, operational limits have been set to waves <1 m, currents of 
<0.5 m s-1 which occur during tidal changes around neap tides as well as low wind 
conditions of preferably <5 m s-1 to ensure safe operation within the offshore wind 
farm. As these conditions can be rare, especially in autumn and winter months, it 
is difficult to align vessel availability and administrative procedures with a 
favourable weather window. To complicate the matter, vessel operators may 
cancel a sea mission if they are offered a longer and more lucrative contract 
elsewhere.   

The high energy conditions offshore are also a challenge for the Belgian pilot. Even 
normal wave energy in this environment can cause considerable wear and tear on 
infrastructure. Extreme weather events are not uncommon and must be 
accounted for in modelling scenarios and laboratory testing before deploying 
equipment at sea. Designing infrastructure for these conditions is costly. It has 
been difficult to find cost effective options for mooring and anchoring systems as 
well as resilient cultivation structures. Some of the cultivation structures previously 
tested both nearshore and offshore in the Belgian pilot were found to be 
inadequate for the high energy conditions of the Belgian North Sea. Lantern 
baskets, for example, will no longer be used for oyster cultivation in the pilot.  

Other technical challenges particular to LTA in the Belgian pilot include sourcing 
disease-free native oyster (Ostrea edulis) spat, direct seeding methodology for 
seaweed cultivation, and managing biofouling on cultivation structures. When 
evaluating oyster cultivation structures used in the Belgian pilot of UNITED, trade-
offs were observed. Different cultivation structures had various levels of biofouling 
accumulation. However, the SEAPA baskets which had low levels of biofouling, 
also encouraged excessive shell thickness in the oysters, likely due to the 
tumbling motion within the baskets. It is unclear whether this could be a drawback 
from a marketing perspective in the future.   

Belgian pilot site environmental conditions 

Technical challenge: Wave and tidal current  
 Location: 40-50 km offshore   
 Water depth: 28 - 29 m lowest astronomical tide (LAT) 
 Maximum regular wave height: 11.8 m   
 Corresponding wave period: 9 s   
 Main tidal direction: NE-SW  
 Max. current speed: depth averaged - 1.05 m/s 

Sources: (Alver et al., 2015), (Vantorre, 2016) 



 
 

Page 27  ULTFARMS Deliverable 3.1 

4.3 Legal considerations 

Multi-use (MU) projects, which combine different activities or technologies in the 
same marine space, face various legal issues and challenges. Building on the 
insights from the previous H2020 UNITED project (Soete et al., 2021), this section 
reports some general legal aspects that could be relevant across pilots.  
In the following sections, the legal background and specific challenges for each 
pilot will be presented.  

One of the main challenges is due to unclear and fragmented regulations for MU 
at both national and European levels. One difficulty is the presence of strict 
security regulations, particularly those related to safety zones around wind farm 
installations, which often discourage the establishment of MU projects. Such 
projects also deal with constraints related to safety distances, in terms of keeping 
a certain distance both from other users and from the shore. 

Another difficulty is related to environmental impact assessment processes. 
Currently, each technology or hybrid technology used in a MU project requires a 
separate assessment, with a lack of guidance on evaluating the cumulative impact 
of combined uses. This fragmented approach extends to the permitting 
procedures for MU projects, which are not well established. 

There are concerns about the lack of dialogue between public institutions and 
difficulties in identifying the administrative offices responsible for issuing permits 
for MU projects. This situation is also complicated by the lack of cross-border 
cooperation in multi-use projects, which hinders their development and 
implementation. Another concern is within Maritime Spatial Planning, where there 
is a need for established procedures that consider the interests of different 
stakeholders. This is also reflected in the lack of inclusion of MU in Maritime Spatial 
Planning, which prevents aquaculture from being allowed in energy production 
areas. 

The operations during the decommissioning phase also create uncertainty, 
especially regarding the ability of one party to continue operations if the other 
enters its decommissioning phase, including the legal status of activities and the 
division of decommissioning costs. Lastly, there is a lack of established safety 
assessment methods for MU activities. 

4.3.1 Danish pilot 

In Denmark, the national maritime spatial plan for the Danish EEZ has restricted 
mussel production to specified zones and these are not coinciding with zones for 
energy production (https://havplan.dk/en/page/info ). The implication is that at 
present, multi-use in relation to mussel farming will require modifications of the 
existing plan. This is a relatively cumbersome process that will take time and 
requires political consent. In addition, mussel production requires food safety 

https://havplan.dk/en/page/info
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procedures defined by areas depicted for mussel production. If an area used for 
energy production, pre-screening for food safety according to the present 
regulation will be required and that will include food safety sampling that is 
beyond the present program. All food safety measurements in Denmark are 
carried out by the producers at their own costs.  

4.3.2 German pilots 

The German exclusive economic zone (EEZ) falls under BSH jurisdiction, where the 
German Pilot is located. The BSH is responsible for the implementation of the 
maritime spatial development plan (FEP) (based on Federal Regional Planning Act) 
BSH (2017) in the German North Sea and the Baltic Sea). This includes allowing 
economic uses, where they do not conflict with nature conservation and 
environmental protection, creating a balance between exploitation and protection 
of the sea, while ensuring the safety and ease of navigation. The maritime spatial 
development plan (FEP) of the German EEZ was last amended in 2021, to 
implement the EU Directive on Maritime Spatial Planning. In contrast to the 
territorial sea, the EEZ does not belong to the territory of the federal republic of 
Germany. Maritime spatial planning must therefore respect the freedoms of the 
UN Convention on the Law of the Sea, such as the freedoms of navigation, 
overflight as well as cable and pipeline installations.  

It is therefore a matter of "limited spatial planning". In the North Sea, OSPAR is 
currently in charge of international cooperation for marine environmental 
protection in the Northeast Atlantic. In the Baltic Sea, the Baltic Marine 
Environment Protection Commission, more commonly known as Helsinki 
Convention or “HELCOM” directs the environmental standards based on the 
Helsinki convention. 

Legal constraints are therefore associated with the fulfilment of the requirements 
governed by OSPAR and HELCOM. For the pilots the following legal challenges 
can be described: 

- Developing systems directed by the concept of minimal impact (e.g., 
nature-inclusive design). 

- Harmful algae blooms are of periodical appearance. Different tests of 
mussels are an EU-wide requirement to be sold as human food. 

4.3.3 Dutch pilot 

The Dutch pilot of the Submerged Mussel Farm (SMF) is located in the Dutch 
exclusive economic zone (EEZ) and falls under national jurisdiction. The offshore 
wind ambitions are formulated in the roadmap 2030-2050 
(https://english.rvo.nl/en/topics/offshore-wind-energy/plans-2030-2050). The 
target for offshore wind energy is approx. 21 GW by around 2030. The 
governmental body responsible for the roll-out of offshore wind is RVO 
(https://offshorewind.rvo.nl/).  
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In the Borssele offshore wind site the government has assigned the available 
space to different shared use including aquaculture, passive fishing and nature 
development, in line with the sustainable ambitions of the energy, food and 
nature transition. This is called an ‘area passport’.  
(https://offshorewind.rvo.nl/file/download/906d4558-7a20-4f11-a9c0-
a13c66f6a248/1469778189psd%20borssele%20windfarm%20iii+iv%20web.pdf).  

The mussel farm will be located in the area assigned for aquaculture. 

4.3.4 Belgian pilot 

The Belgian pilot is located in the Belgian exclusive economic zone (EEZ) and falls 
under the jurisdiction of the federally appointed Minister of the North Sea. 
Commissioned by the minister, the Marine Environment Service of the Federal 
Public Service for Public Health, Food Chain Safety and Environment drafts the 
marine spatial plan (MSP) in six-year periods. The current MSP 2020-2026 
(https://www.health.belgium.be/en/news/something-moves-sea-new-marine-
spatial-plan-2020-2026) designates specific areas for various maritime activities. 
The MSP foresees (MU) as the future norm for fixed activities taking place in the 
same area in the Belgian part of the North Sea, in particular in offshore renewable 
energy zones (see also MSP vision 2050: 
http://www.thinktanknorthsea.be/en/reports). However, the legal landscape for 
MU is still challengingly complex.  In the existing wind farm concession area where 
the Belgian pilot is located (zoning plan 2003, MSP 2014-2020, MSP 2020-2026), 
other potential users (e.g. aquaculture, passive fisheries, restoration projects) must 
first obtain an agreement with the wind farm concession holder. Without an 
agreement, third parties are legally prohibited from entering the concession area.  

Scientific aquaculture projects taking place in an offshore wind concession zone 
(e.g., Belgian pilot) require a separate permit from the wind farm, itself. Additionally, 
a commercial aquaculture operation would be obligated to carry out a full 
environmental impact assessment as part of the permitting process. Due to the 
distinct permitting procedures of different single uses within the same maritime 
area, the conditions of the permits differ. The lifespan of separate permits, for 
example, may not be compatible. The maximum lifespan of an offshore wind farm 
permit is 30 years while the permit for an aquaculture project can last up to 50 
years. It is yet unclear how discrepancies like this would play out in a MU context 
as activities in a distinct maritime area change over time.  

Decommissioning requirements also pose a challenge for the objectives and 
design constraints of the Belgian pilot in terms of ecological restoration as an MU 
activity. By the end of the project lifespan, the concession holders are obligated to 
remove all wind farm infrastructure, including scour protection stones. This could 
also mean removal of new native oyster reef habitat if nature inclusive design (NID) 
experiments prove to be successful in providing larvae for hard substrate 
colonization.  

https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.health.belgium.be%2Fen%2Fnews%2Fsomething-moves-sea-new-marine-spatial-plan-2020-2026&data=05%7C01%7Cloreta.cornacchia%40deltares.nl%7Ccc9f44973f854699b9e208dbf585c5b1%7C15f3fe0ed7124981bc7cfe949af215bb%7C0%7C1%7C638373727141672719%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=DUneRHB9bus8ty6EQ%2BprHoX440YsPIMPZezkKzqtCWY%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.health.belgium.be%2Fen%2Fnews%2Fsomething-moves-sea-new-marine-spatial-plan-2020-2026&data=05%7C01%7Cloreta.cornacchia%40deltares.nl%7Ccc9f44973f854699b9e208dbf585c5b1%7C15f3fe0ed7124981bc7cfe949af215bb%7C0%7C1%7C638373727141672719%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=DUneRHB9bus8ty6EQ%2BprHoX440YsPIMPZezkKzqtCWY%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=http%3A%2F%2Fwww.thinktanknorthsea.be%2Fen%2Freports&data=05%7C01%7Cloreta.cornacchia%40deltares.nl%7Ccc9f44973f854699b9e208dbf585c5b1%7C15f3fe0ed7124981bc7cfe949af215bb%7C0%7C1%7C638373727141672719%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=T89hcCStoO6D9mNwUqroSXlCdwsW8ZWR%2FzsNmHOaSlw%3D&reserved=0
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4.4 Target benefits and optimizations 

The designs and operational methods discussed in section 3 of this report are 
generated with a list of potential benefits and optimization potentials in mind, 
detailed below on a pilot specific design level and on general LTA integration into 
OWF. Through the execution of the ULTFARMS project via these 6 pilots, the 
validity of these assumptions as well as targeted benefits and optimization will be 
reviewed. For some of these targeted benefits, literature and previous projects 
have corroborated the realized or expected benefits when operations are 
executed at pilot or scale. A selection of the benefits mentioned below, while 
idealized in full-scale operations, are not expected to be realized or corroborated 
by pilot scale work. However, we have still noted these benefits as the upscaling 
and commercialization of the activities undertaken in the ULTFARMS pilots and 
forecasted in business models through the commercialization work in ULTFARMS, 
are expected to materialize when put into commercial practice. 

Dutch pilot:  

• Submersible high density mussel farm – The high-density mussel farm in 
the Dutch pilot is integrated with a multi-functional platform which is semi-
submersible. The benefits from the submersible aspect include the 
reduction of high forces in surface waters during storm events, thereby 
reducing the potential damage and losses incurred to the mussels and lines. 
This is expected to increase the total revenue and amount of mussels 
produced by limiting their exposure to harsh events as well as lowering the 
liability of lost or damaged lines during storm events, increasing safety for 
the operating area and the farm itself (Lopez et. al 2017). 

• Providing BESE structures on the bottom will reduce predation and 
enhance survival of mussels that will drop off the culture system. In addition, 
other species can find attachment substrate and shelter from predation. In 
this way a reef is formed that can process organic matter and reduce the 
risk of oxygen depletion. Therefore, the inclusion of this element in the 
design aims to enhance the nature positive effects of the activities and 
reinforce the nature restoration activities taking place within the same site. 

Danish pilot: 

• Submersible longlines – using a different approach from the Dutch, having 
the individual lines be submersible versus submerging a platform the lines 
are attached to, aims to have a similar impact of reducing the forces on the 
lines during storm events, thereby reducing the damage and losses 
incurred in such events. By having the lines be independently submerged, 
the reproducibility of this design in smaller applications and those non-
dependent on a large central platform are explored (Lopez et. al 2017). 

• Using an adapted tube-net system, thinning of the mussel lines can be 
accomplished mechanically in order to adhere to the reduced accessibility 
that is innate to offshore operations. By utilising such a structure, currently 
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commercially operating harvesters can be used in the harvesting of the 
mussel lines, reducing the need for specialised vessels or more intensive 
harvesting via manual methods or removal of the line system. This is 
believed to lower costs of product and increase the speed at which such a 
method could be commercially deployed since the required harvesting 
ships and methods are existing and in commercial operation. 

• Grow-out potential of different seaweed species (Saccharina latissima, 
Palmaria palmata) will potentially be greater than in inshore waters where 
eutrophication creates light climate limitations and excess fouling. This will 
potentially favour large-scale seaweed production in Danish waters. 

German pilot: 

• Optimization of size and maneuverability of aquaculture systems: solution is 
the development of small moveable units that can be modularly built and 
assembled. Development of systems small enough to be integrated into 
different offshore structures, e.g., existing wind turbines, without 
compromising stability or increasing drag significantly. This will enable 
flexible deployment of such systems and more easily allow or retrofitting of 
existing OWFs to rapidly deploy such systems and increase the 
transferability due to their modular and scalable elements. 

• Structures with increased surface area as compared to traditional nets, such 
as a 30-meter-long net and mooring systems with a larger scattering radius, 
will be adapted for offshore conditions. This innovation will increase the 
potential cultivating surface area per square meter of surface area when 
compared to traditional long-line structures. This could therefore increase 
the production potential and economic viability of such a system compared 
to other designs. Due to the proximity, buoys made from plastics are 
preferred as they pose no threat to a wind turbine structure. Increasing the 
potential yield per unit area of available space within wind farms would 
allow for better integration of LTA within existing and future farms as the 
unit space required for given production requirements would be decreased, 
increase potential for other uses and lowering space demand for LTA. 

• Increases in total biomass produced per unit area are expected due to the 
adapted methods and production techniques described. The various 
choices for production activities are aimed at finding the best available and 
adapted cultivation techniques intending to increase the maximum biomass 
gained for seaweed (Saccharina latissima, Ulva intestinalis) and shellfish 
(Mytilus edulis, Ostrea edulis) aquaculture. 

 

Belgian pilot: 

• Dynamic and semi-automated submersible longline structure proposed for 
the Belgian case utilizes a novel new product from IMPACT-9 which would 
allow for potentially remote or automated submergence of the long-line 
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system to reduce damages and losses during storm events, similar to the 
objective of the Dutch and German cases. The automatable nature of this 
system and both flexible and cost-effective nature of the design aims to 
demonstrate the potential of this new market product in offshore 
aquaculture. This would reduce costs in fabrication, enable a form of 
automation which could be integrated with decision support or forecasting 
systems, reducing costs, losses, and liabilities while increase total yields 
(Lopez et. al 2017). 

• A transition to SEAPA baskets instead of blue lantern baskets, learning from 
UNITED experience would reduce the internal fouling of the aquaculture 
system. SEAPA baskets have washing machine-like motion and less internal 
fouling when compared to other systems used in previous work thereby 
reducing the need for anti-fouling measures to be included in design 
parameters and operational tasks and likewise increasing the potential 
yields. Therefore, such an application, if demonstrated to be successful, 
would provide a tenable and cost-effective solution to aquaculture systems 
in marine environments susceptible to high biofouling. The tangible benefits 
are reduced biofouling of the system, increased production yields, and a 
reduction in the costs and activities required to reduce or remove biofouling 
(Bannister et. al. 2019) 

• Having the restoration plan and activities integrated with the aquaculture 
design stands to enhance the conservation activities’ potential for the area. 
Having aquaculture contribute to active restoration activities by supporting 
recruitment and seeding in the area would have a positive effect on the 
oyster reef restoration and potentially increase the rate of restoration. By 
testing a model of LTA-OWF multi-use that supports conservation and 
restoration of European Flat Oysters, which are a key species in the North 
Sea, enhanced restoration in areas where bottom-disturbing activities are 
prohibited can be realized, transforming potential negative environmental 
impacts into positive and enhancing features (Bishop et. al. 2023). 

In general terms, multi-use scenarios in marine environments, particularly when 
integrating low-trophic aquaculture and offshore wind farms, are expected to 
provide a range of environmental, social, and financial benefits that can contribute 
to a more sustainable and efficient use of marine resources. The preceding H2020 
UNITED project has helped identify the synergies expected by the pilots that 
emerge from the combination of different uses of marine areas (Staufenberger et 
al., 2022). The synergies that are also expected to be relevant for the ULTFARMS 
pilots across core themes of environmental, societal, and financial aspects and 
aggregated below. These are general synergies expected either through the pilot 
implementation or proposed to be realized through the scaled deployment of LTA 
within OWF as described in literature and from the expertise of the project 
members. 
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Environmental benefits 

There are several environmental benefits and optimization measures linked to the 
combination of LTA and OWF. First, by combining maintenance trips to the OWF 
and aquaculture pilot, there is an expected reduction in CO2 emissions. 
Aquaculture facilities can serve as nursery and feeding habitats for fish, possibly 
increasing fish and predator abundance. Another key benefit is the positive impact 
on water quality from seaweed and mussel cultivation, as these species take up 
nutrients and filter feed (Duarte et al. 2022; Lindahl et al., 2005). Sharing knowledge 
from monitoring equipment and sharing the retrieved data could also contribute 
to a better understanding of marine ecosystems. Additionally, LTA provisions food, 
feed, and raw materials for various industries with fewer resources and lower 
carbon footprint compared to terrestrial production (Gephart et al., 2021) and is 
noted as a key factor in achieved sustainable development goals (Maar et al. 2023). 
Increasing European production is essential to supply the 14 million tonnes of 
aquaculture products demanded by the current market, 9.47 million tonnes which 
are now imported; promoting European self-sufficiency and lowering carbon 
footprints. 

Social benefits 

Currently, there are limited studies on the social dimension of offshore aquaculture 
in a multi-use setting (Krause & Mikkelsen, 2017). From a social perspective, MU 
activities can lead to increased job opportunities in the aquaculture sector (e.g., 
Knapp, 2008, in a study focused on the USA only). Multi-use also requires less 
marine space, and it is expected that moving aquaculture further offshore can 
reduce conflicts with other users. However, most studies have focused on fish 
aquaculture (Knapp, 2008; Krause & Mikkelsen, 2017), so it remains to be tested for 
LTA. 

Financial benefits 

Financially, there are potential benefits associated with this type of MU. Combining 
(monitoring) trips with the offshore crew vessels of the wind farm can help 
decrease costs (Michler-Cieluch & Krause, 2008). Similarly, combining onshore 
material transport can lead to reduced expenses. Thus, there is scope for wind 
farm-aquaculture activities to cooperate in operation and maintenance activities, 
which are further reviewed in terms of potential opportunities and constraints by 
Michler-Cieluch & Krause (2008). There is also the potential to use on-site 
generated renewable energies to power the LTA systems energy requirements, 
although the extent of the financial benefits remains to be quantified. 

5. Summary of commonalities and conclusions 

5.1 Commonalities 

This deliverable reported on Task 3.1 of ULTFARMS: “Co-design of production-
related activities”. To achieve a successful integration of low-trophic aquaculture 
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within operational wind farms, the pilots have involved wind farm operators and/or 
commercial partners in their co-design approach. There are also ongoing 
collaborations with other research institutes within the consortium to develop the 
necessary biological and engineering knowledge, and between pilots themselves 
to co-plan sea missions, as in the case of the Belgian and German pilots. An 
overview of the key aspects, commonalities, and challenges across pilots is 
provided in Table 3. 

The proposed concept designs for each pilot at the end of the first year of the 
project reveal commonalities in the production activities of seaweed, mussels 
and oysters. The Belgian, Dutch and Danish pilot will test different types of 
submersible systems, which will allow to minimize the hydrodynamic forces by 
lowering the cultivation system in the water column during harsh conditions at sea. 
Oyster production is aimed to be conducted with cages of various designs (SEAPA 
baskets and lantern baskets) and location of deployment (submerged and 
intertidal). Another important commonality is the shared challenges due to the 
harsh environment, limiting both the installed material’s life expectancy, and the 
periods of operational windows for maintenance and the need for heavy extremely 
strong site-specific mooring solutions. Additionally, high currents may affect the 
targets organism´s growth and attachment behaviour, as seen in e.g., blue mussels. 
Additionally, there are interesting comparisons to be made between different 
pilots on the cultivation techniques for the seaweed grow out systems; focus is 
given on the difference between direct seeding and nursery seeding of brown 
algae (Saccharina latissima).  

Two of the pilots, the Belgian and Dutch one, plan to include designs that link 
aquaculture production with restoration. The Dutch pilot aims to place 
biodegradable structures below the mussel farm, possibly resulting in the 
establishment of a reef that can enhance and support ecosystem functioning. The 
plan for restoration in the Belgian pilot is developed by the University of Ghent and 
RBINS. The purpose is to develop and test a model of LTA-OWF multi-use that 
supports conservation and restoration of European Flat Oysters: LTA allows to 
have an easy and cost-effective way to introduce mature oysters with the 
cultivated stock, to ensure the presence of breeding individuals. Moreover, the 
combination with OWF allows a chance for biogenic reef formation in an area 
where fishing and bottom-disturbing activities are excluded. By the end of the 
project, these unique tests in a real offshore environment will inform on whether 
aquaculture can be self-sustaining and whether it can support restoration efforts 
at the same time.  

The design of low-trophic aquaculture activities within operational wind farms 
raises several environmental, technical, and legal challenges. The main 
environmental criteria are the potential effects on water quality, sediment, and 
biodiversity, all of which are reflected in the environmental monitoring strategy for 
offshore low-trophic aquaculture designed in the project (ULTFARMS D6.1, 2023). 
A common technical challenge is related to the harsh offshore environment: high-
energy conditions, with fast currents and inoperable weather conditions, are a 
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recurring issue. These conditions not only affect site accessibility but also 
influence the cultivation structures: across the pilots, there are challenges with the 
attachment and cultivation processes. This includes the attachment of bivalves to 
lines, managing biofouling on the structures, and possible risks of tangling of 
cultivation lines due to high drag. The pilots face logistical challenges such as 
mooring in harsh offshore conditions, staff training, and developing effective 
monitoring strategies. The Danish pilot, for instance, notes the difficulty in sourcing 
vessels with the appropriate size and equipment for their specific needs. 
Challenges like the robustness of the BESE for reef restoration, direct seeding 
methodology for seaweed cultivation, and the configuration of cultivation lines 
near platforms show that there is ongoing innovation and testing with restoration 
and production methods. Among legal challenges, there are mentions of unclear 
and fragmented regulations, strict security and safety distance constraints, and 
complex environmental impact assessments for each technology. Legal 
constraints also result from HELCOM and OSPAR to ensure environmental thought 
through actions. This translates for instance, into the need to circulate marine 
biomass originating from adjacent water bodies only, as well as the avoidance of 
the spread of pathogens. (e.g., Bonamia free oysters). However, many synergies 
result from these multi-use scenarios and can lead to environmental, social, and 
financial benefits, such as the improvements of water quality thanks to the farmed 
species, optimization of maintenance trips to the OWF and aquaculture pilot, 
increased job opportunities in the sector and more efficient use of marine space. 
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Table 3: Overview of the key aspects, commonalities, and challenges in the 
integration of low-trophic aquaculture within operational wind farms. 

Aspect Commonalities Challenges 

Co-design and 
collaborations 

Involvement of wind farm 
operators and commercial 
partners; Collaborations 
with research institutes; 
Co-planning sea missions 
(Belgian-German pilots) 

Ensuring safe operations; 
Manoeuvrability in densely 
crowded spaces 

Production activities Comparison of cultivation 
techniques; Testing of 
submersible systems 
(Belgian, Dutch, and Danish 
pilots); Various oyster cage 
designs 

Harsh environmental 
conditions affecting 
material life expectancy 
and operational windows; 
High currents impacting 
organism growth; Local 
conditions (e.g., salinity) 
dictate choice of target 
organism 

Restoration efforts Designs linking 
aquaculture production 
with reef establishment 
and restoration (Belgian 
and Dutch pilots) 

Robustness of materials for 
restoration; ensuring reef 
formation by intended 
species 

Technical challenges Harsh offshore conditions; 
Site accessibility; 
Challenges with 
attachment and cultivation 
processes; Biofouling 
management; Risks of 
tangling in cultivation lines 

Sourcing appropriate 
vessels and equipment; 
Innovations in restoration 
and production methods. 

Legal and environmental 
challenges 

HELCOM and OSPAR 
regulations; Restrictions on 
biomass circulation and 
pathogen spread 

Unclear and fragmented 
regulations; Security and 
safety constraints; 
Complex environmental 
impact assessments. 

Potential synergies and 
benefits 

Improvements in water 
quality; Optimization of 
maintenance trips; 
Increased job 
opportunities; Efficient use 
of marine space. 
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5.2 Recommendations 

The design process for low-trophic aquaculture in offshore wind farms within 
ULTFARMS aims to ensure that the designs developed can maximize 
environmental, social, and financial benefits, while addressing technical and legal 
challenges. The co-design approach and description of preliminary designs 
reported here provides valuable knowledge for future projects and can serve as a 
starting point to develop similar multi-use scenarios. The main recommendations 
resulting from this process are: 

• Ongoing exchange of technical specifications regarding ideal system 
designs (especially for mooring solutions) will help to further cope with the 
harsh offshore conditions. 

• Further collaboration and standardization to optimize seeding protocols for 
the growth of seaweeds is aimed. This may be extended to standardize 
growth measurement of macroalgae between the pilots. 

• Collective coordination in the supply of juvenile oysters (mussel spat) may 
result in greater ease of supply, especially regarding pathogen-free 
organisms from adjacent water bodies.  

5.3 Main conclusions 

The main conclusions from this task and this deliverable are summarized below: 

• The co-design process is comprehensive and involves a wide range of 
collaborations across the pilots. Collaborations are multidisciplinary and 
bring diversity of expertise, innovative solutions (e.g., submersible systems, 
nature-inclusive designs), focus on practical and environmental aspects, 
and engage various stakeholders, reflecting an inclusive approach. The 
cross-pilot collaborations indicate a shared effort to optimize resources and 
knowledge. 

• The adaption and optimization of the equipment to the hostile environment 
still remains a challenge which significantly directs the system design and 
technical limitations.   

• “Limited spatial planning” because of the interest of multiple groups of 
stakeholders and their claim of space within the EEZ as directed by 
international regulations such as the Law of the Sea convention and EU 
Maritime Spatial Planning Directive. An early integration of all stakeholder’s 
interests within the area is therefore crucial to avoid interference. In that 
sense, multi-use projects need legislation clarification on both national and 
European levels that admire the positive impacts of low trophic aquaculture.  

• Regenerative, nature-positive aquaculture is taken as one of the main 
guidelines in designing production-related activities, monitoring strategies 
(Environmental sustainability assessments) are a key compound to identify 
the systems impact (positive and negative) on the environment. In that 
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sense, nature inclusive design holds promise in maximizing the benefits of 
low trophic aquaculture, as further outlined in work package 7.   

• The need for a remote monitoring strategy to gain scientific insights but also 
to allow for quick decision making, plans for the deployment of sensors and 
respective data communication systems, are in place and aimed to be 
deployed throughout the project. Similarly, the prediction of operational 
windows is still a common hurdle for efficient logistics. As described in 
ULTFARMS deliverable 6.2, the HiSea-platform is a promising tool of data 
collection and more accurate modelling.  

• Geographic locations dictate the choice of target organism.  
Blue mussel and oyster production is limited by the low salinity of the Baltic 
Sea. Macroalgae are generally more tolerant, which enables a selection 
process of regional populations to cultivate adapted strains. As for instance, 
currently ongoing for populations of Ulva intestinalis at the German pilot in 
the Baltic Sea. 
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