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EXECUTIVE SUMMARY 

The purpose of WP3 in UNITED is to define an appropriate multi-methods approach to assess costs 
and benefits at the implementation level and pilot level, taking into account the impacts of marine 
multi-use on ecosystem functions and services and socio-economics. In this report, we apply the 
framework presented in D3.2: Assessment Framework to Determine the Economic Feasibility of 
Multi-use Platforms in the project’s pilots. Fundamentally, our objective in this report D3.3 is to as-
sess the added value from multi-use from an economic efficiency perspective with an aim to explore 
the trade-offs associated with single options versus potential multi-use combined alternatives. An-
other objective is to test the proposed economic assessment methodology and highlight limitations 
from current application.  

Impacts are defined here as any actions positive or negative that come as a direct result of the activi-
ties under investigation. Special attention needs to be paid to the consideration of all significant rele-
vant impacts, including those that affect other marine users (externalities) and that may be of a posi-
tive or negative character.  UNITED D3.2 introduced the different Decision Support System (DSS) 
tools that can be applied to assess the potential economic impacts from marine multi-use and high-
lighted each of their strengths and weaknesses. An application of a partial Cost-Benefit Analysis 
(CBA) was identified as the most suited Decision-Support-Tool to evaluate economic impacts from 
multi-use in the UNITED case studies.   

To ensure that all likely economic costs and benefits are accounted for, we developed in D3.2 a struc-
tured, sequential approach that was implemented in close cooperation with pilot leads and other 
consortium partners directly involved in the pilots. A guidance for application was developed.  

Further and due to the different nature of the pilots in the project, a decision was taken to cluster 
them under two well different blocks. Block 1 pilots are those characterised by combinations of Off-
shore Wind Farms (OWF) with other marine uses (these included different aquaculture types: mus-
sels, oysters and seaweed). The main aim of the assessment based on initial characterisations from 
DE and BE pilots is to investigate if multi-use colocations is something worth considering now and/or 
in the future. Especially relevant for the North Sea, where the need for optimality in the use of ma-
rine space forces legislators to prioritise those activities that can deliver greater benefits to society.  

Alternatively, block 2 pilots are those characterised by a combination of existing successful independ-
ent marine activities. Specifically, combination of existing uses (e.g. aquaculture, OWF) with touristic 
add-on activities. The main aim of the assessment is to investigate the added value for existing ma-
rine uses to profit from the combination of activities in a multiuse setting and if and how touristic op-
portunities could be promoted and upscaled. Examples in UNITED are the DK and EL pilots, where we 
can assess the potential for touristic activities to be merged with existing marine uses, such as OWF 
visits and aquaculture visits. These pilots are related with the use of existing marine infrastructure 
and characterised by joint services between existing marine activities provided that may lead to in-
crease in profits, cost savings or other non-financial positive impacts for one of the marine users in-
volved (e.g. increased acceptability of near shore wind farms operators).  

Significant economic impacts per pilot 

BLOCK I pilots 

OWF + AQUACULTURE  

BLOCK II pilots 

OWF/AQUACULTURE + TOURISM 
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*Legend: bold - highest positive impacts in the pilot. Italics: impacts found across more than one pilot.  

Conclusions for Block I pilots 

Using UNITED pilots located in the North Sea as examples, a number of environmental, social and 
economic positive impacts have been identified from combining offshore wind energy and aquacul-
ture (mussels and seaweed). Most importantly, these include: more efficient use of marine space, 
added value creation and local food production, reduction of GHG, substitution of non-renewable 
resources and carbon sequestration and habitat and fish stock improvement.  

Multi-use OWF and aquaculture can for example help reduce ecosystem pressure by maximizing ma-
rine space use, while individually and collectively contributing to carbon sequestration and GHG 
emission reduction. On one hand, OWFs have the potential to cut around 270,000 tonnes of CO2 per 
year by replacing fossil fuels. On the other hand, seaweed and mussel aquaculture can also poten-
tially act as CO2 sinks (for mussels, particularly the typically discarded shells1) and renewable re-
sources in the context of a Blue Bioeconomy, for instance in the production of medicines, and cos-
metics. The carbon sequestration aspect, currently seen as an added benefit, could potentially 

 

 

1 Note this only holds true if seaweed is used for ecosystem restoration, as biomass, if left in place, sinks to the 
seafloor fixing CO2. If harvested, the CO2 is again released in the atmosphere. Evidence suggests seaweed har-
vesting is extremely carbon intensive (Ross et al, 2022). 
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become a revenue source in the future, provided that scientific evidence of carbon removal becomes 
more robust and quantifiable. 

Added value creation and local food production is also an interesting positive impact that have 
emerged from our analysis. Harvested seaweed and mussels from offshore operations could poten-
tially provide a high-value market for local areas, especially for material and fuel applications, alt-
hough their promotion as sustainable and nutritious local food needs enhancing. There is a theoreti-
cal potential to generate jobs, economic opportunities, and reduce reliance on imported seafood, 
while providing a healthy food source for local communities. But despite the theoretical potential of 
seaweed and mussel aquaculture in increasing value added and strengthening local food production, 
the extent to which this potential can transform into viable business models is yet to be seen. This is 
an element of the analysis that will be discussed in the forthcoming D3.4. 

As a way forward, clearer and more comprehensive regulatory frameworks to facilitate faster and 
more straightforward permitting and licensing procedures are needed. As part of this process, early-
stage multi-use planning could be encouraged to ensure that multi-use activities are integrated into 
the initial design of OWFs, avoiding the complications of retrofitting additional activities later on. An 
example can be found in the recent Belgian initiative, which mandates the consideration of multi-use 
activities in offshore wind farm development. An ex-post analysis of the implementation of these re-
quirements would be very helpful to evaluate whether such regulatory measures could facilitate or 
not new OWF applications, for instance by giving OWF a comparative advantage during the licensing 
process against other marine uses because of the potential positive impacts of multi-use.   

There is a need for a larger political support for multi-use, which at the moments is not sufficiently 
recognized as a valuable tool to bring forward a variety of strategic EU policies, for instance on cli-
mate change mitigation through the promotion of renewable energy or the development of the blue 
economy. Only through a decisive political support it will be possible to create the required incen-
tives for multi-use projects to develop, such as the licensing requirement in Belgium mentioned 
above. Also, there is a pressing need to create new financing opportunities, for instance through ded-
icated grants, that will allow the relatively new multi-use businesses to establish themselves in com-
petitive market. Moreover, policy makers could also play a crucial role in facilitating trust between 
the wind and other offshore sectors could in order to bolster collaborative efforts and streamline 
multi-use implementation, as it has been seen in the community in practice in the Netherlands. 

Conclusions for Block II pilots 

Our assessment has identified a series of positive environmental, social and economic impacts. The 
greatest benefits of the discussed multi-use collaboration in our pilots are: 

• Greek pilot: to increase local acceptance for aquaculture operations by reducing local resi-

dents’ negative opposition to aquaculture (and farmed fish in general) by increasing transpar-

ency about its operations and potential negative environmental and quality impacts. 

• In Denmark: benefits for the local economy from the increased touristic use of existing ma-

rine infrastructure (OWF). 

The analysis unveils some interesting arguments to inform discussions relevant for future develop-
ments within Maritime Spatial Planning and the role of touristic activities under a multiuse context, 
especially using existing marine infrastructure (aquaculture and OWF). Fundamentally, there is a 
need to ensure consistency and long-term regulatory vision (rules and planning permissions). For ex-
ample, to openly allow for the exploitation of the combination of aquaculture and scuba diving tour-
istic activities in Greece.  
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An emerging conclusion to inform future policy developments is that encouraging multiuse combina-
tions may serve as a policy tool to support the further economic growth of coastal aquaculture in Eu-
rope. Especially when novel policy measures are sought now to reverse the stagnation of the sector 
in the Mediterranean. A multiuse setup with touristic activities may prove a good option to deal with 
local acceptability as one of the key barriers to the expansion of the sector in many coastal areas. Alt-
hough likely to be of high magnitude, further research is needed to quantify the scale of this poten-
tial positive impact.  

Limitations of the analysis 

Although we have identified and investigated the potential scale of a series of likely impacts stem-
ming from multiuse applications in Europe, it has nevertheless not been possible to make an effec-
tive assessment of the added value from multiuse because of the lack of available economic benefits 
and cost data in the project’s pilots.  

Overall, our analysis comes with many challenges and limitations. These have been specifically high-
lighted throughout the report under each of the different sections, but they mostly arise due to the 
lack of available information and the intrinsic nature of the test case study sites.  

Due to some data and methodological challenges, our results and findings are tentative.  Mostly a 
qualitative impact assessment was adopted due to the limited availability of data and the high de-
gree of uncertainty associated with estimating quantitative economic indicators. Additionally, confi-
dentiality concerns (regarding mainly OWF operators) further constrained the extent of detailed 
quantitative analysis possible. As a result, a qualitative approach was employed to effectively capture 
and interpret the significant economic impacts within the constraints of available information. Fur-
thermore, the lack of environmental assessments hindered our ability to quantify ecosystem services 
in the multi-use locations, adding another layer of uncertainty to our findings. 

Fundamentally, the analysis that we carried out was for pilot test studies, and not for mature compa-
nies. Consequently, this made it more challenging to obtain the needed data. As next steps, an ex-
post analysis of the implementation of multi-use requirements would be very helpful to evaluate 
whether such regulatory measures could facilitate or not new OWF applications, for instance by giv-
ing OWF a comparative advantage during the licensing process against other marine uses because of 
the potential positive impacts of multi-use.    
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1. INTRODUCTION 

1.1. Background  

The H2020 project UNITED aims to demonstrate the technological and economic viability of ocean 
Multi-Use, by implementing multi-use concepts in five pilots across three European regional seas – 
the North Sea, the Baltic Sea, and the Mediterranean Sea (Figure 1.1).  

Figure 1.1 Location of the five UNITED pilots 

 

Source: https://www.h2020united.eu/pilots  

 

1.1.1. Framing this report under the objectives of H2020 UNITED 

The specific objectives of the economics work in UNITED WP3 as stated in the UNITED Description of 
the Action (DoA) are to define an appropriate multi-methods approach to assess costs and benefits 
at the implementation level and pilot level, taking into account the environmental, social and eco-
nomic impacts of marine multi-use. The analysis results will be helpful to develop generic business 
models for the commercial rollout of the UNITED Multi-Use concepts to promote their uptake, up-
scaling and lessons learned from in practice. 

This report (D3.3) presents the results of task 3.3 from application of the economics assessment 
framework within the project pilots. Within this task, the economic part of the assessment frame-
work that was developed under task 3.2 is applied to the UNITED pilot sites described in WP7. Fol-
lowing the DoA, this task has firstly aimed to collect relevant cost and revenue data from each of the 
pilots (i.e. costs associated with the implementation, maintenance, management, as well as revenues 
from harvest and use). Secondly, this task aimed where appropriate to apply valuation techniques 
and available values or benefits functions to estimate socio-ecological benefits of multi-use. Ulti-
mately, this task supports the development of business briefs for each pilot, which details the over-
arching impacts of the multiuse combinations in the project pilots and its associated activities (forth-
coming D3.4). This report D3.3 presents the information that has been collected and presents the 
methodological approach that has been applied.  

https://www.h2020united.eu/pilots
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1.1.2. WP3 workflow 

A series of activities and reports have been produced to date in WP3, under the umbrella of WP8 
UNITED´s assessment framework, with a view to increase evidence to support the case for marine 
multi-use in Europe.  

The Economic pillar of the project (WP3) started with assessing the available economic assessments 
and financial data needs in the project pilots (D3.1). Based on the results of this stock-taking exercise, 
WP3 developed an assessment framework to guide the economic evaluation of the added value of 
Multi-Use in Europe (D3.2). This resulted in the development of two distinct frameworks to address 
the different research questions of WP3. One distinct framework addressing the need to understand 
the broader economic impacts of multi-use to assess its societal added value, as opposed to as-
sessing the business case for multi-use.  

The results of application of the financial case of the WP3 assessment framework were included in 
D1.3 UNITED Business analysis. Furthermore, D1.3 included an economic assessment of the impacts 
of COVID-19 in the UNITED pilots to assess the different playing field that resulted from the pan-
demic and related control measures.  

Figure 1.2 Relevant WP3 related outputs to date (July 2023) 

   
 

1.1.3. Links between WP3 outputs with other project tasks 

WP3 outputs are useful within UNITED for the analysis of business necessities (task 1.3), understand-
ing their associated financial requirements for investment (task 7.1) and their social acceptability 
(WP5 and task 8.2), as well as the socio-economic implications of their environmental impacts (Work 
Package 4). Specifically, links with task 4.3 were established on scoping impacts for relevant ecosys-
tem services from multi-use. Finally, this report is linked to WP9 Commercialisation Roadmap and is 
meant to support the identification of key exploitable results (KERs) in each of the pilots. 

1.2. Objectives of this report 

Different uses of the sea will generate many different types of costs and benefits. The private deci-
sion-makers who develop, own, and operate offshore platforms or otherwise use the ocean for pri-
vate reasons will face private financial costs and benefits, such as construction and operating costs, 
and income from sale of products and services.  
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In addition to these, different marine space options will also generate costs and benefits that fall on 
parties other than the private decision-makers (so-called economic externalities), such as environ-
mental impacts, or social costs or benefits that affect others, such as local job creation or noise. In 
addition, different uses of marine space will imply different costs for regulators (transaction costs), as 
well as a cost in terms of not being able to implement an alternative use of marine space (the oppor-
tunity cost). A social decision maker must consider all of these costs and benefits when weighing up 
the relative social value of different options (i.e. for the baseline, single-use options, and multi-use 
options).  

To assess the added value from multi-use and be able to choose between different marine use op-
tions, decision-makers need to be advised about the trade-offs associated with each option and po-
tential alternatives. Only if there is a net benefit to society (i.e. when benefits outweigh costs) does it 
make sense to consider that option. If multiple options have net benefits, then an understanding of 
the costs and benefits should support the decision maker to reach a decision, for example, they could 
choose the option with the highest net benefit, or the one option with the highest benefit to cost ra-
tio, or use other decision support tools to select an optimal option.   

1.3. Methodology: the Economics Analysis Framework 

According to the European Commission (EC) better regulation guidelines2 2021, impact assessments 
“look at the problems to be tackled, the objectives to be achieved, the trade-offs to consider, options 
for action and their potential impacts”. The goal of an impact assessment is to collect evidence (in-
cluding evaluation results) that would allow for an informed assessment and future recommenda-
tions. Following this rationale, the UNITED Assessment Framework has been designed with an aim to 
assess the impacts (can be positive or negative) of multi-use projects in the marine space against al-
ternative management and other sea use options, including a baseline option.  

As such, the UNITED Assessment Framework will assess the added value of multi-use projects in com-
parison with alternatives. To do this, the possible impacts of multi-use projects will be assessed, after 
which the outcomes will be compared with the outcomes of the assessments of the alternatives. Im-
pacts are therefore defined here as any actions positive or negative that come as a direct result of 
the activities under investigation. Special attention needs to be paid to the consideration of all signifi-
cant relevant impacts, including those that affect other marine users (externalities) and that may be 
of a positive or negative character.   

UNITED D3.2 introduced the different Decision Support System (DSS) tools that can be applied in or-
der to assess the potential economic impacts from marine multi-use and highlighted each of their 
strengths and weaknesses. This also included Cost-Effectiveness Analysis (CEA) and Multi-Criteria 
Analysis (MCA). Consequently, and mainly due to expected data limitations, an application of a par-
tial Cost-Benefit Analysis (CBA) was identified in D3.2 as the most suited DSS tool to evaluate eco-
nomic impacts from multi-use in the UNITED case studies.   

A partial CBA allows to focus on gathering available information about significant economic, social 
and environmental impacts. Fundamentally, this approach allows for a semi-quantitative analysis of 
expected impacts. When data makes it possible, the approach allows for quantifying costs and 

 

 

2 https://commission.europa.eu/law/law-making-process/planning-and-proposing-law/better-regulation/bet-
ter-regulation-guidelines-and-toolbox_en 
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benefits (i.e. in monetary terms), but the method also allows for a qualitative description of those 
impacts difficult to quantify.   

To ensure that all important costs and benefits are accounted for, we developed a structured, se-
quential approach for identifying the relevant private and social costs and benefits for each option. 
We build in part on previous work from the MERMAID3 project and AQUACROSS4 project. We identify 
cost and benefit categories through the development of a cost typology that mainly distinguishes be-
tween one-off (e.g. equipment purchases) and ongoing costs (e.g. fuel costs, staff costs), providing 
definitions and examples. After describing the types of costs and benefits, the guidance section intro-
duces how to use this categorisation to support decision-making (UNITED, D.3.2).   

Figure 1.3: Steps for a Cost Benefit Analysis 

  

 

 

 

3 https://cordis.europa.eu/project/id/288710/reporting 
4 https://aquacross.eu/ 
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1.4. Implementation in pilots 

The first step for each pillar in UNITED starts with the characterisation of the pilot area and a descrip-
tion of the baseline situation and of the different options; be it from a technical, economic, environ-
mental or social perspective. Based on these descriptions, a scope for possible impacts is conducted, 
followed by the identification of key impacts with help from WP4 for environmental considerations. 
These are those possible impacts that are considered priority elements for further processing during 
the Prediction Stages.   

In the scoping and identification of stages, each pillar of UNITED (WPs 3 to 6) identifies the possible 
impacts. In WP4 as an example, a key possible impact is the disturbance of common scoter by vessel 
movement, which will in some options for single uses and multi-use options be higher than in others. 
From a societal view, increased vessel movement might cause visual and noise pollution for the pub-
lic, while in financial terms, vessel movement comes with high costs.  

In terms of the identification of significant economic impacts, the application of the economic assess-
ment framework (D3.2) in the project pilots was undertaken in close cooperation with pilot leads and 
other consortium partners directly involved in the pilots. A guidance for application, specifically fo-
cusing on the application of steps 1 to 4 was developed.  

The assessment of economic impacts (step 4) differentiated between financial impacts from those 
impacts of an economic nature. Guidance was developed to cover two different but sometimes over-
lapping impact categories. First category related with the identification and quantification of financial 
costs and revenues and in parallel, to identify and quantify economic costs and benefits. Due to data 
challenges and limitations, economic impacts were mainly assessed in a qualitative manner, with a 
prioritisation of the identification and discussion of significant impacts from multi-use as opposed to 
single use activities as a baseline scenario. The financial impact analysis was also limited due to confi-
dentiality issues related with the companies involved in UNITED.  

Further and due to the different nature of the pilots in the project, a decision was taken to cluster 
them under two well different blocks. This approach was useful to categorise and filter approaches 
and research questions specifically to the needs of the different pilots.  

Block 1 pilots are those characterised by combinations of Offshore Wind Farms (OWF) with other ma-
rine uses (these included different aquaculture types: mussels, oysters and seaweed, ecosystem res-
toration, solar energy). The main aim of the assessment based on initial characterisations from DE, 
NL and BE pilots is to investigate if multi-use colocations is something worth considering now and/or 
in the future. Especially relevant for the North Sea, where the need for optimality in the use of ma-
rine space forces legislators to prioritise those activities that can deliver greater benefits to society as 
a whole. Some example questions to be answered with the analysis:  

• What are the economic, social, and environmental impacts from marine multi-use (e.g. OWF 

and aquaculture) as opposed to OWF in isolation?   

• Is it worthy from a financial and economic perspective to combine OWFs in the North Sea 

with other marine uses? Which marine uses can be considered feasible at this stage? At what 

distances to shore? What activities are currently profitable or realistic? What are the current 

main limitations and challenges and future opportunities for multiuse in the North Sea to be 

realistic?  

• There are a number of conclusions to validate with the analysis. First, we need to take into 

consideration that there is not much of a business angle in block 1 pilots. OWF is profitable 

now under certain specific regulatory and policy support conditions, but other uses are not. 
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But the question that in the case is of relevance for policy is about the process and decision 

framework to grant future licences to OWF against other marine uses such as: fisheries, ship-

ping and marine protection (e.g. MPAs). Marine multi-use can be seen as an added value for 

OWFs operations as the same space can theoretically produce food (if combined with aqua-

culture) in the same way as setting aside marine space for fisheries would do, and it can also 

offer nature protection as the OWF multiuse area is restricted to fisheries, shipping and other 

activities. Nature restoration activities can be further promoted under the umbrella of the 

OWF parks.  

Alternatively, block 2 pilots are those characterised by a combination of existing successful independ-
ent marine activities. Specifically, combination of existing uses (e.g. aquaculture, OWF) with touristic 
add-on activities. The main aim of the assessment is to investigate the added value for existing ma-
rine uses to profit from the combination of activities in a multiuse setting and if and how touristic op-
portunities could be promoted and upscaled. Examples in UNITED are the DK and EL pilots, where we 
can assess the potential for touristic activities to be merged with existing marine uses, such as OWF 
visits and aquaculture visits. These pilots are related with the use of existing marine infrastructure 
and characterised by joint services between existing marine activities provided that may lead to in-
crease in profits, cost savings or other non-financial positive impacts for one of the marine users in-
volved (e.g. increased acceptability of near shore wind farms operators). Some questions to be an-
swered with the analysis:  

• Can touristic activities make use of existing marine infrastructure?  

• What are the scenario options? What are their costs and benefits? Identification of significant 

economic impacts.   

• What is the business angle/case?   

• What recommendation for future business models?   

A reporting template to consistently present the results of the impact assessment across the pilots 
was developed.  

1.5. Structure of the report 

The next sections of the report illustrate the results from application of the economic framework in 
each of the UNITED pilots. As introduced above, the project pilots have been classified in two distinct 
blocks. In what follows, we first present the block 1 pilots followed by the block 2 pilots. Each block 
sections includes a common introduction and approach sections, which is followed by the individual 
pilots’ reports. The last chapter includes a discussion on the main conclusions for the block. Finally, 
the report concludes with annexes and the references. Each pilot report follows the same structure 
as introduced in Box 1 below.  

Box 1.1 – Pilot report structure 

0.Introduction   

Purpose of the analysis, objectives and expected use of the results  

1. Pilot characterisation   

1.1 Definition of the area: Location of the pilot, outline of multiuse activities, brief introduction of activities  

1.2 Legal characterisation  

1.3 Environmental characterisation  



 Funded by the European Union (H2020 Grant Agreement no 862915). Views and opinions expressed 
are however those of the author(s) only and do not necessarily reflect those of the European Union. 
Neither the European Union nor the granting authority can be held responsible for them 

 Page 18 of 138
  Deliverable 3.3 

 

 

1.4 Socio-economic characterisation  

1.5 Identification of key actors 

2. Baseline and Scenarios  

Brief explanation of the baseline and specific scenarios to be explored in the pilot. 

3. Scoping for possible impacts    

Selection of significant impacts and their definitions. Information is provided in this section for the justification for 
the selection of impacts for further investigation in step 4.  

4. Impact assessment  

4.1 Financial analysis  

Understanding financial costs and revenues under the different scenarios 

4.2 Impact analysis  

Mostly a qualitative analysis of selected significant impacts. Following the impact framework for impact categories, 
impacts are evidenced as robustly as possible and include quantification if possible. 

5. Discussion   

This section frames the main results and highlights assumptions and limitations of the analysis.  
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2. BLOCK I PILOTS  

2.1. Introduction and approach 

This section explains the work that has been carried out. What concrete methods were applied 
(desk-based, stakeholder workshops, etc.) and the type of data used. Highlighting assumptions made 
and any required changes to the D3.2 methodology that were applied. 

In Block 1 pilots, the economic analysis methodology (UNITED, D3.2) was implemented through sev-
eral steps, including desk-based research and consultation with pilots’ leads and stakeholders.  

The desk-based research involved gathering information from various sources. The first source of in-
formation was the previous deliverables of the UNITED project allowing to collect information on the 
different pilot characterization: pilot context (UNITED, Deliverable 3.1), legal characterization 
(UNITED, D6.1), environmental characterization (UNITED, D4.1) and the business case (UNITED, 
D1.3). To complement this, information on socio-economic characterization was gathered from vari-
ous sources such as national databases, grey and academic literature, etc.  

When possible or deemed necessary, the information was compiled and presented to the pilot leads 
and stakeholders during a stakeholder workshop. This was the case for the Belgium and German pi-
lots. The workshop aimed to (i) consolidate the information collected from the literature and collect 
additional information on the pilot characterization, and (ii) identify the impacts of multi-use activi-
ties and their scale. The workshop allowed the pilots’ stakeholders to select the impacts of the multi-
use activities from a predetermined list or based on their own insights. This process resulted in a 
comprehensive list of impacts to be studied and considered for each case study.  

Due to the research nature of the case studies, block I pilots (as it has been done in WP4 to assess 
environmental impacts) WP3 project partners decided to use BELWIN as a blueprint for a mature 
OWF to be applied in the three locations. However due to confidentiality constraints, it was challeng-
ing to acquire all the financial information needed. Therefore, most of the information was collected 
from literature (scientific and grey and predominantly on single use cases) and unfortunately, not all 
the required information could be obtained, making it difficult to carry out an in-depth ex-ante eco-
nomic analysis. Consequently, the confidentiality constraints prevented the completion of a compre-
hensive economic analysis. As such, the analysis focused on qualitative information, supplemented 
with quantitative data whenever available.  

The approach followed allowed for the exploration of available information ensuring a comprehen-
sive analysis of the different impacts.  

The following chapters present the case studies for both block 1 pilot: Germany and Belgium.  
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2.2. Dutch Pilot 

2.2.1. Introduction  

 

The aim of the following case study is to carry out an economic analysis of the NL pilot. More precisely, 
the assessment aims to evaluate the economic impacts and added value from the combination of the 
different activities. The pilot comprises of seaweed production and offshore floating solar testing in 
two test sites, located within a testing zone of North Sea Farmers. The activities are executed in prox-
imity to one another and under similar driving conditions and the pilot is operational. 

The assessment aims to answer the following research question:  

• What are the costs/benefits from combining activities?  

• What are the impacts of an upscaled combination of the three different activities? 

The impacts from multi-use activities in the NL pilot have been assessed through desk-based research 
in consultation with the pilot leads and stakeholders.  

2.2.2. Characterisation  

• Definition of the area 

For D3.3 of the UNITED project, the Dutch pilot 
team and UNITED WP3 study team has been 
asked to appraise the economic impact of deliv-
ering multi-use at sea in the Netherlands at a 
commercially viable scale. The team selected to 
appraise the value created by multi-use activities 
at the Princess Amalia Wind Farm (PAWF). As 
shown in Figure 1, the site covers 14km2, lies 23 
kilometers off the coast of Ijmuiden, a port city 
in the Province of North Holland. The windfarm 
was constructed by Eneco and has been operat-
ing since 2008. Of the seven active wind farms in 
the Dutch North Sea, PAWF has been operating 
for the second longest period. The wind farm 
currently generates around 120 MW of electric-
ity using Vestas V80 windmills (RVO, 2018b) 

The best location for an economic appraisal of 
the value created by multi-use at sea platforms 
was discussed between the Dutch pilot team, UNITED WP3 leads, and the UNITED WP4 environmental 
assessment team. Two other sites were considered for appraisal, namely the Borssele site in the south 
of the Dutch North Sea and the North Sea Farmer’s (NSF) Offshore Test Site (OTS) 12km off the coast 
of Den Haag where the pilot testing has been held for the UNITED project. There are currently no plans 
to deliver large scale offshore wind production at NSF OTS, and so this site was excluded. The ad-
vantage of the Borssele site was that it was considered technically more feasible as the regulatory 
framework for multi-use is more advanced and integrating offshore solar and offshore seaweed farm-
ing into a new build site was considered more feasible. Ultimately, the PAWF site was selected primar-
ily because the Borssele site is immediately adjacent to the Belwind site, which is being appraised for 
the UNITED Belgian pilot, meaning economic, and particularly the environmental appraisal results 
would be highly similar as to those discussed in section 2.3 of this report. 

Figure 2 - Location of PAWF. Source: adapted from “Roadmap 

2030/2031 with the newly designated energy areas in the North 

Sea Programme 2022-2027 (published in March 2022)” (Noor-
dzeeloket 2022) 
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• Legal characterisation 

What is and is not possible for commercial multi-use in the Dutch North Sea is dictated by the applica-
ble legal framework. Understanding legal conditions helps understand how a site may look in future 
and therefore the value that could be created. 

Both on the EU and national level in the Netherlands no laws and/or regulations exist that explicitly 
target multi-use. However, the North Sea Program (NSP) 2022-2027 of the Netherlands provides a 
policy framework. The Government of the Netherlands (GoN) has introduced the area passport and 
published a step-by-step guide to applying for a multi-use license inside OWFs. The policy framework, 
area passport, and license guide are described below. The GoN has accounted for all applicable EU 
regulations in developing the guide (see Annex NL Pilot – Legal Characterisation). 

NSP 2022-2027 is an integral part of the 
National Water Programme 2022-
2027. NSP 2022-2027 focuses on 
achieving sustainable and safe use of 
the North Sea that contributes to the 
Netherlands' social, economic, and 
ecological objectives. From an ecosys-
tem approach, the focus remains on 
the balance of functions, which should 
prevent the industrialization of the 
North Sea (MinIenW (Ministerie van In-
frastructuur en Waterstaat), 2022). The 
focus of the programme comes from 
the transitions that are currently taking 
place in the Dutch North Sea as shown 
in Figure 3. 

From the perspective of multi-use, 
some activities are not mentioned in 
NSP 2022-2027. For example, angling is not allowed inside any OWF in the Netherlands. Yet, according 
to the policy framework, angling may be permitted in shipping lanes provided safety is guaranteed and 
other vessels are not obstructed (MinIenW, 2022). Shipping itself is also prohibited inside OWFs in the 
Netherlands. A first exception is the designated shipping lanes through OWFs which can be used by all 
vessels. A second exception is vessels smaller than 24 metres. They are, under specific conditions, al-
lowed inside designated OWFs. These include Egmond aan Zee, PAWF and Luchterduinen. The specific 
conditions can be found in the “Code of conduct for safe sailing through wind farms“ (RWS, 2018). 

In principle, the areas inside OWFs, based on the Roadmaps 2023 and 2030 , are available for multi-
use. For each OWF an area passport will be developed. An area passport is a guideline in which a dis-
tinction is made per wind energy area between different types of multi-use, which type of multi-use is 
preferred, and to what extent (MinIenW, 2022).  

An example of an area passport is the one developed for OWF Borssele in 2020. The essence of this 
area passport is a zoning map for preferred areas per multi-use activity in the wind energy area of OWF 

Figure 3 - balance between the three transitions and other activities 

on the North Sea (Noordzeeloket, 2018) 
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Borssele (Figure 4). It illustrates where 
multi-use activities preferably will 
take place, with zones for nature de-
velopment, food production, and re-
newable energy. More specifically, six 
different types of zones are desig-
nated, including 1) nature-inclusive 
building, 2) mariculture, 3) passive 
fisheries, 4) generation of renewable 
energy, 5) nature development, and 6) 
zones for free choice/innovations/to 
be determined (MinBiZa, 2020). All six 
types of zones have more or less an 
equal amount of assigned space. How-
ever, some zones are more frag-
mented than others. The zones for 
passive fisheries and mariculture are 
for example less fragmented than the 
zone for sustainable energy and the 
free choice zone.  

The area passport can be seen as a 
zoning tool providing clarity for rele-
vant stakeholders. It must be noted 
that the area passport is a guide for 
stakeholders. It is not embedded in 
any laws or regulations. The passport 
could be considered as a starting point 
which will be adapted to meet the 
conditions of each individual multi-use site. 

The multi-use license guide facilitates the process to apply for a license by any multi-use stakeholder. 
It consists of three main steps:  

1. The first step is prior consultation. It essentially consists of a discussion with the governmental 
authority (Rijkswaterstaat). The proposed activity is discussed in generic terms as well as the required 
space.  

2. Step two is a pre-assessment of the multi-use plan.  

3. Finally, step three focuses on the formal procedure and assessment of the license application 
(Noordzeeloket, 2022a).  

The three steps are described in detail in Table A.1 in Annex NL Pilot. The shortest period in which a 
license can be granted is 8 weeks. In case of more complex projects, the issuing authority has to take 
a decision within 6 months though where issues arise, there is opportunity for the authority to apply 
for an extension. 

The North Sea Farmers, together with The Seaweed Company, Van Oord and Algaia are planning to 
start seaweed production in the coming years, either in Borssele or in Hollandse Kust Zuid. The inno-
vation phase (pre-commercial) is planned from 2023-2028. The objective is to scale from 2 to 30 sea-
weed growing systems in this period. Currently the consortium is in the process of applying for the 

Figure 4 - zoning map for preferred areas per multi-use activity in 

the wind energy area of Borssele (MinBiZa, 2020). Purple triangle: 

nature inclusive building; turqoise: mariculture; blue: passive fisher-

ies; yellow: generation of renewable energy; green: nature develop-

ment; grey: free choice/innovations/to be determined 
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appropriate permits. In the next 20 years the ambition is to further upscale to 400 systems with an 
annual production of at least 10,000 tons of fresh seaweed (North Sea Farmers, 2023). 

One of the stakeholders consulted during this desk study provided feedback on the area passport and 
the stepwise approach. The comment applied specifically to the offshore solar/technologies that need 
to plug in, either at the substation of Tennet or at the end of the string directly at a wind turbine. 
According to this stakeholder, this complicated process is not taken into account in the area passport 
and the stepwise approach. Also, for offshore solar, the location is best closest to the substations. This 
is not taken along in the planning of the zones.  

This step wise guidance does not work of course for offshore solar/technologies that need to plug in, 
either at the substation of Tennet or at the end of the string directly at a wind turbine. This is a very 
complicated process, that is not taken along in the 'Gebiedspaspoort Stepwise approach. Also, for off-
shore solar, the location is best closest to the substations. This is not taken along in the planning of the 
zones 

The take-aways from the legal characterisation that will affect the ability of a fully scaled-up multi-use 
platform to create socio-economic and environmental value in the Dutch North sea are: 

• Both on the EU level and national level in the Netherlands no laws and/or regulations exist that 
explicitly target for multi-use. 

• The Multi-Use License Guide defines how to obtain a licence. 

• The permitting process for multi-use should take between 8 weeks and 6 months, though the 
GoN can apply for an extension for providing a decision. 

• In a three-step process, a large number of considerations are taken into account by the GoN, 
including: environmental impacts, safety, liability, duration of operations, clearing obligations (decom-
missioning), and archaeology. If an application does not satisfy each of these considerations conditions 
could be placed on the application that impact site design or the application could be denied. 

• Environmental characterisation 

The activities of pilot are located at the North Sea Innovation Lab, 12 Km offshore from The Hague. 
The Lab is an independent offshore site for research, pilot and the upscaling of innovations in the field 
of seaweed cultivation, floating solar and other renewable energy innovations, and other renewable 
energy innovations, and co-use of wind farms. As a pilot it is lacking a OWF component but in the 
scenario approach the OWF and pilot are envisioned at the current location of Prinses Amalia Wind 
Park (PAWP) (part of the region of Hollandse Kust (zuid) Wind Farm Sites III and IV).  

The seabed in the pilot location is made up of medium-fine to coarse sand at a depth of 20-30 meters.  
The pilot is in relative proximity to large urban cities. A high degree of industrialization, intensive agri-
culture, and a dense and intensively used transport network exists. In general, the North Sea has many 
uses such as shipping, oil and gas extraction, sand extraction, fisheries, wind farm and other recrea-
tional activities.  

The pilot area is characterized by many different environmental conditions that might influence pilot 
activities such as (UNITED, D1.3): 

 

• Damage due to catastrophic environmental events (storms/earthquakes).   
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• Lack of detailed environmental impact study to determine the impacts of construction and 
installation operations and maintenance on the physical environment because of offshore pro-
jects combined with impacts from other marine activities or users in the sea.   

• Lack of knowledge of the surrounding waters – through baselines surveys and monitoring – to 
ensure enough reaction time is available for industries and other interested parties to respond 
to environmental changes.   

• Separate environmental impact assesses processes (permitting) for each technology and lack 
guidance on cumulative impact assessment.   

Potential positive and negative impacts exist due to the presence of the pilot activities. The presence 
of the envisioned offshore wind turbines might negatively lead to a) ecosystem change due to in-
creased sedimentation, b) decrease in primary production of seaweed, c) effects on biodiversity in-
cluding invasive species and bio-invasions, d) impact on animals, including birds, marine mammals, and 
bats, and e) pollution.   

No environmental assessment has been submitted to the authorities. The pilot activity is small scale, 
for research purposes and temporary. Thus, no environmental permits were required.   

There has been no previous EIA conducted for the pilot site. Nevertheless, the EIA has been compiled 
for the OWP sites 5 Km near the pilot site. The results show:   

• Impacts on birds (collisions)  

• Limited impacts on bats due to collision, no habitat loss..  

• No to limited impact on fish and their habitat  

Currently there are no monitoring programmes at the pilot site. Nevertheless, the Dutch Energy Agree-
ment for Sustainable Growth contains an agreement to achieve the objectives more quickly and reduce 
offshore wind power costs by 40%. For that, it was agreed to launch an integral monitoring programme 
in order to investigate the knowledge gaps with regard to the impact on offshore wind farms in the 
North Sea ecosystem and to achieve further cost reductions with the ecological boundaries.   

• Socio-Economic characterisation 

PAWF, the scenario location, is located off the cost of North Holland province, in the north west of the 
Netherlands. There are eight ports in the province at Bergen, Beverwijk, Velsen, Ijmuiden, Haarlem, 
Zaanstad, Monnickendam, and Amsterdam. The Ijmuiden port is particularly well located to service a 
multi-use at sea site within PAWF. From Ijmuiden port, North Holland stretches approximately 30 
minutes’ drive to the south and east, and approximately 60 minutes to the north, and includes the key 
population centre of Amsterdam. Only 6% of Dutch workers commute for over one hour each way 
(Statista, 2022). While workers who do not require regular access to the site or are paid sufficiently to 
justify long-distance commuting may travel further distances to access the site, the province geogra-
phy is considered a reasonable approximation of the labour market catchment for site workers at 
PAWF. Annex B includes a series of data tables which have been used as the basis of this socio-eco-
nomic commentary. Data is sourced from Statistics Netherlands (CBS). 

As shown in Table B.1 of the NL Pilot Annex, the North Holland province is growing faster than the 
Dutch average (7% between 2013 and 2022 compared with 5%) and has over double the population 
density with 1,093 people per square km compared to 523 in the Netherlands. Table B.2 shows that 
this translates into a 2 percentage points higher proportion of the land being built up. Land use varies 
considerably in Amsterdam compared to satellite towns and villages. 
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Table B.3 shows that the commercial services sector is significantly over-represented in North Holland 
employment yet broadly on trend for business establishments. The industry and energy sector is un-
der-represented in North Holland which could be partially rebalanced if multi-use enables an increase 
of activity in North Holland. 

Table B.4 shows that North Hol-
land is an important economic 
centre for the country with high 
economic output on a per per-
son basis (GDP per capita) at 29% 
higher than the Dutch average 
and per full-time equivalent 
(FTE) worker (value added) at 
13% higher. This is potentially 
partially attributable to a 6 per-
centage point higher proportion 
of residents with a high educa-
tion level (see Table B.5).  

Despite substantially higher av-
erage productivity, Table B.6 
shows that North Holland’s 
mean average income is only 5% 
higher (2% for median income), 
with the province hosting a 
higher share of low income earn-
ers in the bottom and the top in-
come deciles demonstrating higher income inequality. The North Holland unemployment rate in 2021 
was only slightly below the national average (0.6 percentage points) with 78,000 residents in the prov-
ince seeking employment (Table B.4). Figure 5 summarises the key findings from this high level socio-
economic impact review.  

 

Offshore Wind Energy 

As of 2022, the Netherlands has five OWFs in operation with a 
total capacity of 2.459 GW (Figure 6 and Table 1). Hollandse Kust 
Noord (69 turbines, 0.759 GW) and Hollandse Kust Zuid (152 
turbines, 1.52 GW) are currently being built. According to the 
recently updated OWF roadmap of the GoN, a total capacity of 21 
GW should be in operation by 2030, providing 16% of all energy 
in the Netherlands and 75% of the current electricity consumption  
(RVO, 2021 - Figure 6). This would represent an acceleration on 
the already rapid growth in onshore/offshore wind electricity 
supply, which was 12.5% of total Dutch supply in 2020 and just 
0.9% and 3.3% in 2000 and 2010 respectively (IEA, 2020a). 

Figure 5 - North Holland socio-economic summary. Source: WEcR 

Figure 6 - operational and planned OWFs in 
the Netherlands (RVO, 2021) 
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Table 1 - an overview of operational OWFs in the Netherlands (RVO, 2018b) 

OWF No. of 
turbines 

Capacity per 
turbine 
(MW) 

Total ca-
pacity 
(MW) 

Opera-
tional since 
(year) 

Costs 
(EUR) 

Depth 
(m) 

Distance 
from shore 
(km) 

NoordzeeWind  36 3 108 2007 200 15–18 13 

Prinses Ama-
liawindpark  

60 2 120 2008 350 19–24 23 

Luchterduinen 43 3 129 2015 450 18–24 23 

Gemini 150 4 600 2017 2,800 28–36 85 

Borssele 1 & 2  94 8 752 2020 n.a. 14–36 23 

Borssele 3 & 4  77 9.5 731 2021 n.a. n.a. n.a. 

Borssele 5  2 9.5 19 2021 n.a. n.a. n.a. 

Total  462 

 

2.459 

    

The Dutch and European Union electricity markets are increasingly integrated (IEA, 2020b). The Neth-
erlands is an important transit and trade hub for natural gas, oil, electricity and coal and has extensive 
cross-border and subsea oil and gas pipelines and electrical interconnections. The country is histori-
cally a net importer of electricity, however is expected to become a net exporter in the early 2020s 
due its growth in renewables production (IEA, 2020a). As a result, offshore wind electricity produced 
in the North Sea could ultimately be consumed in the Netherlands or in neighbouring countries. 

Table 2 - an overview of drivers behind the growth of offshore wind farms in the Netherlands 

 Type of 
driver 

Link to OWF development in the Netherlands References 

In
d

ir
ec

t 
d

ri
ve

rs
 

Demo-
graphic 

Population growth results in a higher demand for electricity5 Keivanpour et 
al., 2019 

IEA (2020a) 

Economic  Between 2007 and 2019 OWFs were subsidized by GoN. Hollandse 
Kust Zuid (lots I and II) will be the first OWF built without subsidies 
(operational in 2022/2023). This is possible due to substantial and 
sustained public and private investment in Europe and beyond which 
has significantly lowered costs 

RVO, 2018a 

Sociopoliti-
cal  

Paris Agreement and connecting EU / national legislation obliges GoN 
to act 

Kern et al., 
2016 

Cultural and 
religious 

Resistance from local communities to onshore wind parks (i.e. 'not in 
my backyard') incentivises GoN to find locations on the North Sea 

Wolsink, 2005 

 

 

5 Although electricity consumption overall in the Netherlands declined from 2008 to 2018 by 5% despite a 5% 
increase in population due to a 15% improvement in the energy efficiency of the economy – IEA (2020a) 
https://www.iea.org/reports/the-netherlands-2020  

https://www.iea.org/reports/the-netherlands-2020
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Science and 
technology 

The energy transition from fossil fuels to electrification increases the 
electricity demand. Increased use of electronic devices increases de-
mand for electricity, though improved energy efficiency of many 
items has driven an overall decline in consumption 

Wei & McMil-
lan, 2019 

D
ir

ec
t 

d
ri

ve
rs

 

Climate var-
iability and 
change 

Scientific evidence on climate change provided by IPCC and scientists 
has led to the Paris Agreement  

Schleussner 
et al., 2016 

Plant nutri-
ent use 

n.a. n.a. 

Land [and 
sea] conver-
sion 

The lack of terrestrial space in the Netherlands encourages GoN to 
use offshore space for power generation 

Esteban et al., 
2011 

Biological 
invasions 
and dis-
eases 

n.a. n.a. 

Between 2007 and 2019 OWFs were subsidised by GoN. The basis subsidy is an amount per kWh which is 
determined as the requested amount of subsidy minus the market electricity price, including a price cap and 
floor. The amount of subsidy per kWh is adjusted annually and depends on the market electricity price and the 
value of the certificates of origin. There is a maximum amount of kWh, depending on the capacity of the OWF 
and projected full load hours. Additionally, the maximum subsidy per tender is EUR 2.5 billion (KIeinhout, 2017). 
The key instrument of GoN was the ministerial regulation on environmental quality in electricity production (MEP 
in Dutch), running from 2003-2006 (Eerste Kamer, 2003). In 2008, the incentive scheme for sustainable energy 
production was introduced (SDE in Dutch). In 2011 the scheme was updated (SDE+), excluding private citizens 
and focusing more on economic efficiency. In 2020 the scheme was updated once again (SDE++), focusing on 
CO2 reduction rather than sustainable energy production (RVO, 2022). 

Even though OWFs are now a commercially viable business case there are still several obstacles to further 
developing the industry towards GoN’s ambitions of 21 GW in 2030. Table 3 below provides an overview of 
identified key challenges. These relate to topics such as supply chains, the availability of qualified professionals, 
management, transportation, storage and integration of energy, spatial conflicts, standardization, and 
communication and cooperation in the value chain. 

Table 3 - an overview of key challenges for further development of OWFs in the Netherlands 

Challenge Reference 

The involvement of Dutch companies in the supply chain is very limited 

(nacelle, rotor, tower, and cable supply). 
Knol & Coolen, 2020 

Potential shortage of technical professionals. Knol & Coolen, 2020 

Spatial conflicts with other users, e.g. fishery industry. Gusatu et al., 

2020 

Kannen, 2014 

Veer et al., 2018 

Scaling up to tens of gigawatts of installed capacity involves uncertain-

ties concerning the management, transportation, and integration of 

large amounts of energy in the energy system at acceptable costs for 

society. The stability of the grid could be jeopardized and the need for 

Topsector Ener-

gie, 2020 

Topsector Ener-

gie, 2022 

Peters et al., 2020 
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electricity conversion and storage, among other flexibility options, 

would arise. 

Veer et al., 2018 

Rapid scale-up creates threats of dependence on overseas supply 

chains such as China. For example, 60% of global blade production, 65% 

of generator production, and 60% of nacelles production is currently 

sourced from China. Similarly, most turbine magnets made from the 

rare earth metal neodymium come from China. 

Hodgson (2022), 

Van Niekerk 

(2022), 

 

Lack of (technical) standards for components and interfaces on all lev-

els, and the resulting complexity of offshore farm planning, installation, 

and operation.  

Andersen et al., 

2018 

Lack of communication both horizontally and vertically in the value net-

work between suppliers, original equipment manufacturers (OEMs), 

service  providers, contractors, developers, and operators.  

Andersen et al., 

2018 

Inflationary pressures caused by local and global supply chain disrup-

tions including investment deferrals, staff layoffs, early retirement of 

assets and lockdowns, logistics disruptions, trade barriers, and chang-

ing relationships following Russia’s invasion of Ukraine. While only 

modest inflationary impacts on renewables sector have been observed 

so far, previously rising commodity and renewable equipment prices 

have passed through into project costs with a lag, given the time differ-

ence between a financial investment decision and the commissioning 

of a project. 

BloombergNEF, 

2022 

 

IRENA, 2022 

Price volatility in electricity spot markets caused by significant supply 

fluctuations in offshore wind, as well as competing electricity sources 

including gas, oil, coal, and nuclear power. For example, Dutch electric-

ity rates swung between 195.2 and -222.4 euros per MWh on April 23rd 

due to a confluence of supply and demand factors. 

Bloomberg, 2022 
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Offshore Floating Solar Energy 

Photovoltaic (PV) solar energy generation capacity has been increasing significantly in the past decade. However, 
development of large utility-scale PV system installations is limited due factors such as cost and availability of 
land, decrease of efficiency at high operating PV cell temperature, and potential environmental impacts. This 
leads to potential need for floating PV systems both onshore and offshore (Golroodbari et al, 2020). The first 
floating solar applications date back to 2007 in Japan. Subsequently, applications expanded globally with Asia 
leading the wave of floating photovoltaics 
(FPV) projects, followed by Europe. Most of 
these were small-scale inland 
demonstration projects. Asia is market 
leader with a total FPV capacity of 814 
MWp  as of 2020.  

In 2017 a roadmap for PV systems and 
applications in the Netherlands was 
published (Folkers et al., 2017). This report 
touches upon the potential of offshore 
floating solar in the Netherlands and has 
some key figures for current status and 
developments, showing a rapid growth in 
the capacity for floating solar and a forecast 
for further substantial growth in the 
industry (Figure 7). A key expectation is that 
in the long term, offshore floating solar will 
become commercially viable, most likely in combination with offshore wind.  

Lead et al. (2005) distinguish two types of drivers: direct and indirect drivers. A direct driver unequiv-
ocally influences (ecosystem) processes. An indirect driver operates more diffusely, by altering one or 
more direct drivers. Table 4 summarizes the different types of direct and indirect drivers and links them 
to the potential growth of floating solar in the Netherlands. There is understood to be significant sim-
ilarities with the drivers for OWF.  

Table 4 - an overview of drivers behind the growth of FPV in the Netherlands 

 Type of 
driver 

Link to OWF in NL References 

In
d

ir
ec

t 
d

ri
ve

rs
 

Demo-
graphic 

Population growth results in a higher demand for electricity6  (alt-
hough this statement was made in the context of wind energy, 
one may argue that a similar argument applies to solar energy) 

Keivanpour et al., 
2019 

Economic  Key global drivers for floating solar (inland and offshore) are iden-
tified as governmental incentives, the decline of PV  system pricing 
and the increase of module efficiency. 

Nguyen Dang 
Anh Thi, 2016 

 

 

6 Although electricity consumption overall in the Netherlands declined from 2008 to 2018 by 5% despite a 5% 
increase in population due to a 15% improvement in the energy efficiency of the economy – IEA (2020a) 
https://www.iea.org/reports/the-netherlands-2020  

Figure 7 - Prognosis of the cumulative installed power of floating 

solar in the Netherlands (Folkers et al., 2017) 

https://www.iea.org/reports/the-netherlands-2020
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Government incentives and subsidies were key drivers in propel-
ling solar technologies in general. A similar argument might apply 
to offshore floating solar. 

Oliveira-Pinto 
and Stokkermans 
(2020b) 

Sociopoliti-
cal  

Paris Agreement and connecting EU / national legislation obliges 
the Government of the Netherlands (GoN) to act.  

Kern et al., 2016 

Cultural and 
religious 

Offshore floating solar panels could mitigate negative sentiments 
from local communities towards onshore solar installations (not in 
my backyard).  

Bax et al., 2022 

Science and 
technology 

The energy transition from fossil fuels (such as in transport) to 
electrification increases the electricity demand. Increased use of 
electronic devices increases demand for electricity, though im-
proved energy efficiency of many items has driven an overall de-
cline in consumption in recent years. 

Wei & McMillan, 
2019 

D
ir

ec
t 

d
ri

ve
rs

 

Climate var-
iability and 
change 

Scientific evidence on climate change provided by IPCC and scien-
tists has led to the Paris Agreement. 

Schleussner et 
al., 2016 

Plant nutri-
ent use 

n.a. n.a. 

Land [and 
sea] conver-
sion 

Large competing requirements on land resources and rooftop ar-
eas, conflicts with other activities like agriculture or tourism and 
loss of efficiency at high operating cell temperature. 

Largest driver for floating solar is scarity of space on land accord-
ing to a Roadmap PV systems and applications. 

Oliveira-Pinto 
and Stokkermans 
(2020b) 

Folkers et al., 
2017 

Biological 
invasions 
and dis-
eases 

n.a. n.a. 

 

Golroodbari et al. (2021) assessed the feasibility of adding an offshore floating solar farm to the already existing 
OWF Borssele I & II. From this paper it can be concluded that offshore floating photovoltaic (OFPV) solar is 
currently not yet commercially viable. To make OFPV commercially viable, the marginal solar power delivered to 
the grid should be improved and the costs for OFPV should be reduced. This implies that subsidies from GoN are 
essential to support the further development of this sector (Golroodbari et al., 2021). Economies of scale are of 
crucial importance to the commercial vialbility of OFPV. According to industry experts, the scale is relevant for 
projects up to approximately 30 MWp; after this point economies of scale are a less important influence on 
commercial viability (World Bank, 2019). 

The report The Future of Floating Solar: drivers and barriers to growth (Horsig et al. , 2020) identifies 
challenges on three levels: commercial, technical and regulatory. However, they also state that it is 
most likely to become viable in the case of multi-use of space.  

Table 5: an overview of key challenges for further development of OFPV in the Netherlands 

Challenge Reference 
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Technical challenges and risks include: a) low TRL of offshore floating 

solar; b) high logistics and marine operations costs; c) mooring and an-

choring configurations; d) reliability of electrical power conversion 

equipment; e) insufficient efficiency, lifetime and reliability of solar 

modules; f) materials and durability challenges; g) marine growth and 

aquatic life;  

Oliveira-Pinto and Stok-
kermans, 2020a 

Intermittency of resource Golroodbari et 

al., 2021 

Grid integration Golroodbari et 

al., 2021 

Lack of harmonized policy for licensing Folkers et al., 

2017 

Lack of standardized international methodology for safe operations that 

can benefit investors, lenders and insurers 

Horschig et al. , 

2020 

Inflationary pressures caused by local and global supply chain disrup-

tions including investment deferrals, staff layoffs, early retirement of 

assets and lockdowns, logistics disruptions, trade barriers, and chang-

ing relationships following Russia’s invasion of Ukraine. 

BloombergNEF, 

2022 

 

IRENA, 2022 

Price volatility in electricity spot markets caused by significant supply 

fluctuations in offshore wind, as well as competing electricity sources 

including gas, oil, coal, and nuclear power. For example, Dutch electric-

ity rates swung between 195.2 and -222.4 euros per MWh on April 23rd 

due to a confluence of supply and demand factors. 

Bloomberg, 2022 

 

Offshore Seaweed Aquaculture 

Seaweed (or macroalgae) has been cultivated in Asia for centuries, while in Europe, cultivation has only gained 
significant momentum over the past two decades. The Dutch seaweed industry is in its infancy, yet growing (Koch 
et al, 2021). There are over 10,000 species of seaweed, divided into three main groups: 

•Brown seaweed (Phaeophyceae) - a group containing brown coloured seaweed species often rich in 
alginates. Saccharina latissimi (sugar kelp); undaria sp (wakame); and alaria esculenta (atlantic wakame) 
are currently farmed in the Netherlands (EUMODnet, 2021)). 

•Green seaweed (Chlorophyta) - mostly found in shallow and intertidal areas. Ulva sp. (sea lettuce); and 
caulerpa lentillifera & caulerpa racemose (sea grapes) are currently farmed in the Netherlands. 

•Red seaweed (Rhodophyta) - a group known for containing carrageen and agar, both binding agents 
used in the food industry. Palmaria palmata (dulse) is the only red seaweed species currently farmed in 
the Netherlands. 

Of the 300,000 tonnes of fresh weight seaweed production in Europe in 2018, 99.5% was harvested from the 
wild (North Sea Farmers, 2021). As of November 2021, the Netherlands had 6 seaweed production sites 
(EMODnet 2021). Three of these sites are in close proximity to PAWF, however, none are currently operating 
offshore except in test sites.  

The sustainability of seaweed production depends on the intensity and size of the farm as well as the carrying 
capacity of the system (Koch et al, 2021). The GoN state that seaweed production growth should be within the 
carrying capacity of the North Sea ecosystem. As part of the North Sea Programme, the Ministry of Agriculture, 
Nature and Food Quality and Ministry of Infrastructure and Water Management will conduct research into the 
ecological space for large-scale production of seaweed with an assumed maximum potential of up to 400 km2 
(GoN, 2022). Early indicative analysis suggests that an area of several hundred km2 of production is realistic, 
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depending on the species cultivated, the density of production, and activity in neighbouring jurisdictions such as 
in Belgium (Duren et al, 2019). 

As production grows, the seaweed industry has potential to create significant new employment opportunities. A 
Sun Institute Environment & Sustainability study (Vincent et al, 2020), estimated that the seaweed industry has 
potential to create 26,000 to 85,000 full-time equivalent (FTE) jobs in Europe by 2030. The optimistic scenario 
comprises 38,000 direct, 28,000 indirect and 19,000 induced FTE jobs. The level of employment created depends 
on a number of key assumptions including:  

• Achieving 27 direct jobs per 10,000 tonnes of fresh weight of seaweed produced including 
employment in hatcheries; farming and harvesting; logistics; processing; marketing and sales; and 
distribution.  

• 30% of the seaweed industry market share being produced in Europe (up from c.1% currently) and 
European production capacity increasing from 300,000 tonnes annually to 8,000,000 tonnes. 

• A total European market size of €9.3bn annually from a range of products including animal feed, food, 
pharmaceuticals & nutraceuticals, additives, bio-packaging, cosmetics, and biostimulants. 

• An indirect supply chain and induced income composite multiplier of 2.25. 

The size of the economic value created by the seaweed production in the Netherlands depends upon future 
production volumes, the level of involvement of Dutch businesses in the value chain, and the financial value of 
seaweed grown or processed in the Netherlands. 

Table 6 - an overview of drivers behind the growth of seaweed farms in the Netherlands (WEcR analysis, adopt-

ing Lead et al. (2005) framework) 

 Type of driver Link to Seaweed industry in the Netherlands References 

In
d

ir
ec

t 
d

ri
ve

rs
 

Demographic Growing world population combined with scarcity 
of fertile agricultural land leads to a shift towards 
alternative food. An area roughly 4 times as big as 
Portugal could produce enough protein from the 
sea to feed the entire global population making 
seaweed a promising food source. 

North Sea Farmers 
(2021); 

Koch et al (2021) 

Economic  Seaweed has a large range of business to business 
(B2B) and direct to consumer (B2C) opportunities 
including in animal feed, food, pharmaceuticals & 
nutraceuticals, additives, bio-packaging, cosmet-
ics, and biostimulants. The European seaweed 
market potential is estimated to be as high as 
€9.3bn per year by 2030. Additionally, green, red 
and brown, algae species can provide ecosystem 
services such as nutrient load reduction, habitat 
provision and increased localised CO2 fixation. 
Monetising these services through public money 
for public value schemes could provide a promis-
ing future additional revenue stream. Finally, sale 
of data to organisations like insurance companies 
and governmental bodies and diversification into 
activities like tourism have also been identified as 

Vincent et al 
(2020); Schultz-Ze-
hden et al (2021); 
Smith (2020) 
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potential ways for a seaweed producer to reve-
nue stack. 

Sociopolitical  World-wide and in the EU, governments are stim-
ulating more sustainable food production. For ex-
ample, the EU Green Deal program has the goal of 
becoming a climate neutral continent in 2050. Ag-
riculture therefore needs to reduce its methane 
and CO2 emissions and use of chemical pesticides. 
Additionally, the biodiversity strategy and Farm-
to-Fork-strategy seek to stimulate a more inclu-
sive way of looking at land and sea and more sus-
tainable agriculture.  

Prohibitive healthcare costs from unhealthy diets 
could also lead to governmental support for 
health awareness campaigns that include sea-
weed as part of a healthy diet. 

The size of the benefit for the seaweed industry 
depends upon the specific regulations being 
adopted. For example, if the EU implemented and 
enforced policies to raise the cost of conventional 
nitrogen fertilisers, this would increase demand 
for biostimulants. Similarly, if the European emis-
sion credit scheme were expanded to include en-
teric methane emissions from ruminants, this 
would open a revenue stream for farmers for sea-
weed-based additives and for alternative plant-
based additives, for which research is currently 
underway.  

North Sea Farmers 
(2021); Vincent et 
al (2020) 

Cultural and reli-
gious 

Consumers are becoming more aware of the im-
pact of food on their own health and on the 
planet. Health is a key growth-driving factor from 
a consumer’s point of view. Many consumers per-
ceive seaweed as healthy, nutritious, natural, 
safe, fresh, a good source of protein and iodine, 
and low in calories. Transitions in some consumer 
diets towards an increasingly ‘meat-less’ diet are 
expected to result in various health and environ-
mental benefits. Consumption of alternative pro-
teins provides one of the alternatives towards 
more meat-less diets. Research suggests an in-
crease in the intention to consume seaweed due 
to the positive emotions of joy, content and pride 
that the consumption is associated with, though 
self-reported consumption remains stable indi-
cating an intention-behaviour gap. 

North Sea Farmers 
(2021); Vincent et 
al (2020); Birch et 
al. (2019); On-
wezen et al (2022) 
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Other consumer preference drivers include or-
ganic produce as increased demand for organic 
products would increase the demand for seaweed 
based biostimulants.  

Science and tech-
nology 

There has been significant industry and academic 
led research into seaweed applications in recent 
years as science and technology identify new 
ways to exploit macroalgae. Promising areas in-
clude:  

• Certain seaweeds have been shown to im-
prove animal health and in some cases 
can aid in the reduction of methane excre-
tion by ruminant animals. 

• Pharmaceuticals and other affiliated 
products like cosmetics and wellness 
products utilising seaweed have shown to 
be rich in various bioactive molecules, 
such as fibres, antioxidants, minerals, and 
omega-3 fatty acids. 

• As an organic matter and containing com-
pounds such as minerals, but also phyto-
hormones, seaweed can be used as ferti-
liser or biostimulant in agriculture.  

• Non-food material applications such as bi-
opackaging and cement. 

Koch et al (2021) 

D
ir

ec
t 

d
ri
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rs

 

Climate variability 
and change 

Over the past years, considerable attention has 
been given to the use of seaweed to reduce me-
thane emissions. Livestock production is a major 
contributor to Greenhouse gas (GHG) emissions 
among others, because the enteric fermentation 
of ruminants causes methane gas emissions. Var-
ious studies confirm that adding seaweed to the 
diets of ruminants reduces methane emissions 
though further research is needed to analyse the 
impacts on animal health and optimum feed com-
positions. 

Koch et al (2021) 

Plant nutrient use One is the application of seaweed-derived bi-
ostimulants. Biostimulants are materials other 
than fertilizers and pesticides that can stimulate 
nutritional processes in plants independent of the 
crop's nutrient content with the specific aim of 
enhancing nutrient use efficiency, resilience to 
abiotic stress, quality traits, or availability of 

Koch et al (2021) 
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confined nutrients in the soil or rhizosphere. A 
large number of studies have assessed the impact 
of biostimulants on yield and quality showing 
promising results for some combinations7. 

Land [and sea] con-
version 

World population is growing, leading to a need for 
more climate resilient resources. By using the ma-
rine system, occupying about 70% of the world’s 
surface, a large area can potentially be used to 
cultivate such resources. As a crop that can grow 
in the marine environment, seaweed has no re-
quirement for fresh water (an increasingly scarce 
resource), which has a relative low impact on the 
environment and is versatile in its application and 
usage. 

Koch et al (2021) 

Biological invasions 
and diseases 

N/a  

A number of studies have considered the current and future position of the European, North Sea and Dutch 
seaweed industry. Seaweed cultivation in Europe is still considered to be in a “start-up” phase. Yet the European 
seaweed market for human consumption was estimated at a value of 1.02 billion dollars in 2018, 10% of the 
global market for human consumption (North Sea Farmers, 2021). The Netherlands market has been identified 
as promising due to Dutch cuisine being open to foreign influences including Asian cuisine. From a production 
perspective, the country’s reputation for highly efficient agriculture and as a front runner on water management 
make it an attractive place 
for collaboration on 
seaweed innovation (North 
Sea Farmers, 2021). 

The market potential of 
seaweed in Europe is 
estimated to be as large as 
€9.3 billion in 2030 with 
high potential for feed, 
food, pharmaceuticals, 
cosmetics, biofertilizers, 
biofuels and ecosystem 
services. As much as 30% of 
this market could be met by 
European supply by 2030 
(Vincent et al (2020); 
Schultz-Zehden et al 
(2021)). Figure 8 presents 
the forecast European 
demand for seaweed 
products in a high ambition case. Seaweed value chains are quite different, in particular in the role of the lead-
firm and how influential they are within the supply chain, meaning commercialisation strategies will need to be 

 

 

7 A large number of studies are summarised in the Bio4Safe Biostimulant Database - https://bio4safe.eu/  

Figure 8 - European demand for seaweed products in 2030 (high ambition case) 

Source: Vincent et al (2020) 

https://bio4safe.eu/


 Funded by the European Union (H2020 Grant Agreement no 862915). Views and opinions expressed 
are however those of the author(s) only and do not necessarily reflect those of the European Union. 
Neither the European Union nor the granting authority can be held responsible for them 

 Page 36 of 138
  Deliverable 3.3 

 

 

differentiated (Selnes et al, 2021). Operational expenditure projections from UNITED Dutch pilot partner, The 
Seaweed Company, suggest there is significant potential for economies of scale in seaweed production. Five 
cultivation systems were estimated to achieve a cost per kg of wet weight (WW) of €11.30 whereas operating 20 
systems is estimated to achieve €4.03 per kg/WW and 500 systems  €1.52 per kg/WW (Zaiter et al, 2022). Close 
cooperation between government, knowledge institutes and the private sector can benefit industry 
development within the Netherlands. Implementation of present knowledge derived from closely associated 
industries (e.g. fisheries and agriculture) in which the Netherlands has a strong presence means the Netherlands 
industry is well placed to add value through cooperation with global producers, processors and research 
institutes (Koch et al, 2021). 

As summarised below, there are a number of key challenges facing the seaweed industry in the Netherlands and 
Europe. If multi-use at sea can help over-come some of these barriers, it could add value by accelerating the 
commercialisation of seaweed cultivation. 

Regulations -  The novel food regulations make it difficult and time consuming for new food products to enter 
the market. Food legislation for seaweed is still developing, leaving producers and buyers with uncertainty. 
Potential high levels of contaminants & iodine cause food safety concerns (e.g. negative publicity for carrageenan 
has led to confusion). The precautionary principle led the GoN to state that initiatives for the cultivation in open 
sea of refined native seaweed species or alien seaweed species “must be considered undesirable.” (North Sea 
Farmers (2021), Submariner (2021), GoN (2021)) 

Reputational risk - The complexity of the food sector makes it difficult for consumers to determine what is 
healthy and unhealthy. This often results in very simplified conclusions about good and bad food. Food scandals 
can get much media attention, often creating a simplified story that can be harmful for the sector. This makes 
new food additives vulnerable for reputation issues. (North Sea Farmers, 2021) 

Quality at scale - Producing consistent volumes and quality of seaweed to meet the demands of the food 
processing industry means stringently controlled production processes are needed. (North Sea Farmers, 2021) 

High competition - The overall opportunity for European producers is founded on the opportunities and 
challenges within each individual market segment, across which there is significant variability. Prices of local 
cultivated North Sea seaweed are higher than Asian competition. This means other properties need to be able 
to compensate for this difference in price. European seaweed will not be viewed as an economically viable source 
of large-scale future supply if the price structure does not change. To enable propel European producers to 
capture market share production costs in Europe have to be cut drastically. The size of the market captured by 
European and Dutch producers will be determined by segment-specific competitive dynamics and the extent to 
which key cross-segment interventions to support European producers are realised. North Sea Farmers 
(2021), Vincent et al (2020) 

Socio-political change - Brexit leaves UK and Europe in greater uncertainty as to how the European trade will 
look like after Brexit. Brexit could slow down trade and the development of markets for local cultivated seaweed. 
(North Sea Farmers, 2021). 

Emerging evidence base - Limited proof for health claims and the level of sustainability of seaweed as the 
scientific evidence base is still emerging. There is also considerable uncertainty regarding both the positive and 
negative environmental impacts of seaweed cultivation. For example, it is often claimed that seaweed can end 
climate change due to its capacity to take up carbon. However, carbon sequestered taken up is not equal to 
sequestered carbon. If seaweed is used by organisms, marine or terrestrial (humans included), the carbon taken 
up will eventually be released again and cannot be calculated as sequestered. Carbon sequestration happens 
mostly when seaweed drifts to the deep sea. (North Sea Farmers (2021), Koch et al (2021), van den Burg et al 
(2019)) 

Consumer familiarity and behaviour - A lack of consumer and retailer familiarity with the product creates issues. 
Consumer demand for seaweed is weak, meaning creativity in the marketing of the product is needed. Generally 
consumers are not sure about whether they like the taste due to unfamiliarity with the products. Consumer 
surveys suggest consumers feel unfamiliar with seaweed, feel ignorant about how to prepare and store it, what 
to serve it with or where to buy it. Perceived drawbacks by consumers include bad smell, unavailability, unclear 
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preparation instructions, and a potentially expensive product category. Such defensive biases are deliberately or 
unwittingly mobilized to avoid behavioural change in order to stick to the established food choices. Holding on 
to habitual dietary choices is a powerful determinant of food behaviour. Furthermore, retailers have struggled 
to classify seaweed products as it can be placed in multiple categories meaning consumers often do not know 
where to find seaweed. North Sea Farmers (2021); van den Burg et al (2019); Onwezen (2018) 

Carrying capacity - The sustainability of seaweed production depends on the intensity and size of the farm as 
well as the carrying capacity of the system. If the farm is too big and/or the cultivation too intense, nutrient 
uptake can affect primary production. By affecting the primary resources of the food chain, a tipping point could 
be reached, after which the ecosystem is affected beyond acceptable levels. Data on when exactly such tipping 
points are reached has not yet been documented, but it is a topic of interest for further research. As a result, the 
GoN’s North Sea Programme 2022-2027 states that seaweed and shellfish production in the North Sea must 
prove that they fit into the ecological carrying capacity of the North Sea. Koch (2021), GoN (2021) 

Competition from product substitutes – Seaweed is one of many emerging potential sources of nutrients. While 
some seaweed is high in protein, such as Porphyra sp, growth in this market sub-segment is constrained by 
alternatives with a higher protein content and a more attractive cost structure, such as pea protein.
 Vincent et al (2020) 

Overseas competition - The overall opportunity for European producers is founded on the opportunities and 
challenges within each individual market segment, across which there is significant variability. This is driven by 
divergence in competitive factors including the strength of incumbents in the rest of the world, and the relative 
importance of cost vs. quality, traceability and provenance. The size of the market captured by European and 
Dutch producers will be determined by segment-specific competitive dynamics and the extent to which key 
cross-segment interventions to support European producers are realised. (Vincent et al, 2020) 

Social acceptance - Scaling seaweed production through aquaculture is held back by resistance against seaweed 
aquaculture within some local communities, limiting the number of available regions. This resistance mainly is 
caused by the fact that the local communities believe that seaweed aquaculture is a threat to the local 
ecosystem, since seaweed aquaculture may lead to the introduction of non-indegenous species. Some 
communities fear that private operators will not have proper incentives to ensure sustainable use of the local 
environment. Finally, some of the regions suitable for seaweed aquaculture also have an active tourism industry, 
where some in the local community believe that seaweed aquaculture will be a threat to tourism by reducing 
the general appeal of the region. (European Commission, 2021) 
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• Identification of Key Actors 

are stakeholders derived from D5.1 and T5.2 for the Dutch pilot UNITED partners and two of the key 
partners. For OOE stakeholders are mainly strategic, but TSC mentions mainly operational stakehold-
ers. Another major pool of stakeholders that overlaps with some of the names below, is the Dutch 
North Sea Community of Practice (CoP). This Dutch CoP acts as a primary convergence point of multiple 
sectors and actors relevant for maritime policy and decisions and is used by the Dutch ministries to 
engage with and gauge needs within the sector and for planning purposes. This North Sea CoP is also 
cited in the development of the North Sea Programme 2022-2027 for the Netherlands and also in a 
number of publications discussing the policy matrix and governance of the North Sea (Steins et al 
2021). 

A value chain is defined as a set of activities that a business carries out to create value for its customers. 
A Value Chain Analysis (VCA) focuses on the process of organizations, seeing manufacturing (or service) 
organizations as a system made up of subsystems. Each subsystem has inputs, transformation pro-
cesses and outputs which require resources such as money, labour, materials, equipment, buildings, 
land, administration and management. Porter’s VCA enables the analysis of sectors based on different 
segments in the production cycle, including a) inbound logistics, b) operations, c) outbound logistics, 
d) marketing & sales and e) service (Porter, 1985 in Della Libera et al., 2021). Using a recognised and 
established approach to VCA helps make a novel set of businesses, multi-use at sea, more recognisable 
to stakeholders including policy makers and investors. Table @@@ provides an overview per sector of 
the key stakeholders for each segment in the value chain. See Section [xxx] for qualitative assessment 
of how impacts are distributed. 

Table 7 - overview of key stakeholders per sector for each segment in the value chain 

Sector Segment of 
value chain 

Key stakeholder 

OWF / Solar 

Inbound logistics • Developers  

• Marine contractors 

• Suppliers of mechanical and electrical components  

• Transport companies 

Operations  • Operator(s) 

• O&M suppliers 

Outbound logis-
tics 

• Electricity supplier 

• Grid network operator 

Marketing and 
sales 

• Commercial customers 

• Residential consumers 

Services • Engineering design services 

• Permitting, environmental and certification consulting 

• O&M / Engineering services 

• Monitoring services 

• Economic/financial services 

• Insurance services 

• IT services 

• Research & Development 

• Decommissioning services 

Inbound logistics Hatchery/nursery 
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Aquaculture (sea-
weed, blue mus-
sels, flat oysters) 

• Broodstock/seed/fry 

• Equipment suppliers 

• Construction companies 

• Transport companies 

Operations  Growout 

• Equipment suppliers 

• Construction companies 

• Harvesting services 

• Transport companies 

Outbound logis-
tics 

Processing 

• Equipment suppliers 

• Construction companies 

• Biorefineries 

• Packaging suppliers 

• Transport companies 

Marketing and 
sales 

• Wholesalers 

• Retailers 

• Restaurants 

• Consumers 

• Transport companies 

Services • Permitting, environmental and certification consulting 

• Engineering services 

• Veterinary services 

• Monitoring services 

• Economic/financial services 

• Insurance services 

• IT services 

• Research & Development 

 

2.2.3. Baseline and Scenarios 

In order to develop potential scenarios and a baseline arising from the integration of three distinct 
multi-use activities in the offshore energy sector, the following was developed for the exercise to be 
executed in this report. Three activities were considered, offshore wind energy production within an 
Offshore Wind Farm (OWF), offshore solar energy generation, and offshore seaweed cultivation. The 
baseline scenario represents a situation where an offshore wind farm, a mussel aquaculture farm and 
a seaweed aquaculture farm operate individually, without sharing space, activities, or infrastructure 
within the confines of the Princess Amalia Wind Farm (PAWF). The multi-use scenario is represented 
by an idealised situation where three marine activities are combined within area of the PAWF; offshore 
wind energy production, floating solar energy production and seaweed cultivation each activity using 
roughly 1/3 of the area in a harmonious combination. To facilitate an economic appraisal for the design 
and operation of a future multi-use commercial-scale site, a series of pivotal assumptions were formu-
lated. Firstly, it was determined that retrofitting the existing PAWF infrastructure to accommodate 
offshore solar and seaweed cultivation was deemed economically unviable by the pilot partners. The 
projected costs were expected to outweigh the benefits due to the limited production levels achieva-
ble through such a retrofit. Consequently, the decision was made to consider the installation of the 
PAWF offshore wind infrastructure concurrently with the other multi-use components, leading to a 
complete overhaul of the site's infrastructure. The construction timeline for this envisioned multi-use 
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site was set for the year 2030. This timeline was strategically chosen to align with the anticipated com-
mercial scalability of offshore floating solar and seaweed industries, as anticipated by the UNITED in-
dustry pilot partners. Operating lifespan assumptions were established, with both offshore solar and 
seaweed activities assigned a 25-year operational period before decommissioning. In terms of site lay-
out, a broad assumption was made, designating one-third of the site for wind power, another third for 
solar energy production, and the remaining third for seaweed cultivation. It is worth noting that the 
exact configuration of a multi-use offshore site would be contingent upon meticulous engineering de-
sign, feasibility studies, and the granting of planning permissions by the Dutch Government. In relation 
to seaweed production, it was assumed that the site had the capacity to yield approximately 460 hec-
tares or 3,300 tonnes of seaweed annually. This estimate roughly corresponds to one-third of NSF 
projections for greater North Sea seaweed production by the year 2035. Achieving this level of pro-
duction necessitated the deployment of 150 systems and 300 anchors. Finally, insights from pilot part-
ners at Oceans of Energy suggested that an approximate energy production capacity of 120 MW for 
offshore floating solar was feasible, given the availability of 120 MW of offshore wind capacity and the 
corresponding grid export cable capacity. These assessments collectively formed the foundation for 
our economic appraisal of the multi-use offshore energy site. 

2.2.4. Scoping for Possible Impacts 

In the context of integrating offshore wind farms, floating solar installations, and seaweed aquaculture 
within multi-use developments, a comprehensive exploration of potential impacts emerges. These im-
pacts encompass various aspects, ranging from food and resource security to socio-economic consid-
erations, safety, and environmental sustainability. One of the foremost potential benefits lies in en-
hancing food and resource security. Seaweed aquaculture, as a component of these multi-use devel-
opments, offers a sustainable source of nutritious food, contributing to a more secure food supply. 
Furthermore, the co-location of these activities presents an opportunity to optimize resource utiliza-
tion, reducing dependence on external sources and promoting self-sufficiency. From a safety perspec-
tive, multi-use developments offer notable advantages over traditional offshore oil rigs. With reduced 
exposure to hazardous materials and processes, such as drilling and extraction, these sites inherently 
provide improved health and safety conditions for both workers and the environment. This shift to-
wards safer operations is a significant advantage.  

These multi-use developments create zones where energy production, resource extraction, and food 
cultivation seamlessly coexist. This integrated approach maximizes the efficient utilization of marine 
resources while minimizing adverse environmental impacts, making it a promising avenue for sustain-
able development. In parallel, assessing opportunity costs is vital. It necessitates a careful evaluation 
of the economic benefits derived from multi-use developments in comparison to alternative uses of 
the same marine space and resources. Balancing these trade-offs informs more informed decision-
making. Beyond their primary functions, seaweed farms can serve as protective barriers, discouraging 
unauthorized access and safeguarding wind turbines, acting as a measure of security for such installa-
tions. This additional layer of security can mitigate potential risks, such as collisions with tankers, fur-
ther enhancing asset protection.  

One notable socio-economic impact of these developments is the potential for increased local employ-
ment opportunities. Integrating more local staff into multi-use projects can lead to socio-economic 
benefits for coastal communities, fostering a sense of ownership and community engagement. The 
fishing sector can also benefit from synergies with multi-use developments. Collaborating with local 
fishing communities enables the shared utilization of assets and expertise. Leveraging the skill sets of 
fishermen for activities like maintenance can enhance the economic viability of these projects. More-
over, multi-use developments offer diverse employment prospects. Compared to traditional wind tur-
bine maintenance, they create varied job profiles, including roles in operations and maintenance 
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(O&M), universal operators, and flexible solutions for small maintenance tasks. While not a direct im-
pact on multi-use development, their presence offshore may facilitate a deeper connection to marine 
environments. Collaboration with fisheries schools and existing offshore training structures can ex-
pand the knowledge base and skill sets of the workforce. These developments align with broader en-
vironmental and sustainability goals, contributing to the responsible use of the North Sea's resources. 
They can serve as models for sustainable marine development, setting a precedent for environmen-
tally conscious practices. Finally, multi-use developments provide opportunities for outreach and 
awareness initiatives. Through visual materials and engagement with local communities, these pro-
jects can promote understanding and garner support, fostering a culture of sustainable marine re-
source management. In summary, integrating offshore wind farms, floating solar installations, and sea-
weed aquaculture within multi-use developments offers a range of potential impacts, encompassing 
food and resource security, safety improvements, economic benefits, and sustainable marine resource 
utilization. Careful consideration of opportunity costs and collaboration with local communities and 
industries can further amplify these benefits and contribute to the responsible development of marine 
resources. 

2.2.5. Impact Assessment 

• Financial Analysis 

In consideration of the financial ramifications on developing such a site in single use silos or as an 
integrated multi-use constellation, the primary impact elements are summarised with the variations 
in costing noted between the baseline individual scenario and the integrated multi-use scenario. The 
financial analysis of integrating offshore wind farms, floating solar installations, and seaweed aquacul-
ture within a multi-use development compared to individual applications hinges on several critical cost 
factors, including design and planning costs. These costs play a pivotal role in determining the eco-
nomic viability of these projects. In the baseline scenario, where each industry pursues single-use ap-
plications, the upfront design costs can be substantial. These costs encompass a wide array of activi-
ties, including development and consenting services, environmental impact assessments, subcontrac-
tor fees, and an array of environmental surveys (such as benthic, fish and shellfish, ornithological, ma-
rine mammal, onshore, and human impact assessments). Additionally, costs are incurred for resource 
and metocean studies, geological investigations, as well as engineering and consultancy services. It is 
worth noting that the variations in costs faced by each project are influenced by factors such as the 
environmental sensitivity of the site in question. Each industry must independently commission and 
finance these analyses in the single-use scenario, leading to a duplication of efforts and resources. 
However, in the combined scenario where multi-uses are developed concurrently, the potential for 
cost synergies emerges, particularly during the design and planning stage. Synergies are most pro-
nounced in areas such as site assessments, which encompass crucial elements like sediment condi-
tions, the presence of species in the area, and unexploded ordinance analysis. Efficiencies realized 
through multi-use implementation at the design and planning stage can be substantial, with the po-
tential to achieve cost reductions of up to 100% for certain upfront survey work. This is primarily due 
to the shared utilization of data, resources, and expertise across the integrated activities. Overall, the 
financial analysis indicates a low but positive impact on cost savings for multi-use implementation in 
comparison to single-use applications. The potential to reduce duplicative design and planning costs 
through shared assessments and streamlined processes offers a compelling economic incentive for the 
development of multi-use offshore projects. These cost efficiencies contribute to the overall financial 
attractiveness of integrated offshore wind farms, floating solar installations, and seaweed aquaculture 
within multi-use developments as compared to pursuing these activities separately. 
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In the context of construction and development; when comparing a multi-use scenario to the baseline 
situation of standalone single-use installations, various opportunities for synergies emerge during the 
construction stage, which can significantly affect the overall project dynamics. In the baseline scenario, 
construction costs for an Offshore Wind Farm (OWF) encompass expenses related to the turbine na-
celle, rotor and tower, substations, and operations bases. However, in the multi-use scenario, the po-
tential for cost savings and efficiency gains becomes evident. Notably, there are opportunities for syn-
ergies in the construction of pile anchors and during boat rental operations. For instance, installing 
two pile anchors simultaneously can be more cost-effective in a multi-use setting, potentially reducing 
costs by a significant margin, estimated at around 30%-50%. Thereby introducing such operation at 
scale alongside each other can be a fiscal boon. The rental of offshore vessels, including the additional 
costs for vibration equipment and remotely operated vehicles (ROVs), typically amounts to approxi-
mately 10,000 EUR per day (pre-fuel crisis). When applied to the construction of a multi-use develop-
ment involving 150 systems and 300 anchors, it is assumed that five systems and ten anchors can be 
installed in a single day. This translates to approximately 30 days of construction activities with favour-
able weather conditions. However, it is acknowledged that up to 10-15 days could be lost due to ad-
verse weather conditions, leading to an overall estimated saving of approximately 400,000 EUR. Fur-
thermore, the construction of seaweed structures within the multi-use development is likely to benefit 
from economies of scale. The utilization of the same vessels for some of the equipment and the po-
tential for shared monitoring equipment may result in additional cost savings. Although the individual 
components from each of the sectors must still be fabricated, assembled, and deployed, by doing so 
in coordination with the other activities, the impact of integrating offshore wind farms, floating solar 
installations, and seaweed aquaculture within a multi-use development on construction and develop-
ment costs is assessed as having a medium positive effect. This assessment takes into account the 
potential cost reductions and efficiency gains achieved through synergies, particularly in the construc-
tion of pile anchors and during boat rental operations. Moreover, it's important to note that this multi-
use approach reduces vulnerabilities to market fluctuations, contributing to its overall attractiveness 
from a financial perspective. 

When considering training costs, the multi-use development offers opportunities to optimize re-
sources and reduce expenditures. By utilizing the same training facilities as other sectors, training ses-
sions can overlap, resulting in cost savings. Common training areas such as first aid, sea survival, boat 
transfer techniques, fire awareness, and manual handling can be shared among the industries involved 
in the multi-use project. Training centres in Rotterdam can accommodate training for both wind and 
solar, thereby reducing training costs. While the overall benefit in terms of cost reduction may be 
modest, the ability to streamline training processes and leverage shared resources is advantageous. 

In the realm of operations, several potential cost-saving opportunities arise within the multi-use de-
velopment. One significant consideration is the reduction in the number of offshore trips required. A 
consortium approach can lead to shared operational costs, potentially yielding substantial savings, es-
timated at approximately 50%. While some trips would still be industry-specific, others could be com-
bined, particularly for monitoring purposes. Seeding and harvesting activities, however, are likely to 
remain industry-specific due to their distinct nature. Remote monitoring can further reduce opera-
tional costs, with improvements in technology allowing for more efficient remote oversight of the sys-
tems. This reduces the need for frequent on-site inspections and interventions. Additionally, the 
shared use of boats for offshore operations can significantly bring down transportation costs. Housing 
opportunities in the future, akin to those seen in the oil and gas sector, would provide a substantial 
benefit for the entire operations and maintenance (O&M) sector. These offshore housing facilities 
would offer stable access points, simplifying logistics. Regular inspections of equipment, such as clean-
ing and maintenance, may only require access twice per year due to the absence of moving parts in 
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certain components. This includes tasks like cleaning, which may eventually involve robotic cleaning 
methods, currently under investigation for the North Sea. Certain electrical components, such as in-
verters, may need replacement every 10 years, necessitating smaller boats like crew transfer vessels 
(CTVs) for maintenance. More substantial interventions, such as changing mooring lines, may require 
tugboats equipped with cranes, and these activities are typically required every decade. Ultimately, 
the integration can result in substantial operational cost savings through the consolidation of trips, 
shared use of boats, and advancements in remote monitoring technology. Additionally, the potential 
for future offshore housing facilities presents a significant advantage for the entire O&M sector, en-
hancing efficiency and accessibility for ongoing maintenance activities. 

When combining wind and solar energy generation, there is the potential to extend power output by 
approximately 20%. However, a key constraining factor lies in the export capacity for the grid, with 
considerations on how much additional capacity can be added until it becomes economically viable. 
Making more efficient use of the grid connection is essential in optimizing energy production. The in-
tegration of aquaculture and seaweed longlines with offshore wind farm (OWF) foundations is not 
expected to disrupt energy provision, independence, or security. Since OWF foundations are installed 
ahead of aquaculture and seaweed longlines, energy production activities remain uninterrupted. Sus-
tainable energy production can continue at the same rate within a multi-use context, with each activity 
contributing to carbon sequestration and greenhouse gas (GHG) emissions reduction. Combining aq-
uaculture, seaweed cultivation, and OWF activities can lead to even greater GHG emissions reduction, 
as demonstrated by studies indicating potential reductions of up to 87% when integrating OWF with 
sugar kelp cultivation. 

In terms of decommissioning, there are potential cost savings in the multi-use context. Assumptions 
include decommissioning the offshore seaweed farm and aligning its lifespan with that of the OWF. 
Combining the decommissioning efforts, including anchoring systems, can be managed by a single 
company. Material replacement cycles vary, with buoys and nets typically needing replacement every 
7 years, while anchoring and mooring systems may last 10-20 years. The assumption is that certain 
anchoring systems may not require replacement, potentially simplifying decommissioning efforts. De-
commissioning is currently considered relatively straightforward, with some elements, like pile an-
chors, posing potential challenges but lacking sufficient data for assessment. Traditional anchors, while 
quicker to decommission, are not typically used in multi-use contexts. Floating solar installations are 
expected to have a lifespan of 25 years or more, while new wind turbines are likely to exceed the 25-
year mark. Decommissioning benefits arise from the differences in scale and equipment between 
OWFs and offshore solar farms (OSF). The size difference means that the ships used for decommission-
ing OWFs, which are significantly larger, are unlikely to be suitable for OSFs due to their smaller scale. 
This creates the advantage of using different vessels, preventing competition for decommissioning 
materials. Integrating offshore wind farms, floating solar installations, and seaweed aquaculture within 
a multi-use development can enhance energy production, contribute to GHG emissions reduction, and 
offer opportunities for cost savings during decommissioning. These potential impacts underscore the 
advantages of a multi-use approach in maximizing resource utilization and optimizing the economic 
and environmental sustainability of marine developments. 

• Socio-Economic Impact 

The integration of offshore wind farms, floating solar installations, and seaweed aquaculture within a 
multi-use development can have significant socio-economic impacts, fostering local sustainable food 
production, addressing opportunity costs, influencing income/wealth inequality, and enhancing eco-
system services. The sustainable production of aquaculture and seaweed has a profoundly positive 
impact on the environment, society, and the local economy. These activities not only create jobs and 
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economic opportunities but also reduce the dependency on imported seafood products, contributing 
to local food security. By providing a source of healthy and sustainable food for local communities, 
aquaculture and seaweed cultivation play a pivotal role in enhancing the well-being of coastal regions. 
The combination of these activities with offshore wind farms (OWFs) yields various positive impacts. 
For the environment, it helps reduce the use of maritime space, alleviating pressure on other marine 
areas. For companies operating in the aquaculture and seaweed sectors, the integration of activities 
can lead to financial gains, as they can leverage offshore maintenance trips for OWFs to carry out 
monitoring and cultivation activities, resulting in cost reduction. However, it's important to note that 
the increase in research and monitoring activities may also raise the risk of collisions with OWF foun-
dations, potentially leading to higher insurance costs. 

The consideration of opportunity costs, particularly in regions like the Netherlands, where space for 
seaweed cultivation outside wind farms is limited, underscores the importance of multi-use ap-
proaches. The policy shift toward multi-use is driven by the recognition that larger areas, such as those 
found in Norway or Ireland, offer more opportunities and space for sustainable development. Multi-
use solutions are seen as more beneficial and economically viable, especially as they make efficient 
use of export cables. The potential for offshore floating solar also relies on multi-use scenarios, with 
the expectation that by 2030, the levelized cost of electricity (LCOE) for offshore solar will be compet-
itive with that of offshore wind. Unlocking the benefits of offshore floating solar will depend on re-
sponsible marine ecosystem usage. Additionally, integrating aquaculture and seaweed activities with 
OWFs enhances ecosystem services which are typically under high levels of pressure and stress in 
dense or high use marine localities.  Introducing additionally activities under guidance and considera-
tion of carrying capacities and maximum extractions, the inclusion of floating solar and seaweed pro-
duction can stand to positively impact water quality, local fish populations, sediment stability, and 
greenhouse gas (GHG) emissions reduction. The multi-use approach optimizes marine space and re-
sources, leading to better water quality through carbon sequestration. It also improves habitat condi-
tions and benefits fish stock health, contributing to the production of sustainable food products. 

The socio-economic implications also extend to income and wealth distribution. The integration of 
activities can result in more diverse job opportunities, potentially requiring fewer personnel and ves-
sels. This diversification may impact wage levels for various roles, and there's a likelihood of combining 
job functions, ultimately affecting income distribution. Globally, opportunities for offshore solar could 
involve local fishermen participating in Operations and Maintenance (O&M), potentially leading to 
higher incomes. Smaller-scale projects near shorelines, such as those in Southeast Asia, present op-
portunities for combining jobs and increasing employment. In the Netherlands, salary levels for off-
shore field engineers in solar and multi-use projects are expected to be similar, although wages could 
increase if offshore living becomes necessary for site operation. The overall labour requirement may 
rise, particularly in the case of offshore solar, as it introduces specialized field technicians to handle 
complex engineering tasks that may not fall within the purview of offshore wind technicians. These 
impacts reflect the potential benefits and complexities associated with multi-use strategies in marine 
environments, ultimately aiming to promote sustainability, economic growth, and social well being. 

2.2.6. Discussion 

There are a number of positive realisation in the implementation of a multi-use approach in the Dutch 
case when comparing the alternative baselines of single-use business as usual as an alternative. One 
of the prime drivers and underpinning aspects that resurfaced a number of times in this analysis are 
the tight constraints placed on the availability marine space in the case of the Netherlands. This, com-
pounded by the ambitions aspirations as seen in the planning and future visions documents addressed 
in this report, to heavily increase the use and diversity of deployed sectors at sea in the Dutch exclusive 
economic zone demands that innovative solutions be made to combined and integrate marine 



 Funded by the European Union (H2020 Grant Agreement no 862915). Views and opinions expressed 
are however those of the author(s) only and do not necessarily reflect those of the European Union. 
Neither the European Union nor the granting authority can be held responsible for them 

 Page 45 of 138
  Deliverable 3.3 

 

 

operations. The benefits and hopes for this regions are clearly known by the national ministries and 
are supported by a wide body of research, however the exact economic stimuli and measures to sup-
port this shift in operations and design are still being developed by national ministries and through a 
range of stakeholder consultations as noted in the 2022-2027 north sea vision plans and other minis-
tries reports cited. There is a clear business case potential represented in the comparison between 
baseline and integration, however, the complexities in design and perceived risk in implementing such 
an integrated operation is still a point of concern that needs to be further developed. Additionally, 
while there is a clear and developed market for the floating solar applications, and a driving need due 
to the increasing energy demands within the Netherlands and across Europe, the full value chain of 
seaweed production is still in development. The further development of this sector within the Nether-
lands and across Europe is being heavily supported by national and European funding bodies, looking 
for innovative and environmentally friendly / renewable products to transplant petrochemical items 
currently in the market. The development and acceleration of the full value chain in seaweed produc-
tion will underpin the demand for this sector, price points, and the competitiveness of offshore and 
integrated seaweed aquaculture within the Netherlands and likely also Europe as whole. 

2.3. Belgium Pilot 

2.3.1. Introduction  

Located in the Belgian Part of the North Sea (BPNS), the Belgian (BE) pilot aims to improve the design 
and deployment methods of offshore aquaculture and activities at Offshore Wind Farms (OWF) and 
more specifically flat oyster bed restoration, flat oyster cultivation as well as grow out of seaweed.  

At present, the pilot comprises an operational OWF, for which an oyster and seaweed lines have 
been installed in the empty space between the turbines. The pilot is operational.  

The aim of the following case study is to carry out an economic analysis of the BE pilot. More pre-
cisely, the assessment aims to evaluate the economic impacts and added value from the combination 
of the different activities.  

The assessment aims to answer the following research question:  

• What are the costs/benefits from combining activities?  

• What are the impacts of an upscaled combination of the three different activities? 

The impacts from multi-use activities in the BE pilot have been assessed through desk-based research 
in consultation with the pilot leads and stakeholders.  

2.3.2. Characterisation  

• Definition of the area 

The pilot is located in the BPNS, more specifically in the OWF Belwind8, 49 Km off the coast of Ostend 
(see Figure 2.1).  

 

 

8 https://parkwind.eu/projects/belwind  

https://parkwind.eu/projects/belwind
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Figure 9.1 Belgian Part of the North Sea with realized and planned offshore wind farm concessions – the approxi-

mate location of the pilot site in Belwind is indicated by the yellow star.   

The pilot aims to improve the design and deployment methods of offshore aquaculture activities at 
OWFs and more specifically flat oyster culture and oyster bed restoration, as well as grow-out of sea-
weed (UNITED, D3.1).  

The pilot targets different market segments9 (see Deliverable 1.3). Currently, the OWF comprises 56 
turbines spread over 17 Km² and with a total installed capacity of 171 MW generating enough elec-
tricity to power the equivalent of 160 000 homes. Electricity is sold to off takers that purchase elec-
tricity produced by the OWF and resell it to final consumers (UNITED, D1.3) (a long-term power pur-
chase agreement is in place with Electrabel, including offtake of the full production and management 
of the sale of the production on the market at a fixed price10).  

Local aquaculture production and seaweed cultivation take place in the same location as the OWF – 
in the empty space between turbines - (UNITED, D3.1). The activities target two segments:  

• On a first hand, the micro-segment, through the creation of luxury and pharmaceutical prod-

ucts from seaweed products; and 

 

 

9 A market segment divides the market share into different groups. Each group, or segment, shares common 
characteristics that allow the companies operating the different activities within the pilot to create targeted 
products, offerings, and experiences. 
10 https://meewind.nl/wp-content/uploads/140617_ZEEWIND_risk_analysis_ENG.pdf?v=1  

https://meewind.nl/wp-content/uploads/140617_ZEEWIND_risk_analysis_ENG.pdf?v=1
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• Second, the macro segment, by selling aquaculture food ingredients directly on the market to 

final consumers.  

• Legal characterisation 

The Marine Spatial Plan (MSP) of Belgium11 outlines a specific provision for multi-use as the primary 
standard for fixed activities taking place in the same area, especially within OWFs zones, in the Bel-
gian part of the North Sea (UNITED, D6.1). Approval from the wind farm concession holder is re-
quired for other activities, such as aquaculture, restoration projects or passive fisheries, to enter and 
operate within the existing wind farm concession zone. However, such requirement will be elimi-
nated in the future and new renewable energy proposals will be evaluated, in part, on the basis of 
multi-use activities (UNITED, D6.1).  

Regarding the Belgian pilot, UGent is responsible for the establishment of oyster and seaweed activi-
ties and obtained the approval of the wind farm concession holder (Parkwind). As stated in UNITED, 
D6.1, UGent received this approval under three requirements: 

1. Performing a risk analysis of the planned activities; 

2. Submitting a project method statement;  

3. Obtaining additional insurance to cover third-party liability resulting from the installation pro-

ject about the offshore wind farm concession holder.  

To present, only single use permits12 have been obtained for OWF, aquaculture and restoration pro-
jects. Scientific aquaculture projects taking place in an offshore wind concessions zone (e.g. BE Pilot) 
require a separate permit. The terms and conditions of these permits can differ because the permit 
application processes vary for different single-use activities within the same marine area (20 to 30 
years for OWF and 50 years for aquaculture projects). This discrepancy can extend to the expiration 
dates of the permits. At present, it remains unclear what will happen if one single-use activity in a 
multi-use context continues after the expiration of another independent single-use activity permit. It 
is uncertain whether all permits can be transferred from one activity to another.  

Furthermore, there is uncertainty if all installations should be completely removed at the end of the 
concession or permit period during the decommissioning phase. It remains unclear whether the envi-
ronmental benefits associated with a project would influence the legal requirement for fully remov-
ing an aquaculture project or a partial removal of an OWF. At present, there is no legislation in place 
that permits only partial removal and outlines the conditions for such partial removal, hence for the 
Belgian pilot, all structures (aquaculture and restoration) are to be removed at the end of the pro-
ject. 

Some activities are strictly forbidden within the OWF area, such as vessel traffic and fisheries. Only 
the OWF operator, services provided on its behalf, governmental vessels, and scientific vessels partic-
ipating in monitoring operations are allowed to enter the concession area (UNITED, D6.1).  

 

 

11 https://odnature.naturalsciences.be/downloads/marine-atlas/2020_msp_brochure_en.pdf  
12 The permits are given by the competent authorities. For the OWF it is the Federal Ministry of Energy 
(https://cms.law/en/int/expert-guides/cms-expert-guide-to-offshore-wind-in-northern-europe/belgium); for 
Aquaculture and seaweed activities: the Royal Belgian Institute of Natural Sciences – Management Unit of the 
North Sea Mathematical Models (MUMM) (https://www.health.belgium.be/en/animals-and-plants/biodiver-
sity/invasive-alien-species/belgian-national-aquaculture-portal-site)  

https://odnature.naturalsciences.be/downloads/marine-atlas/2020_msp_brochure_en.pdf
https://cms.law/en/int/expert-guides/cms-expert-guide-to-offshore-wind-in-northern-europe/belgium
https://www.health.belgium.be/en/animals-and-plants/biodiversity/invasive-alien-species/belgian-national-aquaculture-portal-site
https://www.health.belgium.be/en/animals-and-plants/biodiversity/invasive-alien-species/belgian-national-aquaculture-portal-site
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The permitting process differs for scientific developments and commercial projects within the wind 
farm zone. Scientific projects have experienced swift procurement of necessary agreements, while 
commercial projects require additional permits and certificates from various administrations. Both 
scientific and commercial projects need to respect special import regulations for introducing the Eu-
ropean flat oyster, adherence to guidelines for transportation and stocking, and compliance with 
food safety and transport regulations. Commercial projects also necessitate exploitation/concession 
permits, environmental permits, and potentially Natura2000 authorizations, making the process 
lengthier and encountering more obstacles. Furthermore, there is uncertainty regarding the multi-
use permitting procedure, specifically whether distinct or linked permits are required, as well as the 
need for individual or cumulative environmental impact assessments. BE authorities lack experience 
with a tendering procedure focused solely on multi-use projects within the same concession area 
(UNITED, D6.1).  

Concerning insurance issues, the review of insurance policies showed that UGent needed to acquire 
two additional insurances: one to cover its assets after installation and another to protect itself from 
potential third-party liability related to its installed assets. The liability coverage was financially 
capped in agreement with the wind farm concession holder. Other project partners already had rele-
vant insurance policies for their contributions to the BE pilot (UNITED, D6.1). 

A notable issue was the need to initiate market consultation for insurance policies in a timely man-
ner. This was particularly important for UGent, as a public institution that does not typically insure 
offshore scientific activities conducted by its staff. Consequently, UGent had to follow the legal ten-
dering process, which can be time-consuming, especially for high-value contracts. No further issues 
were reported regarding the required insurance policies; however, it is crucial to budget for and ob-
tain the necessary novel insurance within the appropriate timeframe (UNITED, D6.1). 

• Environmental characterisation 

The BPNS is characterized by a system of submerged sandbanks and gullies that are predominantly 
formed and sustained by the tidal currents. The offshore wind farm is situated at the north-eastern 
border of the BPNS and includes three sand banks and adjacent gullies (UNITED, D4.1). Belgium has a 
temperate oceanic climate where the coldest month has a mean temperature of 3°C and the hottest 
month a mean temperature of 16.9°C. 

The installation of wind turbines had positive and negative impacts on biodiversity. On the one hand, 
considering the positive impact, the turbines foundations constituted a new habitat for different ma-
rine species. Moreover, the OWF location is a prohibited area for fishing and for vessel traffic; only 
concession holders and governmental vessels can enter the area. Consequently, since the installation 
of the OWF, several fish species were found in larger quantities and densities (UNITED, D4.1). On the 
other hand, concerning the negative impacts, since the installation of the OWF, an increase in bird 
attraction has been observed, and is expected to further increase in the future. An increase in the 
risk of bird collisions in the OWF is expected (UNITED, D4.1; UNITED, D1.3).  

The BE pilot aims to restore flat oyster reefs in the BPNS. European flat oysters were once common 
in the North Sea until overfishing led to their decline in the early 20th century (UNITED, D4.1). The 
restoration of this important habitat will be an important positive environmental impact of the pro-
ject and the combination with wind farms will ensure the protection of the reefs from fishing activi-
ties.  

The full restoration of oyster reefs can potentially provide several ecosystem services, including en-
hanced water quality, increased fish production, improved sediment stability and possibly carbon se-
questration (UNITED, D4.1). They are also an important habitat for numerous fish and invertebrate 
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species, acting as breeding grounds, feeding grounds, and refuge areas. Oyster reefs provide hard 
substrates that can be colonized by sessile organisms, thus promoting biodiversity. Additionally, the 
increased abundance of invertebrates and small fish will attract predators such as larger fish, sea 
birds, and marine mammals to the oyster reefs to feed.  

The combination of aquaculture and restoration of flat oyster with the growth of seaweed is a form 
of extractive aquaculture, which provides a sustainable way of performing aquaculture. Both oysters 
and seaweed purify the surrounding water from waste products.  

However, there are also potential negative impacts of the pilot, such as increased risk of collision 
with wind turbines by bird species attracted to offshore wind farms. 

Furthermore, the increased traffic at the multi-use pilot site, due to already existing wind turbine 
maintenance that now is combined with aquaculture maintenance and harvesting, and scientific re-
search, might increase the chance of accidents such as collisions and spills of harmful substances. 

• Socio-economic characterisation 

The socio-economic characterization focuses on the different activities surrounding the pilot area: 
offshore wind energy, and aquaculture (seaweed (sugar kelp) and oyster (European flat oyster) and 
oyster restoration activities. 

Offshore Wind Energy 

The MSP of the Belgian North Sea includes a designated zone for offshore wind energy. Eight OWF 
are currently operational in the BPNS, with a total installed capacity of almost 2.3 GW (2021) with 
232 operational wind turbines. The electricity generated by the OWF benefits (approximately) be-
tween 2.2 and 2.3 million Belgian homes and generates 8 TW electricity per year. The added value of 
the sector is estimated at 1 billion EUR per year (2017) which corresponds to 0.22% of the overall 
GDP. The offshore wind energy sector contributes to creating up to 15 000 jobs. 

The BE pilot is situated 49 Km off the coast of Ostend within the OWF of Belwind that is operated by 
ParkWind. It comprises 56 turbines with an overall installed capacity of 171 MW and generates elec-
tricity that benefits 160 000 Belgian homes. The revenues of the OWF are related to selling electricity 
produced by the OWF. The revenues received for the OWF is roughly 30 EUR/MWh with a govern-
mental subsidy equal to 107 EUR/MWh13. Assuming that the electricity production of the Belwind 
OWF is almost 550 GWh/year, the revenues of the OWF could be roughly estimated at 75 million 
EUR/year (UNITED, D1.3). In terms of employment, the number of workers to install the offshore 
wind park varied between 280 to 300 FTE per day depending on the type of activities to be done 
(UNITED, D1.3). Operation and maintenance activities are carried out yearly guaranteeing the well-
functioning and production of electricity from the turbines. The number of employees carrying out 
operation and maintenance is not readily available. It can be assumed that the same number of em-
ployees mobilized for the construction phase is mobilized for the operation and maintenance of the 
OWF. Yet, this remains a rough assumption and need to be confirmed/consolidated by the company 
operating the OWF in the BE pilot.  

The Belgian government has fixed an objective to reach an installed capacity of 5.4-5.8 GW of off-
shore wind energy by 2030. To reach the objective, it is expected that investments in offshore renew-
able energy will increase in the future. Additionally, and with the current energy crisis, there is an 

 

 

13 https://cms.law/en/int/expert-guides/cms-expert-guide-to-offshore-wind-in-northern-europe/belgium  

https://cms.law/en/int/expert-guides/cms-expert-guide-to-offshore-wind-in-northern-europe/belgium
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increasing political tendency in Belgium to increase the installed capacity and production of electric-
ity from renewable sources, notably from offshore wind farms. Currently, there are discussions on 
raising the offshore wind target to 8 GW by 2030 instead of the already fixed objectives14. With the 
increase in the installed capacity, it is also expected that the number of jobs will increase. The in-
crease in the number of jobs is not expected to be of the same order of magnitude. The number of 
jobs is expected to remain similar to the situation in 2020 (15 000 jobs)15. Consequently, it is as-
sumed that Belwind activity will remain the same.  

Seaweed production 

Concerning the seaweed production, the Belgian production is currently very small consisting of only 
small production provided by start-ups (Nomet, OceanBites) and pilot projects on land-based produc-
tion (Seatamin, Seacrops), offshore cultivation (Seaconomy, Value@Sea, Wier&Wind) and IMTA pro-
jects (ValgOrize D4.1.1, 2019). Consequently, there is no readily available information on the sea-
weed production in Belgium. 

However, partial socio-economic data on microalgae and macroalgae production in Belgium, ex-
tracted from a European dataset (Garcia et al., 2022)16, exist. Many differences and similarities exist 
for both types of algae. On the one hand the differences might be related to (1) the algae size : 
macroalgae (seaweed) are large size algae, visible with the naked eye, while microalgae are micro-
scopic single cells and may be prokaryotic, similar to cyanobacteria (Chloroxybacteria), or eukaryotic, 
similar to green algae (Chlorophyta)17; (2) Algae complexity : macroalgae is more structurally com-
plex, often having specialized tissues and structures enabling them to anchor and grow in marine en-
vironments, while microalgae lack such complex structures; and (3) the commercial use where 
macroalgae is used for various purposes such as food, cosmetics, pharmaceutical industry (see Deliv-
erable 1.3), and microalgae is primarily used in applications like biofuel production, and aquaculture 
feed18. 

On the other hand, concerning the similarities, both types of algae can be found in different habitats 
across the world, are photosynthetic organisms, and have opportunities to be used in agriculture19.  

The socio-economic data provides (partial) information on the turnover and employment of algae 
(micro and macro) production in the country. Therefore, the information extracted does not reflect 
the actual seaweed production in Belgium but provides a rough approximation of what the produc-
tion levels in the country could be. There are currently 3 companies in the algae (micro and macro) 
production industry. Considering the part of the companies focused on algae production, the average 

 

 

14 https://windeurope.org/newsroom/news/windeurope-strongly-supports-belgiums-higher-target-for-off-
shore-wind/ 
15 https://www.belgianoffshoreplatform.be/app/uploads/The-socio-economic-impact-of-the-belgian-offshore-
wind-industry.pdf 
16 Guillén Garcia, Jordi; Vazquez Calderon, Fatima; Araujo, Rita; Sanchez Lopez, Javier (2022): Algae European 
industry - socio-economic data. European Commission, Joint Research Centre (JRC) [Dataset] PID: 
http://data.europa.eu/89h/fffd4022-a2b1-4ecc-a704-4abb8b5ea58c 
17 https://microbialcellfactories.biomedcentral.com/articles/10.1186/s12934-018-0879-x#:~:text=Macroal-
gae%20(seaweed)%20are%20multicellular%2C,to%20green%20algae%20(Chlorophyta).  
18 https://phycoterra.com/blog/benefits-of-macroalgae-and-microalgae-in-agriculture/#:~:text=Microal-
gae%20and%20macroalgae%20have%20a,to%20be%20used%20in%20agriculture  
19 https://phycoterra.com/blog/benefits-of-macroalgae-and-microalgae-in-agriculture/#:~:text=Microal-
gae%20and%20macroalgae%20have%20a,to%20be%20used%20in%20agriculture.  

https://microbialcellfactories.biomedcentral.com/articles/10.1186/s12934-018-0879-x#:~:text=Macroalgae%20(seaweed)%20are%20multicellular%2C,to%20green%20algae%20(Chlorophyta)
https://microbialcellfactories.biomedcentral.com/articles/10.1186/s12934-018-0879-x#:~:text=Macroalgae%20(seaweed)%20are%20multicellular%2C,to%20green%20algae%20(Chlorophyta)
https://phycoterra.com/blog/benefits-of-macroalgae-and-microalgae-in-agriculture/#:~:text=Microalgae%20and%20macroalgae%20have%20a,to%20be%20used%20in%20agriculture
https://phycoterra.com/blog/benefits-of-macroalgae-and-microalgae-in-agriculture/#:~:text=Microalgae%20and%20macroalgae%20have%20a,to%20be%20used%20in%20agriculture
https://phycoterra.com/blog/benefits-of-macroalgae-and-microalgae-in-agriculture/#:~:text=Microalgae%20and%20macroalgae%20have%20a,to%20be%20used%20in%20agriculture
https://phycoterra.com/blog/benefits-of-macroalgae-and-microalgae-in-agriculture/#:~:text=Microalgae%20and%20macroalgae%20have%20a,to%20be%20used%20in%20agriculture
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yearly turnover could be estimated at (approximately) 0.275 million EUR/year and employs 122 em-
ployees (for microalgae and macroalgae). Looking at companies focusing only on macroalgae (sea-
weed) production, the turnover is estimated at 0.164 million EUR/year and employing 101 employ-
ees. No additional information on the production and prices is provided by the database.  

There exists a worldwide tendency in increasing seaweed production. Global production reached 30 
million tons (2016), from which the European seaweed production accounted for approximately 294 
774 tons of the global production with an overall value of 6.3 billion EUR. Furthermore, Barbier et al. 
(2019)20 estimated an annual increase of seaweed food products on the European market by 10%. 
Finally, there exist a political tendency to encourage investments in this sector, on:  

• The European level by supporting the sustainable growth and development of the EU bio-

based sectors while creating jobs, innovation, and services through the EU bioeconomy strat-

egy21.  

• The national level through the new MSP law22 by encouraging multi-use activities inside OWF 

and benefit from the existing sea space. 

Aquaculture production 

Belgium has a small but growing aquaculture sector that includes the production of various species of 
fish, crustaceans, and mollusks. Aquaculture production in the country takes mainly place on land, 
except for oyster production which takes place along the coast where the producer benefits from the 
favorable conditions of the North Sea.  

The most recent data from the European Market Observatory for Fisheries and Aquaculture prod-
ucts, in 2019, Belgium produced approximately 200 tons of aquaculture products, with a total value 
of 1.3 million EUR23, representing a slight increase compared to the previous year. The number of 
employees working in the aquaculture industry in Belgium was estimated at 143 employees24. This 
number is stable throughout the years. However, the data represents the production of all the aqua-
culture industry in Belgium and not only oysters.  

In terms of oyster production, two companies located in Ostend have been identified. The first com-
pany operates on an 8 to 9-hectare farm and produces flat oysters (10% of total production) and 
common cupped oysters (90% of total production), with an estimated annual output of around 30 
tons, subject to weather conditions. The second company operates with 3 aquaculture lines and pro-
duces approximately 10 tons per year. The farm is situated 5 kilometers offshore at the same loca-
tion as the UNITED pilot nearshore site. The company is aiming to upscale its production to cover 30 
plots, with each plot consisting of 4 aquaculture lines. Hence, the country’s total oyster production 
could be estimated at (approximately) 50 tons/year. 

 

 

20http://www.phycomorph.org/doc/PEGASUS_SUSTAINABLE_SEAWEED_AQUACULTURE_FULL_RECOMMENDA-
TIONS.pdf  
21 European Commission, Directorate-General for Research and Innovation, A sustainable bioeconomy for Eu-
rope – Strengthening the connection between economy, society and the environment : updated bioeconomy 
strategy, Publications Office, 2018, https://data.europa.eu/doi/10.2777/792130   
22 https://odnature.naturalsciences.be/downloads/marine-atlas/2020_msp_brochure_en.pdf 
23 https://www.eumofa.eu/aquaculture-ts-at-eu-and-ms-levels  
24 https://stats.oecd.org/Index.aspx?DataSetCode=FISH_AQUA#  

http://www.phycomorph.org/doc/PEGASUS_SUSTAINABLE_SEAWEED_AQUACULTURE_FULL_RECOMMENDATIONS.pdf
http://www.phycomorph.org/doc/PEGASUS_SUSTAINABLE_SEAWEED_AQUACULTURE_FULL_RECOMMENDATIONS.pdf
https://data.europa.eu/doi/10.2777/792130
https://odnature.naturalsciences.be/downloads/marine-atlas/2020_msp_brochure_en.pdf
https://www.eumofa.eu/aquaculture-ts-at-eu-and-ms-levels
https://stats.oecd.org/Index.aspx?DataSetCode=FISH_AQUA
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• Identification of key actors 

The Belgian MSP regulates25 the BE pilot, which requires OWF to engage in multi-use activities 
(UNITED, D6.1). Despite this, permits are still needed from the concession holder to engage in multi-
use activities (see section on legal characteristics). The pilot involves a variety of key actors, each 
with their own unique role and interests. Some of the most important actors include:  

• Research institutions: These are the research institutions that are interested in the develop-

ment of offshore multi-use activities such as UGent, Royal Belgian Institute of Natural Sci-

ences. They study various aspects of the pilot area, including the growth of seaweed and aq-

uaculture activities, regulatory measures such as insurance and permits, as well as the com-

mercial viability of the resulting products.  

• Governmental organisations: These are the Government agencies such as Department of 

Landbouw and Visserij, Maritime and Coastal Services, Maritime Rescue Coordination Centre, 

that play a role in regulating the maritime sector (e.g. coordination of activities, enforcement 

of laws, etc.).  

• Private consultation and innovation companies: These are companies that have interest in 

environmental and marine innovation activities such as De Blauwe Cluster, ARCADIS, and Os-

tende Science Park.  

• OWF companies: These are companies that are either developing the OWF of the pilot or in-

terested in developing multi-use activities in their future OWF such as Parkwind, Eneco, and 

Otary.  

• Fishing sector: These are the fishing companies impacted by the presence of OWF and willing 

to have support for their fishing activities such as Brevisco, and Colruyt Group.  

• Consumers representatives: These are actors that are interested in promoting food products 

in benefit of consumers such as VLAM.  

• Tourism companies: These are actors willing to develop their activities such as tourism Os-

tend, and Royal North Sea Yacht Club. 

Other actors are also included such as: the community’s (Vlaams Parlement, Provincie West-Vlaan-
deren, Gemmeente Nieuwpoort, Gemeente Ostende, etc.), NGOs (WWF Belgium, Greenpeance Bel-
gium, and Bond Beter Leefmilieu), and private companies working in the construction and dredging 
field (Jan De Nul Group, Boskalis, IMDC, and MultiTech) (see Annex I for additional information on 
the different actors).  

2.3.3. Baseline and Scenarios 

In the economic analysis, we will examine: 

• The Baseline Scenario that represents the current state of the Belgian pilot for offshore 

multi-use activities. This scenario assumes that each single-use activity operates inde-

pendently without exploring synergies between the different activities. Essentially, the single-

use activities are operating in isolation from one another in the offshore location.  

 

 

25 https://www.health.belgium.be/sites/default/files/uploads/fields/fpshealth_theme_file/brochure_some-
thing_is_moving_at_sea_2020.pdf  

https://www.health.belgium.be/sites/default/files/uploads/fields/fpshealth_theme_file/brochure_something_is_moving_at_sea_2020.pdf
https://www.health.belgium.be/sites/default/files/uploads/fields/fpshealth_theme_file/brochure_something_is_moving_at_sea_2020.pdf
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Under this scenario, no efforts are made to coordinate or integrate different activities, and 

the focus is solely on the current, individual activities that are taking place. The objective of 

this scenario is to provide a reference point against which to compare the alternative sce-

nario being considered. By assuming no changes or synergies between different activities, de-

cision-makers can better understand the potential impact of various multi-use scenarios be-

ing explored.  

• The Multi-Use Option that represents all the single-use activities considered in the baseline 

scenario. However, in this scenario, the activities will explore the synergies and operate in a 

coordinated manner, with the aim of optimizing operations such as transportation, mainte-

nance, and harvesting of seaweed and aquaculture products.  

This scenario assumes that different single-use activities can be integrated and coordinated 

to enhance their overall efficiency, resulting in improved economic, environmental, and social 

outcomes. The objective of the multi-use option is to identify and explore the potential for 

such synergies, which can lead to increased efficiency and reduced environmental impacts, 

while creating new economic opportunities. By investigating this scenario, decision-makers 

can better understand the potential benefits and challenges of multi-use activities.  

2.3.4. Scoping for possible impacts 

The process for selecting the impacts to be studied in the economic analysis consisted of two steps. 
First, impacts of OWF, aquaculture, and seaweed were identified based on the available literature 
and past deliverables of the UNITED project. The identified impacts included various economic, so-
cial, and environmental factors such as reduction in Green House Gas (GHG) emissions, energy pro-
duction, sustainable food provision, habitat improvement, benefits to the local economy, etc. (see 
Annex II for the full list of identified impacts).  

 

Second, the importance of each identified impact and their scale effects were evaluated through a 
workshop involving stakeholders (see previous section for the different stakeholders).  

The participants were asked if they foresee additional impacts that were not addressed in the list. 
The participants were then asked to classify the identified impacts from most important, to not im-
portant impacts. 

Subsequently, the most relevant impacts of the different activities are presented (Table 2.1). This ta-
ble allows to better understand the potential impacts of the different scenarios being studied.  

Table 2.8 Belgian pilot impacts 

Im-
pact 

Num-
ber  

Impact 
type 

Impact Description 

1 Eco-
nomic 

Substitution of non-re-
newable energy, and 
energy provision, in-
dependence, and se-
curity 

OWF provides a reliable alternative to non-renewable energy sources, 
helping to reduce dependence on them and supporting a transition to a 
more sustainable energy system. 

OWF can have a significant (positive) impact on energy provision inde-
pendence, and security by providing a renewable and consistent source of 
energy, reducing reliance on traditional energy provision technologies and 
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stabilizing prices. OWF can play an important role in the energy mix 
providing a reliable and affordable source of energy.  

2 Envi-
ron-
mental 

Reduction in GHG OWF can help in reducing GHG emissions by providing a source of clean 
and renewable energy26. While GHG are primarily produced by traditional 
energy production technologies, OWF relies mainly on wind to provide en-
ergy. This helps in reducing carbon footprint of energy production and 
supports the country to combat climate change.  

3 Envi-
ron-
mental  

Carbon Sequestration Seaweed and aquaculture activities contribute to carbon sequestration 
leading to improved water quality and better ecosystem functioning 
(UNITED, D4.1, UNITED, D8.3).  

4 Socio-
eco-
nomic 

Local products Local aquaculture of low trophic organisms such as oysters and seaweed 
can have a positive impact on the environment, economy, and communi-
ties. Local aquaculture and seaweed production provide jobs, economic 
opportunities, and reduce dependence on imported seafood and seaweed 
products.  

5 Food 
security 

Sustainable food pro-
vision 

Sustainable food provision is produced in an environmentally, socially, and 
economically responsible way, reducing the environmental impact of food 
production.  

6 Envi-
ron-
mental 

Habitat improvement OWF can improve habitats by creating artificial habitats around the foun-
dations of wind turbines (UNITED, D4.1; UNITED, D8.3). This can support 
marine biodiversity and contribute to the overall health and resilience of 
marine ecosystems.  

Aquaculture of low trophic organism such as oysters and seaweed activi-
ties can have both positive and negative impacts on marine habitats, such 
as creating artificial habitats or damaging benthic habitats and introducing 
non-native species.  

7 Envi-
ron-
mental 

Improvement in fish 
stock 

With habitat improvement, OWF support the growth and recovery of fish 
population (UNITED, D8.3).  

Finally, participants were also asked to indicate where they see the impacts on a geographical scale 
(e.g. local, regional, national, EU) (see Annex II for the results of the workshop).  

The following illustration (Figure 2.2) shows the scale of the impacts.  

 

 

26 https://parkwind.eu/projects/belwind 
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Figure 2.2 Scale of the impacts of the BE pilot. 

2.3.5. Impact assessment 

The following section addresses the impact assessment of the BE pilot, aiming to evaluate the eco-
nomic impacts and added value from the combination of the different activities.  

As already mentioned, the BE pilot seeks to improve the design and deployment methods of offshore 
aquaculture and activities at OWF, more specifically flat oyster bed restoration, as well as grow out 
of seaweed. Therefore, the following section considers the three main activities of the BE pilot, 
namely: OWF, aquaculture (seaweed and oysters), and oyster reef restoration.  

Moreover, the subsequent sub-sections will:  

- Present a financial analysis that outlines the costs and revenues of the different activities 

combined under the BE pilot; and  

- Carry out an impact analysis based on the identified impacts (see section 3).  

The information presented in this section is gathered through desk research, including literature re-
views, and interviews conducted with the pilot leads and partners involved in the BE pilot. All the in-
formation has been carefully consolidated by the pilot leads and partners to ensure its accuracy and 
reliability. 

• Financial analysis 

The BE pilot comprises three main activities: OWF, aquaculture (seaweed and oysters), and oyster 
reef restoration. While the OWF has been operational since 2010, the aquaculture and oyster reef 
creation are still in the research and development phase in the pilot. The subsequent financial analy-
sis section provides costs and revenues. Due to confidentiality issues, most of the data were acquired 
from the literature, notably concerning OWF cost. Other information was obtained from partners 
working and operating the BE pilot (aquaculture and seaweed activities). Still, the level of infor-
mation obtained does not allow carrying out a proper financial analysis making it difficult to draw 
conclusions on the costs and benefits of the pilot and on quantifying the different impacts. Conse-
quently, this leads to an incomplete assessment of the impacts. 
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The costs of the OWF can vary depending on various factors such as the size of the OWF, its location, 
water depth, distance from shore, the type of turbines used, and the cost of transmission infrastruc-
ture. Looking at the Belwind OWF27, it consists of 55 Vestas V90-3.0 MW turbines, each with a rotor 
diameter of 90 meters. The turbines are mounted on monopile foundations, which are driven into 
the seabed and provide stability for the turbines. The wind farm is located in water depths of around 
15 to 35 meters and is approximately 49 Km off the Belgian coasts. The electricity generated by the 
Belwind OWF is transported to shore via a subsea cable, which connects to an onshore substation. 
The electricity is then fed into the Belgian grid and sold to energy companies28 (UNITED, D1.3).  

Moreover, the construction of the OWF started in 2009 and was completed in 2010. The total invest-
ment cost was estimated (approximately) at 700 million EUR, approximately 4.09 million EUR/MW29 
(2009).  

Table 2.2 shows investment costs for other OWF. The costs were provided in different years. There-
fore, the original values of all costs were adjusted to 2022 EUR, taking into account an average an-
nual EUR inflation rate of 2.1% (between 2000 and 2022)30. Thereafter, comparing the Belwind OWF 
to other OWFs, the Belwind OWF has the highest investment cost per MW, estimated at 5.25 million 
EUR/MW. However, it should be noted that this project is not the largest OWF in terms of capacity. 
For example, the Robin Rigg OWF in the UK has a lower estimated investment cost per MW, esti-
mated at 3.66 million EUR/MW, despite being the largest OWF. It's important to bear in mind that 
the figures presented in the table may not include the same types of costs, such as grid connection 
fees or maintenance and operation expenses, which can affect the overall cost of a project. Addition-
ally, it's worth noting that the costs of an OWF can vary due to several factors such as its location, 
water depth, technology used, and the cost of labor. Therefore, there can be uncertainties associated 
with these costs. 

Table 9.2 OWF costs (source: https://www.wind-energy-the-facts.org/index-44.html)31- 

OWF In opera-
tion 
(year) 

Avg. 
Water 
depth 
(in m) 

Avg. Dis-
tance to 
shore (in 
km) 

Number 
 
of tur-
bines 

Turbine 
size (in 
MW) 

Capacity 
MW 

Investment 
costs  
(million 
EUR) - 2010  

Investment 
cost (in Mil-
lion 
EUR/MW) 

Middelgrunden(DK) 2001 3.75 2.5 20 2 40 73 1.82 

Horns Rev I(DK) 2002 10 17 80 2 160 412 2.58 

Samsø(DK) 2003 14.5 3.5 10 2.3 23 45 1.94 

North Hoyle(UK) 2003 8.5 7.5 30 2 60 180 2.99 

 

 

27 https://parkwind.eu/projects/belwind  
28 https://parkwind.eu/en/offshore-wind-farms/belwind ; https://www.eib.org/attachments/documents/cli-
mate_action_case_study_belgium_en.pdf ; https://www.nexans.com/en/business/power-generation-transmis-
sion/offshore-wind/Belwind.html  
29 https://www.eib.org/attachments/documents/climate_action_case_study_belgium_en.pdf  
30 The inflation data used for this adjustment were obtained from the Harmonized Index of Consumer Prices, 
sourced from the European Central Bank.  
31The original values of all costs were adjusted to 2022 EUR, taking into account an average annual inflation rate 
of 2.1% in the Eurozone.  

https://www.wind-energy-the-facts.org/index-44.html
https://parkwind.eu/projects/belwind
https://parkwind.eu/en/offshore-wind-farms/belwind
https://www.eib.org/attachments/documents/climate_action_case_study_belgium_en.pdf
https://www.eib.org/attachments/documents/climate_action_case_study_belgium_en.pdf
https://www.nexans.com/en/business/power-generation-transmission/offshore-wind/Belwind.html
https://www.nexans.com/en/business/power-generation-transmission/offshore-wind/Belwind.html
https://www.eib.org/attachments/documents/climate_action_case_study_belgium_en.pdf
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Nysted(DK) 2004 7.5 6 72 2.3 165 361 2.18 

Scroby Sands(UK) 2004 6 3 30 2 60 176 2.93 

Kentich Flats(UK) 2005 5 8.5 30 3 90 226 2.52 

Burbo Bank (UK) 2007 10 5.2 24 3.6 90 247 2.75 

Lillgrunden(S) 2007 5.75 10 48 2.3 110 269 2.45 

Robin Rigg(UK) 2008 5 9.5 60 3 180 658 3.66 

Belwind (BE) 2010 25 49 55 3 171 898 5.25 

Concerning the income of the OWF, revenues are related to selling electricity produced by the OWF. 
The Belgian regulation32 fixed the revenue to be received by the Belwind OWF at 30 EUR/MWh with 
a government subsidy estimated at 107 EUR/MWh. The electricity produced by the Belwind OWF is 
(approximately) 550 GWh/year. Consequently, the revenues could be roughly estimated at 75 million 
EUR/year (UNITED, D1.3) (see section 1.3). 

Like for the OWF, the costs of the aquaculture and oyster reef creation activities also depend on vari-
ous factors such as transportation, personnel, number of aquacultures lines, processing and packag-
ing, etc. The aquaculture cultivation has been installed within the OWF – in the empty space be-
tween turbines.  

The following table (Table 2.3) provides the financial costs acquired from the project partner. The 
data provides information for one single plot with a space of 210 m x 120 m with 5 longlines that are 
each 100 m long (corner buoy to corner buoy). 

Table 2.10 Cost estimates for the aquaculture and oyster reef creation activities of the Belgian pilot (the costs are 

provided in 2022 EUR)33.  

Cost categories Cost Unit Comments 

Daily cost of boat 17 178 EUR/day Cost per day (12h) incl. fuel, 
taxes, deckhand 

Personnel cost onshore or extra 
deckhand on board 

62.5 EUR/ha 

 

Annual investment in primary 
aquaculture structure per plot 

6 202 EUR/plot/year This is the backbone, anchors, 
and buoys, taking into the ac-
count life span of materials 

Annual investment in secondary 
oyster spat collection structures 
per plot 

34 298 EUR/plot/year This is innox frame, baskets, 
and ropes, for 8 baskets/frame 
and 23 frames/longline, taking 
into account life span of mate-
rials, incl. onshore preparations  

 

 

32 https://cms.law/en/int/expert-guides/cms-expert-guide-to-offshore-wind-in-northern-europe/belgium 
33 The costs were sourced from the partners involved in the pilot activities.  

https://cms.law/en/int/expert-guides/cms-expert-guide-to-offshore-wind-in-northern-europe/belgium
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Annual investment in secondary 
oyster grow out structures per 
plot 

10 022 EUR/plot/year This is innox frame, baskets, 
and ropes, for 8 baskets/frame 
and 38 frames/longline, taking 
into account life span of mate-
rials, incl. on shore prepara-
tions 

Annual investment in secondary 
seaweed grow out structures per 
plot 

27 657 EUR/plot/year These are nets, and 
ropes/shackles to connect nets 
to longlines 

Annual cost of starting material 
for oyster grow out per plot 

0 EUR/plot/year Assumed that no starting ma-
terial will need to be bought, 
because in ideal circumstances 
all starting material will be 
coming from spat collection in 
the future 

Annual cost of starting material 
for seaweed grow out per plot 

3 840 EUR/plot/year 

 

Annual cost of seeding of oyster 
grow out structures 

1 250 EUR/plot/year 

 

Annual cost of seeding of sea-
weed grow out structures 

10 240 EUR/plot/year 

 

Annual cost for monitoring & 
maintenance for oyster grow out 
per plot 

100 000 EUR/plot/year Incl. reparations, adding of 
buoys, manual (!) antifouling 
(in ideal circumstances this 
could be done automatically 
and more efficiently), thinning 
out of oysters (= moving them 
to different baskets in smaller 
numbers) 

Annual cost for monitoring & 
maintenance of seaweed grow 
out, per plot 

16 000 EUR/plot/year Incl. adding of buoys, monitor-
ing and maintenance if neces-
sary 

Annual cost for monitoring & 
maintenance for oyster spat col-
lection, per plot 

60 000 EUR/plot/year = inspection and cleaning dur-
ing the summer months 

Annual cost for food safety mon-
itoring (obliged sampling for 
FAVV) for oyster grow out per 
plot  

48 000 EUR/plot/year 

 

Annual cost for installation of 
oyster grow out, per plot 

4 200 EUR/plot/year 

 

Annual cost for installation of 
oyster spat collector, per plot 

4 200 EUR/plot/year  

Annual cost for installation of 
seaweed grow out, per plot 

20 000 EUR/plot/year 
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Annual cost for harvesting of 
oysters per plot 

6 614 EUR/plot/year 

 

Annual cost for harvesting of 
oyster spat, per plot 

6 614 EUR/plot/year 

 

Annual cost for harvesting of 
seaweed per plot 

20 000 EUR/plot/year 

 

Annual cost for insurance 40 200 EUR/ year Based on the current cost of 
€100 468 for 30 months, which 
was for only two (shorter) 
longlines 

Annual cost for concession, per 
plot 

18 900 EUR/plot/year In case of 210m x 120m plot 

Cost for processing and packag-
ing of oysters  

4.5 EUR/kg 

 

Cost for processing and packag-
ing of seaweed  

1.5 EUR/kg 

 

Cost for decommissioning of any 
plot, per plot 

4 583 EUR/plot/year Based on the 10 year life span 
of screw anchors (estimate) 

Costs that have not been taken 
into account 

  

Onshore building, monitoring 
buoy if needed, oyster sorting 
machine onboard the boat, 
seaweed harvesting machine 
(if not manual), automatic anti-
fouling (if not manual), etc.  

 

It is estimated that the seaweed production at the given location could produce 355 – 1 125 kg of 
fresh weight considering a 50 m long backbone and a net cultivation substrate with a mesh size of 
25x25cm, and the annual revenue from oyster is estimated at 149 400 EUR/plot/year34.  

From the information collected and presented in this section, carrying out an in-depth economic 
analysis might be challenging. Consequently, the economic analysis will focus on qualitative infor-
mation collected. When possible, quantitative information will be provided.  

• Impact analysis 

The following sub-section aims to present an impact assessment for the identified impacts of the pi-
lot (see section 3). The different impacts have been merged based on their similarity in terms of their 
effects on the economy, social aspects, and the environment. 

• Regarding the first impact of the OWF (substitution of non-renewable energy and energy pro-

vision, independence, and security) it emphasizes the significance of the OWF in the energy 

mix and its importance in substituting the non-renewable energy sources. The impact 

 

 

34 Information on the estimated annual production and revenues was provided by the project partners involved 
in the pilot activities.  
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stresses the stability of energy prices, and the clean and secure energy provided. Therefore, it 

is suggested that this impact be considered uniquely.  

• Regarding the reduction in Greenhouse Gas, the second and third impacts (which concern the 

reduction of GHG emissions and carbon sequestration), are analyzed together given their im-

portance in reducing GHG emissions.  

• Concerning the impacts of aquaculture and seaweed activities, the fourth and fifth impacts 

(local products and sustainable food provision) share similarities in their positive effects on 

the environment, economy, and society. Thus, it is proposed that these impacts can be com-

bined into a single impact.  

• Furthermore, the sixth and seventh impacts (habitat improvement, and improvement in fish 

stock) share similarities in terms of improving fish stocks by creating artificial habitats around 

the wind turbine foundations. Consequently, it is suggested that these two impacts be ana-

lyzed together.  

The work was conducted through combining information from literature review and interviews with 
various partners involved in the pilot activities. This approach allowed exploration of available infor-
mation (from different sources), ensuring a comprehensive analysis of the different impacts.  

As previously mentioned, the impact assessment primarily relies on qualitative information, with 
quantitative data provided whenever possible.  

The following table presents the results for each impact. The results are provided for the two scenar-
ios considered. The final column of the table shows the size of the multi-use impact, provided in 
qualitative manner:  

• Low impact: In this category, the impact is not substantial. There are no anticipated signifi-

cant alterations in the functioning of various activities because of the multi-use aspect. In ad-

dition, within this classification, there are no significant environmental benefits resulting from 

the multi-use combination.  

• Medium impact: In this category, the impact is moderate. Some changes in the operation of 

different activities can be expected due to multi-use combination, but not considered signifi-

cant. Additionally, there may be partial environmental gains associated with multi-use combi-

nations.  

• High impact: In this category, the impact is high. Major changes in the operation of different 

activities can be expected due to multi-use combinations. Furthermore, combination of activ-

ities will result in significant environmental gains.  

Furthermore, impacts are categorized as positive if they have a beneficial effect on the environment, 
and negative if they have an adverse impact on the environment (see table 2.4).  
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Table 2.4 Analysis significant impacts in the BE pilot 

Impact 

name 
Baseline scenario Multi-use Scenario 

Multi-use 
impact size 

 

OWF Aquaculture Seaweed Multi-use commentary 

(Low/Me-
dium/High; 
Posi-
tive/Nega-
tive) 

Substitution 
of non-re-
newable en-
ergy, and en-
ergy provi-
sion, inde-
pendence, 
and security 

With an installed capacity of 171 MW, the 
OWF has the capability to produce 550 GWh 
of electricity per year, providing an im-
portant source of power for over 160 000 
households in BE.  

Unlike traditional energy production tech-
nologies, the OWF is more sustainable 
providing clean energy. The use of OWF al-
lows for efficient and consistent energy pro-
duction, making the OWF a dependable 
source of power.  

Not applicable Not applicable The integration of aquaculture and seaweed 
longlines with OWF foundations is not ex-
pected to have any specific multi-use impacts 
on energy provision, independence, and secu-
rity. The OWF foundations are installed in ad-
vance of the aquaculture and seaweed long-
lines, which means that energy production ac-
tivities will not be interrupted. It is antici-
pated that clean and sustainable energy pro-
duction can continue at the same rate in a 
multi-use context as in a single use context. 

Low; posi-
tive. 

Reduction in 
GHG and car-
bon seques-
tration 

The Belwind OWF is expected to have a sig-
nificant impact on reducing GHG emissions. 
By utilizing wind energy, instead of tradi-
tional energy production technologies, the 
OWF can significantly reduce the amount of 
GHG emissions. It is estimated that the OWF 
has the potential to reduce GHG emission by 
(approximately) 270 000 tonnes of CO2 per 
year35.  

Aquaculture and seaweed activities can contrib-
ute to carbon sequestration (UNITED, D4.1; 
UNITED, D8.3), which is the process of capturing 
and storing CO236. 

While there is no specific quantification of the 
potential reduction in GHG emissions from aqua-
culture and seaweed activities in the BE pilot, 
other studies from various countries have shown 
their potential for reducing emissions and 

Each of the three activities (aquaculture, sea-
weed cultivation, and OWF) contribute to car-
bon sequestration and the reduction of 
greenhouse gas (GHG) emissions on their 
own.  

In a multi-use context, it is expected that the 
reduction in GHG emissions will continue and 
may even be enhanced (UNITED, D8.3). How-
ever, to present, there is no scientific 

Low; posi-
tive 

 

 

35 https://www.eib.org/attachments/documents/climate_action_case_study_belgium_en.pdf  
36 The main gas responsible for GHG emissions. 

https://www.eib.org/attachments/documents/climate_action_case_study_belgium_en.pdf


 Funded by the European Union (H2020 Grant Agreement no 862915). Views and opinions expressed are however those of the author(s) only and do not necessarily reflect 
those of the European Union. Neither the European Union nor the granting authority can be held responsible for them 

 Page 62 of 138  Deliverable 3.3 

 

 

capturing carbon. For instance, Froehlich et al. 
(2019) estimated that around 11% of the total 
ocean area, approximately 48 million km², could 
be utilized for seaweed aquaculture, potentially 
sequestering up to 72 billion tons of carbon per 
year assuming maximum carbon uptake. Simi-
larly, Ross et al. (2022) noted that seaweed aq-
uaculture could sequester up to 20 times more 
carbon per unit area than land-based forests. Ad-
ditionally, another study found that the shells of 
harvested mussels could sequester 218 Kg of 
CO2 per ton of mussels, while for oysters, the 
quantity was estimated at 441 Kg of CO2 per ton 
harvested37.  

evidence supporting this hypothesis, nor 
quantification of the GHG reduction from a 
multi-use context. Therefore, no impact (posi-
tive or negative) can be assumed on the po-
tential reduction of the combined activities.  

Local sus-
tainable food 
provision 

Not applicable  The production of aquaculture and seaweed is 
conducted sustainably, which results in a positive 
impact on the environment, society, and local 
economy. Local aquaculture production provides 
jobs, economic opportunities and reduce de-
pendence on imported seafood products.  

They also provide a source of healthy and sus-
tainable food for local communities. 

The production of aquaculture and seaweed 
is conducted within the empty space of the 
OWF. Consequently, there is no influence on 
the OWF activity due to the presence of aqua-
culture and seaweed activities.  

On the contrary, the combination of activities 
results in a positive impact on the environ-
ment through the reduction of the use of ma-
rine space and subsequently reduction in the 
pressure on the marine environment.  

 

Medium, 
positive 

Habitat and 
fish stock im-
provement 

One of the impacts of the OWF foundations 
that they provided a new habitat for various 
fish species. The OWF constitute an artificial 
reef and helps in protecting and enhancing 
biodiversity (UNITED, D4.1; UNITED, D8.3). 
Additionally, the OWF location was made 
off-limits to fishing and vessel traffic. As a 

Aquaculture and seaweed activities are an im-
portant habitat for numerous fish and inverte-
brate species acting as breeding grounds, feed-
ing grounds and refuge areas. They provide hard 
substrates that can be colonized by sessile 

Each of three activities can contribute to im-
proving habitat and fish populations on their 
own.  

However, the location combining the differ-
ent activities may be considered as a pro-
tected area (UNITED, D8.3), making the OWF 

High; posi-
tive. 

 

 

37 http://www.musselpower.org/science.html#:~:text=Mussels%2C%20oysters%20and%20shellfish%20science,per%20tonne%20of%20oysters%20harvested.  

http://www.musselpower.org/science.html#:~:text=Mussels%2C%20oysters%20and%20shellfish%20science,per%20tonne%20of%20oysters%20harvested
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result, several fish species have been found 
in greater quantities and densities since the 
installation of the OWF.  

organisms, thus promoting biodiversity (UNITED, 
D4.1).  

Moreover, aquaculture and seaweed activities 
can help in carbon sequestration, leading to im-
proved water quality and ultimately contributing 
to improved habitats (UNITED, D4.1; UNITED, 
D8.3).  

off-limits to fishing and vessel traffic gives it 
this effect of a protected area. As a result, the 
OWF foundations will constitute an artificial 
reef and helps in protecting and enhancing bi-
odiversity.  

Moreover, the foundations of the OWFs can 
attract various fish species, and the installa-
tion of aquaculture activities is likely to in-
crease their attraction to the area.  

In addition, it is important to note that the in-
stallation of aquaculture and seaweed activi-
ties was made possible by the existing foun-
dations of the OWF. Therefore, the OWF 
foundations played a crucial role in enabling 
the development of these activities, mainly 
related to reducing transportation cost for aq-
uaculture and seaweed activities (the compa-
nies will use the maintenance and operation 
vessels of the OWF to install and carry out 
other monitoring and operation activities), 
and, potentially, a reduction in investment 
cost (the companies will use the already exist-
ing OWF installation and install their lines in 
the empty space between the turbines). 
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2.3.6. Discussion 

The Belgian case study demonstrated the positive impacts that might result from a multi-use sce-
nario. While most of the impacts are regarded as positive impacts, the habitat and fish stock im-
provement stand out as the most significant impact. 

Nevertheless, different challenges need to be considered in the multi-use scenario.  

First, the BE case study revealed the challenges in quantifying the impacts of multi-use scenario com-
pared to quantifying the impacts for single-use activities, as the latter had readily available infor-
mation in the literature. For instance, different studies argued and defended the hypothesis on addi-
tional reduction of GHG emission due to the combination of OWF and aquaculture activities. How-
ever, there was no readily available data to support this argument. This shows the complexity of the 
multi-use scenario, particularly in data/information disaggregation.  

Second, the BE case study revealed that the economic analysis to be carried out could not be final-
ized due to confidentiality constraints. Consequently, the economic analysis was conducted qualita-
tively instead of quantitatively, which led to a challenge in assigning monetary value to the different 
impacts of the multi-use scenario. Without financial data, it was challenging to assess the financial 
benefits for implementing a multi-use scenario. The absence of a thorough economic analysis em-
phasizes how crucial it is to take confidentiality restrictions into account and how different methods 
are required to evaluate the economic viability of multi-use scenarios.  

Finally, a challenge related to the design of multi-use projects, which is the difficulty of incorporating 
additional activities into an offshore wind farm once it is already in place. OWF operators should 
plan the integration of multi-use activities in the design phase. Without proper planning, it would be 
challenging to add new activities to the location. The new BE MSP includes obligations for OWF to 
include other activities in the same location in which they operate. Thus, this challenge might be 
overcome in the future. 

2.4. German Pilot 

2.4.1. Introduction 

The objective of this assessment is evaluating the added value that can be expected from combining 
mussel and seaweed aquaculture in OWF in the German North Sea both in a theoretical commercial 
level project and assuming a wider mainstreaming of multi-use in the German North Sea. For the 
theoretical full scale pilot, we consider a OWF exactly equal to the Belwind Windpark, but situated in 
the location of the already existing Dantysk Windpark (nearby the FINO3 research platform, where 
the German Pilot is situated) combined with the maximum amount of aquaculture systems that the 
location and German regulations would allow.  

2.4.2. Characterisation 

• Pilot delineation 

This economic assessment assumes the existence of a fully functional aquaculture and offshore wind 
multi-use project at the site of the DanTysk wind park, close to the FINO3 research platform used by 
the German pilot in the UNITED project. The DanTysk wind park and FINO3 are situated 80 Km west 
of the island Sylt, (see figure 2.3). The North Sea is characterized by a relatively shallow shelf sea 
with a wide opening to the North Atlantic Ocean in the north. In addition, the North Sea is character-
ized by its salinity and temperature. The aim of the German pilot is to develop, operate and evaluate 
an offshore demonstration aquaculture farm with mussels (Mytilus edulis) and macroalgae (Saccha-
rina latissima) at the research platform FINO3.  
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Figure 2.3 Location of the German pilot at the research platform FINO3 with operating and planned wind farms, 

and protected areas in vicinity, and administrative boundaries in the North Sea (from D4.1) 

 

Figure 2.4: Overview of the surrounding offshore wind parks of FINO3 – DanTysk, Sandbank and Butendiek38  

 

Regarding the onshore areas affected by the pilot, there were many potential options to be consid-
ered. At the moment there are no existing offshore wind and aquaculture multi-use project in the 
Sylt cluster (nor in Germany). Thus, for the area delineation, we considered regions that would be 

 

 

38 https://www.tennet.eu/fileadmin/_processed_/7/8/csm_202104_SylWin1_e_Web_5854a9e65e.jpg  

https://www.tennet.eu/fileadmin/_processed_/7/8/csm_202104_SylWin1_e_Web_5854a9e65e.jpg
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potentially impacted by the development of such a project in within the Sylt cluster, either because 
they a) are currently connected to the offshore windpark DanTysk, b) have potential/ hope for future 
development in connection with the offshore wind industry, or c) are connected to the aquaculture 
industry. The selected regions, as well as the reasons for their consideration, are listed in Table 2.5. 

Table 2.5: Selected regions for socio-economic analysis 

Area Federal 
state 

Level of 
aggrega-
tion 

NUTS3 
code 

Reason for consideration 

Kiel Schleswig-
Holstein 

City DE F02 Seat of regulatory bodies for connection of OWF to grid, regional 
centre for aquaculture, seat of project development (FuE 
GmbH/KMF) 

Dith-
marschen 

Schleswig-
Holstein 

County DE F05 Proximity to Sylt cluster, existing port and heliport infrastructure, 
potential for economic development 

Nordfries-
land 

Schleswig-
Holstein 

County DE F07 Proximity to Sylt cluster, existing port and heliport infrastructure, 
potential for economic development 

Hamburg Hamburg City DE 600 Financial capital, industry headquarters, port city 

Cuxhaven Lower Sax-
ony 

County DE 932 Existing use of harbor for offshore wind activities, potential for 
economic development, port for construction/ maintenance by 
the OWF in the Sylt Cluster 

Bremerha-
ven 

Bremen City DE 502 Financial capital, industry headquarters, port city 

To limit the scope of the analysis, we did not consider the following regions even though they could 
be impacted by the development of an offshore wind and aquaculture multi-use project off the 
coast of Sylt: the county of Steinburg, the island of Helgoland, the province Sydjylland in Denmark, 
and the Netherlands.  

In order to make the analysis more manageable, we selected to focus it on the areas that are with 
the highest proximity to the sylt cluster: the counties of Dithmarschen and Nordfriesland, spanning 
the western coastline of the Federal State of Schleswig Holstein. 

• Legal characterisation 

The DanTysk wind park and FINO3 are situated in the so-called “Sylt cluster” of wind parks within 
the German Exclusive Economic Zone (EEZ). Most German offshore wind power installations have 
been constructed in the EEZ and are thus under the jurisdiction of the federal government (Deutsche 
WindGuard 2020).  

Any installation in the EEZ needs to follow the planning, licensing and operating procedures regu-
lated in the Marine Facilities Act (Seeanlagengesetz, SeeAnG) from 2017.39 Among others, this Act 
regulates that safety zones closed to vessel traffic should extent at least 500 meters around offshore 
installations (§ 10). It also sets out that installations should not threaten the marine environment (§ 
5). This means that wind park operators have to guarantee the security and safety of the operations. 

 

 

39 Full text: https://ra.de/gesetze/seeanlg. The Seeanlagengesetz has replaced the Seeanlagenverordnung on 
January 1, 2017.  

https://ra.de/gesetze/seeanlg
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Until recently, there was no clarity regarding the concrete pre-requisits that have to be fullfilled in 
order to guarantee such safety, which gave wind park operator a de facto right to define them. This 
has changed recently with the latest amendment of the Offshore Wind Energy Act  (Windenergie-
auf-See-Gesetz, WindSeeG 2017) which came into force on the 01. January 202340. Originally passed 
in 2017, the WindSeeG aims to increase the installed capacity of offshore wind farms.  The Act estab-
lished the so-called ‘central model’, in which the right to grid connection and the right to operate an 
offshore wind farm at a specified site are auctioned off together. In 2022, the German government 
has amended the Act to speed up the expansion of offshore wind and to reach the aim of producing 
30 GW by 2030, 40 GW by 2035 and 70 GW by 2045 (§ 1). Most offshore wind farms are licensed for 
25 years (see e.g. BNetzA 2021). In an aquaculture and offshore wind multi-use scenario, this intro-
duces uncertainty about the ability of the aquaculture partner to continue operations after the end 
of the license period (UNITED, D6.1). 

In general, the use of marine space is regulated by the Decree on the Maritime Spatial Plan (MSP) 
for the German Exclusive Economic Zone in the North Sea and Baltic Sea (Verordnung über die Rau-
mordnung in der deutschen ausschließlichen Wirtschaftszone in der Nordsee und in der Ostsee),41  
which entered into force on 1 September 2021.42 It aims to facilitate the expansion of offshore wind 
energy development, while at the same time safeguarding the marine environment and preventing 
conflicts of use. With regards to multi-use, the Plan mentions that constructing aquaculture facilities 
in proximity to existing installations such as wind turbine foundations could create synergy effects 
(chapter 2.2.5). The guiding principles upfront do not mention multi-use but stipulate that the ma-
rine economy should be consistent with the objectives of sustainable development, for example 
through the "maxim of economical and optimized land use" (chapter 1).  

Offshore installations also need to comply with the Federal Nature Conservation Act (Bundesna-
turschutzgesetz, BNatSchG).43 Under this law, developers of offshore wind parks and other offshore 
installations must prove the environmental compatibility of their project to the Federal Maritime 
and Hydrographic Agency. The law also requires the compatibility of a project with the protection of 
species and biotopes and obliges project developers to refrain from avoidable impairments to nature 
and the landscape and to examine alternatives. In practice, offshore multi-use activities are hindered 
because each of the activities requires a separate environmental impact assessment, and because 
there is a lack of guidance of cumulative impact assessments (D6.1; Christensen et al. 2018). 

• Environmental Characterisation 

The location of the German pilot has a temperate oceanic climate. The coldest month has a mean 
temperature of -4°C while the hottest month has a mean temperature of 21°C. The seabed serves as 
a habitat for a wide variety of organisms which are an important part of the North Sea ecosystem. 

 

 

40 According to section §77 of WindSeeG, responsible persons have the duty to ensure that 1) There are no 
hazards to the marine environment, 2) There are no adverse effects on the safety and ease of traffic, 3) There 
are no adverse effects on the security of national and alliance defense, and 4) There are no permanent adverse 
effects on other overriding public regulations. 
41 Full text: https://www.buzer.de/AWZROV.htm. 
42 Previously (since 2009), there had been separate MSP for the Federal States of Lower Saxony, Schleswig-
Holstein, and Mecklenburg-Vorpommern. Starting in June 2019, these were collectively updated and extended 
(European MSP Platform, 2022). The legal basis for the new German MSP is the Spatial Planning Act (Raumord-
nungsgesetz, ROG), as well as the EU MSP Directive, which sets out that EU Member States need to develop 
maritime spatial plans. 
43 Full text: https://www.buzer.de/gesetz/2122/index.htm.  

https://www.buzer.de/gesetz/2122/index.htm
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• Risks due to environmental factors 

All aquaculture undertakings face certain risks that are even graver in an offshore location. these 
risks were subsumed in UNITED Deliverable D1.3 and comprise of: ( 

• Climate change risk – that results in an increase in frequency and intensity of extreme 

weather events that can lead to a loss of aquaculture products as well as increased difficul-

ties in operating the multi-use projects. Other factors such as rising ocean temperature, or 

ocean acidification might have impacts on the aquaculture.   

• Untested spat fall and growth rates of mussels and macroalgae at offshore location. This 

makes it difficult to predict yields of offshore aquaculture.   

• Low risk of pollution or infestation of the harvested mussels due to long distance to shore.   

• Degradation of fisheries driving aquaculture – mussel and macroalgae aquaculture provide 

a sustainable alternative to overfished fisheries, allowing fish stock to recover.   

• Toxic algae blooms before the harvest that can lead to contamination of aquaculture prod-

ucts, which as a result can no longer be sold.   

• Sufficient level of nutrients which is lower in the German North Sea (if compared to the Bal-

tic Sea), but still sufficient for growth of mussels and macroalgae at the offshore location.   

• socio-economic characterisation 

This following section presents the socio-economic characterisation for the three sectors involved in 
the German pilot: OWF, mussel and seaweed aquaculture.  

OWF 

As a cross-sectional industry, offshore wind energy encompasses companies from many different 
sectors. The rising importance of the industry is reflected in the associated value added and employ-
ment numbers. The most important economic sectors are following: electrical equipment, manufac-
turing of turbines, installation and maintenance, electricity generation and transmission, shipping 
services, engineering offices and project development, R&D (ISL et al. 2021).  The direct employment 
effect in Germany amounts to a total of around 24,400 employees in 2018. Furthermore, modeling 
results have quantified sales at a level of around 8.1 billion euros and in the same year, 2018, the di-
rect gross value added in Germany in amounts to 1.9 billion euros. The largest share of direct em-
ployees (14.5%) is working in the manufacturing of turbines. However, these activities create only 
10.8 percent of value added. On the other hand, due to its high productivity, shipping services en-
gage 18.4 percent of direct employees but account for only 10.6 percent of employment. There is no 
data at Federal State (NUTS 2) or district (NUTS 3) level for these indicators specifically for the OWF 
sector . 

By the end of first half of 2022, the total installed capacity of OWF in operation in Germany was 7,8 
GW44. By comparison, the DanTysk windpark has an installed capacity of 288 MW (with 80 turbines) 
and the Belgian Belwind Windpark (used as reference in this assessment) has an installed capacity of 
165 MW (with 55 turbines). Offshore wind energy is a well established sector in Germany has been 
publicly supported in the last two decades, particularly since 2014 with the novel of the Renewable 
Energy Act of that year and most recently due to the war in Ukraine and the increase in efforts to 

 

 

44 https://www.wind-energie.de/fileadmin/redaktion/dokumente/publikationen-oeffentlich/themen/06-zah-
len-und-fakten/Status_des_Offshore-Windenergieausbaus_Halbjahr_2022_final.pdf 
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reduce energy dependency. Offshore wind turbines can utilize comparatively high and steady wind 
speeds at sea, generating high electricity yields that are relatively predictable and reliable (ISL et al. 
2021).  Because of these advantages, offshore wind energy constitutes the main pillar for the Ger-
man Energy transition and is also a very important economic factor in the norther German coastal 
states (Bröcker et al 2016). In addition, offshore wind energy enjoys high social recognition as a cli-
mate-friendly form of power generation, leading to comparably low acceptance conflicts. In the con-
text of German and European climate goals, it is therefore expected that the OWF branch will con-
tinue to grow continuously (ISL et al. 2021). This trend has become exacerbated in Germany after 
the start of the war in Ukraine and the increasing concern about energy dependency. In order to 
tackle this, a new more ambitious goal of producing 30 GW by 2030, 40 GW by 2035 and 70 GW by 
2045 was set in 2022. In comparison, the goal set in 2015 for 2030 was 15GW (Bröcker et al 2016). 

Aquaculture 

Official data on aquaculture for Germany is generally aggregated for all types of aquaculture (includ-
ing also onshore and fresh water practices) and bundled with fisheries. According to the National 
Strategic Plan for Aquaculture for Germany 2021 - 2030 (Nationaler Strategieplan Aquakultur 2021-
2030 für Deutschland, NASTAQ), Germany's aquaculture businesses in general are predominantly 
family-owned and have a very small-scale structure. While the main recipient for these companies’ 
production remains the food industries, recent years have seen some transition to the more novel 
field of biotechnology (AG NASTAQ 2020).  

Mussel aquaculture in the German North Sea occurs as part of the traditional mussel fishery. Mussel 
spat is produced in aquaculture facilities at predominantly near shore sites in specially designated 
areas within or around the protected Wadden Sea National Park. The mussel spat is then transferred 
from the aquaculture site to designated areas within the North Sea and placed upon the seafloor, 
where the mussel grow within 2 to 5 years to a harvestable size. Harvesting is done by bottom trawl-
ing, a traditional fisheries technique. (NASTAQ 2020). The development of near-shore aquaculture in 
Germany is considered to be at high concurrence with other activities, particularly boat transporta-
tion, tourism and recreation (Krost et al. 2011). According to aggregated data for the Federal States 
of Lower Saxony and Schleswig Holstein (the only two German federal states with access to the  
North Sea coast) there are approx. 3000 ha of areas designated for mussel fishing and up to 500 ha 
used mussel spat production in aquaculture, in total 12 fishing vessels with special permission for 
fishing mussels distributed among 10 companies for a total of approximately 50 direct employees 
(NASTAQ 2020). The cultivation of seaweed in Germany falls under the category of algae, specifically 
macro algae. The predominant macro algae species cultivated in Germany is brown seaweed (Sac-
charina latissima). Nonetheless, the current production levels in Germany are not known and are 
considered to be marginal (NASTAQ 2020). 

Production from aquacultures in Germany has grown continuously in recent years and the continu-
ous development of production methods and technological innovation offer important opportunities 
for the sector.  Furthermore, focusing products on sustainability, quality and regionality could poten-
tially open up new market segments with innovative products and new business models (ISL et al. 
2021). 

According to NASTAQ, a spatial expansion of mussel production beyond the already approved mus-
sel culture districts would not be in line with the objectives of the Wadden Sea - National Parks and 
therefore, it concludes that it shall not be pursued (AG NASTAQ 2020). Against this background, it is 
possible to observe that, in order for mussel aquaculture to continue growing, it would need to 
move further offshore. To this respect, AG NASTAG (2020) characterises offshore aquaculture in Ger-
many to be still experimental activity whose development is directly bound to the multi-use of areas 
designated for OWF. In order to become commercially viable, the concept needs to be first tested 
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successfully in pilots and demonstrator plants such as the one in FINO3. As they are still in the re-
search phase, existing projects do not yet have any economic relevance (AG NASTAQ 2020). Never-
theless, in view of the planned expansion for offshore wind energy use in Germany, there is consid-
erable theoretical potential. However, the realization of this potential requires agreements with 
wind energy operators on corresponding joint uses, which is likely only possible if the combination of 
both forms of use is taken into account at an early stage from the beginning of any planning. Thus, 
the NASTAQ (2020) considers the short-term implementation of such projects to be currently un-
likely due to various reasons such as ship safety, nature and marine protection and profitability. 
Nonetheless, it also highlights that systems integrating mussels and algae such as seaweed can pro-
vide important ecosystem services (extractive effect of inorganic and organic emissions), increase 
economic stability due to diversification of incomes, while at the same time contributing to the in-
crease social acceptance (AG NASTAQ, 2020). 

• Identification of key Stakeholders 

With the multi-use focus on Offshore-Wind and Aquaculture, stakeholders from these sectors are 
considered as the key stakeholders. For the offshore wind, these include wind farm operators  and 
corresponding service providers. For the aquaculture sector, these include the mussel fishermen and 
seaweed farm cultivators and corresponding service providers. Also, very important stakeholders 
are: 

• The Federal Maritime and Hydrographic Agency (Bundesamt für Seeschifffahrt und Hydrog-

raphie, BSH),45 which is subordinated to the Ministry for Transport, is responsible for the ap-

proval of offshore wind farms and other offshore installations, for the monitoring of the fa-

cilities, and for maritime spatial planning in the EEZ. 

• The Federal Agency for Nature Conservation (Bundesamt für Naturschutz, BfN),46 which is 

subordinated to the Ministry for the Environment, is responsible for technical and scientific 

aspects of nature conservation and landscape management, including in the marine area. 

The BfN submit as position in the approval process for offshore wind farms in the EEZ. 

• The Federal Environment Agency (Umweltbundesamt, UBA),47 which is also subordinated to 

the Ministry for the Environment, is Germany’s main environmental agency. The UBA is in-

volved as a  interest entity in the approval process for offshore wind farms in the EEZ and 

submits a position. 

• The Federal Network Agency (Bundesnetzagentur, BNetzA),48 which is subordinated to the 

Ministry of the Economy, maintains and promotes competition in network markets, includ-

ing the offshore wind energy market. The BNetzA auctions marine sites for the development 

of offshore wind energy. 

• Schleswig-Holstein State Agency for Coastal Protection, National Park and Marine Conser-

vation responsible for the state’s water issues and would be a licensing authority for a multi-

use project.  

• Insurance companies.  

 

 

45 https://www.bsh.de 
46 https://www.bfn.de 
47 https://www.umweltbundesamt.de 
48 https://www.bundesnetzagentur.de 

https://www.bsh.de/
https://www.bfn.de/
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• National and regional ministries: Important stakeholders at least in the pilot phase of the 

project (e.g. Ministry of Energy, Agriculture, the Environment, Nature and Digitalization; 

Ministry of Economic Affairs, Transport, Employment, Technology and Tourism). 

• Planning and construction companies. 

• Scientific and research-oriented stakeholders that are interested in project findings.  

• Environmental NGOs (like Greenpeace, BUND, Foodwatch)  

• Local communities. 

2.4.3. Baseline and scenarios 

The baseline and multi-use scenario to be considered in the German pilot are following: 

• Baseline: The baseline to be considered will be an offshore windfarm, mussel aquaculture 

farm and seaweed aquaculture farm all operating next to each other in the site of the Dan-

Tysk wind park with no integration of their activities, meaning completely separate activities, 

or also referred to as single-uses.  

• Multi-use scenarios: the multi-use scenarios will be a combination of mussels and seaweed 

(ratio 50-50) within a windpark equal to Belwind windpark located in the site of the DanTysk 

wind park. In this scenario we assume also, added to the spatial integration of the activities, 

also operational integration (e.g. in terms of sharing service providers for certain activities, 

etc.)   

2.4.4. Identification of significant impacts 

On November 14, 2022, a virtual expert-workshop was conducted with external participants, coming 
from the offshore and aquaculture sectors and also from scientific institutions. This composition of 
different stakeholder included different stakeholder groups, with participants coming from the off-
shore sector, planning and construction companies, the food sector, governance institutions and 
from science sector.  

The main part of the workshop was dedicated to an interactive part where the participants were 
asked about their opinion about possible socio-economic impacts of the multi-use Pilot. For this pur-
pose, the participants were presented with a long list of potentially relevant impacts. This long list 
was elaborated by the project team through desk-research of previous deliverables from the UNITED 
project and from literature related to offshore wind, offshore aquaculture and offshore multi-use 
(for the long-list of impacts, see annex)  

In the first part, participants were asked if they would foresee additional impacts, which were not 
addressed in the initial list. The second interactive session was the rating of the different impacts 
with the aim to reduce the long-list of impacts to a short-list with the most relevant impacts, as seen 
by the participants. 

Overall, five impacts were selected, that scored as highest impacts. These included: 

Impact 

Number  

Impact type Impact Description 

1 Societal Acceptance of development 
offshore in general 

A successful multi-use project can improve the ac-
ceptance of off-shore wind use for the general pub-
lic. 

2 Environment / 
Economic 

Fish stocks and fisheries 
yield 

Adding aquaculture to a wind park would have ef-
fects for the surrounding ecosystem. One aspect of 
this could be changes in fish stocks and therefore 
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possible impacts on fishery yields. (The aspect of 
fish-stocks are representative for other ecosystem 
services, that could be affected by single- or multi-
use activities.) 

3 Economic Diversification of incomes A successful multi-use project would lead to the es-
tablishment of new revenue streams and therefore 
to a diversification of income 

4 Economic Added value creation A successful aquaculture pilot would give the possi-
bility to create added value for different aquaculture 
products 

5 Economic / Envi-
ronment 

Substitution of non-renewa-
ble resources 

Aquaculture products could also be used in different 
sectors, like medicine or cosmetics, and potentially 
replace non-renewable resources 

With these five main impacts, participants were asked to indicate where they see the impacts on a 
geographical scale. Here, they could place different colours for each impact, whether they see the 
impact in local level (NUTS 3), regional (NUTS 2), national (NUTS 1), or international level (other EU 
member states). As example, we proposed Dithmarschen (DEF05) as local level and Schleswig-Hol-
stein (DEF0) as regional level. The results can be seen in Figure 2.5 below. It shows that some of the 
impacts are rather seen on a local/regional level, like diversification of income and added value crea-
tion, while some are seen more on a national/international level, like acceptance or the substitution 
of non-renewable resources. 

Figure 2.5: Regionalisation of top five impacts for the German pilot 

 

Source: own creation 
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2.4.5. Impact Assessment 

• Financial Analysis 

The financial analysis presented in the following indicates potential pathways to making multi-use 
profitable in the future. The calculations in this chapter are based on estimated costs as quantified by 
Geisler et al. (2018) and on personal interviews with a member of the Kieler Meeresfarm. The study 
by Geisler et al. (2018) was a feasibility study on offshore aquaculture of blue mussels (Mytilus edulis) 
at the already existing research platform FINO3 in the German North Sea. The cost and revenues cal-
culations are based on a 4-year period and, combined with the information collected through the ex-
pert interviews, presented in the Table A (see Annex). Importantly, the size and life cycle are not rep-
resentative of a commercial offshore wind and aquaculture business. Thus, the financial analysis pre-
sented here can only give indications of the overall cost structure and possible break-even points lead-
ing to profitability, not provide a representative financial analysis. Because of the economies of scale, 
offshore aquaculture only becomes profitable beyond a certain size, the ‘break-even point’.   

When analyzing the numbers of the feasibility study with a yearly harvest of 12,750 kg and an assumed 
market price per kg of 2 €, it becomes clear that the business would not be profitable. Assuming the 
aquaculture farm will be taken apart after the four-year time frame, Table B considers an estimate for 
decommissioning costs. Assuming the aquaculture facilities will not be decommissioned after use and 
will be available in the future, Table C does not include these decommissioning costs. Illustrating a 
scenario where the aquaculture farm would generate a minimal loss (12k€), Table D indicates that 
upscaling the aquaculture farm to a size seven times as large and selling 25% of the yields at the high-
est possible market price (13€/kg) can significantly increase revenues (UNITED D1.3, 2022). As selling 
the mussels at the highest market price requires increased marketing efforts, the marketing costs are 
assumed to be three times as high. Assumptions regarding inflation and depreciation rates are as-
sumed to be constant, based on the 2018 calculations by Geisler et al.  

Evidently, if investment costs would not be included in the balance, the break-even point would be a 
lot lower for the project. This not only shows the importance of a longer lifecycle and sufficient size. 
It also indicates that where the break-even point is depends mostly on investment and operations 
costs, and the market price for mussels (UNITED D1.3, 2022). Thus, these cost categories are key ena-
blers for making the multi-use business profitable.  

As stated above, these calculations do not consider cost-reducing effects of cost-sharing activities be-
tween offshore wind and mussels aquaculture. In a real-life scenario, it is possible that the estimated 
loss of 12k€ will be offset by cost savings through multi-use.  

Benefits of multi-use at the FINO3 platform can be assumed to be both private benefits, i.e. cost sav-
ings, and public benefits. Private benefits are expected to arise from, e.g., the availability of electricity 
supply from the wind power farm, shared transportation and offshore maintenance costs, onshore 
and offshore storage spaces and workshops, environmental monitoring data and surveillance, certi-
fied offshore staff and training, insurance premiums and mooring support. Some benefits apply spe-
cifically to the aquaculture farm. Due to the electricity supply from the wind power farm, the moni-
toring and surveillance activities would not be limited by the availability of batteries. Also, the equip-
ment existing at the wind power farm, like cranes, can possibly be used for the aquaculture farm and 
the turbine’s monopile could even be used for mooring the longlines if considered at the design stage 
(UNITED D1.3, 2022). In 4.2, these possible cost-saving synergy effects are further specified and ana-
lysed. A recent publication by Kite-Powell (2017), estimates that multi-use aquaculture operation co-
located within an ocean wind farm can save up to 5% of annual business costs. However, this study 
does not focus on the North Sea. Publications specifically looking into cost benefits of multi-use activ-
ities with mussels aquaculture and offshore wind power in the North Sea include Lagerveld et al. 
(2014) and Buck et al. (2010). The former publication investigates the technical, ecological and 
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economic considerations of multi-use of offshore wind energy and large-scale mussel farming - 
namely, the Blauwdruk project in the Dutch North Sea (Lagerveld et al., 2014). Their simulations based 
on the study’s Asset Management Control (AMC) model demonstrate potential financial benefits. The 
publication by Buck et al. (2010) analyses offshore mussel cultivation in close proximity to an offshore 
wind farm in the open sea of the German Bight. The study shows that the production of blue mussels 
with longline technology is profitable, especially if existing facilities and equipment can be used (Buck 
et al., 2010). However, potential cost savings are not included in the estimation by Geisler et al. (2018). 
Due to the small size of the project, the difference between the costs of the offshore wind farm and 
the aquaculture farm are relatively large. Therefore, it is unlikely that the private benefits under these 
circumstances are significantly high, to the extent of altering the break-even point. More data is 
needed to confidently quantify potential cost savings (UNITED D1.3, 2022).  

Not quantified in the financial analysis, but no less important, are the positive externalities that could 
result from the multi-use project. For instance, multi-use can improve the environmental and social 
image of the offshore energy sector, stressing positive ecosystem services, co-use of increasingly lim-
ited sea space, and the pursuit of sustainable fishing and aquaculture. All of these can increase public 
acceptance and can be key motivators for stakeholders to engage in multi-use activities. Also, political 
incentives can play a crucial role, e.g. subsidies or facilitating permit obtainment (UNITED D1.3, 2022). 

Public benefits more generally, may result from the accommodation of more economic activity with 
an overall smaller footprint. Re-organizing economic activities like this uses the limited space in the 
North Sea more efficiently and may lower losses in ecosystem service value (Kite-Powell, 2017).  

Overall, after performing the financial analysis, it can be concluded that the business as assumed in 
Geisler et al. (2018) would operate at a loss. Especially due to the large investment costs in the first 
year, a multi-use business with offshore wind and aquaculture can only be profitable in the medium 
to long term. This chapter has presented a financial analysis that covers three different cases with 
different underlying assumptions. The third case showcases how multi-use of wind power farms and 
blue mussel aquaculture farms can become profitable in the future. Especially the option to sell mus-
sels at a higher market price due to increased marketing efforts should be further looked into as a key 
enabler to making the multi-use business more profitable. Marketing efforts should focus on stressing 
the positive externalities for ecosystem services and stress the sustainable and transformational na-
ture of the production facility. Due to shifting preferences, consumers that engage with environmental 
issues may seek out more sustainable options of seafood products (AG NASTAQ 2020). The marginal 
willingness to pay of environmentally engaged consumers may also increase because multi-use activ-
ities receive increasing attention in public discourse. This is indicated by German scientist Maja Göpel’s 
presentation at the Re:publica in 2022, where she highlighted the topic of ‘multi-solving’ (Re :publica, 
2022). However, to provide a more nuanced financial analysis, updated data on the cost categories is 
necessary. 

• socio-economic impact analysis 

The upcoming sub-section is designed to offer an impact evaluation concerning the noted effects of 
the pilot project (refer to section 3). Various impacts have been grouped together based on the like-
ness of their influence on the economic, social, and environmental dimensions. 

The study was carried out by incorporating insights from a literature review and interviews with mul-
tiple partners participating in the pilot projects. This method facilitated a thorough investigation of 
existing information from diverse sources, ensuring an all-encompassing analysis of the varying im-
pacts. 

As stated earlier, the impact evaluation mainly depends on qualitative data, while quantitative infor-
mation is supplied when feasible. 
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The subsequent table 2.7 shows the outcomes for each impact, given under two considered scenarios. 
The final column of the table demonstrates the extent of the multi-use impact in a qualitative way: 

• Low impact: Within this category, the impact is relatively minor. No considerable changes in 

the functioning of various activities due to multi-use are expected. Additionally, this category 

does not anticipate any major environmental benefits from the multi-use combination. 

• Medium impact: Here, the impact is average. Some alterations in the functioning of different 

activities are predicted due to the multi-use approach, but these are not deemed substantial. 

There might also be some environmental benefits associated with the multi-use combina-

tions. 

• High impact: In this bracket, the impact is significant. Large-scale alterations in the opera-

tions of various activities are anticipated due to the multi-use combinations. In addition, 

these combinations are expected to result in considerable environmental benefits. 

Finally, impacts are classified as positive if they provide a favorable effect on the environment, and 
negative if they cause detrimental environmental consequences. 

Table 2.7 below presents a summary of the analysis, focusing on the arguments for classifying the 
impact as stated above. For a more detailed assessment of the different impacts, see the Annex for 
the DE pilot. 

 

 

.
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Table 2.7: Evaluation of the top five socio-economic impacts for the German pilot 

Impact 

name 

Baseline scenario Multi-use Scenario Multi-use impact size 

 OWF Mussel Aquacul-
ture  

Seaweed Multi-use commentary (low/medium/high; 
positive/negative) 

Acceptance of devel-
opments offshore 

 As a single use, OWF may face a 
lack of societal acceptance.  

Aquaculture also has to struggle with 
acceptance problems in some cases. 
However, this applies more to fresh-
water or coastal aquaculture.  

 

A driver for the OWF-sector to become involved 
in multi-use projects would be the assumption, 
that the acceptance of OWF would enhance 
when coupled with other uses (in this case aq-
uaculture). This was indicated at interviews dur-
ing the Business Analysis (see D1.3) with experts 
from the OWP-sector and indirectly supported 
at the stakeholder workshop (see section 3).  

(Potentially) high/ 
positive 

Fish stocks and fisher-
ies yields  

Studies show that bottom trawl 
fishery is one main thread for 
North Sea ecosystems (see Piet et 
al. 2021). Areas with OWF lead to 
a reduction of fishing activities, 
therefore can reduce ecosystem 
pressures. However, OWF itself 
can put pressures on fish popula-
tion (see also Piet et al. 2021). 

 

Preliminary observations indicate in-
creased fish abundances in aquacul-
ture environments, but long-term 
monitoring is necessary for validation 
(UNITED, D7.4). Theuerkauf et al. 
(2022) conducted a meta-analysis 
suggesting that aquaculture can in-
crease the abundance and species 
richness of wild mobile macrofauna. 
However, the majority of studies did 
not specifically focus on offshore aq-
uaculture locations. Regarding eco-
system services, Barrett et al. (2022) 
conclude that "non-fed" aquaculture 
has the potential to enhance various 
ecosystem services, including benefits 
for fisheries enhancement.  

The impact of single uses on fish stocks and eco-
system services remains debatable, and as-
sessing the impacts of multi-use projects is even 
more challenging. Theoretically, a positive self-
enhancing effect could occur, improving fish 
stocks and other ecosystem services through 
the combination of offshore wind farms (OWF) 
and aquaculture. However, due to limited data, 
these statements are highly speculative and 
could also have negative implications. 

Medium; (potentially) 
positive. 
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Impact 

name 

Baseline scenario Multi-use Scenario Multi-use impact size 

 OWF Mussel Aquacul-
ture  

Seaweed Multi-use commentary (low/medium/high; 
positive/negative) 

Diversification of in-
comes 

The different sectors working on 
OWF are already very specialized 
and well established. The compa-
nies working in the field (e.g. tur-
bine makers, wind park operators, 
companies offering installation, 
maintenance, monitoring or de-
commissioning) tend to work from 
bigger port cities or urban centres, 
so there is not significant impact 
to be expected on income diversi-
fication e.g. for small scale fisher-
ies in the regions closest to the 
windfarms  

The workforce of aquaculture is very 
small and focussed on very few spe-
cial areas near shore.  In general, the 
workforce in the aquaculture sector 
in Europe is based on small family 
driven businesses (see Nicheva et al. 
2022) While in theory the develop-
ment of offshore aquaculture in the 
site of DanTysk could offer some op-
portunities for income diversification 
of local communities in the regions 
closest to the area, this is not likely to 
happen without an OWF (see multi-
use scenario column) 

Small-scale fisheries (SSF) near offshore wind 
farms (OWF) and aquaculture projects may find 
opportunities for income diversification 
(Bergquist et al. 2020). In Germany, SSF are al-
ready facing challenges due to conflicts with 
other uses and increasing fishing closures, in-
tensifying competition with large-scale fisheries. 
Retirement, fishing rights transfers to larger 
companies, and uncertain future fishing oppor-
tunities have led many fishers to leave the pro-
fession. However, re-skilling this workforce pre-
sents challenges, as aquaculture training pri-
marily focuses on freshwater practices and lacks 
offerings for SSF. Additionally, the unattractive 
working conditions in offshore sectors and the 
general lack of skilled workers in Germany pose 
difficulties in finding new workforce. Nonethe-
less, existing SSF could explore new income 
sources through aquaculture, although the po-
tential for diversification among OWF compa-
nies is limited.  

Low, positive 
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Impact 

name 

Baseline scenario Multi-use Scenario Multi-use impact size 

 OWF Mussel Aquacul-
ture  

Seaweed Multi-use commentary (low/medium/high; 
positive/negative) 

Added value creation Due to centralisation of value 
added of the sector particularly in 
Hamburg, expected to be rather 
low under current conditions.  

The commercialization of aquaculture 
produce as local and sustainable 
sources of food is likely to generate 
value added in the regions of Dith-
marschen and Nordfriesland as it al-
ready does in traditional near-shore 
mussel operations in Schleswig-Hol-
stein. The impact is probably not be 
very high in absolute terms, but rela-
tive to selling the produce in more 
competitive international markets, 
some positive effects at the district 
level are expected 

Expanding aquaculture offshore in a multi-use 
context could make this sector go beyond the 
niche status it has and develop also the poten-
tial for selling to novel industries such as bio-
technology (higher added value) and imple-
menting circularity measures to generate move 
value per kg of production for instance through 
the valorisation of waste in line with a circular 
bioeconomy. This is added to the potential of 
offering local, sustainable delicacies for popula-
tions in the districts od Dithmarschen and Nord-
friesland 

 

Medium; positive 

Substitution of non-
renewable resources 

OWF can substitute fossil fuels. 
According to figures of the IEA 
(IEA 2020), offshore wind can 
abate in average 3.5 Mt of CO2 
equivalents per GW energy pro-
duced when substituting coal, and 
1.6 Mt when substituting natural 
gas.  

Mussel aquacul-
ture has the po-
tential to be used 
in different as-
pects in the Blue-
Bioeconomy. Es-
pecially the 
shells, which are 
usually  seen as 
waste mate-
rial.  Addition-
ally, mussel aq-
uaculture can 
also support in 
the sequestra-
tion of CO2. 

Seaweed mate-
rial can be used 
in different fields 
of the Blue-Bioe-
conomy. Apart 
from  food-pro-
duction, it can be 
used in medicine 
and cosmetic 
sector and also 
as CO2 sink.  

No additional benefits from multi-use, apart 
from shared costs. However, since mussel and 
seaweed aquaculture are only likely to happen 
if combined with OWF, their potential can only 
be fulfilled in a multi-use scenario 

High (potentially)/ 
positive 
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2.4.6. Discussion 

The German case study demonstrated the positive impacts that might result from a multi-use sce-
nario. While most of the impacts are regarded as (potentially) positive impacts, the substitution of 
non-renewable resources and acceptance of developments offshore stood out as the highest (poten-
tially) positive impacts. However, most of the impacts face a number of challenges to achieve their 
potential in practice. 

Overall, there are clear regulations and established permitting procedures for offshore wind farms in 
the German EEZ, but the same does not apply to offshore aquaculture and wind multi-use projects. 
The experience of the German pilot project at FINO 3 has shown that there is a lack of defined stand-
ards, procedures, and responsibilities for multi-use projects, leading to unclear and lengthy permit-
ting procedures (UNITED, D6.1). 

Offshore mussel aquaculture in Germany on their own are not financially feasible. In order for mussel 
aquaculture to transcend from very focalized and small-scale practices near shore within the German 
Wadden Sea National Park for the cultivation of mussel spat, it will need to move offshore. For this to 
happen, it needs to be developed in the context of multi-use, as extensive areas of the German EMZ, 
including the area where the Sylt cluster is located, are reserved for offshore wind energy produc-
tion. Aquaculture practices would not be profitable enough on their own to be able to compete for 
the licenses with OWF nor to operate successfully in areas that are too far offshore. Moreover, com-
bining activities could bring about potential savings with regards to construction and maintenance of 
the operations for both OWF and aquaculture companies, even though in relative terms, the aqua-
culture operations would benefit more from such savings that OWF operations. It is expected that 
this holds true for seaweed aquaculture as well. However, it was not possible to find enough data on 
the costs of seaweed aquaculture in order corroborate this.  

As our financial analysis shows, particularly costs fallen during the construction phase would not be 
shared if aquaculture activities would be added to an already existing OWF, as it has been assumed in 
the context of this analysis. This creates an important barrier for this type of development. Another 
important barrier would be that under German law, if an area is assigned for offshore wind produc-
tion, it is much harder to get a permission for operating aquaculture within it, not least because aq-
uaculture is still considered a fishing activity and therefore restrictions apply for this type of activi-
ties. As a result, in order to become commercially viable, offshore multi-use needs to be considered 
from the beginning. 

This also has an important effect in terms of insurance. At the moment there is no existing insurance 
policy that would cover offshore aquaculture activities for an affordable price as there are still no 
commercially viable enterprises in that branch. As has been mentioned before, such a commercial 
enterprise would require co-development with offshore wind in the context of multi-use and there-
fore, for it to be feasible it will be important to acquire a joint insurance premium, which could only 
be the case if both projects are developed jointly. As it has been reported by the Belgian Pilot of the 
UNITED project, another possibility could be to acquire a separate insurance policy that is bound to 
the insurance of the offshore wind park, whose premium can be potentially lowered if a risk assess-
ment for the aquaculture operation is performed. As a one-off cost, such risk assessments could also 
become the target of financial stimuli from the public sector to reduce ongoing costs of insurance 
and to increase trust in the newly developing industry. 

Regarding the low added value that the OWF sector currently generates for coastal regions in Schles-
wig Holstein such as Dithmarschen and Nordfriesland, increasing regional value creation requires es-
tablishing niches for companies from these areas. For example, the construction of service and 
maintenance ships or the provision of highly skilled workers, which could be achieved by setting up 
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special offshore training courses in cooperation with universities (Bröcker et al. 2016). Other poten-
tial niches for regional value creation are the port industry (especially Helgoland), engineering com-
panies, service providers, as well as manufacturing of wind turbines and foundations. In addition, 
there is potential in research and development, as especially Schleswig-Holstein is well positioned in 
the field of marine sciences (Dr. Hegenbarth & Partner 2015).  

On the other hand, the financial analysis has demonstrated that multi-use aquaculture of mussels 
(and potentially seaweed) has the potential to generate a much larger profit if sold at a higher price. 
The higher price can be achieved for instance through more elaborate marketing efforts. In the case 
of the German Pilot, it is located near Sylt, an island well known for its high purchasing power resi-
dents. Thus, a targeted market analysis, for instance through cooperation with high-end restaurants 
in larger cities could be a sensible investment cost. 

Regarding the substitution of non-renewable resources, recent research shows a great theoretical 
potential in many fields for seaweed and mussel aquaculture. However, it remains to be seen to 
which extent that potential can actually materialize in viable business models that would indeed pro-
vide a high value-added potential market for the harvested seaweed and mussels from offshore op-
erations. This applies particularly to material and fuel applications, while their use as food needs to 
be better promoted, also through public institutions, as a sustainable and nutritious local food source 
in order to achieve its potential. Regarding the carbon sequestration, at the moment it is more of an 
added benefit, but in the future it could possibly also become a source of income if the scientific evi-
dence of the removed carbon becomes more robust and the quantities become quantifiable. 

Wind power and aquaculture multi-use projects in Germany could take advantage of general political 
support at the national and European level for aquaculture, renewable energy, the blue economy 
and multi-use; existing markets for mussels and developing markets for macroalgae; additional busi-
ness opportunities for these products to be developed in the future; a generally positive societal atti-
tude towards multi-use; as well as some suitable key environmental factors for the growth of these 
species at the offshore location. However, there are also several external challenges, such as a lack of 
political incentives and support for multi-use projects in Germany; a lack of finance; social ac-
ceptance issues regarding aquaculture products; insufficient connection and trust between the wind 
and offshore sectors; the challenging high energy offshore environment; as well as a lack of certainty 
about regulations and difficulties to obtain permits. Some of these advantages and challenges also 
apply to the operation of the German pilot.  

2.5. Conclusions Block I pilots 

The integration of off-shore wind farms with off-shore marine aquaculture is a topic of growing inter-
est in the European context, particularly in the North Sea. The North Sea currently faces many chal-
lenges, among others: lack of space, competing uses, mixed regulatory and insurance frameworks, 
etc. To achieve optimal marine use scenarios, multi-use can be seen as a solution through Marine 
Spatial Planning in the sea basin (Steins et al., 2021). But more information about potential impacts 
on the socio-ecological system and conflicts between existing and prospective users is essential.   

Using UNITED pilots located in the North Sea as examples, a number of environmental, social and 
economic positive impacts have been identified from combining offshore wind energy and aquacul-
ture (mussels and seaweed). Most importantly, these include: more efficient use of marine space, 
added value creation and local food production, reduction of GHG, substitution of non-renewable 
resources and carbon sequestration and habitat and fish stock improvement.  

Fundamentally, OWF and aquaculture can help reduce ecosystem pressure by maximizing marine 
space use, while individually and collectively contributing to carbon sequestration and GHG emission 
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reduction. On one hand, OWFs have the potential to cut around 270,000 tonnes of CO2 per year49 by 
replacing fossil fuels. On the other hand, seaweed and mussel aquaculture can also potentially act as 
CO2 sinks (for mussels, particularly the typically discarded shells) and renewable resources in the con-
text of a Blue Bioeconomy, for instance in the production of medicines, and cosmetics. The carbon 
sequestration aspect, currently seen as an added benefit, could potentially become a revenue source 
in the future, provided that scientific evidence of carbon removal becomes more robust and quantifi-
able. 

Added value creation and local food production is also an interesting positive impact that have 
emerged from our analysis. Harvested seaweed and mussels from offshore operations could poten-
tially provide a high-value market for local areas, especially for material and fuel applications, alt-
hough their promotion as sustainable and nutritious local food needs enhancing. If done in a sustain-
able way, this mussel (and potentially seaweed) aquaculture production could offer positive environ-
mental, societal, and economic impacts. There is a theoretical potential to generate jobs, economic 
opportunities, and reduce reliance on imported seafood, while providing a healthy food source for 
local communities. These activities, conducted within the vacant space of Offshore Wind Farms 
(OWFs), would most likely not disrupt OWF activities but instead lead to reduced marine space usage 
and lessen pressure on the marine environment. Despite the theoretical potential of seaweed and 
mussel aquaculture in increasing value added and strengthening local food production, the extent to 
which this potential can transform into viable business models is yet to be seen. This is an element of 
the analysis that will be discussed in the forthcoming D3.4.  

2.5.1. Limitations of the analysis 

The present analysis of block 1 pilots has been able to identify and evaluate a variety of impacts com-
ing from the combination of OWF with mussel aquaculture. In this analysis while seaweed aquacul-
ture was also considered, the evaluation focused mostly on mussel aquaculture due to large existing 
data gaps in available data in an offshore context.  

In addition, while the present analysis helps unveiling some important arguments for the promotion 
of ocean multiuse in the North Sea between OWF and aquaculture, we were not able to quantify the 
magnitude of these impacts in monetary terms. The assessment faced significant limitations due to 
data scarcity, confidentiality constraints, and the novelty of the subject matter. Due to the research 
focus of our pilots and the lack of primary data, particularly for multi-use scenarios, the impact as-
sessment follows a qualitative approach based on exchange with experts and stakeholders, as well as 
desk-based literature review.  

For example, the complexity of multi-use scenarios and a lack of readily available data on offshore 
multi-use operations made it challenging to accurately assess the financial benefits of implementing 
a multi-use scenario. This also presented a difficulty for validating the hypothesis of additional GHG 
emission reductions through the combination of OWFs and aquaculture activities. Moreover, making 
robust estimations on the carbon sequestration potential was also challenging, as research on carbon 
sequestration by mussels and seaweed is scarce and inconsistent now. Additionally, the market for 
local aquaculture products in coastal regions is still emerging, limiting information on pricing and 
consumer willingness to pay. Despite indications that proper marketing could favorably position 
these products for a higher price, precise data to support this assertion is still lacking. 

 

 

49 https://www.eib.org/attachments/documents/climate_action_case_study_belgium_en.pdf 

https://www.eib.org/attachments/documents/climate_action_case_study_belgium_en.pdf
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2.5.2. Way forward for research and policy 

To better understand the financial viability and economic potential for multi-use, further research 
will need to address confidentiality issues in order to be able to work with more primary data. This 
could possibly involve anonymizing data or working more closely with stakeholders, possibly with 
non-disclosure agreements.  Moreover, another possible approach could be to employ the bene-
fit/cost transfer technique, which would allow for the estimation of benefits and costs based on ex-
isting studies with similar characteristics while safeguarding sensitive information. However, the cur-
rent lack of available mature studies in the North Sea does not allow to follow this approach.  Addi-
tionally, the further refinement of qualitative methods (e.g. multi-criteria assessments) could com-
plement the assessment of multi-use impacts monetarily, even with incomplete financial data. All in 
all, more empirical research will be crucial to be able to make robust assessments on the costs and 
benefits of the combined activities. Such research should address specifically the combination of aq-
uaculture and OWF in real-life setting, ideally in the context of a co-development and on a (close to) 
commercial scale. Future work on this topic will also benefit from further research on the carbon se-
questration potential of seaweed and mussels, as well as on the local market potential of aquacul-
ture and the willingness of consumers to pay for such products. 

For the economic potential of multi-use in the North Sea to materialize, it is first of all crucial to ad-
dress currently existing regulatory challenges. The complexity associated with multi-use projects de-
mands for clear and comprehensive regulatory frameworks to facilitate quicker and more straightfor-
ward permitting and licensing procedures. As part of this process, early-stage planning could be en-
couraged to ensure that multi-use activities are integrated into the initial design of offshore wind 
farms, avoiding the complications of retrofitting additional activities later on. An example can be 
found in the recent Belgian initiative, which mandates the consideration of multi-use activities in off-
shore wind farm development. An ex-post analysis of the implementation of these requirements 
would be very helpful to evaluate whether such regulatory measures could facilitate or not new OWF 
applications, for instance by giving OWF a comparative advantage against other uses because of the 
potential positive impacts of multi-use.   

Such regulatory challenges also underpin the need for a larger political support for multi-use, which 
at the moments is not sufficiently recognized as a valuable tool to bring forward a variety of strategic 
EU policies, for instance on climate change mitigation through the promotion of renewable energy or 
the development of the blue economy. Only through a decisive political support it will be possible to 
create the required incentives for multi-use projects to develop, such as the licensing requirement in 
Belgium mentioned above. Also, there is a pressing need to create new financing opportunities, for 
instance through dedicated grants, that will allow the relatively new multi-use businesses to establish 
themselves in competitive market. Moreover, policy makers could also play a crucial role in facilitat-
ing trust between the wind and other offshore sectors could in order to bolster collaborative efforts 
and streamline multi-use implementation, as it has been seen in the community in practice in the 
Netherlands.  
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3. BLOCK II PILOTS  

3.1. Introduction and approach 

This section explains the work that has been carried out. This includes information on what concrete 
methods were applied (desk-based, stakeholder workshops, etc.) and the type of data used. The sec-
tion highlights assumptions made and any required changes to the D3.2 methodology that were ap-
plied. 

In block 2 pilots, the economic analysis methodology (UNITED, D3.2) was implemented through sev-
eral steps, including desk-based research and consultation with pilots’ leads.  

The desk-based research involved gathering information from various sources. The first source of in-
formation was the previous deliverables of the UNITED project allowing to collect information on the 
different pilot characterization: pilot context (UNITED, Deliverable 3.1), legal characterization 
(UNITED, D6.1), environmental characterization (UNITED, D4.1) and business case (UNITED, D1.3). To 
complement this, information on socio-economic characterization was gathered from various 
sources such as national databases, grey and academic literature, etc.  

All the information was compiled and presented to the pilots’ leads during an online meeting. The 
meeting with the pilots’ leads aimed to (i) consolidate the information collected from the literature 
and collect additional information on the pilot characterization, and (ii) identify the impacts of multi-
use activities and their scale. The workshop allowed the pilots’ leads to select the impacts of the 
multi-use activities from a predetermined list or based on their own insights. This process resulted in 
a comprehensive list of impacts to be studied and considered for each case study.  

Due to confidentiality constraints, it was challenging to acquire all the financial information needed. 
Most of the information was collected from literature (scientific and grey). Nevertheless, not all the 
required information could be obtained, making it difficult to carry out an in-depth economic analy-
sis. Consequently, the economic analysis only focused on qualitative information, supplemented with 
quantitative data whenever available.  

Finally, the impact analysis was carried out through combining information from literature review, 
and information provided during the stakeholder workshop. This approach allowed exploration of 
available information ensuring a comprehensive analysis of the different impacts.  

The following chapter present the case studies for block 2 pilots: Danish and Greek pilots.  

3.2. Danish pilot 

3.2.1. Introduction  

The Danish (DK) pilot was established in the year 2000, 3.5 Km outside of Copenhagen and comprises 
two main activities: Offshore Wind Farm (OWF), and tourism activities (e.g. boat tours), and is man-
aged by Middelgrunden Wind Turbine Cooperative. The combination of both activities started as an 
open house event. The shareholders were given the opportunity to visit the wind farm with their 
families. Following the shareholders visit, the cooperative made the decision to maintain this activity 
and offer tourism tours (including lectures) for a wide variety of public (e.g. university students and 
professors, schoolteachers, tourists willing to learn on renewable energy, etc.).  

At present, the DK pilot is fully operational.  
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The aim of the following case study is to carry out an economic analysis of the DK pilot. More pre-
cisely, the assessment aims to evaluate the economic impacts and added value from the combination 
of the OWF and tourism activities.  

The assessment aims to answer the following research questions:  

• What are the costs/benefits from combining both activities?  

• What are the impacts of an upscaled tourism activity on the OWF activity and on the marine 

environment?  

The impacts from multi-use activities in the DK pilot have been assessed through desk-based re-
search in consultation with the pilot lead. 

3.2.2. Pilot Characterisation  

• Definition of the area  

The DK pilot was established in the year 2000 at the reef south of the Middelgrunden Island, 3.5 Km 
outside of Copenhagen harbour and is visible from the city and the surrounding beaches.  

The pilot combines two main activities:  

• Production of Offshore Wind Energy – twenty turbines with an installed capacity of 2 MW 

each (overall installed capacity is 40 MW50) with a maximum height of 102 meters. The OWF 

has the capacity to produce 100 GWh of electricity per year providing an important source of 

electricity for 33 000 Danish households.  

• Tourism activities – related to visiting the OWF.  

The pilot targets a wide range of consumer segments. First, the electricity produced by the OWF is 
sold on the Nord Pool power market, making it accessible to consumers seeking to subscribe to clean 
energy contracts (UNITED, D1.3).  

Second, the tourism activities include boat tours serving diverse customer segments such as profes-
sionals, schoolteachers, students, tourists, etc. Initially, the tourism activities started as an open 
house event for the Middelgrunden cooperative's shareholders, allowing them and their families to 
visit the OWF.  

Up to the Covid-19 pandemic, 40 trips were organized each year; in 2022 75 trips took place (see Ta-
ble 3.1).  

Table 3.1 Boat tours – DK pilot 

Year 2017 2018 2019 2020 2021 2022 

Trips  31 35 48 4 13 75 

Guests 676 930 1117 130 246 1672 

Turnover 
(k EUR) 

38.9 44.3 55.6 4.4 19.5 98.2 

 

 

 

50Only 50% of the installed capacity is owned and operated by Middelgrunden Wind cooperative and involved 
in UNITED. The other half is owned and operated by HOFOR that is owned by Copenhagen Municipality. 
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• Legal characterisation  

The Danish Marine Spatial Planning (MSP) was developed and entered into force in 202151. However, 
the plan did not cover multi-use, nor excluded it. According to UNITED, D6.1, a permit is required for 
the additional activities that make use of the wind farms foundations (UNITED, D6.1).  

In Denmark, there is no multi-use permit procedure. Therefore, a need for different concession and 
permit approvals is required as some of the activities can be brought under different governance re-
gimes.  

While the installation of OWF requires a permit from the Danish Energy Agency52, the additional ac-
tivities are required to acquire permission from the concession holder (OWF operator in the DK pilot 
case). The wind park operators are free to deny access to other users – regardless of whether their 
planned activity would require a permit or not (UNITED, D6.1).  

Allocation of property rights and environmental standard is regulated by the Danish authorities53. 
The Danish pilot is situated in the Exclusive Economic Zone of Denmark and location is leased from 
the Danish government for 25 years, starting in 2000 when the OWF was constructed. Currently, dis-
cussions are taking place between the cooperative operating the OWF and the Danish government 
regarding the renewal of the lease (UNITED, D1.3).  

Finally, concerning insurance issues, to present, no specific issues have been notified pertaining to 
insurance policies. For the planned tourism activities in the wind turbines, the tourism operator will 
take out the needed additional insurance with respect to potential damage to tourists as well as to 
the turbines.  

• Environmental characterization 

The Environmental Impact Assessment (EIA) for the Middelgrunden OWF was conducted in 1999. It 
evaluated the impacts of the OWF on various factors such as visual impact, noise propagation, water 
flow, flora and fauna, and fishing.  

The assessment presented alternative sites and production techniques, as well as mitigation 
measures to minimize the environmental impact of the OWF (UNITED, D4.1). 

According to the EIA, the operational phase of the pilot has a minor impact on the surrounding wa-
ter. Even an increased multi-use activity of two or three boat tour visits per day would still be negligi-
ble compared to the traffic caused by the nearby busy port. However, there is a possibility that the 
increased boat traffic could result in litter from tourism. Looking at other activities such as scuba div-
ing, it was found that it does not have any significant impact on the environment. Therefore, the 
multi-use activities of the pilot are not expected to have a significant impact on the marine environ-
ment (UNITED, D4.1). 

Additionally, the EIA found that the levels of heavy metals and sediment caused by dredging activi-
ties were insignificant. However, the EIA outlined the possibility that the sediment layer may have 
temporarily weakened adjacent areas covered with eelgrass. Although, growth of eelgrass may disap-
pear, a new and different ecosystem was expected to emerge few years after the implementation of 

 

 

51 https://maritime-spatial-planning.ec.europa.eu/sites/default/files/download/denmark_october_2021.pdf  
52 https://ens.dk/en/our-responsibilities/wind-power/offshore-procedures-permits  
53 The Danish Maritime Authority (https://dma.dk)  

https://maritime-spatial-planning.ec.europa.eu/sites/default/files/download/denmark_october_2021.pdf
https://ens.dk/en/our-responsibilities/wind-power/offshore-procedures-permits
https://dma.dk/
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the OWF supporting other species and providing better conditions for parts of the existing flora and 
fauna (UNITED, D4.1).  

Moreover, the OWF foundations were expected to serve as an artificial reef, creating a habitat for 
bottom animals and more fish in the area, and thus benefiting fishing. 

• Socio-economic characterisation 

The pilot is situated near the Copenhagen harbour and, as a result, a range of human activities take 
place in the pilot area. These activities include marine transport, fishing, tourism, and offshore wind 
energy production (UNITED, D1.3). 

The socio-economic characterization focuses on the two main activities of the pilot, OWF and tour-
ism activities, and other activities surrounding the pilot area, in particular maritime transport and 
fishing activities.  

Tourism activity 

Copenhagen is a tourist attraction city. In 2019, it reached the 73rd place of the world’s most popular 
cities with 3.19 million tourists, which corresponds to (approximately) 11% of the overall tourists 
coming to Denmark54. The revenue from the tourism activity amounts for 7.7 billion EUR (2018), and 
corresponds to 2.5% of the overall Gross Domestic Product (GDP) of Denmark. Each visitor spent an 
average of 250 EUR/day for his vacation in Demark (2018). Assuming proportional distribution of rev-
enue based on the number of tourists, tourism generated (approximately) 847 million EUR for the 
year 2018 for the Copenhagen region. Due to the Covid-19 pandemic and travel restrictions, the 
number of tourists in 2020 decreased by 42% (from 35 million tourists in 2019 to 20 million tourists 
in 2020)55, but it is expected to rebound as travel restrictions were lifted. 

Considering the pilot-related tourism activities, the number of boat tours fluctuated during the past 
years. Up to the Covid-19 pandemic, the number of boat tours organized was (approximately) 40 an-
nual trips (see Table 3.1) with an average annual turnover of 46 K EUR/year. The boat tours de-
creased by (approximately) 91% in 2020 and 72% in 2021 (due to travel restrictions caused by the 
Covid-19 pandemic) if compared to the number of boat tours in 2019. After lifting the travel re-
striction, the number of tourists increased to 75 annual trips in 2022 (a 56% increase in the number 
of boat tours compared to 2019) with an annual turnover of 98 k EUR/year (a 78% increase in turno-
ver compared to 2019).  

According to the pilot leads, the boats are operated by two people. The standard fee for tourist 
guides in Copenhagen is applied (UNITED, D7.2). Together with the group visiting, often an ordinary 
tourist guide is present (UNITED, D7.2). It is important to note that the boat tours are directly run by 
the cooperative that owns the wind turbines, as this makes it possible to happen. This activity pro-
vides direct added-revenue to some of the cooperative members. 

The tourism activity has been successful, with Middelgrunden wind farm considered a famous land-
mark in Copenhagen. Tourists visiting Copenhagen are keen to visit and learn about the OWF. The 

 

 

54 In 2019, the overall number of tourists that visited Denmark was 33.09 million tourists 
https://www.worlddata.info/europe/denmark/tourism.php  
55ttps://www.worlddata.info/europe/denmark/tourism.php#:~:text=Tourism%20in%20Denmark,num-
ber%20of%20guests%2C%20is%20obvious. 

https://www.worlddata.info/europe/denmark/tourism.php
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cooperative received numerous bookings for future trips. Consequently, it is expected that the num-
ber of tourists will increase in the future.  

Offshore Wind Energy 

Denmark is well known for its renewable energy policy which helped positioning the country as wind 
energy exporter. According to the Ministry of Environment and Food (2019), there are currently 341 
OWF in Denmark with an overall installed capacity of 855 MW. In 2015, electricity production from 
OWF reached 1 271 MW (2015), divided as follows 794 MW in the North Sea, and 477 MW in the Bal-
tic Sea. This accounts for a production value of 32 million DKK (2015) (approximately 4.29 million EUR 
in 201556). 

The Middelgrunden OWF has an installed capacity of 40 MW – which represents 4.7% of the overall 
installed capacity for the OWF in the country. The overall investment of the OWF was 48.5 million 
EUR (2000)57. The annual production of the OWF is estimated at 100 GWh/year, with an annual esti-
mated profit of 70 EUR/share during the first six years of operation. Yearly Operation and Mainte-
nance (O&M) activities are carried out to guarantee the well-functioning of the OWF. The O&M in-
clude checking the turbines, the electrical grid system, and inspection of foundations58. The O&M 
costs (approximately) 15 EUR/MWh59. No additional information on the number of employees en-
gaged in the O&M activities is provided.  

The OWF electricity production is sold on the Nordpool market. Electricity prices varied with a yearly 
average of 3% - the prices fluctuated between 32.7 EUR/MWh (2007) and 26.6 EUR/MWh (2020) – 
(see Figure 3.2). However, with the current energy crises, electricity prices are peaking, and reached 
88 EUR/MWh in Denmark (2021) – a 230% increase from 202060. With the current energy crisis, it is 
expected that electricity prices will continue to increase in the future.  

Considering the electricity prices for the Middelgrunden OWF, in 2022 the mean price on the Nord-
pool market, was estimated at 13 EUR/MWh. It is expected that the price for the coming years to in-
crease and reach 54 EUR/MWh61.  

 

 

56 The average exchange rate in 2015 was DKK/EUR 0.1342 
57 https://base.socioeco.org/docs/a118_doc1.pdf  
58 Svenson and Larsen (2008).  
59 Information communicated by the pilot lead.  
60 https://www.nordpoolgroup.com/en/Market-data1/Dayahead/Area-Prices/DK/Yearly/?view=table  
61 Information communicated by the pilot lead.  

https://base.socioeco.org/docs/a118_doc1.pdf
https://www.nordpoolgroup.com/en/Market-data1/Dayahead/Area-Prices/DK/Yearly/?view=table
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Figure 3.2 Renewable energy price evolution in Denmark 

 

 

The Danish government is aiming to increase the consumption of electricity from renewable sources 
which suggests a willingness to continue with existing offshore wind farms and potentially developing 
additional ones. Investments in offshore renewable energy are expected to increase in the coming 
years, along with a corresponding rise in job opportunities for the installation and operation of offshore 
wind turbines. Nevertheless, due to uncertainties regarding future capacity expansion of offshore wind 
farms (OWFs), it is expected that the Middelgrunden OWF will maintain its current level of activity. 

Other activities 

The pilot is located near Copenhagen harbor that is considered a busy harbor. The volume of goods 
transported fluctuated throughout the years and reached 90 176 thousand tons (2021)62 – a yearly 
average increase of 0.39% since the year 2000 -, the number of vessels reached 64 624 (2021)63 – a 
yearly average increase of 0.13% since the year 2000 – and the number of ferries 25 552 (2021)64 – a 
yearly average increase of 1.24% since the year 2000.  

In 2020, the number of full-time employees in the trade and transport industry reached 123 914 em-
ployees in the region of Copenhagen. However, this considers all kinds of transportation and trade 
services in the region. Looking at the port of Copenhagen only, the number of employees working at 
the port peaked in 2016 with 337 employees to decrease afterwards and reach 280 employees in 
202065. The overall added value of shipping in Copenhagen was estimated at 114 billion DKK (2013) – 

 

 

62 https://www.dst.dk/en 
63 https://www.dst.dk/en 
64 https://www.dst.dk/en 
65 https://www.statista.com/statistics/1063372/number-of-employees-of-copenhagen-malmoe-port/  

https://www.statista.com/statistics/1063372/number-of-employees-of-copenhagen-malmoe-port/
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which corresponds to 15 billion EUR66 and to (approximately) 6% of the overall GDP for that year67. 
Assuming that the yearly average increase remains the same, it is anticipated that there will be an 
increase in port activities in the coming years.  

Finally, there is also presence of fishing activity near the pilot. The fishing sector holds significant im-
portance in the Danish economy, accounting for 12.5 billion DKK (2018) (1.68 billion EUR68), which is 
roughly 0.56% of the overall GDP in 2018, and for 16 000 jobs in Denmark (2018) with most jobs situ-
ated in smaller communities in Northern and Western Jutland69.  

The number of vessels reached 1933 vessel (2021) yielding an overall catch of 462 million kg (2021), 
and total value of 2.7 billion DKK (2021) equivalent to 0.36 billion EUR. However, the overall landing 
and its value varied from year to year.  

The fishing activity near the pilot zone reached, in 2021, 3 million kg in landed weight and with an 
overall value of 70 million DKK, equivalent to 9.5 million EUR70. 

• Identification of key actors 

Many actors could be interested in the pilot activities such as boat providers, Copenhagen sport di-
vers, public authorities, wind farm shareholders, local intermediaries (e.g. tourist boards/local coun-
cils), NGOs, university researchers, local museums, etc.  

Pilot activities might have a positive influence on the activities conducted by the different actors.  

3.2.3. Baseline and Scenarios 

In the economic analysis, we will examine:  

• The Baseline Scenario that outlines the current status of the Danish pilot for offshore multi-

use activities, specifically focusing on the co-existence of OWF and tourism activities.  

The scenario operates under the assumption that both activities will continue at their current 

levels without any significant changes or interruptions. It also assumes that optimal coordina-

tion between the activities will be achieved, resulting in the highest possible efficiency of op-

erations. 

• The Option Scenario. Middelgrunden OWF has gained popularity among tourists who are in-

terested in sustainable development and renewable energy. In addition, there is growing evi-

dence that tourists visiting Copenhagen are showing an increased interest in visiting the OWF. 

Considering this trend, the option scenario considers the possibility of an increase in tourism 

activity within the Danish pilot. 

Under the Option Scenario, it is assumed that the multi-use option will persist, but with a 

greater emphasis on tourism activity. The objective of this scenario is to strike a balance be-

tween promoting tourism and preserving the wind farm's ecological and environmental 

 

 

66 In 2013, the average exchange rate DKK/EUR was 0.13 
67 In 2013, the GDP of Denmark reached 258 742 million EUR (source: Gross Domestic Product at market prices 
extracted from Eurostat).   
68 DKK/EUR 0.13 
69 https://copenhageneconomics.com/publication/the-economic-footprint-of-the-danish-fishery-sector/  
70 DKK/EUR 0.13 

https://copenhageneconomics.com/publication/the-economic-footprint-of-the-danish-fishery-sector/
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integrity. In other words, the scenario provides an opportunity to explore the potential bene-

fits and challenges of an increase in OWF tourism.  

3.2.4. Scoping for possible impacts 

The process for selecting the impacts to be studied in the economic analysis consisted of two steps. 
First, impacts of multi-use activities (OWF and tourism activities) were identified based on the availa-
ble literature and past deliverables of the UNITED project. The identified impacts included various 
economic, social, and environmental factors such as reduction in Green House Gas (GHG) emissions, 
energy production, habitat improvement, etc. (see Annex I for the full list of identified impacts).  

The second step consisted in classifying the impacts from most to least relevant through a stake-
holder workshop. However, organization of a stakeholder workshop was challenging. Consequently, 
only the pilot leads were presented with the identified impacts and identified the most relevant im-
pacts of the different activities.  

Subsequently, the most relevant impacts of the different activities are presented (Table 3.2). This ta-
ble allows to better understand the potential impacts of the different scenarios being studied.  

Table 3.2 Danish pilot impacts 

Impact 

Number  

Impact type Impact Description 

1 Economic Substitution of non-
renewable energy, 
energy provision, in-
dependence, and se-
curity:  

OWF provides a reliable alternative to non-renewable en-
ergy sources, helping to reduce dependence on them and 
supporting a transition to a more sustainable energy sys-
tem.  

OWF can have a significant (positive) impact on energy pro-
vision and security by providing a reliable, consistent, and 
clean source of energy, reducing reliance on traditional en-
ergy provision technologies and stabilizing prices. OWF can 
play an important role in the energy mix providing a relia-
ble and affordable source of energy. 

 

2 Environmental Reduction in GHG  OWF can help in reducing GHG emissions by providing a 
source of clean and renewable energy.  

While GHG are primarily produced by traditional energy 
production technologies, OWF relies mainly on wind to 
provide energy. This helps in reducing carbon footprint of 
energy production and supports the country to combat cli-
mate change.  

3 Economy Benefits for local 
economy 

The pilot activities can have a positive impact on the local 
economy. Firstly, the OWF can benefit the local economy 
by enhancing the wellbeing of local population. By reduc-
ing GHG, the pilot offers better environment and air quality 
for local population.  

Secondly, due to its close proximity to the shore, the pilot 
has facilitated the growth of tourism activities, providing a 
chance for local tourist companies to develop their opera-
tions. Moreover, the development of activities of the 
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tourism companies led to an improvement in the employ-
ment rate within the tourism sector, including boat opera-
tors.  

 

4 Societal  Visual impact The visual impact of the OWF refers to how the presence 
of the wind turbines affect the overall visual appearance of 
the surrounding area. Visual impact may be perceived as 
negative or positive for local citizens and for tourists.  

5 Environmental Habitat and fish stock 
improvement 

The OWF foundations can improve habitats by creating ar-
tificial habitats around the foundations of wind turbines. 
Thus, supporting biodiversity and contributing to the over-
all health and resilience of marine ecosystems.  

Moreover, specific types of fishing (e.g. trawling) were pro-
hibited. Thus, reducing pressure on fish stock.  

6 Socio-economic Noise propagation Due to the close location of the OWF to the shore, the tur-
bines may generate noise that could disturb wildlife and 
visitors to the area, potentially reducing the value of tourist 
experiences in the area.  

 

Due to the challenges encountered in organizing a stakeholder workshop, it was not possible to de-
termine the geographical scale of the impacts.  

3.2.5. Impact assessment 

The following section addresses the impact assessment of the DK pilot, aiming to evaluate the eco-
nomic impacts and added value from the multi-use activities.  

As already mentioned, the DK pilot combines OWF and tourism activities. Therefore, the following sub-
sections will:  

• Present a financial analysis of the two activities of the DK pilot outlining the costs and revenues 

of the different activities; and  

• Carry out an impact analysis based on the identified impacts (see above section).  

The information presented in this section is gathered through desk research, including literature re-
views, and interviews conducted with the pilot leads. All the information has been carefully consoli-
dated by the pilot leads to ensure its accuracy and reliability. 

• Financial analysis 

The DK pilot comprises two activities: OWF and tourism activities. Both activities have been in place 
since early 2000. The subsequent financial analysis section provides costs and revenues for both activ-
ities. However, due to confidentiality constraints, most of the data were acquired from the literature, 
notably concerning OWF cost. Other information was obtained from pilot lead (tourism activity). Still, 
the level of information obtained does not allow carrying out a proper financial analysis making it dif-
ficult to draw conclusions on the costs and benefits of the pilot and on quantifying the different im-
pacts. Consequently, this leads to an incomplete assessment of the impacts.  

The costs of the OWF can vary depending on various factors such as the size of the OWF, its location, 
water depth, distance from shore, the type of turbines used, and the cost of transmission infrastruc-
ture. Concerning the Middelgrunden OWF, the farm is located 3.5 km outside of Copenhagen and 
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consists of 20 wind turbines, each with a capacity of 2 MW, for a total installed capacity of 40 MW. The 
turbines have a height of 60 meters and a rotor diameter of 76 meter. The foundations for the turbines 
are monopiles. The OWF is in water depth of around 4 to 8 meters. The electricity generated is trans-
ported through submarine cables71. 

Moreover, the total investment cost for the OWF was estimated at 48.5 million EUR (2000)72, approx-
imately 1.21 million EUR/MW (covered by a combination of private funding and government subsi-
dies). The costs of the OWF included the investment cost, the wind turbines, the installation of foun-
dations, grid connection from land to farm and offshore grid connection (see Figure 3.3). The operation 
and maintenance cost varies between 0.015 EUR/kWh and 0.2 EUR/kWh.  

Table 3.3 shows investment costs for other OWF. The costs were provided in different years. Therefore, 
the original values of all costs were adjusted to 2022 EUR, taking into account an average annual EUR 
inflation rate of 2.1% (between 2000 and 2022)73. Thereafter, the investment cost for Middelgrunden 
OWF falls within the same order of magnitude of other OWF. However, it is important to recognize 
that the cost of OWF is influenced by various factors, such as distance from shore and grid connection. 
Thus, not the same factors might be used to estimate cost of OWF. Any comparison of Middelgrun-
den’s OWF cost to that of other OWF should be made with caution. As a matter of fact, concerning the 
DK OWF, the Samsø OWF cost includes grid connection whereas for the other DK OWF (Horns Rev and 
Nysted) do not include grid connection in their estimation.  

Moreover, other factors, such as currency exchange rate, should be considered before carrying out a 
comparison. For example, the GBP/EUR has been fluctuating during the last 20 years which adds a 
small uncertainty on the estimated cost for OWF in the UK.  

 

 

71 https://base.socioeco.org/docs/a118_doc1.pdf  
72 Larsen J.H.M., Soerensen H., Christiansen E., Naef S., Volund P. (2005): Experiences from Middelgrunden 40 
MW Offshore Wind Farm. Copenhagen Offshore Wind. 
http://www.spok.dk/consult/reports/Copenhagen%20Offshore%20Middelgrunden.pdf  
73 The inflation data used for this adjustment were obtained from the Harmonized Index of Consumer Prices, 
sourced from the European Central Bank.  

https://base.socioeco.org/docs/a118_doc1.pdf
http://www.spok.dk/consult/reports/Copenhagen%20Offshore%20Middelgrunden.pdf
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Figure 3.3 Investment cost for the Middelgrunden OWF (10 out of 20 turbines). Source:   

 

 

Table 3.3 OWF costs (source: https://www.wind-energy-the-facts.org/index-44.html)74 

OWF In opera-
tion 
(year) 

Avg. 
Water 
depth 
(in m) 

Avg. Dis-
tance to 
shore (in 
km) 

Number 
 
of tur-
bines 

Turbine 
size (in 
MW) 

Capacity 
MW 

Investment 
costs  
(million 
EUR) - 2010  

Investment 
cost (in 
Million 
EUR/MW) 

Middelgrunden(DK) 2001 3.75 2.5 20 2 40 73 1.82 

Horns Rev I(DK) 2002 10 17 80 2 160 412 2.58 

Samsø(DK) 2003 14.5 3.5 10 2.3 23 45 1.94 

North Hoyle(UK) 2003 8.5 7.5 30 2 60 180 2.99 

Nysted(DK) 2004 7.5 6 72 2.3 165 361 2.18 

Scroby Sands(UK) 2004 6 3 30 2 60 176 2.93 

Kentich Flats(UK) 2005 5 8.5 30 3 90 226 2.52 

 

 

74The original values of all costs were adjusted to 2022 EUR, taking into account an average annual inflation rate 
of 2.1% in the Eurozone.  

https://www.wind-energy-the-facts.org/index-44.html
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Burbo Bank (UK) 2007 10 5.2 24 3.6 90 247 2.75 

Lillgrunden(S) 2007 5.75 10 48 2.3 110 269 2.45 

Robin Rigg(UK) 2008 5 9.5 60 3 180 658 3.66 

Belwind (BE) 2010 25 49 55 3 171 898 5.25 

The revenues of the OWF are related to selling electricity produced. The estimated production of the 
OWF is 100 GWh/year75. Electricity is sold on the Nord Pool Electricity Market. Assuming an average 
electricity price of 13 EUR/MWh (2022)76, the average revenue of the OWF could be estimated at 1.3 
million EUR/year (2022). Although, this is a rough estimate based on average electricity and on the 
expected production of the OWF. The revenues might vary from one year to another depending on 
electricity production and market prices. For instance, renewable energy electricity prices are pro-
jected to rise in the upcoming year, reaching 54 EUR/MWh for the Middelgrunden OWF (see section 
1.3.2). Consequently, considering a stable OWF production, the OWF revenues could be estimated at 
5.4 million EUR/year.  

Considering the tourism activity, the activity comprises costs and revenues for boats, guides, and VAT. 
Information concerning the different cost categories was challenging to acquire. Concerning the reve-
nues, the information is presented in Table 3.2.  

From the information collected and presented in this section, carrying out an in-depth economic anal-
ysis might be challenging. Consequently, the economic analysis will focus on qualitative information 
collected. When possible, quantitative information will be provided.  

• Impact analysis 

The following sub-section aims to present an impact assessment for the identified impacts of the pi-
lot. Only a subset of the identified impacts will be addressed.  

As a matter of fact, the literature suggests that the identified social impacts of the OWF, namely the 
visual impact and noise propagation (impacts 4 and 6), are negligible. This is because the cooperative 
involved the local community in all aspects of OWF development, which helped to increase social ac-
ceptance of the OWF's presence. Additionally, measures such as painting the OWF foundations in a 
neutral grey color were implemented to minimize the visual impact. Furthermore, noise levels were 
calculated and found to have no impact on the local population77. Therefore, these two impacts will 
not be addressed in the continuity of the study. 

The other identified impacts will be analysed.  

The work was conducted through combining information from literature review and interviewing pi-
lot leads. This approach allowed exploration of available information (from different sources), ensur-
ing a comprehensive analysis of the different impacts.  

As previously mentioned, the impact assessment primarily relied on qualitative information, with 
quantitative data whenever possible.  

 

 

75 https://base.socioeco.org/docs/a118_doc1.pdf  
76 Information communicated by the pilot lead. 
77 https://base.socioeco.org/docs/a118_doc1.pdf  

https://base.socioeco.org/docs/a118_doc1.pdf
https://base.socioeco.org/docs/a118_doc1.pdf
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The following table 3.4 presents the results for each impact. The results are provided for the two sce-
narios considered. The final column of the table shows the size of the multi-use impact, provided in 
qualitative manner:  

• Low impact: In this category, the impact is not substantial. There are no anticipated signifi-

cant alterations in the functioning of activities because of the increase in tourism activity.  

• Medium impact: In this category, the impact is moderate. Some changes in the functioning of 

activities can be expected due to the increase in tourism activity.  

• High impact: In this category, the impact is high. Major changes in the operation of different 

activities can be expected due to the increase in tourism activity.  

Furthermore, impacts are categorized as positive if they have a beneficial effect on the environment, 
and negative if they have an adverse impact on the environment.  
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Table 3.4 Impact analysis results DK pilot 

Impact Impact name Baseline scenario Option Scenario Multi-use impact size 

Number  Multi-use OWF and tourism activity  Multi-use with increased tourism activity (low/medium/high; posi-
tive/negative) 

1 Substitution of non-
renewable energy, 
energy provision, in-
dependence, and se-
curity.  

With an installed capacity of 40 MW, the OWF has the ca-
pacity to produce 100 GWh of electricity per year providing 
an important source of electricity for 33 000 Danish house-
holds.  

Unlike traditional energy production technologies, the OWF 
is more sustainable, producing energy from renewable 
source, reducing reliance on traditional energy provision 
technologies and stabilizing prices. 

The use of OWF allows for efficient and consistent energy 
production, making the OWF a dependable source of 
power.  

The increase in tourism activity is not anticipated to impact 
the operation of the OWF.  

Low, positive.  

2 Reduction in GHG As already mentioned, the OWF produces electricity by re-
lying on wind energy (a clean and renewable source of en-
ergy). Thus, reduction in GHG emissions and other pollution 
sources are foreseen. It is expected that the OWF contrib-
ute to avoiding 187.5 tonnes of sulphur dioxide, 175 tonnes 
of nitrogen oxides, 101 250 tonnes of carbon dioxide, and 6 
500 tonnes of dust and clinker per year.  

It is important to acknowledge that the aforementioned 
data was obtained from an EIA conducted in 1998, based on 
a projected overall production of 100 GWh.  

No recent information on this topic is readily available.  

Nevertheless, according to the pilot leads, if new calcula-
tions were carried out, it is reasonable to expect that fur-
ther reductions in greenhouse gas emissions could be antic-
ipated. 

The OWF provides a sustainable energy source. The in-
crease in tourism activity is not expected to influence re-
newable energy production. Therefore, despite the ex-
pected increase in tourism activities, reduction in GHG 
emissions is estimated to be at the same level as for the 
baseline scenario.  

 

No additional emissions from an increase in tourism activity 
are expected. As a matter of fact, the pilot’s proximity to 
Copenhagen harbor makes the additional emissions from 
small tourism boats insignificant and negligeable compared 
to the shipping boats and activity of the Copenhagen har-
bor.  

Moreover, the boat operators have been certified as green. 
This means that the pollution coming from these boats is 
negligeable 

Low, positive.  
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3 Benefits for local 
economy 

The pilot activities are having a positive impact on the local 
economy. Firstly, one of the most important benefits is that 
the OWF is generating clean and sustainable energy at 
lower prices for 33 000 households. Also, the OWF helps to 
reduce GHG emissions and other pollutants leading to im-
proved human health and wellbeing.  

In terms of tourism, the OWF serve as a tourist attraction 
for visitors who are interested in learning about OWF and 
other renewable energy. The OWF was voted as one of the 
most popular sites to visit in Copenhagen, hence increasing 
tourism activity and boosting local businesses (e.g. hotels, 
tourism offices, boat owners, etc.). According to the col-
lected data, 40 annual trips are organized each year and the 
boats are operated by 2 individuals.  

The OWF energy production activity will remain constant, 
while the number of tours for tourism activities is expected 
to rise to 75 annual trips from the current 40. The increase 
in the number of trips can have positive impacts on the 
tourism sector in Copenhagen, contributing to the increase 
in jobs, increase in turnover for boats and tourist offices, 
increase in the number of stays in hotels, etc.  

Estimating the direct and indirect impacts is challenging 
since tourists are already present in Copenhagen, but the 
heightened exposure is prompting them to visit the OWF.  

 

The pilot has gained significant attention in recent years 
due to various communication efforts by the UNITED pro-
ject, journal articles, and television coverage.  

This exposure has encouraged more tourists to visit the pi-
lot site.  

Medium, positive.  

5 Habitat and fish stock 
improvement 

During the construction phase, fishing and vessel traffic 
were prohibited in the OWF area. But after the OWF was 
installed, fishing activity and vessel traffic resumed, except 
for trawling, which was still banned. The OWF had a positive 
impact on biodiversity as the foundations created a new 
habitat for various fish species, resulting in improved fish 
stock health and eventually, better catch for fishing activity. 

The increase in tourism activity will not have any significant 
impact on the habitat and fish stock.   

Low, positive.  
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3.2.6. Discussion 

The DK pilot case study showed the different (positive and negative) impacts that might have resulted 
from an increased tourism activity. Even though most of the identified impacts were considered as 
positive impacts, one impact stands out as the most significant impact: benefits for local economy.  

In fact, the pilot activities gained a lot of visibility in the past couple of years due to the communication 
being done in the context of the UNITED project, but also due to other communications such as local 
newspapers, etc. The increase in the communication concerning the pilot activities has motivated tour-
ists to visit the pilot site creating additional activity for local economy: hotels, boat owners, etc., and 
for the pilot itself (more exposure through word-of-mouth marketing). However, it has been difficult 
to obtain additional information/data to quantify the economic impact. In fact, as already mentioned, 
Copenhagen is a tourist destination, and a large number of tourists visit it every year. Tourist travel is 
not necessarily related to visiting the pilot. However, thanks to the good communication and market-
ing strategy of the pilot, visitors are being encouraged to visit the pilot and to put the DK pilot on their 
tourism plans.  

Moreover, the DK case study revealed that the economic analysis to be carried out could not be final-
ized due to confidentiality constraints. The economic analysis was conducted qualitatively, and, there-
fore, no monetary values were assigned to the different impacts. Therefore, the lack of financial infor-
mation led to not assessing the financial benefits for both scenarios. 

 

3.3. Greek Pilot 

3.3.1. Introduction 

The Greek (EL) pilot in UNITED considers the combination of existing successful independent marine 
activities. Specifically in this pilot, we evaluate the impacts of the combination of existing uses (aqua-
culture) with touristic activities (scuba diving). The main aim of the assessment is to investigate the 
added value for existing marine uses to profit from the combination of activities in a multiuse setting 
and if and how touristic opportunities could be promoted and upscaled.  

Multiuse is defined in here as the cooperation between existing activities sharing services provided 
that may lead to increase in profits, cost savings or other non-financial positive impacts for at least, 
one of the marine users involved (e.g. Increased acceptability of near shore wind farms operators). 
We seek to answer the following questions with the analysis: 

• Can touristic activities (scuba diving) make use of existing marine infrastructure (e.g. fish 

cages)? 

• What are the options? their costs and benefits? Identification of significant economic im-

pacts.  

• What is the business angle/case?  

• What recommendations for future business models? 

Significant impacts from multiuse in the Greek pilot have been assessed through desk-based research 
in consultation with the pilot lead and the aquaculture and scuba diving businesses involved. 

3.3.2. Pilot characterisation  

• Definition of the area 

The Greek Pilot, denoted as the PATROKLOS Pilot site, is situated in the 59th km of the Athens-
Sounio road, Palaia Fokaia, Attiki, Greece, in the wider area of Cape Sounio. The wider area is 
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protected by NATURA 2000 and the Treaty of Barcelona due to a number of significant characteristics 
that this Pilot site has to offer. The area is a characteristic example of Mediterranean landscape. It 
includes an area declared a National Park since 1971 and is regarded as an archaeological site of 
great importance, furthermore 68% of the area is accessible and declared public.  

The multi-use activity consists of touristic scuba diving trips around an aquaculture farm, which are 
of potential interest due to the relatively high amount of fauna attracted to the aquaculture site, as 
well as the interest of the aquaculture farm itself. The scuba diving is lead by Planet Blue, a 2-person 
local scuba diving company; the aquaculture farm is run by Kastelorizo Aquaculture, a 100+ person 
aquaculture and restaurant company. 

The project partner KASTELORIZO AQUACULTURE78 operates an aquaculture farm on floating facili-
ties in the marine area near the Natura 2000 islet Patroklos, which is located 850 meters from the 
shore of the mainland. In addition, they operate an aquaculture farm on Crete. They produce fish 
and shellfish and sell them in Greece and abroad, including in its seven own restaurants. Their fish 
and shellfish farming unit is already established and in operation (i.e. TRL = 9).  

The project partner Planet Blue79 is a local diving center based in Lavrio, Greece, 60km south of Ath-
ens and not far from Patroklos. They offer diving tours for groups and individuals.  Planet Blue also 
has a business providing Remote Operating Vehicles (ROVs) to aquacultures, including mapping the 
underwater landscape of aquaculture sites or conducting inspections or repairs of aquaculture infra-
structure placed in great depths. In addition, Planet Blue offers diving expeditions for cleaning up 
waste in the aquaculture area. Both the diving activities and the ROV services are already established 
and in operation (i.e. TRL 9).  

Finally, WINGS ITC Solutions is the lead of the Greek pilot and a supporting partner in the multi-use 
project. Their technology and Aquaculture monitoring and management system will help synchronize 
aquaculture operation and tourism activities at the site. 

• Legal characterisation  

This report (See UNITED, D6.1) lays out the current legislative framework at the Greek pilot:  

• The aquaculture site has an exploitation permit for 10 years obtained through a process 

which included an environmental impact assessment procedure. This permit defines the bor-

ders of the aquaculture site. It is however unclear whether legislation allows or prohibits ad-

ditional use of the same site. Though it appears to be an existing practice to notify the aqua-

culture company of the dive path to be used by the divers, it is unsure whether this is legally 

required and whether this would entail the exclusion of other users not adhering to this noti-

fication. Furthermore, it is unclear on what grounds the aquaculture producer may in such a 

case refuse access. 

• The commercial exploitation of the aquaculture site and the production of sea bass and sea 

bream bring along a slew of regulations on health and safety rules, environmental guidelines, 

 

 

78 The company has the full-time equivalent of 98 employees and an annual turnover of 5.4 million Euros 
(2020). 
79 Planet Blue has the full time equivalent of two employees and an annual gross turnover of 110 thousand 
Euro. 
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sampling, physio-chemical treatment (e.g. HACCP certification). It is unclear whether the div-

ing activities may influence the application of these regulations. 

• The diving company also possess all the necessary certificates by Bureau Veritas and have a 

strong security track-record, with its own camera-based monitoring. It also has all the neces-

sary insurances. This gives great reassurance to the aqua-culture site that there is a very mini-

mal risk of damage. There appear to be no issues with insurance as insurances already in 

place appear to cover the MU. 

On a higher legislative level, currently, there are no legally binding national marine spatial plans for 
Greece. There is therefore no overarching framework enabling or promoting MU of the seas. Legal 
conditions for the establishment of multiuse were investigated in (UNITED, D1.3), key factors to con-
sider: 

• Uncoherent national regulatory framework. Multi-use is currently not included in Greek 

maritime spatial planning, reportedly due to favoring of “exclusive” maritime activities such 

as aquaculture (Kyvelou and Ierapetritis 2021). However, existing sites combining aquaculture 

and diving activities offer potential multi-use examples. 

• EU support for researching multi-use (as evidenced by UNITED); potential for continued re-

search support. 

• EU European Maritime, Fisheries and Aquaculture Fund provides financial support to the EU 

aquaculture sector; each EU country has the decision-making power as to how it spends that 

money. Potential for support. 

Some legal barriers for multiuse were also highlighted in UNITED, D1.3: 

• Difficult to obtain permits. Currently uncertain legal structures for multiuse (and use of ma-

rine space in Greece, in general). 

• Lack of an integrative Marine Spatial Planning framework. Instead of an all-sector MSP ap-

proach, Greece has terrestrial spatial plans (at the regional level). Most of the national spatial 

planning is occurring at the sectoral level, e.g. a sectoral plan for aquaculture was made in 

2011. (European MSP Platform 2021) “For example, the sectorial Special Spatial Planning 

Framework for Aquaculture (2011) combined with other provisions (such as the Law 

2742,1999 issued in compliance to the ESDP) promotes zoning of the sea allocated to aqua-

culture (allocated zones to aquaculture, AZA, in Greek POAY) with the aim to avoid any inter-

ference with potential conflicting activities, thus receiving a lot of criticism by various stake-

holders, including SSF, the tourism industry, and the local authorities especially in highly tour-

istic areas and areas with sensible marine and coastal ecosystems”. (Kyvelou and Ierapetritis 

2021) 

• Multi-use not mentioned in current MSP documents in Greece. (Kyvelou and Ierapetritis 

2021) 

• Regulatory challenges to get aquaculture licenses  

• Relaxed regulatory framework for scuba diving operations increases the potential for the sec-

tor to engage in multiuse activities. 

• Environmental characterisation 

Some environmental impacts have been documented (UNITED, D1.3).  
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• Aquaculture impacts could affect local water quality and diving, therefore mutual interest in 

managing environmental impacts. 

• There is a documented increased in ecosystem services. Aquaculture can attract fauna (which 

is often scarce in other sites due to overfishing in the Mediterranean), supporting diving in-

creased recreational value and increasing biodiversity in the area. 

• Climate change brings about increasingly frequent extreme weather events (warming, 

storms, etc.) – potentially poses a risk for both aquaculture and tourism activities. 

UNITED, D4.3 and UNITED, D8.3 provide a list of documented impacts in the Greek pilots due to op-
erations of the single activities.  

Aquaculture negatively impacts reptiles in the area, since this is the only activity taking place in an 
ecosystem where this component is present (sea turtles in Greece). Finfish culture has the highest 
negative impact on reptiles for both its operational phase and its installation/removal phase, and its 
operational phase is the most impactful of the two. In addition, the release of synthetic substances 
(e.g., anti-parasitic substances) is a major cause of impact from finfish aquaculture. 

Regarding the pilot current activities, there are a series of environmental parameters that are of im-
portance to scuba diving tourists and other visitors and which may come into conflict with aquacul-
ture. These include access, safety, water quality, no litter and scenery. Water quality, which is one of 
the most important aspects, refers to visual aspects such as the color of water, absence of algae, ab-
sence of litter etc. Eutrophication is a main concern in this context as it can cause algal blooms which 
not cause visual pollution but can also be toxic. Swimming is most directly dependent on good water 
quality, as are diving and snorkelling; the latter additionally benefit from the presence of biodiversity. 
Water quality and biodiversity are therefore interdependent factors that actively support some 
forms of maritime tourism.  

More specifically, in the Greek pilot, a monitoring system exists through which all the important envi-
ronmental parameters are being monitored. These parameters are Temperature, pH, Salinity, Cur-
rent, Dissolved oxygen, Turbidity, Chlorophyll, Nitrate, Ammonium and Meteorological data. This 
monitoring takes place continuously in real time, leading to a controlled combination of activities as 
all the parameters affecting pollution and water quality do not exceed the relevant standards levels 
and that is also a reason that these multiuse activities offer benefits such as clear water for divers 
and good quality fish for customers. Except for that, once per year the Ministry of Environment 
makes environmental inspections in the area and takes measurements concerning the water quality 
and contaminants for the parameters to be in the desired level. 

• Socio-economic characterization 

Aquaculture in Greece 

Greek marine aquaculture started in the early 1980s, around 400 t of seabass and seabream were 
produced in 1984. Total seafood harvested from aquaculture amounted to 125.772 tonnes in 2017, 
with an estimated first-sale value of 534.95 million euros (+0.15% in volume and -1.27% in value over 
the previous year). Greece ranked 2nd in volume and in value among the EU-28 in fish farming (fol-
lowing the UK) (Federation of Greek Maricultures, 2019).  

The Greek aquaculture sector is export orientated, and it is one of the important pillars of the na-
tional economy in agriculture. 78 % of the production is sold overseas while the remaining 22 % is 
sold in the domestic market. Seabass and seabream production accounted for 117,000t in 2018 of 
which 87,155t were exported. Per capita seafood consumption is 19 kg/person in 2019. In 2016 
Greek seabream and seabass were exported to 32 countries globally (ELSTAT – Greek statistics). The 
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EU is the largest market for Greek products (around 90 % of fish products) and a small percentage is 
exported to North America and other countries. Almost 62 % of seafood harvested in Greece comes 
from aquaculture with the remaining 38 % from wild catches.  

As with the rest of the Mediterranean basin, there has been a slower growth in the Greek aquacul-
ture sector (figure 3.5).  The European Commission strategy for Europe's aquaculture sector (COM 
(2002)0511) was published with an aim to boost the sector. Seven years later and with continuing 
stagnation, the European Commission revised its strategy (COM (2009)0162), primarily by introduc-
ing technical and economic measures. The strategy requires Member States to design annual strate-
gic plans to promote sustainable aquaculture (Article 34 of the Common Fisheries Policy), which also 
serves as the basis for the release of European Funding (EMFF); and the alignment of development 
plans with maritime spatial planning. But most importantly, social measures were proposed with the 
aim to improve the image of the sector and its products (Pérez et al., 2023). Guillen et al. (2019) ar-
gue that reasons for the continuous stagnation are economic, regulatory, and bureaucratic. But so-
cial acceptability was also found to be a significant barrier. 

Figure 3.5: Aquaculture production trends in the European Union (Source: EUMOFA) 

 

The H2020 MedAID has recently investigated the causes for public opposition to aquaculture devel-
opment in the Mediterranean sea basin. The project ran surveys in Greece and found out that for 
those respondents that are against coastal aquaculture the main reasons are: environmental damage 
(70.4%), beach access exclusion (60.9%) and garbage (40.9%). Other reasons are the bright lights, the 
noise, the smell, the blocking of water sports, the traffic of heavy vehicles and the fact that they do 
not contribute to the local community (Pérez at al., 2021).  

Scuba diving in Greece 

With its 13,676-kilometer coastline and an archipelago of around 6,000 islands (227 inhabited), 
Greece has a great offer for scuba divers. These include rich underwater fauna and flora, deepwater 
caves, ancient wrecks or coral reefs. 

Before 2005, scuba diving in Greece faced severe restrictions for the protection of its sunk at sea an-
cient history. Following a European Union review, which felt the restrictions were hindering tourism, 
the Greek government gradually has modified the rules and lifted many of the restrictions, facilitat-
ing dive tourism across the country. 
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Before coronavirus, global trends in revenues and number of marine divers were falling globally. The 
sector has been hit very hard by pandemic related traveling restrictions. Unclear statistics for Greece 
now.  

Scuba diving business revenues come from different activities. The share is as follows: Training: 20% 
to 24%, Equipment sales: 45% to 52%, Day trips: 12% to 14%, Other: 16% to 17%. 

As for the type of costumers, a recent survey (Mylonopoulos and Moira, 2019) found that recrea-
tional divers in Greece are mostly men (81.6%), well-educated (63%), 31-50 years old (68.3%) with a 
personal monthly income between 1,201-1,500 euros (32.7%).95% of them have a diving certificate 
and 81.7% are doing diving throughout the year. 53.1% are diving in Greece, in various destinations, 
especially in the Greek islands, while 44.9% are diving in destinations abroad, with Cyprus and the 
Red Sea being the dominant destinations. 

Same study found that the reasons for selecting an area for recreational diving are the “rich under-
water environment” and the “existence of underwater antiquities” (96.9%), the “existence of 
wrecks” (94.9%), the clarity of sea water and good weather conditions (86.7%), the infrastructure 
quality (71.4%), etc. 

• Identification of key actors 

Local pilot related internal stakeholders includes WINGS ITC Solutions, KASTELORIZO AQUACULTURE 
and Planet Blue. In addition, relevant interested actors on the pilot can be identified at different geo-
graphical scopes depending on their varying interests in multiuse in Greece: 

1. At the local level (UNITED, D.5.2) 

• Local authorities (permits) 

• Diving clubs in the area and in other localities  

• Fish farm operators and restaurants serving farmed fish.   

• Local social NGOs and representatives of the local public, specifically dealing with the en-

vironmental and social concerns by the public.  

• Tourism agencies and other entities involved in the tourism activities like the local info 

centre, hotels. 

2. At national level, those interested about multiuse in Greece would be similar to those actors 
interested in influencing the maritime spatial planning consultation process, these are: regulators 
and policymakers, research organisations, insurance companies, funding bodies/agencies, na-
tional NGOs, Business associations, Touristic boards, business support – consultancies.  

3.3.3. Baseline and Scenarios 

Unlike other pilots in UNITED, the Greek pilot considers two successful activities that benefit each 
other from sharing some aspects of their businesses. For the evaluation of their economic impacts, a 
baseline case (or counterfactual) has been identified to compare the multi-use case. We believe that 
the most realistic baseline is a single use of the site by aquaculture. We use this baseline for the fol-
lowing reasons:  

• A baseline of no use of the space is a possible relevant comparison in some contexts. However, 

in the Greek case, the multi-use pilot is being developed in a context where there already exists 

a use – the aquaculture site.  

• Aquaculture could (and did) exist without multi-use (i.e. as an aquaculture farm); the reverse 

is not true as the site is only of interest to scuba diving due to the aquaculture site.  
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• The relative size and costs involved with the two activities: The costs and revenue involved with 

the aquaculture site greatly outweigh the costs and revenues of the scuba diving activity and 

the expected additional benefits of multi-use.  

3.3.4. Scoping for possible impacts  

The following multiuse impacts have been identified in the Greek pilot: 

Impact 

Number  

Impact type Impact Description 

1 Environmental Regulation and maintenance 

ecosystem services 

Reducing negative impacts from aquaculture to in-
digenous fish species   

2 Environmental Regulation and maintenance 

ecosystem services 

Attraction of other species - ecological  niches 

3 Environmental Cultural ecosystem services Recreation - Improved diving experience in fauna 
rich area  

4 Environmental Cultural ecosystem services Increased education - Increased awareness (tour-

ists) of the environmental protection of the area   

5 Environmental Cultural ecosystem services Involve diver tourists in marine citizen science 
(MCS) supporting aquaculture and biodiversity 
monitoring and marine conservation. 

6 Economic Increased acceptability by 
local residents 

Increased local acceptance of the aquaculture 
farm near Patroklos by residents, as well as in-
creased wider societal acceptance of aquaculture 

 

Other impacts that are not considered significant multiuse impacts are: food provisioning and food 
security from aquaculture. These are likely significant impacts for the aquaculture sector, but not de-
pendant on the combination of activities with scuba diving. Same could be said about wider eco-
nomic impacts such as rural services provision or employment stemming from aquaculture and scuba 
diving tourism. The scale of these impacts is not expected to be significant under a multiuse or a sin-
gle use activity setting.   

3.3.5. Impact assessment 

• Financial analysis 

In the financial analysis we focus only on costs and revenues that differ between the baseline case 
(single-use: aquaculture) and the multi-use case (i.e. aquaculture + scuba diving). Detailed results are 
documented in UNITED, D1.3.  

On Planet Blue side, there are no-cost savings. There are very minimal additional costs associated 
with establishing diving routes at the new site. There is indication that the additional dive site would 
be expected to increase revenue. Planet Blue estimate that the new site could increase revenue by 
10-15%. Given normal year revenue of approximately €110k, this would be an increase in revenue by 
11-16,500€ per year.   
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On the Kastelorizo side, no significant direct impacts on costs or revenues were identified. Planet 
Blue did carry out some monitoring activity at the site but this was unrelated to the touristic diving 
activity, so is not considered related to multi-use.  

Further cost savings due to improved Fish-Farm Performance and Assessment can be expected for 
Kastelorizo. This financial impact refers to improved aquaculture operations through upgrading fish-
farm monitoring systems and are not necessarily associated with the multiuse setup under investiga-
tion. These services that are provided by an ICT solutions company called WINGS would help the fish-
farm to comply with existing environmental standards and reduce their environmental negative im-
pact. A series of actions that help to improve aquaculture operations: 

• Optimal feeding time depending on fish behavior 

• Reduced fish stress because of the use of camera. Calculation of average weight instead of 

manual sampling that can cause physical damage.  

• Early detection of disease / quick prevention of outbreak 

In terms of upscaling operations, Planet Blue revenue would be boosted by offering new diving trips 
to the aquaculture site. It is unclear whether Kastelorizo will boost its revenue, though it could po-
tentially develop packages with Blue Planet targeting tourists (e.g. combing diving and restaurant 
meals). 

• Impact analysis 

Ecosystem services can be defined as those services that are provided by nature and that directly 
benefit humans (Gómez et al. (2016)). Impacts 1 and 2 in the table above depict positive environ-
mental impacts that can be labelled as intermediate ecosystem services according to existing ecosys-
tem services frameworks (Gómez et al. (2016)).  These intermediary services ultimately contribute to 
the provision of other final marine ecosystem services (impacts 3, 4, 5 and 6) that directly benefit 
people and for which clear beneficiaries (scuba divers, tourists, local population…) can be clearly 
identified. Impact 1 relates to reducing the negative environmental impacts from aquaculture, specif-
ically reducing negative impacts to indigenous fish species. Maintaining local biodiversity is a sign of a 
heathy marine environment. The presence of caged fish in addition to certain minimum levels of wa-
ter quality attracts other fish species. Such as dolphins, which is an emblematic fish species and 
therefore, of high economic cultural value80. These are impacts related with maintaining and increas-
ing local marine biodiversity leading to the provision of other ecosystem services and other economic 
impacts to humans that are highlighted in the table below (table 3.6). 

Table 3.6 Analysis of impacts in the Greek pilot 

Impact 

Number  

Baseline sce-
nario 

Multi-use Scenario Multi-use impact size 

 Aqua- 

cul-
ture 

Scuba 
div-
ing 

Multi-use commentary (low/medium/high; 
positive/negative) 

 

 

80 A 2008 calculation of tourist visitation and expenditures for cetacean watching suggests that the industry at-
tracts 13 million tourists in 119 countries, contributes USD 2.1 billion of total tourist expenditure to the global 
economy and supports 19,000 jobs worldwide (Cisneros-Montemayor et al., 2010, O'Connor et al., 2009). 
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3  x Increased scuba diving experience in a fauna rich area HIGH POSITIVE 

4 x x Increased education for divers LOW POSITIVE 

5 x x marine citizen science (MCS) LOW POSITIVE 

6 x  Increased local acceptance HIGH POSITIVE 

 

Regarding impact 5, there is also the potential of engaging recreational scuba divers in marine citizen 
science. Hermoso et al., (2020) highlights the possibility to design marine citizen science (MCS) pro-
jects involving recreational scuba divers that support biodiversity monitoring and marine conserva-
tion. In the Greek case study and under the current multiuse setting this could be a potential add-on 
to impact number 4, which refers to the increased awareness (tourists) of the environmental protec-
tion of the area.  Impact 5 would nevertheless not replace the role of an authorised aquaculture 
diver. Aquaculture diving involves a wide range of tasks performed in and around sea farms. Tasks 
would normally involve diving to depths of approximately 18 metres generally tend the fish and look 
after the nets. An aquaculture diver is responsible for the security and maintenance of fish stock. This 
involves monitoring the stock for disease, death or unusual behaviour and ensuring there are no 
losses of stock due to damaged nets. Maintaining the mooring systems in a good state of repair is 
also essential for preventing the loss of stock. Recreational aquaculture divers could perform some of 
these activities resulting in a greater enjoyment of their scuba diving experienced.  

In terms of perceived negative issues surrounding aquaculture developments by local residents, a se-
ries of factors have been considered in the literature. These include perceived environmental dam-
age (increased garbage, smell, noise…), beach access exclusion to other users, doubtful contributions 
to the local community, etc… (see Pérez at al., 2021 for further information).  

In this context, a study in Greece conducted by Katranidis et al (2003) found out that aquaculture 
farms in the rural Island of Ithaki, where aquaculture is a form of development suited to this remote, 
small, predominantly rural island, find better social acceptance the further away they are located 
from the processing and packaging units of the fishfarms. Using surveys, the study concluded that 
pollution of the marine environment by the farms is a major concern for residents of the villages in 
the vicinity of the aquaculture infrastructure or the main cities in the islands. Their results show that 
local residents express a more negative attitude towards aquaculture and its further development 
than national or international tourists (Katranidis et al (2003)). 

The H2020 MedAID project (www.medaid-h2020.eu) investigated the reasons behind the stagnation 
of European aquaculture81. Among the key issues investigated by the project these included issues 
with governance and social acceptability. The project results argue that social acceptability is not 
only a matter of perception and communication, which is often dealt with the private companies. But 
in addition, governance aspects failing to include local stakeholders in the decision-making process, 

 

 

81 The project ran three case studies to provide a comprehensive view of this issue in different institutional, po-
litical, economic and social and cultural contexts. One case study concerns the development of aquaculture in 
Greece with a focus on several territories, a second concerns the analysis of aquaculture development in the 
region of Andalusia, Spain, and finally the third case study concerns an analysis of further development of aqua-
culture in the Bay of Monastir, Tunisia. 
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are key factors to the social acceptability of aquaculture. Specifically: “planning built on quantitative 
objectives (in tonnage and licences) does not always match the needs of local communities and the 
social complexity of the territories. This leads to social opposition processes and blockages and irre-
versibility of opposition to development projects in most cases”. 

Certainly, a multiuse setting with diving tours can help to increase local acceptance for the fish farm 
operations. Kastelorizo may use the diving site to offer tours to concerned residents. In addition to 
the services offered by their restaurants, this may support easing concerns about the quality of the 
caged fish. All these actions could be included as a battery of options to increase the transparency in 
fishfarm operations.  

3.3.6. Discussion 

Our assessment has identified a series of positive environmental, social and economic impacts.  

A key benefit of the discussed multiuse collaboration in Greece is to increase local acceptance for aq-
uaculture operations. Opposition by local residents is labelled in the literature as the biggest hurdle 
to grant aquaculture permits. Unfortunately, and due to data constraints, it has not been possible to 
quantify the magnitude of this positive impact. This highlights that further research in the topic 
needs to explore social acceptability as a key component or decision-making criteria when evaluating 
the impact of aquaculture combined with other (touristic) activities. To this date, available studies 
mainly refer to the process of granting permissions to single aquaculture operations.  

This case study brings up an interesting discussion relevant for future developments with Maritime 
Spatial Planning in Greece. There is a need to ensure consistency and long-term regulatory vision 
(rules and planning permissions) to allow for the exploitation of the combination of aquaculture and 
scuba diving touristic activities in Greece. At the moment, it is not easy to include long term horizons 
in the impact assessment as the current regulatory setup is fixed and lacks clarity. This is arguably, 
the greatest source of uncertainty in our analysis. However and due to the lack of available data, we 
have not been able to conduct an uncertainty analysis of our assessment. The treatment of impacts is 
also only qualitatively considered.  

In terms of further analysis, the opportunity costs of multiuse operations need to be accounted for 
when granting new permits and proposals to mallow for multiuse operations. This is a key require-
ment especially for ex-ante impact assessments. In this study we have qualitatively discussed impacts 
of multiuse against a single operations baseline and can therefore, not include any conclusions about 
if this combination of activities is the best optimal use of marine space for the pilot location. This is 
something to be considered in future multiuse impacts assessments.  

In terms of upscaling our results to other areas, multiuse works in this case, due to the specific ele-
ments of the Greek pilot (Blueplanet and Kastelorizzo are profitable and well-established compa-
nies), but the application of the findings to other areas would need to account for the specific finan-
cial situation of the companies involved and the local setting and conditions. The same is also valid 
for assessing impacts from other multiuse settings, many factors would need to be considered in the 
evaluation. Nevertheless, our analysis introduces a conceptual framework that can be applied for un-
derstanding impacts from an ex-post perspective.   

3.4. Conclusions Block 2 pilots 

Our assessment has identified a series of positive environmental, social and economic impacts. Argu-
ably, the greatest benefit of the discussed multiuse collaboration in Greece is to increase local ac-
ceptance for aquaculture operations. In Denmark in contrast, the collaboration translates into bene-
fits for the local economy from the use of existing marine infrastructure (OWF).  
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In the Greek pilot, touristic activities (such as scuba diving tours) are good candidate activities to be 
combined in a multiuse setting with aquaculture. However and in terms of magnitude of multiuse im-
pacts, the likely winner in this context is the aquaculture operations. The combination with scuba div-
ing activities can help reducing local residents’ negative opposition to aquaculture (and farmed fish in 
general) by increasing transparency about its operations and potential negative environmental and 
quality impacts. Swimming through the cages and its surroundings will enhance the diving experi-
ence. As such, it can be sold as part of existing diving packages. Nevertheless, there are hardly any 
financial gains for both activities from multiuse. The benefits are purely economic and difficult to 
quantify.   

In contrast, the Danish pilot shows that among the many (mostly positive) impacts that result from 
an increased tourism activity involving visits to an existing OWF infrastructure, one impact stands out 
as the most significant impact: benefits for local economy.  As a new venture, the increase in the 
communication concerning the pilot activities has increased the demand for visits. Increased number 
of tourists exclusively traveling to visit the OWF infrastructure directly results in additional activity for 
the local economy (hotels, boat owners, etc.), and for the pilot itself (more exposure through word-
of-mouth marketing). Due to confidentiality constraints, it has not been possible to assess the finan-
cial gains for the companies involved. 

3.4.1. Limitations of the analysis 

Economic impacts have been identified with help from the pilot stakeholders and the companies in-
volved in the project. But in both pilots, it has not been possible to quantify the magnitude of the 
identified positive and negative impacts. In the case of the Greek pilot, further research in the topic 
needs to explore social acceptability as a key component or decision-making criteria when evaluating 
the impact of aquaculture combined with other (touristic) activities. In the case of Denmark, there is 
a need to find ways to isolate the impacts to local economy coming from the boat tours around the 
off-shore wind farm from other tourist activities that are currently on offer in the city of Copenha-
gen.  

There are a series of limitations to the analysis that are mainly associated with the uncertain regula-
tory setup for multiuse in the pilots and the lack of maturity of the multiuse contexts assessed. As a 
result, at the moment, it is not possible to include long term horizons in the impact assessment as 
the current regulatory setup is not set and lacks clarity. Furthermore, we cannot establish conclu-
sions about if the evaluated combination of activities illustrate examples of the best optimal use of 
marine space for the pilot location. Opportunity costs are not considered in the analysis due to the 
selected scenarios and the lack of available data. Finally, there are licensing and insurance issues as-
sociated with the lack of regulatory clarity, but these can be promoted with policy support. 

For upscaling, the application of the findings to other areas would need to account for the specific 
financial situation of the companies involved and the local settings and conditions, especially relating 
access rules and conditions of the marine infrastructure to be shared. Further, the DK case study re-
vealed that the economic analysis to be carried out could not be finalized due to confidentiality con-
straints. Nevertheless, our analysis introduces a conceptual framework that can be applied for under-
standing impacts from an ex-post perspective. We just need to keep on testing it in more mature 
multiuse pilots.   

3.4.2. Way forward for research and policy 

The analysis unveils some interesting arguments to inform discussions relevant for future develop-
ments within Maritime Spatial Planning and the role of touristic activities under a multiuse context, 
especially using existing marine infrastructure (aquaculture and OWF). Fundamentally, there is a 
need to ensure consistency and long-term regulatory vision (rules and planning permissions). For 
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example, to openly allow for the exploitation of the combination of aquaculture and scuba diving 
touristic activities in Greece.  

An emerging conclusion to inform future policy developments is that encouraging multiuse combina-
tions may serve as a policy tool to support the further economic growth of aquaculture in Europe. 
Especially when novel policy measures are sought at the moment to reverse the stagnation of the 
sector in the Mediterranean. A multiuse setup with touristic activities may prove a good option to 
deal with local acceptability as one of the key barriers to the expansion of the sector in many coastal 
areas. Nevertheless, further research is needed to quantify the scale of this potential positive impact. 
The application of methods that elicit public preferences (choice experiments, Q methodology) could 
be explored in further research about this topic.   
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5. ANNEXES 

5.1. Annexes NL Pilot 

5.1.1. NL Annex 1 : Legal Characterisation 

Step # Description National legislation International legis-
lation 

1. Prior 
consul-
tation 

Meeting with Rijkswaterstaat. The objectives are 1) to optimally 
integrate the activity into the wind farm fit and 2) to ensure that 
the permit application proceeds as smoothly as possible. 

n.a. n.a. 

The minimum required input for the meeting includes a descrip-
tion of 1) the intended activity, 2) the proposed location of the 
activity, 3) the potential effects of the activity on the ecosystem 
and 4) the potential effects of the activity on other users of the 
area. 

Wet Natu-
urbescherming 
2021 

 

Bird Directive (Di-
rective 
2009/147/EC) 

Habitat Directive 
(Directive 
92/43/EEC) 

 

A Nature 2000 pre-assessment needs to be conducted. Important 
aspects of the pre-assessment include 1) non-indigenous species, 
2) carrying capacity, 3) nutrient extraction or -supply and 4) addi-
tional risks to species, for example by attracting birds. 

After the pre-assessment, it is clear whether an appropriate (full) 
assessment is necessary and/or an exemption from the Nature 
Conservation Act must be requested. 

If it concerns a larger-scale activity and large-scale effects cannot 
be ruled out, an Environmental Impact Assessment may be re-
quested. 

Besluit mi-
lieueffectrap-
portage 1994 

EIA Directive (Di-
rective 
2011/92/EU) 

The activity is only allowed in designated areas and at a distance 
of 250 meters from the infield cables and 500 meters from the 
wind turbines. These zoning details can be found in the area pass-
port.  The area passport describes what a wind farm looks like, 
what space is available and what activities are preferred. See for 
example the Area Passport Guide for OWF Borssele. The area 
passport is not formally embedded in national legislation. 

Waterwet 2009 (ar-
ticle 6.10) 

 

 

Beleidsregel instel-
ling veiligheidszone 
windparken op zee 

Marine Strategy 
Framework Di-
rective (Directive 
2008/56/EC) 

 

UNCLOS 1982 

2. Pre-
assess-
ment 

Scenario 1:  the initiative corresponds to one of the designated 
locations from the Area Passport.  Proceed to Step 3. 

n.a. n.a. 

Scenario 2a:  the initiative does NOT match one of the designated 
locations of the area passport.  Other interested parties will have 
6 weeks to register themselves as a stakeholder. If no one regis-
ters, the applicant can proceed with Step 3.  

n.a. n.a. 

Scenario 2b:  the initiative does not match one of the designated 
locations of the area passport.  Other interested parties will have 
6 weeks to register themselves as a stakeholder. If other 

n.a. n.a. 

https://wetten.overheid.nl/BWBR0037552/2021-07-01
https://wetten.overheid.nl/BWBR0037552/2021-07-01
https://wetten.overheid.nl/BWBR0037552/2021-07-01
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32009L0147
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32009L0147
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32009L0147
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A31992L0043
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A31992L0043
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A31992L0043
https://wetten.overheid.nl/BWBR0006788/2020-12-18
https://wetten.overheid.nl/BWBR0006788/2020-12-18
https://wetten.overheid.nl/BWBR0006788/2020-12-18
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02011L0092-20140515
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02011L0092-20140515
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02011L0092-20140515
https://www.noordzeeloket.nl/publish/pages/188385/handreiking-gebiedspaspoort-borssele.pdf
https://wetten.overheid.nl/BWBR0025458/2021-07-01
https://wetten.overheid.nl/BWBR0042533/2018-05-01
https://wetten.overheid.nl/BWBR0042533/2018-05-01
https://wetten.overheid.nl/BWBR0042533/2018-05-01
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32008L0056
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32008L0056
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32008L0056
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32008L0056
https://www.un.org/depts/los/convention_agreements/texts/unclos/unclos_e.pdf
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interested parties register, a discussion takes place about 
whether multiple activities can be combined. If multiple activities 
can be combined, then the applicant can proceed with Step 3. If 
not, the initiative will be given priority. For the other initiatives 
[in the same zone], another location will be sought. The applicant 
can proceed with Step 3. 

3. Li-
cense 
appli-
cation 

The application will be assessed using the following key criteria 
(next to the regular criteria from the Waterwet) 

Waterwet 2009 

 

Marine Strategy 
Framework Di-
rective (Directive 
2008/56/EC) 

Safety 

a. Design the structure so that the risk to people and the envi-
ronment throughout its life cycle is acceptable 

b. Describe in the application how the structure will be secured 
so that it does not go adrift 

c. Demonstrate the offshore resistance of the installation with, 
for example, a risk analysis, tests and strength calculations 

d. Submit a safety plan for working at sea 
e. Carry out maintenance during the day only 
f. Avoid the wind energy area in bad weather 
g. To increase nautical safety it may be necessary to place mark-

ings on or around your installations. The Coast Guard will as-
sess whether this is necessary. The costs of marking are 
borne by the initiator. 

n.a. n.a. 

Liability 

a. Take into account costs resulting from any damage that may 
occur to turbines and/or infield cables  

b. Arrange liability insurance that provides adequate coverage 

n.a. n.a. 

Duration 

a. A license is always valid for a fixed period 
b. After the permit is granted, the activity must start within 3 

years. If this does not happen, the permit will expire 
c. The license may include the requirement that the designated 

space must continue to be used. If not, the license expires 
after a certain period and other initiators will have the op-
portunity to submit an application 

d. If the wind farm ceases to operate, the licence for shared use 
also ends 

n.a. n.a. 

Clearing obligation 

a. Upon expiration of the license, all placed objects must be re-
moved. This removal obligation also applies to constructions 
within the framework of nature development. 

b. To ensure compliance with the removal obligation, financial 
security is required. 

c. Constructions may be allowed to remain in place after the 
wind farm is dismantled if it turns out that new valuable na-
ture is developing in the wind farm that contributes to a 
healthy North Sea. 

Waterwet 2009  

 

Marine Strategy 
Framework Di-
rective (Directive 
2008/56/EC) 

Good Environmental Status 

a. Describe the impact of the activity on the environment 
b. Take into account the guidelines from the Marine Strategy 

Framework Directive 

Waterwet 2009  

 

Marine Strategy 
Framework Di-
rective (Directive 
2008/56/EC) 

https://wetten.overheid.nl/BWBR0025458/2021-07-01
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32008L0056
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32008L0056
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32008L0056
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32008L0056
https://wetten.overheid.nl/BWBR0025458/2021-07-01
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32008L0056
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32008L0056
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32008L0056
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32008L0056
https://wetten.overheid.nl/BWBR0025458/2021-07-01
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32008L0056
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32008L0056
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32008L0056
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32008L0056
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The three steps for obtaining a multi-use license as described in the multi-use licence guide 

are described in greater detail in Error! Reference source not found. 

Table A.11: Applying for a license for a multi-use activity inside an OWF in the Netherlands (Noordzeeloket, 2022a). 

5.1.2. NL Annex 2 – Socio-Economic Tables and summations 

The tables below present the data reviewed to develop the socio-economic characterisation of 

the study area of North Holland. The province is compared to the Dutch national context. Data 

selected is latest available. 

Table B.1 – Demography of North Holland and the Netherlands 

Value North Holland Netherlands 

Total population (2022)               2,909,827  
           
17,590,672 

Population growth % (2013-2022) 7% 5% 

Total population (% Male) (2022) 49% 50% 

Total population (% Female) (2022) 51% 50% 

Population density (number of inhabit-
ants per km²) (2022)                      1,093 523 

Source: StatLine, Statistics Netherlands (CBS) - Regional key figures, national accounts 

Table B.2 – Land use in North Holland and the Netherlands 

Value North Holland Netherlands 

Total area (ha) (2015) 409,193  4,154,303  

Total built-up area (ha) (2015) 45,468  361,526  

Total built-up area % Total area (2015) 11 9 

Source: StatLine, Statistics Netherlands (CBS) 

Table B.3 – Business demography of North Holland and the Netherlands 

Topi
c Value 

North Holland Netherlands 

Number % Number % 

Em
p

lo
ym

en
t 

(2
0

20
) 

Total number of jobs (x 1,000) 1,516    8,402   

Agriculture, forestry and fishing (x 
1,000) 16  1 106  1 

B-F Industry and energy (x 1,000) 144  10 1,179  14 

G-N Commercial services (x 1,000) 903  60 4,296  51 

O-U Non-commercial services (x 
1,000) 453  30 2,820  34 

Archaeological sites 

a. When assessing the application, the possible effects of the 
activity on archaeological sites will be assessed 

Erfgoedwet 2015 n.a. 

https://wetten.overheid.nl/BWBR0037521/2021-08-01
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B
u

si
n

es
s 

es
ta

b
lis

h
m

en
ts

 (
2

0
2

0
) 

A Agriculture, forestry and fishing 
(number) 5,730  2 76,940  4 

B-F Industry and energy (number) 47,370  13 277,345  16 

G+I Trade and hospitality (number) 64,505  18 350,425  20 

H+J Transport, information and 
communication (number) 39,385  11 153,135  9 

K-L Financial services, real estate 
(number) 35,405  10 167,070  10 

M-N Business services (number) 108,300  31 469,750  27 

R-U Culture, recreation, other ser-
vices (number) 53,140  15 230,020  13 

Source: StatLine, Statistics Netherlands (CBS) - Regional key figures, national accounts. Note: Figures may not 
sum due to rounding. 

Table B.4 – Economic value creation in North Holland and the Netherlands 

Value North Holland Netherlands 

GDP per capita (euros) (2020) 59,317                     45,874  

GDP, volume changes (%) (2020)  (7)                          (38) 

Value added (at basic prices) (million euros) 
(2020) 152,589,000,000    713,731,000,000  

Full-time equivalent (FTE) total (x 1, 000) 
(2020) 1,468,800                7,775,500  

Value added per FTE (2020) 103,887                     91,792  

Unemployed labour force (x 1 000) (2021) 78                           408  

Unemployment rate (%) (2021) 4.2                            4.8  

Source: StatLine, Statistics Netherlands (CBS) - Regional key figures, national accounts. 

Table B.5 – Labourforce by education level in North Holland and the Netherlands 

Value North Holland Netherlands 

Occupational population, Total persons, 
thousands (2020) 1,566  9,308  

Education level: low education % (2020) 17  19 

Educational level: secondary education 
% (2020) 36  39 

Education level: high education % (2020) 46  40 

Education level: unknown % (2020) 1  1 

Source: StatLine, Statistics Netherlands (CBS) 

Table B.6 – Income distribution in North Holland and the Netherlands 

Topic Value North Holland Netherlands 
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A
ve

ra
ge

/t
o

ta
l 

(2
0

1
8

) 
Private households (1 000) 
(2018) 1,332  7,755  

Average mean income (1 000 
euro)  (2018) 31,100  29,500 

Median income (2018) 26,900  26,500  

D
is

tr
ib

u
ti

o
n

 o
f 

In
co

m
e 

(2
0

1
8

) 

1st 10% group (%) 11  10  

2nd 10% group (%) 10  10  

3rd 10% group (%) 9  10  

4th 10% group (%) 9  10  

5th 10% group (%) 9  10  

6th 10% group (%) 9  10  

7th 10% group (%) 9  10  

8th 10% group (%) 10  10  

9th 10% group (%) 10  10  

10th 10% Group (%) 13  10  

Source: StatLine, Statistics Netherlands (CBS) 

 

  



 Funded by the European Union (H2020 Grant Agreement no 862915). Views and opinions expressed 
are however those of the author(s) only and do not necessarily reflect those of the European Union. 
Neither the European Union nor the granting authority can be held responsible for them 

 Page 122 of 138
  Deliverable 3.3 

 

 

5.2. Annexes BE pilot 

5.2.1. BE – Annex I Actors of the Belgian pilot that participated in the socio-economic workshop.  

Sector Name of organization 

Aquaculture Departement Landbouw and Visserij 

Aquaculture/retail Colruyt Group 

Community Vlaams Parlement 

Community Provincie West-Vlaanderen 

Community Gemeente De Panne 

Community Gemeente Koksijde 

Community Gemeente Nieuwpoort 

Community Gemeente Middelkerke 

Community Gemeente Oostende 

Community Gemeente Bredene 

Community Gemeente De Haan 

Community Gemeente Blankenberge 

Community Gemeente Brugge (incl Zeebruge) 

Community Gemeente Knokke-Heist 

Construction MultiTech 

Construction MultiTech 

Construction/dredging Deme 

Construction/dredging Jan De Nul Group 

Construction/dredging Boskalis 

Construction/dredging IMDC 

Consultancy/Innovation De Blauwe Cluster 

Consultancy/Innovation ARCADIS/KBIN 

Consultancy/Innovation Ostende Science Park / Bluebridge Incubatie en Innovation 
Center 

Consumers VLAM 

Defense Defensie 

Fishing Rederscentrale ter zeevisserij (umbrella) 

Fishing Vlaamse Visveiling 

Fishing Brevisco 

Fishing Ovis 

Gov org/ maritime coordination Maritime and Coastal Services (MDK) 

Governmental organization FOD Leefmilieu 

Governmental organization Kabinet Noordzee 

Governmental organization Dienst Marien Milieu 

Governmental organization Kabinet Crevits 

Governmental organization/enforcement Scheepvaartpolitie 

Governmental organization/enforcement POM West-Vlaanderen 

Governmental organization/enforcement VLAIO - DBC 
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Governmental organization/maritime coordi-
nation 

Maritime Rescue Coordination Centre (MRCC) 

Governmental organization/maritime coordi-
nation 

DG Scheepvaart 

Governmental organization/research Waterbouwkundig Laboratorium 

Harbour Haven Oostende 

Harbour Zeebruggeport 

NGO WWF Belgium 

NGO Greenpeace Belgium 

NGO Greenpeace Belgium 

NGO Bond Beter Leefmilieu 

NGO Bond Beter Leefmilieu 

NGO Natuurpunt 

Offshore Wind Farm Belgian Offshore Platform (umbrella) 

Offshore Wind Farm Parkwind 

Offshore Wind Farm Eneco 

Offshore Wind Farm Otary 

Research RBINS 

Research BMM/RBINS 

Research Ghent University 

Research Vlaams Instituut voor de Zee 

Research ILVO 

Sand extraction Zeegra (umbrella) 

Tourism/recreation Westtoer 

Tourism/recreation Captain Blue 

Tourism/recreation Vlaamse Yachthaven Nieuwpoort 

Tourism/recreation Tourism Ostend 

Tourism/recreation Royal North Sea Yacht Club 

Tourism/recreation Royal North Sea Yacht Club 

 

5.2.2. BE-Annex II Results of the socio-economic workshop for the BE pilot 

0. List of identified impacts from the literature 

- Energy provision;  

- Reduction in GHG emissions;  

- Low energy prices;  

- Energy security;  

- Sustainable food provision;  

- Food security;  

- Overall employment;  

- Improvement in ecosystem services;  

- Habitat improvement;  

- Benefits for local economy;  
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- Diversification of income;  

- Added value for local economies;  

- Substitution of non-renewable sources;  

- Acceptance of developing offshore activities;  

- Impact on recreational activities;  

- Impact on transport activities;  

- Visual scenery on coastal areas;  

- Fish stock and fisheries yields.  

 

1. Output of the workshop:  

Socio-economic activities 

 OWF Aquaculture Seaweed Other  

Comments    Research is miss-
ing, we need an 
area foor research 
offshore (a base-
line area where 
nothing is happen-
ing) 

Please provide addi-
tional infor-
mation/information 
sources. 

    

Products/services 
quantification 

  • Competiiton 

fytoplankton + 

microalgae 

• More positive 

effects are ex-

pected  

Ecosystem ser-
vices! All the prod-
ucts and services 
are ecosystem ser-
vices. Ecosystem 
services are not 
only interesting for 
tendering argu-
ments. On the long 
term, it gives reve-
nues like carbon 
capturing, water-
quality, regulation, 
biodiversity,… 

Costs/revenues Boat!!  

• If you have a private boat, more cross pollination with fishery is 

possible.  

• An adapted ship (+ with green fuel?) can reduce costs! 

• Extra fuel costs of the boat because it will need to transfer 

around the aquaculture lines! 

• Usability of the boat is dependent on the weather downtime! 
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Environmental and legal characteristics.  

 Legal characteristics Environmental characteristics 

 • Insurance costs 

• Emergency interventions 

• Light is restrictive 

• The currents will change when 

there are lines in the water 

   

 

Markets and ecosystem services.  

 Green energy Local seaweed  Local aq-
uaculture 

Food 
products 

Ecosystem services 

 ▪ What are products 

• Wind-energy A,B,D 

• Solar energy A,B,D 

• Aquaculture  A,B,C,D 

• Cosmetics  A,B,C,D,E 

• Bio fuel A 

• Biodegradable packag-

ing A 

• Fishery A,B,C,D 

• Tourism, A,B,C 

• Ecosystem services A,B, 

F 

• Aquaculture technol-

ogy A, D, E 

• Knowledge A, E, F 

▪ Who are customers/buyers? 

• Industry (A) 

• Local customers/popu-

lation (B) 

• Tourism (C) 

• National buyers (D) 

• International buyers (E) 

• Academia (F) 

▪ SUMES 

▪ CO2 captatie 

▪ Renewable en-

ergy 

▪ H20 quality 

▪ Aquacultuur 

▪ Positive and 

negative im-

pact not known  

▪ Tourism 

▪ Biodiversity 

• Fish 

• Com-

mer-

cial 

• Ben-

tic 

• Pe-

lagic 

• Mam-

mals 

• Birds 

• Re-

cov-

ery of 

pio-

neer 

spe-

cies 

▪ Spill-over effect 

▪ Economic → 

dependent on 

time and 

scale!!! 

▪ Sediment cap-

tatie 
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▪ Trophic system 

will increase 

▪ Local fisheries! 

 

 

Socio-economic impacts.  

Socio Economic Impacts on Energy production  

Important impacts Energy provision, reduction in GHG emission, energy inde-
pendence/security 

Moderate impacts Visual scenery on coastal areas, substitution of non-renew-
able sources 

Not important impacts Acceptance of developing offshore activities 

Non-relevant impacts Fish stock, habitat improvement, ecosystem services, local 
products, sustainable food provision 

 

Socio Economic Impacts on Shipping   

Important impacts Reduction in GHG emissions, substitution of non-renewa-
ble energy sources, local products 

Moderate impacts Acceptance of developing offshore activities, sustainable 
food provision, energy provision, energy security 

Not important impacts Fish stock; visual scenery, habitat improvement, ecosystem 
services 

Non-relevant impacts  

 

Socio Economic Impacts on Aquaculture   

Important impacts Local products, acceptance, sustainable food provision, en-
ergy provision, habitat improvement 

Moderate impacts Visual scenery, reduction in GHG emissions, energy secu-
rity, fish stock, ecosystem services, acceptance,  

Not important impacts Substitution of GHG emissions 

Non-relevant impacts  

 

Socio Economic Impacts on Nature conservation  

Important impacts Visual scenery, fish stock, sustainable food provision, local 
products, ecosystem services, reduction in GHG emissions, 
fish stock, substitution of non-renewable energy sources 
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Moderate impacts Acceptance, energy provision 

Not important impacts  

Non-relevant impacts Energy security  

 

Socio Economic Impacts on Tourism   

Important impacts Visual scenery, local products, acceptance 

Moderate impacts Fish stock, habitat improvement, energy provision, sustain-
able food provision, reduction in GHG emissions, ecosys-
tem services 

Not important impacts Substitution of non-renewable sources, energy security 

Non-relevant impacts  

 

Socio Economic Impacts   

Local Habitat improvement, ecosystem services, visual scenery, 
local products 

Regional Fish stock 

National Energy security, energy provision 

International Reduction in GHG emissions, acceptance, sustainable food 
provision, substitution of non-renewable sources 
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5.3. Annexes DE pilot 

The following include other relevant socio-economic data related to the German pilot area 

Table: Key indicators for selected regions  

Indicator 

2019 (unless otherwise indicated) 

Ger-
many 

Kiel Ditma
rschen 

 

Nord-
fries-
land  

Ham-
burg 

  

Cuxha-
ven 

Brem-
erha-
ven 

Population  
83,166,
712 

246,7
94 

133,1
93 

165,9
51 

1,847,2
53 

198,038 113,6
43 

Population density (inhabitants/ km2) 
232,59 2080 93,3 79,7 2446,4 96,2 1211,

9 

Average age of population 44,1 41,7 46,1 45,8 41,7 46,3 43,5 

GDP per capita in 1000 EUR 41,5 48,9 34,6 36,0 66,9 24,6 26,3 

Workforce (1000 persons) 44898,0 174,0 62,0 92,0 1291,0 75,0 63,0 

Rate of workforce in primary sector (agricul-
ture, forestry and fisheries) 

0,003% 0,029
% 

9,2% 4,0% 0,012% 7,5% 0,1% 

Unemployment rate (% of labor force) 5% 7,6% 5,5% 4,8% 6,1% 5,2% 12,2% 

Youth unemployment rate (% of unemployed 
under 25) 

9,1% 7,9% 13,4% 11,1% 8,0% 9,7% 9,1% 

Rate for older workers  56,3% 53,1% 48,8% 52,4% 56,7% 53,2% 53,9% 

Rate of Gross Added value in primary sector  0,8% 0,02% 4,1% 3,5% 0,1% 6,2% 0,3% 

 

The statistics presented above in Table KS show that both counties have a low population, a popula-
tion density below 100 inhabitants per km2and the tendency is projected to keep decreasing (Chris-
tensen et al 2018). Moreover, unemployment among young people (under 25 years) is well above 
the national average, which is also a driver for youth leaving the counties for better work opportuni-
ties. GDP per capita is significantly lower than the German average (Der Bundeswahlleiter, 2019). In 
the past decades, these regions have undergone structural change, as the relative importance of ag-
riculture has decreased (Mantik and Mammes, 2019) even if the rate of the workforce and added 
value created in the districts by the primary sector (agriculture, forestry and fisheries – including aq-
uaculture) well above the level in other counties and the federal level (see table KS). To counter the 
structural weaknesses in the region, there have been efforts to promote other industries, for exam-
ple onshore and offshore wind energy. 

The maritime industry in Schleswig-Holstein has a disproportionately large contribution to the gross 
domestic product compared with other federal states. In 2012, its share of 9.7- 9.9 billion euros was 
around 13 percent. The manufacture of wind turbines and components as well as sales of all supplies 
and services directly related to offshore wind energy accounted for 4% of the turnover of the mari-
time economy in 2012 (Bednarz & Rickels 2018). 

Dithmarschen, Nordfriesland have high hopes for the development of the offshore industry, but it is 
yet unclear to which degree they will materialize due to a lack of infrastructure, investment, and 
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trained personnel, especially (Mantik and Mammes, 2019). Existing port infrastructure is central to 
the wind energy value chain. They are the hub for materials during the construction phase, a site for 
production, storage and partial assembly of components, the base for special ships needed for 
transport and assembly at sea, and the starting point for maintenance and repair work (BMWK 
2022).  

Dithmarschen is home to Brunsbüttel, the seventh largest port in Germany measured by cargo and 
container turnover (Statistisches Bundesamt 2022). In 2021, 8,355,000 tons were turned over here 
(source).  It is as universal port that mainly handles bulk cargo but has also established itself as a lo-
cation for the offshore wind industry (Fiedler & Küchle 2021). In addition, there is the port of Büsum, 
which is mainly used as a fishing port (it is the home port of Schleswig-Holstein's shrimp cutter fleet) 
and for handling bulk cargo, primarily agricultural products. It handles around 100,000 tons of goods 
per year (Fiedler & Küchle 2021). However, the port of Büsum is a departure and arrival port for tech-
nicians checking on the offshore wind parks. In 2020 and 2021, Büsum port recorded 90 arrivals and 
departures of boats that transported 1,219 technical staff to the offshore wind locations (source).   

Nordfriesland has a number of small ports, which are mainly used for the turnover of agricultural 
products and as ferry and island ports. Husum is the biggest harbour in the county of Nordfriesland 
and an important agricultural port. It handles more than 300,000 tons per year, primarily feed, ferti-
lizer, and other agricultural products (Fiedler & Küchle 2021). Wyk auf Föhr handles around 150,000 
tons per year, it is primarily used as a ferry port and for the supply of goods to the island Föhr 
(Fiedler & Küchle 2021). List on the island of Sylt handles between 80,000 and 100,000 tons per year. 
It is primarily used as a ferry port and for the supply of goods to Sylt (Fiedler & Küchle 2021). Hörnum 
is another port on the island of Sylt (Fiedler & Küchle 2021). Dagebüll is mainly used as a ferry port 
servicing the North Friesian islands (Fiedler & Küchle 2021).  

Step 3:  

Long list of impacts  

He long list of impacts discussed in the stakeholder workshop was following: 

1. Overall employment  

2. Diversification of incomes 

3. Added value creation  

4. food security [Offshore mussel aquaculture as new source of food production] 

5. Substitution of non-renewable resources    

6. Acceptance of developments offshore projects in general 

7. Rural services and infrastructure  

8. Availability and quality of recreational activities offshore 

9. Nutrient concentrations/eutrophication offshore 

10. Visual scenery on coastal areas   

11. Fish stocks and fisheries yields  

Step 4:  

Step 4.1: 

Table: Fixed costs, ongoing costs and revenues at the FINO3 platform based on Geisler et al. (2018) 
and expert interviews 

Fixed Costs 



 Funded by the European Union (H2020 Grant Agreement no 862915). Views and opinions expressed 
are however those of the author(s) only and do not necessarily reflect those of the European Union. 
Neither the European Union nor the granting authority can be held responsible for them 

 Page 130 of 138
  Deliverable 3.3 

 

 

No. Cost Category Costs Unit/year 1 Commentary 

  Distance to shore   80 km   

  Yield of mussels    10 kg/m of longline Based on Buck et al. 
(2017); another study 
assumed a yield of  
 20 kg/m (Krost et al., 
2014) 

  Metres of longlines 1,275 M Based on feasibility 
study; however, if a 
yield of 20 kg/m is as-
sumed, the length 
would be 638m 

          

  FIXED COSTS       

1 Investment #2+#8+#9+#12= 277.8k 
+ interest rate (27.78k) 
= 305.58k 

€/FINO3   

2 Service costs/logistics #3 to #7 + #10= 218k €/FINO3   

3 Ship charter installation 84k €/FINO3  Includes work at sea 
(12k€), mobilization 
and demobilization of 
ship (19k€ & 17k€), 
standby ship (36k€) 

4 Installation (Divers) 26.8k €/FINO3   

5 Personnel (Planning) 92.5k €/FINO3   

6 Transport per helicopter 11.3k €/FINO3   

7 Transport of offshore person-
nel   

3,38k €/FINO3 From business analy-
sis 

8 Materials 39.8k €/FINO3* Includes longlines 
(1.2k€), killicks 
(1.2k€), anchor chain 
(10.8k€), buoys 
(750€), collectors 
(11.5k€), buoyancy 
body (11.5k€), sun-
dries (2.9k€) 

9 Modifications FINO3 20k €   

10 License 150 -250  € Valid for 15 to 25 
years 

11 Decommissioning  15k €/longline Only applies to year 4 
(i.e. year of decom-
missioning) 
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12 One-off costs: Financing 
costs 

Between 9 – 13% inter-
est rate  

    

13         

 * 0.94€/m of longline 

Ongoing costs 

No. Cost Category Costs year 1 Costs YEAR 2 Costs YEAR 3 COSTS YEAR 4 

2 Personnel: Technicians 23,118 € 24,348 € 24,348 € 24,348 € 

3 Personnel: Scientists 80,913 € 85,218 € 85,218 € 85,218 € 

4 Personnel: Training off-
shore 

4.5k €   4.5k€   

5 Ship for Offshore work 60k € 60k € 60k € 60k € 

6 Replacement pieces   8,500 € 8,925 € 9,371 € 

7 Co-use Onshore basis    20k € 20k € 20k € 

8 Marketing/Sales   4,250 € 4,463 € 4,686 € 

9 MRO (?) 4k € 2.5k € 2.5k € 2k € 

10 Logistics: Helicopter 59.5k € 29.750k € 29.750k € 29.750k € 

11 Rent: waters 2k€/8ha 2k€/8ha 2k€/8ha 2k€/8ha 

12           

 

Revenues 

No. Category Revenues year 1 Revenues YEAR 
2 

Revenues YEAR 
3 

Revenues YEAR 
4 

1 Revenues (with 2 €/kg) 0 € 25,500 € 25,500 € 25,500 € 

2 Revenues (with 75% 
2€/kg & 25% 13 €/kg) 

0 € 60,555 €  60,555 €  60,555 €  

            

            

 

Table: Balance multi-use activities including decommissioning costs 

Category Costs year 1 in k€ 
Costs YEAR 2 in 
k€  

Costs YEAR 3 in 
k€  

Cost YEAR 4 in k 
€ 

TOTAL 

Fixed Costs 594     

Ongoing costs 234,031 236,566 241,704 237,373  
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Revenues  0 25,50 25,50 25,50  

BALANCE (Reve-
nues - Fixed costs 
- Ongoing costs)  -828 € -211 € -216 € -212 € -1.467 € 

  

Table C: Balance multi-use activities not including decommissioning costs 

Category Costs year 1 in k€ 
Costs YEAR 2 in 
k€  

Costs YEAR 3 in 
k€  

Cost YEAR 4 in k 
€ 

TOTAL 

Fixed Costs 306     

Ongoing costs 234,031 236,566 241,704 237,373  

Revenues 0 € 25,50 € 25,50 € 25,50 €  

BALANCE (Reve-
nues - Fixed costs 
- Ongoing costs)  

-540 € -211,07 € -216,20 € -211,87 € -1.179 € 

Table D: Balance multi-use activities not including decommissioning costs and assuming a yield seven 
times as high and marketing costs three times as high, compared to the baseline scenario 

Category Costs year 1 in k€ 
Costs YEAR 2 in 
k€  

Costs YEAR 3 in 
k€  

Cost YEAR 4 in k 
€ 

TOTAL 

Fixed Costs 306     

Ongoing costs 234,031 245 250,6 246,7  

Revenues 0 € 423,50 € 423,50 € 423,50 €  

BALANCE (Reve-
nues - Fixed costs 
- Ongoing costs)  -540 € 178,50 € 172,90 € 176,80 € -12 € 

 

Step 4.2 

Detailed assessment of the selected impacts 

Acceptance of development offshore  

While in general, renewable energy can rely on a broad societal support (see Bergquist et al. 2020), 
OWF may face a lack of societal acceptance (see Virtanen et al 2022). Reasons for lack of social ac-
ceptance are, according to Soma and Haggett (2015), the exclusion from maritime areas and impacts 
on other sectors. The acceptance of OWF also depends on “on the information given to the public 
about other sources of electricity generation that could be prioritized”, as Joalland & Mahieu (2023) 
conclude. Billing et al (2022) found in their study, that stakeholders " are often in favour of 
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renewable energy technologies in the abstract” but acceptance may decline once their implementa-
tion becomes more realistic.  Aquaculture also has to struggle with acceptance problems in some 
cases. However, this applies more to freshwater or coastal aquaculture (see Cavallo et al. 2022). It it 
as least questionable, if this would also be true for Offshore-Aquaculture. A successful multi-use pro-
ject could have the potential to improve the acceptance of off-shore wind use for the general public. 
Therefore, one motivation for the offshore wind sector to participate in multi-use projects could be 
social benefits, such as an increased social acceptance of offshore wind farms. Also, the aquaculture 
industry is struggling with social acceptance issues, which is at least partially driven by negative ex-
amples from fish aquaculture, e.g. from salmon farming in Norway or Chile (Wever et al. 2015). How-
ever, many of the criticisms of fish aquaculture facilities do not apply to mussels and algae, because 
its environmental impacts are lower, the aquaculture doesn’t require external feed and medication, 
and animal welfare considerations are easily met. Nonetheless, also mussel and macroalgae aquacul-
tures face acceptance issues (Geisler et al. 2018). A successful and well-communicated multi-use pro-
ject could increase the social acceptance of the activities. This could be an important aspect for an 
industry struggling with social acceptance issues.  

Fish stocks and fisheries yield 

Bottom trawl fishery is considered as one main threat for the North Sea ecosystems (see Piet et al. 
2021). Areas with OWF lead to a reduction of fishing activities, therefore can reduce ecosystem pres-
sures. However, OWF itself can put pressures on fish population (see also Piet et al. 2021), both at 
the installation and operational phase. Pressures include aspects like artificialisation of habitats, 
changes in water flow rates, noise, and other that could potentially impact fish stocks.  

 A literature review screened the scientific literature about effects of OWF on fishes and fisheries 
(see Svendsen et al. 2022) and the authors concluded that t “significant uncertainties remain regard-
ing potential negative impacts on fish and fisheries” with regard to their investigated stressors.  

For aquaculture, Theuerkauf et al. (2021) concluded in their literature review, that aquaculture can 
lead to a “higher abundance and species richness of wild mobile macrofauna”. However, most stud-
ies did not focus on offshore aquaculture locations. For other ecosystem services, Barrett et al. 
(2022) conclude, that so called ‘non-fed’ aquaculture have the potential to enhance several ecosys-
tem services, one of them being fisheries enhancement benefits. But similar to OWF, aquaculture can 
put additional pressure on the ecosystem. Theuerkauf et al. (2021: 56) compiled negative impacts 
from the literature, like a possible “disease transmission risk for wild tax, the introduction of farming 
infrastructure can disadvantage species”, and other. However, these stressors were identified for 
coastal aquaculture and is questionable, if they apply for offshore aquaculture in a similar way.  
While the impact of single uses on the fish stocks (or other ecosystem services) are still debatable, 
the impacts of a multi-use project are even more difficult to identify and quantify. Theoretically, a 
positive self-enhancing effect would be conceivable; where OWF and Aquaculture lead to an im-
provement of the fish-stock (and other ecosystem services). Initial observation from the German Pi-
lot suggest that there are higher abundances of fish in the aquaculture environment (see UNITED, 
D7.4.). However, these observations need to be backed up with long-term monitoring results. 

Diversification of Income 

Following the results of the stakeholder workshop, the impact “income diversification” will be mainly 
dealt with at the district level (NUTS 3), focusing mainly on the two districts that are closest to the 
DanTysk Windpark, namely Dithmarschen and Nordfriesland in the Federal State of Schleswig-Hol-
stein. As the Federal State level was also widely considered of relevance, we will also consider the 
latter in the analysis. 
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Offshore aquaculture in Germany is widely seen as only possible if it is combined with the much 
more established sector of OWF (AG NASTAQ 2020). Currently mussel fishery is present in the Ger-
man North Sea only in very few coastal sites with special permission and the sector directly em-
ployed just a total of 50 persons by the year 2020 (AG NASTAQ 2020). These few businesses use bot-
tom trawling to harvest mussels , as bottom trawling is  as highly harmful for bottoim dwelling organ-
isms, discussions are ongoing to ban bottom trawling as a valid form of fishery. Hence  these business 
will be forced to find new forms of business , Offshore aquaculture of mussels may hence be a feasi-
ble alternative to bottom trawling mussel fishery mussel aquaculture in the context of multi-use may 
well be the futrue of the North German mussel market.  

A group that is likely to benefit from multi-use in terms of income diversification are small-scale fish-
eries (SSF), which is a sector that is currently facing important challenges. Some of these are for in-
stance the increasing number of closed areas for fishing, often associated with the expansion of off-
shore wind. This exacerbates the already disproportionate competition with large-scale fisheries and 
financial risks that result from uncertainties regarding future yields, fishing regulations and market 
prices. This creates discouraging conditions for younger generations to enter the business, which is at 
the moment mostly carried out by persons close to retirement (Grati and Perreta, 2022). Therefore, 
adding aquaculture practices in wind farms could offer an opportunity for re-skilling of (potential) SSF 
workers.  

There is no data available in order to exactly assess how important SSF are for coastal communities in 
the counties for Dithmarschen and Nordfriesland. Therefore, it is difficult to assess the magnitude of 
the impact that the development of the offshore wind sector alone (single use) has on the income of 
this particular sector and how much opportunity for diversification adding mussel and/o seaweed aq-
uaculture to it (multi-use) could offer. However, even if low, the situation in the sector is difficult and 
small-scale fishers are anyhow facing the need to either find new sources of income to compensate 
losses or changing professions altogether. In that sense, it is possible to there is indeed some poten-
tial (Grati and Perreta, 2022). 

To which extent that potential can be achieved depends largely on how well they can learn new com-
petences, i.e. how functioning the training landscape in their state (in this case Schleswig-Holstein or 
other northern German States such as Lower Saxony) works. In this respect, training in Germany is 
well established as a technical profession (Berufsausbildung), but is strongly focused on fresh water 
fish aquaculture (AFC and Cofad 2017). Furthermore, none of the existing professional schools (only 
three) that offer the aquaculture training are located at the coast and only one of them is located in 
Schleswig-Holstein (AG NASTAQ 2020). Hence, even if there would be a theoretical potential for re-
skilling to enter the offshore aquaculture sector, its achievement would face considerable barriers 
under current conditions. 

With regards to workers in the OWF sector, it is unlikely that they will really get new sources of in-
come from engaging in aquaculture. Rather, performing activities jointly for the aquaculture enter-
prises could become part of their responsibilities in order to actually get some cost-savings from 
combining the activities (UNITED, D1.3). However, due to the extra skills required, some extra remu-
neration should be expected. However, the situation of skilled workers in offshore branches, like in 
SSF, is currently very difficult. As in the whole rest of Germany, Schleswig-Holstein is also facing con-
siderable difficulties in finding skilled workers. The overall shortage is projected to continue at least 
up until 2035 due to the upcoming wave of retirements of the so-called “babyboomer” generation 
(egw:witschaftfoerderung 2022). Nonetheless, the existing gap in the category “agriculture, foresty 
and fisheries” (to which fisheries and aquaculture belong) is one of the lowest at about five thousand 
(Christensen et al. 2018). In spite of this, offshore sectors such as OWF and aquaculture are not very 
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attractive for newcomers in the labour market due to the hard physical work, irregular and long 
shifts, seasonality and comparatively low payment (see AFC and Cofad 2017 for aquaculture). Be-
cause of this, bridging the existing gap is likely to be difficult. 

Due to these reasons, there is some potential for new sources of income (even if only marginal) for 
SSF and OWF workers from multi-use. However, the magnitude of this potential is difficult to asses. 
Due to several identified barriers for achieving such a potential, the impact, while positive, is esti-
mated to remain low under current conditions. 

Added value creation 

Following the results from the stakeholder workshop, the analysis of this impact will be focused on 
the district level (NUTS 3), i.e. the coastal regions closest to the wind park location (Dithmarschen 
and Nordfriedland). 

Regarding the offshore wind sector, there are ambiguous opportunities for regional value creation in 
northern Germany/ Schleswig Holstein through its associated industries: The “Maritime Agenda 
2025“ (2017) by the German Federal Ministry for Economic Affairs and Energy projects that signifi-
cant regional economic impulses can be expected from the offshore wind industry, particularly dur-
ing the operating phase. However, Bröcker et al. (2016) found that the regional value added from the 
construction and operation of offshore wind turbines in northern Germany is rather low and concen-
trated in Hamburg due to the international orientation of the industry. For example, maintenance 
contracts for offshore wind parks are often awarded to international service providers. Thus the po-
tential for value added creation from OWF in Dithmarschen and Nordfriesland under current condi-
tions can be considered to be minimal.  

The national aquaculture production in Germany represents only a fraction of the consumed seafood 
in Germany, with the rest being imported mostly from other EU countries such as Spain and Italy or 
from Asian countries. However, the demand for seafood has been steadily increasing and the aqua-
culture production (both of freshwater and marine origin) is consumed mostly within the country. 
This shows that there is a local demand for these kinds of products that can be expected to grow, but 
also that there is a high concurrence with imports (Geisler et al. 2018). However, growth in sales of 
German aquaculture has been below that of global development in recent years. Consequently, it is 
possible that the development in Germany will decouple from the global dynamics, with interna-
tional competition intensifying (ISL et al. 2021). Specifically referring to mussel fisheries in the North 
Sea, the NASTAQ 2021 – 2030 points out that this sector has currently a good economic perspective, 
being the only one with the highest growth in recent years. This is the combined result of long-term 
secured culture areas (near-shore) and the now established supply of mussel spat from mussel spat 
aquaculture which stabilize the development of the mussel aquaculture industry with low risk of in-
vasive species, especially in Schleswig-Holstein (AG NASTAQ 2020). However, if mussel aquaculture 
production would be started in offshore  multi-use settings, new markets will need to be found for 
this. To this respect, the NASTAQ 2021 – 2030 identifies a great potential in the expansion of regional 
marketing in order to sell the produce as a sustainable and local delicacy (AG NASTAQ 2020). This 
summed up with a more efficient use of wastes generated in the processing of mussels and seaweed 
in line with a circular economy82 and novel biotechnological applications for the mussels and 

 

 

82 see for instance the research project LaMuOpt https://blaue-biooekonomie.de/en/projects/lamuopt-gan-
zheitliche-nutzung-von-laminaria-und-muschel-nebenerzeugnissen-zur-optimierung-von-kreislaufbasierter-
fischzucht-und-produkten-fuer-den-menschlichen-verzehr-lamuopt 
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seaweed83 increase the theoretical potential considerably. Nevertheless, how large this potential ac-
tually is and to which extent it would indeed remain at the district level is very difficult to assess, but 
it is possible to estimate that it will be at least low to medium.   

Substitution of non-renewable resources 

Following the results from the stakeholder workshop, the analysis of this impact will be focused on 
the EU/international level. 

According to figures of the IEA, offshore wind can abate in average 3.5 Mt of CO2 per GW energy 
produced when substituting coal, and 1.6 Mt when substituting natural gas84. Using the CO2 emission 
factors by tonne of fuel from the IPCC85, this amounts to a reduction of ca 0,594 Mt or ca. 0,416 M3 
of natural gas and ca 1,3 Mt of anthracite coal per generated GW. This can have an important impact 
in climate change mitigation, which taking into account the current price of a European carbon credit 
of 92,27 EUR per EUA (allowing the holder to emit one tonne of CO2 or CO2 equivalent)86 means that 
each GW of energy generated by OWF used to substitute natural gas could potentially be valued at 
147,6 Million EUR. Moreover, reducing the amount of extracted fossil fuels can also help reducing 
the environmental impacts associated with their extraction and consumption, for instance the pollu-
tion of water bodies associated with fracking (Deziel, Shamasunder and Pejchar 2022) and the air pol-
lution associated with the burning of fuels (see e.g., Perera 2018). Nonetheless, it is important to 
point out that the transition can also have other negative socio-economic impacts related to loss of 
employment in the fossil fuel sectors. However, as a net importer of fossil fuels, the impact of substi-
tuting non-renewable fossil fuels in the EU and Germany through the more locally sourced OWF is 
not likely to be too important for overall employment.   

Regarding Seaweed, it can be used on the one hand for food production, but its applications are 
much wider and it represents an important area of action in the context of a blue bioeconomy (Euro-
pean Commission, 2023). Harvested seaweed can also be used, in total or in part, for biofuel produc-
tion. Latter activity has the potential to mitigate about 1,500 tons CO2 per square kilometer of oper-
ation and year, in terms of avoided emissions from fossil fuels (Duarte et al. 2017). Moreover, sea-
weed farms can act as a CO2 sink, as they release carbon that maybe buried in sediments or ex-
ported to the deep sea as a CO2 sink. Other potentially high value applications for seaweed are for 
instance as as a raw material in the cosmectic industry and for feed and fertilizer production (EU-
MOFA 2020). 

Similar as with Seaweed, Mussels are mainly produced for food production but can also be cultivated 
for other reasons as part of the blue-bioeconomy.  Here, especially the shells, which are usually con-
sidered as a waste product, could be part of alternative blue-bioeconomy products.  In their study, 
Summa et al. (2022), looked at trends and opportunities in using mussel shells from a blue-bioecon-
omy perspective. They found potential usages of mussel shells in the agriculture sectors (as feed 

 

 

83 This has the potential for higher sale prices, as the mussels but particularly the seaweed are used as raw ma-
terials for industries that generate higher added value products, e.g. in the cosmetic industry. See for instance 
Nabti 2017 https://www.researchgate.net/publication/317765640_Biotechnological_applications_of_seaweeds 
and  
84  https://www.iea.org/data-and-statistics/charts/annual-direct-co2-emissions-avoided-per-1-gw-of-installed-
capacity-by-technology-and-displaced-fuel 
85  Values based on IPCC estimations, see https://ghgprotocol.org/sites/default/files/Emission_Fac-
tors_from_Cross_Sector_Tools_March_2017.xlsx 
86  https://carboncredits.com/carbon-prices-today/ 

https://www.researchgate.net/publication/317765640_Biotechnological_applications_of_seaweeds
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supplements), in the water sector (as biofilter) or in the building sector. In the building industry, 
shells are for example used as part of cement (as so called Shell Aggregate Concrete87 or as part of 
cement coating (see Martínez-García et al. 2019).  

As another co-benefit, mussels naturally sequestrate carbon, as their shells a based of calcium car-
bonate.  The Aquaculture Advisory Council  (AAC 2022) estimated  the carbon sequestration potential 
for the main European shellfish products (oysters, mussels, clams).  Based on a study by Jansen &van 
den Bogaart (2020), the authors assume that ca. 7.5%  of the total weight of the shells and the shell 
debris of the farmed mussels equals the amount of CO2 sequestered  (with different percentages for 
osyters and clams). For the European shellfish market, this resonates to a volume of around 
45,000tonnes of total C sequestered.  

As for multi-use, the potential of the single uses would remain but additional benefits from the multi-
use would not appear directly.  However, since mussel and seaweed aquaculture are only likely to 
happen if combined with OWF, their potential can only be fulfilled in a multi-use scenario. 

 

 

 

87  See https://www.earthdepot.com/key-effect-shell-has-in-concrete/ 
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5.4. Annexes DK pilot 

Annex I: List of identified impacts 

• Energy provision.  

• Reduction in GHG emissions.  

• Low energy prices.  

• Energy security.  

• Overall employment.  

• Improvement in ecosystem services.  

• Benefits for local economy.  

• Diversification of income.  

• Added value for local economies.  

• Increased tourism activities.  

• Substitution of non-renewable sources.  

• Acceptance of developing offshore activities.  

• Impact on recreational activities.  

• Visual scenery on coastal areas.  

 


