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1 

Fishing within offshore wind farms in the North Sea: Multi-use 1 

perspectives from Scotland and Germany 2 

3 

Abstract 4 

Offshore wind power generation requires large areas of sea to accommodate 5 

its activities, with increasing claims for exclusive access. As a result, pressure is 6 

placed on other established maritime uses, such as commercial fisheries. The latter 7 

sector has often been taking a back seat in the thrust to move energy production 8 

offshore, thus leading to disagreements and conflicts among the different stakeholder 9 

groups. In recognition of the latter, there has been a growing international interest in 10 

exploring the combination of multiple maritime activities in the same area (multi-use; 11 

MU), including the re-instatement of fishing activities within, or in close proximity to, 12 

offshore wind farms (OWFs). We summarise local stakeholder perspectives from two 13 

sub-national case studies (East coast of Scotland and Germany’s North Sea EEZ) to 14 

scope the feasibility of combining multiple uses of the sea, such as offshore wind farms 15 

and commercial capture fisheries. We compiled a desk-based review with 15 semi-16 

structured qualitative interviews with key knowledge holders from both industries, 17 

regulators, and academia to aggregate key results. Drivers, barriers and resulting 18 

effects (positive and negative) for potential multi-use of fisheries and OWFs are listed 19 

and ranked (57 factors in total). Factors are of economic, social, policy, legal, and 20 

technical nature. To date, in both case study areas, the offshore wind industry has 21 

shown little interest in multi-use solutions, unless clear added-value is demonstrated 22 

and no risks to their operations are involved. In contrast, the commercial fishing sector 23 

is proactive towards multi-use projects and acts as a driving force for MU 24 

developments. We provide a range of management recommendations, based on 25 
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stakeholder input, to support progress towards robust decision making in relation to 26 

multi-use solutions, including required policy and regulatory framework improvements, 27 

good practice guidance, empirical studies, capacity building of stakeholders and 28 

improvements of the consultation process. Our findings represent a comprehensive 29 

depiction of the current state and key stakeholder aspirations for multi-use solutions 30 

combining fisheries and OWFs. We believe that the pathways towards robust decision 31 

making in relation to multi-use solutions suggested here are transferable to other 32 

international locations. 33 

 34 

1. Introduction 35 

Global energy demand has been rising and, although the biggest proportion of 36 

this demand has been met by conventional energy sources (oil, gas and coal), the 37 

share of renewable power generation has been growing steadily. Renewables saw a 38 

growth rate of 4% in 2018, accelerating to their fastest growth rate this decade and 39 

providing 45% of the world’s electricity generation growth (IEA, 2019). Wind energy 40 

(onshore & offshore) is currently the most competitive source of renewable power and 41 

already meets 10.4% of Europe’s power demand (WindEurope, 2018). Offshore wind 42 

is now a mainstream energy source and has been steadily growing since the early 43 

2000s with a cumulative total installed capacity of 15.8 GW in Europe. Most European 44 

offshore wind installations (71%) are situated in the North Sea (Figure 1). Future 45 

growth of the European offshore wind market is predicted to concentrate mainly in UK 46 

and German waters. Combined, they are predicted to host over half of Europe’s 70 47 

GW offshore wind power cumulative capacity by 2030 (WindEurope, 2018).  48 

Offshore wind energy generation requires large surface areas to accommodate 49 

the sector’s activities at sea. It already occupies considerable areas of both the UK’s 50 
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and Germany’s Exclusive Economic Zones (EEZ), specifically 6,504 km² and 1,129 51 

km² respectively (4Coffshore, 2020). The North Sea is notable for its dense coastal 52 

populations, heavy industrialisation, and intense use of the sea (Emeis et al., 2014). 53 

Thus, the current and future predicted expansion of offshore wind energy in UK and 54 

German waters creates an interesting dynamic with other established maritime users. 55 

Similar required space characteristics (e.g. shallow water, specific depth ranges, 56 

sediment types, proximity to coast, etc.) often lead users to compete for access to the 57 

same locations (Holm et al., 2017). Increased claims for exclusive use of marine space 58 

from OWFs results in significant competition among stakeholders (Buck et al., 2004; 59 

Douvere and Ehler, 2009; Jentoft and Knol, 2014; Pomeroy and Douvere, 2008; Smith 60 

and Brennan, 2012). Other established and traditional maritime users, such as capture 61 

fisheries, often find themselves primarily concerned about exclusion from historically 62 

open fishing grounds and the resultant damage to their interests and livelihoods 63 

(Krause and Stead, 2017). 64 

The dynamic and wide-ranging distribution of commercial fisheries makes them 65 

ideal candidates for studying user interactions and the potential of multi-use solutions 66 

to mitigate spatial use conflicts. OWFs impede the movement of fishing vessels, 67 

constrain crossing or circumnavigation of fishing vessels, as well as excluding any 68 

fishing operations during their construction and (in many cases) operational phase, 69 

effectively acting as area closures (FLOWW, 2015; Gray et al., 2016; Kafas et al., 70 

2017; SeaPlan, 2015; Vries et al., 2015).  71 

Excluding fisheries from OWFs has a range of negative direct and indirect 72 

economic, social and environmental effects on individual fishers, the fishing industry, 73 

fishery-dependant coastal communities and wider society (Kafas et al., 2017). There 74 

is growing international pressure by the fisheries sector to change the status quo and 75 
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encourage the re-instatement of fishing activities within offshore wind farms (Burdon 76 

et al., 2018; Christie et al., 2014; Fayram and de Risi, 2007; Hall and Lazarus, 2015; 77 

Hoagland et al., 2015; Jongbloed et al., 2014; Reilly et al., 2015; White et al., 2012; 78 

Yates et al., 2015; Zhang et al., 2017). More specifically, the argument has reached 79 

the public and academic discourse in several occasions in the UK (Ashley et al., 2014; 80 

Blyth-Skyrme, 2011, 2010; FLOWW, 2015; Gray et al., 2005; Groot et al., 2014; 81 

Hooper et al., 2017; Hooper and Austen, 2014; James and Slaski, 2006) and Germany 82 

(Berkenhagen et al., 2010; Griffin et al., 2015; Michler-Cieluch and Krause, 2008; 83 

Nicolai and Wetzel, 2017; Stelzenmüller et al., 2016, 2013; Wever et al., 2015). These 84 

initiatives are in line with Europe-wide efforts on scoping for potential combinations of 85 

multiple maritime activities in the same area, promoting a fundamental change to 86 

current thinking away from exclusive use of ocean space. More specifically, the 87 

concept of Multi-Use (MU) or the “the joint use of resources in close geographic 88 

proximity by either a single user or multiple users” (Schupp et al., 2019), has received 89 

a lot of attention over the past few years (Brennan and Kolios, 2014; Buck and Langan, 90 

2017; European Commission, 2018a, 2018b; Krause et al., 2011; MARIBE, 2016; 91 

Quevedo et al., 2013; van den Burg et al., 2016; Wageningen, 2018) and is forecast 92 

to play an integral role in future OWF development (Wind Guard, 2019). 93 

Comparing experiences from the two leading countries in the field of offshore 94 

wind energy (UK and Germany) can help to put scenarios for multi-use development 95 

into perspective. In this study, we take a stakeholder-focused mixed-method case 96 

study (CS) approach in two sub-national cases, one focused on the East coast of 97 

Scotland and the other on Germany’s North Sea EEZ (Figure 1). Using this approach 98 

we aim to: 99 

 100 
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(i) Identify the current barriers to establishing this MU combination,  101 

(ii) Capture the opportunities and drivers for MU combination,  102 

(iii) Evaluate the resulting economic, environmental, and social effects, and 103 

ultimately  104 

(iv) Present management recommendations to support progress in developing 105 

the decision-making process based on stakeholder perspectives from the two 106 

countries.  107 

 108 

Figure 1: Map of offshore wind farms in the North Sea and the two case studies (adapted from 109 

Kafas et al., 2018). 110 

 111 

2. Case Study Description 112 

The two case study areas chosen in this study are the German North Sea EEZ 113 

and the Scottish part of the North Sea on the east coast of Scotland as depicted in 114 

Figure 1. Fishing has a significant, millennia-long presence in the North Sea and is 115 
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deeply rooted in society, especially in the coastal regions of the UK and Germany 116 

(Engelhard et al., 2014; Fock et al., 2014). 117 

The UK fishing sector landed 698 thousand tonnes of sea fish (including 118 

shellfish) into the UK and abroad in 2018 using a fleet of 6,036 vessels (MMO, 2019), 119 

with roughly 60% of the total catch being landed by Scottish vessels (Scottish 120 

Government, 2017). The German fishing sector is smaller than the UKs, following a 121 

drastic decline in the second half of the 20th century when states declared EEZs and 122 

limited access to international fishing vessels. German fisheries now land 261 123 

thousand tonnes annually with a fleet comprised of 1,330 vessels in 2018 (BLE, 2019). 124 

The UK and Germany lead the European offshore wind market with 43.3% and 125 

33.9%, respectively, of all installed offshore wind capacity in Europe in 2018. Both CS 126 

areas contain many OWFs at various stages, which occupy large areas of ocean 127 

space (30-400 km2 per OWF), as well as future offshore wind planning areas (called 128 

Plan Options in Scotland and Offshore Wind Clusters in Germany). Utility-scale 129 

offshore wind developments are predominantly bottom-fixed and situated in relatively 130 

shallow waters (27.5 m on average), and comparatively close to shore (41 km on 131 

average; Wind Europe, 2018). However, the offshore energy industry is constantly 132 

evolving with new advancements in technology, such as floating wind farms (Scottish 133 

Government, 2015a), allowing larger developments of bigger and more powerful wind 134 

turbines to be built further offshore. 135 

The Scottish CS hosts both fixed-foundation and prototype floating offshore 136 

wind farms, which made it an ideal UK candidate to explore perceptions of OWF 137 

developers. The German North Sea EEZ contains most of the country’s installed 138 

OWFs and was thus chosen as the second focal point of this study to contrast 139 

Scotland.  140 



7 
 

MU policies within the CS areas are distinctly divergent. The UK and Scottish 141 

policy regimes (UK Parliament, 2011; Scottish Government, 2015b, Marine (Scotland) 142 

Act 2010, UK Electricity Act 2004) support commercial fishing activities within Scottish 143 

offshore wind farms (both offshore development areas and along the offshore export 144 

cable corridor). During the construction phase, a safety zone of 500 m around major 145 

construction vessels excluding fishing is put in place on a ‘rolling’ basis (covering only 146 

those areas of the total site in which such activities are physically taking place at a 147 

given time). During operation, installed infrastructure can be protected by safety zones 148 

of 50 m around fixed structures (or an appropriate size to incorporate its full size). 149 

Under these conditions, it is often assumed that fishing activities can resume to some 150 

degree. However, the ultimate decision to fish within an operational wind farm is down 151 

to the individual vessel skippers, who have been reported to avoid resuming fishing 152 

operations within constructed UK OWFs (Gray et al., 2016). 153 

In Germany, different uses (or users) are assigned “priority areas” under the 154 

German Marine Spatial Plan (MSP) (BMVBS, 2009a, 2009b, 1997). “Priority areas” 155 

assign a maritime user priority over other user groups. Uses that are not compatible 156 

with the priority use are not permitted within this area. In the case of offshore wind, 157 

priority areas for OWFs adhere to strict safety regulations and, for the most part, 158 

constitute exclusion zones to any other users, including commercial fisheries. 159 

Fisheries do not have assigned priority areas due to the high spatial variability of their 160 

fishing grounds and a management system controlled primarily by the EU Common 161 

Fisheries Policy (European Commission, 2013). Instead, they are awarded special 162 

considerations in the priority areas of other uses, but no legal rights (BMVBS, 2009a). 163 

These special considerations must be considered by users and permitting authorities 164 

alike during the permitting process of offshore wind farms according to the ordinance 165 
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on offshore installations (BMVBS, 2009a, 1997). However, this provision, although 166 

legally binding, does not yet result in MU combinations. Current opinion considers 167 

fisheries capable of hindering or endangering construction, operation or maintenance 168 

of the OWF (BMVBS, 2009a). This has led to a state where fishing operations, whether 169 

mobile or static, are de facto not permitted inside the security zone of OWFs (500 m; 170 

BMVBS, 2009b). The approach adopted is contradictory to a series of German studies 171 

since 2000 (see Buck et al., 2017) which offer solutions for multi-use concepts with 172 

respect to technologies and designs for the MU of OWF areas with aquaculture and 173 

fisheries. 174 

 175 
3. Materials and Methods 176 

3.1 Stakeholder mapping and interviewees 177 

A stakeholder mapping exercise identified key stakeholders on the meta-level 178 

for each CS. These comprised industry stakeholders from offshore wind and 179 

commercial fisheries sectors (both companies and cognate cluster associations), with 180 

active business interests within the locality of the two case studies, National regulators, 181 

marine planners, and academics of relevance to the case studies were also included 182 

as candidate stakeholders and approached where available (see Supplementary 183 

Material 1, Table 1 for Scotland and 2 for Germany). Available interviewer resources 184 

were targeted at representatives of wide cluster associations or industry leaders rather 185 

than individual companies, where possible. We assumed that industry associations, 186 

having close ties to and personal experiences in the industry, would represent their 187 

respective sector accurately and objectively. In cases where associations could not be 188 

reached, a random selection of remaining stakeholders was interviewed while keeping 189 

the balance between offshore wind and fisheries interests. 190 
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Energy interests included both the national renewable energy industry bodies, 191 

and individual energy companies who had submitted a consent application to the 192 

respective marine licencing authority (BSH, 2017; Marine Scotland, 2017). 193 

Commercial fisheries interests included national federations, and individual local 194 

associations who had responded to the respective statutory consultations. Additional 195 

candidates, comprising domestic and international experts, were included to share 196 

their relevant experiences. Eventually, 26 candidate stakeholders were identified for 197 

the Scottish CS and 19 for the German CS. Not all candidate stakeholders were 198 

responsive or available for an interview. As a result, a total of 10 semi-structured 199 

stakeholder interviews (𝑛𝑛) were undertaken for the Scottish CS and 5 for the German 200 

CS. Interviews took place between July 2017 and October 2017. Where possible, face-201 

to-face interviews were conducted in a personal setting. In some cases, interviews 202 

were undertaken via videoconferencing facilities. Interviews lasted 2 hours on 203 

average. All interviewees agreed for their information to be included in the study. Some 204 

Scottish stakeholders wished to remain anonymous at an individual or organisational 205 

level. 206 

 207 

3.2 Desk-based review and interviews 208 

A mixed-method approach was used comprising a desk-based review and 209 

semi-structured qualitative interviews. The review established the national policy and 210 

legal status quo contexts with respect to MU combination in Scotland (with links to UK 211 

policy where relevant) and Germany. Interviews with key stakeholders from the two 212 

sub-national case studies, East coast of Scotland and German North Sea EEZ, 213 

documented industry perceptions at a local level. The study followed the methodology 214 

described in Zaucha et al. (2017) and Bocci et al. (2019). 215 
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The review assessed the state-of-the-art literature regarding the opportunities 216 

and obstacles of multi-use solutions in Scotland and Germany, prior to engaging any 217 

stakeholders. Grey literature included national marine plans, sectoral plans, marine 218 

management legislation, as well as other associated strategic policy documents and 219 

sectoral reports. Scientific literature targeted references to the MU combination, based 220 

on a combination of key words, including: “offshore wind AND fisheries”, “co-location”, 221 

“co-existence”, “co-management”, “co-production”, “multi-use”, “multi-resource use”, 222 

“secondary use”, “symbiotic use”, and “multiple ocean uses”. The aim was to collect 223 

evidence of factors that (i) support the MU combination (drivers), (ii) hinder the MU 224 

combination (barriers), as well as (iii) result in positive effects and (iv) negative effects. 225 

Here, positive effects relate to the benefits received by a stakeholder group or society 226 

when implementing multi-use concepts. Negative effects comprise detriments i.e. 227 

damage to stakeholders’ or society’s interests by the MU combination coming into 228 

being. A catalogue of all four components (drivers, barriers, positive and negative 229 

effects) was compiled and became available for review and scoring by stakeholders 230 

during the semi-structured interviews. 231 

The semi-structured interviews followed two steps. Firstly, stakeholders were 232 

asked to read and sign a consent form, which committed authors to high ethical 233 

standards (Supplementary Material 2). Afterwards, stakeholders were invited to share 234 

their local experiences by identifying policy, industry, and other drivers that, in their 235 

opinion, facilitate or encourage the MU combination. Similarly, they were asked to 236 

identify any barriers to MU with regard to their current status of information. Their views 237 

on the stated positive and negative effects of the MU combination were also collected. 238 

Stakeholders were invited to comment on the potential for MU extensions (innovative 239 

ways to enhance MU extending beyond the two named sectors, resulting in further 240 
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benefits), and to identify any management interventions needed to overcome barriers 241 

or enhance MU. Discussion was aided by a range of open-ended questions regarding 242 

MU development (Supplementary Material 3, Table 3). Secondly, individual 243 

stakeholders were invited to review and score the initial catalogue compiled from the 244 

literature review. Any new issues identified during interviews were included in the 245 

revision of the catalogue. A semi-quantitative scoring system for factors was applied 246 

with 4 levels based on their perceived influence on the MU combination (0 – no 247 

strength, 1 – low, 2 – medium, 3 – high; as per Bocci et al. (2019). The scoring system 248 

allowed arithmetic averages to be calculated. Drivers and positive effects were scored 249 

positively (between 0 and +3), while barriers and negative effects were scored 250 

negatively (between 0 and -3). When a stakeholder did not agree with a factor or had 251 

no knowledge about it, the factor received no score (NA). Scoring allowed the 252 

calculation of the ‘MU Potential’ and ‘MU Net Effect’. ‘MU Potential’ was calculated 253 

from the relative balance between the average score of drivers and average score for 254 

barriers in the catalogue. The ‘MU Potential’, by definition, ranges from positive to 255 

negative values. It describes the degree of opportunity in the study area to strengthen 256 

the MU combination. In other words, a score of +3 demonstrates the greatest degree 257 

of perceived opportunity by stakeholders, where market forces would suffice for the 258 

MU combination to be developed. On the other hand, a score of -3 indicates no real 259 

perceived opportunity for the MU combination. A zero value demonstrates a net 260 

counterbalance of drivers and barriers. Proactive management may remove barriers 261 

and enhance drivers which will ultimately lead the MU combination to come to fruition 262 

(subject to externalities beyond the immediate reach of management). Similarly, ‘MU 263 

Net Effect’ was calculated from the relative balance between the average scores of 264 

positive and negative effects. It describes the net result (positive or negative) of 265 
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implementing MU in the area according to stakeholders. The ‘MU Net Effect’ is 266 

expected to vary between stakeholder groups, as some will benefit more than others. 267 

Finally, after completion of the interviews, factors included in the final catalogue 268 

(collected via desk research and validated, refined and complemented by interviews) 269 

were grouped into four categories: economic, social, policy and legal, and 270 

technological. Structuring the various factors under such categories assisted in the 271 

identification of overarching themes that could be targeted collectively with 272 

management recommendations. Results from both CS were combined into a single 273 

integrated catalogue for analysis. Average scores for the integrated factors and 274 

categories were calculated by averaging the scores of all factors in each category from 275 

all interviews. In addition, summary tables listing sector-specific factors include 276 

separate average scores for Scottish and German stakeholders to allow for initial 277 

comparison of country differences. The results of the interviews were collated and 278 

central management recommendations for the MU combination were identified. All 279 

analysis and production of figures was undertaken in the R statistical environment (R 280 

Development Core Team, 2008). 281 

 282 

4. Results 283 

All factors collected via desk research and their verification via the semi-284 

structured interviews in both countries were merged in a single integrated catalogue 285 

for analysis. A summary of all factors in the catalogue and respective average scores 286 

from all stakeholders is provided in Figure 2. A total of 57 unique factors (𝑓𝑓) were 287 

identified and scored by stakeholders, including 16 Drivers, 16 Barriers, 18 positive 288 

effects and 7 negative effects. There was a large diversity in scoring applied by 289 

interviewees. Not all stakeholders scored all available factors. No factor was 290 
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unanimously scored by all stakeholders. In all cases, factors were scored by a subset 291 

of stakeholders (approx. 58% of stakeholders on average). Overview tables explaining 292 

the factors along with scores and brief description of relevant interviewee 293 

comments/examples are provided separately (Supplementary Material 4) for the 294 

offshore wind sector (Table 4), commercial fishing sector (Table 5), and government 295 

(Table 6). Average factor scores are shown for Scottish (SCOT; 𝑛𝑛=10), German (DE; 296 

𝑛𝑛=5), and all stakeholders together (ALL, 𝑛𝑛=15). Figure 3 presents average scores for 297 

all categories of factors. The category of drivers which received the highest average 298 

stakeholder score were economic drivers. Stakeholders scored the categories of 299 

barriers roughly equal with the policy and legal category ranking last. Category scores 300 

for added value had very small score differences. The categories of impacts were 301 

scored, in descending order of strength, as social, economic, and environmental. The 302 

MU combination scored very low (near-zero) on MU Potential and MU net effect 303 

metrics on average, by stakeholder group, and by case study. There were small 304 

differences by stakeholder groups and by case studies as shown in Figure 4. Finally, 305 

stakeholders proposed management measures based on their experience. 306 

Recommendations addressed the removal of barriers or enhancement of drivers for 307 

the MU combination. Stakeholders’ recommendations jointly resulting from all 308 

interviews were collated and edited by authors and summarised in Table 7.309 
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 310 

Figure 2: Integrated catalogue including all factors by stakeholder group. Factors are ranked in each panel based on stated importance (average 311 

score). Bars show average factor scores for all stakeholders, while points show scores separately for each case study. 312 
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 313 

 314 

Figure 3: Categories of factors in the integrated catalogue ranked by average score.  315 

 316 

 317 

Figure 4: Degree of opportunity (MU Potential) and net result (MU net effect) for the MU 318 

combination collectively and by stakeholder groups. Calculated scores also shown separately 319 

for each case study.   320 
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Table 7: Management recommendations to remove barriers or enhance drivers for the MU 321 
combination.  322 

 323 

5. Discussion 324 

Building on international stakeholder consultation processes in relation to multi-325 

use of space by offshore wind farms and fisheries, we identify industry-wide factors 326 

and derive management recommendations to progress the decision process of the 327 

MU combination. Integrated results encourage mutual learning between the case 328 

studies and allow for wider applicability of the management recommendations outside 329 

the case study areas. We found that the offshore wind industry shows a low interest 330 

in multi-use of any kind, unless clear added value is demonstrated, and no risks are 331 

involved. Fulfilling legal requirements, avoiding potential costs from delays and 332 

maintaining a good company reputation are the strongest drivers for the wind sector. 333 

 
Management recommendations 

Most relevant 
factors 
addressed 

 Policy framework improvements 
1 Undertake "MU opportunity" mapping - encourage overlap between the two 

industries and demonstrate the potential benefits of coexistence. 
D.1.1, D.1.7 

2 Provide financial incentives for the MU combination (e.g. via state subsidy 
contracts). 

D.2.2, D.3.4, B.2.1, 
B.2.2 

3 Encourage innovation by reducing the scope of full-scale assessments for 
small-scale MU pilots. 

D.2.1, B.2.1, B.3.1, 
B.3.4 

 Regulatory framework improvements 
4 Further improvements in assessment methodologies as part of the EIA and 

CIA processes. 
D.1.8, D.1.9, B.1.3, 
B.3.2 

5 Establish mutually-agreed co-existence plan between the two industries as 
part of the marine licencing process. 

D.1.4, D.1.8, D.1.9, 
D.3.2, D.3.3, B.1.1, 
B.1.4, B.4.4, B.4.5 

 Good practice guidance 
6 Develop good practice technical guidance on co-design of OWFs to 

accommodate multiple uses, including commercial fisheries 
D.1.2, B.2.1, B.3.4, 
B.4.4 

 Empirical studies 
7 Fund and/or encourage in situ gear trials and Research and Development 

projects (R&D) 
D.1.1, D.1.4, D.1.8, 
D.3.2, B.4.2 

 Consultation and capacity building 
8 Reinforce and formalise direct stakeholder dialogue to exchange best 

available information and technology on all aspects of the MU combination 
D.1.4, D.3.3, D.4.1, 
B.1.4, B.3.2, B.4.2, 
B.4.3, B.4.4, B.4.5 

9 Increase stakeholder's knowledge and financial capacity via educational 
resources and community funding, respectively. 

B.4.3, B.4.4 
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In contrast, the commercial fishing sector is proactive towards multi-use projects and 334 

acts as a positive driving force for MU developments, since it, along with structurally 335 

weaker coastal regions, stands to be impacted most if MU is not implemented. 336 

Perceptions around safety of operations, and issues with data and consultations are 337 

the strongest barriers faced by the fishing sector. An interesting dichotomy appears in 338 

the impacts perceived or feared by representatives of the fisheries sector. Figure 2 339 

shows a perceived negative impact of the MU combination on recruitment of target fin 340 

fish species. This factor was only raised by representatives in the Scottish CS and 341 

potentially shows an awareness of fishermen of positive environmental spill over 342 

effects of OWFs. 343 

There are big differences in average factor scores between the two case studies 344 

(see Figure 2). It is likely that this, in part, reflects the policy framework in regards to 345 

the MU combination in each country. Despite the limited geographic scope of the study 346 

on the global scale, the two countries represent the extremes of the range of current 347 

European policy attitudes towards this MU combination, one allowing (Scotland/UK) 348 

and the other “in essence” prohibiting (Germany) fishing activities within domestic 349 

operational offshore wind farms. Our approach allows the lessons learned to be easily 350 

transferred to other multi-use locations around the North Sea, where management 351 

styles within the same spectrum are adopted (e.g. Belgium, Denmark, and the 352 

Netherlands; Stelzenmüller et al., 2013).  353 

However, it should also be noted that the factor scores presented here only 354 

provide a baseline of stakeholders’ subjective perceptions of the MU combination. 355 

Readers should treat individual scoring, overall ranking of factors (𝑓𝑓=57), and score 356 

differences between CS as qualitative indicators of the knowledge and perceptions of 357 

the involved stakeholder groups. 358 
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A larger sample of stakeholders is needed in order to provide a quantitative 359 

assessment of all perceptions surrounding the MU combination. Due to this, no 360 

statistical comparison between countries was undertaken. Instead, CS scores are 361 

presented separately along with narrative text, where relevant. 362 

 363 

5.1 Management recommendations 364 

The results presented here demonstrate that stakeholders have high 365 

expectations for the range of benefits and positive effects from the MU of OWFs and 366 

commercial fisheries. However, the MU combination also faces several barriers and 367 

has been associated with negative effects. This is reflected in the analysis of the 368 

degree of opportunity (MU Potential) and net result (MU net effect) which both scored 369 

near zero (Figure 4). Drivers can only have an effect in the absence of barriers, which 370 

require proactive management for their removal. Stakeholders were therefore invited 371 

to offer management recommendations to overcome those barriers and enhance the 372 

MU combination (Table 7). 373 

 374 

5.1.1 Policy framework 375 

It was noteworthy that stakeholders in both countries advocated for more 376 

explicit references to MU within the policy framework. This calls for policy 377 

transformations, as it requires governments to adapt their management-style from 378 

reactive to proactive in relation to the MU combination. More specifically, some 379 

stakeholders stated that there are certain fleet segments that will be less compatible 380 

(e.g. mobile gears) within offshore wind farms than others. They assumed that this 381 

may present an opportunity for alternative fleet segments operating more compatible 382 

gears (e.g. pots) to benefit. In cases where new segments have a smaller 383 
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environmental footprint than the previous ones, establishing OWFs in carefully 384 

selected areas can contribute to fisheries management initiatives (e.g. reduction of a 385 

fleet segment in certain areas; promotion of sustainable fishing practices) and to wider 386 

marine conservation efforts (links to de facto Marine Protected Areas; Inger et al., 387 

2009; Tien and van der Hammen, 2015; Vries et al., 2015; Rouse et al., 2017). They 388 

referred to this concept as “MU opportunity mapping”, where overlap between the two 389 

industries in a certain area is targeted rather than avoided. This is converse to 390 

traditional “constraints mapping” approaches often adopted in sectoral planning 391 

initiatives (e.g. Scottish Government, 2013; Scottish Government, 2018) and is 392 

expected to be of particular relevance to floating wind developments which bring 393 

additional challenges to the fishing industry due to the presences of cables throughout 394 

the water column (NERC, 2016).  395 

Furthermore, most stakeholders suggested the provision of clear incentives for 396 

the MU combination. One form of incentives (financial) target existing state 397 

mechanisms for renewable energy supply contracts (e.g. UK Contracts for Difference). 398 

Assessment criteria can favour developments that maximise the sea use potential and 399 

enhance MU with other sea users, such as commercial fisheries. Evidence for co-400 

location opportunities with fisheries can be provided via a supply chain plan (e.g. by 401 

listing employment opportunities for local fishing vessels), and commitment to fund 402 

gear trials to test the safety of available equipment and develop new gear adapted to 403 

operating inside OWFs. Another form of incentive (cost savings) targeted innovation. 404 

Innovation can be encouraged by reducing the scope of full-scale assessments for 405 

small-scale pilots demonstrating the MU combination (similar to the Scottish Survey, 406 

Deploy, and Monitor Policy applied primarily to small-scale ocean energy 407 

developments; Scottish Government, 2016).  408 
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 409 

5.1.2 Regulatory framework 410 

Recommendations by stakeholders also extended to overcoming pitfalls of the 411 

current regulatory framework and associated assessments, including Environmental 412 

Impact Assessment (EIA) and Cumulative Impact Assessment (CIA) processes as 413 

echoed by Stelzenmüller et al. (2020). For example, definitions of the level of 414 

significant effects on fisheries are not harmonised across EIAs, and assessment of 415 

some effects, such as fisheries displacement, have previously been discounted due 416 

to a lack of relevant assessment tools or not easy-to-use decision-support tools 417 

(Pınarbaşı et al., 2017). Collectively these oversights may undermine the true 418 

cumulative impact on fishers (Berkenhagen et al., 2010; Campbell, 2015). Additional 419 

focus should be given to assessment frameworks, including the cumulative impacts or 420 

benefits of MU scenarios, and quantifying the resulting socio-economic effects, in 421 

order help support decision making. 422 

In the German CS, it was suggested that the relevant German licensing 423 

authorities on the federal level could develop the MU decision making process by 424 

requesting a mutually-agreed co-existence plan between the two industries, prior to 425 

the submission of a licence application. The plan would detail OWF design variables, 426 

and installation methods adopted. This is similar to the Commercial Fisheries 427 

Mitigation Strategy (CFMS) for proposed OWFs adopted in Scotland (e.g. BOWL, 428 

2015). An alternative recommendation included use of a “Statement of Common 429 

Ground” (SCG) between developers and impacted fishermen (mostly an English 430 

practice e.g. SMartWind, 2018), which can be a good starting point towards a full 431 

CFMS. No direct equivalent of CFMS or SCG exists in Germany. The implementation 432 

of CFMS in Scotland would benefit from an earlier adoption, prior to the submission of 433 
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a marine licence application. Earlier agreement on the mitigation strategy (prior to 434 

securing a marine licence) will aid with stakeholder power imbalances. Currently, most 435 

of the mitigation options are examined, and agreed post-consent, by which point the 436 

perception is that developers already have the upper hand.  437 

 438 

5.1.3 Good practice guidance 439 

Stakeholders from both countries encouraged the idea of developing a good 440 

practice technical guidance on co-design of OWFs to accommodate multiple uses. In 441 

relation to commercial fisheries, the guidance could propose a protocol for better 442 

integration and interpretation of fisheries distribution data layers within EIAs, set gear 443 

specification for safe operation within OWFs, suggest design adjustments (e.g. turbine 444 

spacing, cable burial depths, specifications of cable protection measures, scour 445 

protection etc.), propose business models for data sharing agreements and protocols 446 

between industries (e.g. for sharing ROV footage and bathymetric survey data by 447 

developers to demonstrate to fishers that fishing can take place safely within the wind 448 

farms), offer information about alternative employment opportunities (e.g. Gwynt y Mor 449 

OWF; Hattam et al., 2015) and, very importantly, make a business case for the benefits 450 

to developers when adopting such recommendations. Demonstrating benefits towards 451 

corporate social responsibility, company reputation, faster and smoother licensing are 452 

all expected to be favourable to developers. 453 

 454 

5.1.4 Empirical studies 455 

It was suggested by many stakeholders that empirical studies exploring the 456 

compatibility between OWFs and commercial fisheries can drive insurance costs 457 

down, boost fishing industry confidence to return to fishing grounds (if communicated 458 
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effectively) and can have financial benefits to both parties. Both industries will need to 459 

be directly involved to ensure scientific results propagate fully into practice. Hence, a 460 

new mode of knowledge production is called for that centres around co-production, 461 

allowing potential direct uptake by practitioners. Funding for trials and R&D 462 

modifications in gear technology can be sourced, depending on the size the necessary 463 

investment, from local community funds, governtment funds, or directly from 464 

developers. Large utility-scale, self-insured developers should be able to absorb the 465 

risks introduced by the novel nature of trials. Hence, they can be targeted in the first 466 

instance to facilitate initial trials, and then findings will spread within the industry and 467 

funding is expected to be easier. Recommendations took the form of in situ gear trials 468 

and Research and Development projects (R&D). 469 

In situ gear trials can alleviate safety concerns by fishers (e.g. in relation to 470 

dropped objects, mud berms residue from construction vessels, and rock protection 471 

profiles). It can also alleviate concerns by OWF operators and build a larger knowledge 472 

base for insurers and drive down premiums. A similar practice has been adopted by 473 

the UK Oil & Gas sector where over-trawlability surveys were undertaken by fishing 474 

bodies who then issued an unobstructed seabed certificate (SFF, 2017). Such surveys 475 

within development areas will reinforce fishers’ confidence to operate within OWFs 476 

and overcome safety objections.  477 

R&D studies should focus on better mapping of navigational hazards (e.g. 478 

dropped objects during construction), gear technology and modifications (e.g. 479 

minimising seabed penetration of scallop dredge gears; Catherall and Kaiser, 2014), 480 

fishing-friendly mooring types (e.g. tension legs), cable installation and protection 481 

methods (with guaranteed burial depths, minimal sediment suspension and post-482 

installation obstructions), and real-time monitoring of installed cables for detection of 483 
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exposed sections (e.g. distributed fibre-optic temperature sensing systems; Selker et 484 

al., 2006). Stakeholders also mentioned R&D studies to further enhance the artificial 485 

reef effects of OWF by engineering turbine foundations or cable rock armouring to 486 

provide cryptic spaces that would benefit crustacean fisheries (primarily lobster; e.g. 487 

Stenberg et al., 2010; Lengkeek et al., 2017) and establishing alternative fishing 488 

practices (e.g. targeting a new species) within offshore wind farms (e.g. Stelzenmüller 489 

et al., 2016).  490 

 491 

5.1.5 Consultation and capacity building 492 

The most frequently mentioned recommendation related to the need for further 493 

strengthening of dialogue opportunities between relevant stakeholders. Ad hoc 494 

opportunities are currently channelled through informal professional networks and 495 

research projects. Most stakeholders highlighted the need for reinforcing these 496 

opportunities through a formal government-led forum (e.g. FLOWW, 2015). There is a 497 

clear need to establish an open and direct dialogue between key stakeholders (i.e. 498 

users, regulators, and certifying companies) to exchange the best available 499 

information and technology on all aspects of the MU combination. This will serve to 500 

alleviate safety concerns and showcase added value for all stakeholders involved. 501 

Cross-border exchanges between German regulators and other countries, where this 502 

combination exists already (e.g. UK or Denmark), to find commonalities and streamline 503 

management approaches will also benefit the MU combination. 504 

Lastly, many of the consultation issues mentioned relate to the fishers’ capacity 505 

to get involved and developers’ understanding of the nature of fishing. Fishers’ 506 

capacity limitations relate to available resources (time, financial, and human) and 507 

understanding of the planning and licensing processes. Developer’s limited 508 
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understanding relates to knowledge of fishing practices, seasonality, and gear 509 

specifications. Further educational resources to increase the capacity of stakeholders 510 

will help mitigate the issues currently faced. The format could be similar to current 511 

industry-run courses on commercial fishing facilitation (e.g. fishing awareness 512 

seminars; SFF, 2018). Limitations related to financial capacity of the fishing industry, 513 

could be addressed via fishing community funds. These can cover industry-wide costs 514 

e.g. certification/labelling of sustainable fishing practices in the vicinity of OWFs, new 515 

safety equipment for interacting fleets, electrifying energy-intensive processing plants 516 

(also referred to as corporate renewable power purchase agreement; Richter, 2012), 517 

and providing electricity to fishing vessels (linked to a long term vision of electric or 518 

hydrogen-fuelled transportation). 519 

 520 

6. Conclusions 521 

As the demand for ocean space increases, a fundamental change to current 522 

thinking away from exclusive use of ocean space is critical. Therefore, in the North 523 

Sea, fishing within or around offshore wind farms is increasingly and will continue to 524 

be a major topic in stakeholder debates. 525 

Satisfying legal requirements, avoiding costs, and having a positive effect on 526 

reputation are the strongest drivers for the offshore wind sector. Avoiding interferences 527 

and minimising threats to livelihoods drive the fishing sector. Both sectors face sector-528 

specific challenges that inhibit the general uptake of the MU concept as well as barriers 529 

related to additional costs, technical issues, perceptions and negative outlooks.  530 

Based on the findings of this study, the offshore wind industry in either country 531 

has demonstrated a low interest in multi-use, unless clear added value could be 532 

demonstrated, and no risks for the respective businesses were involved. On the other 533 
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hand, the commercial fishing sector is proactive towards multi-use projects and is a 534 

positive driving force for MU developments. 535 

The comparative CS approach taken in this study has highlighted several 536 

important differences as well as similarities between the situation of the offshore wind 537 

energy and fisheries MU combination in the UK and Germany. Providing an integrated 538 

cross-country catalogue of drivers, barriers, positive and negative effects from both 539 

countries showcases the status quo on a trans-boundary level. It allows both 540 

preliminary comparisons and the formulation of industry-wide management 541 

recommendations to promote the development of the MU combination.  542 

Lastly, and maybe most importantly, if multi-use of ocean space is to become 543 

a potential sustainable solution for reducing conflict in MSP, a clear commitment is 544 

needed from policy makers towards this end. We argue that this requires a regulatory 545 

framework that guides the process of weighing multi-use options by considering both 546 

environmental and socio-economic impacts. Ultimately, MSP objectives and 547 

respective regulations are driving the implementation of spatial management 548 

measures.  549 
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8. Supplementary Material 1 – Case study information 
 
8.1 Scottish case study 
Table 1: Table of candidate stakeholders considered for the East coast of Scotland case study. 
A total of 10 interviews was undertaken out of the candidates. 

Scottish case study 
Offshore wind interests 
1. Scottish and Southern Energy (SSE) Renewables, on behalf of BOWL and SeaGreen offshore 

wind farms 
2. Energias de Portugal (EDP) Renovavels and Repsol, on behalf of Moray Offshore Wind farms 
3. Repsol Nuevas Energías UK, on behalf of ICOL 
4. Mainstream Renewable Power, on behalf of NNG 
5. 2-B Energy UK, on behalf of Forthwind 
6. Atkins Ltd. and MacAskill Associates, on behalf of KOWL 
7. Statoil Wind Limited, on behalf of Hywind 
8. Floating Power Plant on behalf of Katanes 
9. Highlands and Islands Enterprise, on behalf of Dounreay Tri 
10. Vattenfall, on behalf of EOWDC  
11. Scottish Renewables (representative body of the Scottish renewable energy industry) 
Commercial fisheries interests 
12. Scottish Fishermen’s Federation (SFF) 
13. Scottish Inshore Fisheries Groups (IFGs), specifically the East Coast Inshore Fisheries Group 
14. The Scallop Association (SA) 
15. Fife Fishermen’s Mutual Association 
16. Firth of Forth 10 Metre and Under Association (10MUA) 
17. The Inshore Fishermen’s Alliance (IFA) 
18. Arbroath and Montrose Static Gear Association (AMSGA) 
19. Firth of Forth Lobster Hatchery (FoFLH) 
Regulator 
20. Marine Scotland – Licence Operations Team (MS-LOT) 
Other experts 
21. UK National Federation of Fishermen’s Organisations (NFFO) 
22. The Crown Estate’s Fishing Liaison with Offshore Wind and Wet Renewables Group (FLOWW) 
23. Holderness Fishing Industry Group, UK 
24. University of Hull, UK 
25. Kelley Drye Law firm, New York, NY, USA 
26. Johann Heinrich von Thunen Institute, Germany 

 
8.2 German case study 
Table 2: Table of candidate stakeholders considered for the German North Sea EEZ case study. 
A total of 5 interviews was undertaken out of the candidates. 

German case study 
Offshore wind interests 
1. AREVA Wind GmbH 
2. Ørsted 
3. Stiftung Offshore Wind 
4. WindMW 
5. EnBW 
6. Siemens Wind Power GmbH 
7. RWE Innogy GmbH 
Commercial fisheries interests 
8. Kutterfisch GmbH 
9. Niedersächsische Muschelfischer GbR 
10. Royal Frysk Muscheln GmbH 
11. Deutscher Fischereiverband e.V. 
12. Erzeugerorganisation schleswig-holsteinischer Muschelzüchter e.V. 
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13. Verband der Kleinen Hochsee- und Küstenfischerei im Landesfischereiverband Weser-Ems 
e.V. 

14. Landesfischereiverband Schleswig-Holstein e.V. 
Regulator 
15. Federal Maritime and Hydrographic Agency (BSH) 
16. Federal Waterways and Shipping Authority (WSV) 
Other experts 
17. Alfred Wegener Institute, Helmholtz Centre for Polar and Marine Research 
18. vThuenen Institute for Sea Fisheries 
19. Frauenhofer IWES 
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9. Supplementary Material 2 – Interviewee consent forms 
 
 
PARTICIPANT INFORMATION SHEET – VERSION 1.0 
Multi-Use in European Seas (MUSES) Project 
 
 
Study Title: 
The Multi-Use in European Seas (MUSES) project.  
 
Funding: 
The project has been awarded €1.98 million of funding by the European Union’s Horizon 2020 
research and Innovation programme under grant agreement No. 727451. 
 
Invitation: 
I would like to invite you to take part in the MUSES research study. We have invited you today 
as we believe that your contribution to the MUSES Project will be extremely valuable and bring 
significant added value to our research. Before you decide, you may find it helpful to have 
some information on why the research is being done and what it would involve for you. Please 
take time to read the following information carefully. Ask questions if anything you read is not 
clear or would like more information. Take time to decide whether or not to take part.  
 
Purpose of study: 
The Multi-Use in European Seas (MUSES) project will look at how European seas are 
currently being used and what could be the real multi-uses opportunities. The Multi-Use in 
European Seas (MUSES) project will review existing processes, used across the EU, for 
marine and coastal development to ensure they are sufficient for the sustainable, multi-use of 
the marine environment. 
 
The two year Project will be undertaken by 10 European partners: Marine Scotland (Scotland), 
The Maritime Institute Gdansk (Poland), THETIS SPA (Italy), The SUBMARINER Network for 
Blue Growth EEIG (Baltic Sea Region), The Alfred Wegener Institute Helmholtz Centre for 
Polar and Marine Research (Germany), Ecorys (Netherlands), Fundação Gaspar Frutuoso 
(Portugal / Azores), The Hellenic Centre for Marine Research (Greece), The Institute of Marine 
Sciences - National Research Council (Italy), and The University of Dundee (Scotland). 
 
The project will provide Regional overviews of the EU sea basins, including: Baltic Sea, North 
Sea, Mediterranean Sea, Black Sea and Eastern Atlantic. A comprehensive set of case-
studies will also be conducted and analysed and an action plan will be put forward to look at 
how to: build on and reduce gaps in existing knowledge, identify impacts and risks and 
maximise local benefits while overcoming existing barriers. 
 
Why have I been invited? 
You have been identified by one of the partners in the MUSES project as someone that has 
knowledge and expertise in a sector and/or geographical sea basin that will assist us meeting 
the aims of our study which are briefly set out above. 
 
Do I have to take part? 
It is up to you to decide, the research is completely voluntary. We have provided information 
on this sheet on the study and the researcher will be happy to answer any questions that you 
may have. We will then ask you to sign a consent form to show you agreed to take part. You 
are free to withdraw at any time, without giving a reason and without prejudice or negative 
consequences.  
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What will happen to me if I take part? 
The researcher will provide you with information on the following: 

• how long you will be involved in the interview 
• If there will be any follow up work after the interview 
• The format of the interview and how information will be captured and recorded. 
• How your information be used in the project 

 
Risks and Benefits of Participating: 
Relevant policy and procedures have been put in place to address risks.  
 
The benefit of participating in this project is the knowledge and expertise you have will be used 
to help achieve a sustainable, multi-use of the marine environment, including reducing gaps 
in existing knowledge, identifying impacts and risks and maximising local benefits while 
overcoming existing barriers. One of the most relevant benefits for the project will be capturing 
contributions from real stakeholders, like you, that can strengthen the desk analysis. 
 
Will my taking part in the study be kept confidential? 
All the information we receive from you, including your name and any other identifying 
information (if applicable), will be strictly confidential. The information will be stored on a 
password protected, document storage and management system which is only accessible by 
Project Partners. Any information about you which is published will have your name and 
contact details removed so that you cannot be recognised, unless you have given permission 
to be identified on the consent form.  
 
What will happen if I don’t carry on with the study? 
If you withdraw from the study all the information and data collected from you, to date, will be 
destroyed and your name removed from all the study files. 
 
What will happen to the results of the research study? 
The information will be used by the project consortium to support the successful completion 
of the project. Any information or data generated by MUSES will only be made publicly 
available in an anonymised form, such that it will not be possible to disaggregate or identify 
any individual to which it relates (unless the owner of the data has given express permission 
for non-anonymised data to be made publically available).  
 
Data Retention & Destruction 
Once the final data sets have been evaluated, personal data will be dissociated from the rest 
of the dataset and stored separately for the duration of the MUSES project. At the end of the 
project, personal data will be erased. 
 
For Further information and contact details: 

1. General information about the MUSES Project (https://muses-project.eu/ ) 
2. Specific information about this research project (Andronikos.Kafas@gov.scot)  
3. Who you should approach if unhappy with the study: 

(Researcher: Andronikos.Kafas@gov.scot or Project Co-ordinator: 
bruce.buchanan@gov.scot) 

 
 
 

https://muses-project.eu/
mailto:Andronikos.Kafas@gov.scot
mailto:Andronikos.Kafas@gov.scot
mailto:bruce.buchanan@gov.scot
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10. Supplementary Material 3 – Open questions 
 
Table 3: List of open-ended questions regarding the MU combination used as a guide during 
interviews with stakeholders. 

1.  Is it possible to establish / widen / strengthen MU in the case study area? (Y/N) For which MU 
combination in particular? What needs would MU satisfy? 

2.  Is space availability an issue for MU development / strengthening in the case study area at 
present? (Y/N) Will space availability become an issue for your area in the future? (Y/N) For 
what elements is / could space availability become an issue? 

3.  Are there MUs combinations that will share the same resources but in different times (e. g. 
reuse of an infrastructure after the end of its first life and original scope)? (Y/N) What are they? 

4.  What would be the most important resources to be shared between uses (infrastructures, 
services, personnel, etc.)? 

5.  Are existing and/or potential MUs taken into account within the existing or under development 
Maritime Spatial Plans? (Y/N) 

6.  How are MUs connected or related to land‐based activities? 
7.  Is the needed knowledge and technology for MU development/strengthening in the case study 

area already available? (Y/N) What is the level of maturity of available knowledge? What is the 
level of readiness of available technology? Are there still research needs? (Y/N) 

8.  What action(s) would you recommend to develop / widen / strengthen MU in the case study 
area? What actor(s) do you see particularly important to develop / widen / strengthen MU in 
the case study area? 

9.  Do you see Added Value for society and economy at large and/or for local communities of 
developing / widening / strengthening MU in the case study area? (Y/N). What are the most 
important ones? 

10.  Is it possible to quantify the socio‐economic benefits related to MUs and how they (could) 
contribute to the sea economy at local and regional/national scale? (Y/N) What tools, 
knowledge, experiences are available? 

11.  Would MU development / strengthening be an opportunity for job creation and / or job 
requalification in your area? (Y/N) 

12.  Do you see possible elements of attractiveness for investors in developing / widening / 
strengthening MU in the case study area? (Y/N) What are these elements? 

13.  What are possible investors interested in developing / widening / strengthening MU in the case 
study area? 

14.  Is there sufficient dialogue between the stakeholder sectors for developing / widening / 
strengthening MU? (Y/N) Would dialogue facilitation be an asset? (Y/N) 

15.  In order to promote MU development / strengthening in the case study area: 
 ‒ Would the availability of a vision/strategy (e. g. at national or sub‐regional level) be helpful? 

(Y/N) 
 ‒ Would a feasibility study including evaluation of alternative scenarios be helpful? (Y/N) 
 ‒ Would detailed projects on already identified simulations be useful? (Y/N) 
 ‒ Do you see other enablers? 

16.  What are / would be the environmental Added Value (= positive environmental impacts) of 
developing / widening / strengthening MU in the case study area? 

17.  Which tools (conceptual, operational) are used or should be further developed and used to 
better estimate environmental impacts and benefits of MU? 

18.  Is saving free sea space for nature conservation a driver for MU in the case study area? (Y/N) 
Is there evidences about the present and future benefits of reserving free sea space? (Y/N) 
What are they? 

19.  What practical actions would you undertake to link MU development / widening / strengthening 
to improved environmental compatibility of maritime activities? 

20.  Are there win‐win solutions triggering both socio‐economic development and environmental 
protection already available for the case study area that MU should take up? (Y/N) What are 
they? 

21.  Is the environmentally friendly knowledge / technology for MU development/strengthening in 
the case study area available? (Y/N) Which is the level of readiness of available solutions? Are 
there still research needs on blue/green technologies for MU? (Y/N) 
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22.  Would it be possible to promote MU through SEA/EIA procedures? (Y/N) What modifications 
would you suggest at your national / local level to promote MU through SEA/EIA procedures? 

23.  Does current legislation encourage multi-use? (Y/N) How is this being handled in practice? 
24.  Can multi-use enhance the acceptance or ease the achievements of the societal license to 

operate (SLO)? 
25.  Where do you see the biggest problems in regard to insurance of multi-use operations? How 

could these be addressed? 
26.  Do you believe current licensing frameworks and authorities are well equipped to handle multi-

use applications? Where do you see room for improvement? 
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11. Supplementary Material 4 – Catalogue of factors 
Table 4: Catalogue of factors for the offshore wind sector. 

 

Code Factor description SCO DE All 
Drivers 
1 D.1.8 Discharge consent condition related to fisheries (i.e. meet legal requirements) by 

accommodating reasonable concerns raised by the fishing industry during 
construction and operation (e.g. through agreed installation timing and methods). 

2.5 2 2.5 

2 D.2.1 Avoid costs resulting mainly from delays with additional surveys (e.g. need for 
removal of gears) and delays during the marine licensing process. 

2.5 2 2.3 

3 D.3.2 Contribute towards local community and wider societal acceptance of offshore wind 
farm (a.k.a. Corporate Social Responsibility or Societal Licence to Operate). 

2.8 0 2.3 

4 D.3.3 Contribute to a positive company reputation for developers, which may contribute 
favourably to timescale for obtaining a licence. 

2.7 1.2 2.2 

5 D.1.4 Satisfy general EIA requirements for identifying, consulting, and mitigating all affected 
stakeholders.  

2 0 1.8 

6 D.1.9 Mitigate risks for legal challenge to consent decisions by dissatisfied stakeholders. 1.5 2 1.6 
7 D.4.1 Suitable installation technologies are available to facilitate the cross-sector 

coexistence (e.g. specialised vessels, navigational precision, etc.). 
1.3 2 1.4 

Positive effects 
8 V.1.1 Stimulate collaborative working relationships between the two industries (e.g. in-kind 

contributions with information sharing, avoidance of survey disruptions). 
2 0.5 1.8 

9 V.1.3 Reduce costs from sharing support infrastructure (e.g. vessels, harbours) during 
operations and maintenance. 

1.2 1 1.2 

10 V.2.4 Benefit from innovation advances to facilitate fishing operations (e.g. installation 
methods, foundation types etc.). 

1.5 0.5 1 

Barriers 
11 B.4.1 Within-sector challenges, including issues with other receptors (e.g. ornithology), and 

strong competition within the energy sector to secure government subsidies 
-3 -1 -3 

12 B.2.1 Additional costs to developers from (i) insurance premiums and additional protection 
measures to cover cable asset risks, (ii) alternative but more expensive foundation 
types, installation methods friendlier to fishing, as well as (iii) a longer planning and 
design process to allow for discussions about turbine micro-siting, cable routing, and 
to design any additional surveys. 

-2 -3 -2 

13 B.3.1 Offshore wind farm components not always technically compatible with fishing 
operations (e.g. not all vessel sizes compatible with turbine spacing). Fishing 
operations may challenge the integrity of offshore assets (e.g. not all gear 
specifications could be deployed over export or inter-array cables). 

-2 -3 -2 

14 B.3.4 Offshore wind farm design process is complex and non-flexible discouraging any MU 
consideration. 

-2 -2 -2 

15 B.4.3 Negative attitudes exhibited by the fishing industry hinder relationships (e.g. claims of 
sole ownership of the sea space, limited engagement during consultation exercises, 
and past instances of exploitation behaviour with compensation claims). 

-2 -1 -2 

16 B.2.2 No direct financial gain to developers by allowing fishing to take place within OWFs  -2 -1 -2 
17 B.3.3 Stringent post-installation monitoring requirements to determine liability in case of 

accidents and damage to offshore wind turbines. Need for specialised, high-
resolution, monitoring equipment (e.g. distributed temperature sensing systems for 
exposure of cable sections). 

-1 -1 -1 

Negative effects 
18 I.1.2 Bear direct costs resulting from more demanding post-installation surveys, insurance 

premiums due to increased risk to asset integrity, and burial (or additional protection 
measures) of power cables. 

-2 -1 -2 
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Table 5: Catalogue of factors for the commercial fishing sector. 
Code Factor description SCO DE All 
Drivers 
1 D.2.2 Avoid any interference with fishing operations and any unnecessary additional cost 

to the sector (e.g. loss of income, increased insurance premiums, loss of gears). 
2.7 0.5 2.2 

2 D.3.1 Avoid threats to the livelihoods of fisheries and enable fisheries to contribute to the 
national and European food security. 

2.8 0 2 

3 D.1.3 Political will and support to sustain fishing opportunities. 2.5 0 1.2 
Positive effects 
4 V.3.1 Offer protected habitats for marine species, which may increase the available 

biomass in the immediate surroundings with positive knock-on effect for fishing. 
2.4 1.5 2.2 

5 V.1.7 Avoid indirect costs to fishers from e.g. displacement, overcrowding (in alternative 
grounds or port infrastructure), reduction in quality of catches, knock-on effects on 
the supply chain.  

2.2 0 2 

6 V.1.6 Avoid direct costs to fishers from e.g. loss of income due to area exclusions, 
increased fuel costs due to longer steaming distances, capital costs for diversifying 
to alternative locations, and any costs for new fishing equipment. 

2.1 0 1.9 

7 V.2.1 Promote the continued survival of the domestic fishing industry 2.5 0.5 1.8 
8 V.1.1 Stimulate collaborative working via alternative employment opportunities (e.g. guard 

vessel duties). 
2 0.5 1.8 

9 V.2.3 Help build trust with local fishermen and local communities. 2.1 0.5 1.8 
10 V.1.2 Offer opportunity for alternative gears such as creels to proliferate due to spatial 

restrictions to competing fleet segments (e.g. mobile gears). 
1.8 0.5 1.4 

11 V.1.5 Other indirect economic benefits (e.g. employment opportunities in the future) 1.8 0.5 1.4 
12 V.3.2 Prevent fisheries displacement and avoid any potential implications on fish and 

shellfish stocks in cases of localised overfishing to adjacent areas. 
1.3 NA 1.3 

13 V.2.4 Promote innovation advances (e.g. gear modifications). 1.5 0.5 1 

Barriers 
14 B.4.1 Within-sector challenges e.g. current fisheries policy landscape and increasing 

space demand for ocean conservation. 
-3 -1 -3 

15 B.3.2 Data reliability and availability. Issues related to access, coverage, deficiency, and 
misrepresentation. 

-2 -2 -2 

16 B.4.2 Maritime safety risk perceptions related both to navigation and fishing operations. 
Low confidence to cope with extraordinary conditions (e.g. engine failure, snagging 
incidents, extreme weather conditions, health issues, force majeure, and others).  

-2 -2 -2 

17 B.1.4 Issues with consultation related to timing, frequency, insincere support, governance 
structure, representation, power imbalances, and conflicts of interests.  

-2 -1 -2 

18 B.4.4 Developers’ negative attitudes such as deferring mitigation discussion for later 
stages, insincere support to consultation exercises, and declining compensation to 
legitimately affected fishers.  

-2 -2 -2 

19 B.4.5 Perceived weak position to oppose multinational developers and government 
agendas. Small-scale fishing companies unable to afford potentially increased 
insurance premiums to operate within offshore wind farms.  

-2 -1 -2 

20 B.1.2 No formal legal requirements for developers to offer compensation. -1 -1 -1 

Negative effects 
21 I.3.1 Negative effects on shellfish stock recruitment due to sediment suspension during 

construction. 
-2 0 -2 

22 I.2.1 Increase in safety risk from unburied/exposed sections of power cables, with the 
potential for loss of life 

-2 0.5 -2 

23 I.3.2 Noise impacts on sensitive life stages of commercial stocks -1 NA -1 
24 I.3.3 Electro-magnetic field (EMF) effects on electro sensitive fish species -1 NA -1 
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Table 6: Catalogue of factors for government. 

Code Factor description SCO DE All 
Drivers 
1 D.1.1 Fulfil policies related to the protection of legitimate users. 2.5 2 2.4 
2 D.1.2 Fulfil policies related to sea access. 2.4 1.5 2.2 
3 D.1.7 Fulfil policies related to spatial efficiency. 2 2.1 2.1 
4 D.3.4 Accord to political and social positive views towards the MU combination. 1.7 1.5 1.7 
5 D.1.5 No legal basis for excluding fisheries from certain sea areas. 1.2 0 1 
6 D.1.6 Adapt commercial fisheries to climate change. 0.7 1.5 1 

Positive effects 
7 V.1.4 Facilitation between the two industries can have a positive knock-on effect for the 

local economy e.g. harbours that their commercial viability was uncertain without 
the presence of the offshore wind industry. 

2.7 1 2 

8 V.2.8 Promote social justice and equality to all stakeholders. 2 1.5 1.9 
9 V.2.5 Decrease overall human footprint and promote efficiency in ocean space. 1 1.7 1.5 

10 V.2.6 Reduce external negative stressors to the fishing industry which prevents the loss 
of cultural traditions and local knowledge.  

2 0.5 1.4 

11 V.2.2 Contribute to community empowerment e.g. local community funding offered by 
offshore wind developments has catalysed the fishing sector to benefit from better 
governance, supported fisheries management, and engaged the industry in stock 
assessment activities via industry-run surveys. 

2.5 0 1.2 

12 V.2.7 Achieve sustainable development targets, such as tackling climate change while 
maximising domestic energy and food security supply. 

1.5 1 1.2 

13 V.3.3 Maintain status quo. Perceptions that due to fishermen’ long presence in the marine 
environment, any drastic removal may have unpredictable effects on commercial 
stocks and food web interactions. 

1.5 0 1.2 

Barriers 
14 B.1.3 Current EIA practice does not explicitly consider MU. -2 -2 -2 
15 B.1.1 No single representation body for the commercial fishing industry. Fisheries are not 

a ‘statutory consultation body’ in the Scottish marine licensing process. 
-2 -1 -2 

16 B.1.5 Limited spatial policies protecting fisheries interests. -2 -1 -2 

Negative effects 
17 I.1.1 Higher energy cost to consumers while developers recover additional expenditure 

to make an offshore wind farm fishing-proof. 
-2 -1 -1 

18 I.3.4 By realising the MU combination, there will be less protected space from fishing. -2 -0 -1 
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