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Dear reader, 

 

This document encompasses the findings of the Blue Bioeconomy Forum over the course of the last 

year. We engaged with representatives and stakeholders in the blue bioeconomy community in our 

7 December 2018 and 25 June 2019 events, our workshops on 12-13 March 2019, in 

questionnaires, interviews, and discussions on other events. We have tried to capture all major 

issues that hinder blue bioeconomy development in Europe and provide suggestions for ways 

forward for immediate uptake, until 2025 and beyond. 

The blue bioeconomy is full of opportunity and we hope to have captured the possibilities in our 

illustrative descriptions in the text boxes.  

 

Please provide us with your comments or recommendations before 31 August 2019 on: 

http://openconsultation.bluebioeconomyforum.eu 

 

Yours sincerely, 

on behalf of the Blue Bioeconomy Forum team, 

Andreas Ligtvoet. 

 

 

 

 

 

 

 

 

 

 

 

LEGAL NOTICE 

This document has been prepared for the European Commission. However, it reflects only the views of the 

authors. The Commission cannot be held responsible for any use which may be made of the information 

contained herein.  

http://openconsultation.bluebioeconomyforum.eu/
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1. EXECUTIVE SUMMARY 1 

The blue bioeconomy encompasses all economic activities for which aquatic biomass is 2 
being produced or used. This multi-faceted economic sector shows great potential for 3 
sustainable growth in the European Union. While large numbers associated with 4 
economic outlooks may be contested, profit and non-profit stakeholders agree that the 5 
blue bioeconomy offers unique possibilities to tackle several sustainable development 6 
goals, while promising superior products to consumers and generating decent business 7 
opportunities. 8 

Before the blue bioeconomy can fulfil its contribution to people, planet and prosperity, 9 
there are still many hurdles to be overcome. This roadmap represents the collective 10 
effort of business, academia, governments, and civil society – united in the Blue 11 
Bioeconomy Forum and its activities – to identify challenges and suggest ways forward 12 
for tackling these challenges in the short, medium, and longer term. For this roadmap, 13 
the Forum has consciously chosen to emphasise novel and upcoming products, 14 
applications and services and thus to underrepresent existing blue bioeconomy 15 
businesses. This attempt to focus was done to contain the effort for signalling the 16 
challenges in application areas from food, feed, pharmaceuticals, cosmetics to chemistry, 17 
and in no way negates the business and growth potential of more established subsectors. 18 

The fact that many activities within the focus of this roadmap are innovative directly links 19 
to one of the most acute problems that should be tackled: due to the nascent phase of 20 
many companies and projects, there is a lack of clarity in a range of items: rules and 21 
regulations (along with required licences) that apply to the activities, lack of solid 22 
information on the size of the market and the number of businesses involved and hence 23 
business risk, lack of reliable statistics and scientific measurements that support 24 
decisions. Many of the businesses that were interviewed in the context of this roadmap 25 
are true pioneers that constantly face new and often unforeseen issues. They operate in 26 
a niche that is not (sufficiently) supported by the dominant institutional settings or that 27 
falls under different legislatory and organisational regimes. This is part of being an 28 
entrepreneur in uncharted economic territories; the question is to what extent and how 29 
such activities could be supported and stimulated. Harmonisation of regulation – both 30 
horizontally across different domains like agriculture and fishery as well as vertically 31 
across different governance layers – is an obvious and urgent requirement. 32 

There is a range of further challenges to the blue bioeconomy, which are all addressed in 33 
this document. Starting from four thematic priorities (Policy, environment and regulation; 34 
Finance and Business development; Consumers and value chains; Science, Technology 35 
and Innovation) the discussions held in the roadmap process have led to further 36 
specification and aggregation. The following table provides an overview of the main 37 
challenges that have been identified as key priorities. 38 

Table 1 Challenges of the blue bioeconomy sector 39 

Short name Challenge 

Policy, environment and regulation 

Licences / Permits Obtaining licenses and permits to set up activities is difficult for companies 

Novel food Novel food status and procedures are unclear for companies 

Ecosystem services Environmental benefits are not recognised and/or remunerated 

Finance and business development 

Understanding finance 
Blue bioeconomy projects and businesses lack understanding of investment 

landscape and how to present opportunities to potential investors 
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Short name Challenge 

Funding mechanisms 
Lack of funds and mechanisms to support blue bioeconomy projects and start-

ups 

Skills and qualifications Human resources needs (skills and qualification) in the blue bioeconomy sector 

Consumers and value chains 

Consumer acceptance Lack of consumer acceptance of blue products 

Side products Lack of valorisation of rest raw materials from marine origin materials 

Production costs High costs of blue production 

Seasonality Difficulty in stable production of aquatic or marine biomass due to seasonality 

Logistics Logistical challenges for aquatic of marine biomass processing 

Science, Technology and Innovation 

Researcher-industry 

dialogue 

Dialogue and sustainable cooperation between researchers and industry is 

needed 

Marine exploration Exploration of marine environment has technical challenges and high costs 

Research 

infrastructures 
Lack, underuse and geographical discrepancy of research infrastructures 

Access to data Lack of access to data, research results and data banks 

 40 

It should be noted that many of these challenges are interconnected and require a 41 
holistic approach towards tackling them. In the roadmap text these connections are 42 
indicated.   43 

 44 

Reading guide 45 

This roadmap document was produced by the Blue Bioeconomy Forum on request of the 46 
European Directorate-General for Maritime Affairs and Fisheries as well as the Executive 47 
Agency for Small and Medium Enterprises. The intended audience, however, is the full 48 
range of stakeholders in the blue bioeconomy. Chapter two provides a short description 49 
of the ways forward targeted to different stakeholders while chapter three provides a 50 
more lengthy description of issues per thematic area (the different “roads” in this 51 
roadmap). The annexes provide the context of the document and the policy areas 52 
involved, the research process and the sources consulted. Further documentation related 53 
to the Blue Bioeconomy Forum can be found on http://bluebioeconomyforum.eu 54 

55 



   

Roadmap for the blue bioeconomy – Draft version 

 3 

2. WAYS FORWARD 56 

This section provides suggested ways forward in response to the challenges identified 57 
during the roadmap process. The ways forward are fitted per challenge, but also take 58 
into account measures that have a cross-cutting effect. When a specific action also 59 
addresses another challenge, this is indicated. 60 

Each way forward gives an indicative timeframe for its implementation. We differentiate: 61 

• Short term actions (2019-2020): These are both actions that have a priority and that 62 
realistically can start being implemented “tomorrow”.  63 

• Medium term actions (2020-2025): These actions require more time and preparation 64 
in order to be launched by the implementing bodies.  65 

• Long-term actions (2025+): These actions are necessary but complex to be achieved, 66 
they require that prior actions take place and are fully implemented.  67 

Each way forward also shows which specific actions are required/expected per 68 
stakeholder. For the purposes of the roadmap, we differentiate four main typologies of 69 
stakeholders: 70 

• European Commission 71 

• National and/or regional bodies 72 

• Industrial players 73 

• Research community 74 

Although not specifically addressed in the ways forward, citizens and civil society 75 
organisations should in general be informed and consulted where developments in the 76 
blue bioeconomy touch their daily activities. 77 

Finally, the last column of the ways forward graphs provides an indication of the key 78 
benefits that each action seeks to achieve. 79 

 80 

2.1 Obtaining licenses and permits to set up activities is difficult for companies 81 

A range of challenges for activities in the blue bioeconomy lies in the legal realm. There 82 
is unclarity with regard to definitions of the activities undertaken and under which policy 83 
field they fall: fishery or agriculture are the most logical candidates but do not sufficiently 84 
cover the activities. It makes sense to clarify and harmonise the rules that apply to blue 85 
bioeconomy activities – not only between policy fields, but also between different layers 86 
of governance from the EU-level to the local level. Clarification can at certain points be 87 
achieved through formal standards as promoted by standardisation bodies.  88 

For businesses operating in the blue bioeconomy, one-stop-shops can be one way of 89 
reducing the burden of operating in this new and upcoming sector: it would mean that 90 
regional or national governments can support the companies in their search for the right 91 
licences and permits. 92 

In the medium term, multi-use of scarce marine space should be facilitated.  93 
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 94 

 95 

2.2 Novel food status and procedures are unclear for companies 96 

Getting more blue biomass authorised on the EU Novel Food list would help the Blue 97 
Bioeconomy to scale up, offering more opportunities to commercialise high-value 98 
products, and support the sector. Effective implementation of the regulation is important 99 
to protect EU citizen’s health, but also to protect the sector from unfair competition.  100 

The Blue Bioeconomy Forum suggests to: 101 

•  Make the Novel Food authorisation more affordable, by publicly funding projects to 102 
prepare the analytical procedures that ensure the safety information for each product. 103 
These procedures are the most expensive part of a novel food dossier. They would 104 
then fall into public domain, and companies would be able to use them to prepare 105 
their own dossiers. 106 

•  Ensure the accuracy and consistency of the Novel Food list, in order to improve 107 
transparency. Notably industry and researchers should be able to inform public 108 
authorities when they notice an error or a missing information.  109 

•  Further support novel food applicants, especially SMEs, to navigate the procedure. 110 
Support would for example take the form of efficient communication pathways, and 111 
consistent information at EU and National level.  112 

 113 
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 114 

 115 

2.3 Ecosystem services are not recognised and/or remunerated  116 

A number of blue bioeconomy activities can provide ecosystem services, that could be 117 
valorised as instruments to achieve EU environmental targets. The Blue Bioeconomy 118 
Forum suggests to:  119 

• take stock of past and current projects in the domain, especially in innovation in 120 
valorising ecosystem services; different ways of implementing ecosystem services on 121 
national and regional level recognising that conditions vary significantly from sea 122 
basin to sea basin; and project and companies who support the upscale of ecosystem 123 
services. There is also a need to define the interplay between different types of 124 
ecosystem services. 125 

• secure high-level support for payments for ecosystem services and create cohesion 126 
between the Common Agricultural Policy (CAP) and the Common Fisheries Policy 127 
(CFP) .  128 

• define and implement an EU strategy for an institutional framework for ecosystem 129 
services across European sea basins. This strategy should ensure common monitoring 130 
of results, involvement of all actors, including local communities, coherence between 131 
sea- and land-based policies (especially at the EU level), long-term funding 132 
mechanisms and implementation targets.  133 
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 134 

 135 

2.4 Blue bioeconomy projects and businesses lack understanding of investment 136 
landscape and how to present opportunities to potential investors 137 

Start-ups and small businesses in the Blue Bioeconomy require financing to move 138 
through further phases of technology development and commercialisation. Investment 139 
will continue to come from a range of sources, including, among others, angel investors, 140 
venture capital, equity funds, and credit facilities. Developing appropriate and convincing 141 
financing plans is challenging for many start-ups, which often lack the necessary 142 
expertise or experience in-house. It is important therefore to provide blue bioeconomy 143 
start-ups with advice on financing. The European Commission is establishing a Blue 144 
Economy Investment Platform, which can provide such an advisory function. For relevant 145 
regions, it would also be helpful for national and local authorities to support advisory 146 
platforms or innovation hubs more targeted to the local Blue Bioeconomy. Businesses 147 
and research projects should also engage financial expertise in their advisory or 148 
management structures. 149 

 150 

 151 

 152 



   

Roadmap for the blue bioeconomy – Draft version 

 7 

2.5 Lack of funds and mechanisms to support blue bioeconomy projects and 153 
start-ups 154 

To address the lack of financing for blue bioeconomy start-ups and SMEs, dedicated 155 
investment funds should be established. This has been proposed within the framework of 156 
the new Blue Economy Investment Platform. National and local authorities should 157 
consider contributing to such a platform, and also to establishing a matching fund 158 
mechanism. Separate national and regional funds are also a promising option. Blended 159 
finance models will continue to develop in this sector and any of these initiatives or 160 
mechanisms should provide the opportunity for investment management companies to 161 
participate as investing partners. The research community can assist with better area-162 
specific risk assessment models, which can improve the sophistication and reliability of 163 
risk-return analyses for blue bioeconomy investment proposals. Over the longer term, 164 
the blue bioeconomy sector could benefit from policy instruments, such as technology 165 
subsidies or partnership initiatives, to partially offset high production costs. This is 166 
particularly important for sub-sectors offering social and environmental benefits, 167 
including ecosystem services. Other stakeholders should engage with discussions on the 168 
design of the most appropriate supporting policy instruments. 169 

 170 

 171 

 172 

2.6 Human resources needs (skills and qualification) in the blue bioeconomy 173 
sector 174 

The skills required for success become more complex with each phase of product 175 
development. Whereas in initial phases the needs are for specialized technical skills, in 176 
latter phases, these are expanded to include specific types of business skills. Members of 177 
the investment community active in the blue bioeconomy have remarked that 178 
entrepreneurs and project leaders often lack necessary business skills for growing a small 179 
startup or business. These people usually have a natural science or technical background. 180 
Their academic training often does not include even basic business skills training 181 
(marketing, sales, management, finance and accounting, etc.). The lack of 182 
multidisciplinary skills can constitute a bottleneck to innovation.  183 

 184 

 185 
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2.7 Lack of consumer acceptance of blue products 186 

The qualities, health benefits, functionalities and utilities of blue biomass/products are 187 
still hotly debated. As a result, the type and amount of public support, as well as 188 
consumer acceptance of novel products is limited. To raise consumer acceptance of blue 189 
products, the value of these products needs to be more widely understood, and 190 
reciprocally, producers should recognise concerns among potential consumers (such as 191 
price, sustainability, and health benefits.).  192 

The Blue Bioeconomy Forum suggests to: 193 

• Undertake a study on the functionalities and application of different types of blue 194 
biomass/products, to stimulate research community to publish/disseminate findings 195 
on qualities of bio-based products. 196 

• Define a communication strategy that mobilises the right people (including civil 197 
society; consumer associations; “ambassadors” of blue biomass producs, such as 198 
chefs), emphasises appeal for consumers (such as sustainability of products; origin 199 
and traceability) with positive wording  200 

• Design supportive regional policies for the blue sector, including both “soft” measures 201 
(such as assisting local producers with the organisation of local fairs) and 202 
interventionist measures (such as fiscal policies to support production at cheaper 203 
prices) to stimulate the development of innovative and sustainable products from 204 
blue biomass origin.  205 

• Promote collaboration among business, institutions, and environmental organisations 206 
to contribute to growth and development of the blue sector regionally and across the 207 
EU.  208 

 209 

 210 



   

Roadmap for the blue bioeconomy – Draft version 

 9 

2.8 Lack of valorisation of rest raw material from fisheries 211 

jDiscards of seafood resources, namely fishery “non-target” species count for 25% of 212 
total volumes of marine fishery catch, while the discards in the fish processing industry 213 
reach up to 75% of the total volume of products. This problem has been raised 214 
continuously over the last decade, but technical solutions have not been commercialised 215 
(FAO, 2011), (EUMOFA, 2018),  (EC DG RTD, 2016). Main barriers are: 216 

•  lack of awareness and interest in business community and investors , including lack of 217 
successful examples of tested products and business models based on valorisation of 218 
rest raw material  219 

•  unclarity in regulatory areas, for example, whether rest raw material from fishing 220 
should be considered as waste, limiting their use as inputs for new products 221 

Ways forward include reinforcing the demonstration efforts for solutions to rest raw 222 
material valorisation that will cover not only food related sectors, but also other value 223 
chains where side products can be utilised. This requires better exchange between 224 
researchers, business and investors Reducing regulatory uncertainties could also help 225 
attract investors.  226 

 227 

 228 

 229 

2.9 High costs of blue production 230 

Entrepreneurs in the blue bioeconomy sector face relatively high production costs, due to 231 
a lack of available and accessible production/processing facilities, as well as risks and 232 
expenses during the R&D phase.  233 

The Blue Bioeconomy Forum suggests to: 234 

• Build clusters of blue production with biorefineries and other production facilities 235 
across the EU supported by investment in production facilities. Appropriate 236 
infrastructure for timely processing, logistics and transportation of biomass is an 237 
essential factor for both energy and cost efficiency in production and research. 238 
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• Design and implement a policy instrument to partially decrease R&D costs of clinical 239 
trials, to assist in critical research areas of the ‘blue’ sector (e.g. development of 240 
compounds for biomass drying or salt extraction) and to stimulate research/product 241 
development. 242 

• Design a funding mechanism for SMEs and create incentives for private investors and 243 
companies to invest in facilities like biorefineries and silos. As identified above, 244 
business advisory services could support scaling up production and diversification of 245 
product portfolio, and accessing available financial support from the regional, national 246 
or EC programmes.  247 

Above-listed suggestions are expected to stimulate business activity and research in the 248 
blue bioeconomy sector, to increase efficiency of blue production, reduce losses and 249 
logistical costs. 250 

 251 

 252 

 253 

 254 

2.10 Logistical challenges for biomass processing 255 

35% of consulted BBF stakeholders face logistical challenges, of which 80% are technical 256 
in nature, rather than being related to legal or policy issues. Technical challenges include 257 
complex and expensive operations throughout the entire supply chain, including 258 
harvesting, storing, processing, transport and delivery. A better understanding is 259 
required of the impact of seasonality on the quality of marine resources, especially in the 260 
context of ongoing climate change. Research on these challenges should be linked with 261 
commercialisation and the involvement of public and private actors.   262 

Lack of access to data on pollution, quality and temperature of water prevents 263 
entrepreneurs to optimise their production process. Ensuring open access to such data, 264 
as well as integrating various monitoring data sources in one platform, requires joint 265 
action by public, research and industry actors. 266 



   

Roadmap for the blue bioeconomy – Draft version 

 11 

Costs arising from the remoteness or sparse locations of farmin  or wild harvesting 267 
locations from processing facilities can be addressed by clustering these.  268 

The compliance with regulations on preventing waste of by-catch incurs logistical 269 
challenges and costs for companies. However, in countries where the market of by-catch 270 
is developed, the fisheries are able to reap a profit.  271 

Dissemination and exchange of existing good practices on distributed harvesting, 272 
processing of biomass, optimisation of the logistics of by-catch fishing resources would 273 
be helpful. 274 

 275 

 276 

 277 

2.11 Dialogue and sustainable cooperation between researchers and industry is 278 
needed 279 

Better links and collaborationis needed to develop and deliver successful products to 280 
consumers.  281 

The Blue Bioeconomy Forum suggests to: 282 

•  Develop measures to incentivise researchers and companies to collaborate. The 283 
interests and motivators from one actor to another can be very different. If concrete 284 
actions, such as co-design of research with industry, are taken to facilitate 285 
cooperation with specific agreements, knowledge transfer is facilitated between the 286 
academic and applied research entities and the private sector.   287 

•  Launch exchange programmes for students and academics in industry and vice versa. 288 
Possible examples include involvement of PhD students in industrial projects and/or 289 
seminars. Such activities could enhance alignment of expectations of both sides in all 290 
collaborative activities. These activities could also lead to matchmaking of talents in 291 
research and industry, as well as increasing awareness among researchers about 292 
market needs.  293 

 294 

Increased and improved cooperation between researchers and industry can have cross-295 
cutting effects on the other specific challenges that have been identified.  296 



   

Roadmap for the blue bioeconomy – Draft version  

 12 

 297 

 298 

 299 

2.12 Exploration of marine environment has technical challenges and high costs 300 

The provision of a pipeline of new marine organisms to screen for novel compounds is an 301 
essential support for future innovation (Hurst, 2016). However, the technical challenges 302 
of accessing areas outside the shallow coastal zone and the costs of deep-water 303 
exploration mean that much remains to be discovered in the oceans’ depths.  304 

 Activities and financing thus generally focuses either on fundamental research or the 305 
application potential of the functional components with high end market applications. 306 
Many approaches require a new methodological and systematic approach.  307 

The Blue Bioeconomy Forum (based on ERA-Net activities) suggests to: 308 

• Explor targeted environments and hotspots 309 

• Develop next generation sampling methods 310 

• Develop novel methods for the taxonomic, chemical, and biochemical evaluation of 311 
marine species as sources of bioactive compounds.   312 

More collaboration would also help in reducing exploration costs, for example, through 313 
optimisation of multi-purpose screening on hotspots or sampling programs. 314 

 315 

 316 

 317 

2.13 Lack, underuse and geographical discrepancy of research infrastructures 318 

The availability of relevant and accessible research infrastructures, comprising 319 
physical as well as human resources, is essential to continue and enhance the 320 
development and utilisation of outputs from marine biotechnology. The most urgent 321 
technological challenges are in the demonstration plant phase (TRL 6-7), and the 322 
upscaling to flagship/first-of-a-kind (TRL 8), when economies of scale have not yet been 323 
achieved. Although lack of information about available infrastructure was mentioned in 324 
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the BBF working groups, there are databases at DEMO or pilot scale that provide an 325 
overview of the available infrastructures. However, none are specific for blue 326 
bioeconomy. 327 

The Blue Bioeconomy Forum suggests to: 328 

•  Build on existing projects to map and optimise the use of specified, available research 329 
infrastructures (in particular at TRL 6-8) including personal skills needed to operate 330 
these facilities. 331 

•  Bring together different scientific disciplines to promote innovation, turning scientific 332 
findings into flourishing businesses. Such activities relate to the “New Skills Agenda 333 
for Europe” as well as national, regional and sector initiatives that should boost the 334 
labour market across the Member States. These initiatives are aimed at a) retraining 335 
and up-skilling the current labour force and b) enabling the system to better prepare 336 
the future labour force.  337 

•  Build, from 2025 additional research infrastructures and generate financial tools that 338 
assure sustainable accessibility and operation of the facilities. 339 

 340 

 341 

 342 

2.14 Lack of access to data, research results and data banks 343 

Issues regarding access to data, research results (including data from unsuccessful 344 
experiments) and data banks are considered as challenges that, when available, may 345 
stimulate the development of the Blue Bioeconomy. It is needed to strengthen the 346 
collaboration between academics and industry and to develop ways to incentivise 347 
researchers / companies to share data. A big challenge is to unify / streamline the 348 
available data sources and portals that we have worldwide. Therefore, it is proposed to 349 
link Blue Bioeconomy projects with European initiatives to share and standardize data 350 
according to e.g. EOSC (European Open Science Cloud) and FAIR data management and 351 
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tools, a common data language to ensure data stewardship across borders/disciplines 352 
based on FAIR principles. Furthermore, the broad range of changes required for the 353 
implementation of the FAIR data principles should be taken into account. 354 

The blue bioeconomy forum suggests: 355 

•  Define structures and establish means for Blue Bioeconomy data and results that can 356 
be shared, according to existing data structures. The EMODnet could be a good 357 
starting point; the awareness and visibility of this data source should be improved. 358 
National databases should be integrated or federated.  359 

•  Stimulate and facilitate “delivery” and “use” of information in open access results 360 
databases. For commercial data new tools must be developed (e.g. data pods and/or 361 
licenses for data sharing). 362 

 363 

 364 

  365 
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3. THEMATIC PRIORITIES – CHALLENGES OF THE BLUE BIOECONOMY SECTOR 366 

This section of the roadmap further describes the main challenges identified by the Blue 367 
Bioeconomy Forum.  368 

Although some of the challenges are attributed to a specific thematic area, the challenge 369 
itself (or the solution to that challenge) might be cross-cutting with other thematic 370 
priorities. 371 

For instance, access to data was at first mainly addressed from the angle of research 372 
data, biobanks and project results (therefore under Science, Technology and Innovation). 373 
However, access to data is also an issue or part of the solution across other thematic 374 
areas (e.g. for ecosystem services; for monitoring seasonality; to assess logistical 375 
challenges and processing costs). 376 

The lack of skills and qualifications is another cross-thematic challenge. The blue 377 
bioeconomy sector demands profiles that combine engineers, biomarine scientists, 378 
business competences. This issue emerges in finance and business development, as well 379 
as science, technology and innovation. 380 

Another over-arching challenge mentioned during the discussions at the Forum, is 381 
generalised lack of understanding of what the “blue bioeconomy sector” is. This can 382 
represent a challenge in many ways: 383 

• When public authorities lack understanding of the sector, it is difficult to regulate 384 
innovative applications in the sector. Problems vary between jurisdictions and public 385 
authorities don’t know the risks and rules, and don’t know where to classify 386 
companies. For the companies, it is complex to obtain authorisation, it requires 387 
multiple authorisations since the business model can be linked to multiple activities. 388 
The interaction between the public and private sector is difficult and time-consuming 389 
in order to achieve mutual understanding. Intense lobbying from private to public 390 
authorities is necessary. In addition, entrepreneurs must also understand the 391 
legislations in place that might affect their sector.  392 

• This challenge also affects matching entrepreneurs and investors to scale-up business 393 
opportunities. As explained under section of finance and business development, the 394 
lack of understanding also affects access to funding capacity.  395 

• Being an emerging sector - at least for those activities that are not traditional 396 
aquaculture and food production - there is no such thing as an established and 397 
mature European blue bioeconomy community. The Blue Bioeconomy Forum has been 398 
the first attempt to put together all stakeholders of the European blue bioeconomy 399 
community and to create a space for exchange and an opportunity to represent the 400 
sector widely. The discussions conducted with the regional stakeholders also show 401 
that from one region to another there are high divergencies in terms of the maturity 402 
of established blue bioeconomy communities at regional level. There is also a role to 403 
play for the regions in supporting the blue bioeconomy sector to thrive, and this 404 
starts by having established blue bioeconomy communities at regional level.  405 

The following sub-sections provide a detailed description of the challenges that have 406 
been identified among each BBF thematic priorities. 407 

  408 
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3.1 Policy, environment and regulation 409 

3.1.1 Obtaining licenses and permits to set up activities is difficult for companies 410 

It has become clear from our sources, working group discussions and interviews, that 411 
many elements of the Blue Bioeconomy sector are still relatively immature – at least in 412 
terms of the definitions that describe the different activities that fall under this broad 413 
umbrella term. This relative newness immediately translates into a lack of descriptions of 414 
how businesses in the field ought to operate – in other words policies and regulations. To 415 
a certain extent regulatory opaqueness is both an opportunity and a hindrance. In a 416 
situation where new businesses are developing a period of relative freedom and low 417 
legislative pressures allow for the businesses to experiment and also demonstrate where 418 
their strengths and weaknesses lie. It is conceivable that only after a certain grace period 419 
(several growth seasons / years) it would make sense to enforce stricter requirements. 420 
This, however, would require close interaction with public authorities to understand and 421 
monitor activities. 422 

At the same time, lack of definitions and clear guidelines also create uncertainty or, in a 423 
wider European (or even national) context, inequality (see Text box 1 ). Whereas from a 424 
process point of view it can be understood that entrepreneurs may pro-actively influence 425 
decision making on licences in certain areas, while in other areas the links between policy 426 
makers and companies are more distant, this contradicts the idea that in Europe market 427 
opportunities should be comparable in different member states. Harmonisation of 428 
regulations and licencing regimes seems a logical step, although the existing regimes 429 
may be the result of clear (political) choices and different interests. 430 

Text box 1 Complexity of licensing 431 

In many countries, the cost of doing business is fulfilling requirements for specific 

licences or permits. Licences are not always fit for novel applications: aquaculture 

(open/closed/multitrophic), harvesting, operational scales (or industrial versus farming), 

processing and refrigeration may all require different licences. Definitions regarding 

specific activities at sea (constructing or building) may require different (or no) licences. 

Needed improvements that are mentioned by our respondents are generally less 

bureaucracy, less time required to fill out forms, less travelling. As a good example, the 

Florida (USA) aquaculture licensing system is mentioned, in which licences can be 

acquired online, by filling in online tests, within one day. 

 432 

Text box 2 Multi-use at sea 433 

Several of our respondents indicated that there are national (and temporal) differences 

regarding the access to areas reserved for offshore wind farms. Whereas from a wider 

perspective multi-use of marine space makes sense, for each individual actor it raises 

several issues. The H2020 MUSES project covered multi-use and also concluded that 

regulatory implications differ across countries. In some countries (e.g. UK), multi-use of 

sea space is already taking place and discussions are on-going in relation to innovative 

ways for integration; in other countries (e.g. Germany) regulatory aspects are still a 

major barrier. In Belgium, early wind concessions excluded all activities around wind 

farms, but exceptions to regulations have been made to facilitate experimental research 

projects. In the Netherlands, it was already allowed to transverse windmill farms, but 

from the end of 2019 first commercial wind-weed combinations will take place. 

From the point of view of operators there are unknown risks of operations within the 

windfarm and the resulting need for prohibitively high insurance costs. There is 

uncertainty about health, safety and emergency concepts while they are operating within 
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the windfarm. 

Source: MUSES (Multi-Use in European Seas) project, Deliverable 4.2.1: Multi-Use Analysis, 30 April 2018 434 

Whereas it is the explicit intention of the BBF to look towards all aquatic biomass novel 435 
use, the algae sector is a case in point: recent research on the definition of algae in EC 436 
legislation (Monard, 2018) has found 365 acts in which the term is used, but often in 437 
different contexts. As one of our respondents noticed, the same challenges apply in algae 438 
as for other economic sectors. For the algae sector, however, there is sometimes 439 
redundancy in the classification of the economic activity due to the broad range of 440 
applications/services provided. It can be fitted inside aquaculture, industry, agriculture, 441 
environment, maritime planning. 442 

Text box 3 Mussel farming to reduce eutrophication 443 

The EU framework on water protection, specifically the Water Framework Directive (WFD) 

and the Marine Strategy Framework Directive, (MSFD) have led to many actions amongst 

member states to improve the quality of water.  

A measure that could be applied to reduce the excess load of nutrient content is mussel 

farming (Petersen et al., 2016). The mussels extract the nutrients present in the sea and 

therefore contribute to the mitigation of eutrophication. Besides, mussels have a huge 

potential for food production (Suplicy, 2019) and have proven to be successful as feed 

and a source of energy as well . Furthermore, the remainder of mussels can be used as a 

valuable land fertilizer and is especially interesting for organic farmers who cannot use 

commercial fertilizers (Gallardi, 2014) . Despite its multi-purpose or functionality, mussel 

farming deals with difficulties regarding (realizing) systems for licensing and permits: 

each member state has to determine for itself what measure should be put in place. This 

leads to regions and countries interpreting the Framework(s) differently and some 

include mussel farming while others do not. 

In Denmark, these cultures are accepted as a potential mitigation measure by Danish 

Nature (c.f. Petersen et al, 2016) in contrast to multiple other European countries, 

‘mitigation cultures’ has moved from concept to reality in Denmark. Nutrient-catch 

cultures by mussel production in suspended cultures or as bottom culture are included in 

a catalog for marine eutrophication mitigation according to the WFD. Nutrient-catch is 

now tested in the Municipality of Mariager Fjord. 

In Sweden, shell fish farming has been taken up as a possible mitigation measure in its 

national strategy (c.f. submariner Network). At the West-Coast of Sweden, there is a 

rigorous licensing system for mussel-farming for human consumption. Strikingly, the 

East-coast is still developing in this respect; the licensing-system of the West-coast is not 

directly applicable to the East. In Europe, mitigation using bivalve cultures has mainly 

been a topic in the Baltic region. Mussel production is seen as a contribution towards 

counteracting eutrophication, and up to 13 trial sites have been reported in operation 

(Lindahl et al. 2012).  

In the Netherlands, because of the implementation of the EU bird and habitat directives 

through the Dutch nature conservation law, mussel farmers had to apply each period for 

obtaining permits. The process of obtaining permits, however, could become 

counteracted by other stakeholders. Stakeholders had the chance to ask for a state court 

evaluation of the permits issued by the government. After a permit was rejected by the 

state court in 2008, an agreement was pursued and reached between the mussel 

farmers, the government and the NGOs. 

 444 
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Text box 4 CEN Technical Committee 454 445 

On the basis of the Commission’s request (M/547), a technical committee (TC/454) has 

been established by the European Committee for Standardisation CEN to work on 

standards related to terms and definitions on functions, products, and properties of algae 

and algae products: 

• specifications for algae-based products 

• quality specifications for biofuel production 

• specifications for algae processing 

• quality characterisation of algal products for non-energy applications 

• specifications for gaseous capture/soluble nutrient compounds for algal products 

• specifications for solid and liquid residue streams 

Whereas originally the standardisation efforts were mainly related to renewable energy 

requirements, the work of the committee has expanded to include food/feed and 

chemicals/materials/cosmetics/pharma. Work on terminologies is finalising, but other 

standards are still under development. 

Source: Bert van Asselt, JRC Workshop on Algae Production, 27/2/2019; Commission Implementing Decision 446 
M/547 / COM(2016)1582; CEN working plan 2019 447 

3.1.2 Novel food status and procedures are unclear for companies 448 

The food and food supplements market represents an important opportunity for several 449 
blue bioeconomy sectors, but is yet untapped. In order to access this market, producers 450 
must ensure that the substances that they use are authorised, but most of them are 451 
extracted from biomasses that fall under the Novel Food Regulation (NFR). Established in 452 
1997 and recently revised, this regulation defines novel food as “food that has not been 453 
consumed to any significant degree in the EU before 15 May 1997 (…). This can be newly 454 
developed, innovative food or food produced using new technologies and production 455 
processes, as well as food traditionally eaten outside of the EU” (European Commission, 456 
2018)  457 

The NFR is of particular importance to the micro- and macro- algae sectors, as well as 458 
jellyfish, Arctic shrimp, and certain types of oysters. Entering the food market can be a 459 
bridge to scalability for producers: it would allow companies to enter the market with a 460 
high value product that is easy to produce and scalable, which frees up investment for 461 
pursuing high-value products based on the same organism.  462 

However, the regulation has acquired a reputation of being extremely challenging for 463 
most blue bio businesses. This is reflected in the responses to our survey: of the 14 464 
businesses that indicated that the NFR was relevant to their activities, only one had 465 
actually gone through the procedure. Of those who had not, half of them indicated that 466 
the application procedure was a factor in their decision not to apply. While some 467 
difficulties have been tackled with the revision of the regulation, others remain. 468 

Firstly, marine biomass requires scrutiny over the level of substances that they tend to 469 
accumulate and are known to be detrimental to human health. This has led the EC to 470 
produce a recommendation on products based on seaweeds1 (EU) 2018/464). The EC 471 
recommends that Member States, in collaboration with food and feed business operators, 472 
monitor during the years 2018, 2019 and 2020 the presence of arsenic, cadmium, iodine, 473 

                                                             

1 https://eur-lex.europa.eu/legal-content/GA/TXT/?uri=CELEX:32018H0464 
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lead and mercury in seaweed, halophytes and products based on seaweed. Marine 474 
biomass is therefore under particular scrutiny to pass the authorisation process of the 475 
Novel Food regulation. However, as demonstrated in the example below, the benchmarks 476 
employed to assess ingredients’ innocuity do not always fully reflect the specificities of 477 
blue biomass. 478 

Text box 5 PEGASUS project 479 

To ensure that all new blue bio-substance represents no danger for human health, 

producers must provide studies demonstrating their harmlessness, based on a number of 

established benchmarks. However, it appears that some of these are not well adapted to 

blue bio-substances, especially in the case of algae. One often quoted example is heavy 

metal levels for safe consumption in cosmetics and food. The recently published report 

from the PEGASUS project (PEGASUS –Phycomorph European Guidelines for a 

Sustainable Aquaculture of Seaweeds) sums up the issue as follow: “Regulations in some 

countries do not distinguish between organic and inorganic heavy-metal compounds such 

as arsenic and cadmium, which can be found in some seaweeds. This creates 

unnecessary health debates over the appropriateness of eating seaweed or using it as 

feed for animals. The consumption of seaweeds in China, for example, is many times 

higher than that of the EU, but there are no detectable negative health effects. The 

reason is that most of the heavy metals in seaweed are organic and therefore harmless 

for humans –but this understanding is not taken into account in EU regulations today, 

making their amendment necessary”. 

 480 

The necessity to provide extensive and detailed Dossiers to ensure a novel food’s 481 
innocuity comes at a cost which is often beyond the means of most blue bio companies, 482 
which tend to be SMEs with limited resources to conduct the studies (estimates of 483 
application cost range from 200-500 k€ for 1 ingredient).  484 

While SMEs often struggle to secure funding to prepare an NFR dossier, the length of the 485 
procedure, with no certainty of a positive answer, adds another layer of difficulty. Several 486 
of the stakeholders seeking a novel food authorisation insisted on this point, which was 487 
partly resolved with the reform of the regulation to introduce a time period for 488 
consultation, assessment, and authorisation (with the possibility to halt periods when 489 
further information is asked from the applicant). 490 

In addition to its cost and length, the procedure was also perceived as being unclear and 491 
creating unfair uncertainties. For example, Member States were initially in charge of the 492 
approval procedure and applied different requirements. This led to a strategic approach 493 
by companies to where to apply for approval, and also created confusion as to the 494 
requirements. In some Member States, there was also a lack of clarity and guidelines 495 
appropriate for blue biomass.  496 

As a result, only a handful of blue biomass products have been successfully added to the 497 
list of authorised novel foods. This has contributed to a great number of food products 498 
being marketed without authorisation, although this is largely due to ignorance among 499 
sellers. As an illustration, when the European Commission conducted an investigation in 500 
September 2017 with Member States’ food control authorities on food products marketed 501 
online, they found out that 2/3 of the products reviewed where not authorised, including 502 
428 non-authorised novel foods out of a 1100 websites search. (European Commission, 503 
2018) 504 

At this stage, there is no detailed evidence on the presence of illegal blue bioproducts 505 
being placed on the European food market. However, examples exist, such as 506 
Nannochloropsis gaditana microalgae species (van Loveren & Unamunzaga, 2018). This 507 
situation can have a very detrimental effect on both public health, and the reputation of 508 
the blue bioeconomy.  509 
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In January 2018, the revised NFR (EU) 2015/2283 entered into force. The new procedure 510 
introduced a number of changes:  511 

• A centralised online system to submit applications dossiers, managed by EFSA 512 

• New time period providing more transparency on the authorisation process  513 

• New food categories, covering Blue biomass, ensuring a better tailoring of information 514 
demanded 515 

• Guidelines to assist companies 516 

• A new communication pathway between EFSA and companies to accompany 517 
applicants, especially for SMEs, is to be set up 518 

• Introduction of a dedicated pathway for traditional foods 519 

These changes are expected to lead to an increased number of applications, and ensure 520 
that more support and clarity is provided to applicants, although they cannot fully solve 521 
all challenges. This is notably the case of high cost and long procedures. But there is still 522 
room for improvement, notably in the tailoring of the Novel Food system to the Blue 523 
Bioeconomy sector. For example, one of the issues highlighted by stakeholders is that 524 
the Union list of novel foods and the Novel Food catalogue often include information that 525 
is inaccurate or incomplete, from identifying the right substance, to adequately 526 
describing the authorised use. This can lead to uncertainty for producers on whether their 527 
product is authorised or not, and on whether they need to apply for an extension of use. 528 
Information displayed on the Novel Food catalogue, as well as what constitutes a Novel 529 
Food or not in the first place, come from Member States. While EFSA now centralises the 530 
authorisation process, member states keep an important role in providing information on 531 
what is already allowed, and under what conditions. 532 

An overview of existing studies made in the context of the Novel Food application would 533 
be helpful, as well as more cooperation at the international level.  534 

The European regulation is one of the most stringent in the world, in order to ensure the 535 
safety of products placed on the European market. However, this create a strong 536 
difference with authorisation processes in Asia or United States markets, where it is 537 
easier to put new food on the market. Participants in the consultation suggested that the 538 
EU should foster collaboration at the international level, either with other countries, or 539 
within the Food and Agriculture Organisation of the United Nations, or the World Trade 540 
Organisation, to both inform European bodies on foods that are not yet authorised on the 541 
European market, and to promote harmonisation of rules between countries.  542 

 543 

3.1.3 Ecosystem services in the blue bioeconomy are not recognised and/or remunerated 544 

The release of excess nutrients (e.g. nitrogen, phosphorus, carbon) and heavy metals 545 
into the sea can have a detrimental effect on the environment and human health. For 546 
example, nutrients can lead to an increased occurrence of microalgal blooms and 547 
excessive growth of some macroalgae, resulting in eutrophication and oxygen depletion 548 
in the marine environment. As such, they affect maritime activities, including blue 549 
bioeconomy activities.  550 

However, excess nutrients could be used for the growth of economically interesting 551 
seaweeds and shell-fish. These extractive species (mussels and oysters, sea urchins and 552 
sea cucumber, micro- and macro-algae) can be raised to filter the water column of 553 
nutrients, but also heavy metals or CO2, with no need for extra feed (Buck, Nevejan, 554 
Wille, Chambers, & Chopin, 2017). While biomass removing nutrients can often be 555 
reused in further products such as food or feed, biomass used to capture heavy metals 556 
might have more limited application due to health and environmental risks linked to the 557 
release of the captured substances. 558 
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These are examples of ecosystem services that the blue bioeconomy can contribute to, 559 
by restoring the marine environment and supporting the development of a sustainable 560 
aquaculture. While nutrient removal is often quoted as an example, other types include 561 
removing and processing excess biomass from algae blooms or invasive species, 562 
providing nursery space for local species (coastal fish and crustacean nurseries), or 563 
actively preserving and restoring habitats such as salt marshes. “Marine ecosystem 564 
services are the services provided by the processes, functions and structure of the 565 
marine environment that directly or indirectly contribute to societal welfare, health and 566 
economic activities.” (Austen, et al., 2019). As such, a blue bioeconomy production 567 
activity does not itself provide the service, but supports the capacity of the ecosystem to 568 
provide this service.  569 

However, in our survey, many respondents explained how their activities, based on eco-570 
innovations, could improve aquaculture, making it more sustainable and circular, beyond 571 
the notion of ecosystem services. For example, by making aquaculture more efficient and 572 
less polluting, the blue bioeconomy can relieve the pressure on depleted fish stocks. (As 573 
an aside: blue bioeconomy products can also be used for waste treatment, such as 574 
jellyfish-based membranes for water filtration in waste treatment plants).  575 

During discussions in the Blue Bioeconomy Forum, it was suggested that the total value 576 
of aquaculture could potentially increase by about 10-15% with the inclusion of 577 
ecosystem services, which could be used as a mechanism to boost the sector in the short 578 
to medium term. 579 

Uncertainties regarding the capacity of the blue bioeconomy to support 580 
ecosystem services 581 

The possibility to support the provision of ecosystem services through blue bioeconomy 582 
activities has been discussed in the literature since the 1980s and numerous pilot 583 
projects have been set up (Nielsen, Cranford, Maar, & Petersen, 2016). However, there is 584 
still uncertainty regarding the reality of the environmental contribution, which is based on 585 
a lack of harmonised definition and measurement frameworks. This, in turn, affects the 586 
capacity to reward this contribution, and make it financially viable.  587 

A first issue deals with the definition of the service provided and the scale considered. For 588 
example, multitrophic aquaculture is often considered as sustainable way to develop 589 
aquaculture without damaging the local environment. But while many projects are set up 590 
at farm level (e.g. setting up mussels or macroalgae harvesting near fish farms to clean 591 
up the excessive release of nutrients), participants to the Forum workshops insisted on 592 
the higher relevance of focusing on sea basin scale instead, and to consider not just 593 
avoiding damage, but restoring the overall environment. This would require a scale up of 594 
existing examples and better monitoring of effects. 595 

In order to account for ecosystem services, how much of the toxic substance has been 596 
removed from the water needs to be measured. But there is also a need for life-cycle 597 
assessments and ecosystem modelling to prove the actual benefit. Also, a number of 598 
pilot projects have proved to be less efficient than expected in terms of nutrient uptake 599 
(see Text box 6). 600 

Challenges in setting up viable business models 601 

While pilot projects have often set up activities focusing entirely on the physical 602 
characteristics of ecosystem services, there are clear difficulties in setting up a 603 
functioning business model. Ecosystem services are often not accounted for, and not 604 
remunerated. Several options have been implemented: 605 

• Public funding: most pilot projects were set up with public research funding. Some 606 
proved less cost-effective than planned, and many did not have a business plan for 607 
continuation beyond the funding period.  608 
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• Commercial reuse of the biomass produced: in some cases, the product of the activity 609 
can be sold to keep financing the activity. This is notably the case of nutrient 610 
extracting species such as mussels and algae, which can be sold for feed and 611 
sometimes food, providing that toxins levels are below the sanitary norms. More 612 
demonstration, and more accurate ex-ante estimates are often needed to make the 613 
case for an ecosystem system-oriented business.  614 

• Co-use: multitrophic aquaculture is a common example (e.g. shellfish near cage 615 
culture of fish to reduce eutrophication resulting from fish production) (Buck, 616 
Nevejan, Wille, Chambers, & Chopin, 2017), although it still raises concerns over its 617 
capacity to really make a difference.  618 

While ecosystem services are expected to play an important role in pollution mitigation, 619 
very few projects have managed to become economically viable, and this type of blue 620 
bioeconomy activity has still not reached the scale envisaged by stakeholders. The 621 
absence of dedicated remuneration for the ecosystem service itself has proven a major 622 
barrier. Stakeholders mentioned examples where the polluter-pay principle was applied 623 
(e.g. Denmark), and invoke the possibility to reproduce funding schemes implemented in 624 
other sectors. For example, modelled on carbon emission credit, governments could set 625 
up nutrient emission credits, where consumers would pay a tax on high-trophic species 626 
to compensate low-trophic species that can extract the excess nutrient. Further 627 
inspiration could be taken from land decontamination and phytoremediation policies. 628 
Other examples include the absence of fishing quota for invasive species in Latvia. But in 629 
general, stakeholders mentioned the lack of political will to set up payment schemes to 630 
develop bioremediation. For ecosystem services to be viable, there is a strong need for 631 
local (financial) investment.  632 

Beyond ecosystem services 633 

When asked to describe the ecosystem service that they support, some respondents to 634 
our survey provided descriptions that fall best under the term “eco-innovation”, i.e. 635 
activities that enable the development of a sustainable aquaculture. These activities 636 
covered the provision of data technology to assess water quality for a better 637 
management of aquaculture farms, and aquaponics or recirculating aquaculture systems, 638 
which help diminish pressure on wild fish stocks, and offer possibilities to implement 639 
circular processes for the reuse of waste.  640 

 641 

Text box 6 Mussels farming for nutrient extraction in the Baltic Sea 642 

In 2018, the Baltic Blue Growth project reviewed ten pilot farms of Blue mussels in the 

Baltic sea, which aimed at removing nutrients, between 2007 and 2016. The report 

includes a comparative analysis of best ways to optimise the production of mussel 

biomass explicitly for nutrient catch. One of the main bottlenecks identified in this report 

is the impact of low salinity on mussel growth: actual nutrient removal was often far 

below what had been expected due to mussels being slower to grow, and reaching a 

smaller size, therefore consuming fewer nutrients. This was especially problematic in 

areas with strong eutrophication, as algae bloom tends to impede mussel growth as well 

(in addition to damaging installations). A small size also meant less meat to eventually 

exploit to support the project after the end of public funding. 

The issue of actual nutrient catch compared to the estimated potential is likely to be a 

major barrier to the funding of further projects. There is a lack of data on nutrient 

uptake, but it is estimated that in low salinity areas like the Baltic Sea, real uptake has 

been up to ten time less than what had been hoped for. In addition, trying to solve this 

problem with larger farms might raise other concerns, as they can also result in nutrient 

accumulation themselves. There is a need for more ecosystem modelling to really assess 

where such farms would have an added value. (Hedberg, Kautsky, Kumblad, & Wikström, 
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2018) 

 643 

Text box 7 Removing invasive algae for further exploitation 644 

Invasive species that are able to establish themselves in the European environment can 

be a serious threat to native species and habitats. The European Union tackles the issue 

under the Invasive Alien Species Regulation (EU Regulation 1143/2014), which prioritises 

prevention of the introduction of non-native species and encourages their eradication 

where possible. 

But there is also a third aspect to the strategy: to minimise the harm they cause in cases 

where the species are already established. A project led by Portugal’s Polytechnic of 

Leiria has studied what management of invasive species could mean in the context of a 

number of invasive seaweeds found around the Iberian coastline. 

The AMALIA (Algae-to-Market Lab Ideas) project mainly focused on six seaweed and 

algae species. AMALIA has mapped where these species can be found and has identified 

what the priorities are in terms of their management. For example, bladder weed is 

found in some locations around the Galician coast but is considered low impact and 

offering low economic benefits, and therefore is not a priority for management. 

The other species, could be managemed for sustainable economic benefits. The collection 

of these target species may become a solution and sustainable management practice 

contributing to marine ecosystem resilience and even site restoration. 

In practice, this means bringing companies, researchers and conservation experts 

together to study how value can be derived from use of these natural resources in a 

range of contexts. In some cases, the potential uses are well-known because the species 

have been extensively exploited in the regions where they are native.  

Other ways in which the EU could make use of the invasive algaes and seaweeds are 

medicines, cosmetics, animal and fish feed, other forms of food and even as a 

sustainable alternative to plastic film used as food wrapping. For example, devil’s tongue 

weed could be commercially interesting because of the anticoagulant properties of its 

extracts. Harpoon weed extracts are already being used in cosmetics and have 

antioxidant, antibacterial, antiviral, antifungal and anti-parasite properties. Wireweed is 

able to absorb heavy metal pollutants, and could be used for environmentally-friendly 

antifouling paint used on ship hulls. Green sea-fingers also have antifouling and 

antifungal properties, and can absorb ammonia. 

New products from the seaweeds could become available over the next two to three 

years, according to AMALIA. The project has worked with laboratories and students to 

assess some of the possibilities. 

Source: www.amaliaproject.eu 645 

 646 

Text box 8 Seaweed farming as a way to reach climate goals 647 

The Dutch Climate Agreement is a cooperation between industries, academics, civil 

society organisations, and government with the explicit goal to reduce the Dutch CO2-

emissions to fulfil the requirements of the 2015 Paris Agreement. The draft text that was 

agreed upon by the Agriculture Table sub-group on 21 December 2018 mentions as one 

of the targets the use of water for capturing CO2: developing blue space for seaweed 

farms and associated nature development (the initial target of 14.000 square kilometres 

was removed from the final text of the document). 

http://www.amaliaproject.eu/
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Source: https://www.klimaatakkoord.nl “Klimaatakkoord hoofdstuk landbouw en landgebruik” 28 June 2019 648 
(visited on 9 July 2019) 649 

  650 

https://www.klimaatakkoord.nl/
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3.2 Finance and business development 651 

Many stakeholders of the Blue Bioeconomy Forum mention difficulties with finding 652 
finance. They often had contact with a broad range of financing possibilities: private 653 
equity, angel investors, investment funds, venture capital and commercial banks. Some 654 
companies also mentioned contact with development banks and public funding. 655 
Challenges in finding financing are an obstacle for blue bioeconomy development, as 656 
already noticed in the context of Bio-Based Industries (BBI) and the Blue Economy (BE): 657 
in a survey launched in 2017 the majority of BBI and BE projects (33 out of 43) mention 658 
that they faced access-to-finance issues (InnovFin, 2017). 659 

Fccording to the Marine Biotechnology Strategic Research and Innovation Roadmap 660 
(Hurst, Børresen, Almesjö, De Raedemaecker, & Bergseth, 2016), the most urgent 661 
technological challenge is in the demonstration plant phase (TRL 6-7), and the upscaling 662 
to flagship/ first-of-a-kind (TRL 8), when economies of scale have not yet been achieved. 663 
This is reflected by the funding gaps seen in Bio-Based Industries projects, where the 664 
main funding gaps exist in upscaling from pilot to demonstration projects and in moving 665 
from demonstration to first-of-a-kind (FOAK) and industrial-scale projects (InnovFin, 666 
2017). The often cited ‘Valley of Death’ (phase where there is a lack of financing) is also 667 
seen in the commercialisation phase (product development and commercialisation) 668 
(Acacia, Metis, Panteia, ICF and CASE, 2018) as well as in the R&D phase. However, 669 
some stakeholders mention that public funding is focused mainly on the R&D phase and 670 
there are plenty of financing opportunities there; other stakeholders mention having 671 
troubles with finding financing for research in the blue bioeconomy. 672 

Our working groups highlighted that funding is particularly a problem for mid-scale 673 
projects (between EUR 1 million and EUR 10 million). This is comparable to the funding 674 
gap found in the Blue Economy, which lies between EUR 3 million and EUR 15 million 675 
(Acacia, Metis, Panteia, ICF and CASE, 2018). 676 

Part of the reason for the financing challenge is that the financing landscape for the Blue 677 
Bioeconomy is considered immature. This is the case for most of the blue economy, as 678 
65% of highly relevant investors for the blue economy were established in the past 5 679 
years (Acacia, Metis, Panteia, ICF and CASE, 2018). Furthermore, a substantial number 680 
of financing platforms are not dedicated to the blue economy, but cover a broad range of 681 
sectors (EIF, 2018). As the Blue Bioeconomy is a fairly small sub-sector of the blue 682 
economy, it is even more difficult to find the financing platforms covering this specific 683 
area.  684 

High risks are often mentioned. These can be market and demand risks (due to a lack of 685 
developed markets and insufficient and fluctuating demand for products from the 686 
bioeconomy) or regulatory risks (resulting from a lack of effective, stable and supportive 687 
EU regulatory framework) (InnovFin, 2017). Furthermore, there are natural risks for the 688 
blue bioeconomy, e.g. diseases affecting animals (fish, shrimps, oysters), storms causing 689 
physical damage to aquaculture farms, a drop in oxygen level and temperature changes.  690 

From the perspective of emerging fund managers in the blue economy, the problem is 691 
not generally a risk-return problem, but a shortage of capital in their funds (Acacia, 692 
Metis, Panteia, ICF and CASE, 2018). However, in the bioeconomy, highly characterised 693 
by new technologies and innovations, information asymmetry and technology risks are 694 
limiting the tendency to invest. Most Financial Market Participants prefer more mature 695 
and technologically advanced projects (InnovFin, 2017). 696 

In the next sections we will more elaborately display the challenges that are perceived as 697 
the most important financial challenges (by the Blue Bioeconomy Forum): 698 

• Blue bio projects and businesses lack understanding of investment landscape and how 699 
to present opportunities to potential investors  700 

• There is a lack of funds and mechanisms to support blue bio projects and start-ups. 701 
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 702 

Text box 9 Financing structures in the pharmaceutical sector 703 

The pharmaceutical sector provides an interesting example for the Blue Bioeconomy with 

respect to evolution of financing innovative start-ups. As with many new technologies 

and innovations in the Blue Bioeconomy, the development of new drugs is also 

characterized by long investment periods and large risks of failure. The ecosystem of 

start-ups conducting innovation in this area has developed into what has been termed a 

“market for ideas”, financed primarily by venture capital, in which companies can obtain 

successive rounds of financing from different investors, based on milestones related to 

the results of experimentation. This process is enabled partly by the patent system, 

allowing fairly clear protection and licensing of intellectual property and resulting drugs, 

including limited competition once products finally come to market . The development of 

this ecosystem over the past few decades has been supported by a corresponding phase 

of higly liquid and rising equity markets. 

 704 

3.2.1 Blue bio projects and businesses lack understanding of investment landscape 705 

A lack of understanding on the part of the investment community is mentioned as a big 706 
challenge in the Blue Bioeconomy, which aligns with what is also seen in both Blue 707 
Economy and bio-based industries. This challenge is often mentioned by companies and 708 
startups, and was also identified in the Blue Economy Investment Platform study (Acacia, 709 
Metis, Panteia, ICF and CASE, 2018). In the Blue Economy startups and businesses 710 
mention, for example, a lack of understanding on the part of Venture Capital Funds of 711 
the technology risk, market potential and potential upside. But the rapid growth of 712 
investors in the blue economy also shows the growing attention and perceived 713 
attractiveness for the blue economy, which could also be the case for the blue 714 
bioeconomy. 715 

Discussions with various investors indicates that blue bio startups are generally even less 716 
familiar with the investment landscape. This includes the variety of different forms of 717 
finance (debt, equity, etc.) as well as the range of investors. In many cases, their 718 
managers or founders lack understanding of the relevant investment options and what is 719 
necessary to access them. Indeed, investors and intermediaries have highlighted this 720 
point during discussions and interviews conducted in the elaboration of this roadmap. 721 
This is not surprising because most projects and startups are led by researchers and 722 
innovators, who are driven by the belief in their technology or product, and its social or 723 
market potential. Such managers are not experienced in business finance. 724 

According to investors, Blue Bioeconomy projects do also present inherent difficulties in 725 
presenting an attractive business proposition. The reasons for this include risk inherent 726 
with new technologies or new products (for which little is known about market 727 
acceptance), longer lead times until revenues are generated, and uncertainty concerning 728 
possible regulatory issues. Furthermore, expensive license costs, IP hurdles and safety 729 
rules for offshore work are mentioned to be costly (see section 0). 730 

For projects that do manage to present a solid business model, funding seems to be 731 
available. As one interviewee (who owns a company) states: “A growing number of 732 
investors are considering funding projects, companies within blue bio-sector. If a project 733 
seems successful, some banks are even fighting to fund such project. Hence, capital is 734 
available and accessible, but an entrepreneur should present a good business model, 735 
good product and a good management team to convince investors.” Also, another 736 
interviewee (an investor) mentions that although there are certainly several risks 737 
involved in blue bioeconomy projects, they can partly be mitigated by insurances. 738 

Is there something special about these issues in the case of the blue bioeconomy, 739 
compared to other new technological sectors? That is not clear. In many new 740 
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technological and research-driven sectors, an innovator may have an excellent idea, but 741 
does not think of providing the information that investors require in order to assess risk 742 
and rewards. The blue bioeconomy often involves new products, but that is not so 743 
dissimilar to other areas, such as nanotechnology. One particular characteristic of the 744 
blue bioeconomy is uncertainty concerning permits and licensing, particularly with 745 
respect to access to specific maritime and estuarine areas, which is required for many of 746 
the products and technologies under development.  747 

Most investors may not have a detailed understanding of the risks of blue bio-businesses. 748 
Transparency, clarity and effective communication are central for gaining their trust. 749 
Businesses need assistance in appreciating what kind of information investors required. 750 
This is linked to the next challenge identified on the need for mechanisms to link 751 
investors and businesses. 752 

Some projects and start-ups directly address this challenge by engaging financial 753 
expertise in their management structure. This has even been observed in the case of 754 
Horizon 2020 projects which have engaged venture capital experts into their advisory 755 
boards. Even with a limited role, these advisors help project or business managers with 756 
understanding the options available for raising finance and how to best access them. In 757 
working group discussions, it was repeatedly stated that more attention is required on 758 
defining and promoting the investment readiness of projects and companies. Part of this 759 
is about learning the basics and learning the language of start-up financing. There is also 760 
a clear link with the challenge of developing entrepreneurial and business skills among 761 
blue bio businesses (see section 0). Financial expertise is one such skillset that needs to 762 
be integrated for successful business development. 763 

 764 

3.2.2 There is a lack of funds and mechanisms to support blue bio projects and start-ups 765 

A second, but related, challenge for financing the blue bioeconomy is the lack of 766 
investment funds and related mechanisms that are available for this sector. This 767 
challenge has been identified by a number of recent studies, including the Blue 768 
Investment Platform Study (Acacia, Metis, Panteia, ICF and CASE, 2018) and the study 769 
on access to finance in bio-based industries and the blue economy by the EIB (InnovFin, 770 
2017). 771 

There are clear signs of interest among investors. This was voiced in interviews and 772 
working group discussions, as well as being documented in the above blue economy 773 
studies. One start-up manager explained, for example, being approached by potential 774 
investors at scientific conferences. 775 

This interest in investing is lacking dedicated investment vehicles or funds in order to 776 
access opportunities. There is also a lack of platforms to bring investors together with 777 
projects and businesses. Both of these gaps have been documented in the Blue Economy 778 
Investment Platform study. The EU’s Annual Economic Report on the Blue Economy 2018 779 
highlights that investment capital is available for blue biotechnology but that this is 780 
scattered across various sources (EC, 2018). The Blue Economy Investment Platform 781 
study offers several alternative structures for funds that would operate with support from 782 
the European Commission (either directly or indirectly), for the blue economy, including 783 
the possibility of a dedicated fund focused on the blue bioeconomy sub-theme (Acacia, 784 
Metis, Panteia, ICF and CASE, 2018). 785 

Regarding platforms, the Blue Economy Investment Platform Study already identified the 786 
need for associated structures which would address gaps in technical understanding and 787 
expertise and provide a matchmaking structure. A technical assistance facility responds 788 
to the lack of financial expertise among companies seeking financing by supporting them 789 
in preparing investment cases. Such a facility also addresses the need for improved 790 
understanding among fund managers of technologies, market potential and possible 791 
risks, enabling improved assessment of risk-reward opportunities.  792 
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The need for such technical support for blue bio companies was highlighted in working 793 
group discussions and surveys. Promising investment proposals for investors need to 794 
address the 10+2 timeframe common in private equity and venture capital. This 795 
timeframe consists of an investment cost period of 5 years followed by 5 years of 796 
monetizing the new technology before moving into profit generation. If a company has a 797 
longer term horizon, due for example to longer time needed to develop technology, then 798 
financing structures are needed that provide investors with possible exit opportunities. 799 
The challenge posed by longer-term investment periods was highlighted among 800 
companies responding to the surveys. The lack of technical assistance facilities and 801 
matchmaking structures restricts many companies from addressing these needs of the 802 
capital markets and accessing more finance. Another consequence is that potential 803 
investors are obligated to support these activities themselves. While some individuals 804 
involved with particular projects have indicated that they are personally willing, they 805 
indicate that more investment could be channelled to the sector if these services were 806 
being publically supported. 807 

 808 

Text box 10 Blue Economy investment Platform 809 

In 2018, DG MARE commissioned a study to support the development of a Blue Economy 

Investment Platform (Acacia, Metis, Panteia, ICF and CASE, 2018). This resulted in a 

range of options for investment fund(s), supported by the EC and/or the EIB, to address 

financing needs in the Blue Economy, including direct, indirect and co-direct investment 

structures. Among the direct structures, there are possibilities to target these by specific 

sub-sector, such as the Blue Bioeconomy, stage of technological development, or by 

geographical region. For an investment fund targeting the blue bio sector, extensive 

technical expertise would need to be developed. The study also makes the case for 

associated structures that would provide technical support to investors and recipients. At 

the time of developing this current Roadmap for the Blue Bioeconomy, the Commission 

had not yet made specific proposals on the specific form for such a platform. 

 810 

3.2.3 Human resource needs (skills and qualifications) in the blue bioeconomy sector 811 

The European labour marke tis facing a shortage of specialized and technical skills in 812 
Science, Technology, Engineering and Maths (STEM) and also challenges due to the 813 
changing dynamics brought about by technological change. As a relatively new sector 814 
driven by breakthroughs in scientific research in notably marine biology and related 815 
innovation, the blue bioeconomy is confronting such skills challenges. Much activity in the 816 
blue bioeconomy is now concentrated at the stage of transfering research to 817 
commercialization and gradually to viable businesses that may be upscaled. Having the 818 
right skills is critical to successfully crossing this ‘valley of death’ (2006).   819 

The skills required for success become more complex with each phase of product 820 
development. Whereas in initial phases specialized technical skills are needed, latter 821 
phases also demand specific types of business skills. In a recent (2018) study on the 822 
impact of game-changing technologies on work in manufacturing, the essential 823 
multidisciplinary skills required for innovation were identified for five different 824 
technologies, including industrial biotechnology:2  825 

• Management positions requiring more advanced technical skills; 826 

                                                             

2 https://www.eurofound.europa.eu/sites/default/files/ef_publication/field_ef_document/fomeef18001en.pdf 

https://www.eurofound.europa.eu/sites/default/files/ef_publication/field_ef_document/fomeef18001en.pdf
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• Technical experts requiring more non-technical skills;  827 

• Specialised positions combining two or more types of technical expertise.  828 

The scarcity of these skills forms a bottleneck for innovation and the development of the 829 
blue bioeconomy. One response has been the Blue Biotechnology Masters Course, which 830 
has identified together with businesses the skills development to include in their 831 
programme.3 The relative importance of these multidisciplinary skills varies across 832 
different phases of innovation.  833 

In the initial phases, when scientific findings lead to technology transfer, multiple 834 
technical skills are essential, for example through the combination of marine biology and 835 
engineering. In the blue bioeconomy, finding the right combination of expertise is a 836 
compounded challenge due to the diversity of the sector. The blue bioeconomy is, after 837 
all, not based around one or two technical innovations, but rather on a wide range of 838 
combinations of specializations within natural sciences and engineering. Within the 839 
current market, there appears to be sufficient inflow of students within the fields relevant 840 
to the sector. The challenge encountered so far is that the popularity of the fields 841 
(notably algae and biotech) relevant for the blue bioeconomy cannot be met by academic 842 
offers. Members of the working group indicate that these mismatches are substantial 843 
(examples of around 60 applications for 2 positions, for example) and hamper the 844 
potential for this sector. With sufficient potential from within academia, a subsequent key 845 
challenge is ensuring the right combination of specializations find each other to enable 846 
technology transfer.  847 

 848 

Text box 11 Example skills for biomass transformation 849 

While research is well developed at the biology level, there is a lack of engineering skills 

for biomass transformation. Companies are lacking technicians and engineers with 

knowledge of marine biomass, and they are currently left with working with agrofood 

specialists, who in particular lack an understanding of working in a saline environment. 

 850 

The need for these specific combined specialisations does not merely rest at academic 851 
level; feedback from the sector also indicates that the combination of skills and expertise 852 
required for the maritime sector is not sufficiently available at the level of vocational 853 
education.  854 

Technical experts with a successfully developed product require more non-technical 855 
entrepreneurial skills to turn the product into a viable business.4 These products tend to 856 
originate from academic transfers, start-ups, or spin-offs of existing business, rather 857 
than emerging from existing and well-established business. It is often the technical 858 
experts themselves who have to turn the product into a success, and therefore require 859 
entrepreneurial skills to do so. Their academic training often does not include basic 860 
business skills training (marketing, sales, management, finance and accounting, etc.) or 861 
soft skills required to manage a team (communication, team work, etc.). Technical 862 
experts requiring business & soft skills to make their product as a success, are often also 863 
referred to as the ‘T-shaped professionals” (derived from ICT sector -   ‘depth of technical 864 
knowledge’ is the vertical stroke of the T and the ‘breadth of expertise’ using soft skills is 865 

                                                             

3 https://www.bbmbc.eu/  

4 https://www.researchgate.net/publication/305654195_New_Skills_for_Entrepreneurial_Researchers 

https://www.bbmbc.eu/
https://www.researchgate.net/publication/305654195_New_Skills_for_Entrepreneurial_Researchers
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the horizontal stroke of the T). 5 Members in the working group have identified this to be 866 
a major challenge to the current stage of the sector.  867 

 868 

Text box 12 Baltic Blue Biotechnology Alliance – incubator approach 869 

The Baltic Blue Biotechnology Alliance of the Submariner Network provides a possible 

solution to this issue with a biopark function and incubator approach. This supports 

research groups and start-ups to develop technologies to the next level. This is a 

combination of technical and financial support.  

What role does the Alliance play?  

The Alliance has a rolling call for submission of ideas, with deadlines for review and 

evaluation twice a year (spring & autumn). The most promising applications are invited 

to pitch their idea to an international expert panel and receive feedback about the 

feasibility and potential of their idea. 

The Alliance invites feasible ideas to join its mentoring programme and assigns mentor 

institutions. 

Mentors and case owners work together to determine and formulate the specific needs of 

the case: 

• What is currently missing to bring this idea closer to the market? 

• What are the case owner’s specific requests towards the Alliance: A biomaterial or 

compound? Access to laboratories? Support and expertise in business planning? 

Something else? 

This is when mentor and case owner review the Alliance members’ individual service 

offers to find the perfect fit. The Alliance can also involve external experts and 

institutions if the case owner’s request cannot be met internally. 

The Alliance is gaining experience and formulating a service offer that will function in a 

self-sustaining network beyond 2019. 

Source: https://www.submariner-network.eu/images/projects/alliance/downloads/sub-alliance-brochure-870 
WEB.pdf 871 

Once investors have been attracted and the success of a product has been established, 872 
the financial means can attract (and afford) general managers to ensure the success of 873 
the business. In this process, multidisciplinary is again essential, whereby managers 874 
need to understand sufficient levels of the technical process to lead the business 875 
successfully. The figure below demonstrates these phases of development and the 876 
current key challenges for the blue bioeconomy in that process. 877 

Figure 1 Skills challenges for innovation: state of play in the blue bio economy 878 

  879 

Source: Technopolis 2019 880 
                                                             

5 https://www.digitalsme.eu/digital/uploads/March-2019_Skills-for-SMEs_Interim_Report_final-version.pdf 

Current key skills challenges to the bluebio economy 
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https://www.digitalsme.eu/digital/uploads/March-2019_Skills-for-SMEs_Interim_Report_final-version.pdf
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Through the New Skills Agenda for Europe (in place as of 2016), the EU acknowledges 881 
the need for initiatives to overcome the shortage of appropriately qualified staff in 882 
Europe. In addition, national, regional and sector initiatives aim to boost the labour 883 
market across the Member States. These initiatives are aimed at a) retraining and up-884 
skilling the current labour force and b) enabling the system to better prepare the future 885 
labour force. These efforts are often aimed at STEM professionals and tend to be 886 
developed with these skills challenges in the innovation process in mind. These initiatives 887 
provide opportunities for the bluebio economy to be involved in and ensure that they are 888 
developed with the needs of the sector in mind. These activities should focus on bringing 889 
together different scientific disciplines to enable innovation and turning scientific findings 890 
into flourishing businesses. 891 

  892 
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3.3 Consumers and value chains 893 

The development of the blue bioeconomy sector highly depends on entrepreneurial 894 
activities in this sector, in relation to both existing value chains and consumer acceptance 895 
of novel products. Five key challenges that inhibit dynamic development of 896 
entrepreneurship in the blue bioeconomy were identified. 897 

3.3.1 Lack of consumer acceptance of ‘blue’ products 898 

According to the BIOWAYS project (2017) and research conducted by Wageningen 899 
University (2015), European consumers are generally unfamiliar with the concept of ‘bio-900 
based’ products. Either they confuse this with the term ‘organic’ or there is a 901 
misunderstanding about the environmental and health impacts of bio-based products. As 902 
a result, there is only limited consumer recognition and acceptance of bio-based products 903 
in Europe. Consumers’ perceptions of products that originate from aquatic and marine 904 
environments are strongly associated with fish products, while microalgae, seaweeds, 905 
shellfish and aquatic plants are largely unknown. This is due to a lack of consumer 906 
history with bio-based marine products. This is evident even among the ‘blue’ bio-based 907 
products: globally, consumer acceptance of ‘blue’ food products is higher than for feed, 908 
cosmetic, pharmaceutical and other products, due to a longer consumer history in the 909 
food sector, and consequently, a larger market (for example, 85% of global seaweed 910 
industry comprises food products) (FAO, 2018). Knowledge about application, use, 911 
qualities, benefits and potential of marine bio-based products is still limited. The ongoing 912 
debates about utility and functionality of bio-based products from aquatic and marine 913 
environments are contributing to mixed consumer perceptions. As a result, the demand 914 
for aquatic bio-based materials and products is lower in Europe than, for example, in 915 
Asia. 916 

Entrepreneurs within the blue bioeconomy sector are struggling to position and sell their 917 
product on the market, and are therefore looking for effective marketing techniques. 918 
Based on experience in other industries, large companies are typically acting as brand 919 
leaders. They develop stories on new products, build associations with specific 920 
phenomena/words/experiences to imprint a new product in the memory of consumers. 921 
The branding approach of large companies presupposes a consumer target group that is 922 
likely to buy a product. The small companies can either develop products for the same 923 
target group as limited editions of large brands or choose an alternative clientele for 924 
which the existing key messages will be adjusted. In the latter case, the marketing of 925 
novel products requires investment, which in case of many European SMEs is a 926 
significant obstacle.   927 

 928 

Text box 13 Consumption of mussels in Europe 929 

In Europe, the level of mussel consumption by inhabitants varies greatly by country. 

Spain, France and Italy make up 78 percent of the total consumption, representing only 

35 percent of the population. In countries like Greece, mussels are not part of the 

traditional diet. Consumer perception of the fresh/chilled produce is low in Greece, the 

population has serious concerns about the quality and food-safety issues (toxicity of 

mussels).  

Despite the overall high consumption in European countries (around 600 000 tonnes 

annually), mussels are not well known, not only in areas distant from the coast. Getting 

people to show an interest in the product, and subsequently buying it, would require a 

combination of several factors: information dissemination to explain the product to 

consumers, facilitating the presence of the product in restaurants or retail shops, and last 

but not least, offering products in an easy-to-access format.  

Collective branding by a group of producers is currently the favoured marketing tool for 

businesses selling to consumers in the case of fresh or little processed fisheries and 
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aquaculture products in Europe, with several hundred labels existing. All collective brands 

dedicated to aquatic products, promote a higher quality based on a combination of 

attributes; such as rigorous production practices, particular fishing technique, particular 

area of production, or even country of production. 

Source: FAO. (2014). Globefish research programme: the European market for mussels. Available at: 930 
http://www.fao.org/3/a-bb218e.pdf 931 

Text box 14 How companies try to change the perception of consumers about seaweed 932 

In most areas of the United States, seaweed serves solely as a wrapping for rice and fish, 

and is often tempered by being doused in soy sauce and wasabi. Several manufacturers 

are trying to up seaweed’s status as a covetable food ingredient by incorporating the 

greens into unexpected products like pasta and marinara sauce. 

According to CEO of Algaia, Fabrice Bohin: “The main driver for the increasing interest 

towards seaweeds is linked to consumer pressure for natural products with a healthy 

nutritional profile but also the mainstream trend towards sustainability. Seaweed is one 

of the most sustainable raw materials as it does consume CO2 when growing and does 

not require any irrigation water, cultivation land, pesticides or fertilizers to grow. In 

addition, there are a lot of possibilities to naturally cultivate seaweed to expand the 

resource if needed without impacting the planet”. 

In 2017, Univar announced a distribution agreement across Europe for the AlgaVia brand 

of Whole Algae Ingredients from TerraVia. TerraVia’s product lines include Lipid-Rich 

Whole Algae and Protein-Rich Whole Algae. Lipid-Rich Whole Algae is available in golden 

and cream varieties, which can replace eggs and dairy fats in a wide range of applications 

including bakery, beverages and desserts. 

Source: Blumenfeld, J. (2017). Brands find new flavour opportunities with seaweed. Available at: 933 
https://www.newhope.com/food-and-beverage/brands-find-new-flavor-opportunities-seaweed ; Selby, G. 934 
(2017). Special Report: Seaweed and Microalgae Driving New Product Development. Available at: 935 
https://www.foodingredientsfirst.com/news/special-report-seaweed-and-microalgae-driving-new-product-936 
development.html 937 

Due to debates about the health benefits, functionalities, application and utility of blue 938 
biomass/products, there is a lack of agreement on how ‘blue’ products should be 939 
promoted oradvertised and whether there is a need to provide public assistance for 940 
raising consumer awareness and acceptance of these products. Among proponents of 941 
public intervention there is an argument that the immature Blue Bioeconomy sector 942 
needs public support in promoting aquatic/marine-based products. Regional governments 943 
are considered to offer most effective and justifiable support to local ‘blue’ producers. 944 
Experts that recommend marketing assistance at the EU level argue that a well-defined 945 
labelling system for bio-based products could enhance consumers acceptance (KBBPPS, 946 
2018; OpenBio, 2018; SAPEA, 2017). Discussions on the labelling reveal two divergent 947 
views. First, there are too many labels that are either disregarded by consumers or 948 
create confusion. The creation of a new label requires the development of standards and 949 
mechanisms of quality control. The second view (pro-label) is that a new label or 950 
incorporation of ‘blue’ products into existing labels, such as “organic”, “eco”, “natural”, 951 
“sustainable”, “green+blue”, “bio-based”, would be an effective tool in informing 952 
consumers about characteristics of a product and thereby raise consumer acceptance. 953 
Another frequent suggestion is origin denomination labelling - “Made in …”. This approach 954 
is expected to raise acceptance of local/regional consumers and producers.  955 

In contrast to proponents of public intervention, many actors argue that market forces 956 
should take care of promotion, marketing and branding of ‘blue’ products. Each 957 
entrepreneur has the freedom to develop and present a unique product in a market. The 958 
additional support from the public cannot be easily justified, it may disincentivise 959 
companies to invest in marketing of their product, misallocate resources in the market 960 

http://www.fao.org/3/a-bb218e.pdf
https://www.newhope.com/food-and-beverage/brands-find-new-flavor-opportunities-seaweed
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and it can be of little economic value. More importantly, the lack of agreement on utility 961 
and benefits of ‘blue’ products poses a challenge for correct promotion of these products 962 
in public initiatives. 963 

3.3.2 Lack of valorisation of rest raw materials from marine origin materials  964 

Poor management of seafood resources results in considerable waste at the global level. 965 
Estimates of waste produced in fisheries and aquaculture include volumes as high as 966 
130Mt and value-lost of up to 43 billion EUR (EUMOFA, 2018).  967 

The most pronounced problem is that of fishery wastes, which has become a global 968 
concern and which is affected by several biological, technical and operational factors as 969 
well as socio-economic drivers. The definition of "fish wastes" includes many fish species 970 
or by-catch products having no or low commercial value, undersized or damaged 971 
commercial species as well as species of commercial value but not caught in sufficient 972 
amounts to warrant sale (Caruso, 2015). 973 

Every year discards from the world's fisheries exceed 20 million tons equivalent to 25% 974 
of the total production of marine fishery catch and include “non-target” species, fish 975 
processing wastes and by-products. However, the use of fish as feed cannot be governed 976 
only by fishery market forces and, on the other hand, the need for responsible fisheries 977 
and aquaculture development has been underlined in order to preserve aquatic 978 
biodiversity (FAO, 2011) 979 

Fishery discards from European fleets are significant. The EU has launched a joint policy 980 
to reduce unwanted by-catches and eliminate discards in European fisheries. However 981 
implementation of the EU Regulation for the reduction of fish wastes is still required.6 982 

Furthermore, poor utilisation and waste at almost every stage in the fish food supply 983 
chain actually means that consumption is much lower. More than 50% of fish tissues 984 
including fins, heads, skin and viscera are considered "wastes" (EUMOFA, 2018). Some 985 
studies suggest that in some cases just 21% of EU finfish catches end up on consumers’ 986 
plates (EC DG RTD, 2016).  987 

Only a small fraction of marine biomass is presently used outside the food and feed 988 
sectors. Large amounts of sidestream (skin, bones etc) are thrown away, while they can 989 
be high value inputs for many products. 990 

In mollusc aquaculture there is also unappreciated potential for waste valorization . 991 
Shells from the aquaculture industry are widely regarded as a nuisance waste product. 992 
With increased awareness of the need for a circular economy many arguments are put 993 
forward for considering shells as a valuable biomaterial that can be reused for both 994 
environmental and economic benefit (Morris, Backeljau, & Chapelle, 2019).  995 

 996 

Text box 15 Shells from aquaculture: a valuable biomaterial, not a nuisance waste product 997 

Shell waste can be a big problem for shellfish producers, sellers and consumers, both 

practically and financially. Depending on the species, shells can account for up to 75% of 

the total organismal weight.  

There are a number of implemented and unexploited ways of sustainable use of seashells 

as an input in new products and processes.  

Among the exploited valorisations strategies are: 

• Livestock and hen feed supplement in order to improve the health of livestock, 

                                                             

6 https://ec.europa.eu/fisheries/cfp/fishing_rules/discards_en 



   

Roadmap for the blue bioeconomy – Draft version 

 35 

particularly bone health, but also in laying birds as a supplement to improve the 

quality and strength of eggshells 

• Use of shells as a soil liming agent. This practice involves treating soil or water with 

lime (or a similar substance) in order to reduce acidity and improve fertility and 

oxygen levels. 

• Using shells as a simple material for construction or incorporated into aggregate and 

mortar mixes. Shell waste has many characteristics that might make it suitable for 

certain construction aggregates. 

• Use of mollusc shells as biofiltration medium for treating wastewaters, removing 

heavy metals, as a pH buffering medium in ponds and aquarias,  

Examples of potential and unrealised sustainable (non energy intensice) applications of 

mollusc shells include the following:  

• De-icing of roads, that is use of waste CaCO3 from the aquaculture industry as the 

calcium donor in the formation of calcium acetates, that is an environmental-friendly 

road grit not containing chlorine, an alternative to the rock salt.  

• Use of mollusc shells as the drainage layer in green roofing structures. The drainage 

layer is important in carrying away excess water from the roof. Whole shells may be 

ideal for such structures, as when heaped they provide a complex 3D structure to aid 

drainage. In addition, CaCO3 shells incorporated into green roofing structures may 

help with the neutralisation of acid rain, and the reduction in heavy metal 

contamination in the resultant drainage water.  

• Uncalcined, variously graded calcareous shells can be used as: heavy metal, nitrate, 

sulphate and phosphate sorbents, as well as a pH buffering substrate and an 

oxidation substrate 

• Use as a substitute to conventional mortar sands, incorporation into cement mixes 

• Shells returned to the marine environment: a growing body of evidence suggests that 

shells are a valuable material within the marine environment and may provide a 

variety of ecosystem services. Further, there are an increasing number of 

organisations, charities and research groups that are already returning shells to the 

marine environment for conservation reasons. 

Source: (Morris, Backeljau, & Chapelle, 2019).  998 

One of the causes of the problem, according to the BBF stakeholders is the dominant 999 
perception of marine by-products as a waste. Many consumers and entrepreneurs do not 1000 
recognise the potential of blue by-products and co-products, assuming that they are of 1001 
low quality and with questionable effects on health. It was recommended that more 1002 
research should be conducted to show the usability, value and health benefits of side 1003 
stream products, thereby assisting in changing the perception. 1004 

Furthermore, the development of the market of by-products is rarely considered a viable 1005 
business idea by current traditional business owners that produce those streams, due to 1006 
a lack of realisation of their business potential. Many business opportunities are 1007 
neglected, and entrepreneurs are not aware of effective business models that facilitate 1008 
collaboration within the ‘blue’ value chain. The BBF stakeholders concluded that public 1009 
assistance is needed for training of entrepreneurs and financing marketing efforts for 1010 
changing the perception of the value of side stream products.  1011 

The geographic scattering of blue bio industries also poses logistical difficulties. The 1012 
storage facilities and delivery of by-products should be adequate to ensure that by-1013 
products do not get spoiled before reaching a producer or a consumer. Public incentives 1014 
are needed to facilitate investment in logistics facilities.   1015 
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The BBF stakeholders recognise a mismatch between several regulations related to 1016 
production and trade of bio-based products, as well as regulatory restrictions on the use 1017 
of rest raw material and by-products. Researchers, in particular, admitted that they are 1018 
discouraged fromo transforming an idea into a product, due to these barriers. Hence, 1019 
various stakeholders would welcome the creation of a one-stop-shop where they can 1020 
obtain (free) advice on regulations in blue bioeconomy sector. In addition, enhanced 1021 
dialogue is needed among regulatory bodies to ensure complementarity and harmony 1022 
between regulations. The food regulation authorities are expected to be active in 1023 
discussion of ‘blue’ regulations. 1024 

To complement this discussion, the EC DG RTD 2016 workshop extensively addressed the 1025 
fishery by-products as part of the conference FOOD 2030 in 2016  (see box below).  1026 

Text box 16 Recommendations of the DG RTD workshop 1027 

Direct financial support actions 

• Develop a roadmap (including a feasibility study) on best (food) use of underused fish 

biomass, including infrastructure needs. 

• Use research funds to develop regional pilot plants for proof of concept for fish and 

for algae food products at semi-industrial scale. 

• Develop large demonstration or smaller regional bio-refineries for underutilised fish 

biomass and for microalgae as ‘lighthouse’ projects to encourage further investment – 

e.g. using PPP 

Communication actions 

• Foster and facilitate dialogue between fisheries, scientists, food technologists, health 

officials and end-users. 

• Involve industry and scientists in societal debate to raise awareness and promote 

trust. 

• Ensure industry and societal involvement in research strategies to provide solutions. 

use of existing networks (e.g. FARNET Fisheries Local Action Groups). 

Governance actions 

• While maintaining food safety requirements, monitor the impact on availability of 

marine biomass for human consumption. 

• Ensure long-term stable regulatory framework that provides a stable operating 

environment and predictability to facilitate investment in technology and know-how. 

• Ensure that MS promote aquaculture communication actions that have a clear place in 

structural funds (EMFF Article 68) and may also include the production, processing 

and marketing activities along the supply chain. 

Source: Recommendations from the stakeholder workshop “Aquatic food products and new marine value 1028 
chains", (EC DG RTD, 2016) 1029 

3.3.3 High costs of ‘blue’ production 1030 

One of the greatest challenges for development of a ‘blue’ business or commercial project 1031 
is the relatively high cost of production. Marine and aquatic-based biomass has specific 1032 
characteristics, which can result in more complex production processes compared to 1033 
other industries and lead to additional challenges, such as storage and transportation of 1034 
biomass. The extraction of salt, carbon and water, the maintenance of light intensity, 1035 
temperature, pH levels, quantity and quality of nutrients, sterilisation and filtration of the 1036 
biomass or water treatments are among few processes that need to be considered in 1037 
production of ‘blue’ biomass (FAO, 2017). Based on survey results and discussions with 1038 
experts in the blue bioeconomy, the major factor that leads to higher costs is a complex 1039 
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production process that requires adoption or upgrade of novel technologies and intense 1040 
energy input.  1041 

Production processes of ‘blue’ products are very diverse and complex. The costs incurred 1042 
during cultivation of biomass, harvesting, post-harvesting/pre-processing and processing 1043 
stages vary depending on the type of final product and associated costs of production 1044 
methods, techniques and technologies used (Acien, Fernandez-Sevilla, Magan, & Molina-1045 
Grima, 2012). Until now, no study has been conducted to compare costs across 1046 
production processes of ‘blue’ products. Hence, it is difficult to identify the costs of 1047 
different types of ‘blue’ products, to compare costs across regions/countries, to 1048 
undertake a cost-benefit analysis and to define areas in which public support is needed. 1049 

Processing of biomass typically includes several stages with high production costs: 1050 
energy-intensive process of drying the biomass, fractioning for extraction of needed 1051 
components, and the use of photobioreactors. Novel technologies that are used in the 1052 
production process are, on the one hand, increasing productivity and decreasing 1053 
production costs, but, on the other hand, they take up a significant share of investment, 1054 
especially for small scale production. The speed of development of biorefinery 1055 
technologies, to a large extent, determines the use of bioresources (Norden, 2015). The 1056 
current lack of biorefineries and costs of other production/research facilities at sea is one 1057 
of the critical challenges for timely processing of biomass and for decrease of 1058 
transportation costs. Favourable production locations that have appropriate infrastructure 1059 
for logistics and transportation of biomass are an essential factor for energy efficiency, 1060 
cost-effective production and research (Slegers, 2014). The building of biorefineries 1061 
cannot take place on many sea coasts, as these facilities occupy large spaces and could 1062 
trigger social discontent. Hence, experts suggest building a few clusters of ‘blue’ 1063 
production in the EU, thereby concentrating production and reducing costs for many 1064 
entrepreneurs. Among other potential solutions is more cooperation among producers in 1065 
sharing of facilities and technologies.  1066 

Text box 17 Costs of spirulina production 1067 

Spirulina grows well in sunny, warm alkaline waters and can be continuously cultivated 

outdoors in a pure culture. Photobioreactors, tube, plate and tank systems have been 

developed to grow algae in closed systems in colder climates, to prevent contamination, 

or grow higher value algae that require more cultivation control. Photobioreactors and 

closed systems have been considered too costly, not competitive and are not generally 

used for commercial spirulina production. To lower costs, future farms need to integrate 

nutrient resources, refine production systems and produce a variety of end products, 

from valuable extracts to inexpensive protein. 

Many French spirulina micro-farmers try to use low-cost technology. Although micro-

farms may not enjoy the same production cost savings as large-scale production, they 

can make up the difference by selling directly to local clients. A commercial farm 

producing finished products gets about 35% of the retail price, 65% going to distributors, 

wholesalers and retailers. A micro-farmer, selling directly to the local community can 

capture up to 100% of the value chain. 

Source: Henrikson, R. (2011). Development of a Spirulina Industry – Production. Available at: 1068 
http://www.algaeindustrymagazine.com/special-report-spirulina-part-5-development-of-a-spirulina-industry-1069 
production/ 1070 

The scale of production is critical for determining the size of fixed and variable costs. 1071 
Large scale of production leads to smaller costs per unit. This suggests a limited potential 1072 
for small and medium-size enterprise (SME) with ‘blue’ profile unless assistance is 1073 
available to cope with high costs or investment for scaling up the production. 1074 
Alternatively, development of the sector will be driven by large companies that can 1075 
gradually grow the market, decrease apprehensions of investors and increase business 1076 
viability of ‘blue’ SMEs. In the latter scenario, the presence of SMEs in blue bioeconomy 1077 

http://www.algaeindustrymagazine.com/special-report-spirulina-part-5-development-of-a-spirulina-industry-production/
http://www.algaeindustrymagazine.com/special-report-spirulina-part-5-development-of-a-spirulina-industry-production/
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will be delayed. Participants in the Blue Bioeconomy Forum suggested non-monetary 1078 
instruments that could assist ‘blue’ SMEs, including business advisory support for scaling 1079 
up production and diversification of portfolio, and assistance in accessing available 1080 
financial support from the regional, national or EC programmes. 1081 

Although compliance with regulations for high value markets incurs greater costs, the 1082 
profits from the sale of products from, for example, cosmetic or pharmaceutical sectors 1083 
could balance out the expenses in the long run. Hence, some experts in the blue 1084 
bioeconomy do not advise providing additional public support for companies that develop 1085 
such products. Nevertheless, one of the mechanisms to provide a balanced support for 1086 
organisations that develop products with different levels of added value is to partially 1087 
cover R&D costs. The unpredictable duration, success and expenses of clinical trials for 1088 
pharmaceutical products are major risk factors and disincentives to explore business 1089 
opportunities. A policy instrument that could decrease costs of clinical trials, assist in 1090 
critical research areas of the ‘blue’ sector (e.g. development of compounds for biomass 1091 
drying or salt extraction) and stimulate research/product development could be effective 1092 
at these starting stages of the ’blue’ sector. 1093 

Discussions on coping with high costs of production revealed that producers have to 1094 
optimise the productivity of the biomass and the cost-effectiveness of the entire cycle of 1095 
processing. This implies that producers have to monetise all components that were 1096 
extracted and fractioned from the biomass. To do this, it is necessary to stimulate 1097 
development of the market of by-products for increase of business-to-business sales. 1098 
Several participants in the Blue Bioeconomy Forum highlighted the need to create the 1099 
blue biomass market in the EU, as it would help to compare prices of biomass in a 1100 
specific region and season, assisting to better predict costs and profits of companies, and 1101 
it would stimulate the market orf by-products. Potentially, this could also attract more 1102 
investors to the ‘blue’ sector. 1103 

3.3.4 Difficulty in stable production of aquatic or marine biomass due to seasonality  1104 

Seasonality is an important issue in aquaculture and in fishing, as it often cannot be 1105 
controlled, except in some cases of shellfish aquaculture where farmers using closed 1106 
systems can manipulate the temperature and food supply. At the same time some 1107 
examples of optimisation of technical resources across various activities in various 1108 
seasons have been demonstrated (see Text box below). 1109 

Text box 18 Synergies in a using offseason fishing boats for seaweed harvesting 1110 

An example of optimisation of the resources in various seasons comes from the Estonian 

Fishery and Seaweed Aquaculture company. Estonian seaweed farmers have established 

cooperation with the local fishery company. They involve fishing boats in harvesting 

seaweed which appears to be a good supplementary work for fishermen during the 

fishing off-season. The naturally occurring red seaweed near Estonian islands has been 

recently deployed in developments on extracting red colorants. As it is a wild resource it 

has quota for harvesting the biomass and two companies have historically licenses to do 

it. One of them is a company called Tinurek OÜ, whose main activity is fishery. Currently 

they use their fishing boats for harvesting the seaweed as well. The company had to 

install technical adjustment of the equipment used. Such diversification of the fishing 

boats have been fully economically justified. 

Source: interview with Mariann Nõlvak, Tartu Biotechnology Park 1111 

As fishing activities have less of a focus in the present Roadmap, the major discussion 1112 
about seasonality challenges are related to the seaweed aquacultures due to a higher 1113 
potential for new products and value chains.  1114 

Stable value chains based on marine and aquatic biomass require a high and predictable 1115 
input and biomass productivity combined with a high content of the demanded 1116 
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components, like for instance carbohydrates that can be fermented to biofuel, proteins 1117 
for fish feed or bioactive compounds that can be used in functional food.  1118 

However, the seasonal variation in chemical composition is characteristic for seaweeds 1119 
and it poses challenges for the manufacturing of product from it. At least one third of the 1120 
blue bioeconomy stakeholders involved in our survey indicated seasonality as an 1121 
important challenge in developing their business and research products (BBF survey, 1122 
2019). 1123 

The comparative analysis of traditional (lignocellulosic) biomass and seaweed biomass 1124 
shows that variation in composition of seaweed is much extremer in comparison to the 1125 
compositions in traditional biomass (ECN, 2013). In general, seawater has the highest 1126 
nutrients concentrations during the dark season and gets depleted of nutrients during the 1127 
microalgae blooms in spring. Thus, the seaweeds have developed strategies to fit the 1128 
seasonal changes in light and nutrients availability (SINTEF, 2014).  1129 

While it is difficult to control the quality of the biomass especially in open systems, due to 1130 
seasonal, as well as other environmental variations, more adaptive approaches in 1131 
seaweed and algae farming can be promoted. Despite ongoing research projects studying 1132 
seaweed and algae composition dynamics under various conditions, there are still large 1133 
knowledge gaps in this area. For instance, a better understanding of seaweed 1134 
ecophysiology for development of cultivation strategies could ensure predictable yield, 1135 
composition and quality of biomass. 1136 

Another challenge on a more generic level is that the nature of marine and aquaculture 1137 
assumes specific harvesting seasons which prevents constant input flows for further 1138 
production. Consultation with experts indicated that seasonality related challenges in 1139 
seaweed farming can be addressed in ways similar to challenges in traditional 1140 
agriculture. Seasonality is addressed by special solutions that allow stabilising, storing, 1141 
preserving or pre-processing the harvested biomass that allow to maintain the best 1142 
quality and content and year-through inputs for the further production.  1143 

Discussions revealed a strong need to strengthen the scientific knowledge base as the 1144 
solutions addressing the seasonality challenge will be a result of better understanding of 1145 
ecophysiology of seaweeds and natural processes, and availability of good quality data. 1146 
In summary the following action lines have been proposed (by order of importance, 1147 
according to our respondents): 1148 

1. To narrow the existing knowledge gap, to promote and support further scientific 1149 
research of impact of seasonality on biomass characteristics in various conditions, 1150 
open sea, open pond and closed aquaculture systems, as well as in multitrophic 1151 
aquaculture systems, and other conditions; 1152 

2. Promotion of research and innovation in monitoring the crops and harvest at the 1153 
optimum/ the moment on the highest compound; 1154 

3. Establish a decision support system e.g. for growing macro algae based on data 1155 
models. It should be online open platform that can offer e.g. matchmaking and 1156 
various data. E.g. European Open Data Initiative intends to bring together all R&I 1157 
produced data; 1158 

4. More R&I on qualities of crops and promote cultivation of specific breeds of seaweed 1159 
or macro-algae that are less impacted by seasonality; 1160 

5. Mobilise and incentivise private and public investment in silos and biorefinery facilities 1161 
that can stabilise the input into processing industries. 1162 

 1163 

3.3.5 Logistical challenges for biomass processing  1164 

The chain of logistical processes is quite long, as it involves material handling, 1165 
production, packaging, storage, inventory and transportation. Although logistical 1166 
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challenges can vary for different types of blue product (e.g., seaweed, shellfish), there 1167 
are some common challenges that are faced by many producers within the blue 1168 
bioeconomy sector. 35% of Blue Bioeconomy Forum survey respondents face logistical 1169 
challenges. The technical challenges include complex and expensive operations 1170 
throughout the entire production cycle, starting from harvesting, processing and ending 1171 
with transportation and delivery. Most technical challenges are attributed to the specific 1172 
characteristics of aquatic and marine biomass. 1173 

The limited life of some blue biomass and the containment of salt and water are major 1174 
factors which require fast processing and, consequently, transportation of the biomass. 1175 
For example, the high content of water in the biomass increases the weight of the raw 1176 
material that needs to be handled, thereby affecting the amount of time, human 1177 
resources, technologies and energy for packaging, storage and transportation (Balan, 1178 
2014).  1179 

The overall state of the marine ecosystem and climatic conditions in a region have an 1180 
impact on the amount and quality of biomass. Currently, the lack of access to open data 1181 
on pollution, quality and temperature of water in seas does not allow ‘blue’ entrepreneurs 1182 
to monitor changes in biomass. The seasonality of biomass and its changing 1183 
characteristics are affecting the scalability of production and the logistical processes. As a 1184 
result, the logistical costs might vary depending on a harvesting season. Appropriate 1185 
technologies can optimise the quality of biomass and the logistical operations. However, 1186 
based on experience of many ‘blue’ entrepreneurs, such technologies are either not 1187 
easily available or accessible, due to location and high cost.  1188 

The farming, wild harvesting locations and facilities for (pre)processing can be remote or 1189 
sparsely located. This leads to higher spending on inputs and resources, lower energy 1190 
efficiency and greater risks of compromise on the quality of biomass (Slegers, 2014). 1191 
Hence, logistical challenges are not merely related to convenience, but to financial 1192 
sustainability of companies and to quality of ‘blue’ products. The co-sharing of 1193 
bioreactors, biorefineries, silos and other facilities decreases costs on the use of 1194 
technologies and allows to form clusters of ‘blue’ companies in those locations.  1195 

Based on survey results and discussions with experts, the list of policy-related logistical 1196 
challenges is dominated by the regulations on waste and the processes for obtaining 1197 
specific permits. The valorisation of fishing by-catch resources is an important issue for 1198 
the development of market of such resources and for environmental sustainability. For 1199 
example, the fishing by-catch can be voluminous and take significant space on the fishing 1200 
boats. The utilisation and transportation of by-catch creates additional cost for fishers. 1201 
Such regulation can be considered burdensome, however, in countries where the market 1202 
of by-products is developed the fisheries are able to reap a profit. In case of Iceland, by-1203 
catch finds its market and it is sold for value of 0,5 -1 EUR per kg, depending on the 1204 
species. 1205 

Text box 19 The need for a bio-refinery approach for shell waste processing  1206 

Shrimps and lobsters are among the most popular crustaceans for food consumption. 

However, the shell waste produced by the seafood industry is a growing problem. The 

Food and Agriculture Organization estimates that in Euopre alone more than 750,000 

tons of crustacean shell waste is produced every year. 

Besides potentially profiting from selling value-added products, the saving of disposal 

costs which range from about 60 EUR/t for landfilling to 160 EUR/t for incineration could 

create an additional boost for the concept, and illegal ocean dumping could be avoided.  

The main cost factors identified in the economic process analysis are the stirred tank 

reactors for the pre-treatment, the Lactobacillus seed, the enzymatic depolymerization, 

and especially the monomer synthesis. Summarized, the process in not cost-efficient 

enough.  

http://faostat.fao.org/
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The pre-treatment of the raw material to yield the chitin is a key step in the process 

starting from a material with negative to low input price resulting to a significant price of 

pure chitin/chitosan. This cost structure and the various competing application of 

chitin/chitosan derivatives require an integrative bio-refinery approach including cost-

effective biotechnological pre-treatment as substitute for the harsh conditions and high 

chemical load in the chemical processing route.  

Source: Rampelotto, P.H. and Trincone, A. (2017). Grand Challenges in marine biotechnology; Gruber, K. 1207 
(2013). Nylons made from shrimps. Available at: 1208 
http://www.youris.com/bioeconomy/fisheries/nylons_made_from_shrimps.kl 1209 

Text box 20 MODHEAt® - efficient technology for drying of seaweed 1210 

SFTec is a Finnish startup that aims to generate added value by enabling the efficient 

reuse of industrial residual resources. It brought to the market MODHEAT®, an industrial 

drying technology that is efficient, affordable, scalable and mobile and can handle many 

materials including seaweed. As a partner of the Baltic Blue Biotechnology Alliance 

network SFTec could test the opportunities offered by the drying technology in the blue 

bio-economy sector. Very good results have been obtained from drying seaweed where 

SFTec managed to convert seaweed into biogas and use this energy to dry other 

seaweed/ macro-algae on the location closeby the harvesting. This technology can helps 

to avoid the deterioration of the raw material and reduce its weight before it is 

transported to processing facilities. 

Source: Submariner Network, Baltic Blue Biotechnology Alliance 1211 

Text box 21 Geothermal energy for drying seaweed 1212 

Geothermal energy has been used in Iceland for many purposes including drying 

seaweed. The seaweed manufacturer Thorverk uses geothermal heat directly in its 

production. The company harvests seaweed found in the waters of northwest Iceland 

using specially designed harvester crafts. Once landed, the seaweed is chopped and dried 

on a band dryer that uses large quantities of clean, dry air heated to 85°C by geothermal 

water in heat exchangers. The plant has been in operation since 1976, and produces 

between 2,000 and 4,000 tons of rockweed and kelp meal. The product has been 

certified as organic. The plant's annual use of geothermal energy is about 150 TJ 

Source: Orkustofnun - National Energy Authority of Iceland 1213 

  1214 

http://www.youris.com/bioeconomy/fisheries/nylons_made_from_shrimps.kl
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3.4 Science, technology and innovation 1215 

The development of the blue bioeconomy is based on scientific, technological, research 1216 
and innovation developments. There are four key challenges that need to be addressed in 1217 
order to unlock the potential of the sector. 1218 

Although the research community and the industrial players already cooperate in several 1219 
ways, there is an acute need to improve how these collaborations are established and 1220 
sustained, addressed in each of the sub-sections below.  1221 

 1222 

3.4.1 Dialogue and sustainable cooperation between researchers and industry is needed 1223 

Significant progress has been made over the past decade in building a community to 1224 
support research and innovation in marine biotechnology in Europe. Nonetheless, there 1225 
remains a need to establish better links between researchers, industry and the array of 1226 
end-users. Mechanisms are required that are conducive to support industry/academic 1227 
collaborative approaches to develop markets and businesses (Hurst, Børresen, Almesjö, 1228 
De Raedemaecker, & Bergseth, 2016). 1229 

Public funding for collaboration between researchers and industries has helped. However, 1230 
increased research funding requests from industry does not necessarily mean common 1231 
goals and understanding between researchers and businesses. At the same time, the 1232 
increasing difficulty for researchers to secure funding for their projects might stimulate 1233 
them to approach companies and industries more frequently for funding. 1234 

The BBF survey shows that most researchers already collaborate with the industry sector, 1235 
while about half of the surveyed companies collaborate with research organisations. The 1236 
most common types of collaboration consists of joint research projects and fixed 1237 
collaboration in a consortium. There are also occasional exchanges of ideas between 1238 
these two types of stakeholders and joint uses of facilities. Other forms of collaboration 1239 
are reflected in activities such as: commercialisation; technical and business support; 1240 
spin-offs and rendering services coming from the researchers, and; providing services 1241 
coming from the companies. 1242 

 1243 

Figure 2: Survey question: Please describe the form of collaboration (n=21) 1244 

 1245 

Some researchers suggest that bureaucracy be minimised and procedures to access 1246 
major funding sources be eased. Respondents also recommended facilitating mutual 1247 
understanding through two-way dialogues. Some proposed improvements include putting 1248 
up a funding platform destined to better align researchers’ and industrials’ needs. 1249 
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Among surveyed respondents, start-ups and SME’s indicated that access for them to 1250 
research grant programmes and financial support would also support collaboration. Public 1251 
grants should also include an element designed to encourage sustainable collaboration. 1252 
These remarks tend to emphasize the need for research to be more directed towards the 1253 
development of business, that is to say, be more responsive to industry needs. 1254 

It is important to identify the respective motivations and constraints among academia 1255 
and industry. What holds back researchers from finding practical applications for their 1256 
discoveries, and what would encourage them to do so? For industries, a detailed analysis 1257 
of the different stages of the value chain and technology development is required in 1258 
order to identify where increased collaboration would benefit generating new market 1259 
solutions and products.  1260 

The Blue Bioeconomy forum emphasises the importance of shifting the mindset of 1261 
researchers. This can be promoted upstream by developing different research habits, 1262 
integrating in academic training the skills and tools to empower researchers to turn their 1263 
discoveries into applicable solutions for the industry. This would also help address 1264 
questions of uncertainty concerning the cost of development of products, the resource 1265 
availability as well as the skills and competences required for efficient industrial end-use 1266 
applicable solutions. 1267 

3.4.2 Exploration of marine environment, technical challenges and high costs   1268 

Considerable efforts have been devoted to the exploration of marine environment, 1269 
organisms, and potential products. However, due to the high biodiversity and the 1270 
tremendous effects of seasonality and geography on composition and morphology, 1271 
researchers expect that many species remain to be discovered. Recent projects and trials 1272 
have been conducted, amongst others within the framework of MBT-ERA NET.7 The 1273 
general conclusion that was drawn is that exploring the chemical and biological diversity 1274 
of our oceans as a source of novel materials and food is the essence of this strategic 1275 
research area. . The provision of a pipeline of new organisms to screen for novel 1276 
compounds is an essential support for future innovation. (Hurst, Børresen, Almesjö, De 1277 
Raedemaecker, & Bergseth, 2016) 1278 

The cost of exploration activities is high, resulting in innovations which are mainly in the 1279 
pre-competitive or in a commercial domain. Therefore, financing generally focuses either 1280 
on fundamental research or the application potential of the functional components with 1281 
high-end market applications. The MBT-ERA NET Marine Biotechnology Strategic 1282 
Research and Innovation Roadmap8 prioritises exploring targeted environments and 1283 
hotspots; developing next generation sampling methods; and developing novel methods 1284 
for the taxonomic, chemical, and biochemical evaluation of marine species as sources of 1285 
bioactive compounds. This would contribute to lower costs of exploration and screening 1286 
(Hurst, Børresen, Almesjö, De Raedemaecker, & Bergseth, 2016). 1287 

More collaboration is also needed. Optimisation of multi-purpose screening on hotspots or 1288 
sampling programs could lower costs and foster more synchronised utilisation of research 1289 
activities.  1290 

The ERA-NET Marine Biotechnology Strategic Research and Innovation Roadmap 1291 
suggests: 1) Continued targeting of microorganisms in deep-sea sediments, microbial 1292 

                                                             

7 http://www.marinebiotech.eu/marine-biotechnology-era-net  

8 http://www.marinebiotech.eu/launch-marine-biotechnology-research-and-innovation-roadmap  

http://www.marinebiotech.eu/marine-biotechnology-era-net
http://www.marinebiotech.eu/launch-marine-biotechnology-research-and-innovation-roadmap
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symbionts from sponges and other organisms; macro- and micro-algae; bivalves, 1293 
crustaceans, fish and fish processing discards, and marine fungi as sources of biologically 1294 
active natural products; 2) The discovery of new marine species including 1295 
microorganisms, as a source of novel materials; 3) Exploiting the potential of genetic 1296 
resources in the discovery process; and 4) Exploring the chemical and biological diversity 1297 
of marine organisms (Hurst, Børresen, Almesjö, De Raedemaecker, & Bergseth, 2016).  1298 

Other challenges include ensuring that future increases in production remain within 1299 
sustainability limits. The development of production in coastal zones is not yet at its 1300 
maximum. There is considerable areas worldwide where production could increase 1301 
(Gentry, et al., 2017). The EC has suggested that production could increase up to 2-fold 1302 
of current levels (European Commission, 2017). This will likely be achieved by 1303 
improvements, including efficiency in current aquaculture practices, while new production 1304 
areas and, marine production further offshore is yet to be considered.  1305 

New insights and ideas on the application of e.g. offshore, agriculture, greenhouse 1306 
cultivation and forestry technologies to improve aquaculture are required. The 1307 
development of devices such as ROV (remotely operated vehicles) allow for exploration 1308 
purpose (collection of samples; data mining techniques) to target areas of high marine 1309 
biodiversity. Both the exploration as well as the exploitation phase will benefit from 1310 
techniques such as; remote sensing, geoinformatics, remote monitoring tools, high-end 1311 
food and production tools (land based technology at marine production sites, on e.g. 1312 
disease management, product quality and production management). 1313 

Data-driven technologies are key: monitoring, automation, and analysis are aspects of 1314 
digitalization that have the potential to transform the aquaculture industry, which is not 1315 
immune to the digital disruption affecting other industries. Clean water is always needed, 1316 
and improved recirculation technologies will further advance the industry, but which 1317 
segments of aquaculture will gain most advantage from this progress remains to be seen. 1318 

The focal point for Ocean Monitoring and Surveillance developing a framework for “A 1319 
comprehensive ocean observing system (polar, bio, eco, BGC, eDNA, deep ocean, +)” 1320 
with the focus on understanding the marine ecosystem. The ambitions may well be 1321 
combined with the exploration potential for biochemical discovery programs. 1322 

The well-managed and controlled culture of marine biomass needs to be further 1323 
developed as sustainable sources of biomass in parallel with the development of 1324 
sustainable harvesting of marine species from the wild. Creating useable products from 1325 
marine biomass requires feedstock to undergo some form of transformation. Typically 1326 
this is a refining or extraction process, which yields intermediate or final products. 1327 
Biomass processing generally involves several intermediary steps from harvesting to end 1328 
use. Circular agriculture may well be used as an example and to develop marine value 1329 
chains and processes (Scholten, 2019), both on a horizontal (land to sea interaction) and 1330 
vertical (ecosystem interaction). 1331 

• Reducing the complexity of the supply chain by integrating biomass production and 1332 
refining, reducing energy demand and waste in processing marine biomass.   1333 

• Removing bottlenecks in marine biomass transformation and conversion by 1334 
identifying novel processes and marine enzymes that can modify biomass, tailor its 1335 
chemical and biological properties and reduce the energy demand of transformation.   1336 

• Engaging in research to support the expansion of cultured biomass production 1337 
including measures to minimise and mitigate environmental impacts; addressing 1338 
waste management; enhance biosecurity and the introduction of new production 1339 
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systems (breeding/hatchery/ genetics/nutrition and health etc.) and expand the use 1340 
of molecular methods.   1341 

• Harnessing knowledge and expertise from other sectors of the bioeconomy to support 1342 
the rapid development of pilot scale equipment and scaleup of marine biomass 1343 
refining.  1344 

 1345 

3.4.3 Lack, underuse and geographical discrepancy of research infrastructures   1346 

, Dedicated research tools and facilities to fully exploit marine biological resources are 1347 
needed, bridging aquaculture, mariculture, marine biotechnology research and areas of 1348 
fundamental and applied sciences (Hurst, Børresen, Almesjö, De Raedemaecker, & 1349 
Bergseth, 2016). This need is most urgent to support the demonstration plant phase 1350 
(TRL 6-7) and also the upscaling to flagship/first-of-a-kind (TRL 8), when economies of 1351 
scale have not yet been achieved (Hurst, Børresen, Almesjö, De Raedemaecker, & 1352 
Bergseth, 2016) (Enzing, C., Ploeg, M., Barbosa, M. Sijtsma, L., 2014). There are four 1353 
groups of challenges: 1354 

 1355 

(1) Lack of infrastructure for testing the scalability of technologies.. Start-ups 1356 
and industry need access to versatile and flexible pilot plants and demo-facilities which 1357 
can run pilot, pre-market scale-up projects at an acceptable cost to the new industry. A 1358 
real constraint is the lack of support for operational expenses  to keep pilot plants 1359 
running. There are examples of companies that decided not to use these facilities for 1360 
running trials due to high costs. In addition, if these facilities risk being under-used if 1361 
they are not involved in several projects.  1362 

 1363 

Text box 22 Organizing infrastructure 1364 

In Iceland a feasibility study is presently being conducted by the Nordic council of 

Ministries on the type of instrumentation, the size and business case for such scale-up 

facilities (focus on biorefinery). This study considers factors such as the composition of 

the biomass (water, protein, fat, polysaccharides, smaller components, etc.), whether 

the facility is constructed into different unit operations, for concentration extraction, 

can it be used on different kinds of raw materials?   

The objective of the study is to answer the following questions:  

• Is there a need?  

• What is needed?  

• How can it be operated?   

• What should be the scale? (small laboratory or industry scale)  

• What is the relevant volume of biomass?  

The study is at its first stages, it should involve stakeholders such as: research 

organisations, governmental bodies, industry / industry organisations. 

 1365 

(2) Underuse of research infrastructures in higher TRL levels. Costs for using 1366 
research infrastructures are also a constraint for projects that are attempting to scale up 1367 
from lab to pilot, and further from pilot to full scale. As a result, facilities are underused. 1368 
30%  of surveyed participants indicated that research infrastructure is insufficiently used 1369 
(for all TRL levels). 1370 

 1371 
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(3) Geographical discrepancy in the availability of research infrastructures. The 1372 
participants of the working group pointed out that there is unequal distribution of 1373 
facilities, with some regions generally having sufficient research infrastructure and, while 1374 
others lack access. This results in missed opportunities, for example some inland regions 1375 
with potential for aquatic non-marine developments 1376 

Lack of information about available infrastructure was also mentioned in the working 1377 
group. Several overviews related to available infrastructures at DEMO or pilot scale, 1378 
although not specific for blue bioeconomy, are available. Examples include: 1379 

• SmartPilots, an INTERREG Europe project co-funded by the European Fund for 1380 
Regional Development (ERDF). “Pilots4U” set up an easily accessible database of 1381 
open access pilot and demonstration infrastructure for the European bio-economy9. 1382 

• The European Marine Observation and Data Network (EMODnet) contains the 1383 
EMODnet Human activities portal which gives access to European infrastructures 1384 
facilities in EU waters10. 1385 

• European Marine Biological Resource Centre (EMBRIC) 1386 

• The Marine Research Infrastructure Database, developed by EurOcean.  1387 

Initiatives such as EMBRC-ERIC, EMBRIC, EMODnet, BRISK2, Baltic Blue Biotechnology 1388 
Alliance do provide information or access to facilities for users from all sectors, for either 1389 
precompetitive studies or commercial applications. These facilities are located mainly in 1390 
Western Europe, with the exception of the Alliance project in the Baltic region (see text 1391 
box below).  1392 

Text box 23 Mapping and utilisation of available infrastructure – Baltic Sea Region 1393 

Not each and every Baltic Sea Region country can provide the infrastructure and 

expertise needed for piloting and scaling-up. The Baltic Blue Biotechnology Alliance 

aims to bridge this gap. Companies in the Baltic region that conduct research can 

express to the consortium members their needs in terms of facilities, as was done for 

example for a microalgae facility in Denmark. The Baltic Blue Biotechnology Alliance 

also provides advisory and analytical services, bioresources, equipment, legal advice 

and business development and marketing. Information exchange is key to pooling such 

national capacities.  

Source: https://www.submariner-network.eu/projects/balticbluebioalliance 1394 

Text box 24 European Centre for Information on Marine Science and Technology (EurOcean) 1395 

The European Centre for Information on Marine Science and Technology (EurOcean) 

was established in 2002. The members of this independent scientific non-governmental 

organization comprises leading European marine research, funding and outreach 

organisations. Its aim is to facilitate information exchange and generate value-added 

products in the field of marine sciences and technologies between a wide range of 

governmental and non-governmental actors. 

The members of EurOcean developed a dedicated platform that provides a 

comprehensive list of all existing facilities in Europe that are dedicated to marine 

sciences, covering a broad range of activities.  

The information available about the infrastructures includes technical characteristics 

                                                             

9 See: https://www.biopilots4u.eu  

10 See: http://www.emodnet-humanactivities.eu  

https://www.submariner-network.eu/projects/balticbluebioalliance
https://www.biopilots4u.eu/
http://www.emodnet-humanactivities.eu/
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(e.g. Research Vessels, Underwater vehicles and large equipment and Aquaculture 

research facilities), services offered by the operator (e.g. simulation of ocean 

conditions, emulators to reproduce the mechanical output of an ocean energy,..), 

availability (e.g. Access Conditions) and contact points (e.g. Operators, owners).  

This database is intended for all stakeholders - scientists, engineers, policy makers, 

private companies, universities - for their respective needs, either as user or as 

operator, or as designer, or as funder. An iterative map with search criteria allows 

search of information on discipline, operating areas and related projects.  

Source: eurocean.org 1396 

(4) Lack of relevant human resources. The long-term sustainability of research 1397 
infrastructures is closely linked to the availability of qualified personnel, particularly 1398 
engineers. Such qualified personnel are typically given project-based short-term 1399 
contracts. Interviews with companies revealied that engineers have more career 1400 
opportunities in traditional areas, as compared tothe Blue Bioeconomy. 1401 

3.4.4 Lack of access to data, research results and data banks 1402 

Research results, even when publicly funded, are currently rarely freely available, which 1403 
hampers sharing of knowledge, especially concerning data. There is no easily accessible 1404 
database that centralises the information produced, making retrieval costly and time 1405 
consuming. Marine Biotechnology ERA-NET has created an open access portal to 1406 
exchange information and data, though only limited research results are available11. 1407 
There is a need for unifying and streamlining available data sources and portals. 1408 
Pprojects benefitting from EC funding are required to make data freely accessible. In this 1409 
regard, the EC is also launching the EOSC (European Open Science Cloud). However 1410 
academics and industry have different motives for sharing or not sharing data and 1411 
information. Academics often make results open, while for industry, the tendency is to 1412 
protect and not disclose results which might yield competitive advantage. Some 1413 
companies prefer not to file patents, but to protect their innovation with trade secrets. 1414 
Compulsory obligations are more effective if it is clear what is provided in return. 1415 
Strengthening collaboration between academics and industry could help to increase 1416 
incentives for sharing data and research results.  1417 

 1418 

Text box 25 European Open Science Cloud (EOSC) 1419 

The EOSC will allow for universal access to data and a new level playing field for EU 

researchers. A pan-European federation of data infrastructures will be built around a 

federating core, providing access to a wide range of publicly funded services supplied 

at national, regional and institutional levels, and to complementary commercial 

services. EOSC has 6 lines of action: (1) Architecture of the federated infrastructures 

as the solution to the current fragmentation in research data infrastructures which are 

insufficiently interoperable. (2) FAIR data management and tools. A common data 

language to ensure data stewardship across borders/disciplines based on FAIR 

principles. (3) Available services from a user perspective. A rich environment offering 

a wide range of services covering the needs of the users. (4) Mechanisms/interfaces 

for accessing EOSC. A simple way for dealing with open data obligations or accessing 

research data across different disciplines. (5) Rules of participation for different EOSC 

actors. An opportunity to comply with existing legal and technical frameworks and 

                                                             

11 http://www.marinebiotech.eu/resources 
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increase legal certainty & trust. (6) Governance of the EOSC, aiming at ensuring EU 

leadership in data-driven science but requiring new governance frameworks. 

Source: EOSC Strategy Implementation Roadmap (2018) 1420 

Almost all survey respondents indicated their willingness to share their data and results 1421 
in an open science cloud. However, some respondents would expect financial 1422 
compensation for the time needed to summarize their data, and some want assurances 1423 
that they will not be legally responsible for the data, as well as wanting to be 1424 
acknowledged and informed about use of their data. At the same time, it is important to 1425 
note that data for patents cannot be published if the patent has not yet been granted. 1426 
Furthermore, the publication of negative results is an important item to consider.  1427 

One example of how to share data is The Nagoya Protocol on Access to Genetic 1428 
Resources and the Fair and Equitable Sharing of Benefits Arising from their Utilization 1429 
(ABS) to the Convention on Biological Diversity has been set up.12 This provides a 1430 
transparent legal framework for the effective implementation of one of the three 1431 
objectives of the Convention of Biological diversity and the fair and equitable sharing of 1432 
benefits arising out of the utilization of genetic resources. These principles could guide 1433 
efforts to establish an open science cloud for the Blue Bioeconomy. 1434 

 1435 

Text box 26  Turning FAIR into reality. 1436 

The FAIR Data Principles are a set of guiding principles in order to make data findable, 

accessible, interoperable and reusable (Wilkinson, et al., 2016). These principles 

provide guidance for scientific data management and stewardship and are relevant to 

all stakeholders in the current digital ecosystem. They directly address data producers 

and data publishers to promote maximum use of research data. 

The European Commission expert group on FAIR data describes the broad range of 

changes required for the implementation of the FAIR data principles. It offers analysis 

of what is needed to implement FAIR and it provides a set of concrete 

recommendations and actions for stakeholders in Europe and beyond.  

 

Source: European Commission “Turning FAIR into Reality” (2018) 1437 

                                                             

12 https://www.cbd.int/abs/about 
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 Background 1439 

Introduction and scope 1440 

The Directorate General for Maritime Affairs and Fisheries (MARE) and Executive Agency 1441 
for Small and Medium Sized Enterprises (EASME) have initiated the Blue Bioeconomy 1442 
Forum (BBF) to bring together a partnership of industry, public authorities, academia, 1443 
and finance in order to strengthen Europe's competitive position in the emerging blue 1444 
bioeconomy. The aim of the BBF is to develop a shared understanding of the current 1445 
status of blue bioeconomy in Europe and to collectively identify strategic developments, 1446 
market opportunities, appropriate financial assistance, regulatory actions and research 1447 
priorities to advance the area. The forum seeks to exploit synergies between blue 1448 
bioeconomy sectors which can benefit from the innovative and optimal uses of aquatic 1449 
biomass, by sourcing biomass for a particular purpose (e.g. for high-value applications 1450 
such as cosmetics), but also by valorising by-products and resulting ecosystem services. 1451 

For that purpose, the BBF project team, in a joint effort with its Steering Group 1452 
members, thematic Working Groups and the active involvement of the wider blue 1453 
bioeconomy community (the Forum) has designed and developed a Blue Bioeconomy 1454 
Roadmap. The roadmap will provide a contribution to the industry’s future 1455 
competitiveness, by supporting the main organisations active in the area (e.g. public 1456 
authorities, private companies, funding agencies, R&D organisations) to establish a 1457 
better understanding about the critical factors to succeed and develop a common vision 1458 
to unlock the potential of the blue bioeconomy in Europe. The roadmap enables 1459 
stakeholders to: 1460 

• Better understand the market’s future regulatory, research, financial assistance and 1461 
product needs;  1462 

• Identify critical gaps between what exists and what is needed;  1463 

• Define the short-, medium- and long-term actions that are required to unlock the 1464 
potential of the sector. 1465 

The document is organised in two main sections: Ways forward – actions that should be 1466 
undertaken by different stakeholders, which are described in section 2. These ways 1467 
forward correspond to the thematic priorities – challenges of the blue bioeconomy sector, 1468 
which provide more background to the ways forward in section 3.  1469 

It is important, however, to describe our definition of the blue bioeconomy and the fact 1470 
that for this roadmap not all subsectors of the blue bioeconomy were taken into 1471 
consideration. 1472 

The European Commission defines Bioeconomy as "the production of renewable biological 1473 
resources and the conversion of these resources and waste streams into value added 1474 
products, such as food, feed, bio-based products and bioenergy." (European Commission, 1475 
2012). The addition of “blue” entails a focus on aquatic or marine environments. Thus, 1476 
this document follows the European Market Observatory for Fisheries and Aquaculture 1477 
Products (EUMOFA) definition as published in its report “Blue Bioeconomy – Situation 1478 
report and perspective”: 1479 

... any economic activity associated with the use of renewable aquatic 1480 
biological resources to make products. Examples of such products 1481 
include novel foods and food additives, animal feeds, nutraceuticals, 1482 
pharmaceuticals, cosmetics, materials (e.g. clothes and construction 1483 
materials). Businesses that grow the raw materials for these products, 1484 
that extract, refine, process and transform the biological compounds, as 1485 
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well as those developing the required technologies and equipment all 1486 
form part of the blue bioeconomy. (EUMOFA, 2018) 1487 

 1488 

However, the Blue Bioeconomy in the context of the BBF explicitly does not cover the 1489 
“traditional” uses of biomass, such as fisheries and traditional aquaculture that are 1490 
mainly aimed at food. These maritime economic sectors are more developed, established 1491 
and are already subject to several standalone analyses and reports. The focus of this 1492 
roadmap should in no way suggest that these other subsectors are worthy of less 1493 
attention. 1494 

 1495 

Process undertaken to reach this roadmap 1496 

The findings presented in the roadmap rely on: 1497 

• A community of over 375 members that are working on or interested in the Blue 1498 
Bioeconomy, representing: industry, public agencies, financial organisations, 1499 
researchers and civil society, of the European Union. These stakeholders receive 1500 
information about the BBF activities and are invited to actively contribute to the 1501 
development of the roadmap (via interviews, participation to events, surveys) 1502 

• The strong commitment of the BBF Steering Group members, taking an active role in 1503 
the development of the roadmap 1504 

• Working Group members, that were actively involved in the BBF Working Group 1505 
sessions around specific topic and have been consulted bilaterally for tailored 1506 
interviews 1507 

• A state-of-Play report, bringing the first insights on the main developments of the 1508 
blue bioeconomy in Europe and presenting a first selection of blue bioeconomy 1509 
challenges based on desk research.   1510 

• Two surveys addressed to the BBF community: 1511 

1. A first “short” survey launched in October/November 2018 to determine 1512 
the priorisation of challenges for the discussions at the Working Group 1513 
workshops (107 full responses received) 1514 

2. An in-depth survey intended for members of the business and research 1515 
community who are active in the Blue Bioeconomy, to help shape the 1516 
content of the roadmap based on the results achieved from the Working 1517 
Group discussions (86 full responses received)  1518 

• A BBF launch event organised on 7 December 2018 with over 90 participants. The 1519 
goal of the event was to discuss the current status of the emerging Blue Bioeconomy 1520 
in Europe and to identify strategic developments, market opportunities, financing 1521 
possibilities and research priorities. The event was also the opportunity to host the 1522 
first Working Group sessions. The outcomes of the event have been used for the 1523 
roadmap on the development of the Blue Bioeconomy in the EU. 1524 

• Working Group workshops organised on 11 and 12 March 2019. The objective of the 1525 
workshops was to identify the key challenges for advancing the Blue Bioeconomy in 1526 
the next 2-7 years. The discussions were around the key challenges, the key 1527 
questions that are related to these challenges, and some of the possible ways forward 1528 
to be addressed in the roadmap document. 1529 

• A pipeline of 12 projects, whose owners have been invited to the BBF activities and 1530 
have been consulted in bilateral interviews (31 interviews conducted) 1531 
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• A second event organised on 25 June 2019 with over 140 participants. The goal of the 1532 
second event was to discuss the draft roadmap for the blue bioeconomy. The 1533 
discussions during the event have been used to sharpen the descriptions and ways 1534 
forward presented in this document. 1535 

 1536 

 1537 

 1538 

  1539 
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