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Executive Summary

This report analyses socio-economic barriers in specific value chains (fish biomass,
seaweed, and mussels) of the blue bioeconomy to identify opportunities for industry
and public authorities while promoting more sustainable use of blue bioeconomy
resources. It examines regulatory measures, corporate responsibility initiatives,
consumer acceptance, and education as factors facilitating the transition to
responsible practices.

Relevant EU and global frameworks like the MSFD, MAES, Green Deal, and SDGs
are used to develop criteria for measuring the impacts of different blue bioeconomy
value chains. Specific indicators are also created to assess the performance of the
value chain.

Drawing from previous EU initiatives, the report formulates a methodology and data
collection strategies for valuing ecosystem services in the blue bioeconomy by
introducing a Sustainability Compass. It follows best practices and recommendations
while utilising data from observation networks like EMODnet and Copernicus.

In conclusion, this analysis identifies barriers, defines opportunities, and provides
insights for the transition to socially and environmentally responsible behavior in the
blue bioeconomy. Aligning with established frameworks, adopting best practices, and
engaging stakeholders will contribute to a sustainable and thriving blue bioeconomy
sector.
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1. Mapping Socio-economic Barriers and Identifying
Potentials for a Sustainable Blue Bioeconomy

The blue bioeconomy sector involves harvesting renewable biological resources from
natural or industrialized aquatic environments, processing them into various products,
and distributing them along the supply chain. The blue bioeconomy relies on
renewable, living aquatic resources such as fish, algae, sponges, jellyfish, or
microorganisms to deliver a wide variety of products, processes, and services. In the
European Union (EU), the sector is the sixth largest producer of fishery and
aquaculture products globally, accounting for approximately 2% of global production.
However, production levels have remained relatively stable over the past few decades
(European Commission, 2023)

The EU Algae Initiative, along with other EU policy positions such as the 2021
Strategic guidelines for a more sustainable and competitive EU aquaculture and the
new approach for a Sustainable Blue Economy in the EU, emphasize the significant
role of marine bioresources in promoting healthy environments on land and in oceans,
achieving carbon neutrality, fostering innovative and sustainable food systems, and
establishing a sustainable and circular bioeconomy (European Commission, 2021;
2021a; 2023).

The need for a resilient blue bioeconomy is driven by the increasing global demand
for marine resources and the need for sustainability in these sectors. While the
potential of the blue bioeconomy is immense, its development has been slower than
expected, highlighting the importance of mapping socio-economic barriers, and
identifying potentials to support its development.

The focus of this study is to carefully analyse the socio-economic barriers specific to
the value chains of the blue bioeconomy and to identify potential opportunities for both
industry and public authorities. Data collection was systematic and spanned numerous
European countries.

Data collection strategies included interviews with fishing companies, oyster and
mussel farmers and biomass valorisation companies. Stakeholder workshops, such
as the Blue Bioeconomy stakeholder workshop on the island of Saaremaa (3 of
February 2023; 6" of July 2023), served as other key data inputs. Other sources of
information included strategic policy documents such as the Belgian Strategic Plan for
Aquaculture 2021-2030 and the Vision Report on Aquaculture in the Belgian part of
the North Sea. Expert summaries of data from aquaculture and blue bioeconomy
experts (Blue Bioeconomy Roadmap for Portugal) also contributed to our
understanding.

The value chains analysed included those of fish and shellfish, macroalgae, oysters
and different branches of aquaculture such as land-based (fish, shrimp) and offshore
(fish, shrimp, mussels). The value chains of specific marine species, such as
European oysters, blue mussels, macroalgae (sugar kelp) and sea squirts, were also
examined.

By comprehensively examining these different value chains, this study highlights the
breadth of the blue bioeconomy. These findings reveal complex networks of
interactions between the natural environment and the economic and social spheres
and highlight the challenges and opportunities that these linkages present. With this
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knowledge, we can accelerate the development of the blue bioeconomy and promote
a sustainable future for our oceans.

Our study targeted a range of elements within the value chain in order to gain a
comprehensive understanding of the blue bioeconomy. These components ranged
from primary stages such as fish and shellfish farming, macroalgae harvesting and
fisheries, to more advanced stages such as macroalgae and fish processing.
Technology solutions in aquaculture were analysed to explore opportunities for
efficiency and sustainability. On the output side, we focused on the marketing of fish
and seaweed, highlighting the importance of product positioning in this growing
industry. The study also looked at farming, harvesting, and processing, highlighting
the need for seamless and sustainable integration of these operations. Market aspects
were given due attention, with research into the catering sector to understand
consumption patterns. Specific areas such as harvesting, biomass production and
bioprospecting were examined to identify potential avenues for resource optimisation
and the discovery of new blue bioeconomy products. Innovation development, product
differentiation and commercialisation processes were also analysed to identify
opportunities and challenges at these critical stages. Support services that are integral
to the blue bioeconomy were also included in the study. Finally, our study covered
specific value chains such as mussel valorisation, retail, and cultivation of food, as
well as promising areas such as cultivation/biotechnology, underlining the broad
potential of the blue bioeconomy.

1.1. Environmental and socio-economic barriers of specific value
chains in the blue bioeconomy

The blue bioeconomy represents an important avenue for sustainable development,
but it faces numerous environmental, socio-economic and governance barriers that
impede progress in various value chains such as fisheries and aquaculture, algae
farming and shellfish farming. This report provides an in-depth analysis of the
challenges identified and recommends practical solutions to promote the growth of the
blue bioeconomy.

For the fishing and aquaculture sector in general (including fish, algae, mussel and
shrimp farming), a key environmental issue is poor water quality, which makes fish
farming impractical. There is also a lack of systematic services such as veterinary
support and fish breeding, which severely limits production capacity. Monopoly
companies also dictate business conditions and erect economic barriers that inhibit
competition (e.g. set conditions on how and when products are sold). Economic
problems are exacerbated in times of crisis and combined with restrictive aquaculture
conditions and fishing quotas, result in an underdeveloped sector with limited capital.
There are also social problems, mainly related to the lack of satisfactory working
conditions in rural areas and the difficulty in recruiting staff due to the lack of access
to bioeconomy related education and the challenges of living in these areas. These
barriers are compounded by governance issues, such as over-regulation and complex
licensing procedures for aquaculture facilities, which discourage SMEs and
innovation. At governance level, there is a need for local authorities to manage coastal
seas and to develop environmentally friendly fishing gear and aquaculture systems.

Similar barriers exist in the seaweed farming value chain. Poor coastal water quality
makes many marine activities impossible, limiting the growth of the sector. One of the
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challenges of this industry is the lack of social recognition of the benefits of
macroalgae farming (economic opportunities, water quality improvement). The
environmental impact assessment process is often slow, leading to delays in the
establishment of nature reserves, for example, based on the carbon and nutrient
sequestration potential of habitats. There are also many socio-economic issues, such

as difficulties in the transition to green energy, e.g. during the cultivation phase,
unsatisfactory salaries and underdeveloped IT solutions in rural areas.

Mussel farming is no exception to these constraints. Natural environmental
problems, such as poor coastal water quality and the spread of invasive species,
contribute to reduced production. Economic challenges, such as high installation and
operating costs, compounded by low profits and potential financial risk due to factors
such as storms or disease, make the industry less attractive for investment. The social
context, including difficulties in finding skilled labour in rural areas, underlines the need
to improve working conditions and training opportunities. The industry also suffers
from governance issues, such as the complexity of licensing procedures and
opposition from various stakeholders, including fishermen, seafarers, ports, and
communities, also complicating the possibilities for multi-use of certain spaces in the
marine spatial planning.

A common barrier across all sectors is product valorisation. The lack of systematic
mechanisms to extract value from bluebio products makes market expansion difficult.
Issues such as logistics, insufficient knowledge of product formulation and challenges
in penetrating existing value chains or creating new ones all contribute to the problem.
Economic downturns pose significant difficulties for these value chains, hindering their
stability and growth. Therefore, the need to improve access to ecosystem services
through the development of the blue economy becomes paramount. In addition, the
establishment of a carbon and nutrient quota system for aquaculture and the
promotion of low-trophic aquaculture solutions is of paramount importance.

Another major concern is the underutilization of technology and scientific advances.
The rapid pace of scientific and technological development and the complexity of the
natural environment require online decision-support tools to guide various blue
economy initiatives. The use of sustainable technologies to use beach-cast seaweed
as fertilizer or to produce growing substrates for agriculture remains underexplored.
Furthermore, the integration of forestry, agriculture and the blue economy as a holistic
approach has been insufficient.

Promoting social inclusion and equality is another pressing issue. Barriers to achieving
these goals range from the lack of equality between high- and low-skilled workers to
the challenge of attracting funding for necessary infrastructure and innovation for
companies of different sizes. Inadequate social recognition of aquaculture production
and a low willingness to work in rural areas exacerbate these social problems. What's
more, there is a lack of education and training programmes focused on the blue
bioeconomy, such as value chain development, veterinary support, fish farming and
fishing practices, which limits the number of skilled workers available. There's also an
urgent need to improve working conditions in rural areas, which often suffer from a
lack of basic amenities and services. It is essential to create attractive living and
working conditions to motivate skilled workers to stay or move to these regions.

Another common governance issue that has hindered the growth of the blue
bioeconomy is the complexity of legal and regulatory frameworks. Cumbersome
bureaucratic procedures can be difficult to navigate, especially for SMEs, and often
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stifle innovation. In addition, governance frameworks should be designed to promote
the coexistence of different activities in the coastal and marine space. This includes
ensuring that fisheries, aquaculture, and other sectors are not in conflict with each

other but work together towards common sustainability goals. This requires a coherent
policy framework that cuts across sectors.

In addition, the blue bioeconomy needs to adopt more sustainable business models
to increase resilience in the face of economic downturns. This requires rethinking the
current approach to profitability and embracing the principles of the circular economy,
including strategies that increase efficiency and reduce waste, such as using fish
waste to produce fertiliser or using seaweed as a raw material for various products.

The involvement and commitment of different stakeholders is essential to overcome
these barriers. This includes not only those directly involved in the blue bioeconomy,
such as farmers, fishermen and industry operators, but also those indirectly involved,
such as policymakers, researchers, environmentalists, and the wider community.
Their collective understanding and involvement in decision-making processes are
crucial to the sustainable development of the blue bioeconomy.

Finally, high priority must be given to research and development to exploit scientific
advances for the betterment of the blue bioeconomy. This includes identifying and
implementing best practices, developing innovative solutions to existing problems and
advancing knowledge on the environmental, socio-economic and governance aspects
of the blue bioeconomy. By fostering a culture of innovation and continuous learning,
the blue bioeconomy can evolve to meet the changing needs of society and the
environment, while ensuring long-term sustainability and profitability.

1.2. Key enabling factors for specific value chains of the blue
bioeconomy

This study provides a comprehensive examination of potential solutions and measures
that can be applied to specific value chains within the blue bioeconomy. It focuses on
the sectors selected on the basis of partner input (attached in Annex I): fisheries, fish,
algae and shellfish farming. We also aim to identify and address the various barriers
that hinder the growth of these sectors. These barriers cover a wide range of
categories, including those related to the natural environment, economic, social and
governance.

Starting with the fishing and aquaculture sector, sustainability has emerged as a key
issue. The study highlights the importance and viability of developing a sustainable
fishmeal, which can form the backbone of a sustainable fish farming business model.
A sustainable business model can provide a robust framework for the industry to thrive
and expand while minimising its environmental footprint. Part of this initiative involves
the innovative introduction of environmentally friendly fishing gear. Gear made from
materials such as hemp can significantly reduce the release of microplastics into the
marine environment, a major environmental concern, and also limit the problem of
bycatch, improving the overall sustainability of fishing operations.

Another key to success lies in robust networking and communication channels to
reach producers and investors, with specific measures to create a favourable
framework for investment. This includes creating a level playing field at the EU and
international levels, taking into account factors such as EU legislation, control of
production areas and growing conditions for imported products. Furthermore, the
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promotion of scientific monitoring and the use of modern technology in traditional

harvesting and production systems is essential to increase production volumes and
profitability.

Several solutions highlighted also include promoting a cultural shift towards seafood
in fish farming, increasing diversity through the development of recirculating
aquaculture systems (RAS) and improving management systems. Ensuring good
stock quality and adapting to new species and fishing methods could increase
productivity. There is a need to reduce entrepreneurial risks by exploring and mapping
the economic potential of certain products, locations, etc. Better cooperation between
producers, for example through industry organisation, and an integrated approach
involving multiple-use projects are also strongly recommended.

The role of government in strengthening the sector is also undeniable. From ensuring
the safety of critical infrastructure, including veterinary services that directly affect the
health and productivity of fish stocks, to supporting improved fish farming techniques
for better economic outcomes, government interventions can significantly strengthen
the fish farming sector. In addition, tailored government-supported training initiatives
can help develop a skilled workforce that is familiar with modern, sustainable fishing
practices.

Mussel farming is another integral value chain in the blue bioeconomy.
Developments in mussel grading and processing are highlighted, together with
methods of extracting valuable proteins, lipids, and minerals from mussels.
Innovations to reduce the amount of broken shells during processing and to ‘loosen’
the filament material are proposed. Our study has identified key technologies and
practices in shellfish farming that can mitigate the negative environmental impacts
associated with fish farming, thus providing a more sustainable path forward. These
include innovative practices such as the use of renewable energy solutions such as
solar panels and the introduction of co-production of mussels. Such practices can
contribute to achieving zero net greenhouse gas emissions, a goal that is becoming
increasingly important in the context of global climate change.
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Figure 1. Mussel farming in Estonia (photo: Jonne Kotta, University of Tartu)

The balance between land- and sea-based activities also emerged as an important
area of focus, particularly with regard to legislation and permitting in relation to nutrient
emissions. Proper regulation and monitoring can ensure that both types of activities
can co-exist without causing undue pressure on the marine environment. The need
for industrial facilities capable of processing shellfish and the development of
specialised harvesters capable of handling smaller shellfish inhabiting the Baltic Sea
region were also highlighted.

Automating the monitoring of algal blooms, which currently requires considerable time
and manual effort, could improve productivity, and reduce risks. Methods to reduce
sea squirts or to harvest and sell sea squirts as a secondary source of income are
proposed. Research into consumer packaging to increase attractiveness and ease of
use, environmentally friendly packaging and packaging that is less harmful to the
environment are also areas worth exploring.
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Figure 2. Red Algae (Furcellaria lumbricalis) collected from the coast of Saaremaa at Vetik production rooms in
Estonia (photo: Liisi Lees)

The seaweed farming sector presents unique challenges and opportunities. Some
solutions are proposed to promote sustainability and profitability. For example,
creating a quota system for seaweed could ensure sustainable harvesting. As far as
seaweed cultivation is concerned, the harvesting of macroalgae is actually a process
that can remove excess nutrients from the sea and help restore environmental
conditions, but cultivation should be well-planned to avoid negative environmental
impacts. Accelerated technological advances are needed to make farming cheaper
and more effective. This includes the development of hatcheries in Europe and the
transition to RAS aquaculture. Government support for aquaculture developers,
educational platforms, training, business development programmes and
entrepreneurship are suggested to stimulate growth. In addition, we have identified a
critical need to develop feasible macroalgae cultivation in low-salinity areas of the
Baltic Sea, which can significantly expand the productive capacity of this industry.
Technologies that enable the use of beach-cast algae in the production of fertilisers
and agricultural growing substrates can create additional value streams and contribute
to circular economy principles. In addition, the promotion of national and international
matchmaking events, roadshows and collaborative actions between stakeholders
could lead to synergies and progress in the sector.

Other potential solutions include the establishment of bioresource infrastructure
networks, the development of prototyping and pilot upscaling facilities, and the
implementation of acceleration programmes. Funding schemes for equipment
networks and upgrading vessel equipment for modern bioprospecting are also
needed.
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In terms of economic and social aspects, the partners' input emphasises the
importance of optimal scaling-up strategies and the promotion of competitiveness and
self-sufficiency, especially for small enterprises and disadvantaged areas. These
objectives can be facilitated by various means, including government financial
support, the provision of satisfactory working conditions, especially in rural areas, and
the introduction of competitive wages. Maintaining a balanced market structure,
avoiding monopoly or dominant positions, ensuring equal treatment of all individuals
and organisations regardless of their background, and developing insurance solutions
for aguaculture are also key to a robust blue bioeconomy.

Governance is another critical area for advancing the blue bioeconomy. Simplifying,
speeding up and making the licensing system more transparent is one aspect that
was highlighted in the partners’ input. We also underlined the need for legislative
reform to empower local authorities and provide clearer, more consistent procedural
guidelines for new blue bioeconomy initiatives. Furthermore, the development of a
system of carbon and nutrient quotas for aquaculture and the creation of a network of
protected areas based on realistic mapping of the carbon and nutrient sequestration
potential of different habitats are other essential measures for sustainable marine
management.

The role of technology and innovation in boosting the blue bioeconomy cannot be
overstated. From the use of renewable energy solutions such as solar panels and
drones to patrol areas, to the development of IT solutions in rural areas, technology
can play a critical role in improving productivity and sustainability. In addition, the
creation of web-based decision support tools that link existing environmental datasets,
scientific expertise and technological potential can provide a powerful platform to
guide various blue economy initiatives.

Product valorisation is another area that requires strong focus and innovation.
Ensuring better economic outcomes through government-supported product
valorisation, finding wider uses for fishmeal, exploring uses for fish oil in the
pharmaceutical industry and processing fish skin for human consumption are just
some of the potential avenues for product valorisation. The study also advocates the
valorisation of low-value fish species with higher stocks.

The blue bioeconomy can also make a significant contribution to rural development.
The provision of satisfactory working conditions and training, the diversification of
products and services, the promotion of new local services and the development of
infrastructure can promote economic growth in rural areas. In this context, the concept
of a 'sea ministry' emerges as an innovative proposal to provide dedicated focus and
resources for the development of the blue bioeconomy.

Addressing the complex value chains of the blue bioeconomy — fishing, fish, algae
and shellfish farming that are discussed here - requires a multifaceted approach, with
strategies tailored to the specific needs of each sector. Despite the diversity, a number
of common strategies can be identified across these value chains, each aimed at
improving production, product valorisation and market access.

Technological progress is a key aspect in the successful implementation of
sustainable practices within the blue bioeconomy. This includes promoting the use of
modern technology, for example in aquaculture, where outdated production systems
could be overhauled to improve volumes and profitability. The need for ongoing
research and development is also paramount, with particular emphasis on the
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implementation of pilot studies. Such studies act as test-beds to explore the feasibility
of commercially viable products, sustainable production facilities and the use of new
technologies before their full-scale implementation. They act as a catalyst for the
creation of new production units, while enriching the knowledge base on different
aspects of the blue bioeconomy.

Networking and collaboration are key to the success of the blue bioeconomy. It is
essential to create strong networking and communication channels to facilitate
interactions between different stakeholders, including producers, investors,
entrepreneurs, scientists, and policy makers. This cooperation can be fostered
through networking events and platforms, leading to knowledge sharing, partnerships,
and innovation. Existing platforms and international networks should be optimised
and, where gaps exist, new ones should be established.

Figure 3. Engaging in a dynamic Community of Practice event held in Estonia, participants gather to explore
strategies and foster discussions on effectively raising awareness about the transformative potential of the blue
bioeconomy (photo: Merli Ratsep)

Education, training, and public engagement are another critical component of the blue
bioeconomy transformation. Tailored training programmes should be developed for
different stakeholders, ranging from technical aspects such as production, marketing,
business management, sustainability, legislation, and valorisation. The public should
be engaged to increase awareness and acceptance of these initiatives, and efforts
should be made to cultivate a cultural shift towards seafood through activities such as
adult cooking workshops, fish festivals and school visits to maritime sites. In addition,
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strategic marketing and promotion of seafood products can stimulate consumer
interest and increase sales.

Government support and effective policy frameworks are the foundation for a thriving
blue bioeconomy. Governments have a crucial role to play in providing financial
incentives, simplifying regulatory processes, and ensuring easy and efficient access
to blue bio-resources. The creation of a public-private blue investment fund and
dedicated bank credit lines for the blue sector can provide much-needed financial
support. In addition, governments can catalyse the growth of the sector by offering
incentives to foreign investors, offering support for innovation, and establishing faster
regulatory approval pathways for blue bioproducts.

Finally, the importance of harnessing synergies through blue bioeconomy acceleration
programmes cannot be overstated. This includes revising training programmes for
stakeholders, simplifying national funding schemes and establishing public-private
partnerships to stimulate growth.

In summary, the study provides a comprehensive picture of the potential of the blue
bioeconomy and identifies different ways forward for fishing, fish, seaweed, and
mussel farming. Through sustainable practices, technological innovation, economic
support, improved governance and public engagement, the blue bioeconomy can
overcome existing barriers and thrive in the future. The findings also highlight the need
for more scientific research and experimental measurements to effectively manage
risks and make informed decisions about the growth of the blue bioeconomy. In
conclusion, the development of the blue bioeconomy requires a holistic approach that
includes technological, economic, social and governance solutions. By harnessing the
potential of our marine resources, we can promote economic growth, environmental
sustainability, and social well-being.

1.3. Enabling Factors for a Transition to Responsible Behavior

The blue bioeconomy holds great potential for addressing global challenges such as
food security, renewable energy provision, and environmental sustainability. However,
transitioning towards responsible behavior in the blue bioeconomy requires the
identification and promotion of enabling factors that can support this transformation.
In this chapter, we explore key enabling factors that can facilitate the transition
towards responsible behavior in the blue bioeconomy, leading to circularity and
sustainability. The analysis will provide insights in the key enabling factors for the
transition towards socially and environmentally responsible behavior within different
dimensions (e.g. regulatory measures, corporate responsibility initiatives, education)
in blue bioeconomy. These factors can influence the extent to which certain actions
are initiated and sustained. Certain conditions can significantly contribute to the
successful transition. Some of these conditions include:

Education and awareness: One crucial enabling factor is education and awareness.
Enhancing the knowledge and understanding of stakeholders, including policymakers,
industry actors, and the public, regarding sustainable practices in the blue bioeconomy
is essential. By promoting education and raising awareness of the environmental and
social impacts of different practices, stakeholders can make informed decisions and
actively participate in responsible behavior.
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Legislation by governments: Establishing appropriate regulatory frameworks is
another vital enabling factor. Governments play a crucial role in creating policies and
regulations that incentivize responsible behavior in the blue bioeconomy. Government
regulations and policies can have a significant impact on the transition to innovative
business models. When governments create legislation that provides funding
incentives and helps mitigate the risks associated with such models, it becomes easier
for companies to embrace and implement them (de Mattos & de Albuquerque, 2018).

Access to Funding: Access to funding and financial incentives is a significant
enabling factor for transitioning to responsible behavior in the blue bioeconomy.
Governments, international organizations, and private investors can provide financial
support for sustainable projects and initiatives. Funding programs and grants
specifically targeting responsible practices in the blue bioeconomy can stimulate
innovation and encourage industry actors to adopt environmentally and socially
responsible approaches.

Collaborative Networks: Building collaborative networks and partnerships among
stakeholders is essential for facilitating responsible behavior in the blue bioeconomy.
Collaboration allows for knowledge sharing, capacity building, and the development
of joint initiatives that promote sustainability. Engaging multi-stakeholders such as
academia, industry associations, non-governmental organizations (NGOSs), and local
communities can foster innovation, create synergies, and ensure the inclusivity of
diverse perspectives in the decision-making process (Berkowitz, 2020).

Corporate social responsibility: Companies’ engagement in corporate social
responsibility initiatives can also act as an enabling factor for business model
implementation. When companies are committed to social and environmental
sustainability, they are more likely to explore and adopt innovative business models
that align with these values (de Mattos & de Albuquerque, 2018).

Sustainability labels or certificates: sustainability labels and certificates are
valuable tools for public procurers to specify their criteria for bio-based products in
public tenders. In this context, the Ecosystem Assessment Wheel, currently developed
within the BlueBioClusters project, serves as a tool to enhance producers'
sustainability performance, and show their commitment to sustainability in public
tenders. Additionally, these labels and certificates assist consumers in making
environmentally responsible choices when selecting products.

Technology and Innovation: Technological advancements and innovation play a
critical role in enabling responsible behavior in the blue bioeconomy. Developing and
implementing sustainable technologies, such as selective harvesting techniques,
efficient resource utilization methods, and waste management solutions, can minimize
negative environmental impacts and enhance resource efficiency. Encouraging
research and development, as well as fostering technology transfer and knowledge
dissemination, are essential for leveraging technology as an enabling factor.

Transitioning to responsible behavior in the blue bioeconomy requires the
identification and utilization of enabling factors that support sustainable practices.
Education and awareness, regulatory frameworks, access to funding and financial
incentives, corporate social responsibility motivation, collaborative networks, and
technology and innovation all play pivotal roles in facilitating this transition. By
harnessing these enabling factors, stakeholders can contribute to the long-term
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viability of the blue bioeconomy and promote environmental sustainability, social
responsibility, and economic growth.

2. Frameworks for Assessing Impact in the Blue
Bioeconomy

The Blue Bioeconomy is poised to generate protein, raw materials, valuable
chemicals, biomass, and significant job opportunities. Its growth can occur gradually
or experience exponential expansion, contributing to the prosperity and employment
enhancement of coastal communities. By embracing innovative technologies, the Blue
Bioeconomy aims to attract young talent, securing a promising future for the sector.
Ensuring sustainability and preserving the quality of marine resources is vital for the
success of the industry. Numerous instances have highlighted the negative impact of
economic activities on the marine environment, leading to the implementation of
environmental laws that often restrict business development reliant on marine
resources.

Simultaneously, maritime spatial planning is expected to address various challenges
through an ecosystem-based approach to partitioning marine space. Consequently,
the licensing process and criteria for granting permits for activities in the sea have
become a focal point of attention.

This chapter explores the initiatives undertaken at both the global and European Union
(EU) levels to establish a comprehensive assessment framework in the blue
bioeconomy. These initiatives serve as the foundation for developing criteria and
specific indicators to measure the social, economic, and environmental impacts of
various blue bioeconomy value chains.

2.1. Global frameworks

The United Nations Sustainable Development Goals (SDGs) serve as a globally
recognized framework for sustainable development, including their relevance to the
blue bioeconomy. They offer a comprehensive set of targets and indicators that guide
the assessment and monitoring of social, economic, and environmental impacts within
the blue bioeconomy. SDG 14, "Life Below Water," is particularly significant for oceans
and seas, aiming to conserve and sustainably use marine resources. In support of
SDG 14, the United Nations has established the UN Decade of Ocean Science for
Sustainable Development (Ocean Decade) from 2021 to 2030, recognizing the vital
role of science-informed policies and promoting inclusive approaches to scientific
research for a sustainable Blue Economy.

It is important to note that international law holds authority over both EU and national
law. The United Nations Convention on the Law of the Sea (UNCLOS), established in
1982, provides a comprehensive framework for governing the world's oceans and
seas. UNCLOS sets out principles and rules for the sustainable use of marine
resources and governs various aspects of ocean activities. Additionally, global and
regional agreements under UNCLOS aim to protect and develop regional seas, with
national authorities taking primary responsibility for marine governance.

The United Nations Food and Agricultural Organization's (FAO) Code of Conduct for

Responsible Fisheries incorporates environmental principles for the development of

aquaculture. While there are currently no binding international agreements specific to
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aquaculture, voluntary instruments have been established within the framework of the
Code to assist fishers, industry, and governments in implementing responsible
practices. The FAO's technical guidelines on aquaculture certification provide

guidance for the development of credible certification schemes promoting orderly and
sustainable growth in the sector.

Although international frameworks do not focus exclusively on blue bioeconomy value
chains, they address the social, economic, and ecological impacts of ocean-based
activities, indirectly encompassing aspects of the blue bioeconomy. These
frameworks emphasize the importance of sustainable marine use and provide guiding
principles for responsible practices.

2.2. EU frameworks

The EU recognizes the need for sustainable growth in the blue economy to align with
the European Green Deal (EGD). To achieve this, the EU has developed a report titled
"Sustainability Criteria for the Blue Economy" (European Commission, 2021b), aiming
to create a Blue Economy Sustainable Framework. This framework will utilize
sustainability criteria and indicators to assess blue economy activities, encompassing
environmental, social, economic, and governance dimensions of sustainability. The
goal is to provide a tool for public and private investors to select sustainable blue
economy projects. To develop the "Sustainable Criteria for the Blue Economy”
(SCBE), a study analysed and compared 30 existing sustainability frameworks related
to blue economy sectors and activities. However, most of these frameworks did not
meet the requirements of the SCBE. These requirements include incorporating the
four dimensions of sustainability, adopting a cross-sectoral approach, and allowing
flexibility for application across different scales, levels, and geographic areas
(European Commission, 2019).

The Sustainable Blue Economy (SBE) approach, an updated version of the Blue
Growth Strategy (BGS) from 2012, is the leading strategy for the Blue Bioeconomy.
The SBE is a long-term strategy that supports sustainable growth in the marine and
maritime sectors, recognizing the role of oceans and seas as drivers for the European
economy. It promotes innovation, growth, and coherence across sectors while
minimizing environmental damage, aligning with the European Green Deal and the
Recovery Plan for Europe.

The EU Blue Economy Observatory serves as a comprehensive platform for
monitoring and analysing the state and development of the blue economy sectors in
the European Union. It collects data, conducts research, and provides valuable
insights to support evidence-based decision-making and promote sustainable growth
in the blue economy.

Bluelnvest is an EU initiative that fosters sustainable and innovative technologies and
solutions within the blue economy sector. It offers support for investment and market
readiness to small and medium-sized enterprises (SMEs) and start-ups, connecting
them with potential investors and facilitating their access to funding opportunities.
Through these efforts, Bluelnvest aims to accelerate the growth of promising blue
economy ventures and contribute to their success in raising finance.

The European Green Deal, introduced in 2020, is a cross-sectoral policy that aims to
make the EU economy sustainable by transforming climate and environmental
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challenges into opportunities. At its core is the Farm to Fork Strategy, which seeks to
make food systems fair, healthy, and environmentally friendly.

The Integrated Maritime Policy (IMP) and Common Fisheries Policy (CFP) are EU
policy frameworks that intersect with the Blue Bioeconomy, focusing on goals related
to Blue Growth and sustainability. The CFP sets rules for sustainable fishing,
conservation of fish stocks, and aquaculture policy. The Strategic Guidelines for the
Sustainable Development of EU Aquaculture provide tools within the CFP, simplifying
administrative procedures, enhancing coordination, and promoting longer-term
licensing with monitoring and enforcement mechanisms.

Regarding binding EU legislation, the blue bioeconomy is primarily governed by
environmental directives. Aquaculture, as a significant sector within the marine blue
bioeconomy, is regulated by various directives, including the European Water
Framework Directive, the Marine Strategy Framework Directive, the Directive on the
conservation of natural habitats and wild fauna and flora, the Directive on the
conservation of wild birds, the Industrial Emissions Directive, and others. These
directives place responsibilities on national authorities to implement measures for
achieving good ecological status and water quality standards.

The Marine Strategy Framework Directive (MSFD) is an EU policy instrument that
aims to achieve and maintain good environmental status in European marine waters.
It provides a framework for assessing the impact of activities within the blue
bioeconomy on the marine environment, setting specific indicators and criteria for
monitoring and evaluating environmental impacts. The MSFD contributes to the
sustainable use and conservation of marine resources.

The Marine Spatial Planning Directive is an EU policy instrument that aims to promote
the sustainable use of marine resources and space. It provides a framework for
coordinating various activities in the marine environment to ensure their compatibility
and minimize conflicts, fostering a balanced and ecosystem-based approach to
marine spatial planning.

Mapping and Assessment of Ecosystems and their Services (MAES) report, initiated
by the EU, focuses on mapping and assessing ecosystems and their services to
support decision-making processes. MAES provides a comprehensive understanding
of the value and benefits that ecosystems offer within the blue bioeconomy, guiding
informed decision-making and sustainable management practices. It helps identify
opportunities for promoting the sustainable utilization and conservation of natural
resources within the blue bioeconomy sector.

In summary, the EU's strategic approaches, policies, and directives address the
social, economic, and ecological aspects of the Blue Bioeconomy. They promote
sustainable growth, coordinate efforts, simplify procedures, and aim to achieve good
ecological status while supporting the development of various sectors within the Blue
Economy.

3. Developing Methodologies and Strategies for
Assessing Ecosystem Services in the Blue Bioeconomy

The blue bioeconomy, with its various value chains, has significant social, economic,
and environmental impacts. In an attempt to comprehensively assess and monitor
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these impacts, we used existing EU and global frameworks such as the Marine
Strategy Framework Directive (MSFD), the Mapping and Assessment of Ecosystems
and their Services (MAES) report, the Green Deal, and the UN Sustainable
Development Goals (SDGs) targets (see chapter 2). These references served as

fundamental pillars to construct a set of criteria to measure the impact of blue
bioeconomy value chains in these three dimensions.

The developed criteria were further refined into quantifiable indicators for blue
bioeconomy value chains. These indicators, which are essential for the continuous
monitoring and improvement of Blue Bioeconomy initiatives, are based on the
standards established in these frameworks as well as on lessons learned from other
EU initiatives or projects focusing on the 'greening of aquaculture'.

To capture the full range of ecosystem services provided by the blue bioeconomy, we
developed methodologies and data collection strategies in line with the best practices
and recommendations of the European Strategy Forum on Research Infrastructures
(ESFRI). These methodologies took advantage of the extensive data available from
European observing networks such as EMODnet and Copernicus, which provide a
wealth of information on Europe's seas and coasts. This approach allowed us to
address the perspectives of different stakeholders and tailor the data collection to the
specific needs of different end-users.

The methodology used for this project is based on the Sustainability Compass
approach (Sajeva et al., 2020, 2020a, 2022). Traditional approaches to science often
suffer from excessive specialisation and weak integration between science, policy,
and society, which can be a significant barrier to sustainable human development.
While specialisation has contributed to a deepening of knowledge within specific
disciplines, the understanding of complex interactions between systems is often
neglected. Particularly in the context of sustainable development, the divergence
between economics and the natural sciences is pronounced, and the interface that
informs decision-making remains weak.

These barriers often downplay uncertainty and leave room for entrenched political
positions, potentially undermining evidence-based decision-making and the pursuit of
the SDGs set out in the 2030 Agenda. To overcome this challenge, we adopted the
Sustainability Compass framework, which promotes the interconnectedness of
science through transdisciplinary social learning and the meta-evaluation of scientific
knowledge in the pursuit of the SDGs.

In line with this methodology, we have developed a multidimensional indicator system
that allows for a more comprehensive assessment of the social, economic and
environmental impacts of the blue bioeconomy. By using this system, we aim to
provide a more integrated understanding of the blue bioeconomy, effectively bridging
the gap between science, policy and society. This integrated approach facilitates
evidence-based decision-making and promotes a sustainable blue bioeconomy in line
with global sustainability goals.

The Sustainability Compass acts as a grassroots, systematic framework and
methodology specifically designed to promote social learning. Its main objective is to
increase prosperity and human well-being while remaining within the limits of
ecosystem sustainability.

The primary aim of this framework is to provide a practical, efficient methodology for
identifying concrete methods, initiatives and solutions that can be used to achieve
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clearly defined sustainability goals. These actions are then linked to specific
indicators, with targets explicitly linked to human well-being and our ecosystems'
continued functioning and balance.

Through this process, the Sustainability Compass enables organisations to see all
other goals as intermediate objectives or means to achieve the ultimate goal. This
approach helps to keep the focus on the true goals of sustainable development and
avoids potential confusion with the methods used to achieve them (Fig. 1, Tables 1
and 2).

The Sustainability Compass outlines sustainability through relevant themes and
metrics that are generated and refined through a participatory learning process. This
inclusive process allows all stakeholders - be they business owners, environmental
managers, or other interested parties - to actively contribute.

By promoting systematic, participatory, and continuous societal learning about
sustainability, the Sustainability Compass facilitates the exchange and comparison of
multiple dimensions of sustainability between companies and different actors within
the same sector. This, in turn, strengthens their knowledge and understanding of
sustainability as a comprehensive concept that goes beyond simply meeting
environmental requirements.

The Sustainability Compass can be adapted and used for specific cases and sectors,
allowing participants from a particular sector to increase their overall knowledge and
best practices by learning — anonymously if they wish — from their peers. The tool
allows for ongoing scientific and evidence-based discourse and practice-based co-
learning, with its features evolving over time in line with new research findings.

This instrumental tool facilitates a shared understanding of sustainability among
different actors. It helps formulate a common vision for achieving sustainability and
provides a means to measure the level of sustainability, for example in national or
regional plans.
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Figure 4. A systemic integrated representation of the Sustainability Compass means and goals (Sajeva et al., 2022).

Table 1. The Sustainability Compass goals and criteria classified according to the five capitals model of
sustainability (Sajeva et al., 2022).

Natural systems
1. Ecological system integrity: maintaining biological diversity and productivity

2. No systematic extraction of substances, exceeding the capacity of the environment to neutralise their harmful effects
3. No systematic release of substances, exceeding the capacity of the environment to neutralise their harmful effects GOALS

4.No systematic degradation by physical means, exceeding the capacity of the environment to neutralise their harmful effects
Human well-being

5.Work and economy: access to varied and satisfying opportunities for work and business, especially rural depressed areas
6. Safety and support to living and working environments

7. Human health: high standard of physical and psychological health through precautionary principle, to avoid to systematically increase
concentrations of substances in human body, e.g. good quality of water and of GMO free and organic food

8. Education and capabilities’ expansion: Independent and free education, open scientific debate, wisdom, phronesis and precaution

9. Human well-being, freedom, privacy, individual human rights, peace, justice and happiness

10. Equality between individuals and organisations, based on race, gender, age, health state or wealth, positive freedom and absence of structural
violence and dominant position for assuring equal opportunities of development
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Table 2. The Sustainability Compass means, or intermediate goals classified according to the five capitals model
of sustainability (Sajeva et al., 2022).

Social: collective institutions, regulations and social infrastructures and services

I 1. Business prosperity, competitiveness and self-sufficiency especially for of small scale business and depressed areas, bottom-up approaches of

A . ; . ¥

cooperation and avoidance of monopoly or dominant positions u'f\

12. Justice: assurance of trusted, effective fair, accessible and just institutional, legal and judicial services and protection of the citizens, peace,

democracy and plurality, public participation and bottom-up approaches. Assurance of basic human rights of physical and psychological integrity. ,Il

13.Virtuous policy and high moral values social structures and institutions support human rights and development and to the environmental

sustainability, absence of corruption, transparency, accountability, ethics, wisdom and phronesis i'%
&

Physical infrastructure

14. Security of critical infrastructure: avoiding systems' risk concentration, and of relying on a unique infrastructure or organisation or losing
control from users. Non-adoption of innovation when usefulness or absence of harm for individuals is not proven. Efficient, secure an less invasive
infrastructure systems and technology, learning from nature.Assurance of individual freedom and privacy.

I5. Minimal infrastructure, technologies and processes at support of human well-being
minimum use of natural resources and manufactured capital and maximum use of human work and skills (help to humans)

Economy

16. Financial capital accurately represents the value of natural, human, social and manufactured capital —
L = J
17. Economic sustainability for individuals

18. Economic sustainability for public/private organisations

The Sustainability Compass tool is based on a comprehensive database collected
from various stakeholders that encapsulates different challenges, potential solutions
(supported by measurable indicators) and target goals (also with measurable
indicators). It represents a variety of thematic areas, including ecology, human well-
being, and social, physical, and economic capitals, in conjunction with their respective
proximity to the goals of the Sustainability Compass.

Each entry in the database represents an environmental, social, or economic
challenge for which a sustainable solution is being sought. Each entry also highlights
potential barriers to resolution, together with indicators that reflect the current status
and pace of progress towards the target. This makes it easy to review and add new
information and update existing data. The content can be refined using various filters
based on activities, topics, and targets, allowing more specific information to be
selected.

As the Sustainability Compass is created and updated through a participatory learning
process involving entrepreneurs, environmental managers, researchers, and other
interested parties, it helps different actors to reach a common understanding of
sustainability, to create a shared vision for its achievement and to assess the level of
sustainability, for example in national or regional plans.

After identifying an initial interest or challenge, the user can assign a keyword and
suggest a potential solution or action to be taken. This proposed solution is then linked
to a specific means selected from a drop-down list provided. It is important to note that
although the means and objectives are defined in Tables 1 and 2, they can be used
interchangeably, as some means may serve as intermediate objectives, or certain
objectives may describe actions to achieve other objectives.

The feasibility of the proposed action is rated as low, medium, or high using a drop-
down list, while potential barriers to implementation or benefits of the proposed
solution for successfully achieving the objective are provided by the user.

Qualitative definitions of potential indicators of ecosystem services related to the
evidence collected, are also provided. The user must then provide the unit of
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measurement for the indicator, together with its value and any existing threshold, if
available.

The achievement of the target and the nature of the target are described. An interim
target may also be specified. However, if targets are rarely achieved and only means
or 'milestones’ are mentioned, this does not mean that the result is positive.

Finally, the issue addressed is identified according to the means and objectives
mentioned in terms of the capital involved: natural, human, social, physical
infrastructure or economic capital. Each entry can be completed with a final reference
for further information.

The BlueBioClusters project carried out a detailed study of the value chains of the blue
bioeconomy, focusing on fisheries, seaweed, and mussel farming in different
European countries. Full information on the cases used, and the corresponding value
chains can be found in the previous section. This research focused on identifying and
guantifying a wide range of ecosystem services (and disservices) and their
corresponding indicators. It looked at the environmental, economic, and social impacts
of these value chains, providing valuable insights into their operations and impacts. In
the following section, we provide a brief summary of an assorted collection of
ecosystem services and their respective indicators, as compiled during this exercise.
The number of ecosystem services identified for each of the value chains and themes
studied is shown separately in Figures 5 and 6.

40

nt

Cou
‘

Fishing Fish farming Micro- and Macroalgae farming  Mussel farming
macroalgaefarming
M Cultural mProvisioning Regulating Mot linked to ES

Figure 5. The number of broad groups of ecosystem services identified for each indicator of the studied value
chains.
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Figure 6. The number of broad groups of ecosystem services identified for each of the studied value chains (see
Figure 5).

3.1. Aquaculture and fisheries

For the fisheries sector, indicators related to the regulation and provision of ecosystem
services were assessed. The amount of greenhouse gases emitted provided
information on the sector's environmental footprint, while the proportion of
environmentally friendly fishing gear used indicated the industry's commitment to
reducing negative ecological impacts. The proportion of fish biomass utilised or
valorised provided a measure of resource efficiency.

Social and economic resilience was examined through a number of indicators. The
presence of a fair quota system and systematic fish farming regulations reflected
governance mechanisms and operational strategies within the sector. The number of
blue economy enterprises also provided a measure of the economic vitality of the
sector.

Regulatory aspects, such as the time taken to process documents and obtain licences,
were key indicators of administrative efficiency and support for the sector. Equity was
assessed by the level of justice and economic equality, with safety captured by the
number of accidents.

3.2. Seaweed farming

In the context of seaweed farming or macroalgae cultivation, the amount of nutrients
sequestered by macroalgae cultivation and the yield per cultivation cycle were
considered as key environmental indicators. The amount of fertiliser and agricultural
growth substrate produced from marine algae provided additional insight into the
sector's role in resource recycling and the promotion of a circular economy.

Economic vitality was examined through indicators such as the share of green energy
used, which indicates sustainable practices, and profit per tonne of raw material, which
reflects economic efficiency. The number of innovations implemented represented the
sector's commitment to progress and improvement.
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Social indicators included the availability of sector specialists, particularly in rural
areas, signifying the accessibility of expertise. The Happy Employee Index served as
a measure of employee satisfaction and well-being. Infrastructure support in rural
areas was measured by the provision of internet speed. In terms of governance and
regulation, the time taken to obtain licences, the level of government investment in
businesses and the equal treatment of land- and sea-based initiatives were
considered critical indicators.

3.3. Mussel farming

For mussel farming, environmental indicators included the amount of nutrients
sequestered, the yield per cultivation cycle and the amount of wild oysters produced
in Sweden, which contributes to nutrient removal through oyster farming. The sector's
impact on waste reduction was reflected in the decreasing amount of by-product waste
and the increasing use of by-products in new applications.

Economic indicators included the relationship between production yield and costs,
which indicates economic efficiency, the availability of systematic financial support for
small businesses and disadvantaged areas, and the diversity of aquaculture products
on the market.

From a social perspective, the happiness index, the number of courses attended, and
salary growth were important indicators. Regulatory indicators included the time taken
to process documents and the proportion of nature-friendly aquaculture solutions,
indicating the sector's commitment to sustainable practices.

3.4. Cross-cutting issues

Common to all the above value chains were considerations related to infrastructure,
sector value added (VAB), investment in innovative research and development, and
the availability of dedicated academic programmes. The number of related events per
year, the number of start-ups, new sectoral companies and the time taken to obtain a
licence were also key indicators that cut across all three sectors.

Conclusion

In conclusion, the report highlights the importance of mapping and analysing socio-
economic barriers within specific value chains of the blue bioeconomy. By identifying
opportunities and potentials for industry and public authorities, the report aims to
promote socially and environmentally responsible behavior across different
dimensions. The BlueBioClusters project carried out a detailed study of the value
chains of the blue bioeconomy, focusing on fisheries, seaweed and mussel farming in
different European countries.

To ensure a comprehensive assessment framework, the report maps relevant
European Union (EU) and global frameworks such as the Marine Strategy Framework
Directive (MSFD), Mapping and Assessment of Ecosystems and their Services
(MAES) report, the Green Deal, and the UN Sustainable Development Goals (SDGs)
targets. These frameworks serve as a basis for developing criteria to measure the
social, economic, and environmental impacts of different blue bioeconomy value
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chains. Specific indicators are also developed to assess the performance of the blue
bioeconomy value chain.

The analysis concludes with recommendations for expanding monitoring efforts and
acquiring tailored data to meet the needs of different end-users. By improving the
effectiveness of the blue bioeconomy monitoring system and facilitating informed
decision-making, these recommendations contribute to the development of a
sustainable and thriving blue bioeconomy sector.

In summary, the analysis plays a crucial role in identifying barriers, defining
opportunities, and providing insights for the transition towards socially and
environmentally responsible behavior within the blue bioeconomy. Through alignment
with established frameworks, adoption of best practices, and engagement of relevant
stakeholders, this task contributes to the development of a sustainable and thriving
blue bioeconomy sector.
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