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Executive Summary

This report examines the socio-economic barriers and enablers within blue
bioeconomy value chains, focusing on fisheries, algae, and mussel farming. It
highlights key enabling factors—such as regulatory measures, corporate
responsibility initiatives, and education—that support the transition to socially and
environmentally responsible practices. Using global and EU frameworks, including the
Marine Strategy Framework Directive (MSFD), European Green Deal, and UN
Sustainable Development Goals (SDGs), the report develops criteria and indicators
to measure these value chains' environmental, economic, and social impacts.

The Sustainability Compass methodology is introduced as a pilot framework for
assessing ecosystem services, offering a holistic approach to understanding
challenges and identifying actionable strategies for sustainable development. By
integrating participatory processes, stakeholder input, and existing European
observation networks like EMODnet and Copernicus, this pilot provides a foundation
for improved data collection and analysis. However, the framework requires further
development and additional data to ensure its scalability and effectiveness in
addressing sector-specific challenges.

The findings offer valuable insights for policymakers, industry stakeholders, and
researchers. They provide a starting point for fostering collaboration, improving
monitoring strategies, and supporting evidence-based decision-making to drive the
sustainable growth of the blue bioeconomy.
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1. Socio-Economic Barriers and Enablers in Blue
Bioeconomy Value Chains

The blue bioeconomy sector focuses on harvesting and sustainably utilising
renewable aquatic resources, such as fish, seaweed, sponges, jellyfish, and
microorganisms, to create a diverse range of products and services. As the eighth-
largest global producer of fishery and aquaculture products, the European Union (EU)
plays a critical role in the sector, accounting for 2% of global production (European
Commission, 2024). The EU's internal market is the world's second-largest for trade
and third-largest for fishery and aquaculture product consumption (EUMOFA, 2023).

Rising global demand for marine resources makes a resilient blue bioeconomy vital
for balancing environmental sustainability and economic growth, driving innovation,
employment, and responsible resource management (Herath & Sanjeewa, 2024). In
recent years, Europe’s fisheries and aquaculture industries have faced a series of
significant challenges. The COVID-19 pandemic disrupted global supply chains, while
Russia’s war in Ukraine exacerbated economic instability, resulting in increasing
energy and production costs that have contributed to inflationary pressures (European
Commission, 2023). These crises highlight the need for resilience and adaptability in
the blue bioeconomy for sustainable growth.

This chapter examines the socio-economic barriers and potentials within blue
bioeconomy value chains, focusing on fisheries, algae farming, and mussel farming.
Using a combination of desktop research and systematically collected data from
multiple European countries provided by BBC project partners (see Annex | for a
detailed overview), the analysis identifies insights for industry and public sector
stakeholders. Stakeholder workshops, such as the 2023 Blue Bioeconomy events on
Saaremaa Island (Estonia), offered a platform for dialogue and data collection. In
addition, strategic documents, including the Belgian Strategic Plan for Aquaculture
and Portugal’s Blue Bioeconomy Roadmap, provided regional perspectives to enrich
the analysis.

Fisheries

Fisheries production in Europe ranks third globally, with species like herring, Alaska
pollock, cod, blue whiting, and mackerel accounting for over half of the region’s output
(EUMOFA, 2023). Inflation significantly impacted the fisheries and aquaculture sector,
driving household spending on fish products up by 11%, yet at-home consumption fell
by 17% in major EU countries. While export values grew by 19%, a 5% volume decline
contributed to a worsening trade deficit, which rose by €4.73 billion in 2022 (EUMOFA,
2023).

Small-scale fisheries, comprising 80% of the EU fleet (around 85,000 vessels) and
employing over 40% of fishers, face challenges such as achieving fair prices and
adding value to their catches. Despite the superior quality of small-scale fishery
products, they struggle to compete in markets dominated by imports, large-scale

Page 7 of 36



QEVB‘lb'
Funded b N
thuenEﬁropys':an Union WL_\USTERS
operations, aquaculture, and illegal fishing (Pascual-Fernandez et al., 2019).
Strategies like certification schemes, direct selling, and alternative food networks can

enhance market differentiation and improve livelihoods (Pascual-Fernandez et al.,
2019).

Regulatory factors both support and hinder the industry. While science-based
management fosters sustainability, outdated laws and restrictive quotas challenge
planning. European Parliaments study (2023) finds that fuel use efficiency and
greenhouse gas emissions need to be integrated as an explicit goal of fisheries
management and monitored based on robust data collection. The sector's high
dependence on fossil fuels makes it vulnerable to price fluctuations and societal
decarbonisation demands, highlighting the need for innovation in fleet renewal and
alternative energy use (Saviolidis et al., 2020).

Resource factors reveal potential in innovations aimed at fleet renewal, carbon
footprint reduction, value-added processing, and byproduct utilisation. However,
investment costs, uncertain returns, and technology gaps, especially in alternative
fuels, pose barriers to sustainability (Saviolidis et al., 2020).

Rising consumer demand for sustainable and traceable fish products is shaping
market factors. Certification schemes like the Marine Stewardship Council (MSC) are
critical for market access, but their high costs and inconsistent reputational benefits
pose challenges. Additionally, some companies express concerns about the influence
of retailers and environmental NGOs, which can affect public perception and market
stability (Saviolidis et al., 2020).

Small-scale fishers face significant hurdles in securing livelihoods, including difficulties
in achieving fair prices and adding value to their catches. Although their products often
boast superior quality and freshness, these advantages do not always translate into
higher prices or increased demand. Local catches frequently struggle to compete in
markets dominated by imports, large-scale operations, aquaculture, and even illegal
fishing (Pascual-Fernandez et al., 2019).

Research on marketing strategies for promoting small-scale fisheries products
remains limited. However, Pascual-Fernandez et al. (2019) highlight several value-
adding strategies, such as certification of origin schemes, eco-labels, direct selling,
alternative food networks, and collective labels. These approaches aim to enhance
product differentiation, improve market access, and support the livelihoods of small-
scale fishers. Product valorisation is critical for profitability, with opportunities for
innovations in fishmeal, fish oil, and even fish skin utilisation. Public awareness,
education, and training are vital in strengthening the sector’s contribution to local
economies and the EU bioeconomy. A notable example is the 100% Fish project,
initiated by the Iceland Ocean Cluster, which encourages the seafood industry to
maximise the utilisation of each fish caught. This initiative fosters value creation by
promoting waste reduction, supporting new business ventures, and creating job
opportunities (Iceland Ocean Cluster, 2024).
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Figure 1. 100% Fish project from Iceland (Iceland Ocean Cluster, 2024).

Climate change is a growing concern, impacting stock distributions and fishing
infrastructure resilience. Industry adaptability, fisher-led conservation, and
knowledge-sharing support adaptation. However, specialisation, workforce shortages,
and limited access to training inhibit effective adaptation, underscoring the need for
multi-level planning and stakeholder collaboration (Maltby et al., 2023).

Algae

Algae are diverse photosynthetic organisms, ranging from microscopic species to
large macroalgae like kelp, which can grow over 30 meters. In Europe, macroalgae
production relies primarily on harvesting wild stocks, with 68% of companies using
manual collection and 76% operating sea-based aquaculture installations. Microalgae
production is dominated by photobioreactors, used by over two-thirds of companies,
followed by ponds (19%) and fermenters (10%) (Kuech et al., 2023).

The algae industry offers significant opportunities to tackle societal challenges,
contributing to carbon neutrality, sustainable food systems, and a circular bioeconomy
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(Araujo et al., 2021). Macroalgae cultivation can support coastal economies, improve
carbon sequestration, and meet rising demand for sustainable products. Integrated
Multi-Trophic Aquaculture (IMTA) systems further enhance sustainability by boosting
biomass processing efficiency. However, the sector faces hurdles such as limited

offshore cultivation, mismatches between high-demand species and production, high
costs, and market gaps (Kuech et al., 2023).

Microalgae hold promise due to their adaptability in controlled systems, producing
high-value products for food, feed, cosmetics, and biofuels. They provide essential
nutrients with low environmental impact but are limited by high costs, technological
constraints, and contamination risks. Scaling production remains challenging,
requiring advancements in cultivation technology and cost reductions (Kuech et al.,
2023).

The algae sector aligns with EU Green Deal and Blue Bioeconomy goals, offering
alternatives to wild-caught fish, reducing eutrophication, and supporting climate
targets. Nonetheless, fragmented governance, regulatory inconsistencies, and low
production levels hinder its growth. Investments in infrastructure, cultivation
technology, and streamlined policies are critical, alongside raising consumer
awareness and addressing knowledge gaps about environmental impacts and market
dynamics (European Commission, 2022; Araujo et al., 2021; Greene et al., 2022)

Poor coastal water quality and lengthy environmental assessments also delay algal
farming development. Social recognition of algal farming’s benefits—such as
economic opportunities and improved water quality—is low, compounded by socio-
economic challenges like transitioning to green energy, low wages, and inadequate IT
infrastructure in rural areas. Expanding cultivation into low-salinity regions like the
Baltic Sea and using beach-cast algae for fertilisers can create additional value
streams (Kuech et al., 2023).

Research on consumer attitudes toward seaweed remains limited, often focusing on
specific countries or case studies (van den Burg et al.,, 2018). Despite this, the
popularity and consumption of seaweed are growing, particularly in coastal regions
where familiarity with seaweed is higher (CBI, 2022).

Govaerts and Olsen (2023) investigated consumer attitudes toward seaweed-based
food products in Norway, revealing that positive attitudes strongly influence
consumption, with perceived behavioural control reinforcing this relationship. Key
drivers of acceptance included the perceived naturalness and uniqueness of
seaweed, suggesting that these attributes are critical for market growth. Similarly,
Jonsson et al. (2024) conducted a tasting experiment in Sweden using bread and
spread products incorporating four types of European seaweed. Consumers generally
appreciated these products, with taste, flavour, and texture emerging as the most
influential factors for acceptability. These findings highlight the importance of sensory
attributes in shaping consumer preferences.
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Seaweed-based products are increasingly present in retail markets, with the food
industry leveraging seaweed as a unique flavour and versatile ingredient. However,
for many European consumers, seaweed remains a niche product. Its novelty often

necessitates repeated exposure and experience to overcome hesitations and
integrate them into diets (CBI, 2022).

Consumer acceptability for low-trophic aquaculture (LTA) products, including
seaweed and mussels, has also been studied. Tunca et al. (2024) used an extended
Theory of Planned Behaviour to explore factors influencing consumer intentions in
Denmark, the United Kingdom, and France. The study found subjective norms to be
the strongest predictors of purchase intentions, followed by attitudes, food neophobia,
subjective knowledge, and health consciousness. Food neophobia negatively
influenced intentions, highlighting the need for targeted efforts to address consumer
hesitations toward unfamiliar foods.

The FAO (2022) emphasised the importance of social acceptability for sustainable
aquaculture in the Mediterranean and Black Sea regions. Their guidelines recommend
stakeholder engagement, transparency, and community involvement in aquaculture
initiatives to balance socio-economic benefits like job creation and food security with
environmental stewardship. Adaptive management practices, including regular
assessments and adjustments based on social and environmental impacts, are vital
for fostering public trust and acceptance. These measures ensure that sustainable
aquaculture products like seaweed and mussels align with community needs and
ecological priorities, driving broader consumer acceptance.

The European Commission (2022) issued a communication titled "Towards a Strong
and Sustainable EU Algae Sector," outlining key action areas to advance the algae
industry. These include enhancing governance frameworks and legislation, fostering
a more favourable business environment, bridging knowledge, data, technology, and
innovation gaps, and increasing social awareness and acceptance of algae and algae-
based products.

Economic and social measures, such as financial support for small enterprises,
improving working conditions, and avoiding monopolistic practices, are necessary for
balanced sector growth. Governance reforms, including simplifying licensing,
improving transparency, and introducing carbon and nutrient quotas, can further
support expansion. Technological innovations like renewable energy solutions and
decision-support tools will be necessary for sustainability and productivity.

Page 11 of 36



-§e Blo
Funded by <,
the European Union CLUSTERS

Figure 2. Red alga (Furcellaria lumbricalis) collected from the coast of Saaremaa at Vetik production rooms in Estonia
(photo: Liisi Lees)

Mussels

While global mussel aquaculture has grown, the EU mussel industry has experienced
a steady decline, with production falling from over 600,000 tonnes in the late 1990s to
approximately 431,000 tonnes in 2022 (Riecken, 2024). This decline contrasts with
rising output in species like salmon and seabass and has contributed to stagnation in
the EU aquaculture sector. Despite mussels accounting for over a third of the EU’s
aquaculture output, reduced production has increased reliance on imports, primarily
from Chile, resulting in significant economic losses (Avdelas et al., 2021).

The EU mussel industry employs various cultivation techniques, each with distinct
challenges. Off-bottom culture, the most efficient method, faces competition for marine
space as longline and raft farming requires extensive surface areas. On-bottom
culture is hampered by predator threats and spat shortages. Additionally, the sector's
fragmentation, dominated by small-scale producers, limits bargaining power, driving
down ex-farm prices and reducing profitability (Avdelas et al., 2021).

Governance issues further hinder growth. Complex regulatory and permitting
processes vary across Member States, creating barriers to expansion. Initiatives to
integrate mussel producers into cooperatives and producer organisations aim to
improve vertical integration, streamline operations, and enhance market access
through certifications like Protected Designation of Origin (PDO) (Avdelas et al., 2021)
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Environmental challenges, such as poor coastal water quality, invasive species,
harmful algal blooms, and climate extremes, exacerbate difficulties, reducing
production and increasing costs. However, mussels provide ecological benefits as
filter feeders, improving water quality and sequestering carbon, aligning with EU
sustainability goals and offering a low-cost, high-protein food source (Avdelas et al.,
2021).

A comprehensive strategy is essential to revitalise the sector. While the CFP and
Commission Strategic Guidelines offer a framework for sustainable development,
further targeted measures are needed. National shellfish strategies could leverage
tools like GIS for marine spatial planning, certifications, blockchain for digital
traceability, and emergency funds for environmental disruptions. These steps would
enhance consumer trust, sector stability, and alignment with the EU Green Deal and
Farm to Fork Strategy (Avdelas et al., 2021).

Innovation is key to the sector’s future. Advances in mussel grading, processing, and
renewable energy adoption can improve efficiency and resilience. Balancing land- and
sea-based activities through nutrient emission regulations and streamlining permitting
for industrial facilities is crucial. Developing specialised shellfish handling equipment
in regions like the Baltic Sea (especially for low salinity areas) and introducing
environmentally friendly packaging can further support growth. Collaboration between
industry and government, alongside investments in research and sustainable
practices, will enable the EU mussel industry to support coastal communities, foster
resilience, and contribute to the blue bioeconomy (Riecken, 2024).

Conclusion

To conclude, the European blue bioeconomy, encompassing fisheries, algae, and
mussel value chains, holds significant potential to address societal, environmental,
and economic challenges. However, the sector faces interlinked barriers across
environmental, economic, social, and governance domains that impede its growth and
sustainability. Declining water quality, rising production costs, market limitations, and
regulatory complexities pose significant obstacles to expansion. Social barriers, such
as inadequate working conditions, workforce shortages, and limited bioeconomy-
specific education, further complicate recruitment and retention efforts, particularly in
rural areas. Governance challenges, including fragmented regulatory processes and
inconsistent permitting, discourage innovation and SME patrticipation.

Addressing these challenges requires a holistic, multifaceted approach. Key
strategies include investing in product valorisation to enhance profitability, adopting
advanced technologies to improve efficiency and sustainability, and fostering
regulatory coherence to streamline operations. Integrating aquaculture with other
sectors, such as agriculture and forestry, and promoting sustainable business
practices are essential for creating circular, resilient value chains. Stakeholder
collaboration is critical to ensure knowledge sharing and alignment between industry,
research, policy, and communities.
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High-priority investment in research and development will be crucial in unlocking the
sector’s potential. Innovation in areas such as carbon-efficient aquaculture systems,
digital traceability, and environmentally friendly practices will drive progress. Through
enhanced governance, stakeholder engagement, and sustainable practices, Europe
can revitalise its blue bioeconomy, supporting coastal communities and aligning with
its Green Deal objectives and global sustainability commitments.

Figure 3. Mussel farming in Estonia (photo: Jonne Kotta).

1.1. Enabling Factors for a Transition to Responsible Behaviour

Transitioning to a socially and environmentally responsible blue bioeconomy requires
integrating key enabling factors across education, legislation, financial mechanisms,
collaboration, corporate responsibility, certifications, and technology. These factors
collectively promote sustainable practices, foster innovation, and encourage
stakeholder accountability.

Education and Awareness

Education and awareness are foundational to promoting responsible practices within
the blue bioeconomy. Targeted educational efforts inform policymakers, industry
stakeholders, and the public about sustainable practices, empowering them to make
informed decisions. By highlighting the environmental and social consequences of
unsustainable activities, education fosters a culture of sustainability, encouraging
proactive participation and responsible decision-making across sectors.
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Communities of Practice (CoPs) are increasingly valued for fostering broad
stakeholder engagement. These informal, collaborative groups bring together
individuals who share common interests but approach them from diverse
perspectives. CoPs facilitate the exchange of knowledge, mutual learning, and
the development of a shared vision regarding specific processes or common
assets. In the BBC project, we have successfully utilised CoPs within project
regions to enhance awareness and engagement around the blue bioeconomy.
Learn more from BlueBioClusters. (2024). D6.1 Lessons learnt from Blue Bio
Communities of Practices.

Figure 4. 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)

Legislative Support

Legislative frameworks play an important role in enabling the transition to sustainable
business models. Policies incentivising responsible behaviour, such as funding
support and risk reduction for innovative practices, drive industry adoption of
sustainable approaches (de Mattos & de Albuquerque, 2018). Legislative measures
also promote transparency, accountability, and alignment with environmental
objectives, creating a regulatory environment conducive to long-term sustainability.
During the BBC project, the concept of the Ecosystem Approach Wheel was further
developed in WP3. The EA wheel could help in the transition as policies could use it
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to incentivise and reward companies for adopting nature-inclusive practices, aligning
economic growth with environmental stewardship.

Access to Funding and Financial Incentives

Sustainable practices often require significant financial investment, making access to
funding a key enabler. Governments, international organisations, and private
investors can support innovation through grants, subsidies, and programmes targeting
environmentally responsible practices. Financial mechanisms reduce entry barriers
for SMEs and startups, fostering wider adoption of sustainable models. Accessible
funding ensures the scalability of solutions that address environmental and social
challenges within the sector.

Collaborative Networks and Partnerships

Building collaborative networks across diverse stakeholders is essential for driving
responsible behaviour. Inclusive partnerships between academia, industry, NGOs,
and local communities enable knowledge exchange, capacity building, and co-
development of innovative solutions (Berkowitz, 2020). These networks enhance
synergies, resilience, and holistic decision-making, ensuring that multiple
perspectives contribute to sustainable practices and long-term sectoral success.

The BlueBioClusters’ Searchable Interactive Open-Source Portal, known as
BlueBioMatch — The Blue Bioeconomy Hub, is an outstanding example of
enhancing access to funding and fostering collaborative networks while sharing
technology and innovation. This cutting-edge platform serves as a dynamic hub
for diverse stakeholders, including startups, small and medium-sized enterprises
(SMESs), researchers, policymakers, and funding organisations. BlueBioMatch is
designed to streamline the exchange of essential information, technologies, and
opportunities while actively encouraging collaborative initiatives. By facilitating
knowledge sharing and forming strategic partnerships, the platform is critical in
driving the sustainable development of blue bioresources within the blue
bioeconomy sector. Learn more from BlueBioClusters. (2024). D 4.2 Searchable
Interactive Open-Source Portal.

Corporate Social Responsibility (CSR)

CSR plays a key role in embedding sustainability into business operations.
Companies engaging in CSR initiatives are more likely to adopt innovative,
sustainable practices that align with environmental and social objectives (de Mattos &
de Albuquerque, 2018). This commitment not only drives internal operational changes
but also enhances brand reputation, builds consumer trust, and attracts responsible
investors, reinforcing the market’s shift toward sustainability.

Sustainability Labels and Certifications

Sustainability labels and certifications are vital tools for promoting responsible
behaviour in the blue bioeconomy. They provide measurable criteria for public
procurement, enabling sustainable sourcing.
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By empowering consumers to make environmentally conscious purchasing decisions,

these certifications increase demand for responsible products and services, further
driving industry-wide adoption of sustainable practices.

The blue MSC label is a globally recognised symbol that CERTIFIED
signifies seafood sourced from sustainable and well- SUSTAINABLE

, : : . : e SEAFOOD
managed fisheries. It is applied exclusively to wild fish or

seafood that meet the requirements of the MSC Fisheries Mﬁgsmrg

Standard, ensuring practices that protect marine ecosystems
and maintain fish populations for the future. This certification
reflects a commitment to responsible fishing, including
minimising environmental impacts and supporting the
livelihoods of those dependent on healthy oceans. Choosing
products with the blue MSC label helps consumers make
environmentally conscious decisions while supporting the Figure 5. Blue MSC label
preservation of marine biodiversity. See more: msc.org. (source: Wikipedia).

Technology and Innovation

Technological advancements are transformative in enabling sustainable blue
bioeconomy practices. Innovations such as selective harvesting methods, efficient
resource utilisation technologies, and advanced waste management solutions
significantly reduce environmental impacts. Investments in research and
development, coupled with technology transfer initiatives, are essential for ensuring
the accessibility and scalability of these solutions. Technology supports the sector's
sustainable growth by improving resource efficiency and ecosystem health.

Consumers care about transparency. Consumer behaviour has changed
drastically in the blue bioeconomy in the past few years. One important reason for
this change is that consumers are becoming more aware that modern supply chains
are increasing in complexity. Raw materials are being sourced from across the globe,
often through multiple middlemen. Modern consumers understand that fraud is
happening and that paper documents can and are being tampered with. They are
worried they are not getting the products they think they are paying for. Technology
that offers origin verification is now available. ORIVO AS, a Norwegian company
offering its services globally, has developed verification programs designed to rebuild
consumer trust through evidence-based transparency. Transparency in the value
chain has become a key factor in achieving increased sales and improved profit
margins. Growth in this business area will support a more sustainable and trustable
blue bioeconomy.
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2. Frameworks for Assessing Impact in the Blue
Bioeconomy

The blue bioeconomy generates protein, raw materials, valuable chemicals, biomass,
and significant job opportunities. Its growth can occur gradually or experience
exponential expansion, contributing to coastal communities’ prosperity and
employment enhancement. 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
industry's success. 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 are the foundation for developing criteria and specific
indicators to measure the social, economic, and environmental impacts of various blue
bioeconomy value chains and feed into the Sustainability Compass (Chapter 3).

2.1. Global Frameworks

The United Nations Sustainable Development Goals (SDGs) serve as a globally
recognised framework for sustainable development, including their relevance to the
blue bioeconomy (United Nations, 2024). 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, recognising 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.
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The United Nations Food and Agricultural Organisation's (FAO) Code of Conduct for
Responsible Fisheries incorporates environmental principles for aquaculture
development (FAO,1995). While there are currently no binding international
agreements specific to 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 (FAO, 2011).

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 emphasise the importance of sustainable marine use and provide guiding
principles for responsible practices.

2.2. EU Frameworks

The EU recognises 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, 2021), aiming
to create a Blue Economy Sustainable Framework. This framework will utilise
sustainability criteria and indicators to assess blue economy activities, encompassing
environmental, social, economic, and governance dimensions of sustainability. The
goal is to provide public and private investors with a tool to select sustainable blue
economy projects. To develop the "Sustainability 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, recognising the role of oceans and seas as drivers for the European
economy. It promotes innovation, growth, and coherence across sectors while
minimising environmental damage, aligning with the European Green Deal and the
Recovery Plan for Europe.

The EU Blue Economy Observatory (European Commission, 2024a) 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.
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Bluelnvest (European Commission, 2024b) 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 (European Commission, 2024c), introduced in 2020, is a
cross-sectoral policy that aims to make the EU economy sustainable by transforming
climate and environmental challenges into opportunities. At its core is the Farm to Fork
Strategy (European Commission, 2020), 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 (European Union, 2013) 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 obligate national authorities to implement measures to achieve good
ecological status and water quality standards.

The Marine Strategy Framework Directive (MSFD, 2008) 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 minimise conflicts, fostering a balanced and ecosystem-based approach to
marine spatial planning.

The 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
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understanding of ecosystems' value and benefits within the blue bioeconomy, guiding
informed decision-making and sustainable management practices. It helps identify

opportunities for promoting the sustainable utilisation and conservation of natural
resources within the blue bioeconomy sector.

The EU's strategic approaches, policies, and directives address the social, economic,
and ecological aspects of the blue bioeconomy but mostly do not focus directly on the
needs of blue bioeconomy, especially on regenerative ocean farming.

3. Social, Economic, and Environmental Impacts of the Blue
Bioeconomy: Developing Impact Indicators and
Methodologies for Ecosystem Service Assessment

The blue bioeconomy has significant social, economic, and environmental impacts.
Traditional methods for assessing the impacts of the blue bioeconomy often face
challenges due to excessive specialisation and limited integration between science,
policy, and society, creating significant barriers to achieving sustainable human
development. While specialisation has contributed to a deepening of knowledge within
specific disciplines, understanding complex interactions between systems is often
neglected. Particularly in 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
(Sajeva et al., 2020, 2020a, 2022, 2024). The Sustainability Compass uses a
multidimensional indicator system rooted in sustainability goals, integrating social,
economic, and environmental dimensions to comprehensively assess ecosystem
services in the blue bioeconomy (Figure 6 and 7; Tables 1 and 2). It outlines
sustainability through relevant themes and metrics 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 contribute
actively. This methodology aimed to translate overarching sustainability principles into
actionable insights, fostering alignment with human well-being and ecological
balance. By integrating various stakeholders through participatory frameworks, the
approach emphasised clarity in distinguishing ultimate sustainability goals from the
methods used to achieve them, thereby avoiding misaligned priorities. Moreover, by
promoting systematic, participatory, and continuous societal learning about
sustainability, the Sustainability Compass facilitates the exchange and comparison of
multiple dimensions of sustainability between different actors. This, in turn,
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strengthens their knowledge and understanding of sustainability as a comprehensive
concept that goes beyond simply meeting environmental requirements.

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
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. Building on this foundation, the methodology
included a bottom-up approach emphasising evidence-based societal learning.
Workshops, targeted interviews and collaborative platforms enabled stakeholders to
identify critical cause-and-effect relationships between operations and sustainability
goals. For instance, stakeholders used the "Means & Goals" (Figure 6) framework to
map out necessary actions and assess their feasibility, barriers, and impacts on
sustainability indicators. To ensure a holistic perspective, these actions were
systematically categorised across natural, human, social, economic, and physical
dimensions. Specific methodologies included back-casting scenarios, triangulation of
results, and detailed mapping of indicators through tools like the BlueBioSites
geoportal  (https://gis.sea.ee/bluebiosites/) and  portals like  EMODnet
(https://femodnet.ec.europa.eu/geoviewer/) and Copernicus
(https://marine.copernicus.eu/). During the assessment, the identified concrete
actions were aligned with established EU and global frameworks, including the Marine
Strategy Framework Directive (MSFD), the Mapping and Assessment of Ecosystems
and their Services (MAES), the Green Deal, and the UN Sustainable Development
Goals (SDGs) (see Chapter 2). This alignment facilitated the development of
connections to ecosystem services and the monitoring of associated impacts. Overall,
the Sustainability Compass facilitates a shared understanding of sustainability among
different actors. It helps formulate a shared 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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Table 1. The Sustainability Compass goals and criteria are classified according to the five capitals model of sustainability
(Sajeva et al,, 2022).

Natural systems

|. 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

| i

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

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

O’I

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, regulati 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
cooperation and avoidance of monopoly or dominant positions

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.

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 ( }

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 e
infrastructure systems and technology, learning from nature.Assurance of individual freedom and privacy. ==

I15. 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
17. Economic sustainability for individuals
18. Economic sustainability for public/private organisations 2

The BBC project applied the Sustainability Compass methodology to analyse value
chains within the blue bioeconomy, focusing on fisheries, algae, and mussel farming
across various European countries. Detailed case information and corresponding
value chains are provided in Annex I. Data gathered through workshops, interviews,
and document analysis were synthesised into a comprehensive database
encompassing environmental, economic, and social impacts, challenges, potential
solutions, and target goals, each supported by measurable impact indicators. These
indicators span thematic areas such as ecology, human well-being, and various forms
of capital (social, physical, economic) while aligning with the Sustainability Compass
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goals. Each entry is linked to ecosystem services, disservices, and their respective
indicators.

Each database entry addresses a specific environmental, social, or economic
challenge, accompanied by identified barriers, potential solutions, and indicators
reflecting status and progress toward goals. The database is designed with flexibility,
enabling data categorisation by activities, topics, and targets, facilitating the updating
of existing entries and the incorporation of new insights.

The Sustainability Compass employs a participatory process involving entrepreneurs,
environmental managers, researchers, and stakeholders. This approach fosters a
shared understanding of sustainability, promotes collaborative goal setting, and
evaluates sustainability levels within national or regional frameworks. Users initiate
the process by identifying challenges, assigning keywords, and proposing actions.
These actions are linked to specific means or objectives from predefined tables
(Tables 1 and 2), which are interchangeable depending on the context.

The workflow includes feasibility ratings (low, medium, high) assigned via drop-down
menus, identification of barriers and benefits for achieving objectives, and definition
of qualitative indicators. Users provide units of measurement, thresholds, and values
for ecosystem services. Targets, including interim milestones, are described in terms
of achievement status and their relationship to natural, human, social, physical
infrastructure, or economic capital. In cases where only means or milestones are
mentioned without achieving targets, the progress may still be valuable but does not
necessarily indicate success. Each entry is supplemented with references for further
details. This structured methodology offers a dynamic tool for evaluating sustainability
in blue bioeconomy value chains, ensuring adaptability, inclusivity, and precision in
addressing challenges and fostering progress.

The following subsections summarise the impacts, challenges, and potential solutions
identified in the blue bioeconomy, along with their associated indicators, mapped
across various value chains. The complete dataset, including all details, is available
in Annex |.

During the mapping process, each blue bioeconomy action was linked to one or more
ecosystem services (cultural, provisioning, regulating). Where information was
available, stakeholders contributed relevant indicators to assess the flow of these
services. However, the study's broad geographical scope and limitations in available
knowledge, data, and time made it impractical to quantify or assign a valuation to
these flows. Consequently, we present only the number of ecosystem services
identified for each value chain and theme. Detailed qualitative descriptions of these
ecosystem services are provided in the subsequent subsections (Figure 8 and 9).
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Figure 9. The number of broad groups of ecosystem services identified for each of the studied value chains (see Figure 6).

There is ongoing work to harmonise LCA approaches for low trophic aquaculture
practices (e.g., seaweed and mussel farming; AlgaeProBanos provides some other
similar projects). Once this work is completed, the value chains related to low trophic
aquaculture will be able to provide more specific indicators of emissions and other
factors. The Sustainable Compass and Ecosystem Wheel (WP3 of BBC project) are
primarily self-evaluation tools for companies. These assessments should be
complemented with detailed LCAs, which can also address social aspects of the value
chain through a so-called social LCA. In this process, companies must evaluate a
critical set of harmonised indicators to enable comparison across different actors
within the sector.
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3.1. Fisheries and Fish Farming

Fish aquaculture and fisheries are important components of the blue bioeconomy,
focusing on balancing food production with ecological sustainability. A significant
challenge in this value chain is managing overfishing and nutrient emissions,
particularly nitrogen and phosphorus, which can disrupt aquatic ecosystems if not
effectively controlled. Economic pressures and technical limitations in nutrient
management further complicate adopting sustainable practices.

A key solution lies in developing sustainable fishmeal alternatives, such as insect-
based feeds, algal biomass, or single-cell proteins from microbial fermentation. These
innovations reduce dependency on traditional fishmeal, which contributes to
overfishing while optimising feed efficiency to lower nutrient emissions. Other
approaches include integrating biofilters or constructed wetlands within aquaculture
systems to capture excess nutrients.

The amount of greenhouse gases emitted provided information on the sector's
environmental footprint. At the same time, 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. Indicators such as the "amount of nutrients emitted by fish
farming" (e.qg., kilograms of biologically available nitrogen per tonne of feed) provide a
measurable benchmark for evaluating the sustainability of fish farming practices.
Ecosystem service indicators such as water quality improvements and nutrient cycling
provide additional insight into environmental benefits.

Social and economic resilience was examined through several 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. As discussed in Chapter 2, frameworks such as the Marine Strategy
Framework Directive (MSFD) and the EU Common Fisheries Policy (CFP) provide
regulatory tools to promote sustainable fishing practices, address overfishing, and
ensure good environmental status in marine waters. 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.

The sector's primary obstacles include the high costs of advanced technologies,
limited access to accurate data, and a lack of standardised metrics for assessing
ecosystem service impacts. Addressing these requires investments in research, data-
sharing platforms, and harmonised guidelines for sustainability practices across
regions.

3.2. Algae Farming

Algae farming plays a vital role in the blue bioeconomy, supporting nutrient mitigation,

carbon sequestration, water quality improvement, and climate regulation. Large-scale
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farming of species such as kelp and red algae can enhance ecosystem resilience,
particularly in eutrophic regions.

Challenges include the technological limitations of scaling up operations and the
economic feasibility of sustainable farming practices. Solutions involve developing
integrated multi-trophic aquaculture (IMTA) systems, which combine seaweed
cultivation with fish and shellfish farming. This approach uses nutrient outputs from
aquaculture as inputs for seaweed growth, improving resource efficiency. Advances
in selective breeding and offshore farming technologies also offer potential for
expansion.

Indicators like "amount of carbon sequestered by seaweed farming” and "amount of
nutrients removed per hectare" assess environmental contributions. Ecosystem
service indicators linked to water purification and biodiversity further highlight its
ecological value. The amount of fertiliser and agricultural growth substrate produced
from marine algae provided additional insight into the sector's role in resource
recycling and promoting 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. 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. The provision of internet speed measured infrastructure
support in rural areas. As noted in Chapter 2, the European Commission’s Algae
Strategy (2022) and the EU Green Deal emphasise the importance of creating
supportive governance frameworks, streamlining licensing procedures, and fostering
innovation to advance the algae sector's role in achieving climate neutrality and
promoting a circular bioeconomy. 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.

Barriers to adoption include limited market demand, regulatory challenges, and
insufficient public awareness. Creating supportive policies, raising awareness of
seaweed’s benefits, and developing markets for seaweed-based products are
essential steps toward growth.

3.3. Mussel Farming

Mussel farming provides both a sustainable protein source and ecological benefits
through biofiltration. Mussels remove nitrogen, phosphorus, and suspended particles
from water, making them valuable for nutrient mitigation in eutrophic areas.

The main challenges in mussel farming are achieving economic viability and adapting
to environmental changes such as warming waters and ocean acidification. Proposed
solutions include improving farming technologies, such as automated harvesting

systems, and integrating mussel farming into IMTA systems to utilise nutrients from
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nearby aquaculture activities. Utilising mussel by-products, such as shells, for
construction materials can also enhance profitability.

Indicators like "amount of nutrients sequestered by mussel farming" (e.g., kilograms
of nitrogen or phosphorus removed per tonne of mussels produced) track ecological
contributions. Additional indicators, such as water clarity improvements, demonstrate
the broader environmental benefits of mussel 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. As highlighted in Chapter 2,
the EU Strategic Guidelines for Sustainable Aquaculture and the Common Fisheries
Policy (CFP) emphasise the need for simplified licensing procedures, targeted
financial support, and harmonised governance to promote sustainability and
competitiveness in the aquaculture sector. 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.

Subsidies for ecosystem service delivery, market development, and investment in
research to address climate resilience can mitigate economic challenges.
Collaboration among policymakers, industries, and researchers will support the long-
term sustainability of mussel farming.

3.4. Cross-Cutting Issues

All the value chains shared common considerations, including infrastructure, sectoral
value added (VAB), investment in innovative research and development, and the
availability of specialised academic programmes. Key cross-sectoral indicators
included the annual number of related events, the emergence of start-ups and new
companies, and the time required to secure operational licenses.

Conclusion

This report analyses the socio-economic barriers and potentials within specific blue
bioeconomy value chains (fisheries, algae, and mussel farming). The findings identify
key enabling factors—such as regulatory measures, corporate responsibility
initiatives, education, and innovation—essential for facilitating a transition toward
socially and environmentally responsible behaviour. By mapping these barriers and
potentials, the analysis highlights pathways for industry and public authorities to
address sustainability challenges while fostering economic and ecological resilience.
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This report presents a structured methodology for assessing ecosystem services
within blue bioeconomy value chains developed through the application of the
Sustainability Compass. The Sustainability Compass emerged as a response to the
need for a holistic, multi-dimensional approach to understanding the environmental,
economic, and social challenges faced by fisheries, algae, and mussel farming
sectors. By integrating participatory frameworks, global and EU standards, and
indicators, this methodology offers a foundational tool to identify barriers, evaluate
impacts, and guide stakeholders toward sustainable solutions.

However, it is important to note that the current framework represents a pilot effort—
a starting point for creating a global understanding of the challenges and opportunities
within the blue bioeconomy. While it offers a systematic way to link sustainability goals
with actionable strategies, further development is required. More comprehensive and
high-quality data and expanded input from stakeholders will be necessary to refine the
methodology, validate the indicators, and ensure its applicability across diverse
geographic and sectoral contexts.

Moving forward, the Sustainability Compass provides a solid foundation for fostering
dialogue, knowledge exchange, and evidence-based decision-making. By building on
this pilot initiative, future iterations can enhance the assessment of ecosystem
services, support robust data collection strategies, and contribute to the creation of
tailored solutions that address the needs of both local and global end-users. This
iterative process will be key to achieving a sustainable and thriving blue bioeconomy.
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