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1. Executive Summary
This Action Plan provides a structured and actionable strategy to support the transition of Sardinian aquaculture towards circular, sustainable, and socially inclusive models, positioning the sector as a central driver of the Regional Blue Economy Strategy and European sustainability objectives. Developed within the framework of the AZA4ICE project, the Plan integrates circular bio-economy principles with territorial planning, technological innovation, environmental protection, economic diversification, and participatory governance to deliver a holistic approach to aquaculture development in Sardinia. Sardinian aquaculture is rooted in long-standing traditions of inland and extensive lagoon-based production, encompassing estuaries, coastal lagoons, and ecosystems of high ecological value. These systems represent both a cultural heritage and a significant economic asset. However, current production models remain largely linear, with high dependency on external feed and energy inputs, limited reuse of nutrients and by-products, and increasing regulatory and environmental pressures. The sector’s potential for circular transition is high, as evidenced by the C-AZA assessment in the Cabras Lagoon, which demonstrated strong environmental suitability, technical feasibility, and stakeholder interest in implementing Integrated Multi-Trophic Aquaculture (IMTA) systems that combine fed and extractive species to improve nutrient recycling, ecosystem functioning, and economic returns. The C-AZA results highlight that lagoon environments can host productive, diversified, and ecosystem-compatible aquaculture systems, and provide a replicable framework for regional and Mediterranean-scale policy and planning.
The Action Plan responds to these challenges and opportunities through six interconnected strategic actions. A comprehensive capacity building program addresses the technical readiness gap, delivering targeted training in IMTA/RAS systems, water management, digital traceability, and sustainability certification to over 120 operators. Demonstrative IMTA facilities in two Sardinian lagoons (i.e.: Cabras and San Teodoro) serve as living laboratories, validating circular production models, supporting knowledge transfer, and providing visible examples for replication. Community-based initiatives strengthen local participation, including organized waste management, educational pathways, and collective certification schemes. Environmental monitoring and safeguards ensure ecological compatibility through continuous data collection and adaptive management protocols. Commercial support and funding mobilization facilitate access to European, national, and private financing, lowering barriers to investment in circular systems. Finally, the establishment of an inclusive governance and coordination platform, based on the LiRRIE multi-actor model, ensures ongoing stakeholder engagement, transparent decision-making, and adaptive policy development. Implementation is structured across three progressive phases over 24 months. Phase 1 focuses on foundation and mobilization, including formal agreements, first training cohorts, site selection, and initial communication. Phase 2 implements pilots, expands training, activates community initiatives, and begins environmental monitoring and financial support activities. Phase 3 consolidates results through comprehensive evaluation, dissemination of lessons learned, identification of replication pathways, and planning for long-term sustainability of governance and operational practices. Key performance indicators track environmental, technical, economic, governance, and social outcomes, while adaptive protocols ensure timely response to emerging challenges in water quality, training uptake, funding availability, and stakeholder coordination.

The Plan leverages diverse funding sources, including European programs such as FEAMPA, Interreg Euro-MED, and Horizon Europe, national and regional government support, private investments, impact funds, and green financing mechanisms. This multi-source approach ensures both financial feasibility and resilience to potential delays or uncertainties in any single funding stream. By integrating regulatory clarity, technological innovation, economic incentives, and participatory governance, the Action Plan provides concrete pathways to advance Sardinian aquaculture beyond theoretical sustainability. It creates a robust framework for implementing circular systems, enhancing productivity, diversifying revenues, protecting ecosystems, and fostering social acceptance and stakeholder collaboration. In doing so, Sardinia can position itself as a Mediterranean centre of excellence for circular aquaculture, demonstrating that responsible, resilient, and inclusive aquaculture can deliver environmental, economic, and social benefits in tandem.


[bookmark: _Toc220668640]2. Introduction
[bookmark: purpose_and_objectives][bookmark: _Toc220668641]Scope and Objectives
The Action Plan focuses exclusively on the development of circular, low-environmental-impact aquaculture in the coastal and inland wetland zones of Sardinia, applying the AZA4ICE methodology as the guiding reference framework It addresses interventions that are environmentally feasible, as they are grounded in the C-AZA results produced for the Sardinian pilot sites; socially inclusive, as they are consistent with the vision co-created through the LiRRIE process and responsive to stakeholder needs; economically realistic, as they take into account local constraints, existing capacities, and investment potential; and scalable and transferable, allowing replication in other aquaculture zones in Sardinia and, more broadly, across the Mediterranean region. The Plan prioritises actions that can be realistically implemented using available local resources and, where appropriate, complemented by external financial support. Its underlying principle is that circular aquaculture development must emerge from genuine co-creation with local communities and sectoral actors, rather than being imposed through top-down approaches. In this sense, the Action Plan is conceived as an operational translation of the shared vision emerging from stakeholder engagement, aligned with spatial planning evidence and policy objectives.
The first objective of the Action Plan is to introduce, test, and progressively deploy circular aquaculture models that are specifically adapted to the environmental, spatial, and socio-economic conditions of Sardinia. These models include Integrated Multi-Trophic Aquaculture (IMTA) systems and Recirculating Aquaculture Systems (RAS) that work synergistically with local environmental conditions and existing production systems, while respecting site-specific constraints identified through the AZA4ICE assessment.
A second key objective is to strengthen local capacity among farmers, fishers, small and medium-sized enterprises (SMEs), and community actors to adopt and manage circular aquaculture practices. Although a high willingness to invest has been observed in the region, with an average score of 3.80 on a 5-point scale, as highlighted by the application of the BLUEfasma circularity assessment tool, this willingness is not yet matched by adequate technical readiness. The Action Plan therefore seeks to bridge this gap by translating investment interest into effective implementation capacity through the enhancement of technical skills, operational readiness, and access to practical knowledge and targeted support mechanisms.
The Action Plan further aims to improve the environmental performance of aquaculture activities through structured monitoring, impact-mitigation measures, and environmentally responsible production design. This includes the definition of baseline environmental conditions, the application of adaptive management protocols, and the integration of IMTA-based solutions that contribute to reducing pressures on the surrounding environment while enabling diversification of production. 
Another central objective is to establish inclusive and coordinated governance mechanisms that support transparent decision-making and sustained multi-stakeholder participation, in line with the LiRRIE model. This involves the creation of a permanent Technical Table, the activation of thematic working groups, and the organisation of broader stakeholder assemblies, with the aim of ensuring coherence between policy frameworks, spatial planning instruments, and on-the-ground implementation. 
The Action Plan also seeks to promote economic diversification and value creation by supporting the development of circular business models, pathways for waste and by-product valorisation, and sustainable product branding strategies. These actions are intended to enhance the resilience of local production systems, generate new economic opportunities, and strengthen the market positioning of Sardinian aquaculture products.
Finally, the Action Plan aims to consolidate a replicable and policy-relevant model that can inform regional and national decision-making and support future circular aquaculture development in Sardinia and across the Mediterranean region. By documenting processes, governance arrangements, and implementation pathways, the Plan is designed to provide a transferable reference for other territories seeking to adopt circular aquaculture approaches within a spatial planning framework.

[bookmark: context][bookmark: _Toc220668642]Context
Sardinia has a long-standing and well-established aquaculture tradition spanning both marine and lagoon environments, which continue to play a central role in local economies, cultural heritage, and food production systems. In particular, the lagoonal zones of the island represent ecosystems of exceptionally high ecological value, supporting important habitats and ecosystem services while also hosting traditional aquaculture activities. These areas are, however, subject to significant environmental and regulatory pressures, largely due to the presence of nature conservation designations such as Natura 2000 sites and other protected areas. As a result, aquaculture development in Sardinia must operate within a complex framework where environmental protection requirements coexist with socio-economic needs and long-established production practices. Within this context, the Sardinian aquaculture sector has shown a strong and growing interest in innovation, sustainability, and circular production models. Results from the BLUEfasma circularity assessment highlight a clear imbalance between investment willingness and technical readiness. While stakeholders expressed a relatively high willingness to invest in circular and innovative solutions, with an average score of 3.80 on a 5-point scale, the corresponding level of technical readiness remains low, with an average score of 1.79. This gap points to a substantial transition potential, suggesting that targeted technical support, capacity building, and governance coordination could unlock concrete implementation pathways for circular aquaculture practices. This transition potential is further reinforced by a set of favourable enabling conditions present in Sardinia. These include the availability of suitable coastal and lagoon areas for the development of Allocated Zones for Circular Aquaculture (C-AZA), the presence of consolidated scientific and technical expertise provided by IMC and other specialised research centres, and a strong organisational and associative structure within the productive sector. In addition, there is a growing market demand for sustainable, traceable, and certified aquaculture products, which creates opportunities for value creation and differentiation linked to circular production models.	Comment by USER18: Mettiamo qualche bella foto
Against this background, the AZA4ICE project offers a strategic and operational framework for addressing the structural challenges faced by the sector. Through the application of the C-AZA methodology and the implementation of the LiRRIE participatory process, the project supports evidence-based spatial planning, stakeholder engagement, and the co-creation of shared development pathways. Pilot actions implemented in Sardinia by IMC have already demonstrated the technical and environmental feasibility of circular solutions, including Integrated Multi-Trophic Aquaculture (IMTA) systems, Recirculating Aquaculture Systems (RAS), and approaches for the valorisation of by-products and previously unutilised dissolved nutrients. These experiences provide a solid foundation for scaling up circular aquaculture practices in a manner that is compatible with environmental constraints, socially accepted by local communities, and economically viable over the medium to long term.

[bookmark: roles_and_responsibilities_of_key_actors][bookmark: _Toc220668643]3. Roles and Responsibilities of Key Actors
[bookmark: regional_and_national_authorities]The implementation of the Action Plan is grounded in a coordinated, multi-level governance framework in which public authorities, scientific and technical bodies, the productive sector, and civil society play complementary and interdependent roles. Clear allocation of responsibilities is essential to ensure policy coherence, technical robustness, operational feasibility, and social acceptance of circular aquaculture development in Sardinia. Within the AZA4ICE framework, these roles are not conceived as isolated functions, but as interconnected contributions aligned with the LiRRIE participatory approach.

Regional and National Authorities
[bookmark: research_institutes_and_scientifi_39875c]At regional and national level, public authorities are responsible for providing the institutional, regulatory, and strategic framework for the implementation of the Action Plan, ensuring coherence between aquaculture development objectives and environmental protection requirements. In Sardinia, aquaculture falls under the responsibility of the Regional Department of Agriculture and Agro-Pastoral Reform (Assessorato dell’Agricoltura e Riforma Agro-Pastorale), specifically through the Fishing and Aquaculture Service (Servizio Pesca e Acquacoltura), which is tasked with sectoral policy development, support measures, and the integration of circular aquaculture principles into regional planning and programming instruments. Environmental aspects related to aquaculture development, particularly in coastal lagoons and protected areas, are overseen by the Regional Department of Environmental Protection (Assessorato della Difesa dell’Ambiente), which is responsible for environmental assessments, permitting procedures, and compliance with conservation objectives. Management bodies of Natura 2000 sites and other protected areas established under different protection regimes supervise activities within their territories, ensuring that aquaculture practices remain compatible with the objectives and management plans of each site. Coastal and lagoonal municipalities contribute at local level through territorial planning, governance functions, and direct interaction with local communities and operators.
At national level, strategic direction and sectoral coordination are provided by the Ministry of Agriculture, Food Sovereignty and Forestry (Ministero dell’Agricoltura, della Sovranità Alimentare e delle Foreste), which is responsible for aquaculture policy, national planning frameworks, and alignment with European fisheries and aquaculture strategies. Environmental policy oversight, particularly regarding Natura 2000 and other protected areas, environmental impact assessments, and compliance with national and EU environmental legislation, is the responsibility of the Ministry of the Environment and Energy Security (Ministero dell’Ambiente e della Sicurezza Energetica). Coordination between agricultural and environmental authorities at both regional and national level is therefore essential to enable the effective and balanced implementation of circular aquaculture initiatives in Sardinia.

Research Institutes and Scientific Organizations
[bookmark: aquaculture_sector_and_associations]Research institutes, scientific organisations, and universities provide the knowledge base and technical support necessary to underpin evidence-based decision-making and adaptive management. The International Marine Centre (IMC) acts as the scientific coordinator of the Action Plan and as the main facilitator of the LiRRIE governance process, supporting stakeholder engagement, spatial analysis, and the application of the AZA4ICE methodology. The Regional Agency for Environmental Protection contributes through environmental monitoring, data collection, and impact assessment, supporting the definition of baseline conditions and the evaluation of mitigation measures. AGRIS plays a key role in applied research, technology transfer, and professional training, facilitating the uptake of innovative and circular aquaculture solutions. Universities, including the University of Cagliari, provide additional scientific expertise, research capacity, and specialised knowledge in aquaculture systems, environmental sustainability, and resource management. LAORE complements these roles by providing advisory services, technical assistance, and capacity-building support to operators, ensuring that scientific knowledge and project results are effectively translated into practical applications at farm and territorial level.

Aquaculture Sector and Associations
The aquaculture sector bears primary responsibility for the practical implementation of the transition towards circular production models. This includes fish farmers, small and medium-sized enterprises, cooperatives, service providers, small-scale fishers, and actors along the supply chain, who are directly involved in adopting and managing circular aquaculture practices. Their engagement is essential for testing, refining, and scaling up solutions such as IMTA systems, RAS, and by-product valorisation pathways. Sectoral and producer associations, including Confcooperative Pesca, Legacoop, AMA (Associazione mediterranea acquacoltori) and other local aquaculture associations, play an important intermediary role by representing collective interests, facilitating coordination among operators, promoting peer-to-peer learning, and supporting collective responses to regulatory, technical, and market-related challenges.

[bookmark: civil_society_and_local_communities]Civil Society and Local Communities
Civil society organisations and local communities contribute to ensuring the social sustainability and territorial integration of the Action Plan. Environmental non-governmental organisations, local community groups, cultural associations, and social cooperatives play a key role in fostering social acceptance of circular aquaculture, safeguarding environmental and community interests, and supporting transparent communication and awareness-raising activities. Their involvement helps to ensure that circular aquaculture development is perceived not only as an economic opportunity, but also as a shared territorial process aligned with local values, environmental objectives, and long-term sustainability goals.

[bookmark: regional_needs_challenges_and_opp_872022][bookmark: _Toc220668644][bookmark: regional_needs]4. Regional Needs, Challenges and Opportunities
[bookmark: _Toc220668645][bookmark: environmentally_compatible_aquacu_aa896c]Regional needs
This section presents the main needs, structural challenges, barriers, and opportunities identified for the development of circular aquaculture in Sardinia, based on the LiRRIE participatory process and stakeholder engagement conducted through the AZA4ICE project. These insights provide a key orientation for the Action Plan, ensuring that proposed interventions respond to local priorities, are operationally feasible, and support solutions that are both relevant and sustainable.
Environmentally Compatible Aquaculture Models
Sardinia’s lagoonal and coastal ecosystems require production systems that are low-impact, resilient, and ecologically coherent. Priority is given to integrated approaches such as IMTA and RAS systems, all designed to optimise nutrient efficiency and reduce dependency on external inputs. Species selection is a crucial aspect of system design, favouring those naturally adapted to local conditions, including grey mullet (Mugil cephalus), sea bass (Dicentrarchus labrax), oysters (Ostrea edulis), sea bream (Sparus aurata), native bivalves such as grooved carpet shell (Ruditapes decussatus), and locally relevant halophytes (Salicornia fructicosa) and macroalgae (Ulva spp.). These choices increase system stability, ensure ecological coherence, and facilitate effective nutrient recycling. Continuous monitoring of water quality and ecological parameters is essential to ensure compliance with environmental standards and to support the long-term sustainability of circular production systems.

Governance and Decision-Making Coordination
The institutional framework governing Sardinia’s protected wetland areas is complex, with multiple authorities responsible for environmental protection, territorial planning, and aquaculture management. Clear, inclusive, and coordinated governance mechanisms are therefore essential. These should integrate representatives from the public administration, scientific institutions, aquaculture operators, local communities, and civil society, ensuring a participatory approach that aligns with the quintuple helix model promoted by LiRRIE. Effective coordination is necessary to streamline decision-making, reduce conflicts, and enable timely adoption of circular practices in designated zones.

Strengthened Local Capacity
Evidence from the BLUEfasma circularity assessment highlights a mismatch between high investment willingness (3.80 on a 5-point scale) and low technical readiness (1.79) among Sardinian stakeholders. This indicates that the main barriers to circular aquaculture are not financial or motivational but relate to limited practical knowledge, technical experience, and confidence in implementing integrated systems. In order to address this, targeted capacity-building programmes are required, covering technical training in IMTA, water management, circular practices, and operational procedures. These efforts must be complemented by participatory learning opportunities, demonstration sites, and knowledge exchange platforms to ensure that local operators can translate willingness into concrete implementation capacity.

Technological and Knowledge Needs
The practical application of circular aquaculture technologies in Sardinia remains limited, despite favourable environmental conditions and proven technical potential. Access to modern aquaculture technologies, including automated feeding, real-time water quality sensors, and biomass monitoring tools, remains restricted for many producers. Bridging this gap requires technology transfer, demonstration of locally adapted solutions, and strengthening the links between research institutions, advisory services, and operators. In addition, innovation in processing and valorisation of by-products, as well as the application of microbial and genetic tools to enhance resilience and efficiency, are essential to make circular systems viable and economically attractive.

Regulatory Alignment and Policy Support
Current regulatory frameworks provide limited recognition of circular aquaculture systems, often focusing on species-specific licensing rather than integrated system design. The absence of clear guidelines, circularity indicators, and supportive incentive mechanisms creates uncertainty and hinders investment. Addressing these gaps requires the alignment and adaptation of regional and national legislation, the operationalisation of Allocated Aquaculture Zones (AZA), and the creation of targeted financial and technical support mechanisms to enable small and medium-sized producers to adopt eco-efficient, circular practices.

Socio-Economic Integration and Stakeholder Engagement
Finally, the transition towards circular aquaculture in Sardinia requires fostering multi-actor collaboration, raising awareness of the benefits of sustainable production, and strengthening local capacity for co-creation. Effective engagement of producers, public authorities, research institutions, and civil society is critical to align priorities, facilitate knowledge exchange, and promote social acceptance. Opportunities exist to integrate circular aquaculture with the local economy, tourism, and emerging blue economy sectors, thereby enhancing value creation, supporting local food chains, and promoting the visibility of Sardinia as a reference for sustainable aquaculture in the Mediterranean.

[bookmark: _Toc220668646]Regional Challenges
Sardinian aquaculture faces a set of interrelated environmental, economic, technological, and regulatory challenges that must be addressed to enable the successful transition towards circular and eco-efficient systems.

Environmental Challenges
A key environmental concern is the management of dissolved nutrients, which requires careful calibration of production systems to prevent ecological imbalance. IMTA approaches help mitigate this issue by integrating extractive species such as algae and bivalves, which naturally absorb excess nutrients, yet their effectiveness depends on precise design and operational management. Climate change adds another layer of complexity, with rising seawater temperatures, more frequent extreme weather events, and shifting seasonal patterns affecting reproductive cycles and overall system performance. Sardinian lagoons are also subject to pronounced salinity fluctuations, driven by tidal influence and episodic heavy rainfall, necessitating the selection of species capable of tolerating such environmental variability.

Economic Viability Challenges
The economic sustainability of aquaculture operations is constrained by several structural and operational factors. Unauthorized access and theft represent serious risks, particularly in peri-urban areas and zones with high recreational use, requiring investments in physical security, community surveillance, and law enforcement coordination. Traditional production systems often exhibit low efficiency and limited profitability, due to suboptimal feeding practices, high input costs, and insufficient water management. Circular aquaculture offers the potential to improve economic outcomes through reduced inputs, valorisation of by-products, and more efficient system design. However, the transition to eco-efficient systems entails substantial initial investment in infrastructure, equipment, and training, which can be particularly challenging for small producers and SMEs with limited access to capital. Competition for aquatic space further constrains production, as aquaculture must coexist with tourism, maritime transport, recreational activities, and security-related restrictions, emphasising the importance of strategic spatial planning to protect allocated zones and ensure long-term operational viability.

Technological and Knowledge Challenges
Despite the clear potential of circular approaches, practical implementation remains limited. Many producers have little experience with integrated systems such as IMTA, or RAS, and few local examples demonstrate their operational feasibility. Knowledge gaps, coupled with uncertainties in regulatory interpretation and capital constraints, impede adoption. Access to modern aquaculture technologies, such as real-time water quality sensors, automated feeding systems, and decision-support tools, remains uneven, while communication and collaboration between research institutions, policy makers, and operators are often insufficient to facilitate effective knowledge transfer and co-creation of solutions. 

Regulatory Challenges
The current regulatory framework does not adequately recognise the distinctive characteristics of circular aquaculture. While conventional aquaculture regulations focus on species-specific licensing, they do not account for the integrated design of multi-trophic systems. Incentives for sustainable and circular production are largely absent, and market prices rarely reflect the environmental and social value of circular approaches. Bridging this gap requires the development of supportive public policies, targeted subsidy schemes, and certification programs that encourage investment, reduce uncertainty, and reward the adoption of eco-efficient practices.

[bookmark: _Toc220668647]Regional Opportunities
Sardinia presents a favourable context for the development of circular aquaculture, thanks to a combination of motivated stakeholders, suitable environmental conditions, and potential for economic integration. These factors create a solid foundation for scaling up innovative, low-impact production systems while generating broader socio-economic benefits for the region.

Strong Stakeholder Motivation
Despite the documented low technical readiness, local stakeholders exhibit a strong willingness to invest in circular aquaculture, with an average score of 3.80 on a 5-point scale. Fish processors, cooperatives, and small operators seeking diversification represent potential early adopters. Their successful experience can act as a catalyst for broader uptake across the sector, demonstrating that the transition to circular practices is both feasible and economically rewarding when supported with appropriate technical guidance and capacity-building.

Sardinian Positioning Potential
Sardinia has the opportunity to become a national and Mediterranean reference for circular aquaculture. The successful demonstration of systems that are both profitable and environmentally responsible could establish the island as a hub for peer-learning, technology transfer, and investment. Moreover, circular aquaculture can be integrated with the wider local economy and tourism, creating synergies with sectors such as marine biotechnology, cosmetics, and agro-food industries. Sustainable local seafood can strengthen regional food chains, reduce food miles, and enhance economic resilience. In addition, educational tourism, farm visits, and awareness-raising initiatives linked to circular aquaculture provide supplementary income opportunities while promoting social acceptance and engagement with sustainable production practices.

[bookmark: current_legal_regulatory_and_lice_d92219][bookmark: _Toc220668648]5. Current Legal, Regulatory and Licensing Framework
National and Regional Legislation
Sardinia operates within a multifaceted regulatory context that integrates national, regional, and local legislation. At the national level, aquaculture falls under the jurisdiction of the Ministry of Agriculture, Food Sovereignty and Forestry Policies (Ministero delle Politiche Agricole, Alimentari e Forestali), while environmental protection is managed by the Ministry of Environment and Energy Security (Ministero della Transizione Ecologica). Key legislative instruments include Legislative Decree 152/2006 (Environmental Code), which establishes the general framework for water management and environmental protection, and Legislative Decree 30/2021 (Code of Maritime Fisheries and Aquaculture), which regulates aquaculture operations specifically. At the European level, Regulation (EU) 2021/1139 establishes FEAMPA, the financing instrument supporting sustainable fisheries and aquaculture.
Regionally, the Sardinian Strategic Blue Economy Plan defines the overarching vision and policy priorities for maritime sectors, including aquaculture, while the Regional Aquaculture Regulation provides the framework for authorisations, concessions, and compliance. The Regional Landscape Plan identifies sites subject to landscape protection constraints, and guidelines for the management of protected areas ensure that aquaculture activities are compatible with Natura 2000 sites and other protected wetlands, balancing production needs with conservation obligations.

Regulatory Framework for Innovative Systems
Although the regulatory framework recognises innovative systems such as IMTA and RAS, operational guidance for their implementation is limited. IMTA is acknowledged in legislation, yet clear classification criteria for hybrid or integrated configurations are lacking. RAS installations are considered intensive production systems, but incentives to support their transition to circular models are insufficient. Recirculating systems, while emerging as a promising solution, are not yet explicitly addressed within current regulations. The absence of detailed guidance and regulatory clarity represents a barrier to the adoption of circular and eco-efficient aquaculture practices in Sardinia.

Proposed Regulatory Solutions
To facilitate the development of circular aquaculture, regulatory improvements are essential. Circular models, including IMTA and RAS systems, should be formally classified and recognised as legitimate production approaches. Authorisation procedures for C-AZA pilot and demonstrative projects should be streamlined through fast-track review processes, reducing administrative delays and uncertainty. Regulatory incentives should prioritise circular aquaculture zones when granting concessions and approvals, encouraging early adoption. Finally, adaptive environmental monitoring should be implemented, with tailored plans allowing real-time assessment and responsive management of water quality, nutrient flows, and ecosystem impacts specific to circular aquaculture systems.

[bookmark: current_status_of_aquaculture_ent_164753][bookmark: _Toc220668649]6. Current Status of Aquaculture Enterprises
Circularity Readiness Profile
The assessment of Sardinian aquaculture operators using the BLUEfasma Circularity Self-Assessment Tool reveals a clear profile in terms of readiness and willingness to adopt circular practices. Data collected from nine operators indicate an average Circular Economy readiness score of 1.79 (on a 0–5 scale), contrasted with a considerably higher average investment willingness of 3.80. This gap of 1.81 points highlights a notable disparity: while operators are motivated and recognise the value of circular approaches, their current capacity to implement them remains limited.
Examining readiness in more detail, three operators (33%) display low readiness (<1.5), five (56%) are classified as medium readiness (1.5–2.5), and one (11%) demonstrates higher readiness (≥2.5). Ittica Nora Soc. Coop. leads the group with a readiness score of 2.7 and holds a silver BLUEfasma medal, reflecting both commitment and partial adoption of circular practices. Overall, most operators are aware of circular principles but lack the necessary technical expertise, infrastructure, and operational experience to implement them effectively. Investment willingness presents a complementary perspective. Five operators (56%) show high willingness (≥3.5), one exhibits medium willingness (2.5–3.5), and three are classified as low (<2.5). Interestingly, many of the operators with lower readiness levels still express a strong willingness to invest, indicating that they perceive the benefits of circular aquaculture but encounter practical barriers to adoption.
This combination of low readiness and high willingness underscores the significant potential for transition within the Sardinian aquaculture sector. With targeted technical and financial support, capacity-building interventions can rapidly enhance operational readiness, enabling swift adoption of circular practices. Pilot projects, tailored training programmes, and hands-on demonstration sites are identified as critical strategies to translate willingness into tangible implementation, accelerating the shift towards environmentally sustainable and economically viable aquaculture models.

[bookmark: vision_for_circular_aquaculture_i_610491][bookmark: _Toc220668650]7. Vision for Circular Aquaculture in Sardinia
Based on the LiRRIE co-creation process, the shared vision for circular aquaculture in Sardinia is:
"Transform Sardinia into a center of excellence for circular aquaculture in the Mediterranean, where inclusive governance, innovative practices, environmental protection, and economic opportunities converge to create a resilient, sustainable sector generating territorial wellbeing."
Sardinia has the potential to become a Mediterranean reference for circular aquaculture, building on its unique lagoonal ecosystems, high biodiversity, and longstanding aquaculture traditions. The vision integrates production, innovation, stakeholder participation, and ecosystem-based approaches, aiming to address regional challenges while unlocking economic, social, and environmental opportunities. The overarching goal is to create a resilient, sustainable sector that generates territorial wellbeing. The future of Sardinian aquaculture must be based on the adoption of eco-intensified and circular production systems tailored to the island’s environmental conditions. This requires the integration of IMTA/RAS systems, with particular attention to lagoonal and coastal ecosystems. Low-trophic species such as bivalves, mullets, sea bass, sea bream, macroalgae, and other native organisms must be carefully selected to ensure adaptability and resilience. Circular principles should guide production practices, minimizing nutrient losses, enhancing recycling, and maintaining water quality. At the same time, biomass valorisation and biorefinery strategies must be promoted to transform sub-products into high-value outputs for applications ranging from functional feeds and fertilizers to bioplastics and bioactive compounds. Pilot sites and demonstrative projects will provide opportunities to test scalable practices, creating replicable models while supporting adaptive management through advanced monitoring and digital tools. This approach allows for both regenerative aquaculture, which actively restores ecosystems and enhances ecosystem services, and restorative or extractive aquaculture, which optimizes environmental net benefits by integrating extractive species.
Economic resilience is a core element of the vision. Circular aquaculture creates new market opportunities by responding to the increasing demand for sustainable seafood and niche products, including algae, halophytes, and bioactive compounds. Sardinian aquaculture can also establish synergies with other sectors of the blue economy, such as tourism, education, and biotechnology, generating diversified revenue streams through farm visits, educational programs, tastings, and biotechnological applications. The development of scalable, profitable, and sustainable operations will strengthen traditional markets, create new niches, and foster local employment and economic resilience, supporting small and medium-sized enterprises in overcoming investment barriers and accessing financing. Equally important is the reinforcement of knowledge transfer and collaboration among stakeholders. Sardinia should become a hub for innovation in circular aquaculture, leveraging partnerships with regional and international research institutions, universities, and technology centres. Continuous dialogue and co-creation processes are essential to ensure that solutions are locally adapted, socially accepted, and effectively implemented. Strengthening multi-actor collaboration will facilitate the dissemination of best practices, accelerate the adoption of circular technologies, and sustain peer-learning networks that extend beyond initial training and pilot projects.
Finally, policy alignment and incentives are crucial to enable the transition. Sardinian regulations must evolve to formally recognize circular aquaculture models, including IMTA/RAS systems, and to simplify and streamline authorization procedures for pilot and demonstrative projects. Financial support through subsidies, tax benefits, and access to green funding is needed to reduce barriers for small-scale operators and SMEs. Aligning regional policies with European sustainability objectives will create a favourable environment for innovation, investment, and the promotion of Sardinia as a model region for circular aquaculture in the Mediterranean. Through the coordinated implementation of these strategies, Sardinia can achieve Mediterranean leadership in circular aquaculture, generate sustained economic opportunities, protect and restore ecosystems, and contribute to broader European objectives of sustainability, resilience, and blue economy development.
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The application of the C-AZA methodology in Sardinia represents a significant step toward transforming traditional aquaculture into a circular, territorially integrated, and environmentally responsible production model. Circular Allocated Zones for Aquaculture (C-AZA) combine spatial planning, species suitability assessments, environmental monitoring, and circular economy principles to create a high–added-value framework that benefits producers, local communities, regulators, and society at large. By providing a replicable, science-based, and policy-relevant methodology, C-AZA supports evidence-based decision-making while promoting sustainable and economically resilient aquaculture practices. In Sardinia, this approach has demonstrated the potential to harmonize aquaculture with ecological protection, turning a sector traditionally viewed as a source of environmental pressure into a provider of ecosystem services. These services include the improvement of water quality through natural biological processes, the retention and recycling of nutrients, and the enhancement of habitats for native species, all while complying with environmental regulations and supporting transparent management by local authorities.
The territorial application of the C-AZA methodology in the Cabras Lagoon provided practical insights into the feasibility and benefits of circular aquaculture in a sensitive coastal lagoon context. The methodology integrates environmental, technical, economic, and social criteria to identify areas where aquaculture can be implemented in a way that maximizes productivity while minimizing ecological impacts. In this case, the Site Suitability Index (SiSI) reached 0.7, reflecting strong suitability in terms of water quality, trophic conditions, infrastructure availability, and operational feasibility. The only moderately limiting factor was the surrounding land use, which is influenced by agricultural and urban pressures; addressing this through integrated spatial planning will be essential to ensure long-term compatibility and reduce potential conflicts. Continuous environmental monitoring confirmed that key parameters such as temperature, dissolved oxygen, salinity, nutrient concentrations, and chlorophyll-a remained within suitable ranges for both fed and extractive species for the majority of the year, demonstrating that the lagoon’s ecosystem can sustainably support circular aquaculture operations. The species suitability assessment further confirmed the potential for diversified IMTA systems that combine fed species with extractive organisms. Based on ecological performance, technical feasibility, and stakeholder feedback, two IMTA systems were identified as most appropriate for implementation. IMTA system 1 combines flathead grey mullet (Mugil cephalus), Pacific oyster (Crassostrea gigas), king ragworm (Nereis virens), and sea lettuce (Ulva spp.), integrating fed species with extractive organisms to enable efficient nutrient recycling, increased biomass diversification, and improved ecosystem functioning. IMTA system 2 integrates European seabass (Dicentrarchus labrax), grooved carpet shell clams (Ruditapes decussatus), ragworm (Hediste diversicolor), and Salicornia fruticosa. Both systems exemplify the capacity of circular aquaculture to harmonse production with ecosystem services, highlighting the dual benefit of food production and environmental enhancement. By combining fed and extractive species, these systems reduce nutrient accumulation, improve water quality, and provide habitats that support biodiversity, illustrating how aquaculture can be leveraged to generate net environmental benefits rather than pressures.
In order to assess the operational and economic performance of these configurations, the Intermediate Performance Index (IPI) was applied, capturing species-level technical feasibility, market potential, and social acceptance. Results showed that key species in both IMTA systems exhibit strong production feasibility and high market value, confirming that integrating fed and extractive species can be profitable and socially acceptable. Circular performance was further quantified through the IMTA Circularity Index (ICI), which measures nutrient recycling efficiency, resource use efficiency, energy use, species complementarity, and overall system complexity. IMTA system 1 scored 0.75, reflecting strong functional complementarity and effective nutrient recycling, while IMTA system 2 scored 0.675, slightly lower due to the higher resource demands of fed species. These results demonstrate that circular aquaculture is not only technically feasible but can also deliver high levels of ecological and operational efficiency.
The final decision-support indicator, the C-AZA Index (C-AZAi), integrates site suitability, species performance, and circularity into a single metric. IMTA system 1 achieved a C-AZAi of 0.778 and IMTA system 2 0.746, confirming that both systems are ready for practical implementation and demonstrating the high potential of the Cabras Lagoon as a pilot site for circular aquaculture. The use of C-AZAi allows stakeholders, including producers, regulators, and local communities, to make informed decisions about site selection, system design, and operational management, creating transparency and trust throughout the planning process. The combination of SiSI, IPI, ICI, and C-AZAi results illustrates the comprehensive benefits of circular aquaculture in terms of environmental performance, operational feasibility, economic opportunity, and social acceptability. Beyond technical and environmental performance, the C-AZA application in Sardinia demonstrated significant social and economic benefits. By fostering multi-actor engagement through workshops, site visits, and participatory assessments, the project strengthened collaboration among local producers, research institutions, regulatory authorities, and civil society. This quintuple-helix engagement improves social acceptance of circular aquaculture, builds trust in decision-making, and encourages local communities to actively participate in sustainable resource management. Economic opportunities are also enhanced by valorising low-trophic species and sub-products, generating new value chains in algae, halophytes, bivalves, and organic sludge, and creating linkages with other Blue Economy sectors, including local gastronomy, tourism, and biotechnology. These activities contribute to regional economic diversification, reduce dependence on single products, and improve resilience and competitiveness of Sardinian aquaculture enterprises.
The Cabras Lagoon case study highlights the importance of integrated environmental monitoring and adaptive management. Continuous collection of water quality parameters, biomass performance, and ecosystem health indicators allows operators to make informed decisions and implement corrective measures in real time. For example, nutrient accumulation or changes in dissolved oxygen can trigger operational adjustments, such as modifying stocking densities or integrating additional extractive species, ensuring that environmental thresholds are respected. This monitoring-driven, adaptive approach strengthens the ecological performance of the systems while minimizing risks, providing a practical blueprint for other lagoon environments in Sardinia and the broader Mediterranean region. 
Overall, the C-AZA test in Cabras lagoon validates the AZA4ICE methodology as a robust, evidence-based, and transferable decision-support tool for territorial planning and policy design. The results demonstrate that lagoon environments in Sardinia can sustainably host circular aquaculture systems, integrating fed and extractive species, enhancing ecosystem services, improving nutrient recycling, and providing economic diversification and employment opportunities. This evidence base strongly supports scaling up C-AZA implementation across other suitable Sardinian zones and serves as a reference for Mediterranean-level Action Plans. The findings highlight Sardinia’s potential to become a centre of excellence for circular aquaculture in the Mediterranean, combining technical feasibility, environmental sustainability, economic opportunity, and social acceptance into a coherent and implementable model that can guide the region toward a resilient and circular aquaculture future.
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[bookmark: _Toc220668653][bookmark: action_1_capacity_building_program]Key Actions and Interventions
The proposed actions translate the shared vision for circular aquaculture in Sardinia into an integrated and operational pathway. They are designed to address the structural gap between the current low level of circular readiness among operators and their high willingness to invest, while simultaneously strengthening governance, environmental safeguards, and economic viability. The actions are mutually reinforcing and conceived to be implemented in parallel over a 24-month horizon, ensuring tangible results within the project lifetime and long-term sustainability beyond it.
Action 1: Capacity Building Program
Objective: Bridge the competency gap revealed by 1.79 average readiness vs. 3.80 average willingness through comprehensive training.
The primary objective of the capacity building program is to bridge the competency gap identified through the BLUEfasma Circularity Self-Assessment, where an average readiness of 1.79 contrasts with an average investment willingness of 3.80. The program is structured as a comprehensive and progressive learning pathway delivered over 18 to 24 months, combining theoretical knowledge, practical skills, and peer-to-peer exchange. Training content encompasses circular aquaculture principles with a strong territorial focus, covering IMTA/RAS systems adapted to Sardinian lagoonal contexts. Financial literacy is addressed through guidance on European, national, and regional funding instruments, including FEAMPA, Interreg, and Horizon Europe, accompanied by hands-on proposal development support. Regulatory and administrative procedures for authorizations and concessions are clarified to reduce uncertainty and delays. Practical modules focus on day-to-day operation of circular systems, including water quality management, feeding strategies, biomass monitoring, and operational risk management. Digital competencies, traceability tools, and sustainability certification and branding complete the program. The initiative targets approximately 120–150 operators through workshops, field-based training, mentoring, and structured peer-learning networks. The estimated cost ranges between €80,000 and €120,000.

Action 2: Demonstrative IMTA Facilities
Objective: Validate IMTA models in authentic Sardinian contexts as learning platforms and proof-of-concept installations.
The demonstrative IMTA facilities are conceived as territorial pilot systems designed to reflect the ecological specificities and management priorities of different Sardinian lagoon contexts, while functioning as learning platforms, proof-of-concept installations, and reference models for replication. Rather than generic demonstrations, the facilities are explicitly tailored to address local environmental pressures and valorise existing production traditions through circular and regenerative approaches.
The first demonstrative site is proposed in the Cabras lagoon system, where aquaculture is historically based on extensive and semi-extensive practices. In this context, the IMTA configuration focuses on non-fed and low-trophic species, combining grey mullet (Mugilidae), clams (Ruditapes spp.), and halophyte cultivation, particularly Salicornia spp. This configuration enhances nutrient recycling within the lagoon by coupling fish production with benthic filtration and nutrient uptake by halophytes, while remaining fully compatible with the ecological sensitivity and conservation status of the area. The system is designed to operate over approximately 2–3 hectares, with moderate production volumes consistent with lagoon carrying capacity and ecosystem-based management principles. Beyond production, the Cabras site serves as a demonstrator of regenerative lagoon aquaculture, reinforcing ecosystem services such as water purification, sediment stabilization, and biodiversity support.
The second demonstrative site is located in the San Teodoro lagoon, a system exposed to significant eutrophication pressures linked to urban development and tourism in the wider Olbia area. Here, the IMTA model explicitly targets nutrient mitigation through the integration of fed and extractive species. The proposed configuration combines sea bass (Dicentrarchus labrax) and sea bream (Sparus aurata) with oysters and macroalgae, creating a trophic cascade that enhances nutrient assimilation and improves water quality. The system is designed at a scale of approximately 1–2 hectares, with production levels calibrated to environmental thresholds and supported by continuous monitoring. In this context, the demonstrative facility functions as a nature-based solution, showing how circular aquaculture can actively contribute to reducing eutrophication risks while maintaining economic viability.
Both demonstrative facilities implement standardized operational protocols, continuous environmental monitoring of water quality and biological indicators, and adaptive management mechanisms linked to precautionary thresholds. Transparency toward local authorities, stakeholders, and communities is ensured through open data sharing and regular site visits. The facilities are expected to become operational between months 6 and 9 and to function continuously for 18–24 months. The estimated investment cost ranges between €200,000 and €300,000 per site, reflecting infrastructure, monitoring, and operational support requirements.

Action 3: Community-Based Circularity Initiatives
Objective: Engage local communities in visible, high-impact circular practices generating immediate benefits.
Community-based initiatives aim to make circular aquaculture visible, tangible, and socially embedded, generating immediate local benefits and strengthening social acceptance. Activities include the establishment of organized waste collection points at processing facilities linked to regional recycling and composting systems, the promotion of reusable and regenerable fishing gear, and the organization of regular lagoon clean-up and habitat restoration events involving schools, associations, and local communities. Circular aquaculture facilities are also used as eco-educational pathways for citizens and visitors, enhancing awareness and environmental literacy. Collective sustainability certification schemes are promoted, enabling groups of operators to access certification processes jointly, reducing costs and reinforcing cooperation. The estimated budget for this action is €30,000–50,000.

Action 4: Environmental Monitoring and Safeguards
Objective: Ensure continuous assessment of ecological compatibility through structured monitoring and adaptive response protocols.
Environmental monitoring and safeguards are essential to ensure the ecological compatibility and credibility of circular aquaculture development. A structured monitoring framework is implemented, including monthly physical-chemical water parameters, quarterly biological assessments of planktonic and benthic communities, seasonal monitoring of fish and bird fauna, and annual sediment contaminant screening. Monitoring results feed into adaptive management protocols that define precautionary alarm thresholds and operational response measures, allowing timely adjustments to farming practices if environmental pressures increase. This action ensures alignment with Natura 2000 requirements and broader environmental protection objectives. The estimated cost over 24 months is €100,000–150,000.

Action 5: Commercial Support and Funding Mobilization
Objective: Facilitate local actor access to European and national financing instruments.
To overcome financial barriers and facilitate investment, a centralized commercial and financial support mechanism is established. A dedicated financial consulting desk assists local actors in accessing European, national, and regional funding instruments, including FEAMPA, IPARD III, Interreg, and Horizon Europe. The desk supports proposal development, coordinates regional funding opportunities, and promotes consortial approaches that allow small-scale operators to participate collectively in larger funding schemes. Complementary financial instruments, such as microfinance for circular aquaculture start-ups, guarantee funds for SMEs, and training vouchers, are promoted to reduce risk and enhance access to capital. The estimated cost ranges between €50,000 and €80,000.

Action 6: Inclusive Governance and Coordination Platform
Objective: Establish a permanent multi-actor coordination mechanism aligned with the LiRRIE model.
Inclusive governance is ensured through the establishment of a permanent coordination mechanism aligned with the LiRRIE model. A Technical Table convenes monthly, with balanced representation from regional and national authorities, aquaculture operators, research institutions, environmental bodies, and civil society organizations. In parallel, a broader LiRRIE Assembly meets semi-annually to facilitate open consultation, strategic dialogue, and shared learning. Thematic working groups address specific regulatory, environmental, business, and communication challenges, while an integrated communication system maintains transparency and stakeholder engagement. The estimated cost for governance and coordination activities is €60,000–90,000.

[bookmark: _Toc220668654]Responsible Actors
The implementation of the proposed actions relies on a coordinated and multi-level governance framework. Regional authorities, in particular the Regione Autonoma della Sardegna – Assessorato dell’Agricoltura e Riforma Agro-Pastorale (Servizio pesca e acquacoltura), play a central role in coordination, funding alignment, and regulatory facilitation. Environmental oversight and alignment with conservation objectives are ensured by the Assessorato della Difesa dell’Ambiente, in cooperation with national environmental authorities where required.
Research and technical support are provided by research institutions and universities, including the International Marine Centre (IMC), CNR, AGRIS, LAORE, Sardinian Local Action Groups (LAGs), Università degli Studi di Cagliari, and other national and international research partners, which contribute scientific expertise, monitoring, and capacity building. Aquaculture operators, cooperatives, and SMEs act as primary implementers, particularly for demonstrative facilities and pilot initiatives. Civil society organizations, educational institutions, and local communities support outreach, awareness-raising, and community-based actions. Financial institutions and funding bodies support investment mobilization and financial sustainability.

[bookmark: implementation_timeline][bookmark: _Toc220668655]Implementation Timeline
The implementation of the Action Plan is organised over a 24-month period and structured into three sequential and interlinked phases. This phased approach ensures a gradual transition from planning and mobilisation to operational implementation and, finally, to consolidation, evaluation, and transferability. Each phase builds on the results of the previous one, allowing adaptive management and continuous alignment with environmental, social, and regulatory conditions.

Phase 1: Foundation and Mobilization (Months 1-8)
The first phase is dedicated to establishing the institutional, technical, and social foundations necessary for effective implementation. The Action Plan is formally launched through a public event involving regional and local authorities, aquaculture operators, research institutions, sectoral associations, and civil society organisations, with the objective of ensuring shared understanding, transparency, and early stakeholder commitment. During this phase, formal agreements and Memoranda of Understanding are finalised among the key actors responsible for implementation, including site managers, research bodies, and participating enterprises. The LiRRIE governance structure becomes fully operational in this phase. The permanent Technical Table is officially constituted, its rules of procedure are defined, and thematic working groups are activated to address regulatory, environmental, economic, and communication aspects. Regular coordination meetings are established to ensure continuous dialogue between institutions and operators. In parallel, preparatory regulatory and administrative steps are initiated, including the verification of authorisation requirements for demonstrative facilities and alignment with environmental protection regimes applicable to lagoon systems. Capacity-building activities are launched with a first training cycle targeting approximately 30–40 operators. This initial cycle focuses on building a common knowledge base on circular aquaculture principles, IMTA configurations adapted to Sardinian contexts, and the regulatory and financial framework supporting transition. At the same time, the definitive selection of demonstrative sites is completed, detailed technical designs are prepared, and baseline environmental monitoring is initiated to establish reference conditions prior to system installation. By the end of Phase 1, the governance mechanisms are fully functional, the first group of trained operators has completed the initial training modules, and demonstrative sites are secured with formal agreements and baseline data in place.

Phase 2: Pilot Implementation (Months 9-20)
The second phase represents the operational core of the Action Plan and is focused on implementing pilot actions, scaling capacity-building efforts, and generating concrete technical and environmental evidence. Capacity-building activities are expanded through successive training cycles, progressively reaching between 80 and 100 operators. Training during this phase becomes increasingly practice-oriented, combining advanced technical modules with on-site demonstrations, peer-learning exchanges, and mentoring support tailored to operator needs. Construction and operational start-up of the demonstrative IMTA facilities take place during this phase. The Cabras and San Teodoro sites progressively enter into operation, with production systems activated in line with approved technical designs and environmental safeguards. Structured environmental monitoring is fully implemented, including regular measurement of physical–chemical parameters, biological indicators, and system performance metrics. Monitoring results are continuously analysed and used to adjust operational practices through adaptive management protocols. Community-based circularity initiatives are activated in parallel, increasing the visibility and social embeddedness of the Action Plan. Educational activities, stakeholder visits to demonstrative sites, and local communication initiatives contribute to strengthening social acceptance and awareness of circular aquaculture practices. The financial support and funding mobilisation desk become operational, providing direct assistance to operators and facilitating access to European, national, and regional funding instruments. Throughout Phase 2, the LiRRIE governance framework is consolidated, with the Technical Table meeting regularly and broader stakeholder assemblies convened on a semi-annual basis. By the end of this phase, demonstrative facilities are fully operational, a critical mass of trained operators is reached, and initial technical, environmental, and socio-economic results are available.

Phase 3: Evaluation and Dissemination (Months 21-24)
The final phase focuses on assessing results, consolidating governance and technical outcomes, and preparing for replication beyond the project timeframe. A comprehensive evaluation is conducted, analysing the effectiveness of implemented actions, the performance of demonstrative IMTA systems, the uptake of circular practices by operators, and the functioning of governance mechanisms. Particular attention is given to identifying enabling factors, barriers encountered, and lessons learned across different territorial and institutional contexts. Technical, scientific, and policy-oriented outputs are produced during this phase, including operational guidelines for circular aquaculture in lagoon systems, synthesis reports for policy-makers, and dissemination materials tailored to operators and civil society. Results are shared through targeted dissemination activities, including webinars, technical workshops, and an international conference aimed at positioning Sardinia as a reference case for circular aquaculture in the Mediterranean. At the same time, pathways for replication and scaling are defined, identifying priority zones, funding opportunities, and institutional arrangements for post-project continuity. By the end of Phase 3, the Action Plan delivers a consolidated, transferable model supported by evidence, stakeholder commitment, and policy-relevant recommendations.
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The financial sustainability of the Action Plan is based on a diversified and complementary funding strategy that combines European, national, regional, and private financial instruments. This integrated approach is essential to support both the initial investment costs associated with the transition to circular aquaculture systems and the longer-term operational and capacity-building needs of operators and institutions involved. At the European level, the primary funding framework is provided by the European Maritime, Fisheries and Aquaculture Fund (FEAMPA), which represents the most relevant instrument for supporting sustainable, innovative, and environmentally compatible aquaculture in Italy. FEAMPA measures can support investments in IMTA systems, RAS infrastructure, environmental monitoring equipment, digitalisation, and professional training, with co-financing rates typically ranging from 50% to 75% depending on the type of action and beneficiary. The Action Plan is explicitly aligned with FEAMPA priorities related to environmental sustainability, innovation, and climate resilience, facilitating its integration into regional programming and calls managed by the Regione Sardegna. In parallel, Interreg programmes, particularly Interreg Euro-MED 2021–2027 and other Mediterranean cooperation frameworks, provide opportunities to finance pilot actions, transnational knowledge exchange, governance innovation, and dissemination activities. These programmes are especially relevant for supporting demonstrative facilities, LiRRIE-based governance structures, and transferability actions, enabling Sardinia to position itself within a broader Mediterranean network of circular aquaculture initiatives. Complementary funding can also be sought through Horizon Europe, notably under Cluster 6 (Food, Bioeconomy, Natural Resources, Agriculture and Environment) and Cluster 2 (Culture, Creativity and Inclusive Society), which support research, innovation, and community engagement related to sustainable blue economy development.
At the national and regional levels, additional financial resources can be mobilised through dedicated budget lines for agriculture, fisheries, and blue economy development managed by the Ministry of Agriculture, Food Sovereignty and Forestry (Ministero dell’Agricoltura, della Sovranità Alimentare e delle Foreste – MASAF) and by the Regione Autonoma della Sardegna. Regional programmes can provide co-financing to complement European funds, support preparatory studies, and cover governance, coordination, and capacity-building activities that are not always eligible under investment-focused schemes. The alignment of the Action Plan with regional strategic instruments, such as the Strategic Blue Economy Plan, enhances its eligibility for such funding sources.
Private and mixed funding instruments play a complementary but increasingly important role in ensuring long-term financial viability. Small and medium-sized aquaculture enterprises often face difficulties in accessing traditional credit for innovative and circular investments due to perceived risk and limited collateral. To address this constraint, the Action Plan promotes the use of blended finance mechanisms, including guarantee funds, microfinance schemes, and preferential credit lines for green investments, potentially supported by regional or national public guarantees. Impact investment funds and ethical finance institutions oriented toward environmental sustainability and circular economy principles represent additional potential partners, particularly for scaling demonstrative systems into commercially viable operations. Further financial opportunities arise from the valorisation of circular outputs and ecosystem services generated by IMTA systems. Revenues from the commercialisation of extractive species, halophytes, and macroalgal biomass, as well as from by-products directed toward feed, fertilisers, or bioproducts, contribute to improving the economic performance of circular systems. In the medium term, sustainability certification schemes, eco-labelling, and territorial branding can enable price premiums and improved market positioning, reinforcing financial sustainability beyond public support. Corporate Social Responsibility (CSR) programmes and sponsorships from companies interested in supporting environmental restoration, biodiversity protection, and climate adaptation may also contribute to financing community-based initiatives and awareness-raising actions.
Overall, the financial architecture of the Action Plan is designed to reduce dependence on single funding sources, lower investment risk for operators, and progressively shift from grant-based support toward economically self-sustaining circular aquaculture models. The establishment of a dedicated financial support and advisory mechanism within the Action Plan further ensures that funding opportunities are effectively accessed and strategically combined to maximise impact.
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The Monitoring and Evaluation framework is conceived as a core component of the implementation of circular aquaculture models in Sardinia, ensuring transparency, accountability and continuous improvement throughout the project lifecycle. The system is fully aligned with circular economy principles, environmental regulations, and regional Blue Economy and aquaculture planning strategies, including the AZA framework and lagoon management policies. Monitoring activities aim not only to assess progress against predefined objectives, but also to support adaptive management by providing timely evidence to adjust operational practices, governance mechanisms and investment priorities in response to environmental, technical and socio-economic dynamics. To this end, a set of quantitative and qualitative indicators has been structured across four complementary dimensions: environmental performance, technical and operational efficiency, economic and circularity outcomes, and social and governance aspects.

[bookmark: _Toc220668658]Progress indicators
The proposed indicators reflect the specific characteristics of Sardinian aquaculture systems, including coastal lagoons, nearshore marine farms and integrated multi-trophic solutions, and are designed to be measurable, comparable over time and scalable across different sites.
Environmental performance indicators
Environmental monitoring focuses on nutrient efficiency, ecosystem quality and the contribution of circular aquaculture systems to ecosystem restoration and resilience. Particular attention is given to lagoon environments, where eutrophication risks and water quality degradation remain critical issues in several areas of the island.

	Indicator
	KPI
	Measurement method
	Frequency
	Responsible

	Nutrient efficiency
	Nutrient Use Efficiency (NUE, %)
	Water sampling and laboratory analysis
	Annual
	Operators, research partners

	Biomass efficiency
	Biomass yield per hectare (%)
	Mass balance calculations
	Biennial
	Technical team

	Water quality improvement
	Dissolved oxygen (mg/L), turbidity (NTU)
	In situ sensors with periodic manual validation
	Continuous + biennial review
	Operators

	Ecosystem services
	Restored area (ha), biodiversity index
	Field surveys and remote sensing
	Annual
	Research partners

	Sediment safety
	Contaminant levels vs regulatory thresholds
	Laboratory analysis
	Annual
	Accredited laboratories



These indicators allow the assessment of whether circular and IMTA-based solutions effectively reduce nutrient loads, improve water quality and contribute to the maintenance or restoration of lagoon and coastal ecosystems, in line with regional environmental objectives.

Technical and operational indicators
Technical and operational indicators assess the degree of adoption of circular practices, system efficiency and technological integration across aquaculture sites.

	Indicator
	KPI
	Measurement method
	Frequency
	Responsible

	Adoption of circular practices
	Number of operators implementing circular systems
	Authorisation and permit records
	Annual
	Governance body

	Demonstration cases
	Number of pilot sites implemented
	Project records
	Annual
	Project coordination

	Biomass efficiency
	Yield per hectare (kg/ha/year) for fed and extractive species
	Harvest records
	Annual
	Operators

	Feed efficiency
	Feed Conversion Ratio (FCR)
	Operator surveys and farm records
	Annual
	Operators

	Digital integration
	Farms equipped with sensors and automation
	Surveys
	Annual
	Operators



This set of indicators supports the evaluation of operational feasibility and scalability of circular aquaculture models in Sardinia, including their integration with digital monitoring tools and smart farming solutions.

Economic and circularity indicators
Economic indicators aim to capture the added value generated by circular aquaculture, focusing on cost efficiency, diversification of revenues and the ability to attract public and private investment.

	Indicator
	KPI
	Measurement method
	Frequency
	Responsible

	Circular production efficiency
	Cost per kg of biomass produced
	Financial records
	Annual
	Operators

	Income diversification
	Share of revenue from secondary biomass (%)
	Financial reports
	Annual
	Operators

	Investment mobilisation
	€ mobilised from public and private sources
	Financial tracking
	Annual
	Project manager



These indicators help demonstrate the economic viability of circular aquaculture in Sardinia and its potential contribution to local development, particularly in lagoon and rural coastal areas.

Social and governance indicators
Social and governance indicators assess stakeholder engagement, capacity building, public perception and regulatory alignment.

	Indicator
	KPI
	Measurement method
	Frequency
	Responsible

	Stakeholder participation
	Number of participants in events and consultations
	Attendance records
	Annual
	Project coordination

	Training outcomes
	Number of people trained / satisfaction index
	Training reports
	Annual
	Project coordination

	Public perception
	Number of surveys conducted
	Surveys
	Biennial
	Project team

	Regulatory alignment
	Number of farms compliant with AZA and CAZA frameworks
	Permit and compliance review
	Annual
	Governance body



These indicators ensure that circular aquaculture development remains socially accepted, institutionally coherent and aligned with regional planning instruments.

[bookmark: _Toc220668659]Monitoring review and adaptive adjustments
Monitoring results will be systematically translated into adaptive management actions through a structured review and decision-making process. Quarterly Technical Table reviews will be convened to assess progress against predefined targets, analyse deviations from expected performance, and identify both constraints and enabling factors affecting implementation. These reviews will also serve as a platform to propose strategic and operational adjustments and to facilitate the exchange of lessons learned among operators, technical experts and institutional stakeholders. The adaptive framework is designed to respond to different implementation scenarios through predefined but flexible adaptation protocols. When environmental monitoring data indicate signs of degradation, such as declining dissolved oxygen levels, increased turbidity or nutrient accumulation, operational protocols will be promptly revised. This may include adjustments to stocking densities, optimisation of extractive components within IMTA systems, or temporary biomass reductions where necessary. In all cases, stakeholders will be informed in a transparent and timely manner to ensure shared understanding of risks, responsibilities and corrective measures. If monitoring reveals limited participation in training and capacity-building activities, the implementation strategy will be recalibrated accordingly. Training schedules and locations may be adjusted to better match operators’ availability, while content will be refined based on participant feedback and local operational needs. Where appropriate, experienced farmers and early adopters of circular practices will be engaged as peer trainers, strengthening knowledge transfer through practical, context-specific learning and reinforcing trust within the farming community.
Financial monitoring will also feed into adaptive decision-making. In the event of delays in European funding disbursement, alternative funding sources at regional or national level will be activated where feasible, and implementation will prioritise low-cost, high-impact actions to maintain momentum and credibility. This flexibility is particularly important to ensure continuity of pilot activities and stakeholder engagement during critical phases of implementation. Governance-related challenges, including resistance from specific stakeholder groups or institutional bottlenecks, will be addressed through direct mediation and targeted dialogue. Decision-making protocols may be revised to enhance transparency, clarify roles and responsibilities, and improve inclusiveness within the governance structure, ensuring alignment with AZA and C-AZA planning principles.
A comprehensive final evaluation will be carried out in month 24 to assess the overall effectiveness of the implemented actions. This evaluation will quantify the level of adoption of circular aquaculture practices, assess environmental and socio-economic outcomes, and determine the readiness of pilot areas for operational scaling of C-AZA zones. The results will support the formulation of concrete recommendations for long-term policy integration and upscaling within the Sardinian aquaculture planning framework.

[bookmark: conclusion][bookmark: _Toc220668660]11. Conclusion
This Action Plan sets out a coherent and evidence-based strategy to support the transition towards circular, sustainable and inclusive aquaculture in Sardinia, grounded in scientific knowledge and reinforced through structured stakeholder co-creation. It recognises that Sardinian aquaculture is characterised by a strong cultural and productive heritage, a high level of stakeholder willingness to innovate, environmental conditions compatible with low-impact circular approaches, and the availability of technically validated solutions. At the same time, the Plan acknowledges the presence of institutional, scientific and administrative capacities that can sustain participatory governance and coordinated implementation.
The proposed approach is articulated through six interlinked actions operating across three complementary levels. At the technical level, demonstrative IMTA facilities function as learning and innovation platforms, supported by rigorous environmental monitoring to ensure ecological compatibility and continuous adaptive management. At the economic level, structured capacity-building programmes strengthen operational skills, facilitated access to European and national funding instruments lowers financial barriers, and sustainable product branding creates market incentives for circular practices. At the institutional level, a permanent LiRRIE governance framework enables coordinated multi-actor decision-making, while clarified regulatory pathways and transparent procedures reduce uncertainty and build trust among stakeholders.
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In the immediate term, priority actions include the formalisation of agreements among key actors, the official constitution of the Technical Table, the launch of the first training cohort, and the selection of demonstrative sites through formal agreements with farm operators and land or lagoon authorities. Within the following four to eight months, initial training cycles should be completed, construction and operational set-up of demonstrative facilities initiated, targeted communication and awareness-raising campaigns launched, and access to European and regional funding sources secured. Over the remainder of the 24-month implementation period, demonstrative facilities will generate operational, environmental and economic evidence, governance mechanisms will consolidate through regular Technical Table meetings and broader stakeholder assemblies, and early policy recommendations will be developed based on monitored outcomes. These steps will lay the foundation for scaling up circular aquaculture practices and for the progressive operationalisation of C-AZA zones in Sardinia.
Long-Term Vision
Through the coordinated implementation of this Action Plan, Sardinia has the opportunity to position itself as a Mediterranean centre of excellence for circular aquaculture, capable of combining responsible innovation, environmental protection and socio-economic development. The long-term vision is the creation of a permanent community of practice that supports knowledge exchange, technology transfer and continuous improvement across the sector. Ultimately, the Plan envisages a Sardinian aquaculture system in which circularity represents a core pillar of the sustainable blue economy, where inclusive governance and adaptive management reinforce ecological resilience, and where economic benefits are generated in a durable and equitable manner for local operators, coastal communities and future generations.

[image: ]

AZA4ICE Action plan IMC – International Marine Centre
2








[image: ]


[image: \\192.168.1.251\eirini\Projects DV\AZA4ICE\Graphic\logo banner.jpg]







image2.png
@ AZA4ICE 1] ||,e[[e” - Co-funded by
Euro-MED the European Union




image20.png
@ AZA4ICE 1] ||,e[[e” - Co-funded by
Euro-MED the European Union




image3.jpg
UNIVERSITY OF

PATRAS

NANENISTHMIO IATPON

‘ CHAMBER OF
7 > IPMA
’ MONTENEGRO Instituto Portugués

do Mar e da Atmosfera

|}
PUBLIC INSTTUTION
DEVELOPMENT AGENCY
0OF SIBENIK KNIN GOUNTY
B dynamiculslon

MEDITERRaGNEE AORAINNOVETION ASROIR. EEmire

VPP -Bapha

International
Marine Centre





image1.jpg




