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Abbrevations

Abbreviation Full term

ACEPSD Albanian Center for Environmental Protection and Sustainable Development
ADCP Acoustic Doppler Current Profiler

ASC Aquaculture Stewardship Council

BBH Blue Biotechnology Hub

CAPEX Capital Expenditure

DO Dissolved Oxygen

EAA Ecosystem Approach to Aquaculture

EIA Environmental Impact Assessment

EMFAF European Maritime, Fisheries and Aquaculture Fund
EU European Union

FAO Food and Agriculture Organization of the United Nations
FCR Feed Conversion Ratio

FRI Fisheries Research Institute

GES Good Environmental Status

GESAMP Joint Group of Experts on the Scientific Aspects of Marine Environmental Protection
GFCM General Fisheries Commission for the Mediterranean
GIS Geographic Information System

HAB Harmful Algal Bloom

ICZM Integrated Coastal Zone Management

IMTA Integrated Multi-Trophic Aquaculture

IRR Internal Rate of Return

ISO International Organization for Standardization

KPI Key Performance Indicator

MARD Ministry of Agriculture and Rural Development (Albania)
MoTE Ministry of Tourism and Environment
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Executive summary

Aquaculture is the fastest-growing food production sector globally and plays an increasingly important
role in food security, coastal employment, and blue economic development. In the Mediterranean
region, however, the predominance of fed finfish monoculture systems has generated growing
environmental pressures, including nutrient enrichment, benthic degradation, spatial conflicts, and
heightened vulnerability to climate variability. These challenges are particularly relevant for Albania,
where marine aquaculture is expanding within semi-enclosed bays that also support tourism, fisheries,
and high-value ecosystems.

Integrated Multi-Trophic Aquaculture (IMTA) offers a science-based and ecosystem-aligned
alternative to conventional monoculture by co-cultivating species from different trophic levels so that
the wastes generated by fed species are assimilated by extractive organisms. Through this biomimetic
approach, IMTA enhances nutrient recycling, reduces environmental footprints, diversifies production,
and increases economic resilience while delivering ecosystem services such as improved water quality
and benthic recovery.

This Study assesses the scalability, operationality, and efficiency of IMTA systems in Albania, using the
IMTA pilot established in Vlora Bay as a primary empirical case. The pilot integrates gilthead seabream
(Sparus aurata) and European seabass (Dicentrarchus labrax) with Mediterranean mussel (Mytilus
galloprovincialis), rayed pearl oyster (Pinctada radiata), and sea cucumber (Holothuria tubulosa). The
analysis combines field monitoring, operational assessment, economic modelling, GIS-based site
suitability analysis, and a review of governance and policy frameworks at national and regional levels.

Environmental monitoring conducted over a six-month period in 2025 indicates that the Vlora
Bay IMTA system operates within sustainable environmental limits. Water-column parameters
(temperature, dissolved oxygen, nutrients, chlorophyll-a) and benthic indicators show no measurable
deterioration relative to control sites, confirming that extractive species effectively assimilate both
dissolved and particulate organic wastes. Hydrodynamic conditions in the bay facilitate dispersion and
nutrient capture without inducing stress on cultured organisms. These findings demonstrate that well-
designed IMTA systems can mitigate environmental pressures commonly associated with finfish
aquaculture in Mediterranean settings.

Operational analysis highlights that IMTA systems require more complex management than
monoculture, particularly in terms of biosecurity, maintenance, and harvest logistics. However, the study
finds that these challenges are offset by gains in overall system efficiency, including improved feed
utilization, diversified production cycles, and reduced environmental compliance risks. Survival and
growth rates of extractive species were consistent with Mediterranean benchmarks, while finfish
performance remained comparable to conventional cage systems.

Economic assessment shows that IMTA systems in Albania are financially viable under conservative
assumptions. Although initial capital expenditures are higher due to additional infrastructure, diversified
revenue streams from bivalves and sea cucumbers significantly improve gross margins and reduce
dependency on finfish market prices. Scenario analysis indicates that value addition, certification, and

Study on the Scalability, Operationality and Efficiency of IMTA Systems in Albania
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branding linked to environmental performance can further enhance profitability and investment
attractiveness.

A national-scale GIS-based suitability analysis identifies Vlora Bay, Butrint Lagoon, and Shéngjin Bay
as high-potential zones for IMTA expansion, based on bathymetry, hydrodynamics, water quality,
infrastructure access, and socio-economic conditions. Medium suitability areas include Durrés and
Sarandé, where spatial competition and tourism pressures require careful planning. Carrying-capacity
modelling suggests that up to 100 hectares of IMTA could be developed nationally without
exceeding ecological thresholds, provided that operations are spatially distributed and supported by
adaptive monitoring.

From a governance perspective, Albania demonstrates moderate to high readiness for IMTA scaling.
While environmental monitoring capacity and research expertise are strong, regulatory fragmentation
and the lack of formal legal recognition for multi-species aquaculture remain key barriers. Ongoing
regulatory reforms and alignment with the Ecosystem Approach to Aquaculture, the GFCM Blue
Transformation agenda, and the National Blue Economy and Fisheries Strategy (2023-2030) provide
a timely opportunity to integrate IMTA into national aquaculture policy.

In conclusion, this Study demonstrates that IMTA represents a technically feasible, environmentally
sound, and economically viable pathway for sustainable aquaculture development in Albania. Strategic
scaling of IMTA can support national blue economy objectives, enhance environmental performance,
diversify coastal livelihoods, and position Albania as an early regional adopter of ecosystem-based
aquaculture in the Adriatic—lonian region. The report concludes with a strategic roadmap outlining short-
, medium-, and long-term actions required to enable safe, equitable, and scalable IMTA deployment.

Study on the Scalability, Operationality and Efficiency of IMTA Systems in Albania
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Chapter 1

INTRODUCTION

Background and rationale

Aquaculture is the fastest-growing food-production sector worldwide and plays an increasingly
important role in food securityy, employment and coastal economies (FAO, 2022). However,
intensification of fed monoculture systems (notably cage-reared finfish) has created well-documented
environmental pressures including nutrient enrichment, increased particulate organic matter deposition
on benthos, localised shifts in benthic communities, and conflicts over coastal space (Chopin et al.,
2012; Buck et al., 2018). These impacts, together with market risks and climate change vulnerability,
create a strong imperative to develop production systems that are both ecologically regenerative and
economically resilient.

Integrated Multi-Trophic Aquaculture (IMTA) is a biomimetic production paradigm that intentionally co-
locates species from different trophic levels so that the by-products (dissolved and particulate wastes)
of fed organisms are captured and converted by extractive organisms (bivalves, macro-algae, deposit-
feeders) into additional biomass and ecosystem services (nutrient removal, improved water clarity,
benthic recovery) (Chopin et al., 2012; FAO, 2013). IMTA therefore provides a promising pathway to:
(a) reduce the environmental footprint per unit of produced protein; (b) diversify product portfolios and
revenues; (c) increase resource efficiency and circularity; and (d) offer nature-based mitigation for
eutrophication and coastal degradation.

This Study assesses the scalability, operationality, and efficiency of IMTA systems in Albania — a
Mediterranean country with growing aquaculture ambitions and unique coastal contexts (semi-enclosed
bays, high tourism values, and legacy pollution in some areas). The Vlora Bay IMTA pilot (hypothetically
5 ha, though there are 2 IMTA units inside the Alb-Adriatico 2013 shpk fish farm), which integrates
gilthead seabream and European seabass with Mediterranean mussel, pearl oyster and sea cucumber,
is used as the primary empirical case to evaluate technical performance, environmental outcomes,
socio-economic effects and policy readiness.

National and regional context relevant to Albania

Albania’s coastline (Adriatic—lonian region) contains varied coastal morphologies: open coastlines,
semi-enclosed bays, lagoons and estuarine systems, each offering distinct opportunities and
constraints for aquaculture (RAC/SPA, 2023). The national aguaculture sector has historically focused
on cage culture of marine finfish (sea bass, sea bream) and localized shellfish production; however,
infrastructure constraints (limited hatchery capacity, scarce value-adding facilities), regulatory

Study on the Scalability, Operationality and Efficiency of IMTA Systems in Albania
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fragmentation, and environmental sensitivities have constrained rapid scaling (Albanian Government,
2023).

At the regional level, the Mediterranean presents both opportunity and caution for IMTA. Its oligotrophic
waters, high biodiversity and proximity to premium seafood markets make IMTA attractive, yet the semi-
enclosed nature of many Mediterranean basins and strong seasonality (stratification in summer, storms
in winter) demand rigorous site selection and adaptive design (GFCM, 2020; Buck et al., 2018).
Albania’s national Blue Economy and Fisheries Strategy (2023—-2030) signals policy interest in
diversifying aquaculture towards more sustainable models, providing a favourable policy entry point for
IMTA pilots and scaled deployment (Albanian Government, 2023).

Purpose, scope and intended users of the study

Purpose. The Study aims to provide evidence-based guidance and an actionable roadmap for
deploying IMTA at scale in Albania by:

« evaluating the technical performance and environmental outcomes of the Vlora Bay IMTA
pilot;

« assessing scalability potential across Albanian coastal zones using biophysical,
infrastructure and socio-economic criteria;

e measuring operational efficiency and economic viability compared with conventional
monoculture models; and

« recommending institutional, policy and investment measures necessary to enable safe,
equitable, and economically-viable IMTA development.

Scope. The study covers: technical design and engineering; monitoring-based environmental
performance; operation and biosecurity practices; economic assessment (CAPEX/OPEX, revenue
scenarios); GIS-based site suitability/scalability; governance and regulatory analysis; and a strategic
roadmap (short-, medium- and long-term actions). The Vlora Bay pilot (2025) provides primary field
data; supplementary global and Mediterranean literature inform benchmarking and best practice
(Chopin et al., 2012; FAO, 2013; GFCM, 2020).

Intended users. The report is written for a wide set of stakeholders including: national ministries
(agriculture, fisheries, environment, maritime affairs), regulators, commercial aquaculture operators,
investors, research institutions, development partners (FAO, UNEP/MAP, GFCM), and local
stakeholders (coastal communities, NGOs). Technical annexes and operational templates are included
to assist farm-level implementation and regulatory review.

Study objectives and research questions

This Study pursues the following objectives and associated research questions:

Study on the Scalability, Operationality and Efficiency of IMTA Systems in Albania
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Objective 1 — Technical and environmental assessment

RQ1.1: What has been the environmental effect (water column, benthos) of the Vlora Bay
IMTA pilot during 6 months monitoring (2025) monitoring?

RQ1.2: How effective are the chosen extractive species (mussel, pearl oyster, sea cucumber)
in assimilating dissolved and particulate wastes generated by the finfish cages?

Objective 2 — Operationality and efficiency

RQ2.1: What operational procedures, biosecurity measures and maintenance regimes ensure
stable production and low disease risk in IMTA multi-species farms?

RQ2.2: How do key efficiency metrics (survival, yield per ha, labour productivity) for IMTA
compare with monoculture benchmarks?

Objective 3 — Economic viability

.

RQ3.1: What are realistic CAPEX/OPEX profiles for a 5-10 ha IMTA unit in Albania and what
financial metrics (IRR, NPV, payback) can be expected under conservative and optimistic
scenarios?

RQ3.2: Which pathways (value-add, certification, biorefining) increase revenue resilience?

Objective 4 — Scalability and governance

RQ4.1: Which coastal zones in Albania are biophysically and socioeconomically suitable for
IMTA expansion?

RQ4.2: What regulatory, institutional and financial reforms are required to remove barriers and
facilitate scaled IMTA deployment?

These research questions are addressed through an integrated approach combining field monitoring,
engineering design review, economic modelling, GIS-based site suitability analysis, stakeholder
consultation, and literature synthesis.

Methodological overview

The Study follows a mixed-methods design summarised below; detailed methods for each section are
given in the respective chapters and annexes.

1.

Field monitoring and empirical data (Vlora Bay IMTA pilot): monthly water-column sampling
(temperature, salinity, DO, nutrients, chlorophyll-a) and biological sampling (growth, survival,
condition indices) from 2025 (six months). Continuous sensors for temperature (and possibly
DO, which are generally installed by the farming company) complemented discrete sampling.
Sampling and laboratory analyses followed FAO and ISO protocols (FAO, 2017).

Study on the Scalability, Operationality and Efficiency of IMTA Systems in Albania
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2. Economic analysis: CAPEX and OPEX accounting for a representative 5 ha pilot; scenario-
based financial modelling (base, conservative, and optimistic); sensitivity analysis on feed price,
mortality, and market price. Where relevant, local price data and operator invoices were used.

3. GIS-based scalability assessment: multi-criteria suitability analysis using layers for
bathymetry, currents, seabed type, protected areas, existing uses, port proximity, and pollution
inventories. Weighting factors reflect ecological safety, logistical feasibility and regulatory
constraints.

4. Comparative literature synthesis: benchmarking of pilot results against Mediterranean and
global IMTA cases (Chopin et al., 2012; Buck et al., 2018; FAO, 2013; GFCM, 2020).

CONCEPTUAL METHODOLOGY
FLOWCHART

FIELD
7N MONITORING

jv«é‘ ECONOMIC
u[]r_lﬂ MODELLING

fel ENGINEERING
o P

W INTEGRATED
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Figure 1. Conceptual methodology flowchart: generated by Al.

Structure of the report
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The report is structured to guide readers from foundational concepts to practical recommendations:

Chapter 2: Conceptual framework and literature review — IMTA principles, regional
experiences, and environmental/socio-economic indicators.

Chapter 3: IMTA development context in Albania — sector overview, legal and institutional
environment, infrastructure and market analysis.

Chapter 4: Technical description of the Vlora Bay IMTA pilot — engineering layout, monitoring
results, biological and operational performance.

Chapter 5: Assessment of scalability — GIS-based suitability, carrying capacity, and financial
scaling scenarios.

Chapter 6: Operational efficiency analysis — key efficiency metrics, circularity, and technology
options.

Chapter 7: Environmental performance and ecosystem services — nutrient budgets,
biodiversity effects and valuation.

Chapter 8: Socio-economic and market implications — employment, supply chains,
certification and branding.

Chapter 9: Governance and policy readiness — regulatory gaps, institutional coordination and
incentive mechanisms.

Chapter 10: Strategic roadmap and recommendations — short-, medium-, and long-term
actions and KPlIs.

Conclusions.

Limitations and assumptions

This Study incorporates the best available data from the Vlora Bay pilot and international literature, but
some limitations should be noted:

Temporal scope: Pilot monitoring cover 2025 (six months window). While sufficient for initial
performance metrics, longer-term monitoring (3-5 years) would better capture interannual
variability and rare events (extreme storms, unusual HABs).

Spatial extrapolation: Scalability modelling uses available bathymetric and hydrodynamic
datasets; site-scale heterogeneity (microhabitats, bathymetric features) requires follow-up spot
surveys before permitting.

Economic assumptions: Financial models use price, feed cost and labour estimates current
in 2025 and include scenario ranges. Market volatility and policy changes (subsidies, taxes) will
affect projections.

Study on the Scalability, Operationality and Efficiency of IMTA Systems in Albania
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Contaminant legacy sites: Certain coastal zones have legacy industrial contaminants (e.g.,
mercury hotspots); the study flags these and recommends site-specific contaminant screening
before any human-food production is permitted.

Next steps in the report series

Chapter 2 will provide a rigorous literature and policy synthesis that frames global and Mediterranean
IMTA experiences and establishes the indicator sets used for this Study. Subsequent sections will
present the Vlora Bay empirical results, modelling and governance analysis that directly inform the
strategic recommendations (Chapter 10).
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Chapter 2
CONCEPTUAL FRAMEWORK

AND LITERATURE REVIEW

Concept and Rationale of Integrated Multi-Trophic Aquaculture (IMTA)

Integrated Multi-Trophic Aquaculture (IMTA) is a holistic aquaculture model based on ecological
engineering principles, where species occupying different trophic levels are farmed in proximity so that
the wastes of one become inputs for another (Chopin et al., 2012; Troell et al., 2009). In essence, IMTA
replicates the nutrient and energy cycling of natural ecosystems within managed aquaculture systems,
improving resource use efficiency and reducing environmental impact.

The core IMTA trophic structure typically consists of:

+ Fed species (e.g., finfish such as Sparus aurata or Dicentrarchus labrax) that require external
feed inputs.

» Particulate organic extractive species (e.g., bivalves such as Mytilus galloprovincialis or
Pinctada radiata) that filter suspended organic matter and plankton.

« Dissolved nutrient extractive species (e.g., macroalgae such as Ulva spp. or Gracilaria
spp.) that absorb dissolved nitrogen and phosphorus.

« Deposit feeders (e.g., sea cucumbers such as Holothuria tubulosa) that recycle sedimented
organic material.

These components form a trophic loop that transforms waste nutrients into marketable biomass while
stabilising the surrounding ecosystem (Neori et al., 2004; Buck et al., 2018). IMTA thereby supports
environmental, economic and social sustainability by integrating ecological function with production
efficiency.

Study on the Scalability, Operationality and Efficiency of IMTA Systems in Albania
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Figure 2. Schematic representation of IMTA trophic structure and nutrient flows

Ecosystem Approach and Circular Economy Alignment

IMTA aligns strongly with the Ecosystem Approach to Aquaculture (EAA) promoted by FAO (FAO,
2010), which calls for aquaculture to be planned and managed within the broader context of ecosystem
health, human well-being, and effective governance. The EAA emphasizes three interdependent
principles:

1. Sustainability of ecosystem structure and function;

2. Improved human well-being and equity; and

Study on the Scalability, Operationality and Efficiency of IMTA Systems in Albania
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3. Enabling governance systems.

IMTA directly contributes to these by improving nutrient recycling, creating jobs and diversified income
streams, and requiring cross-sectoral coordination (FAO, 2013; Soto et al., 2012).

From a circular economy perspective, IMTA exemplifies “waste valorisation,” converting outputs
traditionally considered pollutants into new resources (e.g., bivalve meat, shell calcium carbonate,
bioactive compounds). This approach supports the European Green Deal and the EU’s Circular
Economy Action Plan (European Commission, 2020).

Table 1 - Comparison of conventional monoculture and IMTA under ecosystem and circular economy indicators.

Indicator Conventional Finfish Culture IMTA System
Feed conversion ratio (FCR) 1.6-1.8 1.3-1.5
Nutrient recovery (%) <20 40-60

Waste load (N, P) High Reduced
Product diversity Low High
Ecosystem service value Minimal Significant
Social licence (public acceptance) Moderate High

(Source: Adapted from Chopin et al., 2012; Buck et al., 2018; FAO, 2021)

Global Developments and Lessons Learned

Asia - Traditional Roots and Modern Expansion

Asia, particularly China, is the cradle of IMTA concepts, where polyculture of finfish, shellfish, and
seaweeds has been practised for over a millennium (Fang et al., 2016). Modern large-scale IMTA zones,
such as those in Sanggou Bay (China), integrate scallops, kelp, and finfish over >200,000 ha. These
systems have achieved high nutrient utilisation efficiency (up to 70%) and substantial economic returns
through co-marketing of multi-trophic products (Zhang et al., 2009).

Key lessons:
« Strong state planning and community-scale coordination underpin scalability.
- Ecosystem-based zoning helps manage nutrient loads and spatial conflicts.

« Technological innovation (mooring design, integrated feed logistics) enables operation in
dynamic coastal environments.

Northern Europe — Science-Driven IMTA Development

In Norway, Scotland and Ireland, IMTA research has focused on environmental bio-mitigation and
spatial integration of salmon, mussels and kelp (Buck et al., 2018; Sanderson et al., 2012). These
countries demonstrate IMTA's potential to meet environmental permit conditions by reducing nutrient

Study on the Scalability, Operationality and Efficiency of IMTA Systems in Albania
16



Co-funded by
@ 28-BLUE | U] lr;ffd'E'l'f‘-'! the Hudonesn Uriloh

emissions. However, the cold-water species and economic reliance on salmon differ from
Mediterranean conditions.

Lessons learned:
» Regulatory incentives (nutrient trading, integrated licences) are powerful enablers.

e Long-term monitoring (=10 years) has proven that IMTA can sustain benthic health under high
stocking densities.

» Integration with certification schemes (ASC, organic labels) enhances market uptake.

North America - Commercial Pilots and Policy Recognition

Canadian IMTA (e.g., Bay of Fundy) pioneered commercial-scale co-culture of salmon, mussels and
kelp (Chopin et al., 2012; Troell et al., 2009). The main outcomes included improved nutrient uptake
and diversification benefits, but scaling faced logistical and regulatory complexity.

Lessons learned:
« Operational complexity requires adaptive management and training.
« Public—private partnerships and R&D funding are essential.

« Market differentiation (eco-labels, story branding) supports profitability.

Latin America and Africa - Emerging Trials

Chile has experimented with salmon—seaweed—bivalve systems, while South Africa and Namibia are
piloting abalone—seaweed systems. Lessons point to the importance of climate-adapted species and
local market demand (FAO, 2021).

Mediterranean and European Context

Regional initiatives

Asia, particularly China, is the cradle of IMTA concepts, where polyculture of finfish, shellfish, and
seaweeds has been practised for over a millennium (Fang et al., 2016). Modern large-scale IMTA zones,
such as those in Sanggou Bay (China), integrate scallops, kelp, and finfish over >200,000 ha. These
systems have achieved high nutrient utilisation efficiency (up to 70%) and substantial economic returns
through co-marketing of multi-trophic products (Zhang et al., 2009).

Mediterranean countries (Greece, Spain, Italy, Croatia, and Albania) are part of the GFCM Blue
Transformation initiative aiming to integrate sustainability and innovation into aquaculture (GFCM,
2020). IMTA fits within this agenda as a tool for nutrient control, spatial efficiency and product
diversification.

The innovative in-shore IMTA rearing model, performed within the EU REMEDIA Life project (LIFE16

Study on the Scalability, Operationality and Efficiency of IMTA Systems in Albania
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ENV/IT/000343) (Giangrande et al., 2020) in the Gulf of Taranto (lonian Sea), where filter feeder
bioremediating organisms, such as polychaetes, sponges and mussels, coupled with macroalgae and
the natural fouling assemblages, have been reared within a fish farm for the first time in Europe
(Giangrande et al., 2020). The bioremediation effects of IMTA system on benthic assemblages, the
planktonic bacterial communities and the capture of microplastic have been already evaluated
(Borghese et al., 2023; Fraissinet et al.,, 2024; Stabili et al., 2023), highlighting an environmental
improvement related to the IMTA system.
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Figure 3 — Representative IMTA layouts used in Mediterranean trials: adapted from Borghese et al., 2025
Results confirm nutrient recovery of 20-35% and negligible benthic degradation when managed

properly (Pitta et al., 2016).

Study on the Scalability, Operationality and Efficiency of IMTA Systems in Albania
18



Co-funded by
@ 28-BLUE | U] lr;ffd'E'l'f‘-'! the Hudonesn Uriloh

Ecological and physical constraints
Mediterranean IMTA must consider:
« Oligotrophic conditions: low natural nutrient levels necessitate controlled nutrient recycling;

« Hydrodynamic variability: seasonal stratification and episodic mixing influence nutrient
transport;

« Temperature and salinity: 13—27 °C and 36-39 PSU, suitable for temperate—warm species;

« Space competition: tourism, fishing, and maritime traffic require integrated marine spatial
planning (MSP).

Albania shares these features, with its southern bays (e.g., Vlora, Saranda etc) providing optimal depth
(15-30 m), current velocities (5-20 cm s™'), and moderate exposure — consistent with FAO (2017)
guidelines for IMTA site suitability.

Theoretical and Operational Framework Adopted in This Study

This Study adopts a conceptual framework linking scalability, operationality, and efficiency under
the broader EAA and circular economy lens (Figure 2.3).

Scalability refers to the ability to replicate IMTA systems geographically and economically while

maintaining environmental integrity.
Operationality encompasses farm design, species interaction, management, logistics, and human
capacity.

Efficiency integrates environmental, technical, and economic performance into a combined index.
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CONCEPTUAL FRAMEWARK:
IMTA Scalabiility, Oprationallity & Efficiency
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3. EFFICIENCY
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Figure 4 — Conceptual framework linking IMTA scalability, operationality, and efficiency indicators

Environmental, Technical, and Socio-Economic Indicators

To evaluate IMTA systems, this Study employs a set of measurable indicators derived from FAO (2017),
GFCM (2020), and global IMTA literature (Table 2).

Table 2 — Indicator framework used in the Albania IMTA study

Dimension Indicator Unit / Metric Data Source
Environmental Total nitrogen removal kg N ha™ yr™* Water chemistry
Technical Growth rate % per day Biological monitoring
Survival rate % Farm records
Economic Gross margin % Financial model
IRR / Payback period years Scenario modelling
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Policy and Governance Considerations in IMTA Literature

Globally, governance frameworks for IMTA are evolving but remain uneven. The most enabling
conditions include:

e Clear legal recognition of multi-species aquaculture licences (e.g., Canada, Norway).
+ Integrated environmental monitoring protocols harmonised with water-quality standards.

« [Economic incentives, such as tax relief or nutrient trading, that reward environmental
services.

« Cross-sectoral coordination between aquaculture, environment, and spatial planning
authorities (Soto et al., 2012).

The GFCM (2020) Regional Aquaculture Strategy encourages Member States to pilot IMTA and
establish enabling legislation by 2030. Albania’s progress in this direction (see Section 3) positions it
as a regional early adopter in the Adriatic-lonian basin.

Knowledge Gaps ldentified in the Literature
Despite growing evidence of IMTA’'s benefits, several gaps remain:

1. Standardisation of monitoring protocols — lack of harmonised indicators for nutrient
recovery and ecosystem service valuation.

2. Economic and financial modelling — limited empirical data on full life-cycle costs and
revenue structures.

3. Governance and social aspects — need for better understanding of stakeholder perceptions
and market readiness.

4. Mediterranean-specific engineering design — necessity to adapt IMTA systems to
hydrodynamic and temperature conditions of semi-enclosed basins.

This Study contributes to filling these gaps by providing site-specific monitoring data, cost—benefit
analysis, and policy recommendations tailored to Albania.

Summary and Implications for Albania

IMTA offers Albania a pathway to meet Blue Economy and environmental sustainability goals while
expanding aquaculture production. Lessons from global and Mediterranean experiences highlight that
successful scaling requires:

= scientifically validated site selection;

Study on the Scalability, Operationality and Efficiency of IMTA Systems in Albania
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robust engineering adapted to local hydrodynamics;
clear regulatory frameworks; and

stakeholder participation and capacity-building.

The next section situates these lessons in Albania’s current aquaculture landscape and governance
system to identify opportunities for national IMTA scaling.
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Chapter 3
IMTA DEVELOPMENT

CONTEXT IN ALBANIA

Overview of Albania’'s Aquaculture Sector

Aquaculture in Albania remains in a formative yet rapidly evolving stage, contributing significantly to the
diversification of coastal livelihoods and seafood supply. Marine aquaculture is concentrated along the
Adriatic and lonian coasts, with primary activity in Vlora Bay, Butrint Lagoon, and Shéngjin Bay.
According to the most recent FAO statistics, Albania produced approximately 4,200 tonnes of marine
finfish in 2023, mainly European seabass (Dicentrarchus labrax) and gilthead seabream (Sparus
aurata), alongside around 1,200 tonnes of Mediterranean mussels (Mytilus galloprovincialis) (FAO,
2024).

Production has increased fivefold since the early 2000s, but remains small relative to neighbouring
countries such as Greece or Turkey. The majority of farms operate in nearshore, semi-intensive cage
systems, using imported feed and juvenile stock. Employment in the aquaculture sector, including
processing and logistics, is estimated at around 500 direct and 1,200 indirect jobs (MARD, 2023).

However, production concentration in a few species, limited hatchery capacity, and weak value
addition (minimal processing, packaging, branding) continue to constrain profitability and resilience.

Environmental carrying capacity concerns — especially in enclosed bays — also limit further expansion
under conventional monoculture.

IMTA offers a potential solution by diversifying production, enhancing resource efficiency, and improving
environmental performance, thereby enabling sustainable expansion consistent with Albania’s Blue
Economy Strategy 2023-2030 (Albanian Government, 2023).

Institutional and Regulatory Framework

Legislative basis

Albania’s aquaculture and fisheries activities are primarily governed by:

e« Law No. 64/2012 on Fisheries and Aquaculture (as amended on 2019), which regulates
licensing, management, and control measures;

» Law No. 10431/2011 on Environmental Protection, defining EIA and monitoring
requirements; and
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+« Law No. 81/2017 on Marine Environment Protection, which integrates EU environmental
directives, including the Marine Strategy Framework Directive (MSFD) and Water Framework
Directive (WFD).

While these laws provide general provisions for aquaculture, IMTA is not yet formally defined or
recognised within the Albanian legal framework. Licensing procedures currently treat each cultured
species as a separate activity, complicating integrated systems.

Box 1 — Current licensing steps and institutional overlaps in aquaculture permits

Step Institution Main responsibility

il Ministry of Agriculture and Rural Development (MARD)  Sectoral policy and licensing

2 National Environment Agency (NEA) EIA approval and monitoring

3 Ministry of Tourism and Environment (actually the Coastal zoning, environmental
Ministry of Environment) compliance

4 Port Authority / Local Government Use of maritime space

A new Integrated Aquaculture Regulation, under preparation (since 2024), aims to harmonize
licensing and include multi-trophic systems. The proposed amendments will allow multi-species
permits, streamlined EIA procedures, and performance-based environmental thresholds — aligning
with FAO’s Ecosystem Approach to Aquaculture (FAO, 2010).

Policy Context and Strategic Alignment

Albania’s national policies increasingly emphasize sustainable aquaculture as a Blue Economy
growth driver. The key strategic documents include:

« National Blue Economy and Fisheries Strategy 2023—-2030, which identifies IMTA as a pilot
innovation for green transition;

» National Strategy for Integrated Coastal Zone Management (ICZM, 2020), promoting
spatial coordination between aquaculture, tourism, and conservation;

+ National Strategy on Climate Change and Adaptation (2019), recognizing aquaculture’s
role in food security and carbon sequestration; and

« EU Integration Agenda, aligning Albania with European Maritime, Fisheries and Aquaculture
Fund (EMFAF) and GFCM Blue Transformation priorities.

IMTA supports these frameworks by contributing to nutrient load reduction, ecosystem-based
management, and diversification of livelihoods in coastal communities.
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Figure 5 — Policy alignment diagram showing IMTA within Blue Economy, ICZM, and EMFAF frameworks

Environmental Baseline of Coastal Zones

Biophysical setting

Albania’s coastline extends over 476 km, with marked north—south contrasts:

Northern Adriatic: shallow (<15 m), high turbidity, nutrient-enriched, influenced by Drin River
discharges.

Southern lonian: deeper (20—40 m), higher salinity, greater transparency, and stronger
currents.

Mean sea surface temperature ranges from 13 °C (winter) to 26 °C (summer); salinity averages 37—
39 PSU. These conditions favour euryhaline, temperate—warm species typical of Mediterranean IMTA
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systems (Pitta et al., 2016).

Water quality and ecological status

National monitoring (NEA, 2023) classifies most coastal waters as having Good Environmental Status
(GES) under MSFD descriptors. Nutrient levels are low to moderate (DIN 1-6 uM), with occasional
enrichment near urban discharges (Durres, Vlora). Dissolved oxygen generally exceeds 6 mg L™ *, while
benthic redox potential (Eh) remains positive, indicating oxic sediments.

Sensitive habitats and marine protected areas

National monitoring (NEA, 2023) classifies most coastal waters as having Good Environmental Status
(GES) under MSFD descriptors. Nutrient levels are low to moderate (DIN 1-6 uM), with occasional
enrichment near urban discharges (Durres, Vlora). Dissolved oxygen generally exceeds 6 mg L™ *, while
benthic redox potential (Eh) remains positive, indicating oxic sediments.

Table 3 — Environmental baseline parameters for Albanian coastal IMTA candidate zones

Parameter Viora Bay Butrinti Lagoon Shéngjin Bay
Depth (m) 18-28 3-8 10-20
Current speed (cm s ™) 8-18 <5 10-15

Salinity (PSU) 38-39 30-35 36-38

DO (mgL™) 6.5-7.1 6.0-6.8 6.2-7.0
Nutrients (uM NO; ) 14 4-8 2-5

Infrastructure and Logistics

Albania’s aquaculture infrastructure is functional but fragmented:

» Feed supply: All marine feed is imported, mainly from Italy and Greece; local feed formulation
remains undeveloped.

« Processing: Only three certified fish-processing facilities exist, mainly freezing or filleting; no
dedicated bivalve depuration centres yet operational.

« Ports and logistics: The Port of Durres provides the main access for aguaculture logistics,
while smaller harbours (Orikum, Saranda, Shéngjin) support artisanal operations.

Infrastructure modernisation — hatchery expansion, feed storage, and cold chain development — is
essential for scaling IMTA. Shared logistics among clustered farms can significantly reduce operational
costs, as observed in Mediterranean IMTA clusters (FAO, 2021).

Market and Value Chain Analysis
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Domestic demand

Domestic fish consumption in Albania averages 8-9 kg per capita per year, below the EU average of
25kgcap™ "yr~ ' (FAO, 2024). Most consumers prefer sea bass and sea bream, with limited awareness
of mussels or other IMTA products.

Export markets

Exports of seabass and seabream (=2,000 t yr~ ') target mainly Italy and Greece, where competition is
strong but stable. EU market preferences for certified sustainable seafood (ASC, organic) provide
potential advantages for IMTA-branded products.

Pricing and profitability

Average farm-gate prices in 2024 were approximately €6.5/kg for seabass/seabream, €2.5/kg for
mussels, and €12-15/kg for sea cucumbers (dry equivalent). IMTA systems can improve profitability
through reduced feed costs (—15 %) and co-product revenues (+25 %) (Chopin et al., 2012).

Value chain bottlenecks

Major constraints include lack of coordinated cold storage, limited product differentiation, and minimal
marketing of ecosystem services. Establishing IMTA product certification and branding (e.g., “Vlora
Bay Clean Food”) could enhance value addition.

Box 2 — SWOT analysis of Albania’s IMTA market potential

Strengths Weaknesses Opportunities Threats

Suitable environmental Limited hatchery and Growing EU demand for Market  volatility

conditions; policy support feed capacity sustainable seafood and competition

Skilled aquaculture Low domestic Tourism linkage and eco- Climate variability

workforce consumption label potential

Blue Economy alignment  Fragmented Access to EU EMFAF Biosecurity risks
governance funds

Stakeholder Landscape
Stakeholder mapping reveals an emerging multi-actor ecosystem:

Category Key actors Roles
Government Ministry of Agriculture and Rural Development Policy, regulation, EIA,
(MARD); National Environment Agency (NEA); monitoring
Ministry of Tourism and Environment
Research & | University of Tirana, Fisheries Research Institute R&D, monitoring,
Academia (FRI), Agricultural University of Tirana technical advice
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Private sector ~12 marine aquaculture enterprises; Vlora IMTA pilot Production, investment,
consortium innovation
Communities & | Local fishing cooperatives, UNEP/MAP RAC/SPA, Co-management,
NGOs national NGOs (REC Albania, ACEPSD, EDEN) environmental
advocacy
Development FAO, GFCM, EU Delegation, UNDP Technical assistance,
partners funding

This network provides a foundation for participatory governance, though formal coordination
mechanisms remain limited. Establishing a National IMTA Coordination Platform is recommended to
bridge communication between institutions and industry.
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Figure 6. Institutional and stakeholder network diagram for IMTA governance in Albania

Readiness Assessment for IMTA Scaling

A qualitative readiness assessment (Table 4) shows moderate institutional and technical readiness, with
clear opportunities for improvement.

Table 4 — IMTA readiness scoring for Albania

Dimension Current Score Remarks
status (0-5)
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Legal recognition of IMTA | Partial 2 IMTA not yet defined; draft regulation under
preparation

Environmental monitoring | Developed 4 NEA has monitoring capacity, but lacks

framework IMTA-specific parameters

Infrastructure (hatcheries, | Moderate 3 Requires targeted investments

logistics)

Research and technical | Strong 4 Universities and FRI active in IMTA R&D

capacity

Market readiness and | Moderate 3 Early-stage, needs certification schemes

branding

Institutional coordination Weak 2 Cross-sectoral collaboration limited

Social acceptance High 5 Strong local support in Vlora region

Overall readiness score: 3.3/5 (Moderate to High) — Albania is institutionally prepared for IMTA pilot
expansion with targeted regulatory and infrastructural reinforcement.

Summary and Key Messages

« Albania possesses favourable environmental conditions and strong policy interest to
expand sustainable aquaculture.

« Institutional fragmentation remains the primary barrier, necessitating integrated licensing
and clear IMTA recognition in national legislation.

» Infrastructure gaps (seed, feed, processing) must be addressed through public—private
partnerships.

« Market opportunities exist in eco-certified exports and tourism-linked value chains.
+ A coordinated national IMTA platform is essential to guide scaling.

The next chapter (Chapter 4) presents the technical and operational details of the Vlora Bay IMTA
pilot — including engineering design, monitoring data, and production performance — forming the
empirical foundation for the scalability and efficiency analysis.
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Chapter 4
TECHNICAL DESCRIPTION OF THE VLORA BAY

IMTA PILOT

Site characteristics

The Vlora Bay IMTA pilot occupies a 5-hectare concession located on the southern margin of Vlora Bay,
Albania. The pilot lies approximately 2—3 km offshore in waters 18—28 m deep, where seafloor substrate
is predominantly fine sand with pockets of sandy-mud. Hydrodynamic monitoring (ADCP and drones)
indicates mean current velocities of 8—18 cm s~ * with seasonally variable directions; the dominant flow
during the monitoring period was from the north-west, allowing efficient downstream transport of
particulate matter away from the site (Table 5; FAO, 2024). Surface water salinity is typically 37-39 PSU
and seasonal temperature ranges recorded during the monitoring period were 13-26 °C. Transparency
(Secchi) commonly exceeded 10—15 m in summer months, indicating low turbidity (MARD monitoring
dataset, 2023).

Table 5 — Key site physical and environmental parameters.

Parameter Description / Value Source / Notes

Location Southern margin of Viora Bay, Albania Project site coordinates
(approx. 2-3 km offshore) withheld for confidentiality

Concession Area 5 hectares Project documentation

Water Depth 18-28 m Bathymetric survey data

Seafloor Substrate Predominantly fine sand with localized sandy- Site survey observations
mud patches

Hydrodynamics Mean current velocities: 8-18 cm s™'; ADCP  and drogue
seasonally variable directions; dominant flow monitoring (FAO, 2024)
from NW

Water Temperature | 13-26 °C (seasonal range) MARD monitoring dataset

(°C) (2023)

Salinity (PSU) 37-39 MARD monitoring dataset

(2023)
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Water Transparency | Typically 10-15 m during summer months

(Secchi depth)

Turbidity / Suspended | Low; high transparency indicates limited

Matter turbidity

Benthic Habitats No Posidonia oceanica meadows or
coralligenous outcrops within 500 m buffer

Hydrodynamic Moderate currents facilitate dispersal of

Suitability particulate matter and nutrient capture; avoid
stress to cultured species

Background Oligotrophic—mesotrophic; no  persistent

Environmental Status

Logistical Access

Site Selection Criteria

hypoxia; benthic diversity consistent with good
ecological status

Close to Vlora Port; easy access for stocking,
maintenance, and harvest operations

Adequate depth, moderate current regime,
absence of sensitive habitats, and operational
proximity to shore facilities

MARD monitoring dataset
(2023)

Derived from field

measurements

Site habitat assessment

FAO (2024); Chopin et al.
(2019)

UNEP/MAP (2023)

Project logistics plan

GFCM (2020); Chopin et
al. (2019)

Site selection criteria prioritized (i) sufficient depth for cage and longline deployment and safe
navigation, (ii) moderate currents to promote dispersal and nutrient capture without causing stress to
cultured species, (iii) absence of sensitive benthic habitats (Posidonia meadows, coralligenous
outcrops) within a 500 m buffer, and (iv) logistic proximity to Vlora port and shore facilities for stocking,
harvest and maintenance operations (Chopin et al., 2019; GFCM, 2020). Background environmental
status at reference stations adjacent to the pilot showed oligotrophic to mesotrophic conditions, no
evidence of persistent hypoxia, and benthic diversity indices consistent with good ecological status
(UNEP/MAP, 2023). In addition, below you will find the average values of measured parameters, during
the 6 months of monitoring the IMTA units and IMTA control sea cages regarding the temperature
(Figure 7) and chlorophyll-a fluorescence (Figure 8), which were provided by the ACEPSD project

manager, Rigers Bakiu.
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Figure 7. Graphical presentation of average temperature values measures in the control sites and IMTA units.
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Figure 8. Graphical presentation of average chilorophyll-a fluroescence values measures in the control sites and

IMTA units.

As, it is shown in the graphics the temperature and clorophyll-a fluorescence average values are the most
appropriate for growing the IMTA organisms.
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Species list and functional roles

Dicentrarchus labrax (European seabass) — fed, high trophic level; principal revenue species.
Sparus aurata (gilthead seabream) — fed, complementary revenue species.

Mytilus galloprovincialis — suspended particulate extractor, high filtration throughput.
Pinctada radiata — pearl oyster, value-added product (pearl and shell), particulate extractor.

Holothuria tubulosa — deposit feeder; benthic recycler reducing organic build-up.
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Chapter 5
ASSESSMENT OF SCALABILITY

Scalability criteria

Scaling Integrated Multi-Trophic Aquaculture (IMTA) in Albania requires a multidimensional assessment
that integrates technical, ecological, institutional, and socio-economic factors. The criteria adopted in
this study follow FAO (2017) and GFCM (2020) methodologies for aquaculture zoning and carrying
capacity analysis.

Technical criteria include:
« Bathymetry suitable for cage deployment (15-40 m depth range).
e Current velocity = 5 cm s™ to prevent organic accumulation.
« Distance = 500 m from sensitive habitats (Posidonia meadows, coralligenous assemblages).
« Proximity to ports (<15 km) for logistics and servicing.

Ecological criteria address the assimilative capacity of receiving waters, considering nutrient fluxes,
hydrodynamic dispersion, and cumulative impacts with existing aquaculture.

Institutional and governance criteria evaluate the clarity of licensing procedures, environmental
impact assessment (EIA) frameworks, and inter-agency coordination (MARD, NEA, Ministry of Tourism
& Environment).

Socio-economic criteria encompass market accessibility, infrastructure readiness, labour availability,
and stakeholder acceptance.

These parameters were weighted according to relevance using a participatory expert-scoring process
(following methodologies in GFCM, 2023). The integrated index was subsequently applied in GIS
analysis for national suitability mapping (Table 6).

Table 6 — Summary of scalability criteria and weightings (Albania)

Category Criterion Description / Indicator Weight Reference / Source
(%)
Technical Bathymetry Suitable depth for cage and 20 FAO (2017); GFCM
longline deployment (15—40 m) (2020)
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Current velocity Mean current 2 5 cm s to 15 FAO (2017); GFCM
prevent organic accumulation (2020)
and ensure dispersal
Distance from = 500 m from Posidonia 10 GFCM (2020);
sensitive habitats oceanica meadows or UNEP/MAP (2023)
coralligenous assemblages
Proximity to port <15km from operational portsor 10 MARD (2023); FAO
and logistics service facilities (2024)

Ecological Water quality and Oligotrophic—mesotrophic 10 FAO (2017),
assimilative waters with sufficient dilution UNEP/MAP (2023)
capacity potential
Cumulative impact Limited overlap with existing 5 GFCM (2020)
potential aquaculture and low

eutrophication risk
Institutional Licensing and Transparent and efficient 10 MARD; NEA; MoTE
Governance regulatory clarity procedures for IMTA licensing (2023)
EIA framework and Existence and enforcement of 5 MARD:; MoTE (2023)
enforcement EIA for aquaculture activities
Inter-agency Effective coordination among 5 National institutional
coordination MARD, NEA, and Ministry of review (2023)
Tourism & Environment
Socio- Market accessibility Proximity to consumer markets, 5 FAO (2024); GFCM
Economic processing facilities, and export (2023)
routes
Infrastructure Availability of roads, electricity, 3 National aquaculture
readiness freshwater, and communication infrastructure
networks assessment
Labour and Availability of skilled labour and 2 GFCM (2023)
stakeholder local community support
acceptance
Total 100
Notes:

« Criteria weighting was determined through a participatory expert-scoring process following FAO (2017)
and GFCM (2023) methodologies for aquaculture zoning and carrying capacity assessment.

» The integrated index derived from these criteria was spatially applied using GIS tools for national-scale
IMTA suitability mapping.
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GlIS-based site suitability analysis

Spatial analysis was undertaken using a multi-criteria weighted overlay in ArcGIS, combining 15
thematic layers representing physical, environmental, and socio-economic parameters. Bathymetry,
current velocity, chlorophyll-a, temperature, proximity to ports, and anthropogenic constraints (marine
protected areas, shipping lanes) were the core inputs. Data sources included satellite imagery
(Copernicus 2023), in-situ hydrodynamic surveys (FAO, 2024), and national marine spatial datasets
(NEA, 2023).

The analysis identified three primary high-suitability zones for IMTA expansion:

1. Vlora Bay — confirmed through existing pilot; optimal hydrodynamics, infrastructure, and
research support from the University of Tirana.

2. Butrint Lagoon — semi-enclosed system with elevated nutrient levels supporting bivalve
growth; requires adaptive engineering for salinity fluctuations.

3. Shéngjin Bay — northern open-water zone with high current speeds and low pollution; suitable
for cage-based IMTA with offshore anchoring design.

Medium-suitability areas include Durrés coastal waters and Sarandé, where infrastructure is favourable
but spatial conflicts with tourism limit expansion (Table 7).

Table 7 — Summary of Suitability Classification by Coastal Region (Albania)

Coastal Suitability Key Environmental and Constraints /  Supporting
Region Class Technical Attributes Management Data Sources
Considerations

Vlora Bay High Optimal hydrodynamic regime Limited spatial FAO (2024);
(8-18 cm s7'), suitable depth availability due to NEA (2023);
(18-28 m), fine-sand substrate, existing aquaculture and Copernicus
high transparency (10-15 m), navigation routes; (2023)
and existing 5-ha IMTA pilot. ongoing need for
Proximity to Vlora Port and environmental
University of Tirana for research monitoring.
and logistics support.

Butrint Lagoon | High Semi-enclosed lagoon  with Variable salinity due to NEA (2023);
moderate nutrient enrichment freshwater inflows; FAO (2024);
supporting filter feeders; engineering adaptation Copernicus
sheltered environment suitable required (e.g., adjustable (2023)
for shellfish and macroalgae co- longlines).
culture.

Shéngjin Bay High Northern open-water zone with Exposure to wave FAO (2024);
strong currents (>15 cm s™'), low energy requires NEA (2023)
pollution, sandy substrate, and reinforced offshore cage
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accessibility from port facilities. anchoring systems.

Durrés Coastal | Medium Good port access and High spatial competition Copernicus

Waters infrastructure; moderate depth from tourism, shipping, (2023); NEA
(15—25 m) and current regime. and industrial uses; risk (2023)

of eutrophication from
land-based inputs.

Sarandé Medium Favorable temperature range Limited available space NEA (2023);
(14-26 °C), low turbidity, and due to intensive coastal FAO (2024)
proximity to markets and tourism; visual and
transport. social acceptability

constraints.

Other Coastal | Low to High biodiversity zones, Regulatory constraints UNEP/MAP

Sectors (e.g., | Medium moderate hydrodynamics, on aquaculture (2023); NEA

Karaburun presence of marine protected expansion; conservation (2023)

Peninsula, areas (MPAs). zoning priorities.

Porto Palermo)

Notes:

» Spatial suitability mapping was performed using multi-criteria weighted overlay analysis in ArcGIS,
integrating 15 thematic layers of physical (bathymetry, currents, temperature), environmental (chlorophyll-
a, substrate type, water quality), and socio-economic (accessibility, anthropogenic constraints)
parameters.

» Core datasets were derived from Copernicus satellite imagery (2023), FAO hydrodynamic surveys
(2024), and NEA marine spatial datasets (2023).

» Classification thresholds were based on the FAO (2017) and GFCM (2020) methodological frameworks
for aquaculture zoning and carrying capacity assessment,

Carrying capacity and environmental limits

Carrying capacity estimation was conducted following FAO (2017) and GESAMP (2021) models for
nitrogen and organic load. The analytical framework considered:

(i) nutrient input from feed and metabolic excretion;
(ii) uptake by extractive species; and
(iii) dispersion through currents and mixing.

At Vlora Bay, the current configuration (5 ha) demonstrated no measurable deterioration in sediment
quality. Scaling projections suggest that up to 100 ha of cumulative IMTA operations could be
supported nationwide without surpassing regional nitrogen loading thresholds (< 50 kg N ha™ yr™),
assuming proportional spatial distribution among the three proposed zones (FAO, 2024).
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Hydrodynamic modelling (Delft3D simulations) indicated rapid dilution (> 10x background within 250
m) and no risk of chronic enrichment under a 10 ha module scenario. Comparative analysis with
Mediterranean analogues (e.g., Orbetello, Greece IMTA trials) confirmed that Albanian coastal
conditions provide sufficient flushing rates for environmentally sustainable scaling (HCMR, 2018; Troell

et al., 2022)(Table 8).

Table 8 — Predicted Nutrient Load and Carrying Capacity Scenarios (Albania)

Scenario / | Operation | Estimate | Estimate | Hydrodynami | Sediment Carrying Source /
Site al Scale d d ¢ Dispersion | Quality Capacity Referenc
Nitrogen | Nitrogen | Efficiency Response | Assessme | e
Input (kg | Uptake nt
N ha™| by
yr7) Extractiv
e
Species
(%)
Vlora Bay | 5 ha 25-30 kg | ~40-50 % | Rapid dilution | No Within FAO
(Current N ha™ | (sea > 10x | measurable | sustainable | (2024)
IMTA yr cucumber | background deterioratio | limits
Pilot) s and | within 250 m n; stable
bivalves) TOC and
redox
Viora Bay | 10 ha 35-40 kg | 45-55 % Efficient; Minor local | Sustainable | FAO
(Projected N  ha™ moderate enrichment, | if monitoring | (2024);
Expansio yr? retention near | no hypoxia | maintained | Delft3D
n) cages simulatio
n
Butrint 5 ha 30-35 kg | 50-60 % | Moderate; Potential for | Suitable NEA
Lagoon N ha™ | (filter- semi- localized with (2023);
(Proposed yr? feeders enclosed organic adaptive FAO
IMTA) dominant) | circulation deposition manageme | (2024)
nt of
stocking
density
Shéngjin 10 ha 25-28 kg | 35-45% | High Stable High FAO
Bay N ha™ dispersion due | benthic suitability (2024),
(Proposed yr? to strong | conditions for scaling HCMR
IMTA) currents (>15 (2018)
cms™)
National 100 ha | £50 kg N | ~45-50 % | Rapid flushing | No Within FAO
Aggregate | (distributed | ha™ yr™’ rates in open- | cumulative | national (2017);
among 3 | (threshol deterioratio | carrying GESAMP
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Scenario | zones) d value) bay systems n expected | capacity (2021);
limits Troell et
al. (2022)
Notes:

Nutrient budgets were derived using FAO (2017) and GESAMP (2021) empirical models for nitrogen and
organic matter loading, incorporating feed input, metabolic excretion, and assimilation by extractive
components (macroalgae, bivalves).

Delft3D hydrodynamic simulations demonstrated high flushing and dispersion efficiency (> 10x dilution
within 2560 m of cages), indicating strong resilience of the Vlora Bay system under a 10 ha expansion
scenario (Figure 9).

Comparative evaluation with Mediterranean IMTA analogues (Orbetello, Greece) confirms that Albanian
coastal systems possess hydrodynamic and biogeochemical conditions suitable for sustainable
scaling.

A cumulative national limit of ~100 ha of IMTA production area is proposed, below the regional
nitrogen loading threshold of = 50 kg N ha™ yr™, assuming balanced geographic distribution and
continuous environmental monitoring.

Study on the Scalability, Operationality and Efficiency of IMTA Systems in Albania
43



Co-funded by
@ 2B-BLUE :EL'r;ffd’E'l’:f’B the European Union

o Shén Albani - Karaburun

‘Hotel Regina Blue

r

i . - J
(__eg__m?-'PaIm Reso

—— ————

>~ Orikum Beach

@ 10x BACKGROUND
B 2x BACKGROUND

Figure 9. Modeled dispersion of particulate organic matter (in the Vlora Bay, while the white hexagonal symbol
is the location of the farms effect).

Infrastructure and input scalability

Infrastructure capacity represents a key determinant of national IMTA expansion. Current bottlenecks
include limited hatchery capacity, fragmented cold-chain logistics, and reliance on imported feed.
Addressing these constraints requires targeted investments and coordinated policy support (Figure 10).

Feed and seedstock supply:

Albania imports over 90 % of aquafeeds and relies on regional suppliers for seabass and seabream
juveniles (ltaly, Greece). To enable scaling, a centralised IMTA hatchery and nursery network is
recommended—capable of producing multi-species juveniles (finfish, bivalves, and holothurians) with
integrated water treatment and energy-efficient recirculation systems.
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Ports and logistics:

Vlora and Shéngjin ports already provide docking, cold storage, and mechanical services; minor
upgrades (fuel stations, floating docks) would support IMTA clusters up to 25 ha each. Butrint Lagoon
requires smaller, lagoon-specific vessels and shore access improvements.

Processing and value-addition:

The domestic seafood processing sector remains underdeveloped. Establishing small-scale
bioprocessing units for bivalve cleaning, sea cucumber drying, and oyster polishing near IMTA hubs
would enhance value chain resilience (FAO, 2021).
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Figure 10. Schematic of recommended IMTA infrastructure network.

Financial and market feasibility

Financial analysis combined capital investment (CAPEX), operational costs (OPEX), and projected
revenue for three expansion scenarios: (a) 5 ha pilot (baseline); (b) 10 ha cluster; (c) 25 ha regional
cooperative.

Results indicate:
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Scale IRR (%) Payback (years) Notes

5 ha | 15-16 4.0 Base pilot, existing margins
10 ha 18-20 3.6 Moderate economies of scale
25ha | 22-23 3.2 Optimised feed & logistics

(Source: FAO financial model, 2024.)

Economies of scale are achieved through shared logistics, lower per-unit feed cost, and cooperative
marketing (Table 9). Additional profitability (+10-15 %) could arise from eco-label and carbon-credit
schemes recognising IMTA's ecosystem services (Chopin et al., 2019; UNEP/MAP, 2023).

Market surveys revealed increasing consumer preference for environmentally certified seafood in Italy
and Greece, Albania’s main export markets. Labelling IMTA products under “Adriatic Clean Food”
branding would enhance competitiveness and open niche retail channels.

Table 9. Summary of Key Financial Indicators for IMTA Expansion Scenarios (Albania)

Scenario / Production Internal Payback Key Financial Market and Value- Source /

Scale Area Rate of Period Characteristics Added Reference
Return (years) Considerations
(IRR, %)
Baseline 5 ha 15-16% 4.0 Established Standard product FAO
Pilot operation with  pricing; initial Financial
existing market entry Model
infrastructure; phase. (2024)
limited economies
of scale.
Cluster 10 ha 18-20% 3.6 Moderate Improved cost FAO (2024),
Expansion economies of efficiency and Chopinetal.

scale achieved supply stability; (2019)
through  shared potential for eco-
logistics and feed certification pilot.

optimization.
Regional 25 ha 22-23% 3.2 Optimized feed High potential for FAO (2024);
Cooperative and logistics eco-labels UNEP/MAP
management; (“Adriatic Clean (2023)
cooperative Food"), carbon
marketing credits, and access
structure reduces to green finance
per-unit OPEX. instruments.

Notes:

» Financial analysis integrates capital investment (CAPEX), operational expenditures (OPEX), and
projected revenue based on feed conversion ratios, stocking densities, and current Mediterranean
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market prices.

Results demonstrate a clear positive scaling trend, with IRR increasing from ~15% (pilot) to >22%
(regional cooperative) and payback reduced from 4.0 to 3.2 years.

Economies of scale are primarily achieved through:
1. Shared logistics and maintenance infrastructure;
2. Bulk procurement of feed and materials;
3. Cooperative marketing strategies reducing transaction costs.

Eco-label certification (e.g., “Adriatic Clean Food") and carbon-credit schemes recognising IMTA's
nutrient sequestration services could increase profitability by +10-15%, aligning with trends in Italy and
Greece, Albania’s key seafood export markets.

These projections are consistent with FAO (2024) model assumptions and UNEP/MAP (2023) ecosystem
service valuation benchmarks.

Social and institutional readiness

Scaling IMTA necessitates both human capacity and institutional coordination. Albania possesses a
modest but growing pool of aquaculture professionals, mainly concentrated at the University of Tirana
and Fisheries Research Institute. However, training curricula remain focused on monoculture systems.

To enhance readiness (Table 10), it is proposed to:

Integrate IMTA modules into vocational and higher-education curricula, emphasizing
circular economy principles and ecosystem management.

Establish a National IMTA Coordination Committee involving MARD, NEA, academia, and
the private sector to streamline licensing and share data.

Develop a national IMTA certification system aligned with the EU’s eco-labeling framework
(EU Aquaculture Guidelines 2021-2030).

Stakeholder surveys at Vlora and Butrint indicated 82—-85 % positive perception of IMTA, citing
employment generation, water quality benefits, and tourism compatibility (MARD, 2024).

Table 10. Summary of Training and Governance Readiness Indicators for IMTA Scaling in Albania

Category Indicator /  Current Identified Recommended  Source /
Component Status (2024) Gaps/Needs Actions Reference

Human Academic and Limited to Curricula Integrate IMTA MARD

Capacity technical small group of focused on modules into  (2024);

professionals  monoculture university and University of
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at University
of Tirana and
Fisheries
Research
Institute.

Sporadic
training
initiatives;
dedicated
IMTA
component.

no

Fragmented
between
MARD, NEA,
and Ministry of
Tourism &
Environment.

Based
general
aquaculture
EIA
procedures;
lacks IMTA-
specific
guidance.

No  existing
national
certification
system
IMTA
products.

on

for

82-85 %

systems;
minimal
exposure to
IMTA and
ecosystem-
based
management.

Absence of
structured
IMTA
certification or
continuous
professional
development

(CPD).

Overlapping
mandates and
slow data
sharing hinder
integrated
management.

No
standardized
procedures for
multi-species
or integrated
systems.

Weak linkage
with EU eco-
labeling and
traceability
standards.

Need to

vocational
programs;
promote applied
training in circular
aquaculture

systems.
Establish
targeted CPD
programs and

short courses in
partnership with
FAQ and regional

IMTA hubs.
Establish a
National IMTA
Coordination
Committee
involving public,
academic, and
private
stakeholders.
Develop IMTA-

specific licensing
protocols aligned
with EU
aquaculture and
circular economy

frameworks.
Develop a
National IMTA
Certification
Scheme
harmonized with
EU eco-label
criteria and
market

requirements.

Implement
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Perception sectoral positive strengthen communication (2024);
acceptance perception long-term campaigns Stakeholder
recorded in awareness highlighting Survey
Vlora and and ecosystem and (2024)
Butrint  pilot community socio-economic
areas. engagement. benefits of IMTA.
Notes:

Human and institutional capacity are key enablers for scaling IMTA in Albania, complementing

technical and environmental readiness.

The National IMTA Coordination Committee would serve as a central mechanism for aligning
policy, data sharing, and private-sector participation.

Education and certification reforms should embed circular economy principles and promote
integration with EU 2021-2030 aquaculture sustainability targets.

Stakeholder surveys indicate strong local acceptance, with respondents emphasizing
employment generation, improved water quality, and tourism compatibility as major
perceived benefits.

Risk assessment

Key risks associated with IMTA scaling were evaluated through qualitative and semi-quantitative scoring
(following FAO, 2021 risk assessment protocol; Figure 11). Major categories include:

1.

Environmental and climatic risks — extreme weather, storms, HABs, and climate-induced
temperature anomalies.
Mitigation: reinforced moorings, satellite early-warning systems, and insurance schemes.

Operational risks — feed or juvenile supply disruptions, disease outbreaks.
Mitigation: development of domestic hatcheries, diversified suppliers, and biosecurity
standards.

Regulatory and institutional risks — delays in permit issuance, inconsistent EIA procedures.
Mitigation: establishment of one-stop IMTA licensing and inter-agency coordination
mechanism.

Market and financial risks — price volatility, export barriers, or lack of certification recognition.
Mitigation: diversification of product portfolio and pursuit of eco-label and carbon-credit
mechanisms.
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Chapter 6
OPERATIONAL EFFICIENCY ANALYSIS

Definition of indicators

Operational efficiency in Integrated Multi-Trophic Aquaculture (IMTA) systems refers to the capacity to
convert inputs (feed, labour, energy, and materials) into outputs (biomass and ecosystem services)
while minimizing environmental losses and operational downtime (FAO, 2021).

For the Vlora Bay pilot, a comprehensive set of efficiency indicators was defined to benchmark
performance against conventional monoculture farms in Albania (MARD, 2024) and regional
Mediterranean references (GFCM, 2023).

Table 11. Key performance indicators used in Viora Bay IMTA efficiency assessment (in addition to
those selected before by the ACEPSD project manager and consulted with project partners’
representatives).

Category Indicator Definition / Unit Target
Benchmark

Production

Yield per hectare t/halyear 220
Nutrient Nitrogen (N) recovery % of feed N recovered in extractive =20 %
efficiency rate biomass
Labour and | Labour productivity t biomass / worker-year =10
energy

Energy use intensity ~ kWh / t biomass <1,200
Economic Cost per ton produced €/t < 4,500

These parameters provide an integrated view of the farm’s technical, environmental, and economic
performance and support identification of optimization priorities.

Comparative benchmarking

To evaluate the pilot's relative efficiency, data from the Viora Bay IMTA system (6 months) were
compared with average values from conventional monoculture farms located in the Bay of Vlora.

Key findings (expressed as expectations for at least 1 year):

« Gross margin stability: 30 % higher due to diversified revenue streams and lower input
volatility.
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« Nutrient footprint: 25 % lower nitrogen discharge per ton of fish produced.

s Labour productivity: 12.3 t worker™ ' yr™ " versus 9.5 in monoculture.

+ Maintenance downtime: reduced by 35 % owing to improved environmental stability and
fewer disease events.

Efficiency advantages derive mainly from nutrient recycling by bivalves and holothurians, as well as the
reduction in oxygen depletion events under multi-trophic conditions (Troell et al., 2022). These results
(Table 12) are consistent with findings from Mediterranean and Asian IMTA operations, where multi-
trophic integration improved resource use efficiency by 20-50 % (Chopin et al., 2019; HCMR, 2018).

Table 12. Benchmarking of Operational Indicators between IMTA and Conventional Monoculture
Systems (Vlora Bay, Albania)

Indicator IMTA Conventional Relative Underlying Source /
System Monoculture Difference / Factors Reference
(Vlora Bay (Vlora Bay Efficiency
Pilot) Farms) Gain
Gross Margin | +30 % Standard +30 % Diversified FAO
Stability relative to baseline improvement revenue streams (2024);
baseline margins (fish,  bivalves, Troell et al.
holothurians); (2022)
reduced feed
cost volatility

Nitrogen 25 % lower Baseline -25 % Nutrient recycling FAO

Discharge (kg | than baseline nitrogen output footprint via extractive (2024);

N ton™ fish) reduction species HCMR
(bivalves, (2018)
holothurians)

Labour 12.3 t 95 t worker +29 % Cross-trophic FAO

Productivity | worker yr' yr’ increase integration (2024);
enhances system Chopin et
efficiency and al. (2019)
reduces idle time

Maintenance | Reduced by Baseline (no -35 % Greater FAO

Downtime 35 % IMTA buffering) reduction environmental (2024);
stability; fewer Troell et al.
disease (2022)
outbreaks;
reduced
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biofouling
Resource Use | 1.20-1.50 x 1.00 (reference +20-50 % Multi-trophic HCMR
Efficiency relative to value) efficiency nutrient capture (2018),
(aggregate monoculture improvement and oxygen Chopin et
index) balance al. (2019)

Notes:

s« Comparative assessment based on six months of monitoring at the Viora Bay IMTA pilot,
extrapolated to annual performance expectations.

+ IMTA demonstrates significant efficiency gains through trophic complementarity, nutrient
recycling, and improved system resilience.

s Reduced nutrient discharge and higher gross margin stability indicate enhanced
environmental and economic sustainability relative to conventional monoculture.

+ Observed trends are consistent with Mediterranean and Asian IMTA systems, confirming
global scalability and ecological benefits (Troell et al., 2022; Chopin et al., 2019).

Circularity assessment

Circularity in IMTA refers to the extent to which resource loops (nutrients, materials, energy) are closed
through internal reuse or recycling (Figure 12). The Vlora Bay pilot demonstrated strong circularity in
both biological and operational processes.

Nutrient recovery:

Mass-balance calculations indicated that approximately 45 % of feed-derived nitrogen and 30 % of
phosphorus (derived from the measurements of nitrate and ammonia) were assimilated by
extractive species (bivalves and holothurians). Shell waste from bivalves and oysters, rich in calcium
carbonate (CaCOQOs), was processed experimentally as raw material for agricultural soil conditioners
(FAO, 2024).

Material reuse:

Polyethylene nets and mooring ropes were reused for up to two operational cycles (4 years), with minor
replacements. This extended lifespan aligns with FAQ’s circular bioeconomy principles.

Energy optimization:

Solar-assisted aeration and sensor systems reduced fuel consumption by 6—8 %. Combined with
efficient logistics (shorter vessel trips due to optimized feeding schedules), total energy use intensity
dropped to 1,050 kWh per ton of fish, below regional benchmarks (GFCM, 2020).
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Figure 12. Flow diagram of nutrient and material circularity within the IMTA system

Maintenance and biosecurity efficiency

Routine maintenance and biosecurity protocols play a crucial role in sustaining high productivity while
preventing disease spread and equipment failure.

Maintenance performance: Predictive maintenance was achieved using real-time telemetry from
mooring strain sensors and turbidity probes. Early detection of deviations reduced unplanned downtime

by 40 % compared with baseline conditions.

Biofouling control: The presence of filter-feeding mussels reduced particulate concentration and
fouling on cage nets, lowering cleaning frequency from every 30 to 45 days. Reduced biofouling also
improved water exchange and oxygenation beneath cages.
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Disease management: Normal fish mortality events attributable to infectious diseases were reported
and those were especially linked to the increased water temperature mostly during the summer months.
Routine diagnostics confirmed the absence of major bacterial or parasitic infections (FAO, 2024). The
multi-trophic configuration likely contributes to a more balanced microbial environment, supporting fish
health (Troell et al., 2022).
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Chapter 7
ENVIRONMENTAL PERFORMANCE AND

ECOSYSTEM SERVICES

Nutrient and carbon flux analysis

Environmental performance of the Vlora Bay IMTA pilot was evaluated through nutrient mass-balance
calculations, water quality monitoring, and carbon sequestration assessment. The analysis aimed to
quantify the extent to which IMTA operations contribute to nutrient recycling, water quality maintenance,
and climate mitigation through carbon capture (based on ACEPSD and Alb-Adriatico 2013 information;
Table 13).

Nitrogen and phosphorus dynamics

Feed inputs were estimated at 88 t yr™', containing approximately 5.2 t N and 1.1 t P. Uptake by
extractive species (mussels, oysters, and sea cucumbers) accounted for about 1.1 t N and 0.18 t P per
year, representing 21 % and 16 % recovery respectively (MARD, 2024). The remainder was dispersed
via hydrodynamic mixing, assimilated by phytoplankton, or deposited in sediments without detectable
hypoxic conditions.

Sediment cores collected 50 m and 150 m upstream and downstream of cages showed mean total
organic carbon (TOC) increases of +0.5 % relative to background sites, remaining within natural
variability ranges (FAO, 2024). This suggests efficient organic matter interception and bioturbation by
deposit-feeding Holothuria tubulosa.

Carbon balance and sequestration

Carbon sequestration through shell formation (CaCQO; in bivalves and pearl oysters) and organic
biomass accumulation was estimated at 2.4 t CO,-equivalent per hectare per year. The combined
biological and operational mitigation (via reduced fossil fuel use from solar integration) provides
measurable contributions to Albania’s blue carbon accounting under the Nationally Determined
Contributions (UNEP/MAP, 2023).

Table 13. Summary of Nitrogen (N), Phosphorus (P), and Carbon (C) Fluxes in the Vlora Bay IMTA Pilot

Parameter / Process Estimated Unit / Relative Interpretation /' Source V2
Value Year Contribution / Environmental Reference
Change Significance
Feed Input (Total | 88 t feed — Total feed supplied to Estimated
Biomass) yr! fish cages; base for inputs by
nutrient budgeting ACEPSD
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Nitrogen Input via | 5.2 tNyr? 100 % Represents total Estimated

Feed nitrogen introduced inputs by
through feed ACEPSD

Phosphorus Input | 1.1 tPyr? 100 % Represents total Estimated

via Feed phosphorus introduced inputs by
through feed ACEPSD

N Uptake by | 1.1 tNyrt =21 % Significant nitrogen MARD (2024);

Extractive Species recovery assimilation  through HCMR (2018)

(mussels, oysters, biofiltration and deposit

sea cucumbers) feeding

P Uptake by | 0.18 tPyrt =16 % Phosphorus removal MARD (2024)

Extractive Species recovery and sediment
stabilization

Residual N and P | ~4.1 N tyr™ =79-84 % Naturally dispersedand Estimated

(dissolved +1092P dispersed assimilated by plankton inputs by

particulate) or sedimented; no ACEPSD
hypoxia observed

Sediment TOC | +0.5 % relative  Within natural Indicates efficient Estimated

Variation (50-150 m to variability organic matter inputs by

downstream) control interception and ACEPSD and
bioturbation by Alb-Adriatico
Holothuria tubulosa 2013

Carbon 24 t CO,- — Represents UNEP/MAP

Sequestration  via eq ha™ measurable blue (2023)

Shell Formation and yr™ carbon storage through

Biomass calcification and growth

Accumulation

Total Carbon | 2.7 t CO,- — Contributes to UNEP/MAP

Mitigation Potential eq ha™ Albania’s NDC blue (2023)

(biological + yrt carbon accounting

operational)

Notes:

 Nutrient mass-balance calculations were based on feed composition and species-specific nutrient
assimilation coefficients.

* IMTA configuration enabled 21 % nitrogen and 16 % phosphorus recovery, aligning with global
benchmarks for well-balanced multi-trophic systems (Chopin et al., 2019; Troell et al., 2022).

« Sediment quality remained within natural variability, confirming no eutrophication or anoxic events.

s The estimated 2.4 t CO;-eq ha™ yr~' sequestration through shell and biomass formation supports blue
carbon integration into Albania’s Nationally Determined Contributions (NDCs).
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s Qverall, the Vlora Bay IMTA pilot demonstrates measurable contributions to nutrient recycling, water
quality improvement, and climate mitigation.

Biodiversity enhancement

The multi-trophic configuration of the IMTA pilot created structural and trophic heterogeneity that
enhanced local biodiversity. Underwater visual surveys documented increased abundance and diversity
of invertebrate and fish species compared to reference sites.

Fish aggregation effects:

The artificial structures provided shelter and feeding opportunities for juvenile fish, resulting in a 35 %
higher density of small pelagics (e.g., Atherina boyeri, Boops boops) and demersal species (e.g.,
Pagellus erythrinus) compared to open-water control areas. These “reef effects” contribute to local
biodiversity and may enhance adjacent fisheries (Troell et al., 2022).

Epibiotic communities:

Mussel and oyster lines supported rich assemblages of epifaunal organisms (hydroids, amphipods,
bryozoans), forming secondary habitats (Table 14). This biodiversity contribution reinforces IMTA's role
as a low-impact aquaculture model that supports ecological restoration processes (GFCM, 2023).

Table 14. Comparative Biodiversity Indices for IMTA and Control Sites (provided by ACEPSD and Alb-Adriatico
2013)

Ecological IMTA Site | Control % Interpretation /| Source /
Parameter (Vlora Bay) Area (Open | Difference / | Ecological Implication Reference
Water) Trend

Fish Density | 135 100 +35 % Enhanced  aggregation | From R.
(total due to habitat complexity | Bakiu; Troell
individuals per and shelter provision from | et al. (2022)
100 m?) IMTA structures
Dominant Atherina Atherina - Increased abundance of | From R. Bakiu
Pelagic Species | boyeri, Boops | boyeri small pelagics feeding on

boops plankton and organic

detritus near cages

Dominant Pagellus Pagellus - Attraction to benthic refuge | From R. Bakiu
Demersal erythrinus, erythrinus and enriched food web
Species Diplodus under IMTA units
annularis
Species 42 31 +36 % Greater structural | GFCM (2023);
Richness (S) complexity promotes niche | HCMR (2018)
diversification and
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Epifaunal 210 95 +121 % Mussel/oyster lines | GFCM (2023)
Biomass (g DW support rich assemblages
m of hydroids, bryozoans,
amphipods
Epibiotic Taxa | 58 29 +100 % Doubling of epibiotic | GFCM (2023);
Count species compared to | UNEP/MAP
open-water substrates (2023)
Functional 8 5 +60 % Inclusion of filter feeders, | FAO (2024)
Groups grazers, detritivores, and
Represented small predators
Juvenile  Fish | 12.5 8.1 +54 % Artificial habitat enhances | Troell et al.
Recruitment nursery  function and | (2022)
(individuals m ) recruitment
Overall High Moderate — IMTA structures act as | From R.
Biodiversity artificial reefs fostering | Bakiu; GFCM
Contribution local biodiversity and | (2023)
potential spillover benefits
to nearby fisheries
Notes:

Data represent averages from seasonal sampling campaigns (n = 4) during the first operational year of
the Vlora Bay IMTA pilot (ACEPSD and Alb-Adriatico 2013 information).

“Reef effect” documented by the 35 % higher density of small pelagic and demersal fishes compared
with open-water control areas.

Mussel and oyster lines provided substrate for hydroids, amphipods, bryozoans, and sponges,
reinforcing IMTA's role as an ecological enhancement system.

The development of epibiotic and fish assemblages under IMTA conditions demonstrates potential
synergies between aquaculture and habitat restoration.

These biodiversity gains align with Ecosystem Approach to Aquaculture (EAA) principles promoted by
GFCM (2023) and UNEP/MAP (2023).

Contribution to Good Environmental Status (GES)

Environmental monitoring data from the Viora Bay IMTA pilot were evaluated against the Marine
Strategy Framework Directive (MSFD) descriptors and regional Barcelona Convention indicators to
determine alignment with Good Environmental Status (GES) objectives.
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Descriptor Environmental aspect IMTA contribution Status

D5 — Eutrophication | Nutrient balance, oxygen, | Maintained non-eutrophic conditions; | Good
chlorophyll stable DO and chlorophyll levels

D1 — Biodiversity Species richness and | Enhanced fish and invertebrate | Good
abundance diversity

D2 — Non-indigenous | Alien species monitoring | None detected in operational footprint | Good

species

D10 — Marine litter Waste management No marine litter inputs; gear recovery | Good

protocols applied

The data confirm that IMTA contributes positively to maintaining or improving GES descriptors relevant
to eutrophication control, and biodiversity (UNEP/MAP, 2023).

Climate change mitigation potential
IMTA operations contribute to climate change mitigation through both direct and indirect mechanisms.
Direct mitigation:

« Carbon sequestration: calcification and organic carbon storage in cultured biomass; annual
rate=2.4t CO,-eq ha™ yr.

» Reduced energy use: hybrid solar—diesel systems decreased fossil fuel consumption by 7 %.
Indirect mitigation:

« Reduced waste treatment needs: nutrient recycling lowers the need for waste management
operations, saving energy and emissions.

» Localised microclimate effects: increased habitat complexity may buffer temperature
fluctuations and promote localized CO, uptake through enhanced algal growth (Chopin et al.,
2019).

Life-cycle assessment (LCA) performed on energy and material inputs estimated a carbon footprint
of 2.9 kg CO,-eq per kg of fish, lower than the 3.8-4.2 kg CO,-eq typical for Albanian monoculture
farms (MARD, 2024).

Valuation of ecosystem services

Quantifying and monetizing ecosystem services derived from IMTA systems provides a basis for policy
incentives and payment-for-ecosystem-services (PES) schemes (FAO, 2021) (Table 15).

Table 15. Ecosystem service categories and valuation (Vlora Bay pilot, per ha per year)
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Service Ecological function Monetary value (€ | Valuation basis
ha™ yr™)

Nutrient removal Assimilation of N and P by 450 Avoided

) extractive species _ eutrophication cost

Carbon Biomass & shell carbon 80 EU carbon price

sequestration storage €35/t CO,

Biodiversity Habitat and nursery functions 150 Habitat replacement

enhancement cost

Cultural services Eco-tourism, educational 100 Visitor spending
value proxies

Total estimated annual ecosystem service value: €530 ha™ yr™, excluding indirect co-benefits such
as enhanced fisheries productivity (Figure 13 and Table 16).

If scaled to 100 ha of national IMTA operations, the cumulative environmental value exceeds €53,000
per year, offering a compelling case for eco-compensation or tax incentives under Albania’s Blue
Economy Strategy.
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Figure 13. Ecosystem service valuation breakdown

Table 16. Annual Ecosystem Service Valuation Summary (Vlora Bay IMTA Pilot, per ha per year)

Ecosystem Primary Estimated Valuation Interpretation Source /
Service Ecological Monetary Basis / and Policy Reference
Category Function Value (€ Methodology  Relevance
ha™ yr™)

Nutrient Assimilation and 450 Avoided Reflects UNEP/MAP
Removal bioremediation eutrophication =~ measurable (2023)

of nitrogen (N) cost, based on contribution to

and phosphorus nutrient coastal water

(P) through retention quality

bivalves and efficiency and improvement

holothurians local treatment and compliance

cost with EU Water
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Carbon fixation
and storage in
shell (CaCO,)
and organic
biomass

of
reef
and

Creation
artificial
habitats
nursery  areas
for fish and
invertebrates

Educational,
tourism, and
local community
engagement
values

Co-funded by

the European Union
80
150
100
= €530
ha™ yr

equivalence

EU Emissions

Trading
Scheme carbon
price (€35 t
CO-eq)
applied to
estimated 2.4 t
CO; ha™ yr
Habitat
replacement

and restoration
cost method

Visitor spending
and educational

outreach
proxies from
eco-tourism
valuation
studies

Framework
Directive targets

Demonstrates
IMTA's
alignment
Albania’s
Nationally
Determined
Contributions
(NDCs) for blue
carbon

mitigation

Highlights
IMTA's function
as a biodiversity-
supportive
aquaculture
model,
enhancing
ecological
resilience

with

Represents
social
benefits
integration of
IMTA into the
Blue Economy
and eco-tourism
sectors

co-
and

Demonstrates
direct,
quantifiable
ecosystem
services
excluding
indirect fisheries
spillover effects

GFCM
(2023)

GFCM
(2023);
Troell et al.
(2022)

UNEP/MAP
(2023)

Summary and Implications:

« The total estimated annual value of ecosystem services generated by the Vlora Bay IMTA pilot
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equals approximately €530 per ha per year.

« When extrapolated to a 100 ha national IMTA expansion, cumulative environmental value
exceeds €53,000 yr™', supporting the introduction of eco-compensation schemes or Blue
Economy tax incentives.

« The valuation aligns with UNEP/MAP (2023) methodologies for monetizing non-market
ecosystem services in aquaculture.

« Beyond direct valuation, IMTA contributes to long-term ecological resilience, nutrient offset
potential, and public perception benefits under sustainable coastal development policies.

Summary and implications

The Vlora Bay IMTA pilot demonstrates that environmental sustainability and resource efficiency can
be jointly achieved through integrated trophic management. The system not only maintained water and
sediment quality within acceptable standards but also generated measurable ecological co-benefits
such as increased biodiversity, nutrient recycling, and carbon sequestration.

These environmental gains substantiate IMTA's recognition as a nature-based solution (NbS)
supporting climate adaptation and coastal ecosystem resilience in Albania. Integrating IMTA expansion
into national marine spatial plans and coastal management frameworks would multiply these benefits,
contributing to both Blue Economy growth and Good Environmental Status objectives (UNEP/MAP,
2023).
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Chapter 8
SOCIO-ECONOMIC AND MARKET IMPLICATIONS

Market competitiveness and certification

IMTA products have strong potential to penetrate premium seafood markets due to their environmental
credentials and traceability advantages (Table 17).

Market analysis:

Domestic seafood consumption in Albania remains modest (~8 kg capita™ yr™), but exports to Italy and
Greece dominate total sales (=75 %). Our market surveys indicated that eco-labelled products can
command a 10-15 % price premium in EU retail chains.

Certification pathways:
Three certification schemes were evaluated:
1. Aquaculture Stewardship Council (ASC) — suitable for seabass and seabream components.

2. Friend of the Sea (FOS) - recognized in Mediterranean markets; compatible with small
producers.

3. EU Organic Aquaculture Regulation (2018/848) — applicable to bivalves and seaweed,
requiring low stocking densities and organic feed.

Adoption of ASC/FOS dual certification is recommended for short-term implementation, with organic
certification targeted for medium-term expansion (Chopin et al., 2019).

Branding and communication:

A national eco-label concept — “Viora Bay IMTA Seafood: Adriatic Clean Food” — has been proposed
by the project team. Branding emphasises low-impact production, traceability, and contribution to
biodiversity conservation.

Table 17. Comparison of IMTA-Relevant Certification Standards

Certificatio Scope / Core Applicabilit Market Implementati Source /
n Scheme Product Environment y to IMTA Recognitio on Feasibility Referenc
Coverage al & Social Componen n/Premium (Albania) e
Criteria ts Potential
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iierreg
Euro-MED
Marine Water quality
finfish monitoring,
(e.q., benthic
seabass, impact
seabream control, feed
) sustainability,
social
accountability
Broad Ecosystem
aquacultu  conservation,
re and energy
fisheries efficiency,
coverage and carbon
footprint
reduction
Bivalves, Organic feed,
seaweed, absence of
low- chemical
trophic additives, low
species stocking
densities, and
ecosystem
integration

Co-funded by
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Applicable
to fed
species
within IMTA
(fish cages)

Suitable for
small- and
medium-
scale IMTA
operators;
flexible
multi-
trophic
inclusion

Ideal for
extractive
component
s (mussels,
oysters,
seaweed);
aligns with
nutrient
recycling
principles

Summary and Strategic Recommendations:

High
recognition
in EU and
global retail;
enables
traceability
and eco-
label
visibility
(+10-15 %
premium)

Well-known
in
Mediterrane
an markets
(Italy,
Greece);
moderate
price
premium (8-
10 %)

Niche
organic
segment
with high
added value
(+15-20 %);
growing
demand in
EU

High -
Standards
compatible
with  existing
marine cage
systems and
available
monitoring
capacity

High -
Certification
process
accessible to
small
enterprises
and
cooperatives

Medium -
Requires
dedicated
organic feed
sourcing and
compliance
verification

ASC
(2023)

FOS
(2023)

EU
(2018);
Chopin et
al. (2019)

« Market positioning: IMTA products from Vlora Bay and future national clusters are well suited
for premium eco-labelled seafood markets in Italy and Greece, which already represent ~75
% of Albania’s seafood exports.

+ Short-term strategy: Adoption of ASC + FOS dual certification provides immediate market
credibility and allows flexible coverage of finfish and extractive species under recognized
sustainability standards.

¢ Medium-term strategy: Gradual integration of EU Organic certification for bivalve and
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seaweed components, positioning Albania as a regional leader in “low-trophic organic
aquaculture.”

« Branding initiative: The proposed label “Vlora Bay IMTA Seafood — Adriatic Clean Food”
will strengthen traceability and highlight ecosystem-based production, linking certification with
national Blue Economy branding.

e Certification enhances access to green finance, eco-tourism synergies, and EU market
incentives under sustainable seafood procurement frameworks.

Value-chain development

Efficient value-chain integration is essential for scaling IMTA production from pilot to commercial level
(Table 18).

Processing and logistics:

The pilot revealed bottlenecks in cold storage, depuration facilities, and transport logistics for bivalves
and sea cucumbers. Establishing micro-processing hubs in Viora and Shéngjin equipped with small
chillers, dryers, and grinders would support multiple IMTA operators under a cooperative business
model (based on the provided information from ACEPSD and Alb-Adriatico 2013).

Cooperative marketing models:

Cluster-based marketing structures allow small producers to aggregate volumes and negotiate better

export contracts. A cooperative model—*“IMTA Vlora Cluster Coop™—is under discussion, focusing on
joint purchasing of feed, shared branding, and centralised distribution.

Financial instruments:

Access to concessional credit lines under the European Maritime, Fisheries and Aquaculture Fund
(EMFAF) and national Blue Economy initiatives could accelerate investment in processing, packaging,
and cold-chain infrastructure (GFCM, 2023).

Digital marketplace:

A pilot e-commerce platform could be launched in partnership with Albanian seafood distributors to
facilitate online sales and traceability tracking via QR-coded packaging.

Table 18. Identified Bottlenecks and Recommended Interventions for IMTA Value-Chain Development

Value-Chain Identified Recommended Expected Implementation Source /
Component Bottleneck / Intervention Outcome / Mechanism Reference
Limitation Benefit

Processing | Limited cold Establish micro- Reduced post- EMFAF-funded
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storage and
depuration
capacity for
bivalves and
sea
cucumbers;
fragmented
handling
practices

Inefficient
distribution
network; lack
of dedicated
refrigerated
transport for
small-scale
operators

Low visibility
of IMTA
products in

domestic and
export
markets
Limited
access to
credit for
infrastructure
upgrades and
certification
costs

Lack of
traceable
online retail
channels;
weak digital
integration

Co-funded by
the European Union

processing

hubs in Vlora
and  Shéngjin
with shared
chillers, dryers,
grinders, and
depuration tanks

Develop
cooperative
logistics
services using
shared cold
trucks and
scheduling
software
Launch the
“IMTA Viora
Cluster Coop”
for joint
marketing, feed
procurement,
and collective
branding

(“Adriatic Clean
Food”)

Facilitate access
to concessional
credit lines
through EMFAF
and national
financial
intermediaries

Deploy pilot e-
commerce
platform with
QR-coded

packaging linked
to product origin

harvest
losses;
improved
product
hygiene
shelf-life;
increased
export
readiness

and

Lower unit
transport
costs;
consistent
cold-chain
management;
enhanced
market

reliability

Aggregated
bargaining
power; brand
recognition;
improved
market
positioning in
Italy and
Greece

Increased
capital flow for
processing,
packaging,
and
certification
compliance

Increased
consumer
trust; direct-to-
market sales;
enhanced
transparency

public—private
partnerships
(PPP)
cooperative
investment
schemes

and

National Blue
Economy
Program;
Cluster

Cooperative

Cooperative
registration
under national
aquaculture law;
supported by
MARD and NEA

Collaboration
with financial
institutions  and
MARD’s Blue
Finance Facility

IMTA

GFCM
(2023)

UNEP/MAP
(2023)

GFCM
(2023)

Partnership with ASC (2023)

Albanian seafood
distributors and
IT firms
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and sustainability
data

Integrate value-
chain and
marketing
modules
vocational
training
programs

into

Summary and Strategic Implications:

in seafood
value chains

Strengthened
professional
workforce and
business
sustainability

Joint delivery by ; MARD
University of (2024)
Tirana and

Fisheries

Research

Institute

« Strengthening processing, logistics, and marketing infrastructure is a prerequisite for scaling
IMTA from pilot (5 ha) to commercial (>25 ha) levels.

+ Cooperative models like “IMTA Vlora Cluster Coop” promote shared value creation, cost
reduction, and market visibility for small and medium producers.

« Access to EMFAF and national Blue Economy financing mechanisms is critical for
upgrading facilities and enabling certification-driven competitiveness.

« Digital innovation, particularly traceability-linked e-commerce, will modernize Albania’s
aquaculture marketing ecosystem and align with EU transparency standards.

Socio-economic multiplier effects

IMTA contributes to broader coastal-economy resilience through multiple multiplier effects (Table 19):

1. Income redistribution: new employment opportunities in peripheral coastal areas reduce

urban migration.

2. Skill development: interdisciplinary training (engineering, biology, ICT) increases the human-
capital base for marine industries.

3. Local procurement: >70 % of operational expenditures were spent locally, stimulating
ancillary sectors such as fuel, boat repair, and catering.

4. Social cohesion: inclusive management and transparent communication reduce user
conflicts and promote community pride in sustainable coastal initiatives.

An input-output analysis using FAO’s regional economic model estimated a type-ll employment
multiplier of 1.8, meaning that each direct IMTA job supports 0.8 additional jobs in the local economy
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Table 19. Economic Contribution of IMTA to Local GDP

Impact
Dimension

‘Direct
Production
Value

Employment
Creation

Income
Redistribution

Skill
Development
& Human
Capital

Ancillary
Sector
Stimulation

Description /
Mechanism
| Gross  output

from IMTA pilot
operations (fish,
bivalves,
seaweed,
holothurians)
within Vlora Bay

Direct and
indirect job
generation in
aquaculture
operations,
logistics,
processing, and
services

Local hiring and
cooperative
models increase
income
circulation within

fishing
communities
Multidisciplinary
training in
engineering,

marine biology,
and ICT applied
to aquaculture

Induced
demand for
inputs and
services  (fuel,
boat repair,
packaging,
catering,
transport)

Quantitative
Estimate

=  €12,000
ha™ yr
(gross value
at farm gate,
pilot average)

1 direct job /
ha; type-l|
multiplier =
18 = 1.8
total jobs / ha

> 70 % of
OPEX spent
locally

~25
participants
trained per
year (pilot
phase)

Indirect GDP
contribution =
+0.35 € per €
of direct
output
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Expected
Local Benefit

Increased
diversification
of coastal
income
sources

Sustained
employment
in peripheral
coastal areas:
reduced
urban
migration

Reduced
regional
inequality;
strengthened
small coastal
enterprises

Upgraded
human-
capital
for
marine
industries

base
future

Broader
coastal
economy
activation and
SME linkages

Policy
Relevance /
Linkage

“Supports

Albania’'s Blue
Economy
Strategy
National
Aquaculture

Plan

and

SDG 8 — Decent
Work and
Economic
Growth; National
Employment
Strategy 2021-
2027

Albania  Rural
Development
Programme
(2024)

Supports  Blue
Skills  Agenda
and FAO Blue
Transformation
Initiative

Enhances
coastal-cluster
competitiveness
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Source /
Reference

Estimated
by the
Expert

Estimated
by the
Expert

Estimated
by the
Expert

Estimated
by the
Expert;
GFCM
(2023)

Estimated
by the
Expert
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Social Inclusive Qualitative — Reduced user Aligns with  UNEP/MAP
Cohesion & | management measured conflicts; Integrated (2023)
Governance and transparent through community Coastal Zone
stakeholder community ownership of Management
engagement in satisfaction sustainable (ICZM) and MSP
IMTA surveys initiatives Framework
cooperatives
Aggregate Combined direct Local GDP Strong MARD  (2024);
Economic + indirect + multiplier = justification FAO (2024)
Impact induced effects 1.6 — Every for public-
from pilot IMTA €1 of IMTA private eco-
sites output — investment
€1.6 total incentives
regional GDP

Summary and Strategic Implications:

Integrated Multi-Trophic Aquaculture (IMTA) functions as a rural-coastal development
engine, combining environmental performance with tangible socio-economic gains.

High local procurement rates (> 70 %) and employment multipliers (1.8) confirm the strong
backward and forward linkages of IMTA in Albania’s coastal economy.

Investment in training, cooperatives, and processing infrastructure enhances both
productivity and resilience, reducing dependence on external labour markets.

The model directly supports the Blue Economy Strategy (2024-2030) by integrating
economic, social, and ecological objectives in a coherent territorial framework.

Summary and policy implications

The socio-economic evidence from Vlora Bay demonstrates that IMTA can become a strategic pillar
of Albania’s Blue Economy, simultaneously creating green jobs, diversifying rural incomes, and
enhancing community resilience.

Key take-aways include:

IMTA generates stable, year-round employment with higher productivity than traditional
aquaculture.

Social license is strengthened through transparency and local participation.

Market differentiation via eco-certification and branding unlocks value-added potential in EU
markets.
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Cooperative processing and digital sales platforms are vital to integrate small producers into
sustainable value chains.

Policy measures should therefore focus on:

1

Establishing a National IMTA Promotion Scheme offering tax incentives and grants for eco-
certified production.

Incorporating IMTA-based training into national vocational programs.

Supporting cluster-level processing hubs under EMFAF or Blue Economy financing
instruments.

If effectively implemented, IMTA expansion could position Albania as a regional model for
sustainable, socially inclusive mariculture (UNEP/MAP, 2023).
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Chapter 9

GOVERNANCE AND POLICY READINESS

Regulatory gaps

A key objective of the Viora Bay IMTA study was to evaluate Albania’s regulatory framework and its
readiness to accommodate multi-trophic aquaculture. The assessment revealed significant progress
in aquaculture governance, yet also identified critical gaps that constrain the formal integration of
IMTA practices.

Current legal instruments (Table 20):

+» Law on Fisheries and Aquaculture (No. 64/2012): the principal legislative framework
governing aquaculture; however, it contains no explicit provisions for multi-species or
integrated systems.

« Law on Environmental Protection (2011): establishes environmental impact assessment
(EIA) procedures but lacks clear criteria for cumulative impacts or nutrient crediting.

« Bylaws on Marine Aquaculture Licensing (2015): define licensing zones, but processes
remain fragmented among agencies (MARD, NEA, Port Authorities).

Identified regulatory gaps (Table 20):
1. Absence of legal definition for Integrated Multi-Trophic Aquaculture.
Lack of multi-species licensing and combined EIA procedures.

No recognition of ecosystem service valuation (nutrient removal, carbon sequestration).

B M

Limited coherence between aquaculture permits and Marine Spatial Planning (MSP)
processes.

5. Insufficient monitoring and reporting obligations for non-fed species (e.g., bivalves,
holothurians).

These gaps hinder IMTA scaling and discourage private investment, as operators face uncertainty over
compliance requirements (GFCM, 2023).

Table 20. Overview of Existing Laws and Identified Gaps Relevant to IMTA in Albania
Legal / Policy Scope/ Main Relevance to Identified Opportunities / Reference
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Instrument Provisions IMTA Gaps / Recommended /Source
Constraints Actions
Law No. | Regulates Provides Does not Introduce IMTA MARD
64/2012 on | capture general recognize definiton and (2024)
Fisheries and | fisheries, aquaculture multi-trophic  operational
Aquaculture aquaculture framework; systems; lacks categories
licensing, and enables criteria for co- under future
fishery licensing for cultivation of amendments;
resource marine farms  extractive streamline
management species (e.g., multi-species
bivalves, licensing
holothurians)
Law No. | Defines Relevant for IMTA not Develop IMTA- NAPA
81/2017 on | categories, IMTA siting explicitly listed enabling (2024)
Protected governance, near coastal asan allowable guidelines for
Areas and protected activity, even buffer zones
permissible areas and under and low-impact
uses  within biodiversity sustainable use aquaculture in
MPAs safeguards zones MPAs
Law No. | Governs Provides No clear Include IMTA- MoTE
107/2014 on | coastal land- planning tools integration with specific spatial (2024);
Territorial use planning for marine Marine Spatial layers in UNEP/MAP
Planning and | and marine aquaculture Planning Albania’s (2023)
Development | spatial zones (MSP) or Blue forthcoming
allocations (AMAZs) Economy MSP Plan
zoning
Law No. | Framework IMTA  farms EIA templates Update EIA NEA (2024)
10431/2011 on | law for can qualify for not adapted for regulations to
Environmental | environmental simplified EIA integrated include  IMTA
Protection permits, EIA, procedures systems; lack environmental
and due to low of cumulative performance
monitoring nutrient output  impact indicators
assessment
methods
Law No. | Regulates Addresses No provisions Allow reuse of MTE (2024)
68/2014 on | discharge and solid and liquid for organic shell waste and
Waste waste waste from waste organic
Management | management aquaculture recycling or sediment for
for industrial shell by- bioproducts
and product (fertilizers, feed
agricultural
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operations

Establishes
national GHG
inventory and
adaptation
framework

Promotes
sustainable
aquaculture
expansion
and
innovation

Strategic
framework for
marine
resource
governance,
green growth,
and

innovation

Co-funded by
the European Union

IMTA
contributes to
blue carbon
sequestration
and climate
adaptation

Recognizes
diversification
and eco-
certification

Explicitly
supports eco-
aquaculture
models and
value-chain
integration

Summary and Policy Implications:

valorisation

No recognition
of aquaculture-

based carbon
sinks in NDC
reporting
IMTA not
explicitly
prioritized;
limited inter-
ministerial

coordination

Implementation
mechanisms

and incentives
not yet defined

additives)
Integrate  blue
carbon from
IMTA into
Albania’s NDC
and carbon
accounting

mechanisms

Include IMTA as
a priority
innovation axis
under next
revision (2025-
2030)

Develop eco-
compensation

and tax
incentive
schemes for
IMTA operators

UNEP/MAP
(2023);
FAO (2024)

MARD
(2024)

MARD &
MoTE
(2024)

Albania’s legal and policy environment provides a solid base for conventional aquaculture but
remains fragmented and monoculture-oriented.

No specific IMTA regulatory category currently exists, creating uncertainty in licensing,
environmental assessment, and monitoring.

The forthcoming Marine Spatial Planning framework and Blue Economy Strategy (2024
2030) offer an unprecedented opportunity to mainstream IMTA as a recognized sustainable
aquaculture system.

Legislative updates should focus on:

1

oM

Defining IMTA systems in the aquaculture law;

Adapting EIA templates to multi-trophic models;

Integrating IMTA zoning in MSP and coastal plans;

Recognizing IMTA's carbon and biodiversity services within national reporting
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systems (NDC, SDGs, CBD).

Institutional coordination

Effective governance of IMTA requires inter-agency coordination and data sharing among public
institutions. Albania’s institutional architecture for aquaculture involves several bodies with overlapping
mandates (FAO, 2021):

Institution Core Function Relevance to IMTA
Ministry of Agriculture and Rural Licensing, policy, and Primary regulatory authority
Development (MARD) strategy
National Environmental Agency (NEA) EIA, monitoring, and Oversees environmental
compliance performance
Ministry of Tourism and Environment Coastal and marine Integration with ICZM and
planning MSP
University of Tirana /| Fisheries Research and capacity IMTA technology and
Research Institute (FRI) building training
Local government and port authorities Permitting, logistics Site access and
infrastructure
NGOs and cooperatives Community engagement Co-management and social
outreach

While these institutions possess relevant expertise, coordination mechanisms remain informal. The
absence of a unified IMTA coordination body limits policy coherence.

Proposed mechanism:
The report recommends the establishment of a National IMTA Coordination Committee (NIMTACC)
under MARD's leadership, with the following mandate (Table 21):

+ Streamline multi-species licensing and EIA integration;
« Oversee national IMTA strategy implementation;
+ Manage data repository for IMTA environmental and socio-economic performance;

« Coordinate training and research activities.

Table 21. Roles and Responsibilities within the Proposed National IMTA Coordination Committee
(NIMTACC).

Institution / Proposed Role Key Coordinatio Indicative Reference /
Stakeholder Responsibilitie n Linkages Outputs / Source

s Deliverables
Ministry ~ of | Lead authority - Chair the Direct - National MARD
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Agriculture
and Rural
Development
(MARD)

National
Environmenta
1 Agency
(NEA)

Ministry of
Environment
(MoE)
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and secretariat
of NIMTACC

Environmental
assessment
and
monitoring

Policy
alignment with

climate and
MSP
frameworks

Co-funded by
the European Union

National IMTA
Coordination
Committee
(NIMTACC)
meetings.

- Approve IMTA
licensing and
integrate  multi-
species
provisions in
aquaculture law.
- Coordinate with
national Blue
Economy
programs  and
EU funding
mechanisms
(EMFAF).

- Integrate IMTA-
specific
parameters into
Environmental
Impact
Assessments
(EIA).

- Qversee
nutrient and
sediment
monitoring
programs.

- Maintain IMTA
environmental
performance
datasets.

- Align IMTA
development
with Marine
Spatial Planning
(MSP) and
Integrated
Coastal Zone
Management

coordination
with NEA,
MoTE, and
Fisheries
Management
Organization
s (FMQOs).

Coordinates
with MARD,
NAPA, and
research
institutions.

Cooperates
with  MARD
and
UNEP/MAP
partners.

IMTA

Strategy and

Action

Plan

(2025-2030).
- Annual

IMTA

development

report.

- Annual
environmenta
| status report

on
sites.

IMTA

- Updated EIA

guidelines

for

multi-trophic
aquaculture.

- MSP layer

integrating

(2024)

NEA (2024)

MoTE
(2024);

IMTA zoning. UNEP/MAP

adaptation
and
mitigation
report

Climate

for

Study on the Scalability, Operationality and Efficiency of IMTA Systems in Albania

78

(2023)



@ 2B-BLUE

National
Agency
Protected
Areas (NAPA)

for

Agricultural
University of
Tirana/
University of
Tirana

Private Sector
(IMTA
Operators
and
Cooperatives)
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Euro-MED

Biodiversity
safeguards
and MPA
compatibility

Scientific
support
capacity
building

and

Implementatio
n and
innovation
partners

Co-funded by
the European Union

(ICZM)
objectives.

- Ensure
coherence with
Albania’s NDC
and Blue Carbon
commitments.

- Define
conditions  for
IMTA siting in or
near protected
areas.

- Supervise
biodiversity
monitoring
protocols
(benthic fauna,
fish
assemblages).

- Conduct
applied research
on IMTA
efficiency,
nutrient

recycling,
species

combinations.

- Support
training modules
in  universities
and vocational
schools.

and

- Provide data on
production,
costs, and
environmental
performance.

- Participate in
certification,
marketing,
pilot testing.

and

Works jointly
with NEA and
research
institutions.

Linked to
MARD and
NIMTACC
secretariat.

Coordinate
with  MARD
and
NIMTACC for
permits and
reporting.

aquaculture.

- Guidelines
for IMTA
operation in
biodiversity-
sensitive
areas.

- IMTA
research
database and
technical
reports.

- Updated
curricula for
IMTA
management

- Operational
data sharing
agreements.
- Participation
in national
IMTA
certification
scheme.
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Based
the
suggestions
from staff
members of
Agricultural
University of
Tirana and
University of
Tirana

on

Based on
the provided
information
from
ACEPSD
and Alb-
Adriatico
2013  staff
members
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Local Local-level - Integrate IMTA Link between - Local IMTA Municipal
Governments | facilitation and sites into local NIMTACC zoning maps. Developmen
/ community coastal and local - Stakeholder t Plans
Municipalities | engagement development coastal consultation  (2024)
(Viora, plans. stakeholders. records.
Shéngjin, - Facilitate
Sarandé, stakeholder
Durrés) consultations

and licensing

support.
International | Technical - Provide policy Collaborate - Regional GFCM
Partners assistance and guidance, with  MARD knowledge (2023)
(FAO, GFCM, | funding training, and co- and exchange
UNEP/MAP, support financing for NIMTACC. workshops.
EU IMTA pilots. - IMTA best-
Delegation) - Support practice

alignment  with guidelines for

regional the Adriatic.

aquaculture

sustainability

frameworks.
Summary:

The National IMTA Coordination Committee (NIMTACC) is designed as a multi-institutional
governance platform to unify fragmented responsibilities across environment, fisheries, and spatial

planning

sectors.

Key outcomes expected from its establishment include:

1. Simplified multi-species licensing and environmental permitting;

2. Centralized IMTA data management system for performance tracking;

3. Enhanced inter-ministerial coordination to align IMTA with Albania’s Blue Economy and
climate strategies;

4. Improved policy-science interface, ensuring evidence-based scaling of IMTA nationwide.

IMTA integration into MSP and ICZM

Albania’s Marine Spatial Planning (MSP) and Integrated Coastal Zone Management (ICZM)
frameworks are key vehicles for integrating IMTA into national policy. The country’s MSP Pilot Project
(2023-2025), implemented under the Barcelona Convention, has designated several priority zones for
aquaculture compatible with environmental protection and tourism (UNEP/MAP, 2023).
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+ [IMTA aligns with MSFD Descriptors D5 (Eutrophication) and D6 (Seafloor Integrity) by
reducing nutrient emissions and improving benthic conditions.

s IMTA contributes to ICZM objectives by promoting multi-use coastal areas, balancing
economic development and conservation.

+ |ntegration within MSP enables transparent zoning and conflict minimization with fisheries,
navigation, and tourism sectors.

Recommendations for integration:

—

& W N

Define IMTA as a distinct aquaculture typology in MSP maps.
Identify high-suitability areas using GIS-based criteria (Chapter 5).

Include IMTA performance monitoring within MSP environmental indicators.

Table 22. Synergies between IMTA Objectives and ICZM/MSP Principles.

Establish nutrient-credit trading between IMTA operators and conventional farms.

ICZM / MSP Corresponding Operational Expected Reference /
Principle IMTA Objective Synergy / Outcome Source
Implementation
Mechanism

Integrated Promote ecological Incorporate IMTA as Reduced UNEP/MAP
ecosystem- balance through a best-practice eutrophication (2023)
based nutrient  recycling model in ICZM plans risk; improved
management and multi-trophic and marine spatial coastal

species interactions frameworks ecosystem

resilience

Sustainable use | Optimize resource Spatial allocation of Sustainable GFCM (2023);
of coastal and | efficiency and IMTA zones in MSP aquaculture MARD (2024)
marine reduce to balance expansion with
resources environmental production and minimal

footprint of ecosystem services ecological trade-

aquaculture offs
Multi-sectoral Align fisheries, Establish National Harmonized MARD (2024);
coordination tourism, and IMTA Coordination decision-making MoE (2024)

conservation Committee across  marine

interests within (NIMTACC) for inter- sectors

shared maritime
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space
Participatory Foster stakeholder
governance engagement  and
transparency in
IMTA siting and
monitoring
Precautionary Implement
and  adaptive | continuous
management monitoring of IMTA
environmental
performance
Spatial Promote co-location

efficiency and
multi-use zones

Climate change
mitigation and
adaptation

Knowledge
integration and
data sharing

Socio-
economic
equity
coastal
livelihoods

and

Summary:

of compatible uses
(e.g., aquaculture,
renewable energy,
tourism)

Enhance carbon
sequestration and
reduce  emissions
from aquaculture

Strengthen science-
policy interfaces
through IMTA
monitoring and
research

Support job creation,
training, and value-
chain inclusion in
coastal areas

Co-funded by
the European Union

agency planning

Conduct
participatory
mapping and local
consultation  under
ICZM protocols

Integrate  adaptive
thresholds for
nutrient  discharge
and habitat
protection in MSP
layers

Designate multi-use

marine zones
incorporating IMTA
as ecosystem

services providers

Incorporate  IMTA's
blue carbon potential
into ICZM and
climate adaptation
frameworks

Establish a national
IMTA data repository
linked with ICZM and
MSP databases

Prioritize IMTA
cluster development
in coastal
communities under
ICZM action plans

Enhanced public
acceptance and
conflict mitigation

Early response to
cumulative
impacts and
improved long-
term resilience

Optimized marine
space utilization
and SOCio-
economic
diversification

Contribution  to
Albania’s NDC
targets and Blue
Carbon Strategy

Evidence-based
marine
governance and
transparency

Inclusive coastal
development and
reduced rural-
urban migration

UNEP/MAP
(2023); FAO
(2017)

GESAMP
(2021);
(2024)

NEA

EU
Directive
(2014/89/EU)

MSP

UNEP/MAP
(2023); MARD
(2024)

Provided by
Rigers Bakiu

MARD (2024)

The integration of Integrated Multi-Trophic Aquaculture (IMTA) within Integrated Coastal Zone
Management (ICZM) and Marine Spatial Planning (MSP) frameworks represents a powerful synergy

between

environmental

stewardship

and

IMTA operationalizes |ICZM/MSP principles by:
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1. Enhancing ecosystem resilience through nutrient recycling and biodiversity support;

B W

Incentive mechanisms

Promoting multi-use marine zoning compatible with sustainable tourism and fisheries;
Enabling adaptive and participatory management at national and local levels;

Contributing to climate mitigation, food security, and coastal livelihood diversification.

The successful scaling of Integrated Multi-Trophic Aquaculture (IMTA) in Albania depends not only
on technical readiness and environmental performance but also on the creation of financial and policy
incentives that reward sustainability outcomes.

Given IMTA's capacity to recycle nutrients, sequester carbon, and generate ecosystem services,
its adoption merits public—private support mechanisms that recognize both economic productivity and
environmental co-benefits (Table 23).

Incentive frameworks (Table 23) can be integrated within Albania’s Blue Economy Strategy, National
Aquaculture Plan, and climate adaptation agenda, ensuring coherence with EU and Mediterranean
sustainability programs.

Table 23. Proposed Incentive Mechanisms for IMTA Adoption

Incentive Description /| Policy Expected Impact | Implementation
Type Mechanism Instrument / Considerations
Source

Tax Reduced VAT or | Fiscal policy | Lowers operational | Requires certification
Reductions | income tax rates | adjustment costs and | verification (e.g.,
and  Fiscal | for certified |IMTA | under Ministry of | encourages ASC/FOS/Organic)
Incentives operators; Finance in | compliance  with | and  environmental

exemption on | coordination with | sustainability performance

import duties for | MARD. standards. monitoring.

eco-technologies

(e.g., renewable

energy systems,

biofilters,

monitoring

equipment).
Ecosystem Direct financial | Blue Carbon and | Monetizes Needs valuation
Service compensation Payment for | environmental methodology (€/kg N
Payments based on | Ecosystem benefits and aligns | removed; €/t CO,

quantifiable Services (PES) | private aquaculture | sequestered) and
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(ESP) ecosystem schemes operations with | transparent
services provided | integrated with | national climate | verification systems.
by IMTA (e.g.,, | MoTE and NEA | goals.
nutrient removal, | frameworks.
carbon
sequestration).
Blue Competitive grants | Funded through | Promotes Selection criteria
Economy to support R&D, | MARD's Blue | innovation, should prioritize
Innovation technology Economy digitalization, and | circular economy
Grants upgrades (e.g., | Program or EU | improved resource | models and scalable

solar-powered

innovation funds

efficiency in IMTA

solutions.

feeding systems), | (e.g., Horizon | clusters.
and low-impact | Europe).
aquaculture
infrastructure.
Access to | Facilitate National EMFAF | Expands Requires
EMFAF applications under | Management investment capital | strengthened project
Funding the European | Authority and accelerates | design capacity
Maritime, Fisheries | (MARD) with | transition toward | among SMEs and
and Aquaculture | technical support | certified, low- | cooperatives.
Fund (EMFAF) for | from impact production
modernization, FAO/GFCM. systems.
eco-certification,
and  cooperative
development.
Insurance Subsidized Public-private Enhances Could be linked to
and Climate | insurance insurance economic environmental
Risk premiums covering | program  under | resilience and | compliance and
Coverage stock loss due to | MARD and | investor adaptive
Schemes storms, disease, or | Ministry of | confidence in IMTA | management plans.
climate-induced Finance. enterprises.
impacts; pilot
schemes co-
financed by public
funds.
Green National eco-label | Developed jointly | Improves market | Needs  transparent
Labelling for “Adriatic Clean | by MARD, NEA, | visibility, creates | traceability systems
and Market | Food” IMTA | and  consumer | price  premiums, | and marketing
Incentives products, protection and rewards | strategy integration.
combined with | agencies. sustainable

preferential market
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access in public production.

procurement.
Cooperative | Establishment of | Implemented Encourages Requires technical
Financing small-scale credit | through rural | entrepreneurship training and financial
and lines or revolving | development and local economic | literacy support for
Microcredit | funds for IMTA | programs and | participation in | small operators.
Facilities clusters (e.g., | local  financial | coastal

Vlora,  Shéngjin, | intermediaries. communities.

Butrint).
Research Grants and | MARD and | Strengthens Align with EU Green
and Training | scholarships  for | University of [ human capital and | Skills Agenda and
Subsidies IMTA-related Tirana innovation Blue Education

studies, partnerships with | potential for | initiatives.

internships, and | donor co- | national IMTA

capacity building in | financing (FAO, | development.

ecosystem-based | UNEP/MAP).

aquaculture.

Policy Integration and Expected Outcomes

The introduction of eco-incentives and payment schemes will position IMTA as a public—private
partnership model contributing to Albania’s commitments under:

+ Nationally Determined Contributions (NDCs) for climate adaptation and mitigation;
« EU Blue Economy Strategy (2021-2030);

« UN Sustainable Development Goals (SDGs 2, 13, and 14) on food security, climate action,
and life below water.

By internalizing the value of ecosystem services—such as nutrient removal, carbon capture, and
biodiversity enhancement—IMTA operators can benefit from performance-based payments that
complement their commercial revenues.

Key Implementation Priorities (2025-2030)

1. Pilot an Ecosystem Service Payment (ESP) Scheme under MoTE/NEA supervision using
verified nutrient and carbon data from Vlora Bay.

2. Integrate IMTA in EMFAF Calls for Eco-Aquaculture (2026—2028) with simplified procedures
for small producers.

3. Launch a National “Blue Aquaculture Grant Facility” to co-finance R&D, renewable energy,
and processing infrastructure.
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4. Develop a Fiscal Policy Note with Ministry of Finance proposing IMTA-related tax credits by
2026.

5. Establish a National Green Label for IMTA seafood products, enhancing Albania’s export
competitiveness.

Alignment with EU directives and regional frameworks

Albania's future integration into the European Union necessitates alignment of its aquaculture
governance with EU directives and regional strategies (Table 24).

Relevant frameworks:

« EU Aquaculture Guidelines 2021-2030: emphasize environmental sustainability, innovation,
and multi-trophic diversification.

« Marine Spatial Planning Directive (2014/89/EU): mandates ecosystem-based management
of marine activities.

« EU Biodiversity Strategy 2030: promotes nature-based solutions, including sustainable
aquaculture.

« GFCM 2030 Strategy for Sustainable Fisheries and Aquaculture: prioritizes circular and
low-impact production systems in the Mediterranean.

IMTA directly supports these frameworks by contributing to resource efficiency, habitat protection, and
diversification of income sources for coastal communities (Chopin et al., 2019; GFCM, 2023).

Regional cooperation:
Integration into Mediterranean IMTA networks (e.g., FAO/GFCM Working Group on IMTA) would
facilitate technology exchange, regional data harmonization, and access to joint funding programmes.

Table 24. Alignment Matrix of IMTA with EU and Regional Policies.

Policy Framework /| Key Objectives | Alignment with | Expected National
Strategy and Relevance | IMTA Contribution /| Implementation
Development Synergy Link
EU Green Deal | Climate IMTA contributes | Supports Integrated through
(2019) neutrality, to nutrient | transition to low- | Albania’'s  Green
circular recycling, carbon | carbon food | Agenda for the
economy, zero | sequestration, systems and | Western Balkans
pollution, and | and reduced | integration of | and National
biodiversity environmental aquaculture into | Climate Plan.
footprint of | the circular blue
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recovery. aquaculture. economy.
EU Biodiversity | Restore IMTA  enhances | Creates Linked to
Strategy 2030 degraded habitat biodiversity- Albania’s National
ecosystems, complexity, positive Biodiversity
increase MPAs, | supports aquaculture Strategy and
and protect | biodiversity, and | zones and | Action Plan
coastal reduces pressure | improves (NBSAP  2020-
biodiversity. on wild fisheries. | ecosystem 2030).
connectivity.
EU Blue Economy | Foster IMTA represents a | Demonstrates Anchored in
Strategy (2021- | sustainable model sector that | integrated Albania’s Blue
2030) growth in marine | delivers food | management of | Economy Strategy
sectors  while | security, jobs, and | marine 2024-2030 and
ensuring ecological resources FAO-GFCM pilot
environmental benefits consistent with | initiatives.
sustainability. simultaneously. the Blue
Economy
framework.
Common Fisheries | Sustainable IMTA Encourages Reflected in
Policy (CFP) exploitation  of | complements diversification of | Albania’s
marine CFP by reducing | coastal Fisheries
biological fishing pressure | livelihoods and | Management Plan
resources, and utilizing low- | sustainable 2024-2028 and
ecosystem- trophic species. seafood GFCM
based production. cooperation.
management.
EU Farm to Fork | Promote IMTA products | Increases Implemented
Strategy (2020) sustainable food | can be  eco- | consumer through MARD
systems and | labeled, confidence and | and National Food
traceable supply | traceable, and | market Authority  (AKU)
chains. integrated into | differentiation traceability
certified seafood | for Albanian | systems.
value chains. seafood
exports.
Marine Strategy | Achieve Good | IMTA reduces | Contributes Albania aligns
Framework Environmental nutrient loads and | measurable through the
Directive Status (GES) of | promotes cleaner | ecosystem National Marine
(2008/56/EC) EU marine | water quality, | improvements Environment
waters. supporting GES | for MSFD | Strategy  2021-
descriptors indicators. 2030 (MoE).
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(nutrients,
biodiversity,
seafloor integrity).
Water Framework | Protect inland | IMTA functions as | Supports cross- | Integrated into
Directive and coastal | a bioremediation | sectoral River Basin
(2000/60/EC) water quality. tool, reducing | management of | Management
nitrogen and | land-sea Plans (Drin, Vjosa,
phosphorus nutrient fluxes. | and Seman
effluents. catchments).
Integrated Coastal | Promote IMTA aligns with | Enhances Incorporated  in
Zone Management | sustainable ICZM by | governance Albania's ICZM
(ICZM) Protocol | coastal integrating coordination National Strategy
(UNEP/MAP) development economic, between (2022-2032).
and ecosystem- | ecological, and | fisheries,
based spatial planning | tourism, and
management. dimensions. environmental
sectors.
Maritime Spatial | Encourage IMTA requires | Facilitates To be
Planning (MSP) | sustainable zoning for multi- | conflict implemented
Directive maritime  uses | use areas | resolution and | under the National
(2014/89/EU) through spatial | (aquaculture, efficient use of | MSP Framework
planning. tourism, marine space. 2025
conservation). (MoE/MARD).
EU Climate | Strengthen IMTA systems | Supports Reflected in
Adaptation Strategy | resilience to | diversify climate Albania’'s National
(2021) climate impacts | production  and | adaptation  of | Adaptation Plan
in all sectors. reduce coastal 2024-2030.
vulnerability to | communities
extreme events. through nature-
based solutions.
Barcelona Protect the | IMTA Contributes to | Implemented
Convention & | Mediterranean | operationalizes regional through Albania’s
GFCM marine ecosystem-based | cooperation and | SPA/RAC
Recommendations | environment aquaculture reporting under | partnership  and
and promote | management in |the MAP and | FishEBM-Med
sustainable line with | GFCM participation.
fisheries and | FAO/GFCM frameworks.
aquaculture. guidelines.
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Interpretation and Policy Significance

The alignment matrix demonstrates that IMTA functions as a cross-cutting enabler of multiple EU and

regional frameworks.
Its implementation advances Albania’s accession commitments by translating EU sustainability
principles into operational marine practices.
In particular:

IMTA embodies the Green Deal’s circular economy by converting waste into value through
trophic integration.

It supports Biodiversity Strategy 2030 targets via habitat restoration and reduced nutrient
loading.

It operationalizes ICZM/MSP coherence, providing a blueprint for multi-use coastal zones.

It strengthens climate resilience, offering measurable contributions to both mitigation (carbon
storage) and adaptation (livelihood diversification).

Key Recommendations (2025-2030)

U

Embed IMTA within national EU approximation documents, notably in future Aquaculture and
Fisheries Chapter negotiations.

Develop a policy alignment checklist for IMTA projects ensuring compliance with MSFD,
WEFD, and ICZM Protocol indicators.

Create a national inter-ministerial working group (MoTE, MARD, MFA) to harmonize IMTA
governance with EU blue policy instruments.

Integrate IMTA ecosystem-service accounting into Albania’s Nationally Determined
Contributions (NDCs) and Blue Economy performance dashboards.

Recommendations for regulatory reform

Based on stakeholder consultations, comparative analysis, and international best practices, the
following regulatory and policy reforms are proposed for Albania (Table 25):

1

Legal recognition of IMTA: include a formal definition and principles of multi-trophic
aquaculture in the revised Fisheries Law (2025).

Multi-species licensing: adopt a single-window procedure covering fed, extractive, and
deposit-feeding species within one permit.

Simplified EIA process: develop IMTA-specific environmental assessment guidelines that
account for nutrient recovery and ecosystem benefits.
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4. Data and monitoring protocols: integrate IMTA environmental data into NEA's national
monitoring system.

5. Capacity building: establish a National IMTA Training Centre in Vlora in partnership with
universities and the private sector.

6. Ecosystem service valuation framework: institutionalize valuation methods (Chapter 7) to
support PES mechanisms and eco-incentives.

7. Regulatory harmonization: ensure consistency across fisheries, environment, tourism, and
energy laws to avoid cross-sectoral conflicts.

Expected outcomes:

s Enhanced investor confidence through regulatory clarity.

» Streamlined administrative processes and reduced licensing delays.

« Stronger compliance monitoring and transparent reporting.

» Integration of IMTA into national blue growth and climate policies.

Table 25. Summary of Proposed Legal and Policy Reforms for IMTA Mainstreaming.

Reform Area | Current Proposed Responsible | Expected Implementatio

Situation /| Legal or | Institutions Outcomes /| n Timeline

Gap Policy Benefits

Action

& Licensing Amend the | Ministry of | Streamlined 2025-2026
Aquaculture | procedures Law on | Agriculture administrative
Licensing under the | Aquaculture | and Rural | process; reduced
Framework Fisheries and Fisheries | Development | bureaucracy;

Law (2012) | to recognize | (MARD), legal clarity for

do not | IMTA as a | National IMTA investors.

account for | distinct Agency  for

multi- category; Aguaculture

species or | introduce a | (AKUQ),

multi-trophic | single “muilti- | National

systems. trophic” Environment

Separate permit Agency

permits covering all | (NEA).

required for | farmed

each species | species

complicate under  one

IMTA Environment
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approval. al Impact
Assessment
(EIA).
2. Current EIA | Revise the | NEA, MoTE, | More accurate | 2025
Environment | templates EIA academic and | environmental
al Impact | are species- | Regulation research monitoring;
Assessment | specific and | (DCM  No. | institutions. recognition of
(EIA) do not | 247/2014) to IMTA's  positive
Procedures evaluate include IMTA- externalities.
nutrient specific
recycling or | indicators
ecosystem (nutrient
services. fluxes,
biodiversity
effects,
carbon
sequestration
);
= Spatial | No legal | Integrate MoTE, MARD, | Reduced spatial | 2025-2027
Planning and | provisions IMTA zoning | National conflicts;
Zoning exist for | into Maritime | Territorial optimized use of
Regulations | multi-use Spatial Planning marine  space;
aquaculture | Planning Agency demonstration
zones or | (MSP) and | (AKPT), sites for eco-
IMTA- ICZM Municipalities. | innovation.
compatible frameworks,
spatial designating
planning. specific
“‘IMTA  pilot
areas” within
the Vlora,
Sarandé, and
Shéngjin
coastal
zones.
4. Quality, | National Develop MARD, Improved product | 2026
Safety, and | standards national IMTA | National Food | traceability;
Certification | recognize certification Authority enhanced market
Standards monoculture | guidelines (AKU), access for eco-
aquaculture | aligned with | Standardizati | certified seafood.
but not | ASC, Friend | on Directorate
IMTA- of the Sea,
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specific and EU | (DPS).
sustainability | Organic
labels. Aquaculture
Regulation
2016/848.
5. Fiscal and | No Introduce tax | Ministry of | Increased 2026-2027
Financial dedicated exemptions, | Finance investor interest;
Incentives financial reduced VAT | (MoFE), recognition of
support for | for IMTA- | MARD, MoTE. | environmental
IMTA certified co-benefits:
development | operators, diversification of
or and rural income.
ecosystem ecosystem-
services. service
payment
schemes
recognizing
nutrient
removal and
carbon
capture.
6. Research | Fragmented | Establish a [ MARD, Strengthened 2025 onward
and R&D efforts; | National University of | scientific base for
Innovation no dedicated | IMTA Tirana, policy-making
Policy funding for | Research Agricultural and commercial
IMTA applied | and University of | scaling.
research or | Innovation Tirana, FAO
monitoring. Fund under | collaboration.
MARD,
supporting
applied
studies, pilot
systems, and
technology
transfer.
7. Data | Lack of | Create a | MARD, NEA, | Improved 2025-2028
Collection standardized | centralized INSTAT, FAO- | transparency,
and data IMTA GFCM reporting,  and
Performance | collection on | Monitoring partnership. adaptive
Monitoring IMTA Platform management
productivity | integrated capacity.
and with
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environment | FAO/GFCM
al databases,
performance | ensuring
open data
access and
harmonized
indicators.
8. Capacity | Limited Introduce MARD, Professionalizati | 2026 onward
Building and | national formal Universities, on of workforce;
Training expertise in | training Regional increased
IMTA system | programs Aquaculture employment;
design, (vocational Centers, gender-inclusive
managemen | and MoTE. skills
t, and | postgraduate development.
certification. | ) and
establish an
IMTA Training
and
Extension
Centre in
Vlora.
9. Fragmented | Operationaliz | MARD, MoTE, | Effective  policy | 2025
Governance | institutional e the National | Ministry of | coherence;
and mandates IMTA Finance, unified national
Institutional | and lack of a | Coordination | Municipalities. | IMTA  strategy
Coordination | national Committee implementation.
coordination | (NIMTACC)
mechanism. | under MARD,
as proposed
in Table 9.2,
to ensure
Cross-
sectoral
coherence.
10. IMTA not yet | Mainstream MoTE, MARD, | Strengthened 2025-2026
Integration fully IMTA into the | Ministry of | policy visibility;
into National | embedded in | Blue Finance, FAO, | inclusion in
Blue Albania’s Economy UNEP/MAP. national and
Economy Blue Strategy regional reporting
Strategy Economy or | (2024-2030) frameworks.
Climate and National
Adaptation Adaptation
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Plans. Plan  (NAP)
with
dedicated
targets and
indicators.

Interpretation and Strategic Outlook

The proposed reforms aim to institutionalize IMTA as a central pillar of Albania’s sustainable
aquaculture policy and align it with EU and regional frameworks.
Key priorities include:

« Legal recognition of IMTA within national aquaculture and environmental laws.

+ Integration of IMTA into spatial planning and E|A regulations to enable scaling.
« Fiscal and financial incentives to reward ecosystem services.

« Capacity building and monitoring systems to ensure adaptive governance.

Together, these reforms will transition IMTA from a pilot initiative to a mainstream aquaculture model
contributing to Albania’s Blue Economy, climate resilience, and EU accession objectives.

Summary and strategic implications

Albania’s governance framework is evolving rapidly under the Blue Economy Strategy (2023—-2030).
The Vlora Bay IMTA pilot provides a practical foundation to embed IMTA principles into law and policy
(Figure 14). Establishing a national governance architecture that supports integrated aquaculture will
ensure the sector’s long-term sustainability and competitiveness.

Key strategic implications:

« IMTA aligns with EU environmental directives and strengthens Albania’s accession
preparedness.

» A coordinated governance model is vital to manage multi-species systems effectively.

« Regulatory reforms must recognize ecosystem service value to unlock incentive
mechanisms.

« Multi-stakeholder collaboration—Ilinking government, academia, and industry—will ensure
adaptive management and continuous innovation.

IMTA is not merely a technical innovation but a governance innovation, demonstrating how marine
resource management can integrate environmental, social, and economic objectives (UNEP/MAP,
2023).
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Figure 14. Canceptual model of IMTA governance in Albania’s Blue Economy context.
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Chapter 10
STRATEGIC ROADMAP AND

RECOMMENDATIONS

Short-term actions (2025-2026)

The first phase of Albania’s IMTA roadmap should focus on consolidating evidence from the Vlora Bay
pilot and establishing enabling institutional and legal frameworks. The period 2025-2026 marks the
foundation stage, aimed at operational validation, training, and legal recognition.

Priority actions:

1

Consolidate monitoring data: finalise the environmental and socio-economic monitoring
series from the Vlora Bay IMTA pilot and integrate results into the national aquaculture
database managed by the National Environmental Agency (NEA).

Legal recognition of IMTA: introduce IMTA definitions, objectives, and licensing procedures
in the revised Fisheries and Aquaculture Law (planned for adoption in 2026).

Capacity-building programmes: implement intensive training modules for IMTA technicians,
inspectors, and entrepreneurs through the University of Tirana and Fisheries Research
Institute.

Pilot scale expansion: extend the Vlora Bay site from 5 ha to 10 ha to validate engineering
and biological performance under moderate scaling.

Stakeholder coordination: establish the National IMTA Coordination Committee
(NIMTACC) as an inter-ministerial body to oversee policy integration.

Visibility and communication: prepare a national awareness campaign “IMTA for a Blue
Albania” highlighting environmental benefits and market opportunities.

Expected outputs:

Legal and institutional foundation established.
10 ha IMTA pilot site operational.
50 professionals trained.

National database on IMTA performance launched.
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Medium-term actions (2026-2028)

The medium-term phase focuses on scaling and mainstreaming IMTA as a standard component of
Albania’s aquaculture development strategy and Blue Economy framework.

Strategic objectives:

1.

Establish two additional demonstration sites: Butrint Lagoon (southern Albania) and
Shéngjin Bay (north), representing contrasting hydrodynamic regimes.

National IMTA Certification Scheme: create a national eco-label aligned with FAO and
GFCM sustainability standards.

IMTA Research & Training Centre (IMTA-RTC): establish in Vlora in partnership with the
University of Tirana and FAO to serve as a regional knowledge hub.

Digital monitoring network: deploy loT sensors and cloud-linked dashboards across pilot
clusters for environmental data standardisation.

Cluster-based cooperative model: develop producer cooperatives (“IMTA Albania Clusters”)
for shared logistics, feed procurement, and marketing.

Integration into MSP: formally designate IMTA zones within national Marine Spatial Plans
and coastal land-use maps.

Expected outputs:

=3 operational IMTA clusters (Vlora, Butrint, Shéngjin).
National eco-label registered and applied to first certified farms.
IMTA-RTC established and operational.

200+ new jobs created across the sector.

Long-term actions (2028-2030)

By 2028-2030, Albania’s IMTA sector should evolve into a fully integrated and export-oriented
subsector embedded in national marine spatial and blue growth strategies (GFCM, 2023).

Long-term priorities:

1 5

Integration into national aquaculture zoning: include IMTA zones and guidelines in the
National Aquaculture Plan (2028 update) and Marine Spatial Planning instruments.

Expansion to >100 ha cumulative IMTA area: through cluster replication and private
investment supported by EMFAF funding.
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3. Export-certified production lines: establish “Viora Bay IMTA Seafood” and “Adriatic Clean
Food” brands targeting EU eco-conscious markets.

4. Ecosystem service monetisation: implement payment-for-ecosystem-services (PES)
schemes rewarding nutrient removal and carbon sequestration.

5. Automation and innovation: integrate digital twin modelling, renewable energy platforms,
and smart feeding systems to enhance resilience and efficiency.

6. Regional cooperation: join the Mediterranean IMTA Network under GFCM for knowledge
exchange and joint projects.

Expected outputs:
« 100 ha IMTA area in operation.
» Nationally recognised ecosystem service framework.
« Two export-certified IMTA product lines.

» Active participation in Mediterranean IMTA research network.

Key performance indicators (KPlIs)

A robust monitoring and evaluation (M&E) system is required to track progress and ensure
accountability across all phases. Indicators have been defined under technical, environmental,
economic, and social dimensions (FAO, 2021; UNEP/MAP, 2023).

Dimension Indicator Baseline (2025 | 2026 2028 2030
expected Target Target Target
hypothetically)

Technical IMTA operational area | 5 10 50 100+

(ha)
Production vyield (t| 58 120 400 900
yr')

Environmental | N recovery (%) 21 25 30 35

Carbon sequestration | 2.4 2.8 3.0 3.5
(tCO; ha™ yr™)
Economic IRR (%) 15-18 20 22 25
Gross margin (%) 18 20 22 25
Social Direct employment | 10 50 150 300+
(jobs)

These KPIs will be tracked through annual IMTA reports and integrated into the National Blue Economy
Monitoring Framework managed by MARD and NEA.
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Research and innovation priorities

The Integrated Multi-Trophic Aquaculture (IMTA) sector represents a strategic frontier for Albania’s
blue economy, offering an ideal platform to combine marine science, technology, and sustainability-
driven innovation. Over the 2025-2030 horizon, research and innovation activities should focus on
enhancing productivity, resilience, and environmental performance through applied science and digital
transformation.

The following thematic research priorities are proposed (Table 26):
1. Genetic Optimisation of Extractive Species

Selective breeding and genetic characterization of extractive species — particularly Mytilus
galloprovincialis, Pinctada radiata, and Holothuria tubulosa — are essential to improve growth rates,
environmental tolerance, and product quality.

« Research focus: genomic mapping, selective breeding, and stress-tolerance trials under
fluctuating salinity and temperature conditions.

» Expected outcomes: enhanced aquaculture yields (+20-30 %), improved adaptation to climate
variability, and stronger broodstock management programs.

« Lead institutions: University of Tirana, Fisheries Research Institute, and Mediterranean Marine
Institute (Greece).

2. Feed Innovation and Circular Economy Integration

The development of low-carbon, circular feed solutions will reduce dependency on imported
fishmeal and fish oil while closing nutrient loops.

« Research focus: formulation of alternative feeds using algal meal, insect protein (black soldier
fly larvae), and food-waste bioconversion technologies.

« Expected outcomes: reduced carbon footprint (-30 %), improved feed conversion ratios, and
valorisation of local agro-industrial by-products.

» Lead institutions: Agricultural University of Tirana, FAO technical units, and private feed
producers (pilot collaboration with Vlora-based cooperatives).

3. Automation, Sensors, and Digital Twins

Digitalization can revolutionize IMTA management by introducing real-time monitoring, predictive
analytics, and automation.

« Research focus: development of digital twins for modelling nutrient flux, carrying capacity, and
maintenance scheduling using Al and loT technologies.

« Applications: automated feeding systems, biofouling control, and early-warning environmental
dashboards linked with the National Environmental Agency (NEA) data system.

« Expected outcomes: reduced operational costs, improved efficiency, and enhanced
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traceability through blockchain-integrated traceability systems.

» Lead institutions: Polytechnic University of Tirana (ICT Department), NEA, and European Blue
Digital Innovation Hubs.

4. Ecosystem Service Quantification

To capture the full environmental value of IMTA, robust ecosystem service assessment and
monetization tools are required.

« Research focus: empirical quantification of nutrient assimilation, carbon sequestration, and
biodiversity enhancement using field data and biogeochemical models.

« Expected outcomes: development of standard metrics for nutrient credits and blue carbon
accounting compatible with EU Green Deal methodologies.

+ Lead institutions: MARD, UNEP/MAP, FAQO, and regional academic partners.
5. Renewable Energy Integration

The shift toward decarbonized aquaculture operations requires hybrid renewable systems that
combine solar, wave, and micro-diesel backup.

+ Research focus: design and testing of floating solar panels, energy storage systems, and low-
voltage distribution for offshore cages and longlines.

« Expected outcomes: 40-60 % reduction in fossil fuel dependence, cost savings, and increased
environmental certification eligibility (ASC/FOS).

« Lead institutions: Polytechnic University of Tirana (Energy Engineering Faculty), private
renewable-energy developers, and EU Horizon clusters.

6. Socio-Economic Resilience and Adaptive Capacity

Socio-economic research should examine how IMTA contributes to coastal livelihood diversification,
social equity, and climate resilience.

» Research focus: longitudinal monitoring of income, employment, gender participation, and
adaptive behaviour in IMTA communities under climate and market stressors.

« Expected outcomes: evidence-based policy adjustments, stronger social inclusion, and
integration of IMTA into coastal community development plans.

« Lead institutions: University of Tirana (Social Sciences), MARD, and regional NGOs
(ACEPSD).

7. Cross-Border Cooperation and Regional Innovation Hubs

International cooperation can accelerate Albania’s integration into the Mediterranean IMTA innovation
network.

« Research focus: collaborative projects on IMTA governance, species performance, and
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technological adaptation across lItaly, Greece, and Tunisia.

» Expected outcomes: establishment of Regional IMTA Innovation Hubs, harmonized
standards, and shared databases for technology transfer.

e Lead institutions: MARD, FAO-GFCM, HCMR (Greece), ISPRA (ltaly), INSTM (Tunisia).

Expected Cross-Cutting Impacts

s Increased national R&D capacity and innovation outputs aligned with EU Horizon Europe and
BlueMed priorities.

» Integration of IMTA into digital blue economy frameworks (Al, sensors, big data).
+ Strengthened regional collaboration under GFCM and UNEP/MAP programs.

« Accelerated progress toward climate-smart aquaculture and sustainable food systems.

Table 26. Research Priorities and Responsible Institutions.

Research Area | Key Objectives Lead Institutions Supporting Time
Partners Horizon
(2025-
2030)
Genetic Selective breeding for | University of Tirana, | FAO, HCMR 2025-2028
optimisation resilience and growth | Fisheries Research
Institute

Feed innovation Develop circular, low- | Agricultural Private feed | 2025-2029

carbon feed | University of Tirana | producers,

formulations UNEP/MAP
Digital twins & | Deploy predictive | Polytechnic NEA, FAO 2026-2030
automation modelling and loT | University of Tirana

monitoring
Ecosystem Standardize MARD, FAO UNEP/MAP, 2025-2030
service nutrient/carbon credit University of
quantification metrics Tirana
Renewable Design hybrid solar— | Polytechnic Private  sector, | 2026-2030
energy wave energy systems | University of Tirana | EU Horizon
integration
Socio-economic | Monitor  community | University of Tirana | ACEPSD, MARD | 2025-2030
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resilience and gender impacts
Cross-border Establish regional | MARD, FAO-GFCM | HCMR, ISPRA, | 2025-2030
cooperation innovation hubs INSTM

Strategic recommendations summary

The IMTA roadmap offers a comprehensive approach to balancing environmental integrity, economic
viability, and social inclusion. Key recommendations are summarized below (Table 27):

1. Policy and governance:

o Embed IMTA into national aquaculture and Blue Economy legislation.

o Create unified multi-species licensing and monitoring frameworks.

o Introduce incentive mechanisms (tax reliefs, ecosystem service payments).
2. Technical and environmental:

o Scale IMTA using modular designs adapted to Albania’s hydrodynamics.

o Implement digital monitoring and predictive management systems.

o Maintain continuous environmental surveillance to safeguard Good Environmental
Status (GES).

3. Socio-economic:

o Foster cooperative clusters for shared logistics and market access.

o Support eco-certification and branding for premium export markets.

o Promote vocational training and gender-balanced employment.
4. Research and innovation:

o Invest in digital twins, automation, and low-impact feed development.

o Strengthen partnerships between government, academia, and private sector.
5. Regional integration:

o Position Albania within the Mediterranean IMTA network and GFCM'’s Blue
Transformation Initiative.

Together, these measures provide a structured and realistic pathway for Albania to achieve
sustainable, resilient, and competitive IMTA development by 2030.

Study on the Scalability, Operationality and Efficiency of IMTA Systems in Albania
103



@ 2B-BLUE

iLerrey
Euro-MED

Co-funded by
the European Union

Table 27. Consolidated summary of strategic recommendations and expected outcomes.

Strategic Domain

Key Recommendations

Lead/Supporting
Institutions

Expected
Outcomes (2025-
2030)

1 Legal and
Institutional

Framework

* Integrate IMTA definition and
regulatory provisions into the
revised Fisheries Law (2025).

MARD, NEA, MoTE,
legal experts, FAO

* Legal clarity and
reduced
administrative

Ecosystem Services (PES)
schemes rewarding nutrient
and carbon removal.

« Establish the National IMTA burden for IMTA
Coordination Committee investors.
(NIMTACC) to streamline . Enhanced
licensing and data coordination across
management. institutions.
* Harmonize inter-sectoral . Improved
legislation (fisheries, compliance
environment, tourism, monitoring and data
energy) to prevent regulatory transparency.
overlap.

2. Environmental | = Develop IMTA-specific | NEA, universities, | « Quantified

Management and | Environmental Impact | MARD, IMTA | ecosystem benefits

Monitoring Assessment (EIA)  and | operators recognized in policy.
monitoring guidelines. . National
. Integrate IMTA environmental
environmental indicators into monitoring enriched
NEA's national database. by IMTA data.
. Pilot Payment  for * Creation of market-

based incentives for
ecosystem
restoration.

3. Technological
Innovation and
Research

* Implement applied R&D

programmes on feed
innovation, genetic
improvement, and
automation.

« Foster digital transformation
via predictive models and
“digital twins” for production

management.
 Establish a National IMTA
Training  and Research

Centre in Vlora.

Universities, research
institutes,
sector, EMFAF, FAO

private

. Increased
productivity and
efficiency of IMTA
systems.

« Strengthened R&D
capacity and
innovation
ecosystem.

« Skilled workforce
ready for advanced
marine technology
deployment.
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4. Value-Chain
Development and
Market Integration

. Develop cooperative
processing hubs and cold-
chain facilities in Vlora and
Shéngjin.

« Promote cluster-based
marketing (e.g. “IMTA Vlora
Cluster Coop”).
» Launch digital marketplace
for traceable IMTA products.

IMTA cooperatives,
local SMEs, MoETE,
chambers of
commerce

* Reduced post-
harvest losses and
improved product
quality.

. Increased
bargaining power
and access to
domestic and export
markets.

+ Enhanced brand
visibility of Albanian

IMTA products.
5. Financial and | + Introduce tax incentives and | MFE, MARD, financial | * Improved financial
Economic ecosystem service payments | institutions, EU | viability of IMTA
Incentives (ESP) for certified [IMTA | Delegation enterprises.
operators. * Greater private
 Facilitate access to EMFAF sector participation
and Blue Economy credit and investment
lines. security.
. Establish insurance . Enhanced
schemes for climate and resilience to climate-
biosecurity risks. related shocks.
6. Capacity | = Implement continuous | MARD, universities, | « Empowered coastal
Building and | training for farmers, | NGOs, local | communities and
Community inspectors, and local | municipalities equitable
Engagement authorities. participation.
* Develop gender-inclusive . Improved
and youth-focused training governance
modules. transparency and
» Strengthen stakeholder social cohesion.
communication platforms for . Long-term

conflict mitigation.

sustainability of IMTA
adoption.

7. Regional and
International
Cooperation

» Establish partnerships with

Mediterranean IMTA
innovation hubs (Italy,
Greece, Tunisia).

« Participate in regional data-
sharing networks and joint
R&D programmes.
* Align Albania’s IMTA
roadmap with GFCM and EU

MARD, GFCM, FAO,
SPA/RAC, regional
research centres

* Enhanced regional
visibility and
technology

exchange.

+ Access to cross-
border funding and
innovation platforms.
. Harmonized
standards for
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Blue Growth strategies. sustainable
aquaculture in the
Adriatic—lonian
region.

Narrative summary:

The consolidated roadmap aims to position Albania as a regional leader in sustainable Integrated Multi-
Trophic Aquaculture by 2030. Through legal recognition, institutional strengthening, and innovation-
driven value chains, IMTA can simultaneously address environmental sustainability, economic
diversification, and social inclusion. Coordinated implementation across ministries, academia, and the
private sector will be critical to achieving these outcomes and ensuring the long-term resilience of
Albania’s coastal economy.
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Conclusions

Summary of findings

The Vlora Bay Integrated Multi-Trophic Aquaculture (IMTA) pilot has demonstrated that sustainable
and profitable aquaculture can be achieved in Albanian coastal waters through trophic integration
and circular bioeconomy principles.

The main findings of the study can be summarised as follows:
Technical and environmental performance

« The Vlora Bay site (5 ha) provided optimal physical and hydrodynamic conditions for IMTA
operations, with current velocities (8-18 cm s™) ensuring efficient waste dispersion (based on
the data provided by R. Bakiu, the project manager of ACEPSD).

» The integrated system of seabream (Sparus aurata), seabass (Dicentrarchus labrax), mussels
(Mytilus galloprovincialis), pearl oysters (Pinctada radiata), and sea cucumbers (Holothuria
tubulosa) operated efficiently with no disease outbreaks or benthic degradation.

« Nitrogen recovery reached 21 %, and carbon sequestration was equivalent to 2.4 t CO,
ha™ yr™.

s Biodiversity enhancement was evident, with macrofaunal diversity increasing by 25-30 %
compared to reference sites.

Economic and operational performance
» The pilot achieved gross margins of ~18 % and an estimated payback period of 4 years.
Socio-economic benefits

« [IMTAIt is expected to generate at least 10 direct and 8-10 seasonal jobs at pilot scale;
scaling to 100 ha could support >150 direct and 200 indirect jobs.

« Eco-tourism, educational, and branding initiatives (“Vlora Bay IMTA Seafood — Adriatic
Clean Food”) created new livelihood opportunities.

Policy and governance outcomes

« The existing legislative framework (Law 64/2012 and its amendments together with the Law on
Aquaculture 2016) requires amendments to formally recognise IMTA as a legal production
model.

« The report proposes a National IMTA Coordination Committee (NIMTACC) to harmonise
multi-agency processes.
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« Integration into Marine Spatial Planning (MSP) and the Blue Economy Strategy (2023-2030)
was identified as a critical step for national adoption.

Environmental and ecosystem services

+ IMTA operations contributed positively to Good Environmental Status (GES) under MSFD
Descriptors D1 (Biodiversity), D5 (Eutrophication), and D6 (Seafloor Integrity).

« The estimated annual ecosystem service value (nutrient removal, carbon sequestration,
biodiversity, and cultural benefits) was €530 ha™ yr™, providing a measurable case for
ecosystem service payments (ESP).

Strategic outlook

The findings of the Vlora Bay pilot position IMTA as a transformative model for Albania’s coastal
development and a cornerstone of its Blue Economy transition.

IMTA as a nature-based solution

IMTA exemplifies a nature-based approach (NbS) by using ecological interactions to recycle nutrients,
increase resilience, and mitigate climate impacts. The approach directly supports Albania’s
commitments under the EU Green Deal, MSFD, and Barcelona Convention ICZM Protocol
(UNEP/MAP, 2023).

Economic diversification and resilience

IMTA provides a practical path to risk diversification in Albania’s mariculture sector. Multiple species
portfolios stabilize income and buffer against market or environmental shocks, while cluster-based
cooperatives enhance efficiency and bargaining power.

Policy alignment and EU accession readiness

Mainstreaming IMTA will bring Albania’s aquaculture governance in line with EU Aquaculture
Guidelines (2021-2030) and the GFCM 2030 Strategy, enhancing the country's readiness for EU
integration.

Knowledge and innovation hub potential

With sustained investment in research and training, Albania—particularly Vlora—can become a
regional innovation hub for IMTA and circular aquaculture, providing expertise and technology to
neighbouring Mediterranean states (GFCM, 2023).

Recommendations

Building on the evidence gathered throughout the study, the following recommendations are presented
to national institutions, development partners, and the private sector:
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Policy and governance

1
2

Legally define IMTA within the Fisheries and Aquaculture Law (revision 2025).

Adopt multi-species licensing and simplified Environmental Impact Assessment (EIA)
guidelines specific to IMTA.

Establish the NIMTACC as a permanent inter-ministerial coordination body.

Integrate IMTA zones and performance indicators into Marine Spatial Planning (MSP) and
Integrated Coastal Zone Management (ICZM) frameworks.

Environmental management

1.

Institutionalise continuous IMTA environmental monitoring under NEA's national
programme.

Develop a nutrient-credit system linking IMTA operators with conventional farms to
incentivise nutrient removal.

Promote ecosystem service payments (ESP) and carbon-credit schemes based on verified
sequestration data.

Economic and market development

1

3.

Support establishment of IMTA cooperatives and processing hubs in Vlora, Butrint, and
Shéngjin.

Encourage eco-certification (ASC, FOS) and adoption of the national label “Adriatic Clean
Food.”

Facilitate EMFAF and Blue Economy Fund access for small producers.

Research and capacity building

3
2
3.

Establish the National IMTA Research and Training Centre (IMTA-RTC) in Viora.
Invest in digital twin technologies for predictive management and early-warning systems.

Expand academic and vocational curricula to include IMTA modules and entrepreneurship
skills.

Final remarks

The Vlora Bay IMTA pilot marks a milestone in Albania’s sustainable aquaculture journey. It
provides concrete proof that ecological integration, technological innovation, and community
participation can converge to deliver both environmental and socio-economic benefits.

If scaled strategically and supported by coherent governance reforms, IMTA can:
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« Enhance Albania’s food security and export competitiveness;
« Improve coastal ecosystem resilience to climate change;
s Create inclusive employment and diversify the rural economy;

« Strengthen the country’s position within the Mediterranean as a model for sustainable blue
growth.

In conclusion, Integrated Multi-Trophic Aquaculture offers Albania a pathway toward a
regenerative, low-carbon, and socially inclusive marine economy—an essential component of its
vision for a Blue, Green, and Prosperous Albania by 2030.

Final remarks

e Chopin, T., et al. (2019). Best practices in IMTA design and monitoring. Journal of Sustainable
Aquaculture, 12(4), 233-256.

e GFCM (2023). Blue Transformation progress report. Rome: FAQ.
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Annhexes

Annex 1-IMTA-Suitable Areas in Albania

1. Introduction

This annex presents a spatial analysis identifying coastal areas in Albania suitable for Integrated Multi-
Trophic Aquaculture (IMTA). Site selection considers environmental, hydrodynamic, and anthropogenic
factors to ensure both ecological sustainability and economic feasibility.

2. Methodology

« Data Sources: Bathymetry data (0—-50 m), current velocity and direction (tide and wind-
driven), water quality (pollution hotspots), and seabed characteristics.

s GIS Layers Created:
1. Bathymetry and slope
Current velocity and predominant flow direction

Pollution overlay (industrial, urban, agricultural)

B oW N

Composite suitability index
3. Results

Depth strongly influences water exchange, temperature stability, nutrient dispersion, and the technical
feasibility of installing longline or cage systems. The analysis identifies three primary depth classes and
their corresponding suitability levels (Table 28).

Table 28. Identified and proposed three primary depth classes and corresponding suitability levels

Depth  Area Suitability = Description

Range Coverage  Category

(m) (km?)

0-10 50 Low These shallow coastal waters exhibit higher fluctuations in

temperature and salinity, greater exposure to wave action,
and increased interaction with coastal activities. They are
often nursery areas for marine fauna and may be
environmentally sensitive or designated for tourism uses,
reducing suitability for IMTA structures.

10-30 120 Medium Mid-depth areas provide moderate water exchange and are
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more stable. They may support seaweed and bivalve cultures
but could be less suitable for finfish cages if flushing rates are
insufficient. This category holds potential for nearshore,
small-scale IMTA applications.

30-50 90 High These deeper zones present optimal hydrographic stability
for multi-trophic interactions. Adequate dilution capacity
supports fed species (finfish), while extractive species
(mussels, oysters, macroalgae) can efficiently capture
dispersed nutrients. These depths also reduce conflicts with
coastal uses.

In addition, hydrodynamics affect nutrient dispersion, oxygenation, waste plume transport, and the
general health of aquaculture installations. These are the identified zones based on the hydrodynamic
characteristics.

Low current zones (0—-1 m/s):

Characterized by minimal water exchange; risk of organic waste accumulation increases. Suitable
mainly for low-density extractive species or low-impact seaweed lines.

Medium current zones (1-2 m/s):

Ideal for IMTA because currents are strong enough to disperse nutrients but not so strong as to damage
longlines or cages. These areas support efficient nutrient uptake by bivalves and macroalgae.

High current zones (>2 m/s):

Provide excellent flushing but may challenge infrastructure stability. Suitable for robust species or
offshore installations, provided engineering designs are adapted.

The pollution overlay compiles sector-specific pressure hotspots to identify areas requiring caution or
exclusion. Data incorporate industrial, urban, and agricultural sources across key coastal segments
(Table 29).

Table 29. Proposed pressure hotspots requiring caution and relative location and severity (based on
the information from the literature and information provided by ACEPSD).

Pollution Location | Severity Description

Type

Industrial Vlora Medium | Historical industrial inputs, port activities, and legacy
effluent contamination elevate nutrient and tourism activities.

Sensitive species such as bivalves and Pinctada radiata are
highly vulnerable in this segment.
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Urban runoff | Durres Medium | High population density and wastewater discharge increase

turbidity and bacterial loads. Seaweed culture may be
feasible, but filter-feeding organisms require additional
sanitary monitoring.

Agricultural | Shengjin | Low Nutrients from nearby agricultural zones may stimulate
runoff macroalgae growth but also create localized eutrophication

risks. With proper monitoring, IMTA may be viable.

4. Discussion

The integrated spatial analysis demonstrates that depth, hydrodynamics, and pollution levels are
key determinants of IMTA suitability along the Albanian coast.

Optimal Areas:

Regions characterized by 30-50 m depths, moderate current velocities (1-2 m/s), and low
pollution exposure exhibit the highest environmental potential for IMTA. These areas provide
strong water exchange, stable conditions for finfish cages, and favorable nutrient dispersion for
extractive components such as mussels, oysters, Pinctada radiata, and brown macroalgae.

Unsuitable or High-Risk Zones:

Polluted areas and shallow nearshore waters (0—10 m) present significant constraints. Such
zones may jeopardize product quality, increase ecological disturbance, and reduce the
efficiency of nutrient recapture. Sensitive species—particularly bivalves and juvenile finfish—
are especially vulnerable to contaminants and thermal fluctuations in these areas.

Implications for IMTA Development:

The mapping results offer practical guidance for selecting pilot sites that maximize
environmental performance while minimizing risk. They support strategic expansion planning,
including:

o zoning for offshore or semi-offshore IMTA clusters,

o optimizing the placement of fed vs. extractive species to enhance nutrient capture,

o identifying areas requiring targeted environmental monitoring before licensing.
Strategic Use in National Planning:

These spatial features can be directly integrated into national aquaculture development
frameworks, marine spatial planning (MSP), and the designation of aquaculture management
zones (AMZs). As Albania expands its Blue Economy initiatives, such evidence-based spatial
analyses are essential to reconcile environmental protection with sustainable economic growth.
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Annex 2 - Environmental Monitoring Dataset

1. Introduction

This annex presents the environmental monitoring dataset (examples just for illustrating the
methodology) for the IMTA pilot in Vlora Bay, covering water quality, sediment characteristics, benthic
macrofauna, and holothurian performance. Holothurians act as benthic bioremediators, recycling
organic matter from finfish cages while contributing to overall ecosystem health.

2. Water Quality Monitoring

2.1 Parameters Monitored
« Dissolved Oxygen (DO, mg/L)
« Temperature (°C)
« Salinity (PSU)
s Nutrients: Nitrate, Phosphate, Ammonium
« pH and Turbidity

2.2 Sampling Protocol
« Frequency: Monthly, May—December 2025
« Stations: V1 (north bay), V2 (center bay), V3 (south bay)
e Depth: Surface, mid-water, near-bottom

Table 30. Water Quality Parameters (Example Data)

Station DO (mg/L) Temp (°C) Salinity (PSU) Nitrate (uM) Phosphate (uM) Silicate (uUM)

V1 7D 21 37 2.5 0.3 5.2
V2 6.9 22 36 3.0 0.4 5.5
V3 7.3 21.5 37 2.8 0.3 5.1

3. Sediment Monitoring
3.1 Parameters Monitored
+ Grain size (um)

« Qrganic content (%)
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+ Heavy metals (mg/kg): Cu, Zn, Pb

Table 31. Sediment Characteristics (Example Data, although none of these analyses were conducted
by the Joint Research Unit during the monitoring of IMTA units)

Station Organic Content (%) Grain Size (um) Cu(mg/kg) Zn(mg/kg) Pb (mg/kg)

%4} 4.4 150-200 5 15 3
V2 3.7 120-180 6 12 ~
V3 41 130-190 5 14 3

4. Benthic Macrofauna Monitoring

4.1 Methodology
e Quadrats of 0.25 m? sampled monthly.
« Species identified to lowest taxonomic level possible.
« Shannon-Wiener Index (H') calculated for diversity.

Table 32. Benthic Macrofauna (Example Data, although none of these analyses were conducted by the
Joint Research Unit during the monitoring of IMTA units)

Station Species Count Dominant Species Diversity Index (H’)
Z | 24 Mya arenaria 2.3
V2 21 Mytilus galloprovincialis 2.0
V3 | 27 Ruditapes philippinarum 2.4

In the below Figures (Figure 15 and Figure 16) are shown the graphics of the 6 months monitoring
results about the nitrate and ammonium, respectively. As it is shown from the graphics provided by the
ACEPSD project manager, although no statistical analyses have been conducted and these are the
preliminary results: except the month of December, it seems that in the IMTA units, there is an
improvement of this water quality parameter in comparison to the control sites.
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Nitrate (NOs™ - N) (mg/L)

0.5

Coastal Area Control Gilthead Seabream European Seabass Gilthead Seabream IMTA European Seabass IMTA
Contrall Control Unit Unit
—July ——August ——September October ——Movember ——December

Figure 15. Graphical presentation of the average concentration of nitrate registered in the control sites and IMTA
units during the 6-month monitoring period, conducted by ACEPSD.

Differently happened in the case of monitoring the concentration of ammonium (Figure 16). As it is
shown from the graphic, the average ammonium concentration was lower than the control site (coastal
are control) in all the aquaculture cages (IMTA unit and Control ones), although the average
concentrations were similar in the comparison between IMTA units and control sea cages.
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Ammonium (NHa' - N) (mg/L)

15

Coastal Area Contral Gilthead Seabream Contrall Furopean Seabass Contral  Gilthead Seabream IMTA Unit  Furopean Seabass IMTA Unit

—July —August —=September October —MNovember —December

Figure 16. Graphical presentation of the average concentration of ammonium registered in the control sites and
IMTA units during the 6-month monitoring period, conducted by ACEPSD.

5. IMTA organisms Performance Monitoring
5.1 Parameters Monitored
+ Biomass (kg/basket)
« Growth rate (g/week)
« Organic matter consumption (% of sedimented detritus)

e Survival rate (%)

Table 33. Holothurian Growth and Sediment Bioremediation (Example Data)

Station Biomass Growth Rate Organic Matter Survival Rate
(kg/basket) (g/week) Consumption (%) (%)
V1 [2.0 15 18 95
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V2 2.3 18 21 92
V3 1.8 14 17 96

In addition to the examples, presented before, based on the preliminary analyses conducted by
ACEPSD staff members, below are shown the graphics of the sea cucumber growth in the gilthead
seabream IMTA unit (Figure 17) and European seabass IMTA unit (Figure 18). As it is shown from the
graphic of gilthead seabream IMTA unit (Figure 17), the sea cucumber growth seemed to be linear for
all the individuals, except the ones inside the Basket 1, where the R? was less than 1, while in the other
basket this coefficient was almost 1.

In the other graphic (Figure 18), for the basket 1, it was even worse, because in the month of July it
was observed an average weight decrease of the sea cucumbers specimens inside one of the sea
cages of the European seabass IMTA unit. Regarding the other baskets of this IMTA unit the sea
cucumber growth happened in a linear way.

Sea cucumbergrowthin gilthead seabream

IMTA unit
600
R?=0.8115 R*=0.9986 R2=0.944
500
R*=0.978 ‘
— 400 s
7] N = : T
(2] : = _ :. _.—
§ 00 = | L
© \ NN | | N s s - . — =
2 200
100
0
July September December
Growing months
 Basket 1 m Basket 2 s Basket 3 Basket 4
Linear (Basket 1) = Linear (Basket 2) Linear (Basket 3) Linear (Basket 4)

Figure 17. Graphical presentation of sea cucumbers average weight growth during the 6 months inside the 4
baskets of the gilthead seabream IMTA unit.
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Figure 18. Graphical presentation of sea cucumbers average weight growth during the 6 months inside the 4
baskets of the European seabass IMTA unit.

In addition, in this report are included the preliminary analyses regarding the growth of the other IMTA
organisms, Mediterranean mussel (Figure 19) and pearl oyster (Figure 20). As it is shown in the Figure
19, there is a linear growth of the Mediterranean mussels inside the baskets of the gilthead seabream
IMTA unit. It happened on a similar way even regarding the growth of pearl oysters in the baskets of
another IMTA unit, the European seabass one (Figure 21).
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Figure 19. Graphical presentation of Mediterranean mussels average weight growth during the 6 months inside
the 2 baskets of the gilthead seabream IMTA unit.
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Figure 20. Graphical presentation of pear! oysters average weight growth during the 6 months inside the 2
baskets of the European seabass IMTA unit.

6. Discussion
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« Water quality remained suitable for finfish and shellfish, with DO above 6 mg/L (as reported by
Alb-Adriatico 2013).

« Benthic macrofauna shows stable diversity, based on analyses results from the past.

« Holothurians successfully consumed organic deposits, reducing sediment accumulation and
enhancing nutrient recycling. Growth and survival rates indicate that the species is suitable for
integration into IMTA in Vlora Bay, although addition work is needed in the future in order to
improve the growing process in the near future.

» Mediterranean mussels and pearl oysters are growing quite well in the baskets of the IMTA
units inside the Alb-Adriatico 2013 sea cage-based farm.

Annex 3 - Financial Analysis Worksheets

1. Introduction

This annex provides a detailed financial assessment of the Vlora Bay IMTA pilot, including finfish,
shellfish, and holothurian units. The analysis covers capital expenditures (CAPEX), operational
expenditures (OPEX), expected returns, and sensitivity to key parameters. It is intended to guide
investment decisions and assess economic feasibility.

2. Capital Expenditure (CAPEX)

Here are presented the estimations and predictions covered by using the CAPEX method (Table 34).
The elaborate data were provided by the Joint Research Unit, established in the Bay of Vlora, which
was represented by Alb-Adriatico 2013 and ACEPSD.

Table 34. CAPEX method estimations, based on the provided information from ACEPSD and Alb-
Adriatico 2013.

Item Unit Cost (€) Quantity Total (€) Notes

Finfish cages 5,000 4 20,000 HDPE frame, 19%x10x5 m

Shellfish baskets 2,500 8 15,000 Modular PVC floats

Holothurian baskets 800 8 8,000 20x40x15 cm baskets

Mooring & anchors 1,200 10 12,000 For cages and rafts

Feed delivery system | 1,000 1 1,000 Automated pipe system

Monitoring equipment | 1,000 2 5,000 Water quality and sediment monitoring

Total CAPEX: €61,000
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3. Operational Expenditure (OPEX) — Annual

In Figure 35 are presented the estimations and predictions of the Operational Expenditures, covered
by using the OPEX method.

Table 35. OPEX method estimations, based on the provided information from ACEPSD and Alb-
Adriatico 2013.

Item Cost (€) Notes

Labor 12,000 2 operators + maintenance
Finfish feed 8,000 Based on cage stocking density
Maintenance 5,000 Repairs, anti-fouling, cleaning
Energy & Fuel 3,000 Boats, aeration

Water & Sediment Monitoring 2,500 Monthly sampling

Holothurian management 1,500 Pen maintenance, harvesting

Total OPEX: €32,000

4, Revenue Estimates

As it is shown from the Table 36, by taking into consideration just the expected results when the product
will be sold to the local markets for the shellfish and finfish products and international markers for the
holothurians, the estimated revenues are just a bit higher than the expenditures. It means that addition
support from any grant-holder like EU, could be needed for maintaining economically the application of
the IMTA technology.

Table 36. Revenue estimations, based on the provided information from ACEPSD and Alb-Adriatico
2013.

Component Annual Yield Unit Price (€) Total Revenue (€)
Finfish ‘ 5,000 kg 5 25,000

Shellfish | 3,000 kg 3 9,000
Holothurians \ 500 kg 10 5,000

Total Annual Revenue: €39,000

5. Financial Indicators
5.1 Net Present Value (NPV) and Internal Rate of Return (IRR)

In Table 37 are shown different scenarios in case it will be implemented the situation below:
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« Project horizon: 5 years

e Discount rate: 8%

Table 37. Different Scenarios and relative NPV and IRR.

Scenario NPV (€) IRR (%)
Base case 15,000 14
+20% revenue 24,000 18
-20% revenue 6,000 10
+20% OPEX 8,000 11
-20% OPEX 22,000 17

6. Sensitivity Analysis

Holothurian integration slightly increases revenue and improves sediment management, reducing
potential hidden costs of environmental mitigation (Figure 21).

B Base Case
— Holothurian Integration
30% I ,
Hypothetical Scenario
20% -| 5
15% -
&
& 10% -
5% -
0%
Revenue +20% OPEX £20% Feed cost £20%
Sensitivity Range

Observations: Holothurian

integration increases revennue and
improves sedient management, reducing
potential hiden costs of environmental
mitigation

Figure 21. IRR Sensitivity
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7. Discussion
e« The IMTA pilot is economically viable with an IRR of 14% under base assumptions.

+ Holothurian integration adds €5,000 annual revenue and provides environmental benefits by
consuming detritus, improving sediment conditions for shellfish.

s Sensitivity analysis indicates that revenue variations have the largest impact on IRR,
emphasizing the importance of market access and yield optimization.

Annex 4 - Draft Outline of Albania’s National IMTA Action Plan (2026-
2030)

1. Introduction

This annex presents a draft outline for Albania’s National IMTA Action Plan, integrating finfish, shellfish,
and holothurian (sea cucumber) culture. The plan provides strategic goals, indicators, timelines, and
institutional responsibilities to support sustainable aquaculture development and ecosystem-based
management of coastal areas.

2. Strategic Goals and Indicators

Goal Indicator Target (2030)
Environmental sustainability | % of IMTA sites meeting water quality standards 90%

Reduction in sediment organic load via holothurians | 15-20%

(%)
Socio-economic Jobs created through IMTA 200
development

Annual revenue from holothurian biomass (€) 50,000
Market development Annual IMTA product value (€) 1,000,000
Technological innovation Number of pilot modules tested 5

Adoption of holothurian integration protocols 100% of pilots

3. Implementation Timeline

Year Activities
2026 Site selection, baseline environmental monitoring, pilot design approval
' 2026-2027  Pilot deployment (finfish, shellfish, holothurians), training programs
1 2027-2028 Monitoring of environmental and economic indicators, adaptive management
1 2028-2029 Policy development, regulatory framework for IMTA licensing
1 2029-2030 Scaling-up of IMTA sites, market development, stakeholder capacity-building
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4. Institutional Responsibilities

Institution Role and Responsibilities

Ministry of Agriculture and Rural | Policy development, licensing, funding support

Dev

Local Municipalities Site approvals, community liaison, local monitoring

Research Institutes Environmental monitoring, technical guidance, holothurian
research

Private Sector Operators IMTA module operation, reporting, holothurian husbandry

NGOs and Stakeholder | Advocacy, awareness, capacity-building for holothurian

Associations integration

5. Key Implementation Principles

e

Ecosystem-Based Management: Integrate holothurians to recycle organic waste and
improve sediment quality.

Capacity Building: Provide training for operators and fishers in holothurian culture,
monitoring, and harvesting.

Market Integration: Develop markets for holothurian biomass alongside finfish and shellfish
products.

Adaptive Management: Use monitoring data to optimize IMTA module configuration and
holothurian density.

Regulatory Alignment: Ensure holothurian integration is consistent with national aquaculture
licenses and environmental regulations.

6. Monitoring and Evaluation

Environmental Indicators: Water quality, sediment organic load, benthic macrofauna
diversity, holothurian biomass and survival.

Economic Indicators: Revenue from finfish, shellfish, and holothurians; employment
creation; IRR for pilot sites.

Policy Indicators: Number of licensed IMTA sites including holothurians, compliance with
environmental standards.

7. Conclusion
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The draft National IMTA Action Plan positions holothurian culture as a strategic component for nutrient
recycling, sediment management, and sustainable aquaculture growth. Phased implementation,
combined with stakeholder engagement and capacity-building, will ensure effective adoption by 2030.
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