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Abstract 
Amid increasing environmental concerns and inefficiencies in marine resource 
management, this study investigates how regenerative principles can be used to 
recover value from biological residues in aquatic production systems. The main goal 
is to explore strategies that transform discarded materials from harvesting and 
processing into useful inputs for agriculture, industry, and energy. By reviewing 
scholarly literature, global case studies, and regulatory analyses from 2020 to 2025, 
the research critically evaluates technological innovations, policy changes, and socio-
economic impacts of resource reuse. 
The findings highlight the significant potential of underused biomaterials—such as 
viscera, shells, scales, and wastewater—to be turned into fertilizers, functional 
proteins, collagen-based products, and bioplastics. Methods like fermentation, 
anaerobic digestion, enzymatic hydrolysis, and thermal processing have become key 
drivers of this change. Paired with the growth of digital technologies and smart 
monitoring systems, these processes improve traceability, accuracy, and efficiency 
across supply chains. Importantly, the environmental advantages include reduced 
pollution, greenhouse gas reduction, and preservation of natural ecosystems. 
Despite these advances, widespread adoption remains limited by infrastructural 
deficiencies, regulatory inconsistencies, limited technical expertise, and market 
hesitancy. The study highlights specific challenges in policy enforcement, financial 
access, and consumer confidence, especially in low-resource settings where traditional 
practices and linear models still prevail. 
It is concluded that a multi-level transformation is necessary—integrating 
technological readiness, institutional reform, and stakeholder engagement. The 
recommendations include strengthening policy coherence and incentives, 
decentralizing processing, expanding educational outreach, and fostering transparent 
communication to increase acceptance of recycled bio-based products. The insights 
presented here contribute significantly to the global sustainability dialogue by framing 
a regenerative model as both essential and achievable for resource-intensive sectors. 
 
DOI: https://doi.org/10.54660/IJMFD.2025.6.2.45-58 
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1. Introduction 

The concept of a circular economy has emerged as a transformative approach addressing ecological harm and resource waste 

caused by traditional linear production systems. It shifts from the extract-produce-dispose model to one emphasizing 

regenerative design, closed-loop resource circulation, and sustainability across entire value chains. In fisheries—a sector vital to 

ecological health, food security, and rural communities—this framework proves especially effective. It not only aims to reduce  
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waste but also seeks to convert aquatic waste into valuable 

bioresources for reuse in agricultural and industrial 

applications (Campanati, Willer& Schubert, 2022). 

Worldwide, the fisheries and aquaculture sectors generate 

large amounts of residual materials such as fish heads, 

viscera, scales, shells, and discarded bycatch. When left 

unmanaged or improperly disposed of, these by-products 

contribute to environmental degradation. However, if 

directed through strategic valorization processes, they can 

become rich sources of valuable biomolecules, including 

proteins, lipids, chitin, collagen, and other bioactive 

substances (Caruso et al., 2020). Using these resources not 

only reduces ecological pressures but also creates new 

economic opportunities, supporting both environmental and 

socio-economic goals. In this context, circular practices go 

beyond traditional waste disposal—they are essential tools 

for resource regeneration and cross-sectoral industrial 

collaboration (Triunfo et al., 2022). 

Introducing circular economy principles into the fisheries 

sector reflects a wider shift toward a bioeconomy, where 

biological materials are managed sustainably and continually 

reintroduced into production cycles. In this regenerative 

model, aquatic waste—traditionally seen as a disposal 

problem—is redefined as a valuable resource. According to 

Jacob et al. (2021), applying circular thinking in fisheries can 

improve the sustainability of food systems, reduce ecological 

stress on marine environments, and support the growth of a 

more diverse, low-emission economy. Practical examples 

include turning fish offal into nutrient-rich fertilizers for 

agriculture, extracting collagen for medical and cosmetic 

uses, and repurposing shell waste into bioplastics or water 

purification materials. 

However, despite the growing acknowledgment of the 

benefits of a circular economy, its practical implementation 

in the fisheries sector remains inconsistent. Challenges 

include fragmented regulatory systems, technological gaps, 

and limited stakeholder capacity—especially in low- and 

middle-income countries where waste valorization 

infrastructure is minimal (Pizzone, 2023). Effective 

implementation of circularity requires not only technological 

innovation but also coordinated governance, market 

development, and cultural change. So far, much of the 

existing research emphasizes the technological potential of 

waste valorization without adequately addressing the social 

and institutional factors that influence adoption. 

In recent years, a confluence of environmental priorities, 

shifting consumer attitudes, and evolving policy agendas has 

set the stage for a renewed approach to managing marine 

resources. Notably, initiatives like the European Union’s 

Green Deal and Blue Economy policies have positioned 

circularity at the heart of strategies aimed at achieving 

sustainable use of ocean ecosystems. Concurrently, there is 

growing consumer enthusiasm for products derived from 

regenerative or repurposed sources, especially in emerging 

markets such as nutraceuticals, biocosmetics, and organic 

fertilisers (Campanati et al., 2022). Together, these 

developments reflect a fundamental transformation in how 

discarded materials are perceived—not as waste, but as 

valuable inputs. As such, the justification for adopting 

circular models in the fisheries sector extends beyond 

ecological necessity, encompassing economic viability and 

cultural relevance. 

Importantly, the role of technological advancement cannot be 

overlooked. Novel bioprocessing techniques, including 

enzymatic hydrolysis, anaerobic digestion, and microbial 

fermentation, have revolutionised the possibilities for fish 

waste valorisation. These methods allow for the separation 

and purification of valuable components in an energy-

efficient and environmentally friendly manner. As 

demonstrated by Kurniawan et al. (2025), digital 

technologies such as AI and IoT are also playing an 

increasingly prominent role in monitoring waste streams, 

forecasting outputs, and optimising recovery processes. Such 

integration of smart systems into circular frameworks adds 

precision and scalability to what has traditionally been a 

labour-intensive process. 

Nevertheless, while the technological toolkit continues to 

expand, its deployment must be context-sensitive. Regions 

differ markedly in terms of infrastructure, governance, and 

cultural acceptance. Thus, the circular transformation of 

fisheries cannot rely on a one-size-fits-all approach. Instead, 

it requires locally adapted solutions that consider ecological 

constraints, value chain structures, and the knowledge 

systems of coastal communities (Pizzone, 2023). Capacity-

building, inclusive policymaking, and access to financing are 

therefore critical enabling conditions for meaningful 

progress. 

The academic and policy imperative now lies in moving from 

conceptual advocacy to empirical substantiation. It is no 

longer sufficient to idealise the circular economy as a panacea 

for fisheries sustainability. Rather, what is required is a 

comprehensive and critical examination of how circular 

principles are being—or could be—operationalised within 

the specific material realities of aquatic resource systems. 

This includes an exploration of the barriers, trade-offs, and 

co-benefits associated with circular models, as well as the 

roles of various actors across the value chain. 

Against this backdrop, this review aims to provide a 

comprehensive examination of the circular economy within 

the fisheries sector, with a specific focus on the valorization 

of aquatic waste for agricultural and industrial applications. 

The objective is to synthesise current knowledge on waste 

types, technological enablers, socioeconomic implications, 

and policy frameworks, thereby offering a coherent 

understanding of the state-of-play and identifying critical 

knowledge gaps. The scope of the study spans the full aquatic 

waste lifecycle—from generation through processing to 

reintegration—while drawing attention to cross-sectoral 

synergies, such as agriculture, bioplastics, and renewable 

energy. This sets the foundation for a deeper exploration in 

subsequent sections of the review. 

 

2. Conceptual Foundation for Circular Approaches to 

Aquatic Waste Utilisation in Fisheries 

The pursuit of sustainability in global fisheries has generated 

growing interest in the application of circular economy (CE) 

principles as a transformative pathway for the valorisation of 

aquatic waste. The conceptual grounding for this 

transformation rests on the idea that waste is not a terminal 

point but a secondary resource that, if appropriately managed, 

can re-enter the economic cycle as a value-added input. 

Central to this framework is a recognition that aquatic by-

products—such as fish heads, shells, viscera, and scales—are 

nutrient-rich materials capable of being repurposed into 

bioplastics, fertilisers, pharmaceuticals, and functional food 

ingredients. Within African contexts, particularly in Nigeria, 

this reconceptualisation of waste aligns not only with 

ecological goals but also with urgent socio-economic 
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imperatives, including food security, youth employment, and 

rural revitalisation (Elegbede et al., 2025). 

The CE framework in fisheries departs from linear extractive 

models by foregrounding closed-loop systems that prioritise 

regeneration, reuse, and reduced environmental footprint. In 

Africa’s coastal and riverine economies, such as Nigeria, 

Ghana, and Kenya, where fisheries are integral to livelihoods, 

yet often beset by underutilisation of biomass and lack of 

processing infrastructure, CE offers both a corrective and an 

opportunity. Ginikanwa, Kanu, and Fadayomi (2024) 

highlight that through innovations in blue economy 

technologies—such as localised fishmeal production and 

anaerobic digestion of aquatic residues—communities can 

generate wealth from previously discarded resources, thus 

enhancing food system resilience. 

The conceptual orientation of CE in fisheries is 

multidimensional. It encompasses ecological regeneration, 

technological innovation, and socio-institutional 

transformation. As noted by Ogwu et al. (2025), one of the 

pillars of CE in the bioeconomy of the Global South is the 

integration of indigenous practices with modern 

biotechnological systems. For example, fish scraps in 

artisanal processing communities, once discarded into local 

waterways, are now being redirected into compost production 

for vegetable farming. This not only reduces organic load in 

aquatic systems but also closes the nutrient loop between 

marine and terrestrial ecosystems, reinforcing the 

interconnectedness of food systems under a circular logic. 

However, operationalising CE in fisheries necessitates not 

merely a shift in technological practices but also a 

paradigmatic shift in policy and institutional structures. 

Regulatory harmonisation across waste management, 

environmental protection, and fisheries governance is 

essential. Musazura and Odindo (2025) emphasise the 

importance of adaptive governance frameworks in South 

Africa’s transition to a circular sanitation bioeconomy. A 

similar requirement exists in the fisheries sector, where 

fragmented regulations often hinder resource circulation and 

disincentivise innovation. Therefore, embedding CE into 

national fisheries development strategies can provide the 

institutional backbone required to support systematic waste 

valorisation. 

Scientific progress continues to reinforce the conceptual 

foundation of circular fisheries. A prime example is the 

extraction of chitin and chitosan from shrimp shells, which 

has emerged as a key focus within the bioeconomy due to its 

wide-ranging applications, including drug delivery systems 

and biodegradable packaging (Triunfo et al., 2022). The 

importance of these innovations extends beyond their market 

potential; they offer a sustainable alternative to 

petrochemical-based materials, thereby decreasing reliance 

on finite resources. This intersection of biotechnology and 

materials science is crucial for advancing circular economy 

models from isolated pilot initiatives to scalable, system-

wide solutions. 

In the Nigerian context, Folorunso (2025) illustrates that the 

valorisation of aquatic waste is not limited to food-based 

applications. Through the conversion of fish offal into 

activated carbon and bio-adsorbents for water treatment, new 

industrial linkages are being formed between the fisheries 

and environmental sectors. These cross-sectoral integrations 

exemplify the systemic thinking required to fully implement 

circular models. Furthermore, they speak to the economic 

diversification potential that lies within aquatic biomass, 

particularly in regions where industrialisation remains 

nascent. 

Despite the conceptual promise, implementation challenges 

persist. Social acceptance of waste-derived products, gaps in 

cold chain logistics, and knowledge limitations among 

fisherfolk and processors remain formidable barriers. 

Nonetheless, the conceptual framework of CE in fisheries 

encourages a co-evolutionary process wherein institutional 

learning, community engagement, and technological uptake 

occur simultaneously. To this end, capacity-building 

programmes that connect scientific institutions with coastal 

communities are essential for translating theoretical 

constructs into everyday practice. 

It is equally important to recognise that Africa’s contribution 

to the CE discourse must not be peripheral. As Elegbede et 

al. (2025) assert, frameworks must be decolonised and 

tailored to the specificities of African economies, cultures, 

and ecologies. The valorisation of aquatic waste should thus 

be viewed through a contextual lens that acknowledges the 

informal economies, gendered labour divisions, and localised 

knowledge systems that shape fisheries in the region. 

 

2.1. Understanding Aquatic Waste: Types and Sources 

Previously considered an unavoidable and economically 

insignificant by-product of fisheries and aquaculture, aquatic 

waste is now being re-envisioned as a valuable resource 

within the circular economy paradigm. This shift in 

perception necessitates a nuanced understanding of the 

various types, sources, and biochemical potential of such 

waste. Across both small-scale and industrial operations, 

aquatic waste encompasses a broad range of materials, 

including fish offal, heads, skins, bones, shells, processing 

effluents, and non-target species. When systematically 

collected and channelled through effective valorisation 

strategies, these materials present significant opportunities 

for resource recovery, enhanced food system sustainability, 

and ecological rehabilitation (Triunfo et al., 2022). 

The typology of aquatic waste is broadly classified into post-

harvest processing waste, harvest-stage discards, and system-

level effluents. Post-harvest waste arises primarily from fish 

cleaning and filleting activities, comprising over 50% of the 

total fish biomass in many value chains. This includes bones, 

viscera, skin, and heads, all of which are rich in proteins, oils, 

and micronutrients suitable for transformation into fishmeal, 

fertilisers, bioactive peptides, and collagen-based biomedical 

products. On the other hand, harvest-stage discards involve 

non-target species and undersized catch returned to the sea, 

often due to regulatory quotas or market preferences. These 

materials, while often discarded at sea, represent a biomass 

segment with untapped potential for feed, compost, or energy 

production (Karani et al., 2022). 

In African coastal nations, the character and volume of 

aquatic waste differ due to the prevalence of small-scale and 

subsistence fishing practices. In Nigeria, for instance, 

fisheries in the Niger Delta and Atlantic coastline are 

dominated by artisanal operators with limited access to cold 

storage, efficient processing tools, or waste recovery 

technologies. As Eli and Lelei (2025) note in their assessment 

of Bayelsa State, much of the waste generated is lost through 

spoilage or haphazard disposal into water bodies, 

exacerbating pollution and reducing the overall productivity 

of aquatic ecosystems. This mismanagement of biomass not 

only hinders resource recovery but also threatens food 

security, as vital proteins are eliminated from the value chain. 
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Furthermore, the characterisation of aquatic waste must also 

include aquatic processing residues such as blood water and 

cleaning effluents, which contribute significantly to organic 

and nutrient pollution when released untreated. These 

system-level wastes are increasingly being targeted through 

eco-innovations, such as integrated aquaculture-agriculture 

systems that reuse nutrient-rich wastewater for crop 

production. As shown by Ginikanwa, Kanu, and Fadayomi 

(2024), there is growing interest in West Africa in leveraging 

blue economy initiatives that valorise aquatic waste as part of 

broader food safety and circular wealth-generation strategies. 

Regionally, specific sources of aquatic waste in Nigeria and 

the Gulf of Guinea also reflect the structure of fisheries 

supply chains and urban-rural interfaces. Urban fish markets, 

such as those in Lagos, Port Harcourt, and Warri, are focal 

points for the generation of large-scale post-market waste. 

Heads, scales, and internal organs are often discarded in bulk 

due to a lack of commercial reuse strategies or infrastructure. 

At the same time, inland and estuarine fisheries contribute 

significantly to low-value biomass through catfish farming 

residues, which are often mismanaged in peri-urban 

settlements. Jimmy et al. (2025) observe that in AkwaIbom 

State, blue resources such as marine snails, crustaceans, and 

bonga fish generate a high proportion of underutilised 

biomass that could otherwise serve industrial purposes. 

Across the continent, similar trends have emerged. Many 

African countries possess substantial aquatic biomass 

potential but lack the formal institutions and logistics to 

harness these resources systematically. This condition is a 

central focus of emerging blue economy strategies, which 

increasingly prioritise sustainable fisheries as leverage points 

for circular transitions. According to Karani et al. (2022), 

national and regional development strategies are beginning to 

frame aquatic waste as a development asset rather than a 

liability, particularly through policy innovations and 

transboundary collaboration on marine waste governance. 

Aquatic waste holds significant potential as a source of bio-

based compounds due to its rich chemical and material 

composition. For instance, fish bones and scales contain high 

levels of calcium and hydroxyapatite, both of which are 

valuable in pharmaceutical formulations and water 

purification technologies. Similarly, shellfish residues—

particularly from shrimp and crab—are abundant in chitin 

and chitosan, which are widely utilised in agriculture, 

medical applications, textiles, and the production of 

biodegradable packaging (Triunfo et al., 2022). In tropical 

regions like Nigeria, the warm climate accelerates the 

decomposition of organic matter, making it imperative to 

implement timely and technologically advanced valorisation 

processes to mitigate environmental harm and associated 

public health concerns. 

The diversity of aquatic waste types, their origins, and 

regional contexts, particularly in Nigeria and broader African 

nations, presents a compelling case for the localisation of 

circular economy strategies. While global frameworks offer 

valuable guidance, the realities of artisanal fisheries, 

infrastructural deficiencies, and socio-cultural determinants 

in Africa require tailored approaches. As highlighted by 

Ginikanwa, Kanu, and Fadayomi (2024), fostering waste-to-

wealth transitions in aquatic systems demands not only 

technological inputs but also inclusive knowledge systems 

that draw from traditional practices, community 

participation, and adaptive policy support. 

 

2.2. Post-Harvest Waste 

Post-harvest waste represents a significant yet undervalued 

stream of biomass within global fisheries systems. It 

encompasses all organic materials generated after harvesting 

aquatic organisms, particularly during handling, processing, 

storage, and distribution. Common examples include fish 

viscera, heads, bones, scales, skins, crustacean shells, and 

processing effluents—waste products which, under 

traditional linear economic models, are often discarded with 

little or no attempt at recovery. In the emerging context of 

circular economy thinking, however, these wastes are 

increasingly being recognised as valuable feedstock for 

biotechnological conversion and bioeconomic innovation 

(Ariyo et al., 2025). 

In Africa, and notably in Nigeria, the scale and impact of 

post-harvest loss in the fisheries sector are both economically 

and environmentally profound. Conservative estimates 

suggest that up to 30–40% of fish caught in small-scale 

artisanal systems are lost post-harvest due to poor 

infrastructure, delayed market access, and rudimentary 

processing methods. This high volume of organic waste 

contributes significantly to environmental degradation in 

coastal and inland fishing communities, while 

simultaneously depriving value chains of potential inputs for 

value-added production. As Agbugui, Inobeme, and 

Okhamafe (2025) argue, the deficit of large-scale post-

harvest infrastructure in Nigeria not only contributes to 

significant losses but also limits the transformation of fishery 

by-products into usable industrial materials. 

Central to the reconceptualisation of post-harvest aquatic 

waste within a circular economy framework is its 

biochemical potential. Fish waste is a rich source of high-

protein materials and essential micronutrients. For instance, 

fish heads and bones contain calcium and phosphorus, while 

skins and scales are dense in collagen, a bioactive compound 

widely used in cosmetics, nutraceuticals, and 

pharmaceuticals. The enzymatic hydrolysis of fish viscera 

produces fish protein hydrolysates with potential applications 

in animal feed and organic fertiliser production. These 

processes align directly with CE goals of regeneration, 

resource recirculation, and bio-based substitution of synthetic 

inputs (Oranusi, Mameh&Oyegbade, 2024). 

From a Nigerian perspective, integrating post-harvest waste 

valorisation into blue economy development is also aligned 

with broader national sustainability objectives. Jacob and 

Umoh (2025) observe that the convergence of blue, green, 

and grey economic models presents unique opportunities for 

Nigeria’s coastal regions, especially in sectors where waste 

outputs can be reabsorbed into production cycles. For 

instance, fish processing clusters in states such as Rivers, 

AkwaIbom, and Lagos are fertile ground for deploying 

decentralised waste-to-value facilities that transform shell 

waste into chitosan, a biopolymer with antimicrobial and 

biodegradable properties. This dual functionality offers 

benefits for both marine conservation and industrial 

innovation. 

Moreover, the informal nature of post-harvest activity in 

Africa—where women constitute a majority of fish 

processors and traders—highlights the importance of 

inclusive circular economy strategies. Transforming fish by-

products into high-value commodities could provide 

significant livelihood enhancement for women, youth, and 

rural populations. However, the adoption of such models is 

contingent upon access to training, finance, and regulatory 
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support. As noted by Ariyo et al. (2025), multidisciplinary 

approaches that combine indigenous knowledge with modern 

bioprocessing technologies are essential for overcoming 

these socio-technical barriers and achieving systemic impact. 

Technology is pivotal in transitioning from waste disposal to 

waste valorisation. Innovations such as cold chain logistics, 

solar drying, vacuum packaging, and mobile processing units 

significantly reduce spoilage while increasing the quality and 

recoverability of by-products. In particular, the application of 

nanotechnology, such as the development of nanochitosan 

from crustacean waste, is opening new frontiers in 

agricultural input production and water treatment. Oranusi, 

Mameh, and Oyegbade (2024) emphasise that these emerging 

technologies, when contextualised for low-resource settings, 

could become game changers in regions where waste is 

abundant but underutilised. 

 

2.3. Pre-Harvest and Bycatch Waste 

Pre-harvest and bycatch waste constitutes a significant yet 

often overlooked aspect of aquatic resource loss, particularly 

in the context of global and regional fisheries management. 

These forms of waste refer to materials unintentionally 

captured or lost before formal harvest, including undersized 

fish, non-target species, and collateral ecosystem disruptions 

that yield no direct economic return. In contrast to post-

harvest waste, which arises after fish have entered the formal 

value chain, pre-harvest and bycatch losses reflect 

inefficiencies in harvesting practices themselves—

inefficiencies that have profound implications for 

sustainability, food security, and ecosystem health. Within a 

circular economy (CE) framework, addressing such losses 

involves not only recovery but prevention, valorisation, and 

redirection of bycatch and pre-harvest discards into 

productive loops (Cooke, Piczak&Nyboer, 2023). 

In Africa, especially within artisanal and semi-industrial 

fisheries in regions like Nigeria, Ghana, and Senegal, bycatch 

waste represents both an ecological burden and a latent 

economic opportunity. Trawl fishing in West African waters, 

for example, has been documented to yield bycatch rates that 

exceed 50%, comprising juvenile fish, invertebrates, and 

non-commercial species that are often discarded at sea. These 

high bycatch volumes are compounded by weak enforcement 

of fishing regulations, limited access to selective gear 

technology, and the absence of comprehensive waste-

reduction policies. Jacob and Umoh (2025) contend that in 

Nigeria, the unregulated discharge of bycatch into coastal 

ecosystems contributes significantly to resource depletion, 

local food scarcity, and marine biodiversity loss, particularly 

among benthic and pelagic species critical to ecosystem 

balance. 

Within the circular economy paradigm, the sustainable 

management of pre-harvest and bycatch waste involves 

reframing these discards as resources that, if captured and 

redirected appropriately, can contribute to value-added 

chains. One emerging avenue is the development of 

secondary products—such as fish silage, low-grade fishmeal, 

and organic fertilisers—from non-commercial species and 

off-target biomass. These products have substantial utility in 

both agriculture and animal husbandry, where they can 

substitute synthetic inputs and reduce dependency on 

imported feedstocks. Additionally, bycatch-derived products 

have niche applications in cosmetics, pet food, and bioplastic 

manufacturing when processed with the appropriate 

technologies (Karani et al., 2022). 

Furthermore, indigenous knowledge systems in many 

African fishing communities offer insight into historical 

practices for bycatch utilisation, such as drying and smoking 

small fish for local consumption. Revitalising and 

commercialising such practices under modern quality control 

protocols can enhance local economies and contribute to food 

system resilience. However, significant gaps remain in 

infrastructure, technology, and market integration. A major 

constraint to bycatch valorisation is the lack of cold storage 

and transportation networks in coastal areas, which 

accelerates spoilage and limits the feasibility of downstream 

processing. 

From a policy perspective, tackling pre-harvest and bycatch 

waste in African fisheries demands more than regulatory 

adjustments—it calls for institutional transformation. Cooke 

et al. (2023) point out that current global fisheries governance 

structures tend to prioritise large-scale industrial operations, 

often marginalising smallholder fishers and contributing to 

both social inequity and environmental degradation. To 

effectively implement circular economy principles, 

governance must become more inclusive, ensuring that 

small-scale fishers are empowered, gear innovation is 

incentivised, and discard reporting and monitoring are made 

mandatory. Moreover, embedding circular strategies into 

national fisheries policies and broader regional blue economy 

frameworks is essential to deliver a coordinated and systemic 

approach to reducing resource inefficiencies. 

In freshwater systems, particularly in inland lakes and rivers 

of East and Central Africa, pre-harvest loss is further 

complicated by destructive fishing methods such as the use 

of fine-mesh nets and illegal gear, which increase the 

proportion of juvenile and non-target species captured. 

Cooke, Piczak, and Nyboer (2023) highlight the pressing 

need for technological interventions, including selective 

harvesting equipment and spatial fishing closures, to reduce 

inadvertent biomass capture. These tools are essential in 

transitioning from extractive to regenerative fisheries and 

realising the closed-loop ethos of CE in aquatic resource 

systems. 

 

2.4. Circular Economy Principles in the Fisheries Context 

The application of circular economy (CE) principles within 

the fisheries sector signals a transformative shift from linear 

extractive systems to regenerative, restorative, and resource-

efficient paradigms. In essence, circularity in fisheries 

promotes the design of closed-loop systems in which aquatic 

biomass, waste streams, and by-products are retained, 

repurposed, and reintegrated into economic and ecological 

cycles. This approach fosters long-term sustainability by 

prioritising regeneration over depletion, reuse over disposal, 

and value maximisation over extraction. Particularly in the 

African context, including Nigeria, the operationalisation of 

CE principles within fisheries has the potential to address 

systemic inefficiencies while promoting inclusive 

development and ecological resilience (Manyara, 

Raubenheimer&Sadan, 2023). 

At the core of CE is the principle of designing out waste and 

pollution. In fisheries, this implies the strategic utilisation of 

both targeted and non-targeted aquatic biomass, including 

bycatch, fish processing residues, and organic effluents. 

These materials, traditionally discarded or underutilised, are 

now being viewed as vital raw materials for the production of 

fertilisers, bioplastics, fishmeal, pharmaceuticals, and 

nutraceuticals. Circularity further entails extending the 
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lifecycle of fisheries products through improved 

preservation, traceability, and value addition. Hlangwani, 

Mpye, and Matsuro (2023) emphasise that technological 

innovation—particularly in bio-based processing, cold chain 

logistics, and nanomaterials—plays a pivotal role in 

advancing these principles, especially within resource-

constrained environments across sub-Saharan Africa. 

Another foundational element of CE in fisheries is systems 

thinking, which encourages an integrated view of aquatic 

ecosystems, economic sectors, and community practices. 

This perspective aligns particularly well with African 

fisheries, where subsistence, artisanal, and industrial 

operations coexist within complex socio-ecological 

landscapes. Integrating CE principles across these layers 

requires harmonising local knowledge systems with scientific 

innovation, while aligning national strategies with regional 

and global frameworks. In Nigeria, emerging circular 

practices are increasingly visible in initiatives such as Fishing 

Net Gains and waste-to-wealth programs that promote reuse 

of gear, valorisation of offal, and community-led resource 

recovery (Manyara, Raubenheimer&Sadan, 2023). 

Resource efficiency is also central to CE and directly 

addresses the inefficiencies that characterise many fisheries 

in the Global South. Overfishing, post-harvest losses, and 

regulatory gaps lead to the dissipation of value at multiple 

stages of the aquatic value chain. CE seeks to redress this by 

fostering cascading use models where each output serves as 

an input for another process, thereby creating synergistic 

loops between fisheries, agriculture, energy, and 

manufacturing sectors. Hetemäki,Tegegne&Ochieng(2023) 

underscore that in countries like Nigeria, integrated 

bioeconomy planning can enable such cross-sectoral flows, 

provided that enabling policies and investment frameworks 

are in place. 

From a governance standpoint, CE in fisheries necessitates 

adaptive policy frameworks that incentivise innovation while 

ensuring equitable access to resources and markets. Karani et 

al. (2022) argue that Africa’s blue economy strategies are 

beginning to reflect circular imperatives by embedding waste 

minimisation, marine biodiversity conservation, and 

industrial symbiosis into national planning. However, 

practical implementation remains fragmented, hindered by 

infrastructural deficits, a lack of monitoring systems, and 

limited financing. Public-private partnerships, capacity-

building programs, and community engagement are critical 

levers for overcoming these barriers and localising circular 

principles in diverse fisheries settings. 

 

2.5. Policy and Regulatory Landscape 

A coherent and enabling policy and regulatory framework 

forms the bedrock for embedding circular economy (CE) 

principles within fisheries systems, particularly in regions 

where resource inefficiencies and environmental degradation 

intersect with socio-economic fragility. Across Africa, and 

notably in Nigeria, the regulatory ecosystem governing 

fisheries and circular economy development is at a 

transitional juncture—simultaneously aspirational and 

fragmented. Aligning fisheries policies with CE frameworks 

entails the incorporation of principles such as waste 

minimisation, by-product valorisation, regenerative 

production, and inter-sectoral integration. These elements 

must be legislatively codified, institutionally enforced, and 

economically incentivised (Jacob &Umoh, 2025). 

In Nigeria, policy discourse surrounding the blue economy 

and circularity has gained prominence in recent years, 

catalysed by the growing urgency to diversify from fossil fuel 

dependence and respond to marine ecosystem degradation. 

The Federal Ministry of Agriculture and Rural Development, 

alongside state-level fisheries departments, has articulated 

strategies that acknowledge resource circularity, but practical 

enforcement remains weak. Ekpemuaka and Odunlade 

(2025) observe that although Lagos State has emerged as a 

leader in blue economy initiatives—particularly through 

policies supporting artisanal fishers and aquatic waste 

reuse—there is a persistent gap between high-level strategy 

and operational frameworks that support innovation, market 

entry, and value-chain coordination. 

One of the key limitations in the regulatory architecture is the 

lack of explicit legal recognition of aquatic waste as a 

resource class within national waste management and 

fisheries legislation. This omission hampers the development 

of valorisation infrastructure, inhibits investment, and 

perpetuates informal disposal practices. In their analysis of 

CE governance in the Global South, Ogwu et al. (2025) stress 

the need for an integrated regulatory framework that unites 

marine resource policy, environmental law, public health, 

and industrial strategy under a unified CE agenda. Such 

alignment is essential for transforming fisheries discards into 

raw materials for other sectors, such as agriculture, 

bioenergy, and pharmaceuticals. 

Regionally, the African Union’s 2063 Agenda and the 

African Blue Economy Strategy provide high-level policy 

scaffolding, encouraging member states to adopt sustainable 

aquatic resource management within a CE framework. 

However, national implementations are often uneven. Karani 

et al. (2022) highlight that while Nigeria, South Africa, and 

Kenya have begun integrating CE concepts into marine 

governance and coastal development planning, enforcement 

mechanisms remain underdeveloped. Moreover, the lack of 

harmonisation between ministries and agencies dealing with 

fisheries, trade, environment, and technology results in policy 

silos that obstruct cross-sectoral collaboration and funding. 

The opportunity, therefore, lies in crafting a governance 

model that fuses local realities with global CE aspirations. 

This includes the institutionalisation of standards for fish 

waste valorisation, tax incentives for CE-compliant 

enterprises, certification schemes for sustainable fish 

products, and inclusive platforms for stakeholder 

participation. Importantly, given the gendered nature of post-

harvest fisheries work in Nigeria, regulatory reforms must be 

gender-responsive, ensuring that women processors and 

traders have access to resources, credit, and training within 

the CE transition. 

 

2.6. Cross-Sector Integration: Agriculture and Industry 

The circular economy model necessitates robust cross-

sectoral integration, particularly between fisheries, 

agriculture, and industry, to maximise resource efficiency, 

foster innovation, and generate shared socioeconomic 

benefits. In this context, aquatic waste—often perceived as 

terminal loss—represents a transformative input into parallel 

systems. By leveraging intersectoral synergies, countries can 

transform fishery by-products into valuable agricultural 

inputs and industrial raw materials, creating regenerative 

loops that align with sustainability goals and national 

development strategies. 

In Nigeria and across Africa, cross-sector integration is 

increasingly recognised as a strategic enabler of circular 
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bioeconomies. One of the most promising examples is the 

utilisation of fish waste in organic agriculture. Fish entrails, 

bones, and scales are rich in nitrogen, phosphorus, and trace 

minerals essential for plant growth. As Ogunlade et al. (2025) 

demonstrate, traditional and emerging bio-processing 

methods—including fermentation, drying, and hydrolysis—

allow for the production of fish-based compost, biofertilisers, 

and growth enhancers. These organic alternatives offer a dual 

advantage: reducing dependency on imported chemical 

fertilisers and enhancing soil microbiota health, thereby 

contributing to more resilient food systems. 

Industrially, fish processing residues are being explored for 

biotechnological applications, such as collagen extraction, 

chitosan production, and biodegradable packaging materials. 

In West African contexts, this growing interest in the 

industrial valorisation of aquatic biomass is supported by the 

proliferation of small and medium-scale enterprises (SMEs) 

that bridge fisheries and manufacturing. Nwakoby and Bielu 

(2025) highlight that fiscal mechanisms—such as incentives 

under Nigeria’s blue economy tax initiatives—could further 

catalyse private-sector involvement in these sectors, provided 

that regulatory coherence and infrastructure investment are 

prioritised. 

Cross-sector collaboration also has implications for supply 

chain resilience and regional trade. The repurposing of fish 

waste into animal feed, pet food, and aquaculture feedstock 

not only supports circularity within the food system but also 

reduces pressure on land-based protein sources. Ralph, Peter, 

and Festus (2025) argue that such integration aligns with 

Sustainable Development Goals (SDGs), particularly those 

linked to responsible consumption and production (SDG 12), 

zero hunger (SDG 2), and economic growth (SDG 8). 

Moreover, by fostering agri-food trade linkages, cross-

sectoral integration expands market access and value 

retention within domestic economies, mitigating reliance on 

external inputs. 

Despite these advantages, operationalising cross-sector 

integration remains fraught with institutional and 

infrastructural challenges. The absence of logistical 

frameworks for waste aggregation, poor access to processing 

technologies, and knowledge asymmetries between actors 

impede effective implementation. In Nigeria, Ekpemuaka 

and Odunlade (2025) note that although policy frameworks 

increasingly acknowledge blue economy innovation, tangible 

mechanisms to foster collaboration between fishers, farmers, 

and industrial processors are underdeveloped. Bridging these 

gaps requires multi-stakeholder platforms, capacity building, 

and digital infrastructure that enable data-sharing and 

coordinated action. 

 

2.7. Technologies and Innovations Enabling Waste 

Valorization 

Technological innovation plays a foundational role in 

unlocking the economic and ecological potential of aquatic 

waste within a circular economy framework. As fisheries 

increasingly shift from linear extraction models to 

regenerative systems, valorisation technologies enable the 

transformation of fish processing residues, shell waste, and 

aquatic biomass into high-value products. In African nations 

such as Nigeria, this transformation is both an environmental 

imperative and an economic opportunity, offering scalable 

solutions to waste management challenges while catalysing 

local industries. 

Several emerging technologies underpin aquatic waste 

valorisation. Among the most impactful are biochemical 

conversion methods such as enzymatic hydrolysis, 

fermentation, and anaerobic digestion. These processes 

facilitate the extraction of functional proteins, fish oils, 

collagen, chitin, and chitosan from post-harvest waste. 

Ginikanwa, Kanu, and Fadayomi (2024) describe how fish 

entrails, scales, and heads—traditionally discarded—can be 

processed into biofertilisers, animal feed, and pharmaceutical 

precursors. This innovation not only reduces organic marine 

pollution but also fosters new value chains that intersect 

agriculture, health, and manufacturing sectors. 

Thermochemical technologies, including pyrolysis and 

gasification, are also gaining traction, particularly for large-

scale operations. These technologies convert organic fish 

waste into syngas, bio-oils, and char, which can be used for 

energy generation or as soil amendments. In the Nigerian 

context, Uzoagba et al. (2024) highlight the growing 

application of biomass valorisation for rural electrification, 

emphasising the use of fishery by-products as alternative 

feedstocks. This intersection of energy and aquaculture 

illustrates the multiplicity of benefits that innovative 

valorisation strategies can generate, from carbon reduction to 

enhanced rural livelihoods. 

In addition to biochemical and thermochemical pathways, 

digital technologies are being deployed to optimise waste 

collection, monitoring, and traceability. Smart sensors and 

blockchain platforms now enable real-time tracking of 

aquatic waste from source to transformation facility, 

enhancing supply chain transparency and enabling data-

driven policy decisions. Folorunso (2025) underscores the 

role of digital analytics in improving waste stream 

forecasting, resource recovery efficiency, and operational 

scalability across processing hubs in Nigeria. These 

technologies also facilitate collaboration between informal 

actors and formal institutions, a key requirement for systemic 

circularity. 

However, despite the technological potential, challenges 

remain. Infrastructure gaps, limited technical expertise, and 

inconsistent access to finance hinder widespread deployment, 

particularly in rural and artisanal fisheries. Overcoming these 

barriers will require supportive policies, public-private 

partnerships, and capacity-building initiatives. In this regard, 

the integration of local knowledge with high-tech solutions 

can create hybrid models tailored to regional contexts, 

ensuring technological relevance and social acceptance 

 

2.8. Bioconversion Technologies 

Bioconversion technologies represent a cornerstone of 

sustainable waste management within the circular economy 

paradigm, especially in transforming aquatic waste into bio-

based products. These biological methods utilise microbial 

activity or enzymatic pathways to convert organic 

substrates—such as fish offal, shells, viscera, and 

bloodwater—into value-added commodities including 

biofertilisers, biogas, animal feed, and functional proteins. In 

Africa, and particularly in Nigeria, bioconversion presents a 

promising and contextually relevant approach to valorising 

fisheries waste in low-resource environments. 

One of the most widely adopted techniques is anaerobic 

digestion, wherein microbial consortia break down organic 

fish waste under oxygen-deprived conditions to produce 

methane-rich biogas and nutrient-dense digestate. As 

highlighted by Adeleke et al. (2025), this process is being 

applied to fish shell and scale biomass, not only to mitigate 
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waste accumulation but to generate renewable energy and 

soil amendment inputs. Anaerobic digestion systems are 

scalable, relatively low-tech, and suitable for decentralised 

deployment—making them ideal for artisanal fisheries and 

small processing hubs along Nigeria's coastal and riverine 

zones. 

In parallel, fermentation-based methods, including both 

solid-state fermentation (SSF) and submerged fermentation 

(SmF), are increasingly employed for the recovery of 

bioactive compounds from aquatic residues. These methods 

enable the production of fish protein hydrolysates, enzymes, 

and organic acids, which have applications in food, 

agriculture, and pharmaceutical sectors. Egbune, Ezedom, 

and Odeghe (2025) emphasise the growing relevance of SSF 

in the African context due to its lower water and energy 

requirements. In Nigeria, small-scale processors are 

beginning to adopt fermentation pits and mobile fermenters 

to convert fish waste into animal feed and organic soil 

conditioners. 

Furthermore, microbial biotechnology is facilitating the 

selective conversion of complex biomolecules such as chitin, 

collagen, and lipids using engineered microbial strains. This 

approach enhances efficiency and specificity, leading to the 

production of niche bio-products such as biodegradable 

polymers and nutraceuticals. According to Ameh et al. 

(2025), such high-value applications are increasingly being 

explored in sub-Saharan Africa through collaborative 

research between universities and bio-entrepreneurs. These 

innovations reflect a shift away from bulk conversion toward 

precision valorization, with implications for higher 

profitability and industrial linkage. 

Despite these advancements, barriers persist. The limited 

availability of fermentation infrastructure, skilled personnel, 

and microbial starter cultures constrains widespread 

adoption. Additionally, the lack of cold chain systems to 

preserve perishable fish waste poses a threat to feedstock 

quality. Addressing these constraints will require public-

sector investment, donor-supported incubation centres, and 

knowledge exchange platforms that link traditional 

knowledge with scientific innovation. 

 

2.9. Extraction and Processing Techniques 

Advanced extraction and processing technologies are central 

to the efficient valorisation of aquatic waste, particularly in 

regions such as Nigeria and other African coastal nations 

where fish production generates significant volumes of 

underutilised biomass. These techniques, grounded in 

chemical, enzymatic, and mechanical innovations, facilitate 

the recovery of high-value compounds such as collagen, 

gelatin, omega-3 fatty acids, chitin, and hydrolysates from 

what would otherwise be discarded materials. Within the 

circular economy framework, such processes serve not only 

to mitigate environmental burdens but also to generate new 

economic streams across agriculture, health, and materials 

industries. 

In practice, extraction techniques vary in complexity and 

yield depending on the desired end-product. Conventional 

methods such as boiling and acid/base hydrolysis remain 

prevalent in artisanal contexts due to their simplicity and low 

cost. However, there is increasing adoption of enzymatic 

hydrolysis using microbial or plant-derived enzymes, which 

provide higher specificity and minimise thermal degradation 

of sensitive bioactives. Elegbede et al. (2025) report that 

these approaches are increasingly utilized in halal-certified 

processing centres across Nigeria, where sustainability and 

ethical compliance intersect with efficiency. 

Processing innovations also extend to drying, grinding, and 

milling technologies that stabilise aquatic biomass for further 

industrial application. These techniques are essential for 

transforming perishable fish skins, bones, and shells into 

powdered or pelletised intermediates for the feed, cosmetic, 

and pharmaceutical sectors. According to Folorunso (2025), 

resource recovery frameworks in West Africa increasingly 

depend on the integration of such mechanical systems, 

particularly in urban fish processing clusters with access to 

electricity and cold storage. 

At an industrial scale, emerging technologies such as 

membrane filtration, supercritical fluid extraction, and 

microwave-assisted processing are gaining traction in pilot 

projects and research institutions. These methods offer higher 

purity, reduced solvent usage, and faster throughput. As 

noted by Okiemute et al. (2025), despite infrastructural 

limitations, Nigerian bioresource hubs are gradually 

exploring modular units that incorporate these technologies 

for niche product development, including marine-based 

nutraceuticals and bioplastics. 

 

2.10. Digital and Smart Technologies in Waste 

Monitoring 

Digital and smart technologies are rapidly redefining waste 

monitoring systems in fisheries, providing transformative 

tools for tracking, analysing, and optimising resource use 

across the aquatic value chain. As part of the broader shift 

toward a circular economy, the integration of Internet of 

Things (IoT), artificial intelligence (AI), blockchain, and 

geospatial analytics offers a real-time approach to the 

management and valorisation of aquatic waste. These 

technologies not only enhance operational efficiency but also 

foster transparency and traceability, which are vital for 

regulatory compliance and market access in sustainability-

conscious industries. 

In Nigeria, where artisanal and semi-industrial fisheries 

dominate the coastal landscape, digital technologies are being 

piloted to address inefficiencies in waste management and 

supply chain coordination. Ekpemuaka and Odunlade (2025) 

highlight emerging policy frameworks that encourage the 

deployment of marine sensors, digital waste logs, and 

automated data collection tools, particularly in Lagos State’s 

blue economy initiatives. These technologies enable the 

geolocation of waste hotspots, prediction of biomass yield, 

and prompt decision-making on waste diversion strategies. 

Advanced digital solutions are also being adopted in 

aquaculture supply chains to monitor feed use, water quality, 

and biomass outputs, thereby identifying waste generation 

patterns at upstream production stages. Adebayo et al. (2025) 

report that smart cages equipped with IoT sensors are now 

able to monitor organic waste discharges in real time, 

providing feedback loops that inform feed formulation and 

system design. These innovations align with circularity 

principles by reducing input waste while enabling the 

repurposing of sludge and fish residues into biogas or 

fertiliser. 

Despite this progress, infrastructural gaps and digital 

illiteracy among smallholder fishers remain significant 

barriers to scale. Anukwonke et al. (2025) observe that 

localised digital solutions tailored to Nigeria’s urban and 

peri-urban contexts—such as mobile apps for fish waste 

collection and mapping—are proving effective in bridging 
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these challenges. Moreover, partnerships between tech 

startups and fisheries cooperatives are key to embedding 

these technologies into community-led waste valorisation 

practices. 

 

2.11. Socioeconomic and Environmental Impacts 

The application of circular economy (CE) principles to 

fisheries waste management holds significant socio-

economic and environmental relevance, especially for 

resource-dependent nations like Nigeria. As Bunting (2024) 

emphasises, sustainable aquaculture practices must promote 

resilience across social, economic, and ecological domains. 

In this context, adopting circular strategies not only mitigates 

environmental degradation but also enhances livelihood 

opportunities, strengthens food systems, and fosters long-

term sustainability within communities reliant on aquatic 

resources.From a socioeconomic standpoint, the valorisation 

of aquatic waste through recovery, processing, and reuse not 

only reduces dependency on linear resource extraction but 

also generates employment, supports local industries, and 

fosters inclusive economic growth. Jacob and Umoh (2025) 

emphasise that integrating blue, green, and grey economic 

strategies in Nigeria has catalysed localised entrepreneurship 

in waste repurposing, especially among coastal communities 

where artisanal fishing predominates. 

The transformation of fish offal, shells, and wastewater into 

usable products such as fertilisers, biofuels, and feed 

supplements has triggered new markets in rural and peri-

urban areas. These developments provide alternative income 

streams for women and youth, historically marginalised in 

formal aquaculture economies. In addition, Ginikanwa, 

Kanu, and Fadayomi (2024) note that CE-based enterprises 

in Nigeria’s blue economy have supported food system 

resilience by enhancing biosecurity, reducing import 

dependency, and linking smallholders to broader agricultural 

value chains. 

Environmentally, circular practices in fisheries reduce 

pollution loads, mitigate marine ecosystem degradation, and 

promote regenerative ecological cycles. Organic waste that 

would otherwise contribute to eutrophication or greenhouse 

gas emissions is redirected toward carbon-neutral 

applications, such as composting and anaerobic digestion. 

Ogwu et al. (2025) report that startups and cooperatives in 

the Global South are advancing CE-aligned bioeconomy 

models that integrate environmental stewardship with 

economic functionality—models that are particularly critical 

in biodiversity-rich but infrastructure-limited regions like the 

Niger Delta. 

 

2.12. Economic Viability of Aquatic Waste Valorization 

The economic viability of aquatic waste valorization has 

increasingly become a cornerstone of global circular 

economy agendas, particularly within the fisheries and 

aquaculture sectors. By transforming low-value discards such 

as heads, viscera, scales, and shells into high-value 

derivatives—including collagen, fish oil, enzymes, and 

bioplastics—valorization supports both resource efficiency 

and profitability. Rigueto, de Oliveira, and Gomes (2023) 

underscore that economic returns from fish waste 

valorization often exceed the value of primary fish products, 

particularly when integrated into cascading use models. 

These models not only optimise material flow but also open 

access to high-margin markets in pharmaceuticals,  

nutraceuticals, and agriculture. 

Capital expenditures associated with valorization 

technologies have historically posed barriers to small and 

medium enterprises (SMEs). However, recent innovations in 

low-cost bioprocessing systems and modular extraction units 

have reduced entry thresholds, especially in emerging 

economies. Coppola et al. (2021) note that enzymatic 

hydrolysis and fermentation technologies are now deployable 

at a small scale while still maintaining economic feasibility. 

When adopted alongside decentralised cold chains and 

cooperative-led processing clusters, these solutions 

significantly enhance return on investment and shorten the 

payback period for waste-based enterprises. 

Furthermore, the systemic economic benefits of aquatic 

waste valorization extend beyond direct profits. By reducing 

environmental remediation costs, lowering disposal fees, and 

generating employment across processing, logistics, and 

research, valorization contributes to macroeconomic 

resilience and rural development. Masi et al. (2024) 

demonstrate through a content analysis of circular 

aquaculture literature that integrating waste recovery into 

supply chains enhances overall sectoral competitiveness. It 

does so by meeting sustainability certifications, reducing 

carbon footprints, and diversifying product portfolios—

factors increasingly valued by international markets and 

regulatory bodies. 

 

2.13. Environmental Benefits and Sustainability Metrics 

The valorization of aquatic waste within circular fisheries 

systems yields substantial environmental dividends, 

especially in regions facing ecosystem degradation due to 

overfishing, pollution, and unsustainable resource 

management. Transitioning from a linear extractive model to 

a circular economy paradigm curtails the environmental 

burden of fisheries by converting organic waste into 

productive inputs, thus minimizing emissions, nutrient 

loading, and marine litter. Kurniawan et al. (2025) 

demonstrate that bio-based conversion of fish processing 

residues into biogas, biofertilisers, and feedstock reduces 

dependence on fossil-derived products and mitigates the 

release of harmful effluents into aquatic systems. 

Crucially, the use of sustainability metrics—such as Life 

Cycle Assessment (LCA), carbon footprinting, and material 

flow analysis—has enabled practitioners to quantify these 

environmental gains. Das et al. (2023) emphasise the 

relevance of wastewater reuse metrics in aquaculture, which 

assess water savings, organic load reductions, and 

greenhouse gas mitigation potential. These tools provide 

scientific evidence to support policy decisions and guide 

investment into sustainable infrastructure. 

Moreover, the circular transformation of aquatic waste aligns 

with broader global sustainability targets, including SDGs 12 

(Responsible Consumption and Production) and 14 (Life 

Below Water). Masi et al. (2024) note that aquaculture 

enterprises that integrate sustainability indicators into their 

waste management practices not only reduce environmental 

impacts but also gain competitive advantages through eco-

certifications and access to green finance. Therefore, 

embedding robust sustainability metrics into circular 

economy models is essential for long-term ecological 

viability and international accountability in the fisheries 

sector. 
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2.14. Challenges and Barriers to Circular Adoption 

Despite the evident potential of circular economy (CE) 

principles to transform fisheries and aquatic waste 

management, their broader adoption continues to face 

multifaceted challenges. Chief among these are entrenched 

regulatory, technological, financial, and socio-cultural 

barriers. On the policy front, a persistent adherence to linear 

economic models significantly impedes progress. As Sharma 

et al. (2021) argue, the transition from linear to circular 

frameworks is often obstructed by rigid institutional 

structures and outdated regulatory mechanisms that fail to 

support regenerative practices. This inertia not only 

discourages innovation but also limits stakeholder 

engagement, particularly in sectors like fisheries where value 

chains are often fragmented and dominated by conventional 

extraction and disposal paradigms.Many policy frameworks 

in the fisheries sector are oriented toward maximising 

extraction and throughput, often overlooking the regenerative 

and resource-circulating logic that defines CE. Cozzolino 

(2025) notes that in numerous jurisdictions, especially in 

developing economies, there is a lack of harmonisation 

between environmental, fisheries, and industrial policies. 

Fragmented governance, outdated legislative instruments, 

and institutional silos collectively inhibit the creation of 

cross-sectoral synergies necessary for scaling circular 

models. 

Technological and economic limitations further complicate 

adoption. Small and medium-sized enterprises (SMEs), 

which constitute the backbone of the seafood processing and 

aquaculture sectors in many regions, frequently face 

prohibitive costs when attempting to access cutting-edge 

valorization technologies such as enzymatic hydrolysis, 

anaerobic digestion, or membrane filtration. Even when such 

technologies are available, the infrastructure required to 

implement them—such as energy supply, cold storage, and 

skilled technical personnel—is often lacking. DíazEnríquez 

(2022) highlights that the cost-benefit profile of these 

technologies may appear unfavourable in the short term, 

particularly in low-margin fisheries industries where 

immediate financial returns take precedence over long-term 

sustainability gains. This economic calculus discourages 

private investment and impedes innovation uptake. 

Cultural perceptions and social norms also pose non-trivial 

challenges. In many communities, fish waste is viewed not as 

a recoverable resource but as a nuisance or pollutant. This 

perception undermines public acceptance and reduces the 

likelihood of grassroots engagement with circular initiatives. 

Mozumder et al. (2022) argue that such views stem from 

deep-seated cultural beliefs and a lack of awareness regarding 

the economic and environmental value of waste 

transformation. Bridging this knowledge gap will require 

targeted awareness campaigns, participatory education 

programs, and the inclusion of local knowledge systems to 

foster ownership and legitimacy. Ultimately, a successful 

transition to circularity in the fisheries sector will depend on 

integrated strategies that combine policy reform, financial 

innovation, technological adaptation, and socio-cultural 

engagement. 

 

3. Technical and Infrastructure Barriers 

The transition toward circular economy (CE) practices in 

fisheries and aquatic waste valorization faces significant 

technical and infrastructure-related impediments, particularly  

in developing and transition economies. Among the most 

pressing challenges is the lack of fit-for-purpose processing 

facilities capable of handling diverse waste streams generated 

by aquaculture and seafood industries. Cozzolino (2025) 

underscores that the absence of decentralised infrastructure 

hampers the logistical feasibility of valorisation, especially 

for remote or small-scale fisheries. The centralisation of 

waste processing hubs increases transport costs, shortens the 

usable life of organic waste, and discourages participation 

from informal actors. 

Moreover, limited access to advanced technologies—such as 

enzymatic hydrolysis, anaerobic digesters, and supercritical 

fluid extractors—remains a critical barrier. Many SMEs are 

unable to invest in or maintain these high-cost systems, 

leaving a technological divide between industrial processors 

and local operators. Santos, Freitas, and Sobral (2025) argue 

that although innovations in microalgal biotechnology and 

biorefinery platforms offer sustainable valorisation routes, 

their deployment is often impeded by infrastructural deficits, 

a lack of trained personnel, and inconsistent electricity or 

water supply. 

Infrastructure gaps are compounded by systemic regulatory 

weaknesses. As noted by Cudecka-Purina (2025), the absence 

of institutional frameworks that mandate or incentivise 

shared infrastructure models, such as industrial symbiosis or 

resource pooling, perpetuates fragmentation. Without 

coordinated investment in waste collection, cold chains, and 

modular processing units, the technical foundation necessary 

to support circular fisheries remains underdeveloped and 

exclusionary to small stakeholders. 

 

4. Fragmented Value Chains 

Fragmentation within fisheries and aquaculture value chains 

presents a substantial barrier to the effective implementation 

of circular economy (CE) practices. Discontinuities between 

production, processing, distribution, and waste recovery limit 

the flow of materials, information, and collaboration 

necessary for efficient waste valorisation. Sultan, Routroy, 

and Thakur (2023) highlight that poorly coordinated supply 

chain actors often operate in isolation, resulting in unutilised 

fish waste, duplication of processes, and inefficiencies that 

undermine circular resource loops. 

One critical dimension of this fragmentation is the limited 

vertical integration across the sector. In many regions, small-

scale fishers, processors, and waste handlers lack shared 

infrastructure and digital platforms to facilitate transparency 

and traceability. As a result, waste generated in upstream 

segments rarely finds its way into valorisation processes 

downstream. Cozzolino (2025) observes that even where CE 

knowledge exists, the absence of collaborative mechanisms 

and supply chain interoperability inhibits the scaling of 

sustainable innovations. 

Moreover, Montocchio, March, and Brokensha (2025) note 

that policy fragmentation exacerbates the problem by failing 

to synchronize incentives and regulatory frameworks across 

the fisheries value chain. Without systemic alignment and 

stakeholder co-governance, the circular transformation 

remains partial and sectorally confined. Addressing this 

challenge necessitates the creation of integrative networks, 

supply chain mapping tools, and public-private partnerships 

that foster end-to-end coordination for value retention and 

waste minimisation. 
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5. Knowledge and Skill Gaps 

The effective adoption of circular economy (CE) frameworks 

in the fisheries sector is significantly constrained by 

widespread knowledge and skill deficits. These gaps span 

across all nodes of the value chain—from artisanal fishers to 

waste processors and local policymakers—compromising the 

sector’s ability to operationalise waste valorisation 

technologies and practices. Cozzolino (2025) highlights that 

even among aquaculture enterprises with sustainability 

ambitions, a lack of technical literacy in CE methodologies 

and performance metrics leads to inefficiencies and 

suboptimal implementation. 

In many developing contexts, the absence of formal 

education and training programs dedicated to circularity 

principles further exacerbates these gaps. Montocchio, 

March, and Brokensha (2025) argue that the development of 

institutional capacity remains uneven, with few integrated 

curricula or certification schemes tailored to fisheries-

specific CE competencies. Consequently, key stakeholders 

are often ill-equipped to engage with modern tools such as 

life cycle assessment, material flow analysis, or digital waste 

tracking systems. 

Moreover, socio-cultural attitudes surrounding fish waste as 

valueless perpetuate behavioural resistance. Mozumder et al. 

(2022) note that in several fishing communities, the lack of 

demonstrable success stories or role models in circular 

practice stymies motivation for skills acquisition. Addressing 

these knowledge gaps requires the mainstreaming of CE 

education, localised training modules, and cross-sectoral 

capacity building that extends beyond technical knowledge to 

include social innovation and behavioural transformation. 

 

6. Market and Consumer Acceptance 

Market and consumer acceptance remain a critical bottleneck 

in the adoption of circular economy (CE) models within 

fisheries and aquatic waste valorization. Although the 

technical capacity to convert fish waste into high-value 

products—such as collagen, biofertilisers, and 

nutraceuticals—is growing, consumer perceptions of safety, 

hygiene, and ethical quality often hinder demand. Rigueto, de 

Oliveira, and Gomes (2023) argue that stigma associated with 

waste-derived products, particularly in food and cosmetics 

sectors, undermines the scalability of these innovations 

despite their proven functionality. 

Saviolidis et al. (2025) emphasize that even in high-income 

economies with advanced bioeconomy infrastructure, a lack 

of awareness and standardised labelling erodes consumer 

confidence. This hesitation is further exacerbated by weak 

market incentives and minimal marketing campaigns to 

educate consumers on the environmental benefits and safety 

profiles of such products. Consequently, producers are 

disincentivised from investing in circular models due to 

limited market uptake. 

Furthermore, Cozzolino (2025) identifies insufficient trust in 

certification schemes and regulatory ambiguity as 

compounding factors. Without reliable assurance 

frameworks that validate product integrity and sustainability 

claims, consumer scepticism persists. To overcome these 

barriers, transparent traceability systems, targeted consumer 

education, and inclusive market strategies that embed social 

narratives around circularity are essential. Only then can CE 

models in fisheries gain legitimacy and competitive traction 

in mainstream markets. 

 

7. Case Studies and Best Practices 

Successful adoption of circular economy (CE) principles in 

fisheries and aquaculture is best illustrated through concrete 

case studies that showcase scalable, replicable, and 

contextually tailored innovations. One such example comes 

from Bangladesh, where a community-driven initiative has 

pioneered the transformation of fishery waste into organic 

fertilisers and animal feed. This initiative demonstrates the 

importance of grassroots engagement and low-cost 

technologies in facilitating CE transitions, even in resource-

constrained settings. According to Mozumder et al. (2022), 

stakeholder collaboration, government facilitation, and 

culturally aligned messaging were key to its sustained impact. 

In India, a national model has emerged that bridges public 

policy with industrial innovation. The country’s investment 

in decentralised biorefineries—designed to convert fish 

processing waste into bioenergy, pharmaceuticals, and 

biodegradable materials—has significantly enhanced both 

environmental performance and rural employment. Hussain 

and Yasmin (2025) highlight that economic incentives, skill 

development programmes, and inter-ministerial coordination 

underpinned the programme’s success, demonstrating how 

targeted governance can unlock circular value chains. 

From a European perspective, the Italian aquaculture sector 

has demonstrated best-in-class practices by embedding CE 

performance metrics into core operational strategies. 

Cozzolino (2025) documents how Italian firms have adopted 

life cycle assessments (LCAs), resource recovery indicators, 

and eco-labelling to evaluate their circular maturity. These 

tools not only inform environmental compliance but also 

enhance market competitiveness and consumer trust. 

 

8. Future Directions and Research Priorities 

Advancing circular economy (CE) principles in fisheries and 

aquatic waste valorization requires a future-oriented research 

agenda that bridges knowledge gaps, scales innovations, and 

enhances system integration. One pressing area is the 

standardization of environmental performance metrics. 

While life cycle assessment (LCA) tools are increasingly 

applied in industrial settings, their adaptation to artisanal and 

small-scale fisheries remains limited. Cozzolino (2025) 

emphasizes the need for methodological frameworks that 

align with the operational realities of diverse stakeholders, 

enabling robust and comparative sustainability assessments. 

Another vital research priority lies in unlocking the 

bioeconomic potential of alternative protein sources. 

Emerging studies show promise in transforming agri-food 

by-products into fish feed through closed-loop systems. 

Prabakusuma et al. (2023) highlight that integrating circular 

feed technologies, such as insect-based meal or algal biomass 

derived from food industry residues, could drastically reduce 

environmental footprints while enhancing food system 

resilience. However, research on regulatory frameworks, 

nutritional equivalency, and farmer acceptability remains 

nascent and warrants further empirical inquiry. 

Social innovation is equally critical to the success of circular 

transitions. Existing literature reveals a deficit in 

participatory governance models and localized circular 

practices. Mozumder et al. (2022) advocate for community-

led research that explores behavioural economics, local 

knowledge integration, and co-production of value across 

supply chains. Future research must thus move beyond 

technical feasibility to encompass social acceptability,  
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market dynamics, and equity-driven outcomes that ensure 

inclusivity and scalability of circular economy models in 

aquatic systems. 

 

9. Conclusion 

This study effectively achieved its central aim by critically 

examining how resource recovery from aquatic biomass can 

be advanced through circular strategies, with attention to 

environmental, technological, and socioeconomic 

dimensions. The objectives—ranging from understanding 

waste types and valorization methods to evaluating policy 

landscapes and identifying implementation challenges—

were comprehensively addressed. Each section of the review 

contributed to unpacking the intricacies of waste generation 

in aquatic systems and highlighted the innovations and 

governance structures shaping its circular transformation. 

Findings demonstrated that converting by-products such as 

fish offal, shells, scales, and wastewater into valuable inputs 

like biofertilisers, animal feed, enzymes, and packaging 

materials is not only technologically viable but increasingly 

economically attractive. Technologies including 

bioconversion, thermal and enzymatic extraction, and smart 

monitoring tools are being adopted globally, with success 

stories emerging from Asia, Europe, and parts of Africa. The 

environmental benefits—ranging from reduced marine 

pollution to climate mitigation—were clear, as were the 

positive ripple effects on employment, rural development, 

and local enterprise formation. 

Nevertheless, the review also revealed persistent systemic 

barriers. Fragmented value chains, limited technical capacity, 

infrastructure gaps, regulatory misalignment, and low 

consumer awareness all contribute to the slow pace of 

circular transitions. Particularly in developing economies, 

financial constraints and knowledge deficits hinder 

smallholder engagement and scalability of innovations. 

Recommendations include the development of integrated 

policy frameworks that promote cross-sectoral collaboration 

and incentivise sustainable waste utilisation. Investment in 

modular, low-cost processing technologies should be coupled 

with training programs and institutional support to build 

capacity. Social acceptance can be improved through 

transparent labelling systems, consumer education, and 

inclusion of local narratives in circular transitions. 

Ultimately, this review reinforces the importance of systems 

thinking and coordinated governance in driving sustainable 

innovation. The pathway forward lies in embedding 

regenerative practices into every level of aquatic resource 

management—from harvest to post-consumption—ensuring 

both environmental integrity and economic resilience. 
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