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The latest series of articles from the GAIN project, funded by the EU Horizon 2020 Fund,
examine waste reduction, byproduct usage

This is the �rst article in our series on the “circular economy.” This is part of a larger three-part series on sustainable aquaculture intensi�cation in Europe,
focused on “precision aquaculture (https://www.globalseafood.org/advocate/topic/precision-aquaculture/?
__hstc=189156916.55939dc489ab19e4c2519e34dcc97a12.1687653488527.1687653488527.1687653488527.1&__hssc=189156916.1.1687653488528&__hsf
“sustainable feeds (https://www.globalseafood.org/advocate/topic/sustainable-feeds/?
__hstc=189156916.55939dc489ab19e4c2519e34dcc97a12.1687653488527.1687653488527.1687653488527.1&__hssc=189156916.1.1687653488528&__hsf
and “circular economy.” This work from the GAIN project is funded by the EU Horizon 2020 Fund. Each part in this series takes provides an introductory
glance at the three topics, then explains how outputs from the GAIN project are contributing towards it, including the applicability to industry and governance.

Traditional production models are linear, where new resources and materials are put into production systems to create a �nal consumer product. This model
considers inputs, a production process that transforms and adds value to the original resources in combination with each other, leading to outputs. Outputs
include the �nal consumer product as well as waste products. This order of activities from initial materials, production, outputs and sales is referred to as a

In the latest article from the GAIN project, implementing circular economy principles – such as the use of �sh
processing scraps, skins and trimmings – can help increase the sustainability of aquaculture production.
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“value-chain.”

In contrast, the circular economy model for food products focuses on the reuse of “waste” byproducts, such that the value-chain outputs become inputs for
other value-chains. For example, �sh processing produces �llets as well as leftover scraps, skins and trimmings of �sh. These scraps can then be used as
ingredients in pet feed. The circular economy also encourages valorizing byproducts that might otherwise be disposed of and reusing or recycling other items
at the end of their useful life. For example, crustacean shells (https://www.sciencedirect.com/science/article/pii/S0924224415002721) can be processed
into biodegradable packaging.

Circular economy principles reduce waste, increase e�ciency and support more sustainable systems. By reducing waste, the value extracted from the natural
resources is increased. In other words, we get more, using less. This is particularly important as we aim to feed an ever-growing population.

Life-cycle analyses (LCA) are often used to measure the environmental impact of a value chain. An LCA typically measures the total carbon footprint of the
product, considering all the raw materials and processes used to create that product from inception to sale. When circular economy principles are included, an
LCA shows dramatic decreases in environmental impacts.

These principles are being applied in aquaculture to reduce its environmental impact. The reuse of byproducts in aquaculture is particularly important, as
large amounts of shells and bones from processed �sh and seafood is considered waste
(https://www.sciencedirect.com/science/article/pii/S0959652618328877#bib105). A wide range of products can be produced from bones and shells, such
as gelatin, collagen, biofuel, packaging materials and chitin, commonly used as a preservative for its antimicrobial properties.

Other aquaculture waste materials can also become recycled. For example, �sh sludge can be used to culture black soldier �ies
(https://www.taylorfrancis.com/chapters/edit/10.1201/9781003011255-8/using-black-soldier-�y-larvae-sustainable-waste-management-vinoth-rayar-
raghavendra-singh-nitin-kumar-singh-hirendrasinh-padhiyar), which are then used for insect meal, a protein ingredient in aquafeeds. This process reduces the
amount of sludge discharged as waste into the environment, and also allows for the uptake of residual nutrients in the sludge. This means that less nutrients
are wasted as they are retained within the system.

Unfortunately, regulations have not caught up with many of these technologies and prevent their use in the industrial mainstream. Regulatory bodies,
particularly in the EU, are being encouraged to adapt and change their policies (https://onlinelibrary.wiley.com/doi/abs/10.1111/jiec.13188) around waste re-
use, such that circular economy practices can have greater impact throughout the industry. Circular economy practices could also be encouraged by
certi�cation bodies (https://www.sciencedirect.com/science/article/pii/S0044848617325292) that can help improve on the sustainability of our global
aquafood production systems.

Regulatory bodies will need to consider ways to encourage safe circular economy practices. The importance of reducing the risk of disease transmission has
never been clearer. One way to do this is by avoiding the reuse of waste within the same production system: For instance, waste from marine species could be
used for freshwater species, as bacterial colonies are unable to tolerate drastic changes in salinity levels. Testing and quality assurance would also help
address safety concerns around waste reuse.

The following articles in this series will explain outputs by the GAIN project partners who have focused on developing innovative solutions for industry to
embrace circular economy principles.
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