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DESCRIPTION
Global food systems face increasing pressure to meet the
nutritional demands of a growing population while addressing
environmental concerns, including climate change. Carbon
management is a major consideration in agriculture and
aquaculture, as emissions from food production contribute to
atmospheric carbon levels. Aquaculture, particularly
Recirculating   Aquaculture   Systems  (RAS), has  emerged  as   a
method for producing aquatic foods efficiently while controlling
environmental impacts. These systems allow for high-density fish
production in controlled environments, with opportunities to
manage water quality, nutrient cycling, and greenhouse gas
outputs.

Recirculating aquaculture systems operate by continuously
filtering and reusing water within tanks, minimizing the need for
water exchange and reducing effluent discharge. Mechanical and
biological filtration remove suspended solids and transform
nitrogenous wastes into less harmful forms. Additional
treatment technologies, such as carbon dioxide stripping,
denitrification, and biochar filtration, can further regulate
dissolved gases and nutrients. By managing these processes, RAS
allows for intensive production of fish and other aquatic species
with limited spatial requirements, while offering the potential to
reduce emissions associated with conventional aquaculture.

Carbon dynamics in aquaculture involve multiple pathways,
including feed conversion, metabolic respiration, and effluent
management. Feed is the primary source of carbon input, and
the efficiency of feed conversion into biomass directly affects the
amount of carbon released. Recirculating systems provide an
environment in which feed efficiency can be maximized.
Continuous monitoring of water quality, dissolved oxygen, and
temperature allows producers to optimize growth conditions,
reducing the energy lost as metabolic heat or excreted waste.
Improved feed efficiency translates into lower carbon outputs
per unit of biomass produced, supporting sustainable
production.

Effluent management in recirculating systems plays a key role in 
carbon balance. Wastewater contains dissolved and particulate 
organic matter, including carbon compounds derived from feed 
and excretion. Within RAS, treatment processes can capture and 
transform these carbon compounds. Biological filtration 
converts ammonium to nitrate through nitrification, while 
denitrifying biofilters can convert nitrate to nitrogen gas. Solid 
waste can be separated and processed, allowing for potential use 
in soil amendments, biogas production, or other applications. 
Managing effluent in this manner reduces the carbon load 
entering natural water bodies and contributes to overall carbon 
control.

Recirculating aquaculture systems also provide opportunities to 
integrate carbon management with other nutrient cycles. For 
example, nitrogen, phosphorus, and carbon can be recovered 
and redirected into plant production through aquaponics or 
algal cultivation. Algae grown on nutrient-rich effluent capture 
carbon dioxide and incorporate it into biomass, which can serve 
as feed supplements or bioenergy sources. This integration 
allows aquaculture to function within a more circular 
production framework, where inputs and outputs are managed 
efficiently to maintain productivity while addressing 
environmental concerns.

Energy use in RAS is an important consideration when 
evaluating carbon dynamics. Recirculating systems rely on 
pumps, aeration devices, heating or cooling systems, and 
monitoring equipment, all of which consume energy. The source 
of this energy affects the overall carbon footprint of the system. 
Renewable energy integration, energy-efficient pumps, and heat 
recovery technologies can minimize fossil fuel-derived emissions. 
Optimizing energy consumption ensures that carbon 
management within the system does not come at the expense of 
excessive energy use, maintaining a balance between production 
efficiency and environmental responsibility.

Species selection and stocking density influence both 
productivity and carbon output. Species with high feed 
conversion efficiency and tolerance to intensive conditions are

Perspective

Correspondence to: Mats Bremme, Department of Aquatic and Environmental Sciences, Linnaeus University, Kalmar, Sweden, E-mail:
mats.bremme@lu.se

Received: 28-Nov-2025, Manuscript No. JARD-26-31117; Editor assigned: 01-Dec-2025, PreQC No. JARD-26-31117 (PQ); Reviewed: 15-Dec-2025,
QC No. JARD-26-31117; Revised: 22-Dec-2025, Manuscript No. JARD-26-31117 (R); Published: 29-Dec-2025, DOI:
10.35248/2155-9546.25.16.1058

Citation: Bremme M (2025). Recirculating Systems as Tools for Aquatic Food Production and Carbon Control. J Aquac Res Dev. 16.1058.

Copyright: © 2025 Bremme M. This is an open access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

J Aquac Res Dev, Vol.16 Iss.12 No:1001058 1



well suited to recirculating systems. Managing stocking density
to match the system’s capacity ensures that water quality remains
stable and that fish growth rates are maximized. Overcrowding
can lead to stress, reduced feed efficiency, and increased waste
production, all of which elevate carbon release. Therefore,
careful planning of species and stocking strategies contributes to
efficient production and carbon management simultaneously.

Recirculating systems also facilitate controlled experimentation
and research on carbon flows within aquaculture. Continuous
monitoring of water chemistry, metabolic rates, and waste
production allows researchers to quantify carbon inputs and
outputs accurately. These data inform management practices,
guide feed formulations, and evaluate the effects of
environmental variables on carbon efficiency. By understanding
carbon dynamics at the system level, producers can adjust
operational parameters to maintain high production without
increasing carbon emissions.

The potential of RAS to support sustainable food production
extends to urban and peri-urban areas. Limited land availability
and high water demand restrict conventional aquaculture in
these regions. Recirculating systems, with their compact
footprint and controlled water use, allow for local production of
protein-rich foods while maintaining environmental control.
Reducing transportation distances and localizing production

further decreases associated carbon emissions, contributing to
overall food system sustainability.

Policy and regulatory frameworks can support the adoption of
carbon-conscious aquaculture practices. Incentives for energy
efficiency, nutrient recycling, and emissions reduction
encourage producers to implement technologies and practices
that reduce carbon output. Standards for effluent treatment,
feed efficiency, and system design help ensure that intensive
aquaculture production does not compromise environmental
quality. Coordination between producers, researchers, and
policymakers can enhance the capacity of aquaculture to
contribute to food security while addressing carbon
management objectives.

In conclusion, recirculating aquaculture systems offer a pathway
for maintaining food production while managing carbon
outputs. Through controlled water reuse, efficient feed
conversion, nutrient recycling, and energy management, these
systems support high-density production of fish and other
aquatic species without increasing carbon emissions. Integration
with complementary systems, careful species selection, and
operational optimization further enhance sustainability. By
combining technological, ecological, and management
approaches, recirculating systems demonstrate how aquatic food
production can be aligned with carbon management objectives.
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