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Innovation &
Investment

Unlocking the future of �sh farming:
Study advocates digital twin
technology for aquaculture growth

23 April 2024
By Darryl Jory, Ph.D.

Study discusses the potential of digital twin technology as
the key to ushering in a new era for the aquaculture sector

(https://www.globalseafood.org)
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A new study claims that introducing digital twin technology for aquaculture is essential to growing the
intensive �sh farming sector. The study, published in Computers and Electronics in Agriculture, was
conducted by scientists from several research institutions in Norway, Belgium and Greece.

A digital twin is a computer program that offers a digital representation of a real-world system or asset
of interest that merges mathematical models (knowledge based and data driven models) of that
system with real-time data from the system. It’s like having a virtual copy or simulation of a physical
object, process or system. It mimics the real thing in digital form, allowing you to monitor, analyze and
optimize performance without directly interacting (https://doi.org/10.1016/bs.adcom.2019.09.006)
with the physical object.

In the context of aquaculture, digital twin technology can be applied to various aspects of �sh farming,
such as monitoring environmental conditions, resource management and predictive analytics
(https://doi.org/10.1016/j.compag.2024.108676). The research team says this could a key enabling
technology to achieve the aims of “Industry 4.0” – the ongoing fourth industrial revolution
characterized by the integration of digital technologies into manufacturing and other industrial
processes (https://doi.org/10.1016/B978-0-323-88506-5.50281-3).

“Digital twin solutions that merge real time observations through in-farm instruments with predictive
models based on existing system knowledge will provide deeper and more precise insights into the
biological and physical dynamics of �sh farms,” said Dr. Martin Føre, leading author of the study, told
the Advocate. “Such solutions can in turn be used as a foundation for the future automation of farming
operations through feedback control, which will become increasingly relevant as farming operations are
moved further from shore and/or into more exposed conditions.”

Many components of a �sh cage production system could be
components in a so-called digital twin aimed at an instrumentation
package to collect data on oxygen and current conditions in the cage
volume. Photo of tilapia farming in cages in Colombia by Gustavo
Alvis.

https://doi.org/10.1016/bs.adcom.2019.09.006
https://doi.org/10.1016/j.compag.2024.108676
https://doi.org/10.1016/B978-0-323-88506-5.50281-3


4/23/2024 Unlocking the future of fish farming: Study advocates digital twin technology for aquaculture growth - Responsible Se…

https://www.globalseafood.org/advocate/unlocking-the-future-of-fish-farming-study-advocates-digital-twin-technology-for-aquacultu… 3/4

(https://bspcerti�cation.org/)

While the capabilities of digital twins developed and applied in many �elds are increasing rapidly, there
have been few attempts at using digital twin technology for aquaculture applications. One of the main
reasons for this is probably that intensive aquaculture is a comparatively young industry. Most early
research and development efforts in aquaculture have accordingly had to focus on solving the concrete
biological challenges of underwater animal production.

However, many of these challenges have now been overcome, and the industry is at a point where the
focus is shifting to developing farm management practices to better monitor and control production
(https://doi.org/10.1016/j.dss.2021.113524).

Due to the rapid ongoing development in technological methods in aquaculture, the digital twin
technology building blocks required for aquaculture are becoming available.

Fig. 1: The main concepts of digital twins, fusing real-time monitoring
of the system states with mathematical models, and also
incorporating some of their main end impacts. The physical asset in
this example is the �sh farm (upper right-hand corner). Historical farm
management data and data obtained through instrumentation
deployed in the farm are used together with existing system
knowledge to build the mathematical models describing the process.
These data are also assimilated into the digital twin, thereby providing
the link between the predictive models and the real asset. This
supplies the core of the digital twin implementation as implied in the
left side of the �gure. Adapted from the original.
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The research by Dr. Føre and his co-authors presents case studies that explore digital twin technology
(https://doi.org/10.1016/j.aquaculture.2013.08.024) for three application areas of high industrial
relevance: how to improve monitoring of oxygen conditions in sea-cages, how to better obtain real-time
inputs on �sh growth and biomass development in these cages; and the increased use of robotics and
autonomous vehicles (https://ieeexplore.ieee.org/abstract/document/7404486) in aquaculture,
particularly when considering moving production to less accessible and exposed locations.

“The main conclusion of this study is that the technological level within aquaculture is su�ciently high
to warrant starting the work on adapting digital twins,” the authors concluded. “Furthermore, given the
potential bene�ts, this is a path the scienti�c community and industry alike should start following. This
requires that research and development processes are adjusted to not only focus on their speci�c goals,
but also on how the outcomes will �t in a holistic digital twin solution down the line. If we can integrate
this vision into the future of research and innovation in aquaculture, it is likely that the future will see us
able to harvest the bene�ts of digital twin technology also within this sector.”

Read the full study. (https://doi.org/10.1016/j.compag.2024.108676)

@GSA_Advocate (https://twitter.com/GSA_Advocate)

Author

DARRYL JORY, PH.D.

Editor Emeritus

darryl.jory@globalseafood.org (mailto:darryl.jory@globalseafood.org)

Copyright © 2024 Global Seafood Alliance

All rights reserved.

https://doi.org/10.1016/j.aquaculture.2013.08.024
https://ieeexplore.ieee.org/abstract/document/7404486
https://doi.org/10.1016/j.compag.2024.108676
https://twitter.com/GSA_Advocate
mailto:darryl.jory@globalseafood.org

