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Under the 3 Divisions and 9 Departments there are 23 Research Groups (green) and over 100 researchers at NORCE
that contribute to sustainable aquaculture research across the value chain for industry, society and the environment.
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e Environmental limitations

« Common space use and sustainability
 Waste from aquaculture
* [Escapees: genetic interactions with wild populations

* Feed sustainability
* 3-8% uneaten feed
e Alternative feed ingredients

 Welfare, disease and parasite problems

 Emerging new diseases especially viruses
* Qutbreaks of existing diseases
* Parasites, wounds and other welfare events

* Impacts of climate change on aquaculture
 Regional changes and food security
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Salmon aquaculture
Large and remote systems
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New production systems

to overcome the challenges development of RAS, Semi-
closed, and off-shore and exposed more remote areas



Aquaculture Sector Responses
Closed & Integrated Production Systems

g RASOnland . Open sea cage

-

Semi-closed

Open offshore
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Machine vision and Al will improve
sector sustainabllity



Smart farming
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Applications of digitalization in

Real-time information of environment and fish behavior

« Automated biomass measurements
« Feeding optimization and automation to lower FCR and
« Early warning of disease and parasites and their spreadin;
 Climate change and harmful algae bloom predictions/wérrﬁ g
 Infrastructure and equipment condition monitoring a’™
* Energy use optimization

* Predator warning and parasite removal
« SOP improvements from site to regional production mangq‘
* Logistic efficiency e

* Product traceability from farm to fork ‘f 8 7

« EU taxonomy datasets for increased investments into the S
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Machine vision and lasers kill sealice on salmon in pens like Star Wars

The Stingray system

https-//youtu.be/HBAXFENOyQVI

https://www.youtube.com/watch?v=bZxw-Ji7K94


https-/youtu.be/HBAXFN0yQVI
https-/youtu.be/HBAXFN0yQVI
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Hydroacoustics

Sound waves echoing off swim bladder;
Cover large volumes

Measuring every second

Independent of light, water quality

Little maintenance




In fish sensors for position, heartbeat and activity
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Future control systems, surveillance and operation of remote semi-autonomous aquaculture farming

<l Control systems

Decision support Operative, tactical and strategical decision
ecosystems _ support
Process optimization of : 0) ¢ / Visualization / Analyses / ML / Al

aquaculture at sea
Increased survival
Preventive biosafety
Real-time digital
environment monitoring
Digital twins

Prediction and simulation

~
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iCamera; submerged/surface S-T Ventilation
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Fis‘h behavior monitoring S-T Current strenght and \I:lve‘tw;])rk infrastructure 2’1 :Z:S:i Sibment
Skin health status direction Inches - SR
Maturation L Net cleaners S-T ++

Heart associated diseases Drone S-T

Lice counts/handling
Mortality handling

Pollution warnings = Total biomass S-T environment
L Weight distribution S-T Temperature

Other sources Fish performance& bFCR  S-T Oxygen

Area surveillance (algae)

Surveillance of marine
biology

) S = Status
Feeding system S-T T=Trend

Feed storage, status and type S-T

From GSF



Digitalisation challenges In aquacultu‘_

Outdated sensor data standards
Industry fragmented digital infrastructure

Inadequate real-time sensing/understanding of fish biology and
environment

Great span in digital maturity in the industry.
Reluctancy of sharing data between salmon farmers.
Insufficient access to data from industry (data sharing)
Insufficient prediction and decision support tools

Holistic data analytics for industry
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Site-to-Site

Digitizing Production Sites InferactSn

Environmental Parameters

»  Density —
* Temperature
« Light

«  Water speed
«  Water quality
- Salinity

*  Noise

* Organisms

A

Biological Parameters
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Manolin Overview

Benchmark Performance Benchmark Products
? ¢
Streamline Research | |  Streamline Budgets
T -
Al-Driven Forecasting | | Validate R&D
T -
I
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~-— — — — - — — -
|
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o — — — — . — — — — e
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Benchmarking Fish Health Research Forecasting Performance Insights Risk Analysis



MANOLIN WATERSHED (For Farmers)

An Al-power farm specific analytics system

00 wwr Risk 46, 2022 - Manolin

@ app.manolinaqua.com/health/2022/46/.
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Confidence of a positive test

2%
Your risk score: Moderate

Your risk factors

= Risk 48, 2022 - Manolin

&« (o @ test.manolinaqua.com

Geography 1 Planning a treatment?
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B ffi
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0 lice / fish
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Possibilities of digitalization in the
aquaculture sector - L R
Build a digital foundation for the future state of utilizing B

automatic data acquisition (I0T), data communication

A | Process improvements and potential business values
are identified through the dlgltal foundation’ capabilities

capabilities, aggregation and analysis of data enhancing
automation and data driven decision support. J

Utilize data driven insight for automated/semi automated

Analysis Visualization : \

decision support (Al) on operational and tactical level. el

Enable data analytics and algorithms (ML) for decision
support on tactical and strategic level.

Creation of data Applications Sensors/llOT

Utilize digital twins for traceability, scenario predictions and
simulations (biological/technical).

Increase traceability throughout the value chain from 3 | _
genetics to market. T R i e g
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Lars Ebbesson
laeb@norceresearch.no

Thank youl.

norceresearch.no
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