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Scottish Aquaculture 101 – increasing capacity

During this third webinar, we aim to provide you with an introduction to some technologies that are under 
development. The Aquaculture Industry Leadership Group set a target of doubling the value of aquaculture to 
Scotland by 2030.

Introduction
• Relevant marine licenses
• Standards
• Production strategies

Topics
• Recirculating Aquaculture Systems (RAS)
• Semi-Closed Containment Systems (SCCS)
• High-energy/offshore aquaculture
• Remote/intelligent ('smart') farms

Final comments and questions

https://www.gov.scot/publications/scotlands-national-marine-plan/

https://aquaculture.scot/wp-content/uploads/2017/11/Aquaculture_Growth_2030.pdf

https://www.gov.scot/publications/scotlands-national-marine-plan/
https://aquaculture.scot/wp-content/uploads/2017/11/Aquaculture_Growth_2030.pdf
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UK fish farm consents
Scotland has a robust legislative and regulatory 
framework that provides the right balance between 
developing the fish farming sector and protecting 
the pristine environment on which the sector 
depends.

Marine fish and seaweed farms

Before setting up or running a fish or seaweed farm, 
you first have to obtain licenses and approval from a 
number of organisations. Which consents you 
require will depend on what you want to farm.

Freshwater and land-based farms

Freshwater and land-based farms may require all 
the consents shown on the right, except for a marine 
license and Crown Estate lease.

https://www.gov.scot/binaries/content/documents/govscot/publications/independent-report/2016/07/independent-

review-scottish-aquaculture-consenting/documents/00502723-pdf/00502723-pdf/govscot%3Adocument/00502723.pdf

https://www.gov.scot/binaries/content/documents/govscot/publications/independent-report/2016/07/independent-review-scottish-aquaculture-consenting/documents/00502723-pdf/00502723-pdf/govscot%3Adocument/00502723.pdf
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Technical standards

• Produced in 2015, the technical standard sets 
out standards across fish farming in Scotland.

• NS 9415:2009 (Marine fish farms –
requirements for site survey, risk analyses, 
design, dimensioning, production, installation 
and operation).

• Standards set out the principles of developing 
safe and secure aquaculture operations.

Contents

https://www.gov.scot/binaries/content/documents/govscot/publications/advice-and-guidance/2015/06/technical-
standard-scottish-finfish-aquaculture/documents/00479005-pdf/00479005-pdf/govscot%3Adocument/00479005.pdf

https://www.gov.scot/binaries/content/documents/govscot/publications/advice-and-guidance/2015/06/technical-standard-scottish-finfish-aquaculture/documents/00479005-pdf/00479005-pdf/govscot%3Adocument/00479005.pdf
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Salmon production strategies
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Recirculating Aquaculture Systems (RAS)
The continuous re-use of water, by using water treatment technologies
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Recirculating Aquaculture Systems

A typical RAS system, Akva

Key principles

• Water re-use
• Water treatment
• Parameters controlled, e.g. 

temperature, O2

• Fish/shrimp live in tanks
• Full spectrum of complexity depending 

on the degree of water re-use
• First Scottish system: Couldoran, 

Lochcarron >30 years

A recirculating aquaculture system (RAS) is a system where a proportion of the water used for fish production is treated and 
recirculated, reducing the need for ‘new’ water.
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What a RAS must achieve

• Consistent, optimum growing environment
• Water quality
• Oxygen
• Temperature

• Best-in-class fish health and welfare
• Environment
• Customised grading and feeding systems

• Predictable aquaculture production and superior 
harvesting quality

Faeces

Feed
Water

Oxygen

Ions

pH regulation

Carbon Dioxide

Ions

Ammonia

Temperature 
Cold to 20°C



9

Scotland’s current focus
• Currently, Scotland’s leading producers use RAS for:

• Smolt production
• In its infancy: ‘Supersmolts’ – slightly salty systems rearing 

salmon up to 650g to shorten the marine phase
• Marine fish larvae and juveniles
• Potentially broodstock
• Cleanerfish such as wrasse and lumpfish

• Theoretically, most aquatic species suitable for farming could be 
reared in RAS systems.

• Economics is the key driver.

• Key focus = salmon. The market is ready and the infrastructure is 
present.
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Barcaldine, SSF: state-of-the-art smolt production 
facility

Barcaldine under 
construction• Good water (freshwater/marine depending on 

species)

• Energy, water pumping, heating/cooling, 
lights, feeding etc.

• Development land, in the context of salmon 
smolts close to the sea

• These are multi-million pound projects, e.g. 
Barcaldine at £50m 

On-growing tanks
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Globally, RAS is attracting investment

Not an exhaustive list, but these are companies that are 
engaging in RAS production. It's mostly about salmon, but it 
isn't all about salmon...
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Atlantic Sapphire

Latest market update

• 5.0m fish, ~2,200t of biomass, 
swimming in US and DK Bluehouse 
facilities

• DK harvest started and ‘steady state’ 1 
standing biomass achieved

• 121 full-time employees as of 30 June 
2020

• USD266m in total assets as of 30 June 
2020
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Future development 
opportunities

• Worldwide interest is growing in using RAS to 
complete on-growing

• RAS in Scotland is currently used to rear juveniles 
of salmon, trout, cleanerfish and halibut

• Diverse, skilled workforce required to build and 
operate these facilities



1414

Semi-Closed Containment Systems 
Where fish are farmed in a floating closed unit and water is pumped from depths of ~20m to provide water 
exchange – a floating tank

Land-based 
smolt 

production
Semi-closed systems in sea

Land-based 
smolt 

production

Semi-closed 
systems in sea

Open-net pen 
production

OR
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Simplified schematic

Water intake, 
depth ~20 m

Circular flow

Water outlet
– soluble wastes, 
i.e. nitrogenous

Waste settles – can be 
ejected or recovered

Key principles
• Pen systems float and are sealed from 

the immediate water
• Water pumped from depth with large 

pipes – continuously
• Circular flow regime generated
• Particulate wastes settle

Challenges (engineering)
• Structure is heavy; increased buoyancy 

and mooring requirements
• Flexible materials can deform
• Behaviour in waves – sloshing
• Pump failures would lead to losses very 

quickly
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Construction → cost

Material (rigid → flexible)

Concrete/steel – strong, heavy, inertia 
stabilises in waves, no deformation. Longevity.
Require advanced yards, e.g. oil rig 
construction facilities.

PE/glass re-enforced plastic (fibreglass) –
modular panels reinforced with steel. 
Longevity. No deformation. Lower inertia, 
moves with waves.

Fabrics – light, low inertia – moves with 
waves, not as strong, can deform in currents. 
Shorter working life. Tears propagate in fabric 
– double layer or internal net.

£

€

$

Salmon Home #1 (top2); FishGlobe; Neptune 3; Botngaard system; 
Ecomerden
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Advantages Disadvantages

• Fish health – lower mortality

• Sea lice eliminated

• Jellyfish eliminated

• HABs eliminated

• Environment

• Seabed impacts reduced

• Medicine use eliminated

• Shorten the open water phase – 1kg in shielded 
environment

• Wastes can be recovered – allowing higher 
biomass consents

• Increase production – better use of in-shore 
licences

• Higher capital costs

• Higher operating costs – offset by eliminating 
need to manage lice

• Water pumping and possibly oxygen are 
required

• Low significant wave heights

• Lighting can be required

• Wastes must be managed

Semi-Closed Containment Systems
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Example – Aquatraz

• Semi-closed pen system at 4th generation of 
development, first commercial iteration 
(TRL9)

• No waste capture – under development
• 160m in circumference and with 50,000m3

volume
• Stocked at 1kg grown to 5kg; ~ 300k fish
• Semi-submersible, cage lifts from the water 

for operations/maintenance
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Example – Certus

1. FLOATING COLLAR

3. SEA WATER IN-TAKE

2. BAG 10,000 – 30,000 m3

4. OUTLET TUBES

5. WASTE COLLECTOR

9. O2 DIFFUSION HOSES

CONTAINER  
FOR CABINETS

10. UPLIFT FOR 
DEAD FISH

6. NET

7. IN-LET 
PIPES

8.SENSORS

11. CONTROL SYSTEM
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Future development opportunities

• Simply Blue Aquaculture; Trimera Services and Loch 
Long Salmon are developing Scotland’s first marine 
closed containment system – currently at pre-
application consultation stage.

• Closed Containment Systems have been developed in 
Norway using the development license system.

• Technologies are market ready but still require full 
commercial demonstration.

• Key premises:
• Capturing and utilising waste production can be 

increased at sensitive nearshore sites.
• Mortality will be reduced, improving finances.

• SEPA declared two key points:
• Waste capture must be quantified accurately.
• Soluble wastes need to be considered for 

increased biomass.
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Off-shore aquaculture
Farming in open waters with deeper waters, exposure to increased wave heights and winds

Land-based 
smolt 

production

Open-net pen 
production

Open-net pen 
production
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Advantages Disadvantages

• Site availability and larger biomass consents

• Deeper waters with tidal currents disperse 
aquaculture wastes more rapidly

• Health benefits to stock – limited supporting 
data

• Reduced user conflicts

• Capital and operating costs

• Business models highly sensitive to market price 
– currently < £4 per kg HOG

• Scale required unfamiliar to current operators

• Technology requires demonstration 

• Grading 

• Net cleaning 

• Feeding

• Health and welfare management

• Harvesting

• Regulatory regime untested >3 nm off-shore

Off-shore
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Example – Skelwick Skerry
• Established 2017 near Westray, Orkney; 8 x 130m 

pens
• Depth 50m
• 2.5km from nearest shore 
• Hs = 6m and site has measured waves of nearly 10m

Stocking
• Site has 2500t consent allowing ~3200t per cycle to 

be produced 
• 1kg salmon stocked and grown to >5kg
• Assuming 5kg weight at sale, £12.8m realised per 

cycle

Feeding
• Daily visits by 14m workboat and site crew
• Operator says “keep it simple” and “stay ready for 

poor weather”
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Example off-shore farming systems

Category
Types of fish 
cages Material Shape Maximum size

Max. 

Volume 
(m3)

Biomass 
(tonnes)

Max. 

number 
of fish

Significant 

wave height 
(m)

Distance 

off-shore 
(km)

Capital 
cost

Floating flexible PolarCirkel Flexible hose Circle 240 m in circumference 72,500 1,740 435,000 6 < 2 Low

Floating rigid HavFarm Steel Ship-like, rectangular 430 m in length 415,000 10,000 2,500,000 10 >2 High

Semi- Ocean Farm 1 Steel Hexagon 110 m in diameter 250,000 6000 1,500,000 6 >2 High

submersible 
rigid

Semi-submersible 
Spar Fish Farm Steel Circle 140m in diameter 150,000 6000 1,500,000 10 >2 Med-High

Semi-submersible 
flexible (Refa)

Tension leg and 
flexible hose Hexagon 28 m in diameter 12,000 288 72,000 12 >20 Low

Submerged Aquapod Steel, Concrete Sphere 20 m in diameter 4300 103 25,000 15 >20 High

Polar Circle, Ocean Farm, Semi-Submersible Spar Fish 
Farm, HavFarm, TLP Refa.

All have yet to demonstrate that fish can be produced 
economically.
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Mooring systems

• Currently, cages are light relative to their 
volume – moored to sea bed using drag 
anchors (1-2t)

• Heavier/larger farming systems may 
require sea bed moorings to be 
reconsidered

• HavFarm – uses turret mooring and the ship-like 
structure weather vanes

• Ocean Farm One – based on published tank study, 
uses gravity anchors concentric to the unit
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SAIC project – Rock Anchor

• Project provided simulation on behalf of Sustainable 
Marine Energy – supported by marine engineering 
expertise at University of Dundee.

• Groutless rock anchor developed and scaled 
according to Aquaculture technical standard.

• Geotechnical models used to simulate anchor in a 
range of scenarios and inform its design.

• Allow sites to be moored to rock substrate
• deployed more quickly
• reduced seabed footprint of mooring 

configuration

Simulated vertical stress distribution
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Future development opportunities

• High-energy aquaculture offers opportunity to grow 
significantly

• The scale of these systems could have significant 
effects on the market 

• Legislation is clear < 12nm, no site in Scotland is > 
3nm from the shore 

• High-energy farming systems have been developed 
since the 1980s but only recently have demonstrators 
started to be built

• Could other sectors support the upscaling of 
aquaculture in off-shore environments?
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Remote/intelligent sites
Intelligent, connected farms – ‘smart farms’
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The connected farm

Akva group
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Automation of knowledge acquisition by machine 
vision
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Towards precision farming

Aims of precision farming
1) Improve accuracy, precision and repeatability in 

farming operations
2) Facilitate more autonomous and continuous 

biomass/animal monitoring
3) Provide more reliable decision support
4) Reduce dependencies on manual labour and subjective 

assessments, and thus improve staff safety

Bringing all information together to automate, remove 
subjectivity and provide insight.

Information: fish counting, biomass, feeding, welfare 
indicators and treatments.
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Software solutions

https://www.akvagroup.com/software-/fishtalk-control-

https://scaleaq.com/software/

https://www.youtube.com/watch?v=9UCVVu-XIdY&feature=emb_imp_woyt

• Offered by key supply chain 
companies.

• Support: planning, feeding, fish health 
management, harvest plans, 
traceability.

• Subscription-based software that 
uploads data to cloud-based systems 
and gives users access.

• Can be quite pricey – sold as software 
modules.

• Example companies: RS Aqua, Akva 
Group, R3 IoT and ScaleAQ.

• Inputs received via wireless sensors.

https://www.akvagroup.com/software-/fishtalk-control-
https://scaleaq.com/software/
https://www.youtube.com/watch?v=9UCVVu-XIdY&feature=emb_imp_woyt


3333

Future 
development 
opportunities

• Infrastructure development 
opportunity

• Service provision with remote 
inspection and maintenance

• Software development, open data 
sources

• Diverse set of skills required to aid 
sector development 
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Driving innovation 
in aquaculture


