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Agenda

• Grieg Seafood ASA
– Company
– Smolt strategy
– Production concept
– RAS design

• Our RAS experience
– Water quality
– Discharge
– Smolt quality
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Grieg Seafood ASA
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90 000 tons

0  0,25 kg 0,25 kg  Harvest
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GSF smolt strategy
• Become self‐sufficient with smolt to ensure:

– guarantee for deliveries
– control of quality
– lowest cost

• Produce post smolt to ensure:
– maximal productivity in seawater
– more flexibility regarding fallow periods and zones
– RISK management

• Produce the smolt in RAS (recirculation aquaculture systems) to ensure:
– adequate flows
– optimal water quality
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RAS status 2015
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60 mill USD
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Smolt capacity 2015
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Planned smolt size
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Our smolt production regimes
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Our RAS design
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• Outlet

• Removal of particles
– Drum filters

• Nitrification
– Moving bed bio reactors (MBBR)

• Dilution of NO3
– Make up

• CO2 removal
– Aeration

• Circulation
– Main pumps
– Oxygen pumps

• Inflow
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RAS performance

• Trosnavåg, Rogaland, Norway
– 4 years continuos data
– 2 000 m3 tank volume
– 45 000 l/min circulation volume 
– 0 – 1 500 kg of feed/day
– No denitrification
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Average water use

2 000 m3 tank volume

• 45 000 l/min in circulation
– 44 min turnover time in tanks

• 260 l/min makeup
– 5,2 days turnover in system
– 99,5 % reduction in water use     
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Drum filter efficiency

• 20 µm Hydrotech • 500 kg feed/day
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0.45 µm cellulose acetate filter
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Nitrification
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• Feed effect 
• TAN > NO2-N

Max of feeding (kg)
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Nitrification – feed effect
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Nitrification – oxidizing capacity
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«Nitrosomonas»                             «Nitrobacter»

Mineralization of
organic matter
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Nitrification – pH sensitivity
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Nitrification – other observations

• The water is not cleaned 100 % every time 
it goes through the water treatment 
system

• Maximizing turnover time in tanks to 
enhance nitrification capacity

• Not very temperature sensitive
• Feed volume is most important

• And feed volume goes down with lower 
temperature
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-35 %
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NO3

• Diluted easily with makeup water
• Minimum 300 l/kg feed/day
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• Water quality in makeup is important
– 0,5 kg NaOH per kg feed in soft water

• Strip more free CO2 with lower pH
• Alkalinity in itself is not crucial

pH and alkalinity
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CO2

• Main bottle neck for RAS

• ∆ CO2 in – out of tank is probably the most important factor
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Temperature control
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Temperature control

1. Feeding…
2. Makeup control

– Cold water
– Flexibility on flow

• Diluting or conserving
– Warm water

3. Heat recovery
4. Heating
5. Cooling
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without heating

+ 5°C
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Temperature control

– Acclimatization
– Too productive…
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SW
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Discharge
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- 75 % - 66 %

+
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Observed effects of post smolt

1. Continues normal growth 
pattern in SW

2. >250 g smolt can reduce 
time in SW with >6 months
– Versus 80 g in Finnmark

3. Robust fish with low 
mortality
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All data 2011‐2015
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