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Challenges in scaling up fish tank volumes

Challenges

v' Vortexes, especially close to tank —

outlet

v' Waves forming in the tank

v’ Water shortcuts, poor flow pattern

v'  Large span in velocity distribution

v' Poor water exchange
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Create videos with https://clipchamp.com/en/video-editor - free online video editor, video compressor, video converter.




General Design Validation
Measurement of Tanks Hydraulics

Measured tank speed at 3 x exchange per hour
X-axis X- axis
Average Average
S \Vectrino velocity : - ; Circulation Circulation C
meter mounted LN Measuring Speed Speed 9 lese.uulence
inside tank with point # cm/sec cr eed3 Intensity
support from e 11 28,8 pant 1 SP 16,0 %
—in - 1 2 30,4 o dom\ 30,0 13,8 %
1 3 quag 15,2 %
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3_1 53,2 6,5 %
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3 3 50,0 /7,0 %
Average tank speed cm /sec 39,7
) . . : Tank 780 m3 net water volume, 14 m dia.
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Tank Dimensions Distance from wall 0,50 1,75 3,70 meter W\
Angle frominlet 1 270° Water depth 5 meter #1  #2 #3 »0,0 50 %(a T C
ﬂ J ﬂ Tank diameter 14 meter Depth from surface 2 3 4  meter 45,0 @ ISe
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Velocity distribution & water exchange
Tank configuration with same footprint, volume & water flow.

81% of tank volume at velocity 0.30 — 0.45 % >
0,9 -1,3 bl./sec (450g)

Relative volume [-]
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Selected CFD Studies
Latest customer projects

Post Smolt RAS
4 500 m3 tank

Post Smolt RAS

Grow Out RAS Grow Out Flow Through

3 500 m3 tank 10 000 m3 tank
ANSYS Velocity [m s*-1]

R16.2

4

Pre Grow RAS
1 000 m3 tank













SOLVOX°OxyStream

Impact of minor design/operational changes on tank hydraulics

Tank Parameters

Diameter 33 m.
Outlet in center of tank
5 water inlets

Net volume 5 400 m3

Velocity
8.000e-01
7.500e-01
7.000e-01
6.500e-01

- 6.000e-01
5.500e-01
5.000e-01
4.500e-01
4.000e-01
3.500e-01
3.000e-01
2.500e-01
2.000e-01
1.500e-01
1.000e-01
5.000e-02
0.000e+00

[m s*-1]

Version 0 =175 mm

Risks to be addressed when designing large tanks on land

Dead zones/segmentation
Velocity distribution
Vortex creation

Waves

Version 1 =160 mm Version 2 = 160 mm
rotated 20*




Energy usage in RAS oxygenation

Smolt production in RAS Smolt production in RAS

Example calculation Linde customer trials

Energy usage RAS smolt production in Norway*  8,8kWh/kg, #of tanks part of trial 2 pcs.
Energy price*** 1,2 NOK/kWh Tank size =800 m?3
=100
v .
QO Energy cost smolt production total 10,6 NOK/kg, o4 Fish size - 300 Gram
O q
’L?} Energy usage oxygenation* 13,2% Peak density 55 kg/m3
Energy usage oxygenation*™ 1,16 kWh/kgyoq Water exchange =2,2 times/hour
Energy cost oxygenation 1,39 V)K/kgprod FCR (average) =
v
Oxygen consumption** 0,50 kg /kg &
. oof KBy o Oxygen consur @&\\ . 0,45kg5,/K8eeq.
Oxygen price*** 3,5 NOK/kg 2
Oxygen .nption 0,38 kg;,/Kg, 0.
Oxygen cost 1,75 NOK/kg, . ..

Total cost of oxygenation (oxygen & energy) 3,14 1‘1K/kgprod
*Current and Future Energy Use for Atlantic Salmon Farming in Recirculating Aquaculture Systems in Norwa‘f.,
(Andrea Nistad 2020) tea,

wgy usage oxygenatlo'n (.excrudujg tank hydr.)

e, te.,
** Estimated average of Norwegian smolt production (Linde Gas) ."., ."

Energy cost oxygenatlon.

*** Example figures "'~. =
Energy cost oxygenatloh'&.tank hydraulics A 0,33 NOK/Kg,,oq4.
Oxg/gehcost 1,34 NOK/kg,, g

Total cost of oxygenation

Assuming oxygen cost 3,5 NOK/kg, Energy price 1,2 NOK/kWh

usag.e o’xygenatlon & tank hydraulics 0,28 kWh/kg,

0,07 kWh/kg,,oq.

A 0,09 NOK/Kg, o,

" 1 43NOK/Kg, oy

NOK

Smolt production in RAS

Linde comparison study

SOLVOX®OxyStream Installation Vs. High Efficiency Cone
561 Gram to 1085,5 Gram in 56 Days
Cost Per Kg Fish Produced
—e@— SOLVOX OxyStream Oxygen & Energy

—=e— Cone Oxygen & Energy —=e&— Fish Weight Gram

6,00 - 1200,0
5,00 4,82} 1000,0
400 387 I 800,0
£
3,00 I 6000 ©
[C]
2,90
2,00 + 400,0
2,11
1,00 I 200,0
0,00 L 0,0
0 10 20 30 40 50 60

Production Days

SOLVOX®OxyStream Installation Vs. High Efficiency Cone
561 Gram to 1085,5 Gram in 56 Days

300 000 266 824
9,
250 000 N~
200 000 121 632 155 256
150 000 v 9 3 @
\\4.% \\490
100 000 Q\‘(\ \XX(\
‘b\{“ > N s
50 000 A c} 116 219
& |
0 3 973 e
-50 000
Cone OxyStream Savings
u02 121632 126 283 -4 651
M Energy 145 192 28973 116 219
® Total 266 824 155 256 111 568

“Volume = 1 858 m3, Retention time= 44,6 - 29,9 min., Biomass produced = 60,5 ton,
Density= 35,0-67,5 kg/m?3, Salinity 30 ppt, Oxygen cost 3,5 NOK/kg, Energy cost 1,5 NOK/kWh



Meet us at Aqua Nor 2023!

Visit our booth F-580 or check out our digital booth and
learn more about our SOLVOX® oxygenation solutions.
Please contact us for more information!




Power Need for Fish Tank Hydraulics
Vertical water inlets

Example calculations
Circular tank with central drain outlet design (dia.20m.)
Tank net water volume 2 000 m3 with two water inlets

Water exchange 40 — 30 minute (1,5 — 2,0 times/hour)

Power Need For Tank Hydraulics w00 Power Need For Tank Hydraulics
80,0 Post Smolt 200 - 800 gram >0 ' Grow Out 1 500 - 5 000 gram >0
4,6
70,0 mm \in Flow 4,5 70,0 s Min Flow 4,5
s Max Flow s Max Flow
60,0 @ Change Vs 0,5 bl/sec 4,0 60,0 @ Change Vs 0,5 bl/sec 4,0
50,0 3,5 50,0 3,5
2 40,0 3,0 2 40,0 3,0
30,0 2,5 30,0 2,5
20,0 2,0 20,0 2,0
10,0 1,5 10,0 1,5
0,0 1,0 0,0 1,0
0,5 bl/sec 1,0 bl/sec 1,5 bl/sec 0,5 bl/sec 1,0 bl/sec 1,5 bl/sec
Average tank dominant speed Average tank dominant speed

Average dominant speed of the tank calculated based on Linde experience figures. 11
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