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Constructing a Coolwater
Aqguaponic System

Jan Morten Homme



VISOR -
RS /\C
\J‘—\

* The group working with Aguaponics

v'Bioforsk (research institute)

 Siv Lene Gangenes Skar, Olav Langmyr, Atle Beisland,
Ove Hetland

v'NIVA (research institute)
 Helge Liltved, Rolf Hagberget, Ole Kristian Hess-Erga

v AqVisor (privat company)
« Jan Morten Homme, Asbjarn Drengstig, Jan Erik Jensen
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* Three Classifications:
v cold-water species below 15 ° C
v cool-water species between 15 °- 20° C
v'warm-water species above 20° C
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Tilapia Trout

Temperature, °C

O,, mg/L

O,, mm Hg
CO,, mg/L
TSS, mg/L
TAN, mg/L
NH,-N, mg/L
NO,-N. mg/L
Chloride, mg/L

2510 30 10 to 20

4t06 6to8
90 90
40 to 50 20 to 30
< 80 <10
<3 <1
<0,6 <0,02
<1 <0,1
>200 > 200

From: Timmons and Ebeling
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% 80-120 85-140

% (mg/l) > 80 >85 70 (5,6)

ppm CaCO; 50-300 115,9
TAN (NH;+NH,)-N mg/I <2 0,95

mg/l <0,1 <0,1 0,21
Nitrate (NO;-N) mg/I 150-400 27,5

mg/I <10 15-100 13

1) Indicative values given in Norwegian aquaculture regulations. 2) Indicative values given in a new report on recirculated
aquaculture from «Science commity for food production (VKM). 3) Rakocy 2004
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* As a general rule

V' Q=2
v'This means that growth (and other

biological processes) doubles for every
Increase of 10°C.
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©rret, var- og hostutsett
Tikekst (% per dag) og biclogsk forfaktor for regnbusamet (Skretting ARC)

Tempearatur {("C)

E

gram 1 2 4 4 B L] 7 B g U 12 13 W % Li] 17 1B 1@ &
aHE0g 046 0OB8 OBE 110 133 167 180 200 230 ZED 290 310 340 350 380 420) 440 |3B6 350 286 074
E0-100g 034 043 04 0OBD OBE 113 130 140 180 180 200 2230 230 2B} 270 230 3 270 2325 1m 076
00-200g 030 042 058 O OBE 100 185 122 160 466 180 200 245 230 250 256] 280 |240 180 130 OB
200-300g 026 037 048 OB 074 OET 100 120 130 180 180 175 180 2% 230 240 26D | 20 170 120] 080
J00-400g O 030 040 0B 070 020 OB6 10 120 136 150 180 196 180 206 220) 230 |18 165 10 032
40-500g 01 028 037 051 D83 07 0B8 100 183 135 138 148 183 175 187 2] 28 |1/E 14 100 084
800-800g OfFr 026 023 048 OB OB 0T 032 1M 112 123 134 148 157 188 17| 1A |[182 1283 080 OE
800-000g 0¥ 023 O0X 041 D52 062 OF3 083 083 104 1M 126 136 148 166 167 477 150 199 083 080
W0o0-150g 0B 022 020 03 048 0B8 Q& 077 087 096 18 16 126 135 1456 165 164 138 10 077 085
260-600g OW 020 027 036 044 0OB3 QB2 072 OB0 088 0B 107 116 124 134 143 151 |124 088 088 100
1B00-2000g 013 018 0% 033 041 049 067 OB 074 082 OH 088 107 16 124 132 ]140 (088 03 033 106
2000-2800g 02 O 023 030 038 045 0OB2 060 DE8 0O7: 0B3 OBO0 100 106 12 120|120 |22 0658 030 10
2600-3000g OF2 O 022 028 036 043 050 063 OBE 072 O/9 OB 0B84 10 108 185122 |O78 066 028 1%
2000-3600g OH 01 020 027 034 041 048 OB O OBE 075 082 089 086 102 103| 16 |074 082 027 120
J500-4000g OW 016 020 02 033 030 046 OB OE8 OB G072 078 0BS Of2 098 106| 1 |OoM OB 026 1%
4000-4500g O 014 0O 026 03 038 044 O0BD OB OB 060 076 OB2 OF0 0584 10107 Jos3 048 026 130

* A, - biclogisk forfakior ved temperatur 8-10 T
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Particle filtration Biofiltration

Environment

Discharge

Heating/Cooling
Aeration

pH, temp., O,,
CO,, NH;, NO;,
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Wet composting

Discharge

Particle filtration Biofiltration

Plants

Environment
pH, temp., O,,
CO,, NH;, NO;,

Heating/Cooling
Aeration

Water in
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Zero Discharge
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Wet composting

Particle

filtration Biofiltration

Plants

Environment
pH, temp., O,,
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FLOATING RAFT (DEEP WATER SYSTEM)
NUTRIENT FILM TECHNOLOGY (NFT)
MEDIA BED
DRIP SYSTEMS
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Pilot aquaponic system design at Bioforsk .
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 To secure stability we have chosen to use deep
water systems

* High water volume makes the system resistant
to sudden changes In parameters

* We will apply wet composting to conserve
nutrition

* The system is designed as a zero discharge
system
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Production experiment with Okra (Rakocy 2004)

Elements Parameter Unit Plants water in Plants water out
Total nutrition EC mS/cm 0,5 0,5
TDS mg/I 236 236
Macro nutrients NO,-N mg/I 26,3 27,5
TP mg/I 16,4 15,9
Ortofosfat mg/I 15,0 15,2
K mg/I 63,5 64,6
Ca mg/I 24,2 24,3
Mg mg/| 6,0 6,0
SO, mg/| 18,3 18,8
Micro nutrients Cl mg/| 11,5 11,5
Fe mg/| 1,3 1,3
Mn mg/| 0,06 0,05
Zn mg/| 0,34 0,34
Cu mg/I 0,03 0,03
B mg/I 0,09 0,09
Mo mg/I 0,01 0,01

Others Na mg/I 13,7 13,7
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(Endut et al 2010)

HLR Plant bed BOD TSS TAN NO,-N NO;-N TP
(m?/m? day)
0,64 In (mg/|) 6,7 74,6 12,02 0,58 19,8 17,0
Out (mg/l) 1,7 23 2,68 0,19 5,8 6,7
Removed (%) 47,3 67 64,1 67,2 62,4 50,0
1,28 In (mg/l) 6,7 74,4 12,04 0,56 20 17,1
Out (mg/l) 1,3 21,1 2,23 0,14 5,4 6,3
Removed (%) 54,5 69,5 68,4 75 64,9 52,8
1,92 In (mg/l) 6,3 74,8 12,01 0,56 19,9 16,9
Out (mg/l) 1,3 19,2 1,94 0,11 6,2 7,0
Removed (%) 55,4 72,3 71 80,4 60,4 47,8
2,56 In (mg/l) 6,9 74,4 11,99 0,57 20 17,0
out (mg/l) 1,0 14,2 1,68 0,09 6,6 7,1
Removed (%) 61,4 79 73,3 84,2 58,5 47,5
3,20 In (mg/l) 6,7 73,9 11,98 0,57 20,1 17,1
Out (mg/l) 0,7 11,2 1,14 0,06 9,7 7,9

Removed (%) 65,5 82,9 78,3 89,5 42,3 42,8




Virgin Island system (Rakocy)

System Layout
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Pilot aquaponic system at Bioforsk
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Parameter Unit Value . . .
Weight ar harvest s o il 0,30 B Result fish (without electr. + deprec.) ™ Result plants (without electr. + deprec.)
Growth rate (SGR) perday [ 1,00% | = Result total (with electr. + deprec.)
Standing stock kg 2000
Feed conversion rate (FCR) ratio 1
Production plants kg per kg fish 2
Electrisitry kWh/m? 300
Production fish kg/year 7300
Number of fish number 24333
Feed demand kg 7300
Production plants kg/year 14 600
Unit Amount Per unit Total
Investments NOK NOK
Greenhouse m? 1000 3000 3000 000
Equipment total number 1 500 000 500 000
Depeciation year 10 350000
Running costs shared
Electricity kWh 300 000 0,50 150 000
Running costs 388000
Feed kg 7300 15 109 500
Juveniles number 24333 3 73 000
Plants, miscalanious 50000 1 50 000
Income 0
Sales fish kg 7 300 25 182 500
Sales plants kg 14 600 30 438 000
Result fish (without electr. + deprec.) NOK 0 -112000
Result plants (without electr. + deprec. NOK 388 000
Result total (with electr. + deprec.) NOK -112 000




Photosynthesis:

Elements Proportion of dry weight
ppm %
C 450 000 45
@) 450 000 45
H 60 000 6
N 15 000 1,5
K 10 000 1,0
Ca 5000 0,5
Mg 2 000 0,2
P 2 000 0,2
S 1000 0,1
Cl 100 0,01
Fe 100 0,01
Mn 50 0,005
B 20 0,002
Zn 20 0,002
Cu 6 0,0006
Mo 0,1 0,00001

ISOR

6 H,O + 6 CO, — C¢H,,0 + 60,

(Benton Jones, 2005)
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Feed
P: 100%
N: 100%
| 1
Biomass fish Water soluble Faeces
P: 35% P: 10% P: 55%
N: 45% N: 40% N: 15%

*  Total N-content of 1 kg feed eaten

1kg * 40% (protein content) * 16% (N content of protein) = 0,064 kg

* TAN = 0,064 kg * 45% = 0,0288
kg

*  Dry weight plant biomass = 0,0288 kg * 100/1,5 (1,5% N-content of plants) = 1,92 kg

*  Wet weight of plant biomass = 1,92 kg * 100/10 (90% water in plants) = 19,2 kg

*  With a feed conversion rate of 1, this gives a ratio of plants to fish produced of 19,2 :1
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Growth media —
é——

Inorganic ] Organic
Fungus and bacteria V
Sand, clay,
gravel Humus
]
. Water soluble
Minerals \l, Minerals

/ Nutrition solution
[Contact ]
S

plant roots /™ Hydroponics

N\

R

1 \
1 N
l \:, Nutrition solution](- ----------- Inorganic

Minerals and
[ water uptake ]
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Production of brown trout (Salmo trutta) in 4 tanks a 0,6 m3. Pilot production.
SYSTEM
Total volume whole systemet m?3 9,2
Number of fish tanks number 4
Volume per fish tank m3 0,6
Total volume fish tanks m3 2,4
FISH
Weight fish start kg per fish 0,025
Number of fish start number per year 600
Biomass of juveniles kg per year 15
Weight of fish at harvest kg per fish 0,3
Number of fish at harvest number per year 600
Biomass at harvest kg per year 165
Total biomass produced kg per year 150
Max standing stock kg 27
Number of fish per tank number 50
Average standing stock Kg 20
Average standing stock per m?3 kg/m3 8,3
Biomass per tank (max Kg 15
Biomass per m? (max kg/m?3 25
Water exchange per tank (max)® I/min 26
GROWTH
Specific growth rate (SGR % per day 2
Feed conversion rate (FCR kg feed per kg weight gain 1
Average daily feed demand kg per day 0,4
Total feed demand kg per year 150
Total production TAN 2 kg per year 6
Production time 3 months 4

DAO, =2 mgl/l 2 42% protein in feed  3from 25g til 300g
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Nitrification:

2NH, + 30, — 2NO, + 2H,0 + 2H*

Overall reaction:
NH,* + 1,830, + 1,97 HCO, —

0,0244 C.H,O,N + 0,976 NO," + 2,90 H,0 + 1,86 CO,

Alkalinity, carbonate system:
H*+HCO; <— H,CO; <— CO, + H,0
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1 kg feed = about 0,03-0,04 kg ammonia — nitrogen
(depending on protein content in feed)

1 g of ammonia yields: 4,42 g nitrate NO;
5,93 g carbon dioxide
0,17 g cell mass

1 g of ammonia consumes. 4,57 g oxygen
7,14 g alkalinity
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(negative) - 0,25 kg consumed by fish

oxygen
- 0,12 kg by nitrifiers
- 0,13 kqg by heterotrophs
Total: = - 0,50 kg per kg feed for system

PCOZ = 1,375 grams produced for each gram O, consumed
(both fish and bacteria)

P+an =F-PC-0,092

Peoliges 1SS = 0,25 kg per kg feed fed (dry matter basis)
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High (fast response time — minutes)

* electrical power
« water level in tanks

» dissolved oxygen —aeration system/ oxygen system

Medium (moderate response time — hours)

* temperature
« carbon dioxide

Low (normally slowly changing — days)
° pH
« alkalinity
« ammonia-nitrogen
* nitrite-nitrogen
* nitrate-nitrogen
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