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the Smart Aquaponics Model
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ECMWF 850 hPa Wind Speed [knots] MIN|MAX MSLP: 995.2 hPa | 1036.7 hPa
Init: 12Z23FEB2018 -- [18] hr —> Valid Sat 06Z24FEB2018 MAX-WIND: 65.0 knots
ON . _ :

30N

This service is based on data and products of the European Centre for Medium-range Weather Forecasts (ECMWF) weathermodels.com

SAM

Modele Mathématique
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Modeles existants



Technical properties

Development objectives

Cat Source Focus Stochastic Dynamic Machine Learning Subsystems Software System Specific Modular Architecture Shared
(i) Jamu and Piedrahita, 2002 OM and N U \ U \% Stelld™ U v On request
i Amin andKissock2016 Ener U TRNSYS U
9y

(ii)) Goddek et al., 2016 Whole system U AnyLogic U On request
(ii) Karimanzira et al., 2016 Whole system ] U VBA Excel U U
(ii)) Lastiriet al., 2016 Optimization u V] Microsoft Excel® U V]
(i) Yogev, Barnes and Gross, 2016 Nutrients and energy V] U U \% Polymath U U U
(0] BobakandKunze 2016 Mathematics ] \ U U Matlab U U U
(i) Ceroziand Fitzsimmons, 2017 Phosphorus U \ U \ ? U U U
(i) Karimanzira et al., 2017 Aquaculture U \ U \Y ? \% U U
(ii) Lastiri et al., 2018 Whole system U \ u \ Python \'% \' U
(i) Goddek and Keesman, 2018 Desalinization U \ U \Y AnyLogic U U On request
(i) EstradaPerez et al., 2018 Stochastic \% U V] \% Statistica, Stata & RisH \" U V]
i Renetal., 2018 Dissolved oxygen V] \ \ U ? \% U U
(0] yg
(i) Dijkgraaf, Goddek and Keesman, 2019 Kenyan Farm U \ U \Y Microsoft Excel \% U U
(iii) Ahmed et al., 2019 Digital Twin U Matlab U Link
(iii) Karimanziraand Rauschenbact2019 MES ] ? U U
@) Mchunu, Lagerwall and Senzanje, 2019 SouthAfrican conditions U U U U Microsoft Excel U U Link
(0] Pamintuan and Doma, 2019 Nitrogen cycle U Matlab \% U
(ii) Goddek and Kérner, 2019 Whole system ] Matlab U
(iii) Schwartz, Anderson and Timmons, 2019 Imagery u U ? U
(iii) Witzelet al., 2019 MES U \ U \ Microsoft C#.NET Vv u U
(ii) Goddek et al., 2019 Whole system ] \ U \% Several U U U
(iii) ReyesYanes, Martinez and Ahmad, 2020 Imagery u V] U Python V] U V]
iii Lietal., 2021 Metrology (Nitrogen U \ U \Y Matlab U U U

9y g
(iii) Danish et al., 2021 Design ] U U U U
(iii) Ghandaret al., 2021 Digital Twin U \Y \Y \ Python \'% U
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Structure de

The "Smart Aquaponics Model"
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LAAQUAP ONIMEERROJET SMARAQUAPONICS -

SAM
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SAM

Au lieu de modeliser le systeme aguaponique comme un systeme unique,
chaque composant est modelisé individuellement

g X

Les composants sont vus comme des briques de construsiimsihodeles
j dzA LISdzgSy i siUNB FaasSyofsSSa IslZdeNJ T2 NYSNI )
modele
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La Programmation Orienté®bjets

LEFPROJET SMARAQUAPONICS

Attributs
FishObject TankObject
ID 1D
TankID Volume
Age BacterialActivity
Weight Temperature
Length pH
Specie DO
InsertingTime EC
Eat [Na+]
Grow M [NHa+]
Excrete - | [NO>-]
[NO3-]
[POs---]
e
Méthodes
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La Programmation Orienté®bjets

Feed pH DO
| | |
D —
L S S
g Grow
S t ot

Méthodes

NH4 NO3 Density  Temp.
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PlantObject

RoomObject

ID

TankID

Age
FruitMass
PlantMass
LeafArea
LightIntensity
Specie

ID
Temperature
RH

CO2
WindSpeed

Introduce
Sell

Grow
Absorb
Transpirate

FishObject

ID
TankID
Age
Mass
Length
Specie

Introduce
Sell

Eat
Grow
Excrete

SAM

TankObject

ID

RoomID
Capacity
Volume
FreeSurface
InsideSurfaces
UnitLiterPrice

ChemicalsConc.

pH

DO

EC
Temperature
LiterPrice

PumpObject

+ Feedings, Chemicals, Electrics,
etc.

ID
FromTankID
ToTanklD
MaxFlowRate
Configuration
Consumption
State

Activate
Deactivate

BactPopObject

ID

TankID
Specie
Occupation

Grow
Absorb
Excrete

20



(©) Erectrics

name
unit_price

© Events @

©

SAM

© PlantSpecie

continuous
ime
of_time
state

(©) cutur

unit_price

name
m

optimal_densit
maximum_den sity
base_temperature
mass_to_LA_rafio
plant_chemicals_content
inderterminate_growtn

fruit_chemicals_content
i_maximum_mass

Linitial_day_degrees
fruit_maximum_growth_rate
transpiration_A

switeh ()}
consumption()
heating ()

n|

ppfd_factors
light_duration_factors
103 _faclors.

genetic_variation_plant
genetic_variation_fruits
plant_water_conient
fruits_water_content
oxygen_consumption

© RegulatedPumps

regulation_parameter
sensor_location
minimum_value
maximum_value

regulation()

@©) Pumes

consumption
current
time_activated
time_tables.

current_activity ()
)

name
country
object_type name
" object i L | S sation curren_value
affected_parameter s total_value
new_valie
event_time ool S
occur( timezone
n
©) Pians 0.1
buying_price
selling_price
planting_time 0.1
age
day_degrees
leaf_area (©) nerators bu
plant_mass selling_p
o @ Feedings @ e
mass
sun_ppid Tength © ~
inserting_time g_time s ot price gy
:‘Qp’;:’ '9_par 8 LT filtration_material_ID to_tank_ID"
franspiration mass_pe centage aitationimate dailonant D oy
lighting_state continuous . shatedKiomRiant Tnubed
number_of_individuals optimal_growth start Craes current_flow()
selling_mass end_fime Shared_from_tank()
selling_time. BLETEI=) ” pump_flow()
e Swich() feeding_state() adapt_quantity() X
grow feed(] n Gl
n_system() flow() repiration()
ighting_state() heating() excrete() n n
plant_growtn () sell()
fruits_growth() n death()
fotal_mass()
water_uptake () n
roots_res iration(}
nutrients_uptake()
sell() "
death()
n n
1
1
2
1 1
= o (©) Fishspecie
water_temperature
air_speed e
total_fitration_surface excretion_duration
01 . optimal_daily_feed_quaniity
- optimal_bacterial_growth iy_feed_quantity
ns_occupation _feed_|
(©) ugntings no"occupation minimum_feed_proteins
evaporation optimal_densify. 4
sludge_quantity um_density Ly
unit_price total_suspended_solids emicals_content_composition ©Fmevmnr
on_fime suspended_solids chemicals _content_solid_out (©) Feeds
ofi_time source emicals_conicnt_disselved_out name
ppfa 1_heater: name price
ar heater_consumption Specific_surface
cansumption N_coolers name
" triggered cooler_consumption price
state cooling_capacity specific_surface
= im_temperaturs
Sansunptiono) maximum_temperature
heating () fesErsYon
switsh() coolers_on

ation_rate = denitrification_rate
uv_ireated

ish_mass

I_oxygen_consumption

over_flow()
flooding()

L0
total_suspended_solids()
electroconductivity()
temperature_regulation()
temperature()

vity ()
bacteria_DO_consumption)
bacterial_growth()
ing_state()
rification()
nitrogen_equilibrium()

n_air_exchanges()

n

oxygen_cansumption
genetic_variation
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SAM

LAAQUAP ONIEERPROJET SMARAQUAPONICS -

expected natural light intensity

' reads databa:

I IAeratars I | nghlingsl | Rooms I

ane'parameter value

one

+ modify an-:plllmllw value
+ modify one:pallmeuf value
| switch

. modil
! modi

I |Events| |

|r

F
time valug
time value

time valul

time value

1 reads database

expected natural light intensity

ds database

f.:l

time valu:
time valuy
time valug

expected infrared radiation

| current activity

:l

! active flowrates

T
"
'
"
"
"
'
"
"
"
I
I
|

temperature

—
%ullan

new volumes and concentrations

1 ec and level values

time value
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SAM

LAAQUAP ONIEERROJET SMARAQUAPONICS -

xygen consumption

ater oxygen exchange
dissloved oxygen concentration

W
flooded water quantities

1 bacterial o:
;:J

! air-w

)

1

=

|

{1l

n exchange

| oxyge

2
]
g
®

£

feed

and composition

bacterial activity

—i

1 bacterial growth

]

| denitrification

water parametets

fruit growth

e

new electrical conductivity

(o

expected outdoor climate

water exchanges

water

reads database

solids filtering

electrical consumption

electrical coc’uunp!lon |

'

electrical consumption

Climatic data

financial consumptio!
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1. Choisir son systerm

1€

SAM
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2. Schématisela structure

Il’ ~
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1
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1

|

! P P4
1

1

. | MechanicalFilter }—PIT‘ @ Biofilter
|

= (63

1

1

1

‘\\ | Sewer- K |

s

\
\

A\

~

SAM

27



3. Remplir le fichier .cs

PaffBox 06.

SAM

on  Miseenpage Formules Données Révision Affichage  Antidote ous ce que vous v
e X, Couper =* X Somme automatique - A
b Coup Calibri -1 E¥ Renvoyer 4 la ligne automatiquement | Standard - | & 7] Normal Insatisfaisant  Neutre €m B [g] = ) 4 p
2 Copier E %] Remplissage -
Coller . - N . . o «0 00 Mise en forme Mettre sous forme. isfais alcul Insérer Supprimer Format Trier et Rechercher et
< Reprodiele miseenforme & T S Fusionner et cantrar % wo | %3 8 Satisfaisant  Avertissement | Calcul PP & Efincer~
N P conditionnelle *  de tableau ~ - N N filtrer ~ sélectionner ~
Presse-papiers Police Aignement © Nombre 3 syl Celules édiion
Al - f
A 0 c 0 5 " 0 ) X T " [ B Q o 3 s T u v ¥ z M s ac o A s ac '
f deied
2 [formatons Systemnamecoonry ey oganstion aiude fongtude _tmenoe  forecast
Slmos  pafftox  Begum  Bumes  legeunwen  soss a3 eiowma
. rston staring hour
5 [ume B o o B o
6 orice objectprics feuro/whl
9 rooms paramignumber name  unitprce evidih (] _lengh{m] J—— . fna o nestor conse g
10]room Loreenhouse 1000 2 s H s 1 em 0 © 50 ’ B 2 2 % i i 2 o o o o o o o o 20 0 o
11]room 2 aquacuture 2 i 2 0 “ o 0 © = 7 = = 0 0 = o o 1 a 5 1 o o o o o o o o
12]room 3 Outdoor 1 1 i B o o o 0 o o o o o o o o o o o o o o o o o o o o ° o
e e e o
e , " o T " " e e o
17}tk m o 2 an o y 1 1 o0 o a o = » 15 0 3 omon 1 0 f 25 5 i os o o o o o
1ftanc 2m o 2 Py 20 o 2 1 1 oo o s o » » i 0 50 oommon ) 0 . 75 1 x os o o o o o
18]tk 3 becanter o 2 a0 o o ) o o om o a o = » 1 m = oo 0 0 . s 1 i os o 1 o o os
20/unk 4 sump o f P o o 3 1 oo o s o = ) i w0 2 ooon 0 0 . 25 s f os o o o ° o
21 ane s s o 2 s = o o o om o a o » 0 1 ) 50 oo 0 0 . 75 1 1 0 o 1 2 os o
22k sowc o P ) o 0 03 W om o s o ) » 1 n = oo 0 ™y . 15 fn i os o o o o o
3unk 7 i water o 2w um o o o o om o o o o o o o o o o o . 7 y f o o o o o o
24 ankc s Tap water o PR ) o o o o om o s o am » 1 m 50 oo 0 w0 f 75 1 i o o o o o o
100 o o o o oom o o o o o o ° o o o o h 2 i i o o o o ° o
26
8 pipe f 3 o f
29 ppe B B . p
50 pipe 3 3 1 3
=1 /ppe B B B p
32 pipe s H ) B
5 ipe o 3 3 s
34 pipe 7 3 b s
35 ppe . 2 s .
56 pipe s 3 ; i
37 ppe 1 3 s s

H

o- o 0 o
downtank 550 ™ o
downtank 550 ) o

o o
o o
0 o

0 o
o o
0 o

SISO A MESEUFE U TN UM V3| MEXIMUIT v8 SEINE UME =G U 1 17 OFf LE 1 [0 O 1E £ [N 011 LIME 2 [ 01 3 (1O UME 3 [ 0 Lme &

O me 411 ontime 3 e
o 0 o
o o o
o 0 o

unit price [ectankid time fhes)

P

43 fish parametiidnumber  buying prce sellingprice [specie d  tankid  age[hrs] length [mm] [
50 ian 3 005 1 a 1 ™ 50 o x ;0 a0 0

51 fan 3 3 005 i 2 250 ° &0 20 o » 00 om0 o

2

) buyingprice tankid ) numberof
54 plant 1 05 oo 1 s 2 1 w5 oo o1 o Y w0
s,

56, ame  feedis feeding time quantity [g] adapted tofimass percent continuous ¢ starting time enltime (s]

57 eeding 1tispia 1 oo 1 s 1 a 1 o a0

58 taeding 2ti3pia 1 omes 2 5 o 1 s 1 ]

0

oame SIS

+ guide utilisateur

3341) "

111§
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4. Lancer le model

c

Code Python (&IT) A  main.py ﬁ

Plateforme WEB (a venir¢ décembre 2021)

| License !
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4. Lancer le modele

SAM

A Plateforme WEB (& venir¢ décembre 2021)

=

< @] A Non sécurisé

06/10/2021, 16:40:37 finished
06/10/2021, 17:23:16 finished
06/10/2021,17:26:47  [finished
/2021, 17:29:36 [finished
06/10/2021, 17:32:11 [finished
06/102021,17:36:27  [finished
06/102021,17:37:23 [finished
06/10/2021,17:39:32 |finished
06/10/2021,17:43:02 [finished
06/10/2021, 17:57:41 [finished
06/10/2021, 18:03:50 finished
07/10/2021, 09:20:38 finished
07/10/2021, 09:24:46 finished
07/10/2021, 13:31:32 finished
07/10/2021, 13:32:30 error
07/10/2021, 13:32:55 finished
07102021, 13:38:42 |finished
07/10/2021, 13:41:41 finished
07/10/2021, 13:58:46 finished
07102021, 14:01:04  [finished
L 14:03:40  |[finished
07/10/2021, 14:08:48  |finished
11/10/2021, 09:59:58 [finished

actualiser

titre de la simulation :

smart-aquaponics.yncrea.fr8080 S Kk 1= @ (FasEncuursdesyn:hrunisation &)

Simulation d'installations Aquaponiques

cliquez sur le job dans la colonne de gauche
ou créez un nouveau job via le bouton situé en bas

I

fichier input.csv comme entrée d* la simulation :  Choisir un fichier Aucun fichier n...1é sélectionné

30



5. Consulter les résultal

results.txt

0,iteration_number,
il 1_tim €

,current

18,Tank_10_ns
ank_10_nb, 18,
ank_16_wt
ank_10_ph,
ank_10_do,
1 ec,4

28,Tank_18_na,
29,Tank_1
30,Tank_18_nh4+,
31,Tank_1 {
,Tank_10_Mg+,
33,Tank_10_Ca,
34,Tank_10_F
35,Tank_1¢
36,Tank_10
37,Tank_10_
38,Tank_1
39,Tank_1¢

AR Tank 1

11.@,

0,
2,1249.58,1461.54,1641.3,1

5569.9

58

,20,12,21.08
5.15,34.85

3,94.14,94.47,
2,418.62,418.

,18.75,18

15.0,15

7]

.0, 0.0, ©.e, 0.0, 0.0, 0.0, 0.0,

1.5, 1.5,
10.0,

: , 11.0, 12.0, 13.0, 14.0,
e, 8.0, 9.0, 10.6, 11.8, 12.0, 13.0, 14.

15.0, 16
, 15
55.

6,18.58,18.5

,15.62,15.83

] ’ ’

,15

]
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LAAQUAP ONMEEERROJET SMARAQUAPONICS - SAM

Plants growth Tank 1 nutrients Heat dynamics
| — tank_1N-TAN — room_1
[ | { 250 — tank 1NNO2 T i i )

— tank 1.N-NO3 2
— tank 1N
§?°° — @k 1P
— tank_1 K
E | —uanam on
§150) — wnk1Ca 5
g — tank_1_fe
—— tank 1S 18
B g
€
S
o e 6
0 ——— . G ‘
70 80 1000 1200 1400 ¥ T T TS )
time (hrs) time (hrs)

Water electro-conductivity

1400
1200
1000 ¢
g g
[ Rl 3
3 8
Y w0 g
%0
200

{ | | 0 il 4 ‘
%0 0 1000 150 1500 1750 2000 [ 500 1000 1250 1500 1750 2000 0 200 400 60 80 1000 1200 1400

time (hrs) time (hrs) time (hrs)




SAM

FHEFFHFHFFHF System summary FEFFFFFFHEF
$H4E4 4 EEES Overflows #4444 4444
FHEF S Consumables and economics #H44FFEEEES

Total worth of consumed feed = 84.0 €, which 1s approximately: 16.8 kg of feed.
Total worth of consumed electricity = 1932.7 €, which is approximately: 9203.44 kWh of electricity.
Total worth of consumed CO2 = 0.0 €, which is approximately: 0.0 m® of COZ2.

Total variable costs = 3014.4 €.
Total benefits = 0 €.
Financial balance = -3014.4 €.

#H#EFFH#H##HF Tanks fish, plants, bacteria, nitrogen and temperatures ##########4

-—- Tank: D Hydro sump ---
Maximum temperature reached = 38.57 °C.
High water temperatures reached, please consider using cooling systems.

-—- Tank: D NET ---
Needed total planting surface = 13.33 m?2.

Tank cultivation surface is too small (6.75 m?), please consider upsizing.
Maximum temperature reached = 38.57 °C.

High water temperatures reached, please consider using cooling systems.

-—- Tank: C Hydro sump ---
Maximum temperature reached = 35.6 °C.
High water temperatures reached, please consider using cooling systems.

-—- Tank: C NFT ---
Needed total planting surface = 13.44 m?2.

Tank cultivation surface is too small (6.75 m?), please consider upsizing.
Maximum temperature reached = 35.67 °C.

High water temperatures reached, please consider using cooling systems.

FHEFE S Rooms temperatures #HFHHFEFHES

-—-- Room: Aquaculture 1 ---
Minimum temperature reached = 1.81 °C.
Low air temperatures reached, please consider using heating systems.

-—- Room: Aquaculture 2 ---
Minimum temperature reached = 1.81 °C.

Low air temperatures reached, please consider using heating systems.

#4444 4444 F Fish and plants deaths ######45444
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Exemples



SAM

SAPRISTI: un systeme senprofessionnel

) Serres
Automatique S
Eclairages

Intérieur W

Chauffage

Différents bassins

Plusieurdassins Découplé i - Beaucoup de plantes
Hautesdensitésde poissons Chauffé et ventilé Planning de culture
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LAAQUAP ONMEEERROJET SMARAQUAPONICS - SAM

Biofilter - 2000 Tilapia 1 - 600

Tilapia 2 - 600
Tilapia 3 - 800

Tilapia 4 - 600

Drum Filter - 100

Mutrients - 20 Hydro sump - 700

Rain water - 1000

Tap water - 1000

36



volume ()

EC (pS/cm)

2000

1750

1500

1250

=
o
o
o

750

500

250

1400

1200

1000

800

600
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200

SAM

Volumes

tank_1
tank_2
tank_3
tank_4
tank_5
tank_6
tank_7
tank_8
tank_9
tank_10
tank_11
tank_12

250 500 750 1000 1250 1500
time (hrs)

Water electro-conductivity

1750

2000

tank_1
tank_2
tank_3
tank_4
tank_5
tank_6
tank_7
tank_8
tank_9
tank_10
tank_11

250 500 750 1000 1250 1500
time (hrs)

1750

2000
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temperature (°C)
N
o

[y
w

24

temperatures (°C)
N
o
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SAM

Heat dynamics

M
H

[

H"F W 'M |\|||

250

500

750

1000
time (hrs)

Tanks temperatures

1250

1500 1750

—— tank_10

— tank_11

—— tank_12

250 500 750 1000 1250 1500 1750 2000
time (hrs)
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SAM

39



