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Digital Twin-Based Smart Aquafarm - Case Study
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ABSTRACT

The increasing need to improve the efficiency and sustainability of the fisheries industry in response to
climate change, environmental pollution, and the decline of the labor force has led to efforts in implementing
ICT technologies such as digital twins. This applies not only to agriculture and livestock but also to the
fisheries sector, aiming for scalability and enhanced productivity. The adoption of smart aquafarming through
the utilization of digital twins enables long-term data collection and leverages accumulated data to enable
digitization and intelligence, thereby directly impacting the competitiveness of the fisheries industry. This paper
examines case studies of the application of digital twins, an emerging technology that offers economic
improvements and optimal growth environments in the fields of agriculture, livestock, and fisheries. It

specifically focuses on the use of digital twins in aquaculture, providing insights into the services and
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development stages of smart aquafarming by applying digital twins to aquaculture. Furthermore, this paper

describes a case that enhances predictive performance to derive energy optimal management plan by improving

the replication accuracy of real-world operational schedules and temperature control subdivision processes

through the development of a virtual energy model using simulations and data integration with on-site

aquafarm.
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Table 1. Classification of aquafarm service based on
digital twin[12]
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(a) Aerial view (b) Exterior view
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Fig. 5. External view of indoor fish farm
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(a) Interior view
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Fig. 6. Internal view and fish tank distribution diagram

HH 7t 2 8%: 250t

2hp HE (A3pits 88 U £ & W 5F) n
A2g87| I (8 olaz2
el N N Ty [e= ¢
i i 5000
) % ) [He= :
i ; i 7 =) {1 i oYrl:l

@ [

Aot RY (ME, %48, Bt A AB)

=
HES

@

shp HI (EHEE-YESY ojuzz B015) Y 4N ouzm

9 MAof n2t BE E(QlL{E Y:)

a2l 7. Line A & &3 tiolo]z=)
Fig. 7. Water circulation diagram

7] Hirk A =] glom, sk #4) ol
7} G AAEle] W4 23 Aol whe} B4,

3.2.2 =E0{IiA]l SAUATL o x| 2™ Jh

T SRR ollUA] el olF E EAL
2 QIgh o] S 1ol whE A 2 3} 8
o] Wig}, Hx o] ARERE 2 FAIE SI’E Wby
Adn) 2] ofuA] Algske] gt oS s Fxrt Fa3)
o} wEhd, £ el s 25 FolellA st SsAl
ARGEISL Sl AdE oA AlEHeld ZE sl
EnergyPlus& &h-8-3l0] =3todaa] SAkF27) o]
RS Apslgiek EnergyPlusts AW o3 wel]
< $13 WA= “Swimming pool:Indoor” A& 53
el st i, ofulel = Alele] FAL mpetat
W Alole] A 55 BARE 4 glrk sl Al
Aoz 2AE We] v 3wy Adwm, A%

==




R/ EAY 29 A Ak A A 97

vt e oigk Zlo] 2 AlEdlelde] et kAl
Zpe] g ek A edAella o] AL fAlE]
ull<z-of|, “Swimming pool:Indoor” A& &85} &
FodA] AR ollu]A] mdS sl 1
3 82 7Rl =3t SRR ofluR] Rl
vElH, £ 2+ 2l AME AEFE epdch
I3 8ollA] kMo g FAE HptE “Swimming
Pool:Indoor” A7} A-4% vl=kE- 2|}, line ¥
A7} el wet x| R HAS seslted
7} line s 3he] 22 BARIGIC

£ Aol ANk 5t F] SAkRAIAL olufA]
2Ele] o|& A A oA U 2= SRS
ker aaigdct AR W 25Ts 7o
HOBO® 2575 dloJe] 275 g-gs}e] 2022+ 24
14901€] 3¢ 170714 g 27k 53 A 0w 34519
ol AlEdloldel] 83k ¢7] 2552 75 714l
A Algsle Wk A9 714k dlolelE 83k
a8 9= 4 717 B oA v 255 %
= e L A=

mele] o= A5 758 M&V(Measurement and
verification) 7}o] & 2}alollx] A Ak 2ol T3l
7} A|%<9] MBE(Mean bias error)2} Cv(RMSE)

(Coefficient of variation of the root mean square error)

ALRARAAR

(a) Model overview

(b) Plant modeling

J8 8. /sl wgted ] SAfekA A eux] 2l
Fig. 8. Modeling of the indoor fish farm

2 Ano A e
Table 2. Thermal properties of materials

. Thermal . Specific
Category | Thickness ety Density heat
Unit m W/m-K kg/m3 | J/kg K
Sandwich | = | 0.03 43 1210
panel
PP Fish 0.05 0.125 900 1930
tank
Concrete 0.2 1.95 2240 900
PET Tent 0.001 0.15 1780 1300
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Fig. 9. Comparison of measured and simulated data for
an indoor fish farm
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Fig. 10. DO sensor real-time monitoring system
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Table 3. Onssite plant system operation schedule
Cate| Water
gory | temperature DO |Headcount| Operation| Operation
- Scenario | Schedule
27~28C | 10mg/L >0
- X -1 X -1 X 0 Plant
o L X |o] - | -|X 1 Off
g | - o -] o] -
%' X 2
o - -1 X -1 X 3 Plant
o| - ]o| -] -1]Xx 4 On
O - O - O - 5
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