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Thermal load analysis of tank culture system for applying seawater source

heat pump
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This study deals with the maximum thermal load analysis and optimal capacity determination method of tank culture system
for applying seawater source heat pump to save energy and realize zero energy. The location of the fish farm was divided
into four sea areas, and the heat load in summer and winter was analyzed, respectively. In addition, two representative
methods, the flow-through aquaculture system and the recirculation aquaculture system were reviewed as water treatment
methods for fish farms. In addition, the concept of the exchange rate was introduced to obtain the maximum heat load
of the fish farms. Finally, power consumption for heat pumps was analyzed in the view point of sea areas, tank capacity,

and exchange rate based on the calculated maximum thermal load.
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Temperature [°C]

Month

Fig. 1. Average monthly temperature of seawater.

Table 1. Average monthly maximum and minimum
temperature of seawater

Sea area T, (C) T,., (C)
East 24.5 8.6
West 26.5 3.8
South 26.5 9.6
Jeju 25.6 15.2

St sole e, s, el Alw TR,
olo] a0} £, Aol 27, 2
Al 3z, el o] 4 JoF o=, A= Aot A2
W= AR E o]g5 ¥t (Ocean Data, 2021).
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Table 2. Specifications of tank culture system model

Type  Shape Dimension Number Capacity
A rectangle 6(?1;)1 32 (EA) (;03)
B circle I—]I):lgzmrr’l 24 (EA) (Ién(?s)
C  rectangle 10(;11(5); ! 20 (EA) (igg)
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(a) cooling process

-/(é;.
‘ (L) Heat Exchanger
L 1111 L L
1 (2) HP system
Seawater o5
Pump 5 Lz i
o
| | B
(et
: ' Compressor
9 Evaporator Condenser (i Seawater
i = Pump
(3) Breeding Tank
| Y S S
| %1 H_T_’I (|
——— L1 l

(b) heating process

Fig. 2. Cooling and heating process using HP system in
FAS farm.
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Fig. 3. Cooling and heating process using HP system in
RAS farm.
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Table 3. Total amount of supplied seawater

Exchange rate Amount of supplied seawater (m®)

(cycle/day)

A-type B-type C-type
10 9,600 14,400 20,000
20 19,200 28,300 40,000
30 28,800 43,200 60,000

e \\
o \\ Thyo
Tc,i

Q.

<
<

Fig. 4. Model of a heat exchanger for waste heat recovery.
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Fig. 5. Heat exchange model of breeding tank.
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Table 4. Daily thermal load of FAS farm according to the sea area, exchange rate, and tank type

Sea Exchange rate Cooling load (GJ) Heating load (GJ)

area (cycle/day) A-type B-type C-type A-type B-type C-type
10 28.16 50.92 79.92 270.37 488.87 767.23

East 20 75.67 128.18 191.91 726.43 1230.48 1842.35
30 128.18 210.39 308.50 1230.48 2019.76 2961.61
10 65.72 118.82 186.48 360.50 651.82 1022.98

West 20 176.56 299.08 447.79 968.57 1640.64 2456.47
30 299.08 490.91 719.84 1640.64 2693.01 3948.81
10 65.72 118.82 186.48 251.60 454.92 713.95

South 20 176.56 299.08 447.79 675.98 1145.03 1714.41
30 299.08 490.91 719.84 1145.03 1879.50 2755.94
10 48.82 88.27 138.53 146.45 264.80 415.58

Jeju 20 131.16 222.17 332.65 393.48 666.51 997.94
30 222.17 364.68 534.74 666.51 1094.04 1604.21

Table S. Daily thermal load of RAS farm according to the sea area, exchange rate, and tank type

Sea Exchange rate Cooling load (GJ) Heating load (GJ)

area (cycle/day) A-type B-type C-type A-type B-type C-type
10 5.76 8.64 12.00 55.32 82.97 115.24

East 20 11.52 17.29 24.01 110.63 165.95 230.48
30 17.29 25.93 36.01 165.95 248.92 345.72
10 13.44 20.17 28.01 73.75 110.63 153.65

West 20 26.89 40.33 56.02 147.51 221.26 307.31
30 40.33 60.50 84.03 221.26 331.89 460.96
10 13.44 20.17 28.01 51.47 77.21 107.24

South 20 26.89 40.33 56.02 102.95 154.42 214.48
30 40.33 60.50 84.03 154.42 231.63 321.71
10 9.99 14.98 20.81 29.96 44.94 62.42

Jeju 20 19.97 29.96 41.61 59.92 89.89 124.84
30 29.96 44.94 62.42 89.89 134.83 187.27
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