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Analysis of energy-saving effects of recirculation aquaculture system using

seawater source heat pumps and solar power generation
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This study focuses on analyzing the energy-saving effects of the recirculation aquaculture system using seawater source
heat pumps and solar power generation. Based on the thermal load analysis conducted using the transient system simulation
tool, the annual energy consumption of the recirculation aquaculture system was analyzed and the energy-saving effects
of utilizing the photovoltaic system was evaluated. When analyzing the heat load, the sea areas where the fish farms are
located, the type of breeding tank, and the circulation rate of breeding water were taken into consideration. In addition,
a method for determining the appropriate capacity for each operation time was examined when applying the energy storage
system instead of the existing diesel generator as an emergency power, which is required to maintain the water temperature
of breeding water during power outage. The results suggest that, among the four seas considered, Jeju should be estimated

to achieve the highest energy-saving performance using the solar power generation, with approximately 45% energy savings.
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Table 1. Specifications of tank culture system model

Dimension ~ Volume  Number of tank
Type  Shape (m) (m’) (EA)
A rectangle 6x5x1 30 32
B circle D=8, H=1.2 60 24
C  rectangle 10x10x1 100 20

o).\ !

Drom - Oxygen UV
Screen Bio-FMer Generator

Reprocessing process

Breeding tank |

Condenser

EEV Compressor a

=3
1 é Evaporator
Heat pump

(b) Heating process

Fig. 1. Cooling and heating process of RAS.
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Table 2. Components for RAS TRNSYS model
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T
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b

=

Fig. 2. TRNSYS model for analyzing thermal load of RAS.

No. Component Description No. Component Description

1 Type 9 Seawater data for target space area Type 113 Heating mode

2 Type 15-3 Weather data for target space area Type 114 Single speed pump

3 Type 24 Integrator 10 Type 647 Diverting pipe

4 Type 39 Water tank 11 Type 649 Mixing pipe

5 Type 56 Passive house 12 Type 661 Delayed output

6 Type 65 Monitoring and storing 13 Type 927 Water to water heat pump
7 Type 106 Cooling mode
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Table 3. Specifications of external wall, roof and floor of RAS

Layer Material Thermalzresistance Thickness Conductivity Capacity Densigy
(h-m*-K/kJ) (m) (kJ/h-m-K) (kJ/kg-K) (kJ/m’)
Air layer 0.0239
Terracotta panel 0.019 1.20 0.84 2000
E"t;mf;()}v"‘“ Insulation 0.150 0.14 0.80 20
Concrete 0.150 5.96 0.95 2200
Cement mortar 0.011 5.04 1.13 2000
Vinyl sheet 0.002 0.83 1.00 1500
Cement mortar 0.038 5.04 1.13 2000
Floor Insulation 0.060 0.09 1.40 35
Concrete 0.150 5.96 0.95 2200
Autoclaved lightweight concrete 0.040 0.58 1.00 500
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Table 4. Specifications of seawater source HP

Model IWS-13A-71
Capacity Heating 249,564
W) Cooling 229,165
Power consumption Heating 41.85
(kW) Cooling 50.03
Heating 5.96
(6(0) .
Cooling 4.58
Circulating flow rate Load 1,250
(LPM) Source 1,250

Table 5. Specifications of circulation pump

Model SEQ/WEQ750T
Power consumption (HP) 7.5
Maximum flow rate (LPM) 2,000
Maximum head (m) 17.5

Maximum efficiency

flow rate (LPM) 8.5 ~ 1,667

Sut7E BHAYsHA
e HP 99 &7 = w7t 40) WH(¢ds) 270)
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o] mj'd-2 TRNSYS zlo]H 2] Type 1

>

v
Ar Mg

Sioox

4
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Typelis Type 190d ’*Type 65

Type 4
(a) TRNSYS model of photovoltaic system

o
M
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Hglon], BAZEe LA} 450 W 8eF0] Hd ey
U Fstgick. o Hie] Type 24 wjAIZE 2l
= e Augho s A A4S, Type 63

3l
oh ejod wid o] =8 AR Table 63} 7T,
Fig. 4(b)ollA s d o] Azt 07F 10°< 6 <30° 7
S, WPH ko] Zjoli= A2 9rtH(Choi et al., 2021). =
Atoll A= Bid sid el AA 05 20°, 4=
0°(deh= 7Hdstict. g idel 24 e
Table 19] ARz o8 FAIE] A8 WA} 4] (5)}
ol A= aid 1t o] A AR L (m)o]l T-Aske] AF
A5l th(Lee et al., 2019).

L= Axsinfxtan(6+23.5°) (5)
A1 (5)2] 23.5°= A 7P wol EAsks A

giore] A9hE aelat gk, Ak ejorw spde) A=
o] 1042 m, 6= sjdo] A 4] gl 35°, 01

Fig. 3. 3D model of RAS with C-type.

|
<

Q.
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(b) 3D model of PV panel

Fig. 4. Photovoltaic system and panel for PV generation simulation.
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Table 6. Specifications of PV panel

Model LG450W-U6
Short circuit current (A) 11.43
Open circuit voltage (V) 50.27
Voltage at MPP (V) 40.91
Current at MPP (A) 11.01
Cell (EA) 144

Output (W) 450

L, (%/C) 0.04

V.. (%/C) -0.27
Ambient temperature (C) 20
Module temperature (C) 42

Size (mm) 2,110x1,042x40

% MPP: Maximum Power Point.

Table 7. Number of solar panels

Type Install area (m?) Number of PV (EA)
A 1972 (34x58) 546
B 2604 (42x62) 754
C 3100 (50x62) 899

=

rUE
oi}l £

AFZE 2005 tholato] 4] (5)=E] APYE efekey w)
ofAAY LI 0.6 mGlrk ALY AsE £
FF o] Fof AA] s TS| 7ER dolE Biek
sfdo] 7k2 Z0)(2.110 m)E Ui Zhk AEo] A= 24
o= BiYE uiE *—;!11011 dast Aﬂf—n' 710](1.58 m)=
lﬁfﬂ A=
, °1A4A
= Laqo}oi 1.042 X c0s20° +0.6 = 1.58 m
?Lﬂiiﬂk 0] ﬁﬂi *P%Q TR Az 1
2] = Table 79 LERHQICH

1o o

HIAY 248 OILIX| AR B

geje] 17] o
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Fig. 5= ESS9] 7jgkro|t}. ESS% Y H3} A
(Power Converting System; PCS), #&g 7| A
29l 21
2] A2 H](Battery Management System; BMS) <.
ZdEItk PCS= 1ipet AR5 A% Weksh= 4
FAo]al, BMS= F44]9] =1 o5 Bl BT Vs
HERI PMS= ESSO] W= 542 Alofsh= Y JaL
2] G224 BMSZHE S04 9] AH] JEE HUE
g,

ESSS ul4} w712 AF8s17] 9isias g A2t
= e A4 &l iRt AE7F Hasith ESSO

2 1> l>
o o

2

(Power Management System; PMS)

rEH”
orﬂﬂ

7Fs ARtol AW 85 S7hR A A WA wlgol
S7VekaL, o w8 7h|7t Welxiek wheba] 2 At
Az 7Rs AR

l = W= 9F ESS 5 AFgH S Hel
o B dEE HRve] 85 Ao RE PGRo|
= gElo1ttt. PG /e Fol -8l 28
3 8% PG, Hfl ot W57 71 A 818 Aok et

2ok 85 PG2, 2 7E e sbe dsvlel o)
9 Als Al %t 87 PG3E ALbstal, o 7k
2 2 3he Aglshe Wiolo) Table 82 PGl, PG2,
W Table 9% 8-5F A A] AR5

7N\
F @

! Discharge

=
'7 PCS | “Coniei * | PMS
: I Ac/DC
switching
................. i e

Fig. 5. ESS linked PV for emergency power.
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Table 8. Calculation formula of ESS capacity by PG

method
Method Calculation (kVA)
PG1 po1 = 2rk, 1
G 1= m X PFL X
) 1-AV
PG2 PG2 = P, XX OX X, X ax AV
EPL - })m 1

PG3 PG3 = | ——"+ (P X[ X CX PFS) XC—

m

Uis

0s 6

Table 9. Parameters for PG method

Parameter  Meaning Value
Xpr, Total rated output of the loads -
PFL Power factor of the load 0.8
un Efficiency of the load 0.85

Factor accounting for load and
a AR 1
utilization
Jo] Starting kVA per 1 kW of motor output 7.2
C Starting coefficient 0.67
X, Generator integer 0.25
AV Allowable voltage drop ratio 0.25
PFS Power factor of load starting 0.4
cosf Power factor of generator 0.8
P, Motor output during maximum load -
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Fig. 6. Correlation between power generation and insolation.
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Table 10. Power consumption of RAS at South sea

Power consumption (kWh)

Month
Pump HP Sum
Jan. 54,119 146,359 200,478
Feb. 48,881 142,458 191,339
Mar. 54,119 136,247 190,365
Apr. 52,373 94,112 146,484
May 54,119 61,410 115,528
Jun. 52,373 28,554 80,927
Jul. 54,119 10,205 64,324
Aug. 54,119 7,849 61,967
Sep. 52,373 12,636 65,009
Oct. 54,119 25,856 79,974
Nov 52,373 63,803 116,176
Dec 54,119 123,837 177,955
Total 637,202 853,325 1,490,527
71 gk, Akl 7P He 128l 71 ok
ofi= e uraol AEHlo] dell Mg STl el
glolg] 7kt AR 7P 2 ol e HE
Wk, A7t ke Sk Al dell, s, Al
207 %7 vepdth

Table 11

. Power generation from PV at South sea

Month

PV generation (kWh)

A-type B-type C-type
Jan. 22,457 31,012 36,976
Feb. 22,176 30,625 36,514
Mar. 26,656 36,811 43,890
Apr. 27,076 37,390 44,580
May 29,496 40,733 48,566
Jun. 27,954 38,603 46,027
Jul. 26,749 36,939 44,043
Aug. 26,167 36,135 43,084
Sep. 24,355 33,634 40,102
Oct. 23,630 32,633 38,908
Nov. 20,608 28,459 33,931
Dec. 21,820 30,133 35,928
Total 299,146 413,106 492,550
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Table 12. Energy saving rate by sea area (tank type: C-type, circulation rate: 10 cycle/day)
South sea Jeju West sea East sea
Month Power PV Energy Power PV Energy Power PV Energy Power PV Energy
Cons. Gen.  Saving Cons. Gen. Saving  Cons. Gen. Saving Cons. Gen.  Saving
(kWh) (kWh) (%) (kWh) (kWh) (%) (kWh)  (kWh) (%) (kWh) (kWh) (%)
Jan. 200,478 36,976 18 105,825 33,800 32 289,320 36,969 13 176,770 37,293 21
Feb. 191,339 36,514 19 109,093 33,050 30 265,363 37,232 14 103,149 35,622 35
Mar. 190,365 43,890 23 118,166 42,713 36 257,500 46,696 18 97,234 44,042 45
Apr. 146,484 44580 30 94,492 44285 47 186,061 46,640 25 61,243 45475 74
May 115,528 48,566 42 79,784 46,779 59 131,739 48,503 37 61,707 48,920 79
Jun. 80,927 46,027 57 63,989 43918 69 84,696 47,664 56 76,529 46,562 61
Jul. 64,324 44,043 68 82,812 44,659 54 105,550 45,362 43 79,873 44,830 56
Aug. 61,967 43,084 70 107,686 41,259 38 133,560 42,317 32 106,706 42,292 40
Sep. 65,009 40,102 62 87,001 37,014 43 94,469 38,953 41 130,182 38,861 30
Oct. 79,974 38,908 49 63,293 37,625 59 104,056 38,693 37 164,994 36,871 22
Nov. 116,176 ~ 33,931 29 53,165 32,359 6l 147,178 33,884 23 193,950 34,146 18
Dec. 177,955 35928 20 83,584 33,145 40 245,462 34,590 14 201,798 35,036 17
Total 1,490,527 492,550 33 1,048,889 470,606 45 2,044,954 497,502 24 1,454,135 489,950 34
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Table 13. Energy saving rate by tank type (sea area: South sea, circulation rate: 10 cycle/day)

A-type B-type C-type

Month Power PV Energy Power PV Energy Power PV Energy

Cons. Gen. Saving Cons. Gen. Saving Cons. Gen. Saving
(kWh) (kWh) (%) (kWh) (kWh) (%) (kWh) (kWh) (%)
Jan. 97,372 22,457 23 145,299 31,012 21 200,478 36,976 18
Feb. 94,829 22,176 23 138,908 30,625 22 191,339 36,514 19
Mar. 92,430 26,656 29 139,429 36,811 26 190,365 43,890 23
Apr. 73,071 27,076 37 107,441 37,390 35 146,484 44,580 30
May 58,724 29,496 50 86,062 40,733 47 115,528 48,566 42
Jun. 41,852 27,954 67 60,820 38,603 63 80,927 46,027 57
Jul. 34,006 26,749 79 48,981 36,939 75 64,324 44,043 68
Aug. 32,984 26,167 79 47,205 36,135 77 61,967 43,084 70
Sep. 34,131 24,355 71 49,270 33,634 68 65,009 40,102 62
Oct. 41,525 23,630 57 60,303 32,633 54 79,974 38,908 49
Nov. 59,182 20,608 35 86,780 28,459 33 116,176 33,931 29
Dec. 87,636 21,820 25 130,464 30,133 23 177,955 35,928 20
Total 747,743 299,146 40 1,100,960 413,106 38 1,490,527 492,550 33

Table 14. Energy saving rate by circulation rate (sea area: South sea, tank type: C-type)
10 (cycle/day) 20 (cycle/day) 30 (cycle/day)

Month Power PV Energy Power PV Energy Power PV Energy

Cons. Gen. Saving Cons. Gen. Saving Cons. Gen. Saving
(kWh) (kWh) (%) (kWh) (kWh) (%) (kWh) (kWh) (%)
Jan. 200,478 36,976 18 388,453 36,976 10 560,651 36,976 7
Feb. 191,339 36,514 19 375,092 36,514 10 542,438 36,514 7
Mar. 190,365 43,890 23 372,707 43,890 12 542,309 43,890 8
Apr. 146,484 44,580 30 286,848 44,580 16 421,861 44,580 11
May 115,528 48,566 42 229,235 48,566 21 336,899 48,566 14
Jun. 80,927 46,027 57 160,222 46,027 29 235,429 46,027 20
Jul. 64,324 44,043 68 128,145 44,043 34 188,216 44,043 23
Aug. 61,967 43,084 70 122,950 43,084 35 178,650 43,084 24
Sep. 65,009 40,102 62 133,209 40,102 30 195,659 40,102 20
Oct. 79,974 38,908 49 158,380 38,908 25 231,878 38,908 17
Nov. 116,176 33,931 29 225,119 33,931 15 329,177 33,931 10
Dec. 177,955 35,928 20 343,887 35,928 10 500,485 35,928 7
Total 1,490,527 492,550 33 2,924,246 492,550 17 4,263,653 492,550 12
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Table 15. Result of PG method

Selected Active power
PGl PG2 PG3 method (kW)
784 1,666 1,217 PG2 1,333

Table 16. Capacity of ESS according to operation time

Operating hour

(hour) 1 2 3 4 5
ESS Capacity
(kWh) 1,333 2,666 3,999 5332 6,665
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T (kVA) gro| =& W 7] o] & 0.
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