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Abstract

Recirculating aquaculture systems (RAS) have high energy consumption because of the
operation of various types of equipment. In particular, in facilities that cultivate warm-water
species, boiler loads increase significantly during winter to maintain appropriate water
temperatures under low outdoor air conditions. This load can be partially mitigated by heating
indoor air through HVAC operations; however, reducing relative humidity increases water
evaporation from tanks, and the inflow of replenished groundwater subsequently lowers water
temperature, resulting in additional heating demand. Therefore, the energy consumption of
aquaculture facilities must be comprehensively analyzed, accounting for both water temperature
and indoor air conditions. This study investigates the application and operation of an electric
heat pump (EHP) as an energy-saving strategy during winter in a recirculating aquaculture
facility. For validation, measurements and verification were conducted by collecting field data
on indoor air temperature and humidity, water temperature, dissolved oxygen, and electrical
consumption. The calibrated model achieved an MBE accuracy level of —0.37% and a
Cv(RMSE) of 11.9%. Based on this validated baseline model, an EHP system was integrated,
and optimal operation strategies were derived based on indoor air temperature. This study
demonstrated the potential to reduce energy consumption through HVAC applications in indoor
aquaculture facilities, which are classified as energy-intensive buildings.
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Table 1 Plant On/Off operation schedule

Setpoint DO Eel ) Control
27-28°C 10 mg/L 0 Seiile
Schedule Feature
Controlled Uncontrolled Controlled Uncontrolled Occupied Unoccupied on/off
- X - X - X 0 Off Tank not in use
- X O = - X 1 Off  Groundwater Inflow only
Shipping or Medicated bath
_ X _ _
© © 2 On (Mixed with Groundwater)
O B B % B y 3 On Water.R'etent%on and
Disinfection
O - O - - X 4 On Water Retention
@) = O = O = On  Normal Tank Operation

Table 2 Comparison of prediction performance of energy consumption by line before and after M&V

. Line AB Line CD Line EF Line GH
Category Unit s : . : i . . .
Initial Adjust Initial Adjust Initial Adjust Initial Adjust
MBE % -12.1 5.0 23.6 -1.7 21.6 0.6 -6.3 -4.6
RMSE kW 156.5 119.6 233.1 150.1 192.7 139.4 137.9 119.9
Cv(RMSE) % 234 17.7 30.8 19.8 283 20.5 19.5 16.9

Table 3 Comparison of prediction performance of water temperature by line before and after M&V

Category Unit Line A Line B Line C Line D Line E Line F Line G Line H
MBE % 4.05 0.51 -0.61 0.04 -0.5 -1.42 -1.18 -1.78
RMSE °C 2.3 0.9 1.5 1.0 1.6 1.2 0.9 0.9
Cv(RMSE) % 9.46 3.79 6.17 3.81 6.66 491 345 3.63
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