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Abstract

As the boundary of water source energy has recently expanded to the use of river, lake, and pond
waters, the water source heat pump (WSHP) system is becoming a major issue. However, to
apply the WSHP system to a real building, a comparison and analysis with a ground source heat
pump (GSHP) and an air source heat pump system (ASHP) are required. Moreover, it is
necessary to accurately analyze the performance of a WSHP based on the building load
condition. Therefore, this study aims to analyze the performance of WSHP, GSHP, and ASHP
systems for large office buildings using a dynamic energy simulation. The seasonal
performance factor (SPF) of the system was calculated as 3.8 and 2.5 for a WSHP system, 3.8
and 2.6 for a GSHP system, and 2.9 and 1.7 for an ASHP system during the cooling and heating
periods, respectively. The performance of the WSHP system was similar to that of the GSHP
system and was 23% and 32% higher than that of the ASHP system, respectively.

Keywords: 52 |14 2] A& #]©]4 (Dynamic energy simulation), =& S| EHI A|AH]
(Water source heat pump system), A G S|EHIT A]AH|(Ground source heat pump
system), 57| Y 5| EH I A]AHE(Air source heat pump system)
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Fig. 1 Simulation model and monthly load

Table 1 Specifications simulation model

Location Busan, South Korea
Building model Large office
Heating season : 21°C
Set temperature (°C) .
Cooling season : 24°C
Floor area (m?) 3,577
Ventilation (1/h) 0.30
. ) Heating : Jan. ~ Apr. & Oct. ~ Dec.
Operation period

Cooling : May. ~ Sep.

Person : 130 W/person
Internal heat gain Light : 11.84 W/m?
Equipment : 8.07 W/m?
Ground floor : 0.250
External wall : 0.32
Roof : 0.18
Internal roof : 0.35
Window : 1.8

U—Value (W/m*K)

Table 12 35 2ol 9] Qei2aS Lehdick, A9 24402 71gsio] 71dlolelE Fatssiet. 4
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Fig. 2 Internal schedule
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Table 2 Condition of component

Component Name Value
Type Water to water heat pump
Heat pump Heating capacity 80 kW
(WSHP system) Heating power 18.2 kW
(Type 927) Cooling capacity 70 kW
Cooling power 17.5 kW
Heat exchanger Source/load specific heat 4.19 kl/kg K
(WSHP system)
(Type 5b) Flowrate 13800 kg/hr
Type Water to water heat pump
Heat pump Heating capacity 80 kW
(GSHP system) Heating power 182 kW
(Type 927) Cooling capacity 70 kW
Cooling power 17.5 kW
Borehole depth 150 m
Ground heat exchanger Number of borehole 8EA
(GSHP system) Thermal conductivity 2.5 W/m-K
(Type 557a) Heat capacity 2520 kJ/m*/K
Initial temperature 16°C
Type Air to water heat pump
Heat pump Heating capacity 80 kW
(ASHP system) Heating power 32.8 kW
(Type 927) Cooling capacity 70 kW
Cooling power 28.6 kW
Tank volume 100 m’
Heat storage tank Fluid specific heat 42 kl/kg K
(Type 4¢c) Set point temperature 50°C
Deadband 5°C
Fan coil unit Volumetric air flow rate 22 m’s
(Type 987) Power consumption 3.7kW
Pump Maximum flow rate 13800 kg/hr
(Type 3b) Maximum power 1.6 kW
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