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Abstract Ground-source heat pump (GSHP) systems have become an efficient alternative to conventional cooling and heating

methods due to their higher energy efficiency. These systems use the ground as a heat source and the heat sink for cooling

mode operation. The purpose of this simulation study is to evaluate the performance of a hypothetical GSHP system in

an office building and to assess the energy saving effect against the existing HVAC systems (boiler and turbo chiller). We

collected monthly energy consumption data from an actual office building (32,488 mz) in Seoul, and created a model to
calculate the hourly building loads with EnergyPlus. In addition, we used GLD (Ground Loop Design) V8.0, a GSHP system
design and simulation software tool, to evaluate hourly and monthly performance of the GSHP system. The energy consumption

for the GSHP system based on the hourly simulation results were estimated to be 582.6 MWh/year for cooling and 593.2
MWh/year for heating, while those for the existing HVAC systems were found to be 674.5 MWh/year and 2,496.4 MWh/year,
respectively. The seasonal performance factor (SPF) of the GSHP system was also calculated to be in the range of 3.37~4.28.
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(a) Actual appearance

Fig. 1
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Actual appearance of building and exterior modeling in this simulation.
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Table 1 Building parameters and values.
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Parameters Value
Building envelope
U-value, exterior wall [W/m2K] 0.45
U-value, exterior floor [W/mzK] 0.32
U-value, exterior roof [W/m K] 0.18
U-value, ground wall [W/m K] 0.3
U-value, exterior window [W/m K] 37
SC(g-value), exterior window [-] 05
Internal
Number of Occupants 2,500
Lighting density, average JW/m 11
Equipment, average [W/m’] 15
Infiltration [ACH] 0.2
Set temperature for cooling [C] 26
Set temperature for heating [TC] 22
—, 6.0 — T
1 Office Building (32,488.1 mz), Seoul
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Fig. 2 Hourly cooling and heating loads of the target

building.
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Table 2 Design parameters and specifications.

Parameter Specification
Building
Conditioned area [mz] 32,488.1
Cooling energy load [MWh/y] 2,495.7
Heating energy load [MWh/y] 1,997.2
Heat pump
Total unit capacity [kW] 3,189.9
Heat pump cooling COP [-] 4.4
Heat pump heating COP [-] 3.7
Design EWT for cooling [C] 30.0
Design EWT for heating [C] 5.0
Ground heat exchanger
Borehole number/diameter[m] 342/0.15
Borehole depth for cooling [m] 153
Borehole depth for heating [m] 100
U-tube configuration Single
Pipe inner/outer diameter [mm] 27.3/33.4
Ground, mean values
Thermal conductivity [W/mK] 2.68
Thermal diffusivity [m /day] 0.063

* Entering brine temperature to heat pumps.
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Fig. 3 EWT and LWT variation of VGHE during 1st year.
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Fig. 4 Simulated variation of EWT, LWT, and heating COP values in typical heating days(10 days).

(© SAREK



50 ——T—T ——T——T—T —— 10.0
45_' Cooling days : Aug. 16 ~ Aug. 25 3
| Entering water (EWT) 9.5
— 40 —=— Leaving water (LWT) F
=, 35 - Cooling load 9.0

N W
wn O
| |

Temperature, T’
S
Hourly building load, O [MWh]

O-I'Ill'l\'lr i I' : i :
SRIRIY T T T
NN N ’1' ’\» VoV Vv
& & go FFF &FEFE
Date [mm-dd]

(a) EWT and LWT

s
o
oo
)
i
o
N
e
ol
m
ek
(Kl

Aol Wk e o=

11 ———————T—T———T——1 900
10_' Cooling days : Aug. 16 ~ Aug. 25
1 —— Heat pump COP

97 —e— System COP
8‘_ —— Heat pump power consumption L850
74 - Circulation pump power consumption

COP [-]

Power consumption, W [kWh]

Date [mm—dd]
(b) COP and power consumption

Fig. 5 Simulated variation of EWT, LWT, and cooling COP values in typical cooling days(10 days).
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system during 1st year.
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