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Abstract Recently, the use of renewable energy has been increased due to growing concern on the energy-saving at buildings

and the reduction of CO2 emission. In the field of architecture, to reduce the energy consumption of heating, cooling and

hot water supply, heat pump systems with renewable energy has been developed and used in various applications. However,

there have been many of researches on the large-scale commercial heat pump systems, but the research and the field application

of a compact heat pump system is rare. Therefore, in order to develop the compact heat pump for the small-scale residential
building, this study conducted the performance test and feasibility study for a hybrid heat pump using the heat source of
air, solar and ground. In the results of experiments through a trial product, the average COP of cooling mode with ground
heat source was 4.75, and it of heating mode was 4.03. Furthermore, the average COP of cooling mode with air heat source

was 2.60, and it of heating mode was 2.92. Finally, payback period of the system was calculated as 9.2 years.
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Fig. 1 Schematic diagram of daul-source heat pump.
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Fig. 2 Developed dual-source heat pump.
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Fig. 3 Operating mode of the developed system.
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Fig. 4 Circulation water temperature of ground source
and electric power in cooling mode.
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Fig. 6 Circulation water temperature of air source and
electric power in cooling mode.

Table 1 Experiment results of Cases
Case E.C.(kW).  HER(kW) COP
Geothermal 1.43 6.77 475
Cooling mode
Geothermal 1.90 7.66 4.03
heating mode
Air source
Cooling mode 1.72 4.47 2.60
Air source 1.92 5.62 2.92

heating mode

E.C. : Electric Consumption.
HER : Heat Exchange Rate.
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Fig. 5 Circulation water temperature of ground source
and electric power in heating mode.
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Fig. 7 Circulation water temperature of air source and
electric power in heating mode.
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Table 2 Simulation conditions

Model Standard housing model

100.3 m’
A one storied house

Building model

summer Indoor temp : 26C
Indoor Relative humidity : 50%
condition

Indoor temp : 22T
Relative humidity : 50%
Weekday : 20 hour,
Weekend : 19 hour
Human : 4(150 W/person)

Mechanical load : 230 W/unit
Lighting : 19 W/m’

winter

Operation period

Indoor load

Ventilation 0.7 /h
Roof 0336 W/m'K
U-value Wall 0.471 W/m'K
Bottom 0.331 W/m'K
Weather data Seoul
18000 Load Outdoor Temp, “

(3,) @Injesadwa] JoopInQ

Cooling and Heating Load (kW/h)

1 1001 2001 3001 4001 5001 6001 7001 8001
Time (hour)

=
@

. 8 Cooling and heating load of standard housing
model.

Table 3 Monthly system performance of EHP heat
pump
Month 1 2 3 4 6 7 8 9 11 12

Average
temp(C)

COP 1.32 1.71 2.03 3.01 4.05 3.92 3.78 4.13 3.41 1.92

-33 -1.3 45 11.7 21.2 24.6 254 203 6.6 -0.3
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Table 4 Calculation result of electric consumption
and operation cost

Electric
Month consumption(kWh)

EHP Dual-Source EHP

Operation cost(Won)

Dual-Source

1 1,233 395 611,200 62,600
2 746 317 274,200 41,300
3 446 301 82,700 36,800
4 91 93 5,500 5,600
6 48 41 2,900 2,400
7 105 87 6,600 5,200
8 133 106 10,000 6,600
9 42 66 2,500 4,000
11 211 246 20,200 26,700
12 721 345 257,400 48,800
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Fig. 9 Life cycle cost about an elapsed year.
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