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Abstract

Geothermal heat pumps are known as the most efficient and environment-friendly heating
and cooling system, and are also gaining acceptance in buildings. Building energy
simulation program, EnergyPlus is used to calculate the energy consumption of residential
buildings. This simulated energy consumption is essential for accurate economic analysis.
Residential buildings with geothermal heat pumps have complex energy price structure.
Electricity rates for residential buildings increase rapidly as the monthly use increases. This
complex energy price structure makes the economic analysis complicated. The purpose of
this study is to conduct economic comparison of residential geothermal heat pumps and
provide a feasible approach in finding their economically feasible capacity.
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Table 1. Electricity Rates for Households

Monthly Energy .. o
Use(eWh/<) Electricity Rate(d/kWh)

0~100 56.21
100~200 116.1
200~300 1716
300~400 253.6
400~500 3737

500~ 656.2

Table 2. Electricity Rates for Commercial Buildings

Mgs‘te}(lgw}ff/gfy Electricity Rate(/kWh)
o4& 56.21
Ae 3737
& 7+ 656.2
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Fig. 1 Daily Heating Load of a House.
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Fig. 2 Energy Flow Diagram for Geothermal Heat

Pumps, Air Conditioners, and Boilers for
Houses.
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Fig. 3 Node Branch Diagram for Geothermal Heat
Pumps in EnergyPlus.

Table 3. Building Envelope Properties
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Table 4. Energy Consumption of Three Houses in Seoul
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Fig. 4. Monthly Heating and Cooling Coil Energy
Consumptions of Three Houses.
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Table 5. Energy Cost Reduction of Geothermal Heat
Pump System
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Table 6. Payback Period of Residential Geothermal
Heat Pump Systems in Seoul

Area Capacity Payback Unit Payback
#) (kW) Period(Year) | Period(Year)
35 10.86 10.86
7.0 20.86 262.23
® 105 31.29 76,017
14.1 42.02 -
35 557 557
7.0 9.29 2795
® 105 13.83 621.34
141 1857 99,163
35 419 419
7.0 6.22 12.03
45
105 885 57.50
141 11.83 73097
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Fig. 5 Payback Period Diagram of Geothermal Heat
Pump Systems with respect to Capagcities
and House Sizes(unit: year).
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Table 7. Unit Payback Period Comparison with respect
to Geothermal Heat Pump Capacities and
House Sizes (unit: year)
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