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Abstract Recently, ground source heat pump systems are being used in buildings for cooling and heating to reduce greenhouse
gas and save energy. However, ground source heat pump systems mainly use the vertical closed-loop geothermal system
design rather than the open-loop geothermal system design. This is due to a lack of knowledge and few research feasibility
studies. In this research, a dynamic thermal analysis numerical simulation based on a standard house model was conducted
for an open-loop geothermal system. Based on heating load analysis results, the life cycle costs of a standard house using
an open two-well geothermal system were analyzed and compared with a vertical closed-loop geothermal system, and a
diesel boiler. As a result, it was found that using an open two-well geothermal system shows economic return on investment
after three years.
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Fig. 2 Annual heating load of standard house.

Table 2 Analysis condition of each case study

Well Flow et Number p  Annual

Case distance rate exchange .Ot.‘ load heating

(m) (m3 Jday) rate  buildings kW) load

(kW) ¢) (kWh)
1 200 44.56 4 39.04 25,648.12
2 400 7425 7 6832 4488421
3 Te0 9655 9 misa 5770827
4 800  115.05 11 107.36  70,532.33
Fig. 1 Standard house model. 5 200 47.85 39.04 25,648.12
6 400 95.58 9 87.84 57,708.27
Table 1 Simulation condition 7 % Te00 13128 13 12688 8335639
Model Standard house model 8 800 157.16 16 156.16 102,592.48
Air-conditioning area IF : 22.50 m/2F : 35.09 m" 9 200 47.98 39.04 25,648.12
Weather data Seoul 10 400 96.24 9 87.84 57,708.27
Heating season From Jan. to Dec.(365 day) 11 30 600  144.25 14 136.64 89,768.42
Operating schedule 20 :00~07 : 00(11 hr) 12 800 183.20 18 175.68 115,416.54
Set temperature 22T 13 200 48.07 39.04 25,648.12
Roof 0.180 W/m'K 14 400 96.41 9 87.84 57,708.27
U-value Well 0.270 W/m'K 15 40 600 144.53 14 136.64 89,768.42
Bottom 0.410 W/m'K 16 800 192.35 19 185.44 121,828.57
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Fig. 3 [Initial cost of Two-well geothermal system.
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Fig. 4 [Initial cost of vertical geothermal system.
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Fig. 5 Initial cost of diesel boiler.
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Table 3 Annual operation cost of geothermal system

Two-well Vertical
Ca Annual Operation Annual Operation
heating load cost heating load cost
(kWh) (Won) (kWh) (Won)
1 7,418.94 871,154 7,085.12 821,243
2 13,252.62 1,548,398  12,398.95 1,437,176
3 17,31891 2,025,839  15,941.51 1,847,798
4 21,841.99 2,548,466  19,484.07 2,258,419
5 6,961.33 823,706 7,085.12 821,243
6 15,475.44 1,808,341 15,941.51 1,847,798
7 22,690.57 2,638,457  23,026.63 2,669,041
8 28,871.26 3,348,493  28,340.46 3,284,973
9 6,833.66 808,798 7,085.12 821,243
10 15,049.73 1,759,824  15,941.51 1,847,798
11 23,34249 2,719,554  24,79791 2,874,352
12 30,752.48 3,578,601  31,883.02 3,695,595
13 6,778.45 802,497 7,085.12 821,243
14 14,850.74 1,736,850  15,941.51 1,847,798
15 2295258 2,674,594  24,79791 2,874,352
16 31,61446 3,677,024  33,65430 3,900,906

Table 4 Condition of diesel boiler operation cost
Diesel price 1120.18 Won/L
Boiler efficiency 89.00%
33.55 MJ/L

Rated output by using boiler

Table 5 Annual operation cost of diesel boiler system

Annual Annual Operation

Case  heating load Fuel consumption cost

(MJ) L) (Won)
1 92,333.23 2,752 3,082,581
2 161,583.16 4,816 5,394,517
3 207,749.77 6,192 6,935,807
4 253,916.39 7,568 8,477,098
5 92,333.23 2,752 3,082,581
6 207,749.77 6,192 6,935,807
7 300,083.00 8,944 10,018,388
8 369,332.93 11,007 12,330,324
9 92,333.23 2,752 3,082,581
10 207,749.77 6,192 6,935,307
11 323,166.31 9,632 10,789,033
12 415,499.54 12,383 13,871,614
13 92,333.23 2,752 3,082,581
14 207,749.77 6,192 6,935,307
15 323,166.31 9,632 10,789,033
16 438,582.85 13,071 14,642,260
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