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ABSTRACT: In this study, air conditioning systems include ground source heat pump (GSHP),
are evaluated for economic feasibility. The building is modeled an air conditioned for 280kW scale.
This analysis is compared with the energy tariff programs of Korea and USA. The objectives of
this paper are to evaluate the cost-effectiveness of the GSHP and combined system using Life-Cycle
Cost (LCC) analysis, and to carry out the sensitivity analysis of key parameters. The paper
considered the cases including the base case of air source heat pump and the other two alternates
for comparisons. The combined system is not only a cost—effective way to the low energy
consumption but also a way to avoid a high initial investment. The variations of initial investment
and energy rates give a significant effect on the total LCC and payback period.
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IRR : W 5=9) E(Internal Rate of Return)
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* Corresponding author
Tel.: +1-303-492-7650; fax: +1-303-492-7317
E-mail address: jae.koh@hotmail.com

), Life cycle cost analysis(4 o} F7}H] &

NPV
PP

1 #7F(Net Present Value)
213 4=7] 7ZH(Payback period)



600 aA-g - a

Fig. 1 Shape of the building.
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Fig. 2 Allocation rates of activity area.

Table 1 Input Parameters for modeling an office building

Building type
Location
Modeled floor

General
parameters

Denver, Colorado, Lat(Deg) :

Office 1,394 m’ x 2 story,
N39.8, Long(Deg)
height 2.74 m

: ' W104.9
Floor-to-Floor :
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Table 2 Schedule of the system operation

Typical  Summer Winter
use break break

Remaining _ 1/1~2/29,

dates 7/1~8/31 12/1~12/31

Mon_day ~ 7am~ 9pm Sam~6pm &Sam~6pm

Friday

Saturday 9am~4pm 9am~4pm 9am~4pm
Sunday closed closed closed
Holiday closed closed closed




HREALE A8 44 B¢ AdY ¥2A29e 444 37t 9 @ 88 vl 601

Table 3 Schematic diagrams of HVAC and DHW loop
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Table 4 Electric rates of Xcel Energy(January, 2008)

Service and

Energy charge

Demand charge($/kW)

Classification Facility Charge ($/kWh) summer winter
(Jun.1~Sept.30)  (Oct. 1 ~May 31)

Schedule PG $ 130.00/Month 0.00282 $38.39 $7.21

Table 5 Electric rates of KEPCO(January, 2008)
Energy charge($/kWh)
e Demand charge spring/fall .

Classification (S/KW) summer (Ma? A EJun.SO/ winter
(Jul.1~Aug.31) Sep. 1~Oct, 31) (Nov. 1~Feb. 28)

High-voltage(A) option I 5759 0.099 0.066
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Table 6 Gas rates(January, 2008)

KOGAS Xcel Energy
Classifi
cation Cost Service Cost
[$/Therm] Charge[$/Month] [$/Therm]
General  1.432 20.00 0.0953
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Table 7 Annual Energy consumption

Case 1 Case 2 Case 3

Electricity Gas Electricity Electricity
MJ1  [KwH] [MJ] [THERM] [MJ] [KWH] [M]] [KWH]
Lights 470,871 130,777 0 0 470,027 130542 470,027 130542
Misc. equip 700,900 194,605 0 0 700,979 194655 676,080 187,746
Space heating 97,118 26,964 0 0 23,422 6,493 18,886 5,252
Space cooling 377974 104,964 0 0 250,787 69,644 256484 71,214
Pumps and aux 11,500 3,192 0 0 54,441 15104 146231 40,606
Vent fans 100,547 27,921 0 0 108,143 30,039 108,143 30,039

Ht pump supplem 29,542 8,198 0 0 0 0 0 0

Domestic hot wtr 0 0 44,734 424 0 0 0 0
Total 1,788,425 496,673 44,734 424 1,607,694 446478 1675851 465,399
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Table 8 Annual utility rate[$]

Gas Demand Fixed Energy

charge charge charge Total
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3.2.1 LCC(Life cycle cost)
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3.2.2 IRR(Internal rate of return)

3o duu g ¢ #dAL&E J]Fe: IRR
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& Aoz Yehli, Case 3olAE 7158 €94 7.18
%% “F3lshs 889 %E JEldt) n=r9] Xcel Energy
o] 2ANAE Case 2& Y4 rI} o8 x,
Case 3ol #A7HAZ =9 7]& EUAE 3.0%
€ 433t 58%9 ZA#E HeY. & Case 3

3.2.3 PP(Payback period)

Fig. ()8 29 AXXAF] g A A
o] A$ Case 2, Case 32 22t 16193 109
o pay back®] 7}&z¥ o2 delytz, KEMCO
9o A A Y7o AFAhd Z+zF 9d 3} 634 pay
backel 7F&3dtth. 12y Fig. 4(c)®l Xcel Energy

Table 9 Capital costs of systems[$]

R G powr Coond Phe it 7y, Mo
- Case 1 559802 00 22043 00 763608 134545 873
Icrggtasl Case 2 861703 3395745 00 0.0 763608 502,106 1293
Case 3 86170.3 1697872 00 70894 763608 339,408 1,399
Case 1 559802 00 22043 00 763608 134,545 .
Replacement == 5251703 00 00 0.0 763608 162,531 Sxpected life -
costs 25 year
Case 3 861703 00 00 70894 763608 169,621
Table 10 Total LCC[$]
Case 1 Case 2 Case 3
[$] % [$] % [$] %
Initial costs 134545 52 502106 216 339408 154
O&M 23813 09 52454 23 33161 17
KEPSO Energy rate 2285415 836 1609519 692 1657616 843
KOGAS Replacement costs 134545 52 162531 70 169621 77
Total LCC 2578318 100  2,326610 100 2204806 100
Save 0 251,708 373512
Initial costs 134545 103 502,106 407 339408 318
0&M 22629 17 49846 40 36264 34
Xeel Energy rate 1019752 778 520534 421 521,774 489
Energy Replacement costs 134,545 10.3 162,531 13.2 169,621 159
Total LCC 1311471 100 1235017 100 1,067,067 100
Save 0 76,454 244,405
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Table 11 Sensitivity test
initial costs Energy rates
KEPCO and KOGAS Xcel energy KEPCO and KOGAS Xcel energy
Case 2 Case 3 Case 2 Case 3 Case 2 Case 3 Case 2 Case 3
NPV RR NPY IRR NPV IRR NPV IRR NPV IRR NPV IRR NPV IRR NPV IRR
S I I N O S - I B ) I I O - A -
0% -3026606 - -923410 - 495038 - -1388% - -654922 281 87100 1582 -12574 - 1542073 1308
0% -2493768 - 562173 198 4071226 - 762410 - 012646 - 638167 1359 1619176 - 1149606 1074
10% -19%60931 - -200936 521 -3237414 - -1%5925 162 -1170370 - 399234 1129 -2002548 - 767200 837
0% -142809 - 160301 889 -1428094 - 379763 580 -1428094 - 160301 889 -2300951 - 379763 580
-10% -8%257 - 521538 1345 -8%257 - 521538 1345 1685818 -~ -18632 630 -27793H3 - -7614 294
-20% -362420 3% 8275 198 -THIT - 103530 1714 -1943542 - 317565 342 316775 - -3/H10 -
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