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Economic Analysis of a Residential Ground-Source Heat Pump System
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Abstract : Because of their low operating and maintaining costs, ground-source heat pump(GSHP)
systems are an 1increasingly popular choice for providing heating, cooling and water heating to
public and commercial buildings. Despite these ad- vantages and the growing awareness, GSHP
systems to residential sectors have not been adopted in Korea until recently. A feasibility study
of a residential GSHP system was therefore conducted using the traditional life cycle cost(LCC)
analysis within the current electricity price framework and potential scenarios of that
framework. As a result, when the current residential electricity costs for running the GSHP
system are applied, the GSHP system has weak competitiveness to conven—- tional HVAC systems
considered. However, when the operating costs are calculated in the modified price frameworks of
electricity, the residential GSHP system has the lower LCC than the existing cooling and heating
equipments. The calculation results also show that the residential GSHP system has lower annual

prime energy consumption and total poliutant emissions than the alternative HVAC systems
considered in this work.
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Fig. 1 Typical residential
ground-source heat pump system.
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Table 1 Systems for LCC analysis.
= GSHP AlT-1 ALT-2 ALT-3

ANAE | KEa | w23/ | eua/ | 22/
24 | A2AE | oA | oloi2 | oot
COP T &= {3.3(Lte)|  80%/ 80%/ 80%
52 lao(wg)| 27 27 27
REES)Y 2/ |SA~/| e/
N8RS w1 ma | ma | mY

*EO JIFE LBy L o}
- MJ|: 860 kcal/kWh, 38 Z2HR(HH M Q2
~ AR 9,050 kcal/liter, 1,162/ iter
- T AIZFA: 10,500 keal/Nm', 585%)/Nm’
- LPG: 12,050 kcal/Nm’, 1,5009)/Nm’

Table 2 Reference values for LCC analysis.

as Lt )
CLEL 5 RT 5 AT
258 0.7 0.6
28 NI+ 5 3
8 2mY 30 30
Y SEAM | 14 | 6

Table 3 Current electricity price framework.

= N2 o=
w88 | i | i
100 kwh Ol ot 370 55.1
101~200 kWh 820 113.8
201~300 kWh 1,430 168.3
301~400 kWh 3,420 248 .6
401~500 kWh 6,410 366 .4
501 kwh Ol2af 11,750 643.9

33t 2}o] 7t E = Uk GSHPS! A%, o= &
3 F-R T dojH 7t AY N7 WE0) A 2R
TYH & 1.5%Z 7H3 83T 718 thet A2
o &t FREHv]= 27 FAH Y 5%= 74 5}
Rt otg e A 1 Qlo] AL ¥, A|A~H
S A AAF = Ao R NHASH Y whetA] oA
2] 23k A A A A= v A 7] A 9]+ Tt
ERai-ii=
o F A H] & (AU &) AE A, A7 dE
S Al A, AA AHS A, 9 F AR
gk 5o uet Gzt & Ao A= Table 3
A3 THL(AH A7 AAE L%
, 7VEF tHQE Al 2819 o]\ XY @7} Table 19]
FolA ot

Ao F71u4 B Al thdd M AME 8 AE
o} g} o] F QA4 i A A AHQ dH o
B 7} Sulol = o3& gl7] Wi&d, TAFY AAF
& dlolH & o] &3ttt 7t AHE(discount rate)
2 8%, 71 A5 & (price escalation rate)Z 5%= 3}
Aot v o g g% 714 HFE(energy price
escalation rate)ol] A= A7)+ 3%, 75 £
3 T A 7FA9 LPGE 9%E 3 &35t 24713
2 AN A= RE 2048 ¢ TAHE RO R 3§}
Fom olm EHAIZ A& 20073 1¥HEQ He
2 33 ot

kl

B o o

3. dnt ¥ 1&

Table 4= YoljA AAF LCC ¥A =24 a8]n
Table 1~Table 32] &S A L13tf 714 & GSHPS
ALT-19] LCCE AAMSE At} oA Case-12
Table 391 Q5 AHAE LT AFolH, Case-2~
Case-4= A& AFEFS 7}Z} 200, 300, 400 kWhE
ALy zA s Aok £33 Case-59F Case-62 2+t
AvHH AL 837 20063 = FH HojdrtE &
/38 Aot} vl B0 Z Case-73 Case-82 A & Al
£ dAE AFSEHAE 247 200 kWhe 300
kWhZ 24 8}3 A4k A3}

AAL Ao A ¥ 5ol d FHAL(AL) A7
= AAE HE&Y 3 F(Case-1), 5T E GSHP
ol A YL Bold Yol gk ol = & Wit
Al 2" 3= g2 GSHPZF S S 93 #71
E AR 3}7] g Folt}. o}b-& 2 Case-30]4} Case-4%}
Zol AL ALLFL A =T FS, A 48
ol LCCE A4S A T F &) 3] 47| 3to] Ho 7
AL FRT 4 A

vl Addk(zh) Q.23 20069 & H 7 gojdrtE
A2 AF AAAol I JSE E T AT 9

- 517 -



Table 4 Economic comparison of ALT-1 and residential GSHP system(unit:

1,000 W).

e ALT-1 GSHP
B gt = Case-1 | Case-2 | Case-3 | Case-4 | Case-5 | Case-6 | Case-7 | Case—8
g |Hg 719 - 902 835 768 701 131 205 645 387
HIZ | Wt - 442 219 152 106 70 74 84 a0 66
o2t SEH| 3,595 1,326 5,168 4,633 4,161 3,718 874 1,278 3,492 2,130
3| 2| 2t - - g2.68 | 31.39 | 19.74 5.84 6.54 16.64 8.5
LCC 115,130 134,889 | 123,856 | 114,131 | 105,018 | 46,428 | 54,745 | 100,359 | 72,303
(H2) (100%) (117%) | (108%) [ (99%) (91%) (40%) (48%) (87%) (63%)
1) Case-1: FHE WIS HE S2H R, 2) Case-2: FTH 164 a8 HE(200 kih).
3) Case-3: & Al 2604 A& NE(300 kWh). 4) Case-4: =& H 33 A% X E(400 kh).
5) Case-5: 2bBH2), MY Q2 HE. 6) Case-6: 2006 T B TOSHI HE.
7) Case-7: ST H ZH(XH= 200 kih 0I5, 2 SHHY AIR HS 200 kiWh).
8) Case-8: &M XX (Z X 300 kWh 0I5}, 2@ SHHY AIE H< 300 kih).

2§ A3+ Case-77 Case-89) A = A8 o}
Table 5= 2 E A|2Hd dvkH AL 8L A
St W, Z A28 W A8 L8| F AT &
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Table 5 Total present value of LCC for each

system(unit: 1,000 ¥).

sts GSHP AlT-1 ALT-2 | ALT-3
8 | 1,566 kkh|614 liter| 520 Nm* | 461 Nm®
AHIZ WY 633 kih | 938 kiWh | 938 kith | 938 kiWh
2 EH|| 769 3,876 | 2,036 | 4,133

EX540|2 - 7.68 | 18.74 74
LCC 44,259 | 93,644 | 53,499 | 99,213
(HI8) (100%) | (212%) | (121%) | (224%)

Table 6 Life-cycle emissions in kilograms for
GSHP and ALT-1.

Average annuai
emissions LCC

GSHP[Kg] ALT-1[Kg] reduction
Electricity
CO. 395,422 174,898 -4 ,244 266
S02 1,219 539 -13,085
NOx 1,191 527 ~-12,786
Light oil
CO> 0 260,964 5,022,079
S0z 0 1,867 35,924
NO 0 235 4,527
Total
COz 395,442 435,862 777 .853
S0z 1,219 2,406 22,839
NOx 1,191 762 -8,258
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