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Application study of heat storage type GSHP system in Apartment building
with central cooling and heating facilities using life cycle cost analysis
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ABSTRACT: The present study has been conducted economic analysis of heat storage type
ground source heat pump system(HSGSHP) and normal ground source heat pump (GSHP)
and central boiler system with individual air conditioning facility which are installed at the
same building in the shared an apartment house. Cost items, such as initial construction cost,
annual energy cost and maintenance cost of each system are considered to analyze life cycle
cost (LCC) and simple payback period (SPP) with initial cost different are compared. The
initial cost is a rule to the Government basic unit cost of production. LCC applied present
value method is used to assess economical profit of both of them. Variables used to LCC
analysis are prices escalation rate and interest rate mean values of during latest 10 years.
The LCC result shows that HSGSHP (1,351,000,000won) is more profitable than central boiler
system with individual air conditioning facility by 86.7% initial cost. And SPP appeared 8.0
year overcome the different initial cost by different annual energy cost.

Key words: Heat pump(® =), Apartment house(&%54), Chilled water storage(Z4),
Ground source(A € ¥), Cooling&Heating (W), LCC(A o F711] &)

72 & 4 H
1. M &
LCC : Life Cycle Cost
SPP : Simple Payback Period Fevgel s AEdS UEE S EHE(heat
usRT : usW & E(=3,024[kcal/h]) pump)®] <EY(heat source)oZ AFE3 L 9]

AT 4 G AL HEFZAzYS F
* Corresponding author Hiol S7H F 6,000RT TR H

Tel.: +82-63-271-3202; fax: +82-63-271-3203 HS 7]Esn . gEE daie 2 o5
48 AEo F3Ho] wgFH gl

i o
1o,

E-mail address: samoilsa@hanmail.net

- 1497 -



ARk, mid 35%9] AEER SUtete A
At AEY SEPHIZAIAH] AL A7
R Po g ALEEE 7]17] FolA Wik o
S shube AwE Feetr, =2 U aE
71Ee] ddAdn]o] nla] Ayt ok g
& 7]71ek= Aol drh o]yt Aol A w|ar
H 538 o] AT E FUd A8 ®
olyz} Wt F®(residental house)dl®= #-&
of wid 25%°] FTUMER R e AA
t}.

st Syl A e g S| EgHZ A
98 7)ol FAR st 7HAHE W,
HlEE By o#s AL Avrb 20099

LR
o'

=

—

]_
kW= fHA g wteh 223 o532 HAd A9

o
\]
3
O
2
=
=
o
e

N Rl o
i
£ q

Lo oy ¢

O
_

fr lo o

fn}

=

o =

= 5
e

>

¥ fo

N
o
il

(o]

o— "
Al
=
Y
=2
2
L)
il
=

2009
7293vHcWolm, olgd HgdHFert 6,
kW= digso] d5dn &S 109%=
ALZ dgeta gl Jhed, Add 9
WA gl e dddely fR/E
HA il g&e] w7 oA Yo

Holof & Row

[lu

ol
op

oD > e N R ool
. XN oo [k a2 orlo

W

m o

2,

lo
ol
ol &
B\
)
o
>
Jo ¥
for

el

=

®)

o
[k Ao

o
[~ 2 e g
o e &Y

HaE7t

3 gBEE R FIALE ol Fad
SUA Y] $5D JERTA2YS Hed A
TAEE A& et alVo] wEANT. FA, %
AR et al?e HUAL R JEANLANE
2 SEPEA 2] U WAs T A
st A guel SAge dAvadu, ¢
% oet al’e M REH Yo d&5H g
2 ol gdte] FAE AR WHS FFIE 7
A9 SEFZA Y e ANz o

A, Fyan QA7 gdel AT 87
Be ggor Ad % ALe olgdtel Wil
: Z9%22 4§

H
EENREREER PENESE

Y
oF
o

(

3
(53555 A10-0853282% )9 <9J3te] o]
F9xE PS4 JERZE AL 3
FEgael 94 DY HEPIA 2
FE5e 48 AdE 9EFANFoL 9 Ao
Fo g BHATE Fohe] 2ol nd o

= AT ALg A A"S Figo 13 22
A MEEE e e 5E4 A4EY g
WA g om A Al AL A4 S92
(F9x), ALslExd= Adugr] 9 7|AA
Hrxe w#EE rofdy. H9drE &9
Ao WetE ¥erl B SIERZRALY
3 ZGUREge @A wEAL 4 gow
2, A4 dERzgFe v F94 gz
spol wl8) 60~70% A AAL F oA A9

oox ] JlamadEgR 00
(HIZZAHeatPump 22 .' N I-"-'. ABUEET
/ aguyr
A

24457183
opiagE (S2AlHeatPump &)
Al 230
AFLYNL
oD Fuguey
Fig. 1 =dAxde] LI

- 1498 -



Table 1 A0 A8 Ho Wuing
[Mcal/h] Al

#e | wa ] O | s
A3 71.2m 28 308,728 253,731
B3 57.2m’ 49 445,067 356,720
cH 42,7 49 337,267 266,293
D 29.2m’ 21 119,511 78,044
oAl 7502m' | 147 1,210,573 954,787

Aule] AAu go] APHE 540 9

AN
2 AFo = Table 13 2o T%
q

g7l We Wi WhRe HAARE A
goto] £EA xS A8 A4S, AUy
Wb 400usRT oju] WS 66%, FARE
100%= AA3sta, S| EHZ &3S 320usRT (H
gRstel 8002 AAAL. 9 How Fux
o @ FRr WwEelwel 46%% A

Aol 7M AAAHolgt= AFATIE Ao,
i 2L 88 100%2 AAE 7l 9308 (4.
W A8 560 % Bz A4S 3708)S
AAEAT 4E T FAF 2 BEFES F
7telA ARG HE A AEY S EFHZA
2 ®S Fig. 20 Ve

22 X|del s|lE®H=9 MHA

Aol A AAG Add SJEFZE Fig. 3
o A YpERA whe} o] AR Wul st (screw
compressor) 2} Wyul&Eu] X7} F2E B o)A
Ad <4 w3l7]| (brazed plate heat exchanger)E&
Z(device) 02 AFE3Et1, YwI2E 2E
FEoR Age,
AH(liquid injection)® 4] 9 o] I x=wlo] A &
S Pzt BAS o] &3 WRFAAE 3=

pad

i

i=]
n
2l3sl= 4N 7] (receiver) &
7
&

pE o -

i ©° 12 M to

T35k,

[C€EEEEE)

mmmmmm =
:
SYRIN ﬂLl
[ on s
’_3@—‘ 1o0a
WV
=, o & &
& G
CEERISE o0a i (Geesus
C)
§ [ I
I
bt
= = == =
W [
88 = 372TON o
N
@ [CESEED)
N — JLM—FW o ”
3 — 3 — R
IS E R Yy &
— R
— PRl
&
P/
YELRYHE(BIKS
@

\GF/
EEEErPE

00K
008




* NOTES
Tme #/53 B2 Coptiaw %
5 e bs ar s

—-— Al RN

=— dwAl gres

NAWE
VATER UNE I
THERVAL SENSOR POCKET™1 =
| Gcentury _[F]  SCH-070806

= o
X YujsE =

s
FEE2

= AT

22127 (BHE; Borehole Heat Exchanger)te
a
=

AE Y B EHZA2H

=~

w7 AAE g diE Z2 3l EED
3.0 (Earth Energy Designer)& Al-g&3le] A3}

Ao, Xdustr|e] e Triple-U (6-pipe)
3 Al o

4 A gagith el £F, dwds] Fu,
dpe 2 e Az o dol
=
=

S

3

E AHste] ALrst A3} L-2 config.

zb= AL H YO 170m zo], 807 &9 A4
7178 AAE A

24 S|EE=Z W chtA| AR O] 27T Y

Fig. 2 % Fig 40 Yetdl o5 F9x5 z=
299 S EFZA AL A7 3714 ¢

s
T4

o
S| EH X e} 370
Ll

rN
::l‘
—n

A&, 100usRTx2th ] A DA E

FAska 9k WA, 120usRT A

o &dzr AAE W

Yo

m
A2, 40usRTx2tje] A<EQ3|EH 2zt 370
glo g

= AT

oA gia AES UTANE FAE =9
TTYoR A WA Ao b FH 914
P AAE 597 §7] B AlEY QiU
F78tE dnlste] Ad wie 25ds 9
Wik Fgo] Zesiy, 7897 FHu W)
Al S giv)sle] REYWS A FEAAE i
7F sk drle 308 FExe A
At vig 2pds 93 2eFE 2 FHy
ls P REYYE SAA ~vlo] A

3.1 Alatel 28 oy M

BT 488 F94 AGY HEPxA
29 Hopdd e olgats HYAMRA, Aok
0/7F5¢ SlEfZe] o] A%Ow o] F
Am FewEel wel SUtRede Fas
toohe gl we g A A Edol
Ao o A Ve,

g, 847) AokAITrl 120usRT-370E 9] %
zolM wiede]l WA B 200usRT-




S0ES] Ezol A Wede ARHEE A Table 2 THeBAbs] 7] 7h 24
W7o dHgSHAA BH EFYH(heat in- thol:x 9l
jection)o] & # Z #(heat extraction) Bt} # A A
ez xdustre] Fad S Ho] drAlEx o T | tHeb 1 | tHek 2 | ctHet 3 H| 3L
= 3ol Aok A7) F
Al A n = S
S, SA Ao et wA Al E7Al 1428 | 1,835,000 1,523,454) 328,104 = ¢ 4
o] 120usRT-370E 9] ZWxo]A 40usRTx2te =
| us «% e | 4 usRTx th 2l B2 | -130,000 0 0 2?5€1
Heyw gdo] Mastes v AFudkr|e] 4 Rl
FAES FEdHFo 7 Igenr A2E ou A A A
TEET FEHATLL 7o ] I AT 40700 121,876 o =
A Fgol Eobx Avs} dgEh 5 e L
T
SAn] | 91483 143719 244,323 .\
3.2 4 HHatA[ARIo] AXAN HIL T8
_“
AAN os0 806 1073474 AF| @
AT oy AEe FEFYORA E Al
1]/_]-131—13]—/\1% /‘\_E_lﬂ—‘— x%ﬁ_a:;___} 2= 01949_ , o] = ©
o o 0}'0:] =170 TR L]' HT 1__;1%]?] 152,840 100,604 7]% ®
Aol B4 AW FU FREAE fA 87} A
g8 4, duFdoles 4 Wil FUYEH
ijo . ﬂt; E]E},; HH EL—‘”"” SPP 8.0 107, 1% o
yAog A¥] FHE Mt 53], 2bebA
o gAes] Wl s W HFE olEHE
Y3 H S A&6t7] oesrz d7leuA Table 3 A o}F7|H]& =LA
2 0§l A9 AEPLALYS 48T 5 o)A
A AT
olul, 7] F42 AAL S| EPZA A (e R AT AT M A i
Date ge Ay Pgrst ¥ ofee 7ot ARG
; A )| 1,835,000] 1,523454) 328,104 1 4]4] &
o] 420usRTE &S dA|sfofst= v 5492 A4 It KE)
wde el R o] Z(it 3)& Z4zke] ] EN -
detel A % AU W, wERAsg) | (30d) S 63380 A
2 B
ZH(simple payback period)@} Aol 5= 7] v] & (life u]
_ A | 1,249,000 1,252,658 348,162
cycle cost)& digh 19 Auje} vl = glo ]
W, 2 A= Table 2 2 Table 3o e | 7] H] 36,700 30,469 6,562| 2% &
=3 )
299 FEFHZA~E AHuuge AARo] = | id 2,366 2,194
200745 AAAE AFAE qesan, A4 | F o B 06%
Foge 42T W, 7 A pue gaH | w | 5 | 200 L0 1560
A AUS Yedg a5y A E A o
A A0S dEAFE AE, wpaA E g || 91483 143719 244,323
oAbyl o@ APl UsAsE gk | g .
Aow, oju wrdgE HHo|xEL 2.966% A A1 40w e
Q J o
1997 ] 00607 100 Ske BApsEa | | F | 108 33057 567659
7l golA& o] Hits F3A AAtstT i}
AAN A= A 2G4 AR Srmelwsh 4 | 5025197 6076107 6,377,068
Adeojzd Au) (et 3)d ikl v HLEA] A 2 o] 1 M
o]
A9 segEAzdEld e vergass DIV @ e
Zr vl A3 107902 YehgEd, ols dhe

- 1501 -



il
lo,
o,
Al
[
oo
g
U
Mo
O
[N}
i~
=3
o
HUorror
ox
N

S
2
X
T
o
aw
P
o
it
)
i
i
iu)

St g FAake] SWA Aok g )7 71Eqt4
S wEEtal, olF H9xE 8T =9 THEF
8 FEda dY S EFZA~E] A EAL
5 GEFAEF7I 2 A Frn S 2%
Az, B F7EE TS AR 24Rdd
o} ool Auj(ghet 3)ol e =Ix= A}
£33k W2 (e 1)o] 475%, H] =924 x4dY
S| EFZA 2B (e 2)2 427% A UEye
o, AAAQ GdEFA3 5| FE4 A4
S|EF A 2~E (e 1)o] 8.0, v FEA Ad
A FEFHZIA G (YF 2)0] 1070z HI}
21 Abgete XdY FEFHZA A (e 1))
H #ZA Yebwch

T3 AF S-S A A T A
fFrerrdeet sfEdoelzd Auj (gt 3)e i
92 A4 SIEFZA~E (Y 1)e] 139 5
A Ax dorss Aoz yelytsd, ols
sl Adu] 2714 X9 86.7%¢l 3l FF Tt

ojgidt Az B u, FHS oz AdY
SIERELE FHIE WHoR 53|, FETYd
AolA TAFHFA WohAuz e gl
T FEds A4y slEFHEA~ES AEsta
olF HEx WS Aoz FHy] I

- 1502 -

Choi, B. Y., Lee, K. H. and Joo, Y. J., 1998,

Cooling and water heating system for
energy saving by using daily waste water
heat, Spring Conference of the
KOSEE, pp. 111-116.

Choi, Y. D., Han, S. H.,, Cho, S. H,, Kim, ].
S. and Um, C. J, 2006, Study on the

simulation of heat pump heating and cooling

Proce.

system to resident building, Conference
Proce. of the SAREK, No.6, pp. 915-920.
Namgung, D., Ahn, J. S, Kim, J. G. and
Han, S, O., 2005, Application of substitute
cooling system on a residental multi
transformer substation, The electrical works,
Vol. 22, No. 9, pp. 34-38.

Z3%, stolBg= 94 WA~
Atell, @bl E SEYEA A
3], 2008.

Park, Y. B., Park, J. B, Lim, H. S. and
Baek, S. K., 2007, Economic Analsys of
Cooling—Heating System Using Ground
Source Heat in Multi Family Apartment,
Journal of Korean Geo-Environmental

Society, Vol. 8, No. 3, pp. 11-18.



