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Abstract

Geothermal-energy has been getting popular as a natural energy source for green
buildings these days. As a result Geothermal Source Heat Pump System (GSHPs) was
being recognized effective alternative systems to conventional heating and cooling systems
owing to their higher energy utilization efficiency. But GSHPs has not been popularized
thereby the large amount of initial cost of the system and insufficiency of studies for
economic estimation. Therefore GSHPs are being developed to make up for the weak
points that are the large amount of initial cost of the system and much annual electricity
consumption.

In this paper, economic estimation was conducted by payback period method and it
shows that the pay back period of Heat Storage Type GSHPs was calculated 6.8 years
compared with the absorption Chiller-Heater system and 8.2 years compared with the Ice
storage-Boiler system. Heat Storage Type GSHPs also has the lower annual source energy

consumption than the conventional heating and cooling systems because of using
nighttime electricity.

Keywords : &3%At U (Government office Building), &84 A|g3|EH L Al~8l(Heat Storage Type Geothermal
Source Heat Pump Systems), 7|4 2 &44](Initial & Running cost), FAH] 3+7]7HPayback
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X 1. Target Building

[tems Contents
Location K-ward, Seoul
Floor 12 Floors and 2 basement floors
A ward office building, parliament,
Occupancy A public health center,
An assembly hall
Plottage 17.200m"
Gross Area 39,075m”
Structure SRC + Steel Structure
Cooling Load 1,200 USRt
Heating Load 3,629 Mcal/h

8l 1. Target Building

BIZEfL0ILIXIES ==& Vol. 27, No. 4, 2007



2.2 i *l*%
HAENE e 33USFER dAAIAMNE
REF0]§E71R E}E} i%’—*} 18] 5% ol’d=
Aol Ax] AHA| 28] Ago) FApstolof B
ol & Oﬂ?fﬂl*ﬂ“‘ A8 A dA A =
AE& *}7@0}31 HEDA A]_f; o2 294
A G| EHZ A|A53} dubAQl A =
2Rl AAsiin. ofge olE ]%‘S'IEFHE
zele) AAd 7 g Bl A

G.L |_'

ﬁ Circulation pump

(a) Heat Storage Type GSHPs: SYSTEM-A

RETURN

- L >

W]]Hﬂl[ﬁlpeat exchanger SUPPLY
al ol
ﬁ Circulation pump
(b) GSHPs: SYSTEM-B
Cooling tower
Rr’lH

Heat
exchanger

b
Brine pump
Boiler A o e —

(c) lce Storage-Boiler system: SYSTEM-C

%% Cooling tower

X .
F Cooling
%water pump

e imo ] Pump
=——N1¢F°-MDQ-—-—--———

Absorption
Chiller—Heater
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HE 2. Analysis method of Initial cost E 4. Initial cost of SYSTEM-B
Categories Contents Data . . Price
. Categories Quantity
Equipment Heat source equipment (1000wen)
cost Heat pump 4 436,000
.| Piping, Automatic control, heat
Construct ) . : ca
228 CZ‘;EI SCW, Electrical equipment, |Korea Price Bquip. P()um)p exchanger g 7.000
Gas/Gas-duct, Information ‘f‘j;f Hp deep well 16 44.000
Government | ... A tgx favor, Corp, Heat exchanger 4 18,000
Financial support , total 505 000
Korea Installation Field TInor *0%a ’
Support Electric [support, A design| Estimation Geotherrpal SOUtLcee 140,000
cost  |Power Corp. bounty Data Const pipe
Installation ONSL-1 Automatic control 57,000
Korea Gas : cost SCW 980,000
Corp. support, A design "B .
bounty Electric power Equip. 55,000
minor total 1,232,000
- Installation support -
E2lnl Ak Ay Su{Pp”ort
Ez iﬂT wl A5 23t o C minor total -
H 3~ H 62 ZEU 7 A 2= digt 27] Initial cost A+B-C [1.737.000
SAH) 43 AHS G Zelth 2w Qe
A"l 02 Wo] ALEE TAIJIA o]& LAY E 5. Initial cost of SYSTEM-C
Categories Quantity (1000 won)
E 3. Initial cost of SYSTEM-A Refrigerator (USRY) | 2 96,000
Cooling tower (RT) 2 24,000
Categories Quantity Price Storage tank(USRt « h) 1 144,000
(1000 won) Cooli
reulati 001Ng 3 7,500
Heat pump 2 218,000 Circulation water '
Storage tank(USRt - h) 1 135,000 pump (Hp) = &2 3 7,500
accumulation of 3 4 000 Near by
Pump cold Equip. Storage 1 6,800
(Ho) heat release 3 5,000 cost tank
Rquip. | | heat exchanger | 3 4,000 ryr | STway valvemo
cost deep well 8 22,000 Heat 2 9.600
"N Automatic valve (A) 4 22.300 exchanger
Chilled and hot water 9 23 500 Boiler (ton/h) 2 82.800
heat exchanger(kcal/h) Brine (ton) 1 95.900
Geothermal source heat 9 9 000
exchanger(kcal/h) : Heat exchanger(kcal/h) 2 23,500
minor total 442,800 minor total 426,900
Heat storage/ Cooling water/Brine
c Geothermal source pipe 140.000 pipe 85,000
S:Sit. Automatic control 57,000 Constt. Automatic control 45,000
5 SCW 490,000 sy’ | Blectric power Equip. 35,000
Electric power Equip. 30,000 Gas Piping/Gas duct 60,000
mmc.)r total 717,000 minor total 225,000
Support Installatlon SuppOI"t 86,400 Support Installation Support 86!400
el minor total 86,400 ol minor total 86,400
Initial cost A+B-C | 1,073,400 Initial cost A+B-C| 565,500
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E 6. Initial cost of SYSTEM-D

: , Price

Categories Quantity (1000 won)

Absorption
Equip. Chiller—ll){eater 2 234,400
cost Cooling tower (RT) 2 36,000
‘A" | Circulation pump (Hp) 3 12,000
minor total 282,400
Cooling water pipe 65,000
Const. Automatic control 40,000
cost | Electric power Equip. 10,000
B’ Gas Piping/Gas duct 60,000
minor total 175,000
Support| Installation support 4,000
"’ minor total 4,000
Initial cost A+B-C 453,400
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E 7. Analysis method of Running cost

Categories Contents

Standard Cooling-Heating Load Index

Load factor of Korea Electric Power Corp.

Operating 08:00~18:00, 10 hours
hours
4. SXH| AFX Running days 25 days
. A
4.1 $Hu] A4 up 4.2 v A ZHst
E 7 $Au] A8 WA ek Aol g9 E 8 HENY QYN e oA a3 A
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32l 3. Cooling and Heating Load for month

Journal of the Korean Solar Energy Society Vol. 27, No. 4, 2007

179



1A 2|/ FAR| S 7S 08T

3 23E vehdc). 394 A9

- |G EHE A AHL

W-257)
A ARSI
HH-A 717t A7 o] g
= vAseE A2 ¢ F Ju. B 9=
o] AHg-¢

2 % A A7
Ak AR, H&E-Hdg] AlA]T S5
N2Ee FhzouAsh A7lduA 2
HlZg-golg] A|AHle] A9
& Agate] A2
Sdu] A
AR GRaa T 47

SECERER:

ikl A=

o%

Tl 14—1:ﬂr

E 8. Annual energy consumption of each system
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Geothermal Source s Absorption
Heat Storage Type GSHPs Heat Pump System Ice Storage-Boiler System Chiller-Heater Systems
Categories Elec. (kwh
= }1;’? ( gth)er_ LNG | Elec. | LNG NE}l]if (kgﬁ —| NG Elec. LNG
& . (Nm) | (kwh) | (Nm) B ACT () (kwh) (Nm')
time time time time
Jan. 71,525 | 58,710 0 122,304 0 0 2470 | 32,011 3,626 33,587
Feb. 71,525 | 58,710 0 122,304 0 0 2,470 | 32,011 - 3,620 33,587
Mar. 71,525 | 58,710 0 122,304 0 0 2,470 | 32,011 3,626 33,587
Apr. 71,525 | 39,592 0 104,853 0 0 2,118 | 27,443 3,109 28,495
May. 46,000 | 32,890 0 72,499 0 63,429 | 33,600 0 16,744 21,371
Jun. 46,000 | 60,299 0 96,605 0 63,429 | 66,600 0 22,325 28,495
Jul. 46,000 | 60,299 0 96,605 0 63,429 | 66,600 0 22,325 28,495
Aug. 46,000 | 60,299 0 96,665 0 63,429 | 66,600 0 22,325 28,495
Sep. 46,000 | 60,299 0 96,605 0 03,429 | 66,600 0 22,325 28,495
Oct. 46,000 | 19,734 0 60,899 0 63,429 | 20,160 0 14,065 17,952
Nov. 71,525 | 58,710 0 122,304 0 0 2470 | 32,011 3,626 33,587
Dec. 71,525 | 58,710 0 122,304 0 0 2,470 | 32,011 3,626 33,587
total 705,160 | 626,962 0 1,236,431 0 380,574 | 334,628 | 187,498 141,348 349,733
unit - 1000 won
E 9. Price of energy source
Classification Demand charge (won per kw) Power Demand charge (won per kwh)
. October~
Peak period Hours|July, August The others
Service-B e o A March
High Voltage Heavy-peak period 39 1 69.1 60.1
Power A 6,130 hours ' ‘ '
Choice (I1) Maximum-peak |, 4 97.3 82.1
Charge period hours ' ' '
Application charge 113.1 83.2 71.1
Winter
32.60
Night (consumpti(5,303gwon/kghr . d 10pm) Night-time e
i on between 8an an pm) h 40
thermal storage (monthly total consumption) other season 2
power service(B) Other-time 70.80
Minimum charge of Night thermal-storage power service(B) : 570 won per kw
LNG Consumption charge for cooling : 274.26 won/Nm'
(Seoul) Consumption charge for heating : 505.74 won/Nm’
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SYSTEM {A) SYSTEM (B} SYSTEM(C) SYSTEM (D) SYSTEM {(A) SYSTEM (B) SYSTEM({C)} SYSTEM (D)
18| 4. Cooling cost of each systems 12! 5. Heating cost of each systems
E 10. Running cost of each systems
Categories Total Cscr)lssttruction Support cost Initial cost Running cost | Payback Period (year)
SYSTEM (D) 457,400 4,000 453,400 160,424 basis
SYSTEM (C) 651,900 26,400 565,500 131,170 3.8
SYSTEM (A) 1,159,800 86,400 1,073,400 09,155 6.8
SYSTEM (B) 1,737,000 0 1,737,000 144,602 1.1
unit :© 1000 won
A7k, NG EHZ A|2E 12% S7) HEE-H 5.4 E
Ao} A28 41% AAZ eRdTh WA
=g A3 EHIAAE 62% A7, AEIE B qpoAes AEAl FFAA ES e
HIE A|2"] 229 7hA HlE2g-Hdy A AE] 2 2GARAGI ERAE A AHS ¥3) 4579
5% 25 etk dzkedule] o mas A& ks AAN2EE ger, 7 Alxld]
of HH P2 AFIEHZIAAE 57% T, Z7)1 529 AZLE-AY] & APYeta, FAH|
NG SERTA 2 10% Ha, WEG-udY I35 UE HES wRoR 7 Azsl 7
N2E 18 5% A4S verit ARl ietel $AsATt. A7l AnE 8ok
9 et 2o
4.3 Sk 315717 1) 271520 © 4457 Az )
FRAeS] AE F0E 2 s slof, WEE-nade AxEe 25% 37, &
EAN347)7HS vlws) BW, WE2d-598 A 42 x]g-a]:_e_ﬁ*z N2®l& 137% %7t A
~Hlo] 3 8d 02 713 AR A o] 918-L o 2= o A3 EHZA| A6l 283% 7+ YERAT
294 AQAERZAZRS] BAp 5] 2) AR —‘3—'#—&1»@2 AR EE R
e 6.8d02 A4l sle Aoz et dol, YRE-RYade 18.5% T
AL EHZ A 2Ho] B 3]47|7H- 81.1 294 A G EHIA2-E 57% A, A
oz AR o] A g Aoz vehdl d JEHZIAAHL 10% A E L}E}ﬁiﬂr

Journal of the Korean Solar Energy Society Vol. 27, No. 4, 2007 181



1N 9/ FAE7IES o) 4F TR A8 594 AYINEHZ A 2" HAA Bt

3) FAW] 717t ¢ FAYST) AlaEl S
el E, S5E-HdY Alxdo] 38307
7P Aol 1, £94] A FIEHTA
2HE 6.8d0R 732114:}01 glom A IIE
FAE A2 8].1deE AAA AY ¢
© AoE JETH

e, &4, I3, AT (2004) AE
T R A B, =
, A|13¥ A4z, pp296~300
244, 3%, 444, 049, £
A v £ £54 ZEA Z| o] &

OE o
of rf. o=
1% oL

>,

>

o

lo

o,

X,
f—lN_\g!

PO
r.>_~,

0o,

182

AUz Alxde Fewzl AW 2 J|er)E
(eh) T2, 2005.9.30

3. AW, odFE, A9E, A7H3F (2003) ¢

9 294 segzaado] B 4297, of
Qau|Eets 200354 LR =83,
ppl88~195

4. HB4, o)AE, AEZS, o]FH (2004) A€

AS o] &3t £5E 4] S| EHE JluA| Ag 9
Az ) 3Hd ) 283 0040}7416%‘%1'41
3] =54 pp.442~448

5. Lund, J. W., Freeston, D. H. (2001),

World-wide direct use of geothermal
energy 2000, Geothermics, Vol. 30,
pp.29-08

SIEZOILINIELS|] =2& Vol. 27, No. 4, 2007



