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Economic Analysis of Geothermal Energy Facilities
Applied to Public Buildings
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Abstract

The aim of this study to propose an efficient method in selecting the type of new and renewable energy applied in
at the planning phase of buildings. This study applied geothermal energy facilities with high adaptability to buildings.
This study considered the energy reduction and reduced cost by comparing the values with the energy consumption
before applying of geothermal energy facilities. In order to propose more reliable criteria of economic evaluation,
maintenance costs reflecting the replacement cycles and initial construction costs by drawings and specifications for
installation facilities for practical geothermal energy based on construction statement for life-cycle cost analysis. The
results will help to effectively select economic types of facilities for new and renewable energy of the planning phase

of buildings.

Keywords : economic analysis, geothermal energy, life-cycle cost, public building

LA &
1.1 972 HiE % ¥

are} 2o} el w2 et Sl A5edel 8t
32t flelide ds=el Addiel 27g0] Ao el
w5 AR, Q9] 2SS9 A5 AlLEe] A
50| LAzt ol al] Au|AIAE AR SR, A
ZAE 5] A=A Swo] 23kE o) 2K A
S=a Arlstolof B, 2] Asas ARl ol
ASE ouA| e} deld 27K wiSAiol et
Aol 3] Tkl glont 71l ARSI shafefuf]

o] B SHgfelo] ofuAaREE dailrle et

Received : February 26, 2014
Revision received : August 21, 2014
Accepted : August 21, 2014
* Corresponding author : Kim, Gwang—Hee
[Tel: 82-31-249-8843, E-mail: ghkim@kyonggi.ac.kr]
(©2014 The Korea Institute of Building Construction, All
rights reserved.

423

2 7131 AL QiSlet. olefet ZA| A 5 skt
7} Ao R o] ARE-S B3 S AR A HE A
ofcH{1]. wta] EARI ofi2|9] BEAS ATV
A= Aplo] Fslar, e 290 Aol AP
283t 7lsrldo] AlgRt AAoeH2].

EUE 201995 H= ASHES dVdes e W &
Hsl= oYx|Hct o W oUXE BaleteS 145kl
o, ujstoflAE 20259714 Akt s tisf A=
A S EE AP 1 9 oJRa} Hkte] H15E9]
TH3]. oY Zhgola= AR RH] S| 2 FH]
& SHE S8l ket 9lom, =fjollt 2012 1.6%
of 17 Ao A] FERIES AGHOR ST
Qlell sl Qirt, weba ASEA A RE oy
A AH]eFe] djSat dokete| st B0 L asit,

ubA 2 AtelAe 5=l Ao A e & o
4= A8 A GAAES AEASE] ZEA1A ofl|A] 4

ujeFAbgEl 0] H7eke BAeha, 2] S 2 e



Economic Analysis of Geothermal Energy Facilities Applied to Public Buildings

S| 5457,
(LCC)H #4125}
A 2

g
1%z

\r
o

2

2 APAL ARE TR AL
2] AR IS PR Lo v L R e
AR E o202 MdR)sfof dh= 55
2 7|2of| A} ehmE ) Aloldt AEE 3
1AL}, A 2l=2E BAfsto] AAgelu R o]
B5FE AHEIEE(case) ol AEE09)E 7]E o
UR] Fapdulo] gaFo @ wAsie] ARAYeu A1 o] A
SEA] ok A=ER RIS o] caseo] AR
UA] SFoF HIE-E ASE ofluR] AvlEsg Hrf 22
Hel ECO2—-OD= Alitsto] | gdnlol 552l Hl&2
100%2} 25%2] AXFEE AA, Au|EE caseo] 283}
et

AEE9] vz Aask 13} o] I
o] A FofuiR] Zgof WE WSS Hlwl - B3I AMgaF
o] H3lE &3t A HofufA] 24 T HA IR
2> A A5EN A48 A5EC] ofjuA] ArE-g 24
alon, 27| FARE Ao URZ APAE A |
Aol ot FHog FHEalct 7] o yx|Ha} Adue]
o] A7 Fsgt folhs 28 whE 7| Adule] 85F
W7, o] AA & HESIY 27] BARu]o|| vHgsiel
o}, LOCEA A] Y894 40902 3la1 B3] o)
1002 A glom FaAEe] 4457, wAl 1S
Hhogste] fAEEE] ARge] AlRAdS SEaeict,

A
\l rﬂ
flo 2

g

=

A

N
i1d

)
op it
[2d
o,
ol

2
¢

i

AQERS AR

o= v

Of

O]

i

S

2. 7|1Ed+ 1%

A5Eo] A== AR A dr]of sl B2 A+
0| Zl3=]o] gkl o]F Bl L A8 A=t A
U= RS HhEEE|o] fith Rezaie et

al [4]2 AHASES SRR a8k A5 2
A8l = A DAL, SR BFFAIAR 9 Sto
He|e AA”IO] AR, BaA, oluA| viEsE 416t
At} Visa et al, [5]2 BfjeRgolH A 12819 4841}

tlo

P

424

Slo] A} AV SO A2 A - 3 HSEIA &
Tk oll|Al AHIE 2ABKL AV A5,
Cucchiella et al. [6] 715=ol AAH SFFAAAAIA
H19] J5H7IE AAlsto] A] Al HAA SHolA 27
FAHIE st dels AES B4R e AXE
A ¢9] 7192} AFALS] o qR]4xH] Fefjof webi] kS
72 = AES BASI9I} Francisco and Batlles|[7]=
oA aH]gkE Hsh] 93 tiete R fefoltAlE 4
B3 WA |2 7| AR Hl A1 of e R] 4
H|gke] AE-S oPdsioitt. ol3x ookt w7lolA A=
=9 ofqR|AH|EES £0)7] 28l AU xYe &
ek A7 2Ry ik, Z1eju ASEAR AR AR
Aol AR| 8IS Agste] A-8sl= Ao digh 414181 4
8710] nhE|o] QIA] oo} AFAQI o |qAJ e Tl A
d FRE PE Ao A AR 2] A-o] o] A=o]
o}, E3F AsEe] A8l AP AIA AR Al 9
AAGA A AgE]ojof sk HEHEC] oLt B0
webA] ARER= o A]7E Adolslr] afiZell AR HA]
AAEIO] B8] E B4 arefstodof gt

U] A= A5l 284 AR &
o 9 A-go ek Aol Al RE A HE] o AR g AtE
g AA Al Bt AR A 4= Sk Jung et

(812 AR A] 2-8-0] SAJ3HE flsf AlAAEIUA]

@,
o |

21§ 9 BAst Kang et
(912 % A=A 5%0)330] Aol A] o]

Fe 35 Ee ez dEouA] Ee9Es 46t

i 2 o

A, 7S] AR AdHIE o83l 7M1 glo]
aade A = Sle ke AAEIIT Kim et
al.[10]2 AP A A 28O A= 2180 whE A2l
71 NS PR 712ARS] Yo R St So] AlAY
AR 28 AsE ARIEAS JIYE oluRIe Aol
UAE T2 =] dsA1e ke AAskIE. Yoon
et al.[11]2 A5E AlRdAFE A AR 9] &

Tl W AL FFRAA,

-

Aok 7 5 o
AAOIA] AZIETLE] e
Sfh TRk ANIBITE, Seo et al,[121¢: Aol IA|)
B WIS Aol 71 AR e &
spatslol W2 e AP RS tebds AEsie] 2



O] 28RS mESIGITh, 3 ASEo] A8 Aol
UR[9] oA R A Aol it A= Bk
5 W=t Kim and Kim[13]2 AAAefuA] 5
HoRg, F8, &8, HloleriAE dVdo= A Bt
S AAfste], AR A8Heke AXSIAH.

Kim et al.[14]2 VA Athe $1et Ao A] 218
= 3l LOCEAE AAlsto] AAEoA] 218 Al 275
Ap|el7 |7 ofuR|An]Hlg-e] el wel s
Bl BE EAokaL A Sl dsEe] ARk
ARSI Lee et al.[15]2 AR 55713 4]
oFet Ao Ao Qle] $575E0 28 35
A G oUA] ARSAEE A @FHAE F
St AT R2H, AEdied AuRdey] 4= HA
SHITE, T2 71E Ak 2dEel ARE AR A A
ol A3, uT el B AR, ol8A R 55 A}
1ol 2 AR 28 Rt 712AkR ol 1
7Fe/de AABL Jlem A lov Al de] aa#el ¥
25 Sft ZAgRRE vetslalat shed| 1 At EAPE
ATt R AP R A A Al FAAR] 24
I} 710l el Asa Aoleer] A Bl AA
TR0 40 oFofAA| grot Al 2A] s e

A] g Alefe] sl
3. A%HE A AEF Ad A

A5 oUA AT 59 4e fl8l thFold =2
8-S okt 2ok @ Case'd URARY 9 ofluix] AMg
e A% T8 oA Feleas AL @ ARl
APdu] o)2g- cased ARE F oflVIA] 287, oUA] AN
B8 ARt S 8w, ARHIE B 1A} o]
287 A @) Case'd A GofuA[drlo] 28l T ¢
& AR 287, o|A] ARG} A S AT
4087, ARHIE B 14} ofuA] 288ke AX @ AXE
A=E EUE case'd A|BofuiAdH] wA-gat 285 A
FollA e AZE F oUA] 48T, ofjufA] ARgHIEt
29T B4 © Cased R Z1249] A FofufA]dH]
A8 wh ofluix] Ayt Bl 81 vl 8-S AL, A
S T A LoHA] 280 whE olluA] AR oy
A ARgHIE] B AR,

21 o=

425

Table 1. The description of cases

Case 2
Public building

Case 1 Case 3

Type of cases

Structure Reinforced concrete
N.of floors Basement floor=1, Ground floors=3
Size Buildin . . :
of fhe reasl  77442m  1,495m 2,786.57m
uilding
gr%tgé 1 ,923,83 4,0%@.58 12,600.79
Heating&air-condition 1,421.58 . R
90 aread o 26994m  7292.16m
Outer wall o, ° o
area/window are 20.45% 18.81% 32.67%
Heating(k EHP EHP
W) 339.6 420.1 EHP 2,358
Air-conditi EHP EHP EHP
oning 301.6kW 377kW 2,289.6kW
Main _ Gas Lamp oil ;
Hot-water ; Gas boiler
ener boiler boller
faontes  Supply(kW) a9 11628 244K 2
- Exhaust Exhaust  Air—conditioning
Ver(wtllatlon an fan equipment
lamp6.706  lamp5.47 lamp35.72
Lighting 6.64W/m  8,02W/m" 8.00W/m*
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Table 2. Annual energy demand quantity and use cost of cases

Table 3. Geothemal energy application capacity of cases

Case 1 Case 2 Case 3

Heating 68,981.18 118053.14 365,861.47

Energy  Ar-condiioning  26,977.01 60,1807 20162222
demand Hot-water supply 18,091.80 35,867.80 66,520.70
quantity Lighting 31,160.87 7576222 23848533
KWOYD  ventilation  31,15586 1235045  145950.22
Total 176,366.72 302,151.68 1,018,439.93

Heating 6,044,821 11415739 35,378,804
Air-conditioning 2,363,995 5,813,417 19,496,869
E”egiituse Hot-water supply 1440518 4040650 5264658
(Wony?) Lighting 2730627 7326207 23,061,531
Ventilation 2,730,188 1,194289 14,113,386

Total 15,310,149 29,790,302 97,315,248

5. A Adn AEF 2 vE 4

Aol q A dr] o] Ao lof HH]H A-8-8F2] 4Hg
HA 2013 3o vlal] A5 APdoluA] AR
9 11%°l sligsk= A FollHR|9] o |A] Pikke et &
71 8RS V1580 R 51 100%2 25%] SEsk= A
A2 MR 8FS A sl A Dol #] AH|ef &
B85 APgeAE ot Aok @O dl| 52 ol
HAAREF] A @ ol oA A=l R FollvA] &
T HlES wote] A|GoyA] ik A @ g9
A 9] o gz gAlEL o BAARE Hoto] T
S T oAHAIAEF A @ A BoAR] AHAEES A|E
oA T8 & ANHAIARFC R Uro] HA)8
2. &, A GoYA] AR R ollHARIE o] 8- A4k

= A oHA|GRE EAIRE gholH, ald o |AARE =R
A7E ARgo] ISkl YRGS BATE groth

A FolAA] ARG D X HoUA] rlke 55 HFA]
o] k9] ofqAIAEEF 371.66(kWh/nr - yr)3t =
HAA 1,738 AGAGE case 12 A7|A G2 0,99,
case 2= AR PO R 1, case 39 A= AEA|Y]
0.98% 2-83fo] Aol A] A AMYsl), ol
7|02 A AA| AXGRRE 7F AdBle] 14, B4 &
= sl oqA] 287 59 4H Al A5, A E
U] ABAREES aldolldA] ARgeol ofagulE 11%=
283k gholm, 7|58 A BoUA| BAlES SE5A17]
7] $lsf Hagt A Do |qx|Adn|e] 85k LrEhdth, Table
32 A|golleAldud 2885k YeERaL Sl

426

Anticipated energy usage
Geothemal energy production

1,271,703 KWhiyr
139,887 kWhiyr

Standard capacity 99.00kW

Case 1 100% installation capacity of standard
capacity 105.80kW

25% installation capacity of standard
capacity 25.65kW

2,524,596 kWh/yr
277,706 kWh/yr

Anticipated energy usage
Geothemal energy production

Standard capacity 194.00kW

Case 2 100% installation capacity of standard
capacity 208.38kW

25% installation capacity of standard
capacity 53.80kW

8,159,820 kWh/yr
897,580 kWhfyr

Anticipated energy usage
Geothemal energy production

Standard capacity 628.00kW

Case 3 100% installation capacity of standard
capacity 658.80kW

25% installation capacity of standard
capacity 167.20kW

Table 4. Annual total energy demand quantity & use cost of case 1

100% application of 25% application of
Standard capacity  standard capacity

Heating 59,109.30 66,188.76
Air-conditioning 25,062.46 23,868.33
Eneray  {iot-water supply  18,096.71 18,006.71
usage o
(KWhiyp Lighting 31,166.15 31,166.15
Ventilation 31,146.17 31,146.17
Total 164,580.78 170,466.12
Heating 5,179,748 5,800,121
Air-conditioning 2,196,223 2,091,582
ENeroY  yot-water supply 1,440,909 1,440,909
use cost
(Won/y? Lighting 2,731,090 2,731,090
Ventilation 2,729,339 2,729,339
Total 14,277,308 14,793,041
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Table 5. Annual energy demand quantity per unit area & use
cost of cases

100% 25%
application of application of
Standard standard
capacity capacity
Does not apply 111.42
Energy Apply 103.13 107.27
Case Usage Reduction capacity 8.29 kWh 4.15 kWh
Reduction rate(%) 7.44 372
: Does not apply 9,662
Use cost Apply 8,935 9,298
Reduction capacity 727 Won 364 Won
Reduction rate(%) 7.52 3.77
Does not apply 101.28
Energy Apply 91.15 99.70
Case Usage Reduction capacity ~ 10.13 kWh 1.58 kWh
Reduction rate(%) 10.00 1.56
5 Does not apply 10,007
Apply 9,027 9,854
Use cost Reduction capacity 980 Won 153 Won
Reduction rate(%) 9.79 1.53
Does not apply 117.23
Energy Apply 108.68 113.95
Case Usage Reduction capacity 8.55 kWh 3.28 kWh
Reduction rate(%) 7.29 2.80
3 Does not apply 11,177
Use cost Apply 10,349 10,858
Reduction capacity 828 Won 319 Won
Reduction rate(%) 7.41 2.85
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Table 6. Annual energy demand quantity & use cost of cases

100% 25%
application of application of
Standard standard
capacity capacity
Does not apply 176,366.72
Energy Apply 164,580.78 170,466.12
Case Usage Reduction capacity 11,785.94 kWh 5,900.60 kWh
Reduction rate (%) 6.68 3.35
Does not apply 15,310,149
Use cost Apply 14,277,308 14,793,041
Reduction capacity 1,032,841 Won 517,108 Won
Reduction rate (%) 6.75 3.38
Does not apply 302,151.68
Energy Apply 274,793.40 297,873.27
Case Usage Reduction capacity 27,358.28 kWh 4,278.41 kWh
Reduction rate (%) 9.05 1.42
Does not apply 29,790,302
Use cost Apply _ 27,144,843 29,376,666
Reduction capacity 2,645,459 Won 413,636 Won
Reduction rate (%) 8.88 1.39
Does not apply 1,018,439.93
Energy Apply 956,066.67 996,005.34
Case Usage Reduction capacity 62,373.26 kWh22,434.59 kWh
Reduction rate (%) 6.12 2.20
Does not apply 97,315,248
Use cost Apply , 91,283,753 95,145,822
Reduction capacity 6,031,495 Won2,169,426 Won
Reduction rate (%) 6.20 2.23

Table 7. Annual primary energy demand quantity of cases

100% 25%
application of application of
Standard standard
capacity capacity
Does not apply 293.41
Ca® oy Apply 270,61 281.98
Usage Reduction capacity 22.80 kWh  11.43 kWh
1 Reduction rate (%) 777 3.90
Ca Does not apply 24491
s Energy Apply 212.60 240.83
5 usage  Reduction capacity 32.31 kWh 4.08 kWh
Reduction rate (%) 13.20 1.67
Case Does not apply 307.98
Energy Apply 284.46 298.93
3 usage  Reduction capacity 23.52 kWh 9.05 kWh
Reduction rate (%) 7.64 2.94
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Table 8. Annual energy demand per unit area of cases

Case 1 Case 2 Case 3
Demand
100% application quantity 6.68 10.00 7.29
of Standard reduction(%)
capacity Use cost
reduction(%) 6.75 9.79 74
Demand
25% application quantity 3.35 1.56 2.80
of standard reduction(%)
capacity Use cost
reduction(%) 3.38 1.53 2.85
) o] 136 ol Rl /1) e )
HAG 12} o|A] Ae8ke] H|oA= case 29| 73
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Table 9. Annual primary energy demand per unit area of cases

Case 1 Case 2 Case 3
100% application Demand
of Standard quantity 7.77 13.20 7.64
capacity reduction(%)
25% application Demand
of standard quantity 3.90 1.67 2.94

capacity reduction(%)
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Table 10. Repair and replacement period of geothermal system

Repair Replacement
Product period(year) period(year)
; o Replacement
Repair rate(%) rate(%)
Geothermal heat 5 10
pump 10 100
quﬁ'sptg?m _ Geothermal 5 10
construction  cireulating pump 10 100
) - 11
Expansion tank _ 100
Machine room ) ) - 15
plumbing Stainless pipe
construction - 100
g&gg% Polyethylene 5 25
construction Plpe 10 100
Structure install  Square-shape - 15
construction steel pipe - 100
Boring and i - -
grouting Boring
construction - -
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Table 11. Initial investment of geothermal energy facilities of cases

25% application of
Standard capacity

100% application of
Standard capacity

Case 1 177,413,214 57,481,291
Case 2 282,115,135 87,934,371
Case 3 684,896,176 206,499,483
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Table 12. Initial investment of geothermal energy facilities of
cases

eAnaly3|sye AppILcann ‘ Initial Maintain LCC
ar Yo investment cost
100 177,413,214 45,082,942 222,495,156

Cas

10 25 57481291 22929864 80411155

Case 20 100 177,413214 114,814,736 292,227,950
25 57481291 52,607,724 110,089,015

1 20 100 177,413214 170,715,471 348,128,685
25 57,481,201 78901211 136,382,502

20 100 177,413214 182,417.96 359,831,181

25 57,481,201 86,793,300 144,274,501

0 100 282,115,135 78,591,384 360,706,519

25 87,934,371 29,083243 89,533,243

Case 20 100 282,115,135 201,614,252 483,729,387
25 87,934,371 70,780,448 158,714,819

) 20 100 282,115,135 303,539,695 585,654,830
25 87,934,371 106,299,141 194,233,512

40 100 282,115,135 321,713,745 603,828,880

25 87,934,371 114,652,882 202,587,253

0 100 684,896,176 176,172,862 861,069,038

25 206,499,483 64,219,177 270,718,660

Case 20 100 684,806,176 447,156,081 1,132,052,257
25 206,499,957 157,211,330 363,710,813

3 20 100 684,896,176 708,458,855 1,393,355,031
25 206,499,483 236,056,719 442,556,202

20 100 684,806,176 743,348,843 1,428,245, 019

25 206,499,483 248,408,375 454,907,858
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Table 13. Energy saving cost by applying geothermal energy

facilities of cases
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Case Analysis year 100% 25%
10 9,750,941 4,831,961
Case 20 18,526,071 9,275,367
1 30 26,423,043 13,229,110
40 33,529,739 16,787,188
10 24,975,493 3,905,093
Case 20 47,451,603 7,419,390
5 30 67,678,450 10,581,999
40 85,881,127 13,428,114
10 56,942,694 20,481,317
Case 20 108,186,936 38,912,998
3 30 154,302,990 55,500,157
40 195,804,051 70,427,381
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Table 14. LCC of geothermal energy facilities of cases

Case Analysis year - 100% 25%
LCC 222,496,156 80,411,155
10 Energy saving cost 9,750,941 4,881,961
LCC r%?iléeotlon 4.38% 6.07%
LCC 292,227,950 110,089,015
20 Energy saving cost 18,526,071 9,275,367
Case LCC collection 6 36, 8.43%
1 LCC 348,128,685 136,382,502
30 Energy saving cost 26,423,043 13,229,110
LCC rca?iléectlon 759% 9.70%
LCC 359,831,181 144,274,591
40 Energy saving cost 33,529,739 16,787,188
LCC callection g 39 11.64%
LCC 360,706,519 428,982,726
10 Energy saving cost 24975493 3,905,093
LCC r(;ch;il(ljectmn 6.92% 3309
LCC 483,729,387 158,714,819
20 Energy saving cost 47,451,603 7,419,390
Case LCC collection g g1, 4.67%
5 LCC 585,654,830 194,233,512
30 Energy saving cost 67,678,450 10,581,999
LCC collection 11 5% 5.45%
LCC 603,828,880 202,587,253
40 Energy saving cost 85,881,127 13,428,114
LCC collection 14,299 6.63%
LCC 861,069,038 270,718,660
10 Energy saving cost 56,942,694 20,481,317
LCC rca?il(ljecnon 6.61% 757%
LCC 1,132,052,257 363,710,813
20 Energy saving cost 56,942,694 20,481,317
Case LCC callection g 19 7.57%
3 LCC 1,393,355,031 442,556,202
30 Energy saving cost 154,302,990 55,500,157
LOC collection 11079 12.54%
LCC 1,428,245,019 454,907,858
40 Energy saving cost 195,804,051 70,427,381
LCC collection o o
ratio 13.71% 15.48%
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