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(2) i+ & (Internal Rate of Return method, IRR)
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0 = PWiY) = ﬁOFﬁ(Hf;)*f ...................... <Al 28>
F, = 0gjotez 2Me 22358
i % = o] ol OHE 428 £t IRR
(3) ®a/HIR Hlg =242 (Benefit/Cost Ratio method, BCR)

Hel/mlg Aol ofw gt Ablolut Alglol digh AAA s} #E&S T
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2 oy Fxgre] A w72t FAere] AAAN Lt 7] Wil B/C W &S
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(4) 2J18 =24 Y (Break—Even Point method, BEP)
BEAAto]l a1 Qe F o) T 2 oAt tietEo] FUG WS o) o]

€9 Mol Wsd w o5 dijke] H|§o] A He= WM FE EVIA

=, p.496.
&, p.447.
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(5) al£=D|2tH (Payback Period method)
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<E 3.1> S8 XoHE AS 4T gD (EF21 © 9H)
A Y2y 4

=5 RS HE A

MHSA oo | SAU | =
154 72 9 11 4 ME-®zel @ 1974. 8. 15
254 50 34 37 19 M P2 1984, 5. 22
35 4 51 29 30 7 ® P2 1994, 4. Of
454 48 20 20 6 ® P2 1994, 4. Of
554 50 41 41 19 ® P2 1996. 12. 30
654 38 6 37 5 ® P21 2000. 12. 15
=t 42 37 38 3 ® P2 2000. 8. 01
854 17 5 15 3 ® P2t 2000. 7. 02
8 2 | 368 191 229 66 -

<E 32> BERAANO gt AH s (Er91 : 9H)
. g Z2FO0l AL LHO
ARG A 2

154 15 9

25 & 56 34

354 37 29

454 26 20

55 & 60 41

65 & - -

=t 17 17

854 13 11

8t 2 224 163

1) www.subway.seoul.kr/sub1.html
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¥} 53 o] oF 3w u/hrE AA| 9 24%E A stHEA HF BE AE5E W
3]

<H 3.3> 2dg "z Kot L= (& /hn)
1/42 2] 2/42 7] 3/42 7] 4/42 7] gz

154 892,300 1,027,600 1,207,800 1,005,600 1,033,325
25 1,395,400 1,613,700 2,887,900 1,539,700 1,859,175
3z 1,071,800 1,232,600 4,046,600 1,180,900 1,882,975
45 902,300 1,038,700 5,082,600 1,015,700 2,009,825
55 1,735,100 1,996,400 7,241,200 1,957,100 3,232,450
CI=Xal - - - - -
72 867,500 998,200 1,168,600 978,500 1,003,200
8su 35,100 41,000 55,800 37,900 42,450
A 6,899,500 7,948,200 21,690,500 7,715,400 11,063,400
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3.2.3 Nots &S0 ME XSHE AAY EF

16378 ALe] Asty WEE AMAEREES Edl® 1 %S 10,000/hr 912 T

2alo] Weld AskA GAle] £2 Aeld ARe <E 34>9 Lok

<H 3.4> Xlot== SEHU GE A = (&= @ H)
se(/hr) 1/4& 21 2/42 7| 3/42 7] 4/42 2] gz
5,00001 5t 83 81 76 81 78

5,000-15,000 25 20 27 28 28
15,000-25,000 14 15 13 13 14
25,000-30,000 11 15 4 6 7
35,000-45,000 5 7 7 6 9
45,000-55,000 8 6 4 7 5
55,000-65,000 3 4 3 5 5
65,000-75,000 1 0 1 4 2
75,000-85,000 2 3 10 3 3
85,000-95,000 2 2 5 2 4
95,000-105,000 9 10 13 8 8

g Al 163 163 163 163 163
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x| b of A
(0% 3.3) Kot HES Hel0 OGHE M 22X
327l

b14%
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m15000-25000 ¢
M 65000-75000 ¢

J25000-30000 ¢
[175000-85000 ¢

35000-45000 ¢
M 85000-95000 ¢
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Hel0l HE AAS 2XEHIE
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<E 42> QIAGA £HIIE 2- 585

AR2=(C) MUEE(%) |BUSZ(ka/kg') | &L (keal/ka)
9 I 28.9 77 0.0195 18.8
s2H 28 67 0.0160 16.5
CHEr & 28 67 0.0160 16.5
N2 XI5t 5m OIGtOIA 5 15C=2 JIE
268 Y 25 QIles + 4T

&< (kcal/hr) & (kcal/hr) & (keal/hr)

S2E 257,402 271,100 528,502(74%)

CHerad 156,149 29,167 185,316(36%)

A 713,818(100%)
S ZHl SZE 1 0.49 Cietal @ 0.84
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=8 2
-hy = 18.8

Ol EXle
28C (67%)
h. = 16.5

ts =
ED|(ALIZD) b=
to = 28.9C(77%)
! b= t+ (t—t) x B-F
= 19.5 + (28.9-19.5) x 0.1
= 20.44C - hs = 10.85
o) b b b = to+ (b - t) x (1-2ISLHIS)
ses) = 20.44 + (28 - 20.44) x (1-0.3)
OilD| w20)| = 25.732TC
ts = 19.5C
Ah @-2 = 5.65 kcal/kg
(& 4.6) 22101 Al SEC
(1) XIok4 A2t M2 0D W2ger s
Qo = GXCXAL o, <Al41>
Qo : W22t (kecal/hr)
G : KXlot=g (/hr)
C: 289 Hlg(= 1kcal/kg°C)
Kot E7 2= = 5T )
(2) =2 D12 HA
q .
Qo= ———— +1.2kg/m oo <Al 42>
(hy— hs)
Q QI =gk (m'/hr)
OO BI|IAE T (keal/kg)
D OYEIIER ZIIAE Tl (keal/kg)
(4) £ 20|18 Ht
QL X 100 o <Al4.3>
@
Qo @ Q1= (m/hr)
Qi . &Z221& (m/hr)
(0" 4.7) =220 HI8 AH&IHE & g
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4.2.2 XNot+= =0 OE HZIis LI HI=E

B AoM= Asty dquad

AlEol| A o] A et FE7Hs S e ARE 288kt 53l

fru
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N
SN
off
ot
fo
N
oft
o
X

>
ﬂﬁ’i'
o
fru
%
fo
N
2
o%

<2 4.2>¢ 9] Astr WEFC nE Wvbs =497]e vl &S ALk
BooAs &l ‘4'(5000~35000/hn)Y e 4~27%, ‘F(35,000~
65,000/hr) Y 7% 27~50% 2 ‘th’(65000~95000//hr) 73 $- 50~74%°] 7S
UEb AT w3k A8k W& ko] 30,000/hr F71E winitl Wzbrbe g =9
719l W& oF 23%% FTrhete AS 4 4 vk @FE, B Ao Ae
= 7 B &3 950000/hre] A sk WEEe] ASodAE AAVE =9
71 95,000CMH®] 70% AEwt ool 7Msstuz 7]E FRAAEe] AA =Y
7N HFE AAZ 7] e 128820 I/hr2)e] A&}
Hoath <FE 46> Asty WEF e JAvtE
2] 5} T},

_ SEE | W0is ce| @20
HetE (U (kcal/h) (CMH) < 21991 B 2(%)
A (5,000~ 35,000) | 25,000~ 175,000 3,687 ~ 25,811 4%~ 27%
= (35,0007 65,000)| 175,000 ~ 325,000 25,811 747,935 27% ~ 50%
tH (65,000 ~95,000)| 325,000 ~ 475,000 47,9357 70,059 50% " 74%
%/ 0H(128,820) 644,100 95,000 100%

e el 853 AASAEE 97 AFE At F7F v
) mielzlgel Hrk wekd vEdel A9 As4F 35000/hr o Fol W A

2) <Al 4.2>01A YDAl W2t
G = Q % (h - h)x1.2ka/m = 95,000x5.65%1.2 = 644,100kcal/hr0I G,
<AL AT>OIM ZRXIBHE(G)E
G = go+(CxA1)=644,100+(1x5C)=128,820/hr & F& = UL
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= EL
Wkl fFo] HAadT. <GF 44> B <GE 46> o8 Aty &gl wE W
75 g W] &% Axes AR Ay, Aske wWE o] 45,000~
35000/hr)d  AF 2~16%, ‘%(35000~65000/hr)Y  AF  16~30% %
'(65,000~95,000/hr) Y 75 30~44%°] &7 AHAZE F A= Ao= e
stom, wWE kel 30,000/hr S7Her wiwith oF 14%°] WY
AL & F AT =3 AAVIE =997 AFS QAT 9%
T 128,8200/hre] 7oA = WdE7] 2 Wid
=

ek,

ol
B o
ob
s

R
ol
il

o
o

<H 47> Kot LS00 OHE GYAIARENAML HSI|, WAE SSHSG

Xlat==&(/hr) HSII2E(USRT) H2AEZE(RT) ZAE(%)
2(5,000 ~ 35,000) 3527302 3857 331 2716
Z(35,000 ~ 65,000) 3027 253 331 ~277 16730
CH(65,000 ~ 95,000) 2537203 277~ 222 30744

%/ CH(128,820) 147 161 59

IELHS ) 180x%2LCH=360 197 x20H=394 -
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500 400
4 350
400
_ 1300 =
e 1 250 &
5 300 ?/
o y=543x+4395 1 200 50
ul R2=1 =
AT 200 1 150
=0 y=-49.6x+401.5 Ho
R2 =1 {100 ®
100
1 50
0 I I I 0
5000 35000 65000 95000
x| st
[—=—uzngss —e—ussig- - - ~UsIBBEAY uzgEHRAY |

(0% 4.8) XIots SE20 IHE ADI0H AIABUHANL HSI|, HAEES HEHF0

MO A A B <) 21>~<2] 23>8 o] &3Ete] Asty WEE
Hog ARS AR A, wEe] 30,0000/hr TS

2 35kW, Hi7]3h &= 10kW % HZo] geko] 3kWH 7ZHAslsE Ao

GER W, st gL FEe T-8kWAE S7eE Ao ek

NE ARt was s B 97ldy Az B guEY gans
= Axrg AR, Aske wERFel  ‘A(5000~35,000/hr) Y 75
45 14~26% 2 ‘O’(65000~95,000/hr)d 78 -F- 269~

38% Aaste Aom yEiwtew wWEeFo]l 30,000/hr 7SS | w2
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<H 4.8> Kot LS00 TGE AJI0ld AL THE S
SRS d2E dSII Xlot==
Xl Gh==&f o W 7| o =] HrEI AT
sS4 i =5 =sT8XL
(/hr) (kW)
(kw) (kw) (kw) (kW)
(5,000 ~ 35,000) 26~ 23 72762 2617224 23720 279
(35,000 7 65,000) | 23720 627 51 2247187 20717 9716
CH(65,000 7 95,000) | 207 16 51741 187 7150 17713 16723
128,820 13 30 107 10 31
JIEet 28 74 267 24 -
<H 4.9> Kot LSS0 OE ADI01Y AIAE 5 ZHISH 2AHIE
XlGt==2 FHIESH 2ZAHlE
(//hr) (kw) (%)
2( 5,000 7 35,000) 384~ 338 2%~ 14%
(35,000 ~ 65,000) 3387 291 14% ™~ 26%
H(65,000 ™ 95,000) 2917243 26% ~ 38%
%/ CH(128,820) 191 51%
JlEet 393 -
500
= 400
=
=
o 300
o J
Ko 200 F--{y=—ax+4315 |fm===tm oo
BN R2 = 0.9999
K0 100 +
0
5000 35000 65000 95000
x| &t==(I/hr)
—e—FHZ8Y —FuISEYFHY |
(0% 4.9) Kot LS00 E AJI0Y AIAE 5 ZHISE HEHF0I
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—
o

B¢ 271~40% Fradte Ao ® Ut

Q)
=

o’ (65,000 ~95,0004/hr)

, ol 30,0000/hr

o] ‘A(5000~35000/hrd A5 2~15%, ‘F'(35000~65,000/hr)d 75
h=4 B

15~27%

ey

S 8ol
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HE5E

=
o

i3

3

263,6521/hre] A

L

L

A

3

_43_

51 9l

X]F'Jo

=

=

B

S

o %



XIat==&(/hr) A S22 (USRT) Y2 E S EH(RT) ZAE(%)
2~( 5,000~ 35,000) 360 386~336 2715
(35,000 ~ 65,000) 360 336~ 287 15727
H(65,000 ™ 95,000) 360 287~237 27740
%I CH(263,652) 360 SIS 100
JI &t 360 394 -

M SEY HeS B Kot+(L2AE 394 RTIIE)

263,652 /hr=(360USRT x 3,024kcal/USRT+267kW x 860kcal/kW)+5C (Xl 5t =2 £ XI)

+1kcal/kgC
500 400
. - - . 1 350
400 |
4 300 —
—_ =
= o
230300 - [y =360 1250 9
il = =
i R2 = #N/A 1 200 0
2 200 >
A’, L - N
= 30
R2 =1 1 100 3
100
4 50
0 L L L 0
5000 35000 65000 95000
x| &k =2 (I7hr)
| —=—uzsgzsy —e—ussigg-- - -dsoigusAN ——uUslHEYEAY |

OH;I-_J'\_ %DLEI' AlﬁE-H LHDLEF anat E:‘S;al._;T:_OI

(0% 4.10) Xot g0 o

i
-
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(2) ZHISY 2281

ObA] 2ol A Ay B WS dud A
W& 30,0000/hr 7ol wE g
b @z g2ke 74zt 8~10kW 9 3~5kW #Asts whd A a5 F4

= 6~10kW S7lste= Aoz LRyt

[>

solAe] <4 24>e] eja) Aok

G4 A A, Wae a7 B Y

1__

N
el
1=

=

T3 Astrs 83 W dud Axde] AH F §¥S VS Aladd
, Astg W&ol ‘47(5,000~35,000/hr) Y - 2~3%, ‘F7(35,000~
65,000/hr) ¥ 8- 3~4% = ‘tH’(65,000~95,000/hr) ¥ 7% 7=kl HlE) 4~
5% Ak Aem uesten, AskriFo]l 30,000/hr S7HE winit F AH|
Sl °F 1% #ashe Aoz yeiwn a2l JErldA dAss Ak
Hots AeEletr] fsiM = 263,6520/hre] AletarwFol dastA HH, WEHe] T

29 A% szl e oF 1% FUEFS 44T 5 A

<E 412>0 Adty WEF wE Y dudk Alsagle] g ggws)
S YEMSA, <3 413>¢ At WEFe] Wte] wE Wz dud Al
o] & Au&FF ARads vetiden, (29 41Dl A st &
WalFols 1Y zE At

-l)

412> ot SET0| M2 WAL DWE AIAHO TyY S

Worer REIES LS
XL BN eSOl | gsEm | oo e

(I/hr) (kW) (kW) ) ) )
(5,000 ~ 35,0001/hr) 267 24 72764 | 22719 2”78
(35,000 7 65,0001/hr) | 267 24 64755 | 19716 8716
CH(65,000 ~ 95,0001/hr) | 267 24 55747 | 16712 16~ 23

%04 (263,652) 267 24 0 0 63

J|Eo 267 24 74 28 -
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<H 4.13> Xot== L0 OE 2= Sus AIAEH HHI=sE 24HE
XIst=2=2 (//hr) &l 5= (kW) ZAHIE (%)
2( 5,000~ 35,000) 387 7382 273
Z(35,000 7 65,000) 3827378 374
CH (65,000 ~ 95,000) 3787373 475
%/ H(263,652) 348 11
pIELT 393 0
500
— 400 [--- g & a
o 300
oo
'K{O 200
)
KO 100 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
0
5000 35000 65000 95000
x| 5t=2k(1/hr)
|—e—Tu|E8Y — Tu|S2Y FHY |

Frrad, AulsE SwelM o7ldwy Alsge] H8d e Wz dust

-1 -
Azaglol]  wlE] A sEgEEFol  (4(5000~35,000/hr)ol A 3~44kW, %' (35,000~
65,0000/hr)oll A 44~86kW 2 ‘t’(65,000~95,000//hr)ll Al 86~130kW 2] 7+A & 7}
7 H e Aoz yewd. 5 Asty wEde] S7HEsE rldy Al 2H



B
2o A HARE YA dud Aage AFEE g 94 WaEe &3
< AaAlsd a2 Al itk <& 414>¢F (1" 4

W Azgd Ho gesEe ehda gk

<H 4.14> ot LSS0 OHE AIAHE FHISE HiW

QAINCIHAI A (kW) | H2 =L W SHKW) | A|AEIIS S 3}
Xl Gh==&(//hr)
zZ 59 |ZUSY | 5 =Y |ZASY (kw)
A( 5,000~ 35,000)|384~338| 9755 |3877382| 67 11 3744
Z=(35,000 ~ 65,000)[338 ~291| 557102 |382~378| 117 15 44~ 86
CH(65,000 ~ 95,000)[291 ~ 243|102~ 150({378 ~373| 15720 867130
%/ [H(128,820) 191 202 - - -
= H(263,504) - - 348 45 -
J|Eet 393 - 393 - -
500
400 F--—-me oo m o ————— o — ]
z
X300 e g
no
0f0 y =—4.6x +391.5
I;K.i 500 LF---1 R2=09981 | S
KD y = —47x + 4315
100 bFoccmmmm R2=0999% |
0
5000 35000 65000 95000
K| st=2(1/hr)
[e—dznsame —m—ofdAlny ME (Y5 EDE) FECEREED
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51.1 ZJIFXH| &F

(1) &HZEHA

nelshA @grovl, AA AHE
AgAeAbe] We @ Gul e sele] ARAARTAE NFOR &Y

o, Fu] v &2 AR FARVE VIeow A AT

(2) ZIJIEXH MAEZD
<3 51> <3 52> 97|y Alxgl g Wb gk Al x2gle) 27| Fat
v AEA NS Yot Aske WEF] w2 9r)dy Alaw HEA 27
FAR ] FAH &S A& o] Al~®I Hlagk A
000/hr)Y 4% 102~94.3%2] W=, A8t4 WEHFo] 5000/hr A5
T 271FAN7E 71 Alzswle] vE) o Weol ARE= 3o R vEebgth 1
*%(35,000~65,000/hr) ¥ 74 -$-<F “ti’(65,000~95,000//hr) &4
AAAIS] ARH]E R
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<H 5.1> Kot =0 GE 270 AIAE

pS|

=/

Al ZIIFXH

X ot &2t =H|H 22 B ZI|EXHI(H2:H &)
W=D 180(USRT) | 2 84,240 x2(CH)=168,480
W 2tE 197(RT) 2 27,000x2(CH)=54,000
am T 32(HP) 3 772%3(CH)=2,316
pJF-= SRR py 38(HP) 3 772%3(CH)=2,316
oo E | - - -
NLES=E e s - - -
= o 227,112
E1=p] 176(USRT) | 2 84,240 % 2(CH)=168,480
W 2tE 193(RT) 2 27,000x2(CH)=54,000
Hm T 30(HP) 3 772%3(CH)=2,316
>/000 WotaE T 3(HP) | 3 772x3(Ch)=,2316
/e qaois®al | 50000/h) | 1 2,700 1(Ch)=2,700
NLES=E e s 3(HP) 3 315x3(CH)=945
= o 230,757
W=D 151(USRT) | 2 73,800%2(CH)=147,600
W 2tE 166(RT) 2 25,080x2(CH)=50,160
SR s 27(HP) 3 706%3(CH)=2,118
35.000 H2ApHI 31(HP) 3 706x3(CH)=2,118
/e qaois®al | 85,0000/h) | 1 10,640 1(CH)=10,640
NLES=E e s 10(HP) 3 515x3(CH)=1,545
= o 214,484
E1=p] 127(USRT) | 2 72,000%2(CH)=144,000
W 2tE 139(RT) 2 20,080x2(CH)=40,160
W m T 23HP) 3 650 3(CH)=1,950
65.000 HALEHD 27(HP) 3 650x3(CH)=1,950
hr 43 &X | 65,000(/hr) | 1 14,320x1(CH)=14,320
Kotz 4+mT 25(HP) 3 706%3(CH)=2,118
= o 204,498
E1=p] 102(USRT) | 2 68,640 x2(CH)=43,480
W2t 111(RT) 2 17,740%2(CH)=21,740
m T 17(HP) 3 558x 3(CH)=1,674
95.000 WA T 21(HP) 3 558x3(CH)=1,674
e Aaois®x | 95.0000/h0) | 1 18,550 1(CH)=18,550
NLES=E e s 30(HP) 3 772x3(CH)=2,316

196,974
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0%
3
1
ne
S
o

>
>
0z
Ja
00

Al Z=JI1SE I

0
o

[l

N

ZIIEXH(EL)

&

180(USRT)
197(RT)
32(HP)
38(HP)

wW W NN

84,240%2(CH)=168,480

27,000x2(CH)=54,000
772x%3(CH)=2,316
772x%3(CH)=2,316

OH
=25

227,112

5,000
ihr

180(USRT)
193(RT)
32(HP)
30(HP)
5,000(/hr)
3(HP)

W — W w NN

84,24)x2(CH)=168,480
27,000x2(CH)=54,000
772x%3(CH)=2,316
772x%3(CH)=2,316
2,700 1(CH)=2,700
315x3(CH)=945

OH
=25

230,757

35,000
ihr

180(USRT)
168(RT)
32(HP)
26(HP)

35,000(/hr)
10(HP)

W — W w NN

84,240%2(CH)=168,480

25,200x2(CH)=50,400
772x%3(CH)=2,316
606x3(CH)=1,818

10,640x1(CH)=10,640
515x3(CH)=1,545

OH
=25

235,199

65,000
ihr

180(USRT)
144(RT)
32(HP)
21(HP)

65,000 (/hr)
21(HP)

W — W w NN

84,240%2(CH)=168,480

23,580x2(CH)=47,160
772x%3(CH)=2,316
550 3(CH)=1,650

14,320 1(CH)=14,320
706x3(CH)=2,118

OH
=25

236,044

95,000
ihr

180(USRT)
119(RT)
32(HP)
16(HP)

95,000(//hr)
31(HP)

W — W w NN

84,240%2(CH)=168,480
21,740x2(CH)=43,480
772x%3(CH)=2,316
458x3(CH)=1,374
18,550x1(CH)=18,550
772x%3(CH)=2,316

236,516
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h, Wb dusk Azl AEA 27| FAN FAHIE S A4 old Al
Ay <F 53> 2 (29 529 A4S YA =,
Z o] ‘2°(5,000~35,000/hr)Y 7% 102~103.56%, ‘5'(35,000~65,0001/hr)<
103.56% ~103.93%, ‘Th’(65,000~95,000//hr)Y 7 - 103.93~104.14% = EE
oA 71 At &§ ol Al&FRT 2| AL Frkshe Ao ®
Efkth ol WAE &7 Azhel wE wjgdgtel vl Asts F-Hzet A

AA
TdTAsEA e 27|AA FAH 9] Hgo] ¢ A7] wos dAehEnh

N
_0|L
N
£ od o

B

i

Lk, Aot WEHY Sk mE A2EE 27| FAE] WS ES A5k
<} 53>¥ (¥ 5.2)o A sttt <& 53>C2HEH 97|du A" 7§
uhZ o] 30,0000/hr Z7beF wubth 27 EApu)E oF 49 7FAsllE dbW, W7k

0
dagh Ala"2 wE o]l 30,000/hrs7F & wivith oF 05%T7Hee & ¢ 3

ool AuziE Ashd AAbellA A st FE WA AEE HEE AT
7oy Azgo] 2I]FEAR] SHeM By feds & 4 dfden, Ag
o] W= ol 9%5,000/hrd 4 AzrelE of 3w S o 5 AT
<& 53> Kot YEE HF0 HE ANLEE ZIIF A

2 = QA0 AIAE Y2ts AW AlAE
ZIISXHHI(F &) 227,112
i =
Bl (%) 100%
ZIISXHI(E )| 230,757 ~ 214,181 230,757 ~235,199
2( 5,000~35,000 I/hn)
Bl (%) 101.60% ~ 94.31% 102% ~ 103.56%
ZIISXHI(F )| 214,181~204,498 235,199 ~236,044
=( 35,000~65000 I/hr)
Bl & (%) 94.31% ~90.04% 103.56% ~ 103.93%
ZIISHI(E))|  204,498~196,974 236,044 ~236,516
CH(65,000~95,000 I/hr)
Bl (%) 90.04% ~86.73% 103.93% ~ 104.14%
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6~9¢€9] dxF YAtz JpHEto] 47]LE 71,4404 7H203) S AR TE HESH
Astd JALe] A7 FAAYE AFE&AHGF) - AlkdE 300kW I REe] M E
(M) &F'o2 AL} <E 54>9) ALE ANLFAAS Yok

<H 54> &8 FA(L) : HAMA 300kW 018t LBHIHS
T2z Q2 (|/kWh)
e lee3 - - -
= (21/KW) VEE =, s Hes
(7~ 88) (47 6,98) (10~ 32)
SEESE 4,240 65.10 49.10 52.90
e ) 4,490 64.80 48.90 52.50
oo
=e 4,140 63.90 48.10 51.70
Mei()) 5.170 61.40 45.50 49.10
oo
=e 4,790 60.60 44.80 48.40
(2) &HEZ 1

<E 55> WH|Zre] AlAEW Mg ArEddE dEullen, <&
56>3 (¥ 53)° WETF WFE THHES 7IE A" Hauste] #4 5
Atk 2423, Aot E el mE 97l AlAE NG HEee WEF
o] "4'(5000~35,000/hr)d -5 71E Al=Eel] M| 98~86%. ‘T (35,0
86~74% 2 ‘oI’(65,000~95,000/hr)d 7§ T4~62%%1 AL

o
o
= yeisten, Wi dugk Alxde] 49 wEd 4'(5,000~35,000/hr) A

2) 289 M22)| XotEo HHled

3) ALY HEAIAH A2 &
212t 4B (6~93)s EXte
Zoff)0ll et Aot KL
HHAIAEO 2HAIZL2 4B <302 x16A1 2tx0.75=1,440A1 2t O Ct.

4) AN TAIESSAL 22Xt HFES Solil &M KotE SANAML dEsMAE
3|>O|o|- Diﬂl. ‘/\|- =2 X E’A(jl-) j:”OtI-IE;i SOOkW[”EH-O A—IEH(H)O:-’ &Iggh Aoz

LIEFECH

5) http://www.kepco.co.kr/cyber/cyber3_4.html

S8, SJIXs - 4538, M27d M25, 1998
=4 H)H/\-IOI HUYAHSO 2o HMEUALH, H
HAIZHE~21ANE JIELZ WEANEUSEon/15

20 é rm
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- 99~98%, ‘T'(65,000~95,000//hr)¥ 74 98~96% = ‘oi’(65,000~95,000//hr)
e A$ 96~95%= EFYITE.

== =ea ANe mezel
303kwx5, 1702 x4HB | 393kwx 12A12Fx302 x (61,409 x 24
NE AAE =8,127,240(8) +45.502 x 24 )=30,248,474(2)
epl | 38,375,664(2)
384kwx5, 1702 x4HB | 384kwx 12A12rx302 x (61,408 x 24 2
5.000/hr =7,941,120(8)) +45. 502 x 24 2)=29,555,712(2)
2abl | =37,496,832(2)
" 338kwx5, 1702 x4HB | 338kwx 12A12rx302 x (61,408 x 24 2
w | 35.000 shr =6,989,840(%) +45.502 x 24 2)=26,015,184(2)
Al exnl | 33,005,024(2!)
= 20Tkwx5, 1702 x4HB | 291kwx 12A12Fx302 x (61,409 x 24 =
2 | 65.000 /hr =6.017.880(%) +45.502 274 2)=22,397,688(2)
embl | 28,415,568(2!)
243kwx5, 1702 x4HB | 243kwx 12A12-x302 x (61,408 x 24 =
95,000 fhr =5,025,240(8) +45.502 x 24 )=18,703,224(2)
e@l | 03,728,464(2!)
387kwx5, 1702 x4HB | 387kwx 12A12rx302 x (61,408 x 24 2
5.000 Jhr =8,008,160(!) +45.502 x 24 2)=29,786,616(2)
o S Fy| 37,789,776(2)
K 382kwx5, 1702 x4HB | 382kwx 12A12rx302 x (61,408 x 24 2
o | 35,000 /e =7,89,760(%) +45.502 x 24 2)=29,401,776(2)
o S =l 37,301,536(2)
i 378kwx5, 1702 x 4B | 378kwx 12A12Fx302 x (61,409 x 24 =
1 65.000 /i =7.817,040(8) +45.502 x 24 2)=29,093,904(2)
; 27yl 36.910,944(2)
373kwx5, 1702 x4HB | 373kwx 12A12rx302 x (61,408 x 24 2
95.000 fhr =7,713,640(8) +45.502 24 2)=28,709,064(2)
27yl 36,422,704(2)
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<E 55>ERE A &F WEZY Z7te wE AjAdUd SdH AH|ES 7
e B Az A ko] 30,0000/hrE e wiuith € 7)oy A xEle] A9 o
12%, W2t gk Aj2~ele oF 1964 Fhashs Aoz yepwrh mgh 2 oA
T A WMFEsE AstEHE F 95000/hre] &7]edWy AlAES AFE3 A 7| &
ool wls] dn] Hzrodo] 7pg F& & 5 dolon o uwe] HzlAo of
14,650,00090 . & L}ERGET)
<H 56> Kot 220 2 AAHE SF/H L HAHS

22 QIIGIY AIAE | WHASHTIE A|AE
J= 2 (H) 38,376
- HI & (%) 100%
SEHY|(AH) 37,497 ~ 33,005 37,790 ~ 37,302
A( 5,000~35,000 I/hr)
HI 2(%) 98 ~ 86% 98 ~ 97%
SEH|(HH) 33,005~ 28,416 37,302~36,911
2(35,000~65000 I/hr)
HI 2(%) 86 ~ 74% 97 ~ 96%
SEY|(A ) 28,416 ~23,728 36,911 ~36,423
CH(65,000 ~ 95,000 I/hr)
HI £ (%) 74 ~ 62% % ~ 95%

40,000

35,000

R e e
= 25,000 F-------rmm==——-ooo - e
ol
&
= 20000
pal
0 15000 |f-----"""""""""""—————~ y=-4492x + |——L - __

38230
10,000
5,000
5000 35000 65000 95000
x| stk (,I/hr)
[ oolold = dzncEms — — dusdne FHM o7l FA |
(% 53) Xot= SEE0 HE ALBE SHEIE Hat =0
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<H 57> 0IXAESM SIHASEN OGE Y MIEQIS6)

o o X & ENDNE= P PR sStdssE HEYOE
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1994 9.3% 95.7 6.2% 2.92%
1995 8.8% 100.0 4.5% 4.11%
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<H 58> 2U JIXNHE WHHE

(gtel - )
Z Hl g L&A st
gEALS| 15
s E X 1
42 E 15~20
AHU 15~20
EREHD 9

5.2.1 2J101d AIAE

o7l A YAl gL 7]E Al gl vl 27]FA e du7E A-HE AoR

ek th webA o7 el Alagle] 9lofA LCC A (2 S

&
o7l 15 d)S S8l 71 A" ud FAE TS A A

T W&ol 5000~35000/hrel B¢ oF 60 A8 EE ASRE Yeyth 1Y
wh, o] 35,000~65,0000/hre) A5 T2 AdFY 7]E Al 2="lo] HE] H|&
AzkEao Jepde Ao 2A9.

<E 59>9 <2 54> g7dW Ax2EH LCC FAEA AFE Ve

Rev, Yerieh dedstdae] addte] 1599 Wb, JZ = WA ol

10dol B2 1097 FAugol 7] Srhsht Astaapel Fglel 71Erel

Wa) AAA Aoz eps,




<H 59> 2010 AIAEIS LCC SH=ZA Zt (&l - &)

Mot | gy 14 o 3 4= 5 s 74
(/hr)

JIEQH | 227,112 263,834 (298,976 | 332,604 | 364,783 | 395,577 | 425,045 | 453,244
5,000 | 230,757 | 266,638 (300,975 | 333,832 | 365,275 | 395,364 | 424,157 | 451,710

35,000 | 214,181 |245,765|275,988|304,911 | 332,587 | 359,072 | 384,417 | 408,670

65,000 | 204,498 | 231,689|257,710| 282,610 | 306,438 |329,239| 351,059 | 371,939

95.000 | 196,674 |219,380|241,109|261,901 | 281,799 (300,839 |319,060 | 336,496

Kl ot==gf
(/hn) 84 od 104 e 12¢ 134 144 154
JIELH 1480,229 | 506,052 | 548,370 | 572,016 | 594,645 | 616,299 | 637,020 | 656,849

5,000 | 478,076 | 503,308 | 547,641 |570,746 | 592,856 | 614,014 | 634,260 | 653,635

35,000 | 431,878 | 454,087 (499,706 | 520,043 | 539,505 | 558,129 | 575,951 | 593,005

65.000 | 391,920 |411,041|455,602|473,111 (489,866 | 505,900 | 521,243 | 535,926
95,000 | 353,181 |369,148|412,683 427,304 | 441,296 | 454,685 | 467,497 | 479,758

*
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o0 400,000

I 300,000
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‘+7|§°._|' —— 5,000 35,000 65,000 —— 95,000

(O 5.4) 271018 AIAEIS LCC SEHEA 2t
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o
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W, 35000/hrd 735 99, 65,000/hrd 79 8d 2 95000/hrd 7
AR A

o714, 35,000/hr ©] e AG Astrwel FARFH T
EAR, 5000/hre] BFolH FANEIIe] 25 Hold ol f A4ARY
Ao zAEAE Aol Qs Row, AFARIA 27 FA}
35,0000/hrell A 65,000/hre] & Fo = 7k 49 10,640,000 ol A 14,320,000
Aol Z7|FAM] 2ol 7 v ¥bH | 5000/hrel 5000/hr2 F71sk 74 $-ol =

>
w o

2,700,000 o1 A1 10,640,000 .2 % 7] FAHd] g0 23] AR 7] wEo|t},

© WA ge] 10d el mEk AefFr] 159
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<H 510> 42U FWE AIAEO LCC FHEA HI} (S @ Je)
Aot e} 14 o 34 44 €] €] 5
2 E] E] E] E] E] E] E
(//hr) > 6 !
Jl=or | 227,112 263,834 298,976 332,604| 364,783| 395,577| 425,045| 453,244
5,000 230,757 266,919 301,523| 334,638| 366,326| 396,650| 425,668| 453,436
35,000 235,119 270,814| 304,971| 337,658| 368,937| 398,870| 427,513| 454,923
65,000 236,044 271,365| 305,164| 337,508| 368,460| 398,078| 426,421| 453,544
95,000 236,516| 271,370| 304,722| 336,639| 367,181| 396,408| 424,376| 451,140
INE I
IE] C[E] 104 14 12 134 14 154
(I/hr)
Ji=o | 480,229 506,052 548,370| 572,016| 594,645| 616,299| 637,020| 656,849
5,000 480,009| 505,437| 549,960| 573,245 595,528| 616,851| 637,256/ 656,783
35,000 481,152 506,252 555,919| 578,904| 600,899| 621,947| 642,088 661,362
65,000 | 479,498| 504,335| 556,440| 579,184| 600,949| 621,776| 641,706 660,779
95,000 476,751 501,260| 556,288| 578,731| 600,208| 620,760| 640,427| 659,247
* SHEERAE EXSEI2UHSE EA
700,000
600,000
= 500,000
of
&l
00 400,000
unj
P
IF 300,000
200,000
100,000
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
oAz ()
| ——7|Z2F —=—5,000I/hr 35,000 I/hr 65,000 I/hr —x— 95,000 I/hr
(O 5.5) W2 s A|AHIO CC SE24A 2
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<H 511> AIAHE ZHd 2420 dluEs

[=]
_ _ D] _
X| 5t %2 INEN-= g2 SEH | 34012
Xl
()
Hg&a) | 227,112 38.375
J|E o -
A2 HIE (%) 100% 100%
BIE(&&) | 230,757 37,496
Ofl ' Al A & 6
AEHIS(%) | 101.60% 97.7%
5,000 I/hr
BIE(&&) | 230,757 37,789
W2t B Al AR 8
AEHIS(%) | 101.60% 98.47%
BIE(&&) | 214,181 33.005
Ofl ' Al A 2 -
NEHIS(%) | 94.31% 86.00%
35,000 I/hr
BIE(&&) | 285,199 37,301
W2t B Al AR 9
AEHIS(%) | 103.56 97.20%
BIE(M&) | 204,498 28,415
Ofl ' Al A & -
AEHIS(%) | 90.04% 74.04%
65,000 I/hr -
HIE(M&) | 236,044 36,910
W2t of T BHA| A B 8
AEHIS(%) | 103.93 96.18%
BIE(&&) | 196,974 23,728
Ofl ' Al A & -
ANEHIS(%) | 86.73% 61.83%
95,000 I/hr
BIE(M&) | 236,516 36,422
W2t B Al AR 6
NEHIS(%) | 104.14 94.91%

_62_



120

100

80

60

AgHIS(%)

40

20

1
5000 I/hr ofl ' 5000 I/hr ' Zt4= 35000 I/hr ol 'd 35000 I/hr ' 2+ 65000 I/hr off 'l 65000 I/hr 'd 2+ 4= 95000 I/hr ofl ' 95000I/hr 'df 2+ 4=

AM2EBEF

[e2dsa m=75xu Oz |

(08 5.6) AIAEIE MY 24

(UM

=

It HluesA

<E 51153 (27 560 F Alxde] dd AAA v
W, A% 9o 2.

El
Me
>
i
&
Ll
v
ful
=

AR, 71EAN el e 27| FAH &R vl FA g Ay 7)oy A ~FS
A 35000~950000/hre] Wl 04~86% sk W, Wzb4d w s
A 2Ele 103~104% Z7bebE Ao & Lpebgb)

=4, Z1EA 2d g AH] ARES EAT A Uy Aade A
3= 35,000~95,0001/hr H 9ol M 97~619%2] SE| AZHES vhebd uw,
g Aage 3~1%9) 2% A7&e JEhnT

AR, 71EA e g g5z BAAS, A5 35,000~95,0000/hr
Al 97]e]y Alz=gl2 10delHel] F218 57t 7hs

7 ololAu, WE W YA wAl ofF M gEie] dojibe Ao e

ol

taL,  wAHgol g

|

_63_



L S R R U Bt )

[oi3
=

ofr

ol A o

=
=

A

&%

7] %A o}
Aol gloj A A

P~
T

s

Al

o

_64_



B AT N A4 e AdBAre a4 BELE AL BAG
]_

< 39AR WFgteomA Ak AitelM el A st

@+ 5% Savh olF, AW abe YAz AsEE FEIHAL
A5 Ass g

o] we WA A7aRE BAsL oF AA4d =
Wol A Ao s ek cafl el AAA A BEwere AAew

A shgit.
w oo e ackstd thew g

(1) A7 BEH = 16371 A 22470 fAAdS o= dr)Ql 3/4%7

st Aotg WEHS AR A3 oF 60%2] A= 10,000(0/hr) o] kel W&

F ool X8t o] Ast WEFo] AU oer A2 JATE v EAF
4

0%°] JAFell A= 10,000(/hr) ©o]/de] W2 4e] Asts

FE

ﬂﬂ

2 T MAK v, T
B sy 9ee ¢ F AUt EW, 30000000 WA EaE W
stk A3, A8 7H5,000~35,0000/hr) 8] ol 1470 AN S8 ATl 1470
Axb 0 2gFe] WR 467 Gt 2FES FAY 5 ANTh

(2) Azt &8 7|y A2 F FHE&FRT) V&S At 43
A sk WE:EFe] ‘AV(5,000~350000/hnd A -F- 2~16%, ‘%(35,000~65,000/hnd 7
$ 16~30% % ‘H'(65000~95,000/hr) Y 7d-F- 30%~44% s Ao UEyon
WE o] 30,0000/hr TS AUl S 3 14%4 Zadts AS & 5 Ak T

AAVIE =7l dge A = e Askrd 128,8200/hro] WEE 4,
K
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kol Ml 27~40% #Asks Aow yehyton, AskgFo] 30,000/hr F7HE
wupth F gulgFol oF 13%H HidtE Aow urhgth 2 WE7oA
dAse Ao wekE Aeshy] flsiA= 263,6520/hre] Alstro]l das
o, ol @ ol wEE A WAHe] ARgglolk WEEde] sheds & &

At
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44kW, 'F'(35,000~65,000//hr) ol Al 44~86kW 2 “th’(65,000~95,000//hr) ol A1 8
6~130kWS AZaT7F 9 = Aoz ey}

(5) &71ely Alz=glel lojA LCC A (AA NS © 45%, AolF7] 15
DS B3 71E A"l dig B3 1s AAAS A Ak wE Tl
5,000~35,000/hrel A9 <F 6W¢] ~8¥e oz yErEth ey, WEEol
35,000~65,0000/hre] 744 FA QAFE 7]E A z=dof Bl B §HFE At o
ElvE Zlog BAH

6) Wzt dugk Alzdo] glojA LCC FA A (AAaE 1 45%, HojF7]
D 15W)S B V1E Alzadlel dig £33 57|F abg A
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ABSTRACT

A Study on the Utilization of Underground Water
in Subway Stations based on Economic Analysis

Yang, Chi-Yong

Dept. of Architecture

The Graduate School
Chung-Ang University

Advised by Prof. Rhee, Eon-Ku.

Underground water generated in subway stations can be reused as the
energy source for cooling systems in subway stations, and the effect of
cooling systems using underground water on energy saving can be larger
than that of existing systems. Although this potential advantage is obtained
by applying underground water to a existing cooling system, and much
underground water is generated in subway stations in Seoul, it is reported

that the rate of using the underground water in a cooling system is small.

This study categorized the generation rate of the underground water in
subway stations in Seoul. This categorized generation rate will be used as
the fundamental data to study the underground water cooling systems. Next,
when underground water is applied to the cooling system, the energy saving
potential is analyzed, according to the generation rate of underground water
in subway station. Finally, based on the analysis of energy saving potential,
the economic evaluation is conducted using NPV(Net Present Value) method,
one of the LCC(Life Cycle Cost) analysis method. Through this process, more
efficient and economic underground water application method for the cooling

systems in subway stations was suggested.
The results of this study can be summarized as follows.

(1) The underground water generation rate in Seoul subway stations was
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categorized based on the amount of underground water. 46 stations, 14
stations and 14 stations are classified as little(5,000~35,0001/hr),
medium(35,000~65,0001/hr) and much(65,000~95,0001/hr), respectively.

(2) Outdoor air precooling system using underground water can cut down the
size(RT) of cooling equipment, such as chiller, cooling tower. The ranges of
reduced value were identified as category little, category medium and
category is 2-16%, 16-309% and 30~449%, respectively.

(3) Cooling water heat exchange system using underground water also can
cut down the size(RT) of cooling tower. The ranges of reduced value were
identified as category little, category medium and category is 2-15%, 15-27%
and 27~40%, respectively.

(4) When the effct of power reduction(kW) between two systems using
underground water was compared, more underground water is generated,
higher cut down effect is obtained. However, the amount of power reduction
in outdoor air precooling system is higher than cooling water heat exchange

system.

(5) According to the result of LCC analysis, the calculated payback period for
the outdoor air precooling system that category little is applied is about 6
years. However, when other categories is applied, the payback period shows
that the cost saving effects occur since the origin year of the system

application.

(6) In cooling water heat exchange system, the calculated payback period is
about 9 years, about 8 years, and about 6 years for category little, category

medium and category much, respectively.

From the results of this study, when the cooling system using underground

water in subway station is employed, outdoor air precooling system is more

economic and efficient than cooling water heat exchange system.
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