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ABSTRACT

Economic Evaluation of Energy-reduced Data Center

Cooling Systems.

Kim Dong Pil
Advisor : Prof. Cho, Kyu-Man Ph.D.
Departmant of Architectural Engineering

Graduate School of Chosun University

There is a growing demand for the data center due to the rapid growth
of information and technology industry. As a result, the power
consumption of these data centers has been growing by 45 percent per
annum. 50 percent of the power consumption at the data centers are
utilized to make the cooling energy. Of this, 30 percent is wasted due to
the inefficiency of cooling installations. To resolve this issue, many
research and development projects are currently under progress for

saving the energy.

On that account, the objective of this study is to verify the saving effect
through the economic feasibility analysis on the newly developed cooling
systems and the conventional cooling systems. Moreover, this study also
aims to verify the energy saving effect and COZ emission reduction

effect by comparing COZ2 emission in relation to energy consumption.

The procedure of this study is as follows: 1) theoretical review, 2)
assumptions for economic feasibility analysis, 3) energy saving
assessment through economic feasibility analysis, 4) COZ2 emission
reduction assessment based on CO2 emission cost, 5) sensitivity analysis

and 6) final conclusion deduction.

- VIl -
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As a result of the economic feasibility analysis, the machine type air
conditioning system had a saving effect of 13.62 percent as compared
with the conventional air conditioning system, whereas the air side
economizer system had a saving effect of 14.56 percent and the air &
water side economizer system had a saving effect of 12.13 percent. Also,
the water side economizer system had a saving effect of 18.09 percent
and the multi air conditioning system had a saving effect of 32.09

percent.

As a result of the COZ emission analysis, the machine type air
conditioning system had a reduction effect of 0.73 percent as compared
with the conventional air conditioning system, whereas the air side
economizer system had a reduction effect of 0.93 percent and the air &
water side economizer system had a reduction effect of 0.83 percent.
Also, the water side economizer system had a reduction effect of 0.96
percent and the multi air conditioning system had a reduction effect of

1.87 percent.

The analysis result of this study implies that the data centers would be
able to reduce the energy consumption and COZ2 emission through the

energy-saving type air conditioning system developed in this study.

It would be possible to achieve an energy saving effect with higher
efficiency if a follow—up study could be performed on the power
consumption of computing system in a server room. Furthermore, it
would also be possible to make a large contribution to the energy
reduction at the data centers if this study could be extended to the other

countries where electricity charge is relatively high.
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H2& LCC &4

A522 AHE, 8, NSUHHUAM S22l (Cost Management)= MSHCZ A4
AU EOHGtE =22 SANSUHH HE S8 AMBE 2L I StUZ 220
ZCh. Z2MEQS AHE L AAHHUAM HIZHE (Cost Planning)t ZE2MEQS| H4
SHOACl HIE SH(Controlling)2 HEIZZHMES HBX f8lg AFHINE R
EQR8 Z2l(Management )2 SO0IACH. =2 104 A0, ZZ2HMEQl HHUH N FT
= ZJIHIZ(Initial Costs) =8t OtLieh, 2% % RAZHAHNAM 27E= HIES
S A0l D48t Life Cycle Cost(LCC)Sl D= HEZ=MEQ HIE&2l(Project Cost

Analysis)= HEZZMEQ| FI|C

Management) 2 O0F0IA JF& 2 BSACH. LCCA(LCC
Heol D18 L AHSTHWA =8ol= 2101 OF

o, ZT2MEQ| Z|XL AXLIHES E9 HEES PHote ULs 24, 34,
OIOIEl S2 &=z st tietd AMES A6t AX &6 2HCHS)

LCC(Life Cycle Cost)= MOUFINHIESCZ HES E2 HE22 FHRAE A2
2 Y 8 UolN LMols 2E SRS HIES Sotz 2toltd ZHAS Htol
= YHEoICHe), =, dBIMOZ FHIE2 MAL AIE, HD|l - H22 28 SHHOUAM 2
ol= HIZ2S HIgC=Z FdNA4s Holole YRS 20loti7), ZT2HMEQSl ofef et
= XN ets d8Eol Q0 Dol g 2 HIEFRE S50 ol LED2H
LMol 2N DX HIWE S6t0 ZHA HIIE 2ol Exz A &= U

15) Li, W, Zhu, J, and Zhu, Z. 'The Energy-saving Benefit Evaluation Methods of the Grid

Construction Project Based on Life Cycle Cost Theory, "Enerqy Procedia 17, 227-232;, 2012.

16) Dell'lsola, AJ. and Kirk, SJ fLife Cycle Costing for Facilities, FConstruction Publishers &
Consultants;, Kingston, MA. 2003.

17) ¥}el, "Life Cycle Cost ®40] 93t &89
<08t 1992,

)

A PREe] BRAT, MATAEE, A
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2. LCC =49 =
QUBIMOZ |CC 2249 A0l e HERAs [0 2.11]J0A 8 & UX0|
H 20HK g=cz REE == UL =IIEXHI(Initial Costs)2t SITHHNA LA
ot= OldbiEez PEZH0, =IIEXNHE MM 2 = UX0l, SAH
(Construct Costs)2t &XAHI, 2Zeldl S2 G2 HlE(Fee Costs) 522 4
T ACH DYCHOUMN LMSt= DlHBIE2 TAl & X BE222 2&0] Jts6
Ct. =, 29012t3¢0 HE FI|Hoz LMoi= HIg2l, L3840z LMoi= PES
2 FA2EL. FIHCZ YMGie HIERAE SEHIS, HUX BIE, RAES HIZ
Soz LN A2H, =&/WX HIE(Alteration/Replacement Costs) & &EILX
= 234 HE2RA9 WERQ &=20|Ct
Financing Operation Maintenance
Costs (Energy) Costs Costs
gunstructicn Initial Owner's Total Costs
osls Coslts —
Salvage Associated Tax Alteration/
Value Costs Elements Replacement
Costs
[J& 2.10] LCC HIg& st
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EDIRLIE), HORBAIAROIIARESE SIEEZ_CGHP+EDIRLIE)22 GHALH. LCCH4A
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o
2,090,210,413% 130%) =22 20t JtE ZHMALs & = UL
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25) o] &, A F7H &7 el o3t 1F FAAAL HA @b AxgG st FEAT,, A =
=y, F¥Uw I, 2010.

26) o4, "LCCEA S B8 AFEY &4 - gk AAAH B4, "HAS =8, FY
gty Ados, 2011.

27) A&EE, "R AWASTe] Wdhiadn A2ES U AT A 9 AAAL ot #d A, ©
AALERS) =iy, o7k gdista tishd, 2012,
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2. =&AA & HUXNEZ SAIAE CHet

HIOIEMEHS HIUHXEZ SEZAAEOZ Economizer system? WH2gtaAlg NZgg
= QUC. Economizer system2 2/JIE 0|86t H=I| Jts A2tES =20, MUHXNE
24 g = U= AIABO0ICH. Economizer system2 Air Side Economizer <2+ Water
Side Economizer& U= = UCt. Air Side Economizer AIAEZ MAANMH U=
He 3J12 ARZ2 HiEoct) AUECE E2 259 QI8 MF HMAMAZ RAUst=
gtAlS UGHH, Water Side Economizer AIAEIZ 222 X JI2(S4 5C) 0ldtel
22 d3D|9 SEHME Jt=otAl 21 2t BHRE HXIH XOHAE H24=0] =8
gtog d=o g5 Sots 24010

Est, ZIZHAAECZ M S0 88X S=EE HLE Rack AIAEIS MB
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Ol2t &0l, Economizer System2 WH=2tgtallt LHE Rack SIISHHIAIAEZ HZ6t
504 CHete [O& 3.1] <HE3.7>% 20| &&GISLCt.

-

e Y 3 WAl | N BX
DIES JlE HBEAIAE (Machine System) HOH NS Rack AIAE
CHer JlE HYAIAE (Machine System) CHOK 2 HE Rack AIAHE
CHor2 | 20| HBFAIAE! (Air side economizer system) I = 2 HE Rack AIAHE

Il HYAIAE (Air side economizer + o
CHOH3 ) . H OH LHE Rack AIAHE
Water side economizer system)
=HAl YA AE
CHet4 . ) H OH LHE Rack AIAHE
(Water side economizer system)
Multi 217 Al AE HOH + B
thots 2HE Rack AIAE
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= =z0ld SZAIAESS Ha 2ies 22 JIEot2 JIESAIAE ) ieHE JIH
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Lot S22 222 <, ASHRAES| Jl=1t DHaItXIZ 2 Lietel Ji=¢el gl SOl

<HE 3.10> =018 HYAIAE FH2A9 WHFI L 2 AF0MA HES DA

Al AE A== 0= =9 | 9= WHZ=D|

2594 = ?312 5;—;3 554 ?25 5;36 5;37 i?f 24 | mm | spR | =0
UHE H2AE 17 | 15 19 | 15| 20 15 15 115117 | 15 | 20
W WO 9 20 13|12 ] 15| 15 10 15 9 114 1] 15 | 20
W2t EHI 9 200 13|12 ] 15| 15 10 15 9 114 1] 15 | 20
S HAHE T 15 | 15 - 16 25| 20| 20 15 115,18 | 15 | 25
CRAC - - - - - 15 - 1511 15 | 15
ZgetA 20 | 15 - 151 20 - 15 - 151171 15 | 20
SEI(E01™) - 15 - - 15 | 20 15 115116 | 15 | 20
SEZI1(S01™) 10 - 15 - - 15 | 20 15 1710 ]151] 15 | 20
SEI1(HHD12) - - 15 - 20 15| 20 15 115117 | 15 | 20
b 2t - 20 15| 17| 20 - - - 15118 20 | 20
2 Way &8 6 151 10 | 15 - 15 15 6 | 13| 15 | 15
3 Way &S 6 151 10 | 15 - 15 15 6 | 13| 15 | 15
AH2 2| 10 - 15 - - 15 | 20 15 1710151 15 | 20

S ENE A8 |, 2010.

) g 9], TLCCEAY ] 93t 1 FAE MuA 28] gtirt,, "=E3,, %383, 2003.
35) ASHRAE, "ASHRAE Handbook Application,, 1999

36) SU7|=A3 3], "'VDI 2067/40 Economic efficiency of building services installations,, 2013.
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CRAC, EHZA, SJI#, ZJ/H, BHJIH, 2 Way, 3Way ZE, MH

LA WS, Z ey
BOIHMO DHFIIE BHEOR SFGIUD, BHRO RIMFIIE 20802 HFHUS
o, 012 Sal, RAHIBS 4 & + ATt

. OllLd Xl 8|
SEAAEY HUXHIE &MAGH)| RAdlAd=s, AMAEE HUXIASH0I&S Eo o
HXIAHI 2o AR EHRoIH, AEE HUHXAH S 22U AR Q20 UH =
2ol At & %= UL
1) QWX AHIE AN ZA(MEAISY)
X AHIZES 2HYE 2(2014)302 HAPWHA AEE AHZFS AMESIFLD, 0HlU
KAHE AN XHS <I 3.11> I 20| JIZ=HH 20,250m°2 9ME A2E A
2, TRNSYS 17 Z2 S A20t0 WXl AlE2d0lES AL, X AlEd
Ol&0l 2ol &Y UK AHIE0 MY UL
<H 3.11> 0iUXl AlE2d0l&8 A
= Mg gt HI
JE=EH 20, 250m° 2250m° x QM=
ITAH =& 6,480CH 7200H/& x QM=
AU e 20°C class 1( PEAI)
o1& sk 50% Ashraed|& & 45~55%
[ TAH 25,920 kW AkW/CH x 6,4800H
TEERE 220/ 2250m° x 9(Z)
_ sensible heat : 60W, Latent heat : 40W
ol 100W/ 2! _
ALFOIR 209 x 9=
JlAHHIOl EH NE=PNEEY T™Y2

37) AA G 9, 2E 71EES o] &3 HolEAlE o A} Al 2E Jhdd T, 2014
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TAAE HAEH|Cl CO26HE HIZS

Sl AEGHI Rlold=E, & HUHXIAIZ0IE
Of et o2 MEAIEE2 AHE0] 2 R06tH, MEE MEAMSE C02 BHEH+=E X

0ol C02 BHEE= &tEotl), &EE C02 HHEEW EAHIE HblEsS HE0ot0
Co2 HHZE Jich HIZE=S &EE = AT

=,002 = Heh HIE

= oI2 M AR

(s

StAHHE HeHdI=0ITH

Jb. CO2 =

Co2 =& UUHXIAIZd0IE

S S5 ARSE o2 X
Ol EFAHHEH+BE HZ5HH

PS

i
a

<H 313> 0iUXag g¢gg ¢

o cioy gag A=A = CO2H =&
B =7 [Kcal /&<1] | Kg-c/Kcal | Ton G/TOE | [Kg-C02/E<d]
Sl KWh 2500 0.000132 0.1319 0.43464
1) MIIR22 OIASHEIA

A HE23EHR= IPCC 2FIF S UK L0t HEHREZ2
HHEH = &IJIAIEN HE tHEH =2 0l dJA2LEHI0 et SEE
BiEAH 5 ASs A (MUXZHARR, 1998)
Lt. CO2 BH= ANl
C02 HHE il HIE2 AEE C02 IS0l <H3.14>0F 20| EtAHIE JeHHIE839S
HEotH oE & = UL
<H 3.14> BtAUIE HeldlS
EtABIE HablE (TC02/&)
12,000
38) Azl%, LCC9 LCCO2 £l ofdt MEnst S7|A 283 ngSd A 2~"] HAA 9 R
'8PJ§7}(2008)
39) A5 ALE (http:// www.motie.go kr)
—_ 39 —_
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(http://ecos.bok.or.kr)

A gl
~o,

=2 ZHSHAl

3

=

REhabilitation Strategies in concrete bridge decks.

Systems, Elsevier, 22(4), pp.233-248

edition, McGraw Hill, New York, 2003, pp.169-199
41) Hong, T., and Hastak, M. (2005). “MEMRRES: Model for Evaluating Maintenance, Repair, and

40) Stephen A. Ross, Randolph W. Westerfield, and Bradford D. Jaffe (2003). “Corporate Finance”, 6th
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<E 3.15 OIS SFES 93 02 2o W2Z2l L LHAAY K4
HHAAS BIK4
oz s=ew 222 (%)
21K+ HEH HES(%)

2003 4.20 86.00 0.17

2004 3.80 89.63 3.63

2005 3.60 91.95 2.32

2006 4. .41 91.41 -0.54

2007 5.07 91.34 -0.07

2008 5.71 95.63 4.29

2009 3.26 99.85 4.22

2010 3.19 100.00 0.15

2011 3.69 104.34 4.34

2012 3.43 106.68 2.34

2013 2.66 107.00 0.32

e 3.9 1.9

Lt 24|32
dHAe EA40(2t2 UM AZStEiet 20, S4AUAae BHE =9, SAUAL
scl&® =9, HUAS DIt =Y, SH0&e ZHE, 228, SStix=2 Jtd8 &
= UCH. M2t 2 HF0AL E2L0|12t2 242 A0l fle SZAIAES EH
N Z2ldE =80l M2 T2 20 SXAIAE A 24 242 WH =IO
ch 158t 2082l SSHi=0l 60E =2 E4J0|2te2 HE3aIAL

4o
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1o

I
oI

R0

100HS] <

0l

s

nl

3.9>1t

=5
v
OF

R0

ol

<l

K

CRAC, =SJ|H, HHD|EH 6 HH2
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Al

H0
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wl
Ar

J
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SIHUnit
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34,528,000,000&

(Water economizer system)

FAIAE (Machine system)
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NMHe &o1#), 012 &X

, 2Way, 3WNay &2,

-
=

= J|H, B, BH
Ot (Unit price/RT)E HE36H0 &XIH| 34,793,680& &
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AL,
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S,D‘;_]

38,433,680
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<E 3.16> J|& ANAEZS &XHE

=9

-2 IENLE Fd2AM (Unit Price/AT) &xd/2 (&)
1-1 2HgE d4E 400,000 4,160,000
1-2 d= HX 55,000 572,000
1-3 d2+= X 55,000 572,000
1-4 FdAHSI] 900,000 9,360,000
1-5 CRAC-gt=gs| 750,000 7,800,000
1-6 3| - =SJ1H 75,000 1,560,000
1-7 ESJ| - dHI| ™ 75,000 1,560,000
1-8 BH 2+ 600,000 6,240,000
1-9 2 Way &2 60,000 1,248,000
1-10 3 Way &2 35,000 1,456,000

2 34,528,000

e JIH A YA AE | E?P S3HE (%)
FERA (Unit Price/RT)
1-1 UHY H2E 400,000 4,160,000
1-2 Ha O 55,000 572,000
1-3 H2rx IO 55,000 572,000
1-4 sHA S| 900,000 9,360,000
1-5 CRAC-g=gs)| 750,000 7,800,000
1-6 3| - SI/H 75,000 1,560,000
1-7 31 — DI H 75,000 1,560,000
1-8 HH =2t 600,000 6,240,000
1-9 2 Way #E 60,000 1,248,000
1-10 3 Way #E 35,000 1,456,000
1-11 Mu{eh 2D H 41,000 265,680
A A 34,793,680

* KHE &8s

Collection @ chosun
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<E 3.18> 27| YWYIAIAEI(M_A)S &XHI2

o Q10| WAl AE =¥ Helule (e

= Td 84 (Unit Price/RT) Pdelicr )
1-1 UHE W2AE 400,000 4,160,000
1-2 WA HI 55,000 572,000
1-3 Wt mO 55,000 572,000
1-4 A S )| 900,000 9,360,000
1-5 CRAC-& 238t 57| 750,000 7,800,000
1-6 I SEIEN 200,000 2,080,000
1-7 SZ)| - EJ|™ 75,000 1,560,000
1-8 SZ)| - 20|™ 75,000 1,560,000
1-9 SEJ| - BYO|™ 75,000 1,560,000
1-10 Hi 2 600,000 6,240,000
1-11 2 Way = 60,000 1,248,000
1-12 3 Way g8 35,000 1,456,000
1-13 AHed =] m 41,000 265,680
A 38,433,680

x. N2l )Mo Chl= Nt 1Y g2
<E 319> QD44 WWEIAIAE(AW)S &X(dH|I2
QAJIdS YA AE =BT i

= SXHE (He

TE 74 24 (Unit Price/RT) el (et
1-1 UHS H2tet 400,000 4,160,000
1-2 WA HI 55,000 572,000
1-3 Wora mHI 55,000 572,000
1-4 SHAIH S| 900,000 9,360,000
1-5 CRAC-&28 50| 750,000 7,800,000
1-6 ZiE{EtA 200,000 2,080,000
1-7 =) - EJ|™ 75,000 1,560,000
1-8 =) - 20|™ 75,000 1,560,000
1-9 SZ)| - HiD|™ 75,000 1,560,000
1-10 Hi 2 600,000 6,240,000
1-11 2 Way 22 60,000 1,248,000
1-12 3 Way @& 35,000 1,456,000
1-13 PEER=PE 41,000 265,680
AT 38,433,680

x Ntie] BO[HMol Chl= Nt 1ig g2
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CE 3.20> 2WAl WYAIABI(W)S MXIHIS
o | HA HEAAE =) ] o
e vd 84 (Unit Price/RT) el iy
1-1 UM S H2tE 400,000 4,160,000
1-2 W HI 55,000 572,000
1-3 W2t EHI 55,000 572,000
1-4 PNEPNIVES] 900,000 9,360,000
1-5 | CRAC-&28&0 750,000 7,800,000
1-6 SEI| - 20|™ 75,000 1,560,000
1-7 SZEJ| - Hio| 75,000 1,560,000
1-8 B 2+ 600,000 6,240,000
1-9 2 Way #= 60,000 1,248,000
1-10 3 Way #= 35,000 1,456,000
1-11 TERESIE 41,000° 265,680
AT 34,793,680
N2 E0[Ho Chi= At 1Y 0=2Y
<E 3.21> Multi YYAIAEO HXHIE
o Multi system 34 =9 Y (e
s QA (Unit Price/RT) Pl be)
1-1 UM S H2tE 400,000 4,160,000
1-2 W HI 55,000 572,000
1-3 W2ta EHI 55,000 572,000
1-4 PNEPNIESS] 900,000 9,360,000
1-5 | CRAC-&t28&7| 750,000 7,800,000
1-6 IIEIPN 200,000 2,080,000
1-7 | 2| - E7|H 75,000 1,560,000
1-8 | &2 - 20| H 75,000 1,560,000
1-9 | =ZJ| - gh0IH™ 75,000 1,560,000
1-10 e 600,000 6,240,000
1-11 2 Way ©= 60,000 1,248,000
1-12 3 Way 2= 35,000 1,456,000
1-13 PTERESIE: 41,000 265,680
A 38,433,680
. N2 BO[HO Chl= At 1Y 02

Collection @ chosun
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<E 3.2 YLAIAEY XI|IEXH & (M)
o 24 24 mnce | 7S s el ulti
-1 | LHE WE | 4,160,000 | 4,160,000 | 4,160,000 | 4,160,000 | 4,160,000 | 4,160,000
2 | wa mE 572,000 | 572,000 | 572,000 | 572,000 | 572,000 | 572,000
1-3 | WA ®ZT | 572,000 | 572,000 | 572,000 | 572,000 | 572,000 | 572,000
14 | SWAWSI| | 9,360,000 | 9,360,000 | 9,360,000 | 9,360,000 | 9,360,000 | 9,360,000
CRAC -
5 | egao | 7800.000| 7,800,000 | 7.800,000 | 7.800.000 | 7.800,000 | 7.800,000
16 PN 2,080,000 | 2,080,000 2,080,000
2| -
1-7 . 1,660,000 | 1,560,000 1,560,000
s3I -
-8 i 1,560,000 | 1,560,000 | 1,560,000 | 1,560,000 | 1,560,000 | 1,560,000
&= -
19 o 1,560,000 | 1,560,000 | 1,560,000 | 1,560,000 | 1,560,000 | 1,560,000
1-10 b 2 6,240,000 | 6,240,000 | 6,240,000 | 6,240,000 | 6,240,000 | 6,240,000
=11 | 2 Way = | 1,248,000 | 1,248,000 | 1,248,000 | 1,248,000 | 1,248,000 | 1,248,000
=12 | 3 Way W= | 1,456,000 | 1,456,000 | 1,456,000 | 1,456,000 | 1,456,000 | 1,456,000
1-13 | MBI 20| @ 265680 | 265,680 | 265,680 | 265680 | 265,680
27 34,528,000 | 34,793,680 | 38,433,680 | 38,433,680 | 34,793,680 | 38,433,680
% 100 100.8 111.3 111.3 100.8 111.3
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<H 3.23>2 M 3& 2& 32 J|IE2aZ SXZAIAH HEHH|Ql ~MHISZ2 AtE S
ZH0ICH <H 3.22>0 M E= it 20|, SZAIAE HEALH|E H2E S268HE2Z2
1) J|& dY&ble A2t 68,3178 30| 2MBtD, 2) JIAHA Hetn HL-HE ol AL
WHIAABIS DAEGHE REQAJ SUGHI MR, =2 68,002& A0 LA
0, 3) 2ol J|HEHEE 20 HEl QIIdHE AIAES =4MHIE2 A2
78,574 20| ZM3t= M BEHLIULH
<E 3.23> YEAAEY H2F £4HIE (B
- = J|H A Q7| Al I A U4 .
= 8 24 J|IEAAE ) ) (W) W) Multi
1-1 UHE H2E 4,576 4,576 4,576 4,576 4,576 4,576
1-2 W BHO 6,692 6,692 6,692 6,692 6,692 6,692
1-3 W2t HI 6,692 6,692 6,692 6,692 6,692 6,692
1-4 SHAWST| 32,760 32,760 32,760 32,760 32,760 32,760
1-5 CRAC-&t=& &2 n/a n/a n/a n/a n/a n/a
1-6 ZHY%A 6,240 6,240 6,240
EZ)| -
1-7 =5 m 3,432 3,432 3,432
EZ)| -
1-8 _ 3,432 3,432 3,432 3,432 3,432 3,432
=20
EZJ| -
1-9 B0 3,432 3,432 3,432 3,432 3,432 3,432
1-10 b =2 7,488 7,488 7,488 7,488 7,488 7,488
-1 2 Way &8 1,497 1,497 1,497 1,497 1,497 1,497
1-12 3 Way &8 1,747 1,747 1,747 1,747 1,747 1,747
1-13 At 20| ™ 584 584 584 584 584
2 68,317 68,902 78,574 78,574 68,902 78,574
% 100 100.8 111.3 111.3 100.8 111.3
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<H 3.24> HYAAL RHRAYE +HHIE2 HEY SMOIX L SRS &H (M)
w | pw wzg gsEm i ws7| e 7w 271w 71 2t 2 way 3 Way e
T | oo 4,545 6,647 6,647 32,539 6,197 3,408 3408 3,408 7,437 1487 1735 580
2 | osses| 4514 6,602 6,602 32319 6156 3385 3385 3385 7,387 1477 1723 576,
3 | osme|  a4sa 6557 6557 32,101 6114 3363 3363 3363 7,337 1467 1712 572
a | oo 4453 6513 6513 31,885 6073 3340 3340 3340 7,288 1457 1,700 568
s | oseer 4423 6,469 6469 31,669 6,032 3317 3317 3317 7,238 1447 1689 565
6 | oo 4393 6426 6426 31,456 5,991 3205 3295 3295 7,190 1438 1677 561
7| ossy 4,364 6382 6382 31,244 5,951 3273 3273 3273 7,141 1428 1666 557
s | oo 4334 6339 6339 31,033 5,911 3251 3251 3251 7,093 1418 1655 553
9 | osws| 4305 6,296 6296 30,824 5,871 3229 3229 3229 7,045 1,409 1643 549
0| ooms| 4276 6254 6254 30,616 5,831 3207 3207 3207 6,997 1399 1632 546
1| ooz 4,247 6212 6212 30,409 5,792 3185 3185 3185 6,950 1390 1621 542
2 | oo | 4219 6170 6,170 30,204 5,753 3164 3164 3164 6,903 1380 1610 538
3| ooss| 419 6128 6128 30,000 5,714 3142 3142 3142 6,857 1371 1600 535
1 | osos| 4162 6,087 6,087 29,798 5,675 3121 3121 3121 6811 1362 1589 531
15 | o0s03s 6,765
6 | osora| 4106 6,005 6,005 29,397 5,599 3,079 3,079 3,079 6719 1343 1567 524
7| ose 4,078 5,965 5,965 29,199 5,561 3,058 3,058 3,058 6674 1334 1557 520
B | ossss 4,051 5,924 5924 29,002 5,524 3,038 3038 3,038 6629 1325 1546 517
| o873 4023 5,884 5,884 28,806 5,487 3017 3017 3017 6,584 1316 1536 513
20 | osra 399 5,845 5,845 28,612 5,450 2997 2,997 2997 1308 1526 510
21| osers 3969 5,805 5,805 28419 5413 2977 2977 2977 6495 1299 1515 507
2 | oser 3942 5,766 5,766 28,227 5,376 2957 2957 2957 6452 1290 1505 503
2 | ossss 3916 5,727 5727 28,037 5,340 2937 2037 2937 6,408 1281 1495 500
24 | ossol 3889 5,689 5,689 27,848 5,304 2017 2917 2017 6,365 1273 1485 49
5 | osas 3863 5,650 5,650 27,660 5,268 2897 2897 2897 6322 1264 1475 493
% | o83 3837 5,612 5612 27,473 5,233 2878 2878 2878 6279 1255 1,465 490
27 | osm0 3811 5,574 5574 27,288 5,197 2858 2858 2858 6237 1247 1455 486
28 | osam 3786 5,537 5,537 27,104 5,162 2839 2839 2839 6,195 1239 1445 483
2 | osas 3760 5,499 5,499 26,921 5127 2820 2820 2,820 6153 1230 1435 480
20 | ose2 6112
3| osw7 3709 5,425, 5425 26,559 5,059, 2782 2782 2782 6,070 1214 1416 473
2 | 080 3684 5,389, 5,389 26,380 5,024 2763 2763 2763 6,029 1,205 1406 470
3| o7 3,660 5,352, 5352 26,202 4,990 2745 2,745 2,745 5,989 1197 1397 467
34 | orom 3635 5,316, 5316 26,025 4,957 2726 2726 2726 5,948 1189 1388 464
3 | o7 3610 5,280, 5,280 25,850 4,923 2,708 2,708 2,708 5908 1181 1378 461
3 | o7 3586 5,245, 5,245 25,676 4,890 2689 2,689 2689 5,868 1173 1369 458
w7 | orms 3562 5,209, 5,209 25,502 4,857 2671 2671 2671 5,829 1165 1360 455
B | o 3538 5,174, 5174 25,330 4824 2653 2653 2653 5,789 1157 1350 451
3 | 07680 3514 5,139, 5139 25,159 4792 2635 2635 2635 5,750 1150 1341 448
w0 | o7es 3490 5,105, 5105 24,990 4,760 2618 2618 2618 1142 1332 445
| orsm 3467 5,070, 5070 24,821 4727 2,600 2,600 2,600 5673 1134 1323 442
w2 | o7sz 3443 5,036, 5,036 24,654 4,696 2582 2582 2582 5,635 1127 1314 439
3 | omans 3420 5,002, 5,002 24,487 4,664 2,565 2,565 2,565 5597 1119 1306 436
w | o7as 3397 4,968, 4,968 24322 4,632 2,548 2,548 2,548 5,559 1111 1297 433
45 07374 5521
% | o7as 3351 4,901 4,901 23,995 4570 2513 2513 2513 5,484 109 1279 428
| o7z 3329 4,868 4,868 23,833 4,539 2496 249, 2496 5,447 1,089 1271 425
® | o726 3306 4,836 4836 23673 4,509 2480 2480 2480 5411 1082 1262 422
| o7 3284 4,803 4,803 23513 4478 2463 2463 2463 5374 1074 1254 419
50 | o7z 3262 4771 4771 23,354 4,448 2446 2446 2446 5338 1067 1245 416
s | osom 3240 4738 4738 23,197 4418 2430 2430 2430 5,302 1060 1237 413
2 | 0703 3218 4,706 4,706 23,040 4,388 2413 2413 2413 5,266 1053 1228 411
3 | o696 3196 4675 4675 22,885 4,359 2397 2397 2397 5230 1046 1220 408
0 | o6 3175 4,643 4643 22731 4329 2381 2381 2381 5,195 1039 1212 405
ss | osss2 3153 4612 4612 22,577 4,300 2365 2365 2365 5,160 1032 1204 402
s | osas 3132 4,581 4,581 22425 4271 2349 2349 2349 5,125 1025 119 400
57 | os7m 3111 4,550 4,550 22,274 4,242 2333 2333 2333 5,001 1018 1187 397
5 | 06753 3,090 4519 4519 22,123 4214 2317 2317 2317 5,056 1011 1179 394
9 | o678 3,069 4,489 4,489 21,974 4,185 2302 2302 2302 5,022 1004 1171 392
0 | 06663 3,048 4,458 4,458 21,826 4157 2286 2286 2286 4,988 997,7 1164 389
w7 213644 | 312454 | 312454 1529499 | 291333 | 160233 | 160233 | 160233 | 355746 69,919 81573 | 27,288
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Lt. WA
<H

3.
gt Zt0ICH.

25>2 Ml 3 28 42 JIELZ HLAIAHE

UM JIENA HAZE i 20| 22 HMAS TE FHARAS2 WHFI|=
1580101 WS, <= 3.2550 M Y& 28 2HAAY WHHIE2 20l 1590
St M GIHE HIE0| &MSCH= 2 DI0ICH. &, W2AES AL, X Y =
158 0] XILFH 4,160,000,0003 = EQHA Mz W2ES=Z WA &tli=
O|0|0ICt.

<E 3.25> HYIA|AEY 15 DU (MY)

b E] = 2134l 974l 97| Al AUAl .

T S (w) | CIEN=d ) (A) (AN) ) Hultl
R 15 4,160,000 | 4,160,000 | 4,160,000 | 4,160,000 | 4,160,000 | 4,160,000
Wy mZ 15 572,000 572,000 572,000 572,000 572,000 572,000
Wata HI 15 572,000 572,000 572,000 572,000 572,000 572,000
PNTPNIVEST 15 9,360,000 | 9.360,000 | 9,360,000 | 9,360,000 | 9,360,000 | 9,360,000
CRAC 15 7,800,000 | 7,800,000 | 7,800,000 | 7,800,000 | 7,800,000 | 7,800,000
LA 15 2,080,000 | 2,080,000 2,080,000

=2)| - [ 15 1,560,000 | 1,560,000 1,560,000

2| - 2 15 1,560,000 | 1,560,000 | 1,560,000 | 1,560,000 | 1,560,000 | 1,560,000

S| - HHDIEH 15 1,560,000 | 1,560,000 | 1,560,000 | 1,560,000 | 1,560,000 | 1,560,000

e 20 6,240,000 | 6,240,000 | 6,240,000 | 6,240,000 | 6,240,000 | 6,240,000

2 Way ®E 15 1,248,000 | 1,048,000 | 1,248,000 | 1,248,000 | 1,248,000 | 1,248,000

3 Way ¢ 15 1,456,000 | 1,456,000 | 1,456,000 | 1,456,000 | 1,456,000 | 1,456,000

RS 15 265, 680 265,680 265, 680 265,680 265,680

A7 34,508,000 | 34,793,680 | 38,433,680 | 38,433,680 | 34,793,680 | 38,433,680

<H 3.26>2 AZEOIE (0.68%)10 0l st 0l HIE2=S M2 JIXZ BHat

o2l {8t AKX (present value)E HIEOZ, <HE 3.2550A HoIst HEIA|AEY

PHRAES WHFIION WHHIES M2 JIXZ &Hatst 2D 0|S29| SHE

SBHEC. WE =0, H2E2 WHHIE AMHNEH, S&D|2H01 60E2t & 32

WO 159 0tCH OIRHXCEH. Olo ek, 15%, 304, 45E =0 2AME WibES

SMIIXIZ2 statetH 18] MbBlZel 4,160,0008 & 0| 3,758,403& &, 3,395,576&

& 3,067,775 RO Z OfcHet 20| 22 ArEE 2= UL},

=Xe) T o] & T 1

15 =9 WHHIE2 S ILX, 3,758,403,65624,160,000,000><—15

(1+0.0068)"
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1

304 Fo| ~MHIE2 SMIHX, 3,395,576,453= 4,160,000,000 X —————
(140.0068)

MOEXI, 3,067,775,711= 4,160,000,000 <

~
(@)]
i
)
1o
1
B
=2
0l
lo
rol

(140.0068)*

IcH 2 WHBIE2 SIS HLHGHA

<H 3.26> HHAIAHEY WHFIE WHHIE (M)

*::E" INEAAE 7 '(ﬂ'f' Q(JA')*' &) éAgw)**' *ﬁf Multi
15 25,557, 144 25,797.176 29,085,779 29,085,779 25797176 29,085,779
20 5,450,019 5,450,019 5,450,019 5,450,019 5,450,019 5,450,019
30 23,089,919 23,306,779 26,277,909 26,277,909 23,306,779 26,277,909
40 4,760,049 4,760,049 4,760,049 4,760,049 4,760,049 4,760,049
45 20,860,874 21,056,799 23,741,103 23,741,103 21,056,799 23,741,103
z8 79,718,008 80,370,825 89,314,861 89,314,861 80,370,825 89,314,861
% 100 100.82 112.04 112.04 100.82 112.04
Ct. i Xidl

<H 3.27> ~ <H 3.32> NtXe D B Jdetdd|et CHet 5oHe EE O X
g & uXglEsS LEtH H0ICH 8 HUXAIZE2 M3 28 42 TS |
ACH oHXEIE o482 g =9, 1382 XIS

199 WXl HIE 674,624,210 9 = (6,217,668 —1) < 108.5

(AEA A —1) x (ASH F7H-8))

T
oo
z
_O'j
|' (m]
5%
N
=2
T
>

Oratel &l Met, E8 UX B8 M4FotR2H, 0
HIZ 6,939,621,633& 0] =Ct.
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<H 3.27> J|EANAES Y HUX AMESE L HUXIBIS
5 eAg @ AR (Kwh)
wate | waamm 2z WABD |  CRAC D
1 593,280 659,200 2,505,858 653,840 1,805,490 6,217,668 674,624
2 537,984 597,760 2,269,804 591,360 1,632,960 5,629,868 610,847
3 597,888 664,320 2,543,000 654,720 1,807,920 6,267,848 492,033
4 584,064 648,960 2,486,546 633,600 1,749,600 6,102,769 479,074
5 609,408 677,120 2,597,756 654,720 1,807,920 6,346,924 498,240
6 592,128 657,920 2,524,228 633,600 1,749,600 6,157,476 483,369
7 612,864 680,960 2,630,514 654,720 1,807,920 6,386,978 692,994
8 612,864 680,960 2,632,615 654,720 1,807,920 6,389,079 693,222
9 586,368 651,520 2,509,583 633,600 1,749,600 6,130,671 481,264
10 603,648 670,720 2,585,788 654,720 1,807,920 6,322,795 496,346
11 579,456 643,840 2,482,774 633,600 1,749,600 6,089,270 660,693
12 593,280 659,200 2,523,615 654,720 1,807,920 6,238,735 676,909
i 7,103,232 7,892,480 | 30,292,081 | 7,707,920 | 21,284,368 | 74,280,080 6,939,621
<E 8.28> JIHA YYAAEO BE LN ABY X HUXHIS
4 RAE M2 ABY (Kwh)
= CIERR=TT
gae | L @2l | WABD | CRAC | RACLM | ZA8Y (&)

1 586,368 651,520 | 1,221,419 654,720 | 1,647,738 308,552 | 5,070,317 550,136
2 532,224 591,360 | 1,104,543 591,360 | 1,488,280 278,692 | 4,586,458 497,637
3 589,824 655,360 | 1,271,555 654,720 | 1,647,738 308,552 | 5,127,749 402,535
4 572,544 636,160 | 1,276,853 633,600 | 1,594,585 298,598 | 5,012,340 393,475
5 595,584 661,760 | 1,383,059 654,720 | 1,647,738 308,552 | 5,251,412 412,243
6 578,304 642,560 | 1,374,978 633,600 | 1,594,585 298,598 | 5,122,625 402,133
7 600,192 666,880 | 1,448,561 654,720 | 1,647,738 308,552 | 5,326,643 577,948
8 601,344 668,160 | 1,425,625 654,720 | 1,647,738 308,552 | 5,306,139 575,723
9 576,000 640,000 | 1,343,977 633,600 | 1,594,585 298,598 | 5,086,761 399,318
10| 596,736 663,040 | 1,346,020 654,720 | 1,647,738 308,552 | 5,216,806 409,526
11 573,696 637,440 | 1,265,401 633,600 | 1,594,585 298,598 | 5,003,320 542,867
12| 587,520 652,800 | 1,259,034 654,720 | 1,647,738 308,552 | 5,110,364 554,481
i: 6,990,336 7,767,040 15,721,025 7,708,800 19,400,787 3,632,947 | 61,220,934 5,718,027
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<H 3.29> 27| HLAIARS Y UK AHSE &L HUXIHI=
2N QA M A2 (Kwh)
L2bEt %?ET 2y Ec' CRAC HH 71 2 RACLE | SAISE =

1| 457,234 | 855,301 | 404,134 | 177,232 | 1,647,738 | 481,647 | 308,552 | 4,331,838 470,011
2 | 422,772 | 741,160 | 504,058 | 218,167 | 1,488,280 | 395,004 | 278,692 | 4,048,132 439,229
3| 526,106 | 653,394 | 1,342,184 | 560,076 | 1,647,738 | 113,917 | 308,552 | 5,151,966 404,436
4| 519,636 | 614,270 | 1,425,335 | 582,868 | 1,594,585 63,679 | 298,598 | 5,098,971 400,276
5| 498,068 | 765,581 901,208 | 362,765 | 1,647,738 | 387,229 | 308,552 | 4,871,416 382,413
6 | 439,529 | 830,797 | 339,133 | 165,367 | 1,594,585 | 700,028 | 298,598 | 4,368,037 342,898
7 | 562,869 | 739,429 | 1,099,564 | 425,451 | 1,647,738 | 378,677 | 308,552 | 5,162,279 560, 114
8 | 567,247 | 715,878 | 1,195,862 | 469,275 | 1,647,738 | 348,715 | 308,552 | 5,253,266 569,986
9| 472,881 | 790,600 | 637,496 | 255,039 | 1,594,585 | 502,917 | 298,598 | 4,552,118 357,348
10| 531,013 | 681,140 | 1,332,476 | 529,423 | 1,647,738 | 157,668 | 308,552 | 5,188,009 407,266
11| 515,467 | 630,554 | 1,337,468 | 554,107 | 1,594,585 97,074 | 298,598 | 5,027,853 545,529
12| 482,068 | 783,716 | 738,152 | 313,603 | 1,647,738 | 370,764 | 308,552 | 4,644,593 503,945
8| 5,994, | 8,801, | 11,257, | 4,613, | 19,400, 3,997, 3,632, | 57,698,

Al 889 820 068 370 787 321 947 477 R

<H 3.30> 20|Y¢= HYHAIARS Y UK AHEE & HUXIHIS
Y QAY M AR (Kwh)
g — mll_ﬁ(ggj;gal
SRS, %?ET &2 AR T CRAC RACLZH ENBE =

1 534,528 | 593,920 | 1,492,928 | 654,720 | 1,647,738 | 308,552 | 5,232,385 567,721
2 483,840 | 537,600 | 1,366,293 | 591,360 | 1,488,280 | 278,692 | 4,746,064 514,955
3 539,056 | 613,714 | 1,520,347 | 634,421 | 1,647,738 | 308,552 | 5,263,828 413,217
4 477,929 | 736,441 858,730 | 351,164 | 1,504,585 | 298,598 | 4,317,448 338,926
5 491,820 | 787,428 819,635 | 323,151 | 1,647,738 | 308,552 | 4,378,323 343,705
6 534,824 | 629,474 | 1,530,051 585,435 | 1,594,585 | 298,598 | 5,172,968 406,085
7 565,632 | 628,480 | 1,732,678 | 654,720 | 1,647,738 | 308,552 | 5,537,800 600,858
8 564,480 | 627,200 | 1,718,475 | 654,720 | 1,647,738 | 308,552 | 5,521,165 599,053
9 519,079 | 658,318 | 1,319,903 | 517,161 | 1,594,585 | 298,598 | 4,907,645 385,257
10| 480,754 | 814,149 678,918 | 269,749 | 1,647,738 | 308,552 | 4,199,860 329,696
11| 511,381 642,356 | 1,283,233 | 531,637 | 1,594,585 | 298,598 | 4,861,791 527,511
12| 540,288 | 600,320 | 1,541,067 | 654,720 | 1,647,738 | 308,552 | 5,292,685 574,263
i: 6,243,611 | 7,869,399 | 15,862,258 | 6,422,958 | 19,400,787 | 3,632,947 | 59,431,962 | 5,601,253,122
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<H 3.31> 44| WUHAIABS S MUK A2 L U XHSE
. — Y QAY M A2 (Kwh) mll_ﬁ(ggj;ééﬂl
SRl o Y AR T CRAC RACL 2 ENBE =
1 515,194 690,938 | 1,088,794 477,488 | 1,647,738 308,552 | 4,728,703 513,071
2 457,915 656,600 862,235 373,193 | 1,488,280 278,692 | 4,116,915 446,692
3 459,014 890,972 275,452 114,943 | 1,647,738 308,552 | 3,696,670 290, 195
4 512,927 745,930 814,723 333,168 | 1,594,585 298,598 | 4,299,931 337,551
5 560,498 630,319 | 1,600,582 631,048 | 1,647,738 308,552 | 5,378,737 422,238
6 544,896 605,440 | 1,655,932 633,600 | 1,594,585 298,598 | 5,333,052 418,651
7 565,632 628,480 | 1,732,678 654,720 | 1,647,738 308,552 | 5,537,800 600,858
8 564,480 627,200 | 1,718,475 654,720 | 1,647,738 308,552 | 5,521,165 599,053
9 539,136 599,040 | 1,617,079 633,600 | 1,594,585 298,598 | 5,282,039 414,647
10 559,331 690,951 | 1,284,266 510,268 | 1,647,738 308,552 | 5,001,106 392,594
1 468,264 826,290 437,987 181,456 | 1,594,585 298,598 | 3,807,180 413,086
12 496,696 768,924 802,915 341,117 | 1,647,738 308,552 | 4,365,942 473,712
j 6,243,982 | 8,361,083 | 13,891,120 | 5,539,321 | 19,400,787 | 3,632,947 | 57,069,240 5,322,353
<H 3.32> Multi SZAIARS Y UK AHSE £ 0UXIEI=
2N QAY MH A2 (Kwh)
L2bEt %?ET 2y Ec' CRAC HH 2| 2 RACLE | SAISE =
1| 125,362 | 257,792 0 0| 1,647,738 | 481,647 | 308,552 | 2,821,090 306,095
2 | 152,575 | 317,333 0 0| 1,488,280 | 395,004 | 278,692 | 2,631,884 285,566
3| 376,757 | 814,656 0 0| 1,647,738 | 126,140 | 308,552 | 3,273,842 257,003
4 | 408,663 | 847,808 0 0| 1,594,585 | 258,792 | 298,598 | 3,408,446 267,570
5| 198,991 | 522,187 178 7,524 | 1,647,738 | 606,625 | 308,552 | 3,292,070 258,434
6 | 117,816 | 178,504 177,378 | 117,201 | 1,594,585 | 720,608 | 298,598 | 3,204,691 251,575
7 | 387,253 | 430,281 919,514 | 425,451 | 1,647,738 | 378,677 | 308,552 | 4,497,465 487,982
8 | 427,115 | 474,572 | 992,573 | 469,275 | 1,647,738 | 348,715 | 308,552 | 4,668,540 506,543
9 | 160,119 | 307,860 | 282,874 | 138,600 | 1,594,585 | 509,277 | 298,598 | 3,291,914 258,422
10| 364,804 | 770,069 0 0| 1,647,738 | 470,367 | 308,552 | 3,561,530 279,587
11| 380,835 | 805,973 0 0| 1,594,585 | 159,801 | 298,598 | 3,239,793 351,524
12| 215,199 | 456,149 0 0| 1,647,738 | 370,764 | 308,552 | 2,998,403 325,333
8| 3,315, | 6,183, 2,372, | 1,188, 19,400, 4,826, 3,632, 40,889, e
A 489 184 518 051 787 418 947 668
— 55 —
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19 =2 XSS

29 =2 Gl XdlE2

rige
s
ro

U=
UIEPN

=3
-

, ¥

_ _ _ 1
STHOLRI, 6,892,750 ¥ = 6,939,621 X ———
(14+0.0068)
1

STHOLRI, 6,846,196 = 6,939,621 X ————
(140.0068)

<H 3.33>0AM 2 = UX0l, 2 HLAIAHYE ML 2AI12H60H)2 HES=
GIUX  HlEe ESMItXl &HE HHEW, JIE AAE2 HlHX  HI=0l
340,962,173,020 22 M JtE 2 gt 2010 UM, ZEl AJ/dY AIARS A

2 0lHXl BIZ2 188,455,334,0303 22 Jt& &2 gt= 20F10 UL JIE AAE
O (X BIES 100%=2 Z&otil, 222 HTAIAEE WU HES Hles et
st 21, JIAA HE=2 82.40%, 20| HE2 77.58%, 2| H=HL=2 80.71%, H=
HHE2 76.70%, LEl 2D HE2 55.27%2 LIEIGCH. =, J|EQ HLAIAES HE
QIIHE AMAEOZ HEotH, of 45%2 OIU Xl HIES 2HE = UL,
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<H 3.33> YWEAIAE RYRAY SHHIE2 HEY SMIIX L STHIIXIS &H (M)

ST STa STa = oA -

w | pwr IENAE '(3,1') ﬂ(A') 2 }fj‘f i Mult]
1 0.9933 6,892,812 5,679,458 5,347,144 5,563,471 5,286,453 3,809,769
2 0.9866 6,846,319 5,641,149 5,311,076 5,525,944 5,250,795 3,784,071
3 0.9799 6,800,139 5,603,098, 5,275,252 5,488,671 5,215,377 3,758,547
4 09733 6,754,271 5,565,304 5,239,669 5,451,649 5,180,199 3,733,195
5 0.9667 6,708,712 5,527,765 5,204,327 5,414,876 5,145,257 3,708,014
6 0.9602 6,663,460 5,490,480 5,169,222 5,378,352 5,110,551 3,683,002
7 0.9537 6,618,514 5,453,445 5,134,355 5,342,074 5,076,080 3,658,160
8 0.9473 6,573,870 5,416,661 5,099,723 5,306,040 5,041,840 3,633,485
9 0.9409 6,529,528 5,380,124 5,065,324 5,270,250 5,007,832 3,608,976
10 0.9346 6,485,485 5,343,834 5,031,157 5,234,701 4,974,053 3,584,633
1 0.9283 6,441,740 5,307,789 4,997,221 5,199,392 4,940,502 3,560,454
12 0.9220 6,398,289 5,271,987 4,963,514 5,164,321 4,907,178 3,536,438
13 09158 6,355,131 5,236,426 4,930,034 5,129,487 4,874,078 3,512,584
14 0.9096 6,312,264 5,201,105 4,896,780 5,094,887 4,841,201 3,488,891
15 0.9035 6,269,687 5,166,023 4,863,750 5,060,521 4,808,546 3,465,358
16 0.8974 6,227,397 5,131,177 4,830,943 5,026,387 4,776,112 3,441,983
17 0.8913 6,185,392 5,096,566 4,798,358 4,992,483 4,743,896 3,418,766
18 0.8853 6,143,670 5,062,189 4,765,992 4,958,808 4,711,897 3,395,706
19 0.8793 6,102,230 5,028,043 4,733,844, 4,925,360 4,680,115 3,372,801
20 0.8734 6,061,069 4,994,128 4,701,913 4,892,137 4,648,546 3,350,051
21 0.8675 6,020,186, 4,960,442 4,670,198 4,859,139 4,617,191 3,327,454
22 0.8617 5,979,578 4,926,983 4,638,697 4,826,363 4,586,047 3,305,010
23 0.8558 5,939,245 4,893,749 4,607,408 4,793,808 4,555,113 3,282,717
24 0.8501 5,899,183 4,860,740 4,576,330 4,761,473 4,524,388 3,260,574
25 0.8443 5,859,392, 4,827,953 4,545,462 4,729,356 4,493,870 3,238,581
26 0.8386 5,819,870 4,795,388 4,514,802 4,697,455 4,463,558 3,216,736
27 0.8330 5,780,613 4,763,042 4,484,348 4,665,770 4,433,451 3,195,039
28 0.8274 5,741,622 4,730,914 4,454,101 4,634,298 4,403,546 3,173,488
29 0.8218 5,702,894 4,699,003 4,424,057 4,603,039 4,373,843 3,152,082
30 0.8162 5,664,426 4,667,307 4,394,216 4,571,991 4,344,341 3,130,820
31 0.8107 5,626,219 4,635,826 4,364,576 4,541,152 4,315,037 3,109,702
32 0.8053 5,588,269 4,604,556 4,335,136 4,510,521 4,285,932 3,088,727
33 0.7998 5,550,575 4,573,497 4,305,894 4,480,096 4,257,022 3,067,893
34 0.7944 5,513,135 4,542,648 4,276,850 4,449,877 4,228,308 3,047,199
35 0.7891 5,475,948 4,512,007 4,248,002 4,419,862 4,199,787 3,026,645
36 07838 5,439,011 4,481,573 4,219,348 4,390,049 4,171,458 3,006,230
37 0.7785 5,402,324 4,451,344 4,190,888 4,360,437 4,143,321 2,985,952
38 07732 5,365,884 4,421,318 4,162,620 4,331,025 4,115,374 2,965,811
39 0.7680 5,329,690 4,391,496 4,134,542 4,301,812 4,087,615 2,945,806
40 07628 5,293,741 4,361,874 4,106,654 4,272,795 4,060,043 2,925,936
41 07577 5,258,033 4,332,453 4,078,954 4,243,974 4,032,657 2,906,200
42 0.7526 5,222,567 4,303,229 4,051,440 4,215,348 4,005,456 2,886,597
43 0.7475 5,187,340 4,274,203 4,024,112 4,186,914 3,978,438 2,867,127
44 07425 5,152,350, 4,245,373 3,996,969 4,158,673 3,951,603 2,847,787
45 07374 5,117,596 4,216,737 3,970,009 4,130,622 3,924,949 2,828,578
46 07325 5,083,077 4,188,294 3,943,230 4,102,760 3,898,474 2,809,499
47 0.7275 5,048,791 4,160,043 3,916,632 4,075,086 3,872,178 2,790,548
48 07226 5,014,736 4,131,983, 3,890,214 4,047,599 3,846,059 2,771,726
49 07177 4,980,910 4,104,112 3,863,973 4,020,297 3,820,117 2,753,030
50 07129 4,947,313 4,076,429 3,837,910 3,993,179 3,794,350 2,734,460
51 0.7081 4,913,942 4,048,932 3,812,023 3,966,244 3,768,756 2,716,016
52 07033 4,880,797 4,021,622 3,786,310 3,939,491 3,743,335 2,697,696
53 0.6986 4,847,875 3,994,495 3,760,770 3,912,918 3,718,085 2,679,499
54 0.6939 4,815,175 3,967,551 3,735,403 3,886,525 3,693,006 2,661,425
55 0.6892 4,782,696 3,940,789 3,710,207 3,860,310 3,668,096 2,643,473
56 0.6845 4,750,435 3,914,208 3,685,181 3,834,271 3,643,354 2,625,643
57 0.6799 4,718,393 3,887,806 3,660,324 3,808,408 3,618,779 2,607,932
58 06753 4,686,566 3,861,582 3,635,634 3,782,720 3,594,369 2,590,341
59 0.6708 4,654,954 3,835,535 3,611,111 3,757,204 3,570,125 2,572,869
60 0.6663 4,623,556 3,809,663 3,586,753 3,731,861 3,546,044 2,555,514
A 341,048,913 281,013,481 264,570,917 275,274,559 261,568,013 188,503,276

10-0% 836 78;6 81% T7% 55%
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ct. C02 BH= HcHbl
C02 BHE HiBIE=S &tEoH)| RIoHA= M3E 22 50lA H=gtbiet 201 &5t

S0l BrAbiEEet H+=E HEotH &MEEL.

T

4

<H 3.34>2 (02 BiEEgs &tdet HE2, HUXBINA &8 8EAHIES M3 2
Z 50ACe EtAUIESEA H+E HEGIH JIE L HetE &2t €02 tHEZS Hlw of
Of LIEFH 20ICH. S4Z20 MSASE0 [t C02 ZME0] Hotls HeZ2 =4
Ct. SAUHES KMIGI 24HEH, o2t 2dH= 002 BHEE=2 JIE AIAEO0l
32,285,094 kgCO2/kwh = JtE HIESZ0l LUASH, CUS2E M HTAIAH,

—_

26,609,067 kgCO2/kwh Jt&E BHE 0| R0, CIE22 AN HEAIAEO0l 25,831,508
kgCO2/kwhZ S BIMH, A HZAIAEO0l 25,078,066 kgCO2/kwh=2 Ml BIRH, W HEAIAE
Ol 24,804,575 kgC02/kwh2 Ul SIRHOIC, Multi HEAIAEOl 17,772,285 kgC02/kwh2
Z 6He HHAAY S It H2 C2BiEd6ts A2 =2 UHEGCH.

<H 3.34> LYALEHYE AH2F CO2 &

= ~ A A ST A PNy
T e (W) (A) (AW) (W)

Multi

[y L AL i

74,280,080 | 61,220,934 | 57,698,477 | 59,431,962 | 57,069,240 | 40,889,668

[kWh]
AU S ot
0.43464
[kaC02/kWh]
Cozui =&
32,285,094 | 26,609,067 | 25,078,066 | 25,831,508 | 24,804,575 | 17,772,285
[kaC02/kWh]

<H 3.35>= BAUIEdHIES &Eet HZ, <H 3.340lM &HEE C02 BHEE 0
021 12,000&/TC02E =&otH JIE ¥

CHOHE 2 BHAHIE JiciHIES Hlw 24 8 HOIG. 24 W8S NMRHSZE

| 391,125,502% 22 Jt& 2 BHAHS

| 341,112,456 22 JIZEAIAEW Hlw Al

17.58% E2E HHHIES 20l= H2=2 LEIGD, i) MA AIAEES 278,231,5662

O BAIEHIES UEIRW2MH, Ol JIE AIAE Y] 22.32% <& HIE0IUA20,

pva=al
i) M_AW HEAIAES 319,814,920 2 EFAUHSHIE0l WSZH, Ol JIE AAE

m
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CH |

Hl <=

[ —

JIZEAAES

19.99%Jt 2= HIE011,

0| Olat= 1,

A2t

[ .

EHIE0l UEtLlE X222 =4 UCH.

iv) M_W HEAlA
JIE AMAEOEl 23.17%2 HIEO0I

EtAHHEHIE S 44.95% =

=] =)
[
X2
=0
=

I@

v) Multi

307,491, 7243 2| EAHIZE H

PRI,

LH
S

SEAIA

g
223,313,298 2| H2F EFAHH

<E 3.35> WHIA|AEY 2t EEAHIEHIE £ JIEAAE0H YEANAEE His
= _ JIHA 1A RSN PRI )
= Al (M) (A) (M) ) LI
BABEY
coe! 32,285.004 | 26,609.067 | 25,078.066 | 25,831.508 | 24,804.575 | 17,772.285
BAHS Helulg
12,000
[2/7002]
N
’ 391,125 341,112 278,231 319,814 307,491 203,313
B[]
JEAI AT
e 100.00% 82.42% 77.68% 80.01% 76.83% 55.05%
<H 3.360= 28 detAlA8Y EtAHIE HHIE <HE3.35>2 HIESeZ a0uEt 29
Ol 2 SMMIIXIS EH2MHsS 24s Z0ICH. 2HAZ 0N & &= AS0], 602t
2ds JIAEGIYGS M, i) JIESAIAE0] 19,039,878, 797222 JIZE 2 et A&
20| AHIEE 2192 UEIGOH, ii) M WEIAIAEIQ| 15,692,486,641, i) M_AW
HYEA|ABIQ| 15,233,927,3562, iv) M.A QHEIA|AEI0| 14,789,591,130, v) MW
BEAIAEI0] 14,628,301,6902 , vi) Multi WHEAIAEIQ| 10,481,064,784RA9C2 JIE A
2 &2 LIEYCE.
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<E 336> YHAAHE 02t SAWSH S SN2 (2R
~ 1A 2 ERE PRI )

L= Al ) (A) (AW) W) LI
1 384,807 317,155 298,906 307,887 295,647 211,828
2 382,212 315,015 296,890 305,810 293,652 210,400
3 379,634 312,890 294,888 303,747 291,672 208,980
4 377,073 310,780 292,899 301,698 289,704 207,571
5 374,530 308,684 290,923 299,663 287,750 206,171
6 372,003 306,601 288,961 297,642 285,809 204,780
7 369,494 304,533 287,011 295,634 283,881 203,399
8 367,002 302,479 285,076 293,640 281,967 202,027
9 364,526 300,439 283,153 291,660 280,065 200,664
10 362,067 298,412 281,243 289,692 278,176 199,310
11 359,625 296,400 279,346 287,738 276,299 197,966
12 357,199 294,400 277,461 285,797 274,436 196,631
13 354,790 292,414 275,590 283,870 272,584 195,304
14 352,397 290,442 273,731 281,955 270,746 193,987
15 350,020 288,483 271,885 280,053 268,920 192,679
16 347,659 286,537 270,051 278,164 267,106 191,379
17 345,314 284,604 268,229 276,288 265,304 190,088
18 342,985 282,685 266,420 274,424 263,514 188,806
19 340,671 280,778 264,623 272,573 261,737 187,532
20 38,373 278,884 262,838 270,735 259,971 186,267
21 336,091 277,003 261,065 268,908 258,218 185,011
22 333,824 275,134 259,304 267,095 256,476 183,763
23 331,572 273,279 257,555 265,293 254,746 182,524
24 329,336 271,435 255,818 263,503 253,028 181,292
25 327,114 269,604 254,092 261,726 251,321 180,069
26 324,908 267,786 252,378 259,961 249,626 178,855
27 322,716 265,980 250,676 258,207 247,942 177,648
28 320,539 264,185 248,985 256,466 246,270 176,450
29 318,377 262,403 247,306 254,736 244,609 175,260
30 316,230 260,634 245,637 253,017 242,959 174,078
31 314,097 258,875 243,981 251,311 241,320 172,904
32 311,978 257,129 242,335 249,616 239,692 171,737
33 309,874 255,395 240,700 247,932 238,075 170,579
34 307,784 253,672 239,077 246,260 236,469 169,428
35 305,708 251,961 237,464 244,598 234,874 168,286
36 303,645 250,262 235,862 242,949 233,290 167,150
37 301,597 248,574 234,271 241,310 231,717 166,023
38 299,563 246,897 232,691 239,682 230,154 164,903
39 297,542 245,231 231,122 238,065 228,601 163,791
40 295,535 243,577 229,563 236,460 227,059 162,686
41 293,542 241,934 228,014 234,865 225,528 161,589
42 291,562 240,302 226,476 233,280 224,006 160,499
43 289,595 238,682 224,949 231,707 222,495 159,416
44 287,642 237,072 223,431 230,144 220,995 158,341
45 285,702 235,473 221,924 228,592 219,504 157,273
46 283,775 233,884 220,427 227,050 218,023 156,212
47 281,860 232,307 218,940 225,518 216,553 155,158
48 279,959 230,740 217,464 223,997 215,092 154,112
49 278,071 229,183 215,997 222,486 213,641 153,072
50 276,195 227,637 214,540 220,985 212,200 152,040
51 274,332 226,102 213,093 219,495 210,769 151,014
52 272,482 224,577 211,655 218,014 209,347 149,995
53 270,644 223,062 210,228 216,544 207,935 148,984
54 268,818 221,557 208,810 215,083 206,532 147,979
55 267,005 220,063 207,401 213,632 205,139 146,981
56 265,204 218,579 206,002 212,191 203,756 145,989
57 263,415 217,104 204,613 210,760 202,381 145,004
58 261,638 215,640 203,233 209,338 201,016 144,026
59 259,874 214,185 201,862 207,926 199,660 143,055
60 258,121 212,741 200,500 206,524 198,314 142,090

g3 19,039,878 15,692,486 14,789,591 15,233,927 14,628,301 10,481,064
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<H 3.37> YYAIAEHY FHLE2H 20 (M)
= J&E CHOH CHot2 CHOr3 CHot4 CHOtS
EWJL ]| 34,528,000 34,793,680 38,433,680 38,433,680 34,793,680 38,433,680
=& H| 3,195,760 3,223,049 3,674,616 3,674,616 3,223,049 3,674,616
my: ]| 79,718,008 80,370,825 89,314,861 89,314,861 80,370,825 89,314,861
ol L4 X8| 341,048,913 281,013,481 264,570,917 275,274,559 261,568,013 188,503,276
HEEs 458,490,682 399,401,036 395,994,074 406,697,717 379,955,567 319,926,434
% 100.00% 87.11% 86.37% 88.70% 82.87% 69.78%
1% 1% 1% 1% 1% 12% 1%
Ly A A 8% i 9% 10% 9% 9%
ag 70%
. v v v v v v
HE He
Z7|ExjH] waMH = 2HH wojUXH =33
1EH) 1EE)
500,000,000
500,000,000
450,000,000 450,000,000
350,000,000 350,000,000
LCC 250,000,000 250,000,000
282 200,000,000 200,000,000
ez 150,000,000 150,000,000
100,000,000 100,000,000
’ 4 - 0
i EI|EALE| 2| | =%
mEZ| X s$HH] = wHH soyXH] =EE m7|= EA EAW EW =Mult
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400,000,000

350,000,000

300,000,000

250,000,000

200,000,000

150,000,000

100,000,000

50,000,000

AW

Multi: 38.433.680

78,000,000
73,000,000
68,000,000
63,000,000
58,000,000
53,000,000
48,000,000
43,000,000
38,000,000
33,000,000
0 1 2 3 4 5 6 7 8 9
-’""*e = M A AW W  —Multi
olgxu EUEIIE sk
M & 3 630 M : 51.921317
A : 38.433.680 A 54.599.709
- 38.433.680 AW 244.324

Multi : 49.387.415

~

7|E : 458,490,682

AW : 406,697,717
- K
M : 399,401,036

A 395,994,074

W : 379,955,567

Multi : 309,445,369

0 1 2 3 45 6 7 8 9 10111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60
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<E 3.38> J|& AAH HH| YEAIAHY EAUIE HIEBAS DEHE FHEES (EL)

= = PIELY Sl QA=A PYPY .

T HNEHl ) (A) (AW) (W) .
604 2t
19,039,878 | 15,692,486 | 14,789,591 | 15,233,927 | 14,628,301 | 10,481,064

EA | SRUIE
HH= PIESINES
e | @ ol 0 3,347,392 4,250,287 3,805,951 4,411,577 8,558,814

Bo|

B2UHE | 458,490,682 | 399,401,036 | 395,994,074 | 406,697,717 | 379,955,567 | 319,926,434

=S
Lo | o 100.00% 87.11% 86.37% 88.70% 82.87% 69.78%
s coaps | 458.490,682 | 396,053,644 | 391,743,787 | 402,891,766 | 375,543,990 | 311,367,620

HIE 1

100.00% 86.38% 85.44% 87.87% 81.91% 67.91%
Ct. CO2 BHE HHIES D8 HZ2HIEEH
StH, <H 3.3>0lM HAIE 60E2t2 =& SIIIXIQ HEXH, MY 242 21t
E S8XMOZ LIEHHD| ol & SMIIXE HAHIEROZ HESIYFLH. 0le4dt A2t
HEZ2 HAGH| fciME ot dtals &26td, S HlEg (P)2k OIXE(i)8
HI®o 2 2ol #st HE2z aater = QUCH SItg N DRI Z, 2MHIZE2
AR Z2 SHASH)] Il = A2 &Z06t=0l, &, A2IIXZ SHat6lior &
0| M2 SHY HR 225 = H=x== OtcHet 20
. N
STHIZ0 e e2001%| BaHa ppo—tlED"
(1+2)"—1
RO HZIIX SALAHILE2 M <H 2.7.43>0A HAIE 6082t SE=ME Zot(H,
60E2t SHI U AScte H2UASHE SE = ACH, <HE 2.7.44>= HZHHIS2
2 Het= H0ICH HE S0, JISYEAIAES “BHAHIEHIES 010H” LCcHIE
S 2t 2HOoZ SHAGHH, OFelel ArAlDF 20| AFEE 4= UL,
0.0068 (1 +0.0068)%°

9,329,312,412 = 458,490, 682,918 < =
(1+0.0068)" —1
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Olatol Z2ME LEo, 2 WEIA|AEHYE HtZHS ATHEH
» EEAUHEHIES 011028 HEAIAEYE AHZIHIEE2 JIESAIAE0] 9,329,312,412&
Sz JIE =2, O Use=z MAIAEIOl 8,057,639,0672, MAW AIAEQ|
8,275,435,480, M_A AIAE!I0| 8,057,639,067&, MW AIAEN0l 7,731,289,484& ,
Multi AIAEIOl 6,509,824,011& =& & %= QUL
» EEABHEHIESS D8 YWEIA|AEYE HZHHIEZ2 JISAA82 S2otd, M AIAE
O] EfAHHEHIZ2ES DX LUS H=20 HioH 68,112,327 E2= 8,057,639,067
M_AW AIAEI0| 77,443,0353 EZE 8,197,992,4453, M_A AIAEI0| 86,484,334 &
2= 7,971,154, 733& , MW AIAEI0| 89,766,232 & 2= 7,641,523,252< ) Multi Al
AEI0] 174,153,702% &2 & 6,335,670,309% &= & %= JU
<E 3.39> YUIA|AEY o2t H|2EH2 S4AN (S L)
= ~ 1A 21914] RSN PRI )
R~ i ) ) (AW) ) L)
Cage | 493:490.682 | 399,401,036 | 395,994,074 | 406,697.717 | 379.955567 | 319,926,434
e 9,329,312 | 8,126,963 | 8,057,639 | 8,275,435 | 7,731,289 | 6,509,824
012
Lcc 100.00% 87.11% 86.37% 88.70% 82.87% 69.78%
e
458,490,682 | 396,053,644 | 391,743,787 | 402,891,766 | 375,543,990 | 311,367,620
A
b= ne | 9329312 | 8,058,851 7,071,154 | 8,197,992 | 7,641,523 | 6,335,670
100.00% 86.38% 85.44% 87.87% 81.91% 67.91%
N
D21 Al eizraoy - 68,112 86,484 77,443 89,766 174,153
X‘lDFOH
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43) Cho, K, Hong, Y, and Seo, J. (2014). “Assessment of the economic performance of vacuum

insulation panels for housing projects,” Energy and Buildings, Elsevier, 70, 45-51
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