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2.2 A3 7We £79 =4
2.2.1 A3 A

2 BANA 8FHE AFES HEATE U]t 5 FHA
HAoleta & 4 vk H A8t Al (optimization problem)+=
3 ZH(design space) WellAl A4 H A &l (global optimal) & 2o}
ot HAsE 57 A V) 2ax+= HAAWS(design
&2 8 4=(objective function) 1231 A 2FZ 7 (constraint)o] ™, &

15 okd mAWAL thes 2k

b
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ot
rr
N
2

XY

i

L 2 m
o -
oz =
g =

B

variable)

N

R

J

A
>,

min  ,
2.1>

subject to ¢ (X) <
L(x) =

0, 1=1,2,¢ ¢ o.m
07 j:172a"'ap

o714 £ AAMSFES(design  variables) = A E A AW E (design
vector)o] 1L, (X)) AAWEHZ FAE EZ 3 (objective function)o|th. 1
2] a1 g,f(X)<0, =1,2,0 0 o.m; LX) =0, j=1,2,+ « «,pE AAWE]

A 9k Z 7 (inequality constraints, equality constraints)e]t}. o]o] thak A <]

9 54 B 2

) AAES
#HHst AA BN HFsR AT AFES AANST o, i=1,2,.0n

o eha, AAMFel ARe <4 2259 o] WHE BAT Aol A

A

o

4) oA, BIM 718k AlEdeold Rdy} §4d dugF, gdeE HAHS o] &3 A5 A
ol HA s}, xq;pgrq]zﬂ—r oietel, AAR=E 2011

5) Singiresu S. RAO, 9+st% 9|3 &7, F8& 23] : o] &

6) A%, A2 GagsE, FUE ]ﬂ 7] Al gl
A, Auddista gk, AAL=E, 2008
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T2 <2 22>
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o AAe AAUle Bke] s AR

it
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o o
e
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ol
ol
A

£
X
o

HA3E 98] AAE AANSFES S5t 239 8+
&l WEE9 AkEA(constraint)o] =4 3kcl. o] 23k A oF

% inequality/equality —constraints(<2]  2.1>9]g,(X) ,1;(X) )=

Q]
=

-
M
",
q

(Fig.2.1)3} 7o) AA F7r(design space)W oA feasible/infeasible region®]
4 Al(boundary) s A7 st=d AR&HT) o] feasible region< AA &3+
oA AlFxHEA 3] wEIe= HAEA, HAH WHHAE gtk

infeasible region< feasible region®] Hojj® 9] o]t}

Behavior consiraint g,=0
Side constraint g.=0

o . Feasible region \Zé‘&@
Infeasible region S
: s Free point z&‘ Behavior
Behavior /}55 ,é:\ &=0
constraint o Bound acceptable &
g,~0 / §/>>>T point /\’{
T & Side congtraint g.=0
s Tree ‘ %i}’i%«.% < g \\gj_
unacceplable B Bound acceptable point
point i %
%f;}_;

(Fig.2.1) AA&3F W A%FE™ (Rao, 2009)
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(object) ZA] o5 FASt= AAWTE
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T2 HA 35 A ™ (optimum point)S 2= HAS wIth o

=2 RN -

2
Ao fFEe] EAls AT Aol B2 vrlaE(thEA) A shEA

\

\% £C, 777775
=C, £=C, /&=C, £

(Fig.2.2) &4 g2 514 (Rao, 2009)



222 AA3 71HY EF

A 8194 (optimal process)oll A A Yoo At vtetol s A7,
Az, BH35EE AAs = Aol 7HF F23% FEoly
o o] HAA FQ FEEo] AHIAXH HAst Al Hger H sty

L MAs|oF s}

~

(optimal technique

o
AP AR F/7, BAGF )

o] WL af(Solution)®] 5o = ®H A2 R 5 -5 (local
F-& Gradient methodE 7|RFe 2 g wjig)g B35 FEHE

AbEst, (B589 dHE FHEHA ¢+ Deterministic method®2 % simplex
method®} Pattern search method ©°| $lt}) Gradient methodv =3+&
o] &3t 8t Aty oR L3t Fol Wt First-Order Method(17]
Z=8t(first derivative)E AF&)9t Second-Order Method(27] =%<=(second
derivative) & AH&)= ¥t
AQEA W] dARkAd 5EAS BAH 54U 483 bgS KA 9
= o AT mE Axlo]l Aok Yy HIAE, vE B ed EAld =
A&st717F olH i, 53] 271%k AR we} 24 =95k local minima

Jste 497k ek

2
N
O

>

£ optimal minima® <l

d

(2) FEEA TH
of W2 A2 Wl Sf(local optima)oll WA= RS dstr] e

2H 914 (randomness) & 7IWho.2 A Z ] W9l & 8k ¥ (global

optima)S AF&3It}. o] Gradient method®t Aurd 7l <l non-gradient

7) ibid.



methodo] 2} = FAHF o= o] §35fo] Hlwst= WHolet & 4 gtk o] WA
ol = SA(Simulated Annealing method), ES(Evolution Strategy),
GA(Genetic  Algorithm), TS(Tabu Search method), DE(Differential
Evolution) 5°| Attt 71 F SA¥ &% Random search 7| o2 HF &

o dely) Wil % BERA gw Aok ESE X4 A4 ged w

o.
_l

olth. GAv A4 FHAslo] ZFHg W2 ofYA Nk o) xR %
bl A 83 binary search Ao ® delx gk}

FEEH Yo A wAE uAgela, vk B B4

A
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r {

=
=4
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o A global minimags %r+=dl &34 o]A| 7t gradient methodol H]s] A] ko]

od A Holth,
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23 A=A R vE JH3 A4

443 2AE FA9E 0 Qo) AFW AAH WL
A% RoplA 443 A7AAES nAIAY. JE £
:fL

R EE R IR A S EE
231 A% v A3} ATA

A2 Fue) A% UA A48 ATE SHu, Aol URAUANE Ax
W A7 BEE 29 grer AAHE Hesn gov, A
Az A Aol ohde $d71zHEde] HH Aol HF BAE ol
itk ol A7 Al W dael Ase #Wes] sla duA s e
@el AeieE ux AgEsE o o}

<Table 2.1> =2 A& YA A3 ATAMH

AT = =T A
~¥XZHQ AFE npgst
&2 A8 Astste] w
nygsw F&= AAgH.
Ryozo | A& oA Al el I e R P B
Ooka | €l M2 A “GAFH ¢aElH) Ho| = oFxte] 7 3}
(2009) | YA AL A HA YAISZA
g8 s 2
-5 SAAE TAIZE
ol dele @A
Energy-emergy fTaguchin_ANOVA
Hwang | g2 538 method (425 71%) | 4101 el 1o
Yi a8l A —EnergyPluDs ol ANEY ol B8 o=
Qo15) | tipele) apze | CNHH A Al
RUER N -EMergy Analysis
¢ -MetaModel Development
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232 A8 W& AR A

H e AE v& HAS ATE AHERd, Fodld AE oy
CO, MiE 74 ¥ ofye} ol& nl&o & kst Ao F7dAA B
olrst Hi Utk 2elv U AFeA = AdFEoke] A&EE
ek o] & As B Aok FE AHH A v

‘E"H—Zrﬂ‘ﬂ &5 HAANAN I dFE vrt ddAe dE s st
(71 wiiEell, A=A siA Zmasle] AdE ugstste] A3t 7Y
Agote WAS Aol Aok WA HA3 7IHE oA HA st ARE
st A FARSE GAGFA &32]%), Evolutionary algorithm(F 3} &z
%), Tchebycheff ## 38} 5o AMREAT. A7ES Aeld HE&> <Table
2.2>9F 24t

i

k!

o

<Table 2.2> =9 AL v & A3 A4AM

A2 =4 =5 A3}
o B RS R s o R
.. = T4 exergyAiHlFog
Weimin E—il‘ Ao, 7 A2 = AR A =) jﬂ;} o ‘i‘ﬂgo_ﬂs}
Wang | 744 A4S 9 T B ° eee e
2005) | 3 t=rel wjore -ATHENA program SR GYE FA A
7} el
=18 AEo
Daniel ;ﬁgxo] }ivj A 2+ 3} AbchE] & ®oko)
Tuhus- | Hasaze ag | CAGRA &REm) ) 718 %2 4qF710 82
Dubrow | dEj¢} #HH “DOE-2 AW, M Eewe =
. = o] = (AZoY=| A EolA) | & u Atole] WalZo] A
(2010) | Wuig B HA s =
s AA e
Moham | 2% &3 4 &8 | -GAGfH duelZ) AR A 2
ed HVAC A28 9] -IDA ICE A
Hamdy |CO2 WiZabsh | (mAss Agedelq) | oo S TA
(2011) | =AH= A 43 Fo] dAFETF oYX
R ool e vl
- - W oz Ee gdAA F
Ehsan 7718 dEel ~Tchebycheff # % 2 i;, tﬂlgg/}] =] ; jj ,Moilg_
.| /WA (retrofit) B¥]& | (in MATLAB) o s w A
Asadi 7 o] Hokxt | ~“TRANSYS HEE Folom A7y
(2012) 3 33k gl vt Al
a2 = e] 2235}t | -GenOpt
utel HA e A= vE
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Seung | CO2MI % &3} w9 B4 AZ7) 59
jun H| & 72 98 | -Evolutionary algorithm | 32 %33 T =389 Aoj
Roh | A4 g9l =z | (18 Fuez) F71C02 W% 3} Ao 57
(2014) | 79 Ae4 H7} H&e AL 7S 19
U
GA(SR FmFZ) F
-Nondominated Sorting
- in Genetic Algorithm T8 ASBAE 13t
= Z7]-v|84d=3 e
| B B e i ®) | 240w g a2
B -Niched Rank Genetic | &9 A&7l 4S A=
Algorithm
GO PRI )
. AFE R}, A9z
ARAA, AAA, o el )
vz |GgaD 2 714, g EH o] T
2010) | oag A mme | DA A AABAIA A 2glg 24
an @ 4 e AEdold
e MORE-B& 7|
N A% Ao F7]0]A
g am e . . 7 @A wgol A waE
& 2] 3+ -
ooy | AFE Ak | Lona sEOn | 2 gane 9 gage
aAE AR o e e 1874 HHAA H7}
AN E AT RS
;G@—H 571—_0_ X3 7]%
Aol ==7] 1 ,9_% Iﬂ T o= o
0012 | A 2 g | NSGA-I e eI E N
b | b | R4

(H=4 Fd dadgs)
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24 A= odA R HE FH3e A duF(GA)

241 #43 718 AA

AE A et vgoll gt A3t A SAS AuRy, §W2 oad

o] | FS zka 9o oy e A d(local minima)7t A= v

2 A3} A (Multi-objective Optimization Method)o]t}. T3l 2 B Z%A] 3
H AP S 2ta glom HAs gt Ayt o]kt AESAF7E &7 &
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TAFECIA AR olUA 2 g HA

o] 54¢ e 2rh(Haupt, 2004
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9) Singiresu S. RAO., op. cit.
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(fitness) T &4 HHAE &3l 3ot

» W x}H(Crossover)

be FaRE b AZg A8 R Ppes T ol FA4E AR
2 gmashs Yot

=¥ o] (Mutation)
WS Fo FAA wbjel = WMAEXR e FE AR fAdAS F
7

oetE Wyog A U HE subnk WA AR

:1

= At (Generation)2] ¥4

pA ko = AL QA HA o tiche]l & wizhx] A& vk
(iteration)star, #H A3} ghke] A d(decoding) H A S &3l AF= thA] W3
Hr}h, o]9f e WA o7 7]Eo H ek (parents)ol A A 2 HH(offspring) S
e AS e AdE A A g

riet Jhr
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Algdoldol= diddEe] AXE st 2 F9 epw A HolH
2 A8 ga, 1 9ol AAEe AE/29 <Table 41>5 uwgith =

428 DesignBuilderS o]-&3le] 7|& A& FejS A AsHd tHFigd. 7).

N

<Table 41> ¥ Ed9] 7ja

AL 5 A A gk
71 & Al dolel R %7 120° 15, %9 3" 36
A o] KOR_Ulsan.471520_IWEC.epw
A A4 (m) 140 x 90 x 6.5
=T 1=
5 T ©
e & anel ¥ e
2 %9 o] (m) 3

(Fig.4.7) DesignBuilder® ©] &3 =4

K
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v
i,
HI
OH
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N
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o
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Qg o] #4431 EAXE <Table 42> 2
A AL aFste] diddEe] M HA
=3

o
f
r-1u:
o

>~
P
N
HN
lo

fu

3

2
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o = = | 2dss | Wg | mz | 29ne
- (mm) | (W/mK) | (J/kg°C) | (kg/m’) | (W/m'K)
AW EOlE | 65 058 1004 9240
Lol E
o ol A 50 0.03 837 30
uhg}o] E 45 0.58 1004 2240 0.58
qy | £ J 2449 5o
] & A
oo | #age | zZage | 20 | 136 | 8w | 21w 2.80

Aol fldd 71 dddEel AEE oduA Aefesrz m=dshdA A
e ]

<Table 4.3> &3 B4

P Az 7 dd=e i}ﬁlfﬂ—? Eﬁ%k??%% AHFE
(mm) (W/mK) (071) (071 (W/m’K)
el 6 0.90
ol T% 71 13 0.02 0.7 0.8 24
o el 6 0.90

(2) Y- A=
= CIBSE29):=
Lol AE Y EE 21 T 23CE Aleketa
79 SAA G PTeo] dEdAHeY] HEv|es Hluds W, ASHTZE
= 1°C o]ske] Afol7t yAIRk o F HFiEEE 7°C oY Ue AL st
Atk<Table 4.4>30) o]& Faisle] WrfAd A2
2T dav)ERYg 29 2 24°CE st

29) CIBSE(The Chartered Institution of Building Services Engineers) Guide,

Environmental design
30) 7144, http://www.kma.go.kr/weather/climate/average_regional04.jsp
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<Table 44> F A

3.4

AL FH7]=2 (°0)
4.8

) =S 137,430Wolw, o9 A

A

= et

=
=

7] (°C)

24.1
17.0

14.0W/m = 4k

ok

Puol =2 WH-71 A9 A

o

R

A (G )

No.2)% 45tH¢] Robot®dH] 7} 2t} Robot

7H WE-7 AL %

Robot<+ %

o
B
el

) 21

AR o

=

=

d 185W

A}
A=

= a4 110W,

717

[e)

Fed 7hH &

9

ASHRAE Fundamentals32) 2]

&t At

e
5

o

ceul
BO
N

o

Mo

. Fundamentals, CHAPTER 18, NONRESIDENTIAL
— 45 —

bt

°

44AW/m' =2

COOLING AND HEATING LOAD CALCULATIONS

32) 2009 ASHRAE Handbook

31) A4, Op.cit.
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(4) oldA def 7=

7h PV w4
HE&S et A% 57lwe] AHES PVRES REl A 5E <Table 45>33)
o 2t}
<Table 45> PVEE 4%
w T3 74
Model ASE 300-DFG/50
Cell type Crystalline Silicon
Active area(m?2) 3.37
Max power(W) 300
Module current at max power(A) 5.6
Module voltage at max power(V) 50.5

b AL B AAAF R 29 YAl

BEe Pahe A% A AFL ANAGwL, B3
Q3% AYHY 872 EE 300luxz AAste] A=
Ade 2eA FYHe vgoRY 086m Woix
3, (Figd9)sh 2ol v % ol 2% ANE 73519

33) ASE 300-DFG/50 22 A X http://www.affordable-solar.com
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2011.6

g A Z A A 28 https://ecos.bok.or.kr/

=,

[e)

36) KOSIS =7} A %49, https://kosis.kr/

34) MAA At EE5 A 3

35) &=




<Table 51> AA&AE AS $3 107 HolH
i o] AH-&(%) 2R BIAE | BASSE%) | AR2AE(%)
2005 3.22 86.14 275 0.46
2006 3.98 83.07 2.24 1.70
2007 447 90.30 253 1.89
2008 5.22 94.52 467 053
2009 3.80 97.13 275 1.02
2010 459 100.00 2.30 2.24
2011 4.31 104.00 4.00 0.30
2012 3.92 106.28 2.19 1.69
2013 3.20 107.67 1.31 1.87
2014 2.83 109.04 1.27 1.54
to s 3.95 98.32 2.60 1.32

(20104 & &vA= S 10022 Fe 9 7]

gre] W& Hlwsty] S e 7IEA Aol astt 12 7] o

= dAe #% dA 7R ®tEoE davt v webA
B ATl E AE LCC 4 Aol ®el A s dA7FS A
stk AATAE (O AE) 1.32%=, 20d()Eet EAs = AU H&S
ud el ghakste] AW9E dvtE $Abetha A S w, <Table 3.1>

o] H7PH AAA S E&) 17488 A ASTE AR

Rl

2%
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5.1.2 H & &

L

Z7] ARG U] dof a4z AL Font s PV ddS
A AR Tl A= A AN TA B F(HEA LAY A A whe} A
AE S Ark F7bl A 2AEE 71Q] <Table 52> whe} A4k

o

wm :[o
Au)
rlr
s
Al
Ho
Ak
o
e
N
1>
ot
>
)
a2
&
ot
A
it
N
S
fl
1

S wewAY FAe AR A Rele welAe A ge

<Table 52> 20153 % Al-AAAUABF - AEAJA AL ALY 7=

e 2] 4 ¢ 2o akel | BEFA L7} .
- (&S] Ard®) | (Wwrgl) | (WY VATZSH -
Az o) ul 1,260/kW
24 o3 75KkW o] &} 5,000 e
S| (A | 2=A g ’ AA7 =
AHd S 1,760/kW
<Table 53> A &EH A4 dHo]H
59 &917H4 (4 4/m?) =4
PV 309.6 Kojdh A2 AMEED, A8 QALY 71 3230)
g 4951 d=r FETd FAIA} A4 @ BEAAHRXA
2| B 376.39+(1/Upx0.28)**+922 ABA G S w2 SAL JFE EA

(Urgtd A 9] U-value, W/m’K/)

37) o553 9 3 A9Ugdn U PV 2E AXNEZ 93 HAAREA A4 =D Azl qx] A
oS Y FAAEEAAT 25(2) ¢ 37-45
38) AAE AR 20159 A-AANUARF - AEXAAY, 2015
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52 AAEY W4 AH3ts AT 4

AHehe Qe 2 AANE, AR, BARE, AA5 YR
o] ool Ak @l 2286l nAH WL el ASAN, AANS
oot A A 2AsA S 8aE Ban AGEde Wil B
o W 5e AL byl WiEel 7 W] e Alekel gdu, W 1
428 §O2 AT AR YA A Ak FAUFE f2AF 3
FHow AAHAYS T Armh A7leds O Beke, HH5 )Y
e AMst BAZ AP d U] A AS 27 A Ages PP
g}

521 AAWS H AF=xA

(1) PV 7 W)

o714 PV A WA, dE ARWA o] PV g wHe] weg
wath Q%o WAL n4Ho) Yemw PV A wAust ALSEE PV
WY WA A kg PV d WAl FrhsE, A% AAHOE 7%
2] £ o] AU Aol sbsHEE ouA Hgiad Felst

Tt o §A % AT Wde BIE A% YYulg 37 R ;b PV
S AR e AmE 8 AR w e wggiol Beld 5 ok olsh 2

of PV ddel WAL oAuAuge FHA ugss] o] 2AsLE
A s,

Mol W9l Aekozi, ARe HAs= PV Ade 7Hg fE
&0g Telelel Y= AW WAl 65%E A AAMACE T o




dstd <2 51>3 2
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Eil

o

~

N
B

“H))el

1

AA A

VA A <A 54>9 2o

s

AZF A, W

s

4
Mo
=

¢

<A 54>
LA (fixed)

X, 3 A (related X))

_55_

Amp( X+ X,)+ Ay,

PV 3d WA (PV panel AT€a)....eoeeeeeeeeerereeenn,

AR KB HA (Total ROOT ATEA) e

A p=Apy+ Ag + Ay,
Ayr= ATR(l_Xl_XZ)

o] 7] A,

Arp
Apy



X 9F A (related X))

A A4 WA (Additional Insulation Area). X; ¢+ 1% (related X;)

DX WA (SKylight ATea)...ovieceeeeeeeeeeeee e

L
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el
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ol
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] 5 el

A

el

-

R

shedh. ek Ael WA (X,)

S
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=
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2
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I

oA W gol AFS F

W <2 55>¢ 7t}

<2 55>

Xy o AT (related X))

Ly = I
(Illuminance on the work place from Daylighting)

(Illuminance on the work place from Artificial lighting)

Ip;
o171 A,

(fixed)

e

™

s

AW A4 % (Objective Iluminance on the work place)...........
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522 ZXFF

Aokzzl oA HANFEC X, X9 @ol 247 &4

2 ZANA HAS A7IE = A SATF(F(X

718 &(LCC) oltt. o] & gk Ao Fstd <A

fxX) = f(xy, X,, X;)
=C « (C+C)=0Cp s (C,+ Cp)

=Cp e [ w1 Co e (EC+EH+EL *EPV)]

C, + @7F84HA14= (Conversion factor of Present value)
C; © 2714 & (Initial Cost)
C, : +9H& (Operation Cost)
C, : AEH 4 (Material Cost)
Cp * °1dXAH] & (Energy Cost)
= (Eq+ Ey+ E,— Epy)

Cp B &34 (Cost Conversion factor)

B, ol A (Cooling Energy)

By 3ol A (Heating Energy)

E; » %ol A (Lighting Energy)

Epy + PV A4kl Q=] (Energy production from PV)

_57_
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523 +4d ¢uEFS A% AR

3072007 4] kol A AASHEHD, B Aol A 3 o). 7
Fom EANE Ad: FuFel AWHUA A7 AAL $Hoz ¥
e i, pyzdel wdetd uEo] FmEd ¥ Aol thal AlY) o

—_>‘ﬂ'4
i
=
R
ol
ol
)
i
B
=
—
o
S
)

WA mgsh e el %
2HEs A4sd. @ At B8 AuEs dueZ e ANGES

NE wol AHgEHE W oz AAsAT

A Tournament Selection
8] : Uniform Crossover (& 100%)
=

Qwlo] 1 WE Y| (FF 2%)

1
O

4
EoHE FE 647 93, A B AANETE A S Qe 29 fi

65536714 (2° * 27 % 2%) o]t}

42) A3, Op.cit.
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53 A x| Fol A% A3}

|
Hlg-o] 7} A7A =+ 2dS #sitt) MATLABY EnergyPlus Z =13
7t A%E Y8 ZA T M-scripte] A4 252 (Figh )3 2t}

= | plantm* plant_objective function.m plant_pop initialize.m + plant fit_evalm* +
I % Maln ) - & % fltness
2
3~ clear; 3= for cho=!:30
- clet 4~ var-p(cho,1)=bin2dectnun2st ripop_old{l, chob(1,1:6)))+1;
5 5= var_plcho, 2)=h in2dectnun2stripop_old{l, chot(1,7:13)))+2+5.518%;
6~ plant_object ive_funct ion; # Function to get plant variable 6 var_n(cho,3)=(bin2dec{nunstr{pop_old{l, cho}(1, 14:18))))+0.05+0. 05;
7~ plant_pop_initiallze; % Generate Initial population, 7= end
g 8
9 9- fld=fopen( 'plant1-12, 141);
10~ - for gen=1:100 - fldi=textscan(fid, ‘%s', ‘deliniter, ‘#n')s
1= plant_fit_eval; % Fitness evaluation il
12 12— formatSpec='kd, '
18- plant_select ion_father; % Selection of father 18~ strii=serintf(fornatSpec, var_p(1,1));
- plant_selection_nather; % Selection of mother 1~ stri2=sprintf(fornatSpec; var_p(1,2));
15 - plant_crossover; % Recoubinat lon 15— strid=sprintf(farnatSpec, var_p(1.3)1;
16 - plant_mutat fon; % Mutatian 16 — str2i=sprint{{farnatSpec, var_p(2.11);
ikt 17~ strZ2=serintf(fornatSpec, var_p(2.2));
18 18- str23=serintf(fornatSpec, var_pl2,3));
18- pop_old=pap_new ; % Copy new population Into ald population s 19-  strdl=sprint{(farnatoec, var p(3.1));
bl 20~ straZ=serintf(fornatSeec, var_p(3,2));
2l - savefit(gen)=nax(fitness): % Save naxinun fitness of each aeneration 21 - strod=serintf(fornatSpec, var_p(3,3));
D sayeava(gen)=sun({itness)/100; ¥ Save average fltness of each generat 22— strdl=sprint{({arnatSpec, var_pld, 11;
2 - disp(gen); 23— stri2=serintf(fornatSpec, var_p(4,2));
21— lend 24— stri3=sprintf(fornatSpec, var_p(4,3));
%5 - genlog=1:100; 25— strEl=sprint{(fornatSpec, var_p(5.1));
%~  plot(genlog, savefit,genlog, saveavs)s % - strE2=sprintf(farnatSpec, var_p(5.2));
21— h=legend( ' Maxinun fltness of each seneration’,2); 27— strB3=serintf(fornatSpec, var_p(5,3));
2 - set(h, Interprater’, ‘none'); 2 - strbl=sprintf(fornatSpec, var_p(G,1));
b} 29~ strE2=sprint f(fornatSpec, var_p(5,2));
30~ strB3=serintf(fornatSeec, var_p(6.3));
31 = stril=serintf(fornatSpec, var _p(T.1)3;
2 - stri2=sprintf({ornatSpec, var_p(7.2));
33— stri@=serintf(fornatSpec, var_p(7.8));
34— str8l=sprintf(fornatSpec, var_p(8,11);
35~ strB2=sprintf(formatSpec, var_p(8.2));
36— str83=sprint {{farnatSpec, var p(8.31);
37 - strSf=sprintf(fornatSpec, var p(3,13);

(Fig.5.1) 24 ® M-Script ¥4

_59_



L
=
[
I

-]

= <A 57> 7o)
<A 57>

e 71

e

]
ep7E s

‘/_"\_
o el Ao

=

e
=]

i

I3

]

A

s
Bolth 74A o of A

b o,

PA 7] Ale 7t

o]

2 4
4

=

o g

[e)

=
= O
Sl ) =

o]
4

3
Tl

_7::]

531 A3¥=
(Fig.5.2).

Fitness Value(

-

[e]
T

WA 7F dntel

Aehel 7HA

gl Al7ko]l Ael7] wolH,

]
il

el
o

ol

I
o

[~

—

0

7HA AL glef A AdE e

=
=

A

%

2l

o
T

-

R

}

)

<t

o} H 9

51

37 =

7 sy

oF
To

)

4
i
Him
o}
=K

o

o]

o

=

43) Data Analysis for Investment & Control, http://nerve.tistory.com/130, Matlab
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532 AA3 43

(1) odA H =3t A3
g5 LEetA &2 oy HAHske] Ay Pvald WAR( )7F 65%,
A% AAN(x,)7F 17.8%, AF5dEA FA(X,)7F 026mel Edo] FHAo] o
UAlE &vlstd, 7 wfe] o x| An]eFe 1,465,157kWhith.

@ vg A43 Az

oA Aok mee v HAste As Pvald @AW (x)7} 1%, 27
WA (x,)7F 17.8%, ABEAA FA(x)7F 026me] wlo] Azl AojF7]
WS b0, o] ge 309) 305540l LTk,
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(2) LCC A¥} v
AH(A), dd=] HAseE(B), v-§& HARH(C)e] LCCE AlAtate] H|
wgk Ay yA HEE A>COB ol AT LCCE 72 HY F ¥
€2 A>B>C £o= Uetwth olyA HAsrde v HAsrd H
& duAE R AdFE = AN v uH A k] Wil %7
FAu 7 AdA o g A F HE(LCCO)S 9t dinl 115% H7she
Atk ¥ vg HASRAL oA H A SR

4 1
| HlE Ao A&

AiAE A °b\l7ﬂX1UJ 2ARANA 2 54 27 Wl F oug
(LCO)e 9k thn] 27.3%F A3tk (Figha)
450000
400000
350000
300000
@
g Initial Cast
L = Energy Cost
150000
100000
50000
L
HotA) YA HHEEZZ(B) HEHFHZ2EIQ
(Fig.5.3) tiet 7+ Ao 57118
At AT E S5 A3E A8t <Table 5.5>9 #t},
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ABSTRACT

A Study on Development of Cost Optimal
and Energy Saving Building Model

. focused on Industrial Building

Kim, Hye-yeon

Department of Architecture

The Graduate School of Chung-Ang University
Advised by Prof. Rhee, Eon-Ku, Ph.D

and by Prof. Park, Jin-Chul, Ph.D

This study proposes the way of making the cost optimal model in
energy-saving design at the early—-design stage by using optimization
technique. This study determined suitable optimization technique and
LCC(Life Cycle Cost) analysis method through the literature review and
earlier studies. Moreover, this study set to be optimized by co—simulation
between energy simulation(EnergyPlus) and calculation program(MATLAB).
Based on this, the process of cost-optimal model which is expected

minimum LCC was presented.

The case study which was planned to help understanding of the model
presented the cost-optimal model considering energy-saving at buildings.
In addition, it presented the energy-optimal model which is expected
minimum energy consumption to suggest the need of the cost-optimal

model.
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Here is the summary of the process to get the cost-optimal model and

the result of the case study.

(1) Choosing a optimization technique

It is important to choose suitable optimization technique according to the
character of optimization problem. The Genetic Algorithm(GA), is used in
this study, is good for discontinuous and nonlinear optimization problem of

building energy and cost.

(2) LCC analysis

After initial cost and energy cost(operation cost) were converted to
present value for economic evaluation(LCC), the level of energy effective
factors can be decided. Cost data(won unit) for LCC are prepared based

on previous LCC analysis studies.

(3) Co-simulation between building energy simulation program and cost
optimization program

This study used building energy simulation program(EnergyPlus) in
calculation of building energy to decide optimal combination of design
variables. Optimization operated in MATLAB interlocking EnergyPlus
automatically by M-script and the cost-optimal model presents in a short

time thanks to M-script.

(4) Process of the cost-optimal model and setting of case study

The process of the cost-optimal model in energy-saving design was
presented. Then, this process was applied to a typical plant building(Case
study to get the cost-optimal model). PV(Photovoltaic) panel, skylight,
improvement of performance of roof insulation, and dimming control of

lights were applied as energy-saving factors. Among energy-saving
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factors, PV panel area ratio( ), skylight area ratio(X,), and the

thickness of roof insulation(X;) were selected as design variables.

(5) The result I of the case study (the optimal combination of design variable)

The cost-optimal model was appeared when the combination of design
variable was X, =1%, X,=17.8%, X,=0.26m. The energy-optimal model was
appeared when the combination of design variable was X, =65%, X,=17.8%,
X,=0.26m. There is the different result of the combination of design
variable between the cost-optimal model and the energy-optimal model
because of variable X, having high initial cost. Therefore, the cost-optimal

model is needed.

(6) The resultIl of the case study (comparison of LCC)

The energy-optimal model can decrease 11.7%, the cost-optimal model
can do 273% of LCC from original building. It showed that the
cost—optimal model is more economical than the energy-optimal model in

terms of LCC.

(7) The resultlll of the case study (Economy evaluation according to the

depreciation in the price of PV panel)
According to the depreciation in the price of PV panel, cost-optimization was

operated with the price of PV panel as the variable X,. As a result, PV panel would

be used above 5% on the south roof when the price of PV panel is under 2317won/W,
after 2024 and if the increase rate of energy cost is considered, the time will be

sooner than 2024.

If the cost-optimal model by optimization technique in this study should
be applied at the early-design stage, lots of parametric simulation about
all combination wouldn't needed and the cost-optimal model with

energy-saving would presented in a short time. The cost-optimal model in
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this study will be a great alternative to the economical problem of the
energy-optimal model. In addition, energy-saving design itself will be a
reasonable alternative to investors who is considering economics when

they check LCC of the design.

However, there are limits to get correct LCC due to many assumptions
and statistical cost data. Therefore, it is more needed to study for finding
the optimal combination of energy-saving design variable in a short time
at the early—design stage than finding more correct expectation value of

LCC.

Keyword : Cost-optimal model, Genetic Algorithm(GA), Life Cycle Cost(LCC),

Co-simulation, Plant building
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