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SUMMARY

Purpose &
Contents

This research aims to develop a decision supporting system for optimal green
remodel ing toward zero-energy buildings so as to promote green remodeling of
private multi-family housing. The developed decision supporting system allows
to select the optimal multi-family housing which is required to reduce the
energy consumption and the optimal technology considering various business
conditions of multi-family housing. Ultimately, this research enables to support
decision making process for participating in green remodeling business.

This research proposes a new approach for selecting the potential building for
green remodeling and promoting participation in green remodeling business. This
study targets to develop a decision supporting system for private multi-family
housing in Seoul and Six metropolitan cities.

O First, this study aims to develop a model for selecting the optimal
multi-family housing which is required to reduce the energy consumption by
considering physical characteristics affecting the energy consumption of the
multi—family housing, such as size, region, and orientation.

O Second, this study aims to develop a model for selecting the optimal
technology by evaluating the technical and economic performance of various
green remodeling scenarios integrating different technologies, such as
insulation, window, lighting, and renewable energy.

O Third, by integrating the aforementioned two models, this study ultimately
aims to develop a decision supporting system for optimal green remodeling
which allows to evaluate the feasibility of green remodeling business and
propose an optimal green remodeling strategy in planning and design phase.

Results

O ‘Selection Model for Optimal Multi-family housing (SMOM)’ selects the
optimal multi-family housing which is required to reduce the energy
consumption based on the national database.

O ‘Selection Model for Optimal Technology (SMOT)’ selects the optimal
technology by considering various physical characteristics and business
conditions of the multi—-family housing.

O ‘Decision—-making Support System for Optimal Green building (DSSOG)’
supports decision making process by evaluating the feasibility of green
remodeling business in planning and design phase.

Expected
Contribution

O The results of this study can be used in various decision making process
related to green remodeling business for both governments and residents.

O The results of this study can promote green remodeling market by
determining the potential multi—-family housing for green remodeling.

O The results of this study can be integrated into national systems such as
‘Apartment Management Info System’ and ‘Building Energy Open System’ for
providing additional information on green remodeling business.

Keywords

Zero Energy Green Decision Energy Multi-objective
Building Remodeling Supporting Performance Optimization
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(2h) =47t deoly gk

SHYDBEFE FHE HolH= duAgwErIdoztE FHE AUAAEF JEE X
[e)

Feh. A= A|AAE I AR EE 5A4S EF 2487 Aste], duAAE S

. -1

paslaNEon Waslolel Boh /NS Y BANANEHE AL E oD W
Fobe S vhEk 2k

® A

CZATFE YA BxdE 9 sl e AT R 162404 = gl mel A A8
T de A7l A el g 27~ E At ATt Egh 7] W stel] gk R
7F g oA A3 (Intergovernmental Panel on Climate Change Guidelines, ©|3} ,JPCC GL")25
oM thget 24Vt A F 2GS K 5H(GWP)E AAISL Q. 2 AT A= 24 (3.1)
CEATF YA Bxdy 9 ol #d A7} IPCC GLAA AAshE SA7F~ viE

=
ey
X

A
Fob AT LVHASE 48], WA EHE AT aNERo R Adadrh A @D 2
ko] AlgE AEstH, 1kWhe] a8 A& 0.4662504kg-CO; eq. = W e T}

E= TAX((EFy, X GWP, )+ (EF gy X GWP, <1000)+ (EFy, o X GWPy ,+1000)] 2] (3.1)

o] 7] el A,

E T A7 wE 2 (tCO%q.)

TA T A5 AF&#(kWh)

EFcoz D AE e o]ikstEr A wlE AT (tCO/MWh)
EFcr =gl e wEAS (kgCHyYMWh)
EFy20 D AE e olibst A A Wi EAl S (kgN.O/MWh)
GWPcoz Dol atbst e A ] AR E A4

GWPcny e S R R - B

GWPyz0 B e B e R N e e

@O =AI7F=(LNG)

i
>
fo
>
N
[>

%%:_‘7&%?}%7 A (GIR)NA L7t “—37} ﬁwﬂ MED W
=

2) ATV qUA] Bxde] 9 Sl #e AR (3R 1A A12014-186%]
25) 2006 IPCC Guidelines for National Greenhouse Gas Inventories
26) SA7FAFFARAE (2016), 2016 7} A7k AWl EE] WA
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44
E=Y[(TA,— NA, X FCS,) x 41.868 X CF, X EF, X OF, <2510 9] A (3.2)
= 35, [(7A4, < 41.868 < CF, X EF, < OF, X%x 107°]

44
= 3. [(NAE, < 41.868 X EF, X OF, X —x 10" *]

12
o] 7]l A1,
E 0 COp M=%t COy)
TA 1% A= AHEH(TOE)
NA s AR AHEF(TOE)
FCS CEAREQE
41.868 : Joule-TOE %]} A4=(GJ/TOE)
CF AT (R /e D)
EF s E At C/T))
OF D ARSEE
44712 DERAVIE WS olAbster s VELo 2 HB(CO/t O)
NAE D ds AHEH(TOE)
I AR TR
J i
@ WF(NHy) 3 opabshd 2 (N0)
E=Y[TA, x 41.868 X CF, X EF; X GWP; < 10"°] 2] (3.3)

]
=Y [NVAE, x 41.868 X EF; X GWP, < 10"*]
i

o 7] ol A,

E D= =(CO, eq.)

TA D F A5 AEZF(TOE)

41.568 : Joule-TOE ©@$] 3241 54(GJ/TOE)
CF D RAEAS (T /L)

EF c Wl E A9 (kg CHY/T], kg N.O/TJ)
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N 589
Prop.” 100%
Mean® 003454

Median”  0.03518

Heating type
Individual heating system Central heating system District heating system
Graup | Group 2 Grrowp 3
N* 260 N* 93 N* 236
Prop.”  44.1% Prop.” 15.8% Prop”  40.1%
Mean® 0.03747 Mean® 0045940 Mean' (L.02683
Median® 0.03719 Median®  0.04480 Median®  0.02575

Note, * N is the number of multi-family housing complex; " Prop. is the proportion; © Mean is the
mean value of the yearly CO; emissions per unit area (unit: tCO2/m™-year): 4 Median is the
median value of the yearly CO» emissions per unit area (unit: tCOs/m”-year) .

[ 3-5] AAAUTE ol g8 FEFAGAY 24 BF A%

doll e FEAS AT sk, ¥ A= vETEHA

228 289 Kruskal-Wallis HE 7%
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0lell Al AAT A

AT AR E A TEoA EEHA o o] 3l g

= a8 AT = TS E
Group 1 & Group 2 186.837 15.300 12.212 0.00
Group 1 & Group 3 -142.549 20.561 -6.933 0.00
Group 2 & Group 3 -329.386 20.835 -15.809 0.00
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operational rating system-= 71=9] oA Av|o G¢ES wH 5 A= AE
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1838t7] flshed, 7h 25 247
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operational rating system= %]
of &, o] tjstk z}Agk AHg

7h sEFYeA] o] 159 operational rating system ¥

[3 2-11]o A H+= n}e} o], Operational rating systemeol] W& o]x3leth viE % 557
& VAR PRSI, oxkslEr s HlEF 1002 Vsl R, FE Y TR olyx 4Hl AHE
o] 5% F1E(A, B, O A=A &v] Aol ¥ 917D, E)o2 & F drt
B o AfoE FEsFHe 27t~ wjE2o] thdk Operational rating system® Sa A4S
AN ERERT BAR 5 SHoR Frau, 4 5Fe A G0 oa A,
[3 2-11] Operational rating system® S9 &7
Operational rating (%) Grade Note
Under 50 A
50~75 B Energy efficiency is better than benchmark
75~100 C
100~125 D o .
Energy efficiency is worse than benchmark
Overl25 E
OR/ = EC. % -1 % 100 21 (3.4)
1 i EB -1 .

ojitgteta wiEF WAvAES o] &3] 74 aud 2AVtA wWiEE VlEes ANFEeR
S A2 E(A, B, Co)d olitstea wiE o] =2 skl L

o2 T Adnh 7= dyell wEN, a5, B, Cow) s 1w

(D, E 55)< 50%= sostA wufsts Aol Bdatrtal w4stal vk o= sl @A
UAALE s woll s ddA] Wixvazs Fdgs 48t st vk gsFE A
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Mean 003747100
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100’y
04481 +oo
40 5%, 004590
e
70 T T
504
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Group 2, Group 3 EFolA, A1&(A, B, C5F)ol £l d5T79Y @A n|&o] zhz)
52.9%, 54.8% “1¥]iL 52.9%<1 Z o= YElyTE W olitstetA wiEE M| ut A2 Fkgk
S A= A%, Group 1, Group 2, Group 3 EFollA, A91&(A, B, Co5)d 91+
(D, E 5l &sle FsFHdR ] F7F 50%2 5LeA Euj=EAe. 238 o2 Group
1, Group 2, Group 3°] w3t o]arslera wiE= wixnul=E= Z+ZF 0.03719 tCOy/m* year,
0.04481 tCO»/m*>year, 002575 tCO»/m*year® AA3srt ol& 7wezr 7 FE
Operational rating= 2F43te], TR o] tst 2472~ W& e F7tetarxf gk},

[ 3-12] 2t 259 ojitsteb s wfj &= MiAnt=a 44 A3

T Abell = (SA]) olatzteta HlEH WA wA (tCOy/m*y) 5
Group 1 260 0.03719 MR- Rede\s
Group 2 93 0.04481 TS
Group 3 236 0.02575 A A ki

[ 3-131¢ 7+ 284 $EF90 ojasgs wWAnaE
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operational rating 23E e

Y WAARA TGS AFAch ol wel, 2 THE FATFA, B, CFHFH 59
SGED, E 5e 47 dEshl 5%z wuEs Ae #0% 4 etk $4, Group 1

~ Rl
Group 2, Group 3914 Esael dl9sts TeTealdx= 22 1770, 970, 627 SX =2 A4 &
Atk =, Es ol sldsts £ 8/ FEeTEdA s 2dgRdyo] AR e ojof
b oo s Frhsk & gl

[ 3-13] Operational rating system E3F YA A5 55 H7F 23

L . Al (1] %%)
R Operational rate

Group 1 Group 2 Group 3

A o] &} 2 (1%) 0 (0%) 7 (3%)
B 51~75 9 (3%) 2 (2%) 29 (12%)
C 76~100 119 (46%) 45 (48%) 82 (35%)
D 100~125 113 (43%) 37 (40%) 56 (24%)
E 125 o 17 (7%) 9 (10%) 62 (26%)
T AteEl 260 (100%) 93 (100%) 236 (100%)

g 994 1-4-O: 238 EdY AF gid AA =4 L
(1) 2A8rdsy HA g A4 Z2Hx
[29" 3-7]2 JAFA A UH-9F operational rating systemS 7]WFo 2 FFFeo U3t

s
delngdy A4 oy A4 ZEAsE AN dok 3A, AAAHTE ol g, FEF

gof g TR AT (29 3-719 (A) F=x). =4, 4 258 seFEdAd g

operational ratings sttt ([29 3-7]19] (B) #=x). AA, zZt Z2FAA olilstets wj& =
o] =t}1 HrlEE E S 39 sdste %%%‘*9—1%1]3 AAsitt ((29 3-7]19) (C) #=x). 4
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g rddgo] Ao m Fasjojof g A ¥, BE 7o diEiA E sael st 887
o] F& T8 (Group A: 1770, Group B: 971, Group C: 627) TolA, Aoz adegnd
dS Fddor st FETHE AAdoF st ol IFHEE GeHA G o] itstek A&t
ojAbstet A HiE R WA Wi Zpo]lE A4bste] E SHEOlA 7MY KR ad grdd s
Fhefof st FEFHEAE BAsglow, 2 A [F 3-14]9F 2o AA, 1,089 A &
sTHEA = dfulAT ojabstet v o] ikste A wjEF wWixvpae] o7 0.0368
tCO2/m* o2 AA o, Hexxom Tz RdydS FPsof gz EAHJL =4,

96307 FEFEUDAL BRAY oluseauE D ojdstEs wEd WA Aol
2

7} 0.0065 tCO2/m E Sl sigats 88/he) #Eraws FolA 713 ¢4
F97h e FEFHBAD FAH L,
3-14> % vheh WA ol olbshera ME W 1§ 8 o MElRA WMEY J1F Aol AW BE
G FEFEEA 29

Operational T$IHA G o] ihslgbi

P %gj 0 4= rating NEE: 2T o]
(%) (tCOy/m?) (tCO»/m?)

1 1,089 3 242.89 0.0625 0.0368

2 995 3 214.99 0.0554 0.0296

3 1,012 3 203.46 0.0524 0.0266

4 967 1 168.01 0.0625 0.0253

5 961 1 167.72 0.0624 0.0252

6 686 1 166.49 0.0619 0.0247

7 537 3 194.83 0.0502 0.0244

8 1,010 3 18555 0.0478 0.0220

40 876 1 131.05 0.0487 0.0115
41 958 1 130.85 0.0487 0.0115
42 977 3 144.42 0.0372 0.0114
43 351 3 144.28 0.0371 0.0114
44 752 3 143.83 0.0370 0.0113
45 928 3 143.65 0.0370 0.0112
46 749 2 125.04 0.0560 0.0112
47 856 2 125.00 0.0560 0.0112
81 313 3 126.99 0.0327 0.0069
82 751 3 126.74 0.0326 0.0069
83 925 3 126.20 0.0325 0.0067
84 627 3 126.20 0.0325 0.0067
85 1,035 3 126.10 0.0325 0.0067
86 935 3 126.03 0.0324 0.0067
87 1,051 3 125.44 0.0323 0.0066
88 963 3 125.17 0.0322 0.0065
>3 1.1517
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HZA (2017.03) ¥ HA-GAe] FE57180d 2ASY FEdtg o, Al =5FHe] Agde %
=EA D AA dditel EASY] =dEItE A& AT
[¥ 3-15] @A) FH7-E A
dA=E A R
== EJ%E
e (W/mk.at 20C) (kg/m’) Jkegk) | 0"
11 & Hey (E3) 0.027 35 1500 "7}
2 dEW BRed (13) 0.028 30 1500 "7V
I3 dEW BRed (23) 0.029 25 1500 "7}
4 dEH W (33) 0.031 20 1500 "7}
5} Hey e 15 (13) 0.036 30 1500 "
6 Hey Bed 15 (23) 0.037 25 1500 "
7 Hey Bed 1% (3%) 0.04 20 1500 "
8 Hey Bed 13 (43) 0.043 15 1500 =
19 Hew Bed 2% (13%) 0.031 30 1500 "4
110 H =9 BT 2% (2%) 0.032 25 1500 "7}
It H =9 B3 2% (33%) 0.033 20 1500 "7V
112 Hew Bed 2% (43) 0.034 15 1500 "7
13 AALYEE med 2% (13) 0.023 45 1500 "7
114 AALHANE LT 2F (23) 0.023 35 1500 "7}
115 g Bed (3%) 0.038 230 850 "y
116 ny g Bed (23) 0.036 130 850 =
117 ny g Bed (13) 0.037 85 850 "
118 nyg Beg (HE) 0.038 55 850 "
119 Ze 22 B3 (R0K) 0.034 80 830 "7}
120 Z2¢ BeF (64K) 0.034 64 830 "7}
21 Ze2e Bed (48K) 0.034 48 830 "7}
22 22 ReF (40K) 0.035 40 830 "y
23 Ze2e Bed (32K) 0.037 32 830 "y
124 FAe Hed (24K) 0.038 24 830 "
GEA] AAG 2 SFAHS FAS HA AFELS FFEHoRE TddA FAE FAS
2 gt dapse] =&stal vk T3k G A Y AFHrE HAS stEA, ddE HAsE F
st A7l HA dEA FAE FAHLE st Aol EEHAT e dd A A
TE7ME HAS sk, dE AT S AU A7 HAY dEAY FAE A =vERE
s o] FAn} o], ddAe FAVE dEA HeS HUMeE T8 A xd ddFE3Y
AR AAE o] FaL 7] watelth (4 (35) FE)
k
U= 7 21 (3.5)
o] 7] ol A,
U D EHFE (W/mK)
k P EAESE (W/mkat 20C)
L caEA A4 (m)

3 daFEold, FAE M AR WL S0y, UgkelZhak dtt gho] v&as ddA9 3
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star (& 3-17] 32). 359 7442 B7bgux (01703 2 A% 44 F5479 2
Astel AEHGh AF wu] AES AT BEEA L A Athzke] 2AT ]

etz s,

. o QuRe | QAES [ AARA |
- e (W/mK) | A% =38 | (US$/m?)
Wi (CIr5+Air6+Clr5) & (Clr5+Air6+ClIr5) 1.642 0537 0.623 4452
W2 (CIr5+Air12+CIr5) & (Clr5+Air6+Clr5) 1512 0.545 0.623 4998
W3 (CIr6+Air12+Clr6) & (Clr5+Air6+Clr5) 1507 0.546 0.623 53.79
W4 (Clr5+Air12+Clr5) & (Clr5+Airl2+Clr5) 1.408 0.539 0.623 55.44
W5 (Clr6+Air12+Clr6) & (Clr5+Airl2+Clr5) 1.403 0.54 0.623 59.25
W6 (Clr6+Air12+Clr6) & (Clr6+Airl2+Clr6) 1.399 0.539 0.623 63.06
W7 | (Low-E CIr5+Air12+Clr5) & (CI5+Air6+Clr5) | 1.166 0.487 0.601 6167
W8 | (Low-E CIr6+Air12+Clr6) & (CIr'5+Air6+Clr5) | 1.163 0.469 0.594 63.40
W9 | (Low-E CIr5+Airl2+Clr5) & (CIr5+Airl2+Clr5) | 1103 0.482 0.601 67.13
W10 | (Low-E CIf5+Airl2+Clr5) & (CI6+Airl12+Clr6) | 1.1 0.482 0.601 68.86
W1l | (Low-E CIr6+Airl2+Clr6) & (CI5+Airl2+Cli5) | 1.1 0.464 0.594 70.94
W12 | (Low-E Clr6+Airl2+Clré) & (Clr6+Airl2+Clré) | 1.097 0.463 0.594 72.67

(3) =9 7 2 v§HR F

ZH RS Fol7] 98] AFE3tE LED (Light Emitting Diode)3D= Wbz 7] (& 3
)l wlE] A gyt 4% AeR Hrpwka o gk FAIZE ARGl kg db
]

A7) wZel e Aol o] x| LED % e

A REALAG S A , &E7 T ARE
o] %3} 5). LED TH 2 HESARE e 2o ([ 3-18] #X)
[¥% 3-18] LEDxZH e F7FYE A5
Zz=r Radiant Visible
=5 G7HUSS/EA)
e ofl L] %] (W) Fraction Fraction
L1 Ao wigd e 382 0.42 0.18 51.97 ~ 90.95
L2 Ao 2ol dH 382 0.72 0.18 51.97 ~ 90.95
L3 | FHE Ao A% He 382 0.37 0.18 51.97 ~ 90.95
L4 A widE Fe 382 0.37 0.18 51.97 ~ 90.95
@) AFe) FF 2 WEAD 57
Je BsE Ba AAUE VAFE 2AT S Ab FARA, A% QUA 47 Y

sE =
A A €A Ae Loty A AA= A=(Curtain), EHHol=

S A
(Roll-up shade), ¥4 &z}l =(Venetian blind)& &3 4 At} o]Eo 3t A HI=E

N

370 LED (Light Emitting Diode) &,
A EQow 7% 3d 9 29

WFoR A%S 7MW Bdshs MEA 2Aolnh fdT Hste] v dEad] 11 £H, A

ox
TFd okl A AHgE
— 48 —

ofl r‘h



FAEHY] Askel, WATIE, AARAE, A TG, cela ANRA e Fw
FASAT. =9, A% 49 A B a2 TAI] Aekel v YRRl A
A

ol d frs 2 4 A AlEdlA =7 BLAST®O|A Algate= 2% 4A HolHE

SR

il (

@ 71 E(Curtain)
AEL F2 H o RAEEL o83ty e YRR HAAES dAE=Y. gk

A, GHl, HolE dEd 7] "ol Wi AHorE &3t

@ EY94dol=Roll-up shade)
Ed4dol== A, ol 2
gAY Hol AL&st= AU LA

2
ok
2
al
il
&
ﬁod
s
49
E
1 K
fl
ol
ll]
N
i
e
o

@ WYX &gl =(Venetian blind)
HUAd El=s 34 €Fug 93 B Sdo® Yoy, dFug $382 &
o X

71l Zstar FAR ] Aty wiol Aoy E4olE Bu fAESg B s SHlA

U 288 Bt gy 98 £98 S AMs W= FAAS RAANS F ds

S0l Ant

[3 3-19] #t¥e] 78 A5
A A A A RN B | 7EABA @7t
HE T
Tt WAL & FaE HEALS (US$/m)

S1 71 & (close weave dark) 0.05 0.10 0.05 0.10 12.99
S2 AE (close weave light) 0.05 0.30 0.05 0.30 12.99
S3 71E (close weave medium) 0.05 0.55 0.05 0.55 12.99
S4 71E (open weave dark) 0.45 0.15 0.45 0.15 12.99
S5 7 E (open weave light) 0.45 0.25 0.45 0.25 12.99
S6 7 E (open weave medium) 0.45 0.40 0.45 0.40 12.99
S7 71E (semi open weave dark) 0.70 0.05 0.70 0.05 12.99
S8 7AE (semi open weave light) 0.70 0.15 0.70 0.15 12.99
S9 | AE (semi open weave medium) 0.70 0.25 0.70 0.25 12.99
S10 EY4lol= (light opaque) 0.05 0.50 0.05 0.50 15.59
S11 =4 ol= (light translucent) 0.40 0.45 0.40 0.45 15.59
S12 Ed4°l= (medium opaque) 0.05 0.35 0.05 0.35 15.59
S13 | E94l°l= (medium translucent) 0.30 0.25 0.30 0.25 15.59
S14 HuUAd S2A = (light) 0.65 0.25 0.65 0.25 15.59
S15 HuUAd E2Jd= (medium) 0.60 0.12 0.60 0.12 15.59

38 BLAST (Building Loads Analysis and System Thermodynamics)@, 7] =82 (U.S Department of Defense)oll Al 1970 Aol 71dtat d5
T 2 Fad AEH o)A Lol
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43 Tso, G., Yau, K. (2007). “Predicting electricity energy consumption: a comparison of regression analysis, decision tree and neural
networks.” Energy 32(9), 1761-8.

44) Quyang, J., Hokao, K. (2009). “Energy-saving potential by improving occupants’ behavior in urban residential sector in
Hangzhou City, China.” Energy and Buildings 41(7), 711-720.
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research methodology and surveyed results.” Energy and Buildings 37(7), 698-706.
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o g4 R 2-3-O: 7€ AlEdelAd 22 dE 2PV 4

ALy Algdeld 23] A AFHAS Agdold =79 dsS Friete A
1

T2 &850 gt E3) ouA A7 714 (Energy saving measure) %-&o] mE ojx A
7+ ayE AestA Hrkstr] sk, 71 oy A AlE#H ol 22 (Base simulation model)2]
AlEH oA AR E AT Aol Bastth shARE B ASAAH S AAA Fe= T
Algdeldom iy FEE Aol AAl At i Zpol7t v @A o] g ol & 3§
Ast7] sk, dyA AlEd el AZE o (Designbuilder Ver. 59 EnergyPlus Ver. 85.0)
I HAs dugF(FAaA dagF)s olfste, A= AlEdelAd Ede i A Y
BakAth 71 AlEelAd o] tid BAVY e A 27Fx] dAR FIEJAT ()
AE oyA Alggeld wdd gk ey A4, () HAst dagEFS ol &3 A& o
A rdof gk BTy A

(D AE oA Algdolad o] vigh vizfis A4

AT oUA AFdelde AAeh fAF dFd BAS else] BAL £AT F 9
o AE dUA ABHIAS FAss] AT ApFe BHL WAESE AT & gom, of

Input parameters
& Observable parameters
f:s':fz:-;f,._._.ﬁj o

[27 3-10] 4= vizhdso] B3}
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[ 3-20] ABAUA Al ABRAL 98 wAAF WFol B A7

s A YA A 249 dA =E

Mustafaraj €] 49 (2014), Yang and Becerik—Gerber

Window size, Insulation (2015), Royapoor and Roskilly (2015), Kim and Haber
thickness, Equipment (2015), Cipriano €] 5% (2015), Heo ¢ 3% (2012), Sun

multiplier, etc. and Reddy (2006), Westphal and Laberts (2015), Gii¢cyeter
and Giinaydm (2012)48)

Yang and Becerik—Gerber (2015), Chu and Yang (2013)49),

Light radiant fraction, Solar|Heo €] 3" (2012)50, Mustafaraj €] 4% (2014), Yang and
heat gain coefficient, Door | Becerik-Gerber (2015), Pan €] 2% (2007)5D, Raftery <]
open / close status, Indoor | 29 (2011)52), Royapoor and Roskilly (2015)33), Kim and

Observable

parameters

Non-Observab

le parameters

temperature set—point, Haber (2015)34), Cipriano 9] 5% (2015)55, Heo ¢ 349
Occupancy schedule, etc. | (2012), Sun and Reddy (2006)56), Westphal and Laberts
(2015)57

AE YA A B ndS =37 93te], observable parameter2} non-observable

parameterS A& ok st} ([29H 3-10] =)58). Observable parameter= =% % AW A S

3 AA e AT 7 de AoEA, dWd WA WA FE& Utk whi,
non-observable parametert= =9 % A|HUAE T A S FAFr] oy Ao=A A

w2 =9 B FARE AN M= FAGe,. RS, WUV 28 9)E v
([ 3-201 =), oldl wel, 71 Algeold =l

o
observable paremeter2?} non-observable parameter= ZtZ} thg-2o Z 2 AM~2 AA ST}

AA, observable parameterv= WA, ¥ WA F3 Zo] AZLEXN(EH, AlHA 5)& &
g g 7 de ARoth wabA oldd HRE wEoR HFE FeTHd tE 7lE Al
Yol BdL oA AlEFY oA AZEY S Design builder Ver. 59} EnergyPlus Ver
85.0= o] &3st] FHEA

=7, non-observable parametert= F71&, W79 €& T3 ol £9 % FA#E
o] A

SAA WEEE ROoRA, 1 @k AR otk oed BAE Ay Astel, B

48

Giigyeter, B, & Ginaydm, H. M. (2012). Optimization of an envelope retrofit strategy for an existing office building. Energy and

Buildings, 55, 647-659.

Chy, S. C, & Yang, H. L. (2013, June). One-time ray-tracing method for the optimization of illumination system. In Proc. of SPIE Vol

(Vol. 8769, pp. 87692M-1).

Heo, Y., Choudhary, R., & Augenbroe, G. A. (2012). Calibration of building energy models for retrofit analysis under uncertainty. Energy

and Buildings, 47, 550-560.

51) Pan, Y., Huang, Z, & Wu, G. (2007). Calibrated building energy simulation and its application in a high-rise commercial building in
Shanghai. Energy and Buildings, 39(6), 651-657.

52) Raftery, P., Keane, M., & O'Donnell, J. (2011). Calibrating whole building energy models: An evidence-based methodology. Energy and
Buildings, 43(9), 2356-2364.

3) Royapoor, M., & Roskilly, T. (2015). Building model calibration using energy and environmental data. Energy and Buildings, 94, 109-120.

4) Kim, K. H, & Haberl, J. S. (2015). Development of methodology for calibrated simulation in single-family residential buildings using
three-parameter change—point regression model. Energy and Buildings, 99, 140-152.

55) Cipriano, J., Mor, G., Chemisana, D., Pérez, D., Gamboa, G., & Cipriano, X. (2015). Evaluation of a multi-stage guided search approach
for the calibration of building energy simulation models. Energy and Buildings, 87, 370-385.

56) Sun, J., & Reddy, T. A. (2006). Calibration of building energy simulation programs using the analytic optimization approach (RP-1051).

HVAC&R Research, 12(1), 177-196.

Westphal, F. S., & Lamberts, R. (2005, August). Building simulation calibration using sensitivity analysis. In Ninth International IBPSA

Conference (pp. 1331-1338).

%) Yang, Z., & Becerik-Gerber, B. (2015). A model calibration framework for simultaneous multi-level building energy simulation. Applied

Energy, 149, 415-431.

49

3
=

5
3
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TF-ol A= EnergyPlus Ver. 8509 43 g5 o839, non-observable parameter=
o #s AAstaAl AT

(2) AA st daglES o] &3 AlEdold e g AV Y

AA oA ARE R AlEdeld A QakE Fol7] flsto], A&l B
st HA v E AAS= Aol FQsith B A= EnergyPlus Ver. 85.0° #A&%+=
non-observable parameter®] H A S EZ3d17] Yoto], WA dug &S ALzt s
AR daEse AJAAY A 72 A 2l 2 A HA-s vHoRA AE
A3tE 2Ekg o Ao (Population), & o] (Mutation), 18j(Crossover) A4t 52 %8
shlth. 53], A daglES W@ Aolal dYsE "M ete Aol ¢+ ¢

=
A, e FSAT Rokel ] FEH T AU, [ 2211 A4 FuFe AmcE 1}
o

=

4 e
N

Lo

§°"

Ella lem, %7]s}(Initialize), Mt A4 (Generate), ¥ 7FHEvaluate), 23| (Replace) &

[% 2-21] SAA dug =9 oAtz

Initialize a population of p individuals
Evaluate the p individuals
While Stopping criteria
Generate )\ offsprings from parents
Evaluate the \ offspring
Replace the population with p individuals from parents and offsprings
End While

Output Best individual or population found.

O N O AW N

g, Non-observable parameter®] #H?Zs& 9lsll, =4 3}e}v|E (adjustable parameter),

H A3} 8234 (optimization objective), #| ¢F¥ 4= (constraint)< U3 o] ZAA st}

(7h) =7 3I2lvH (adjustable parameter)

(da A4, Fz, 2 AAHGE AL 7E AES A
= 584 2458 WHSE Aolmr Efo] H 4 . oo weEl, UA AFE AE &
gl 4l &4 "] 5l observable parametery %A Itetn| oA A Qetth 181, &4

=

S 9
2 FA T G A Aol dAFdE W AMAA e dIE=E 91| dti= non-observable
% JH 2 At B Aol s UA AFEAY 7| ATFES 7]t
o2 [ 3-22]91A4 AAE wpe} 2ol F 1349 =4 FAtvEEo] AAFHAT T3 FHAA}

o

parameterS *# utz}

59 Goldberg, D. E., & Holland, J. H. (1988). Genetic algorithms and machine learning. Machine learning, 3(2), 95-99.
600 Talbi, E. G. (2009). Metaheuristics: from design to implementation. John Wiley & Sons.
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dugEe 7Ivtegsl= HAE AL B, 24 FEVEHEY 2 2zt w9 delA 2
A}
[ 3-22] HAsE Sl AAE Fepr g AR

Q4 Adj 1 l2es! il My

{4 justable parameter G PN B H T8
Number of people Person 1 6 varl6l)

Internal Lighting power W 4579 732.64 var262)
loads Electric equipment power density W 4579 1007.38 var363)
Infiltration rate times/h 0.25 2 var464)

Cooling equipment efficiency W/W 3.66 8.6 varb6d)
HVAC Heating equipment efficiency - 0.82 09 var666)67)
system Heater thermal efficiency - 0.554 0.824 var768)
Cooling set point T 26 29 varg69)

Heating set point T 18 21 var970)
, U-value of the window W/m*K 1.642 3.4 varlQ7D72)

Construction -

B SHGC of the window7) - 0.537 0.7 varl17
condition . 3 - 5
Conductivity of the insulation - 0.029 0.031 varl2™)

Schedule Operation schedule - 0(Of1) 1(On) varl3

(W) # A3t 543 (optimization objective)

A% ouA Agdolde AIEE Wrer] Slsted, B ATE HAH BAPERA,

ASHRAE  Guideline 14°14  Al&str A= AEdold A=  H7b AxQ

61) KOSIS (Korean Statistical Information Service), http.//kosis.kr/statisticsList/statisticsList_01Listjsp?vwed=MT_ZTITLE&parentld=A#SubCont
(accessed on 10.12.2017).

62) Autodesk, https://sustainabilityworkshop.autodesk.com/buildings/equipment-and-lighting-loads (accessed on 10.12.2017)

63) Autodesk, https://sustainabilityworkshop.autodesk.com/buildings/equipment-and-lighting-loads (accessed on 10.12.2017)

64 Kim G, Yoo JH, Hwang HJ, Kim KS. A study on the calculation method of infiltration for detached houses. Korean Journal of

Air-Conditioning and Refrigeration Engineering 2013;25(9):493-498.

MOTIE (Ministry of Trade, Industry and Energy), Regulation on Energy Efficiency Labeling and Standards,

https://bpms.kemco.or.kr:444/efficiency_system/pds/read.aspx?searchfield=&searchword=&page=2&section=&pdsseq=18 (01.05.2017).

66) OEERE (Office of Energy Efficiency & Renewable Energy),
https://energy.gov/eere/femp/incorporate-minimum-efficiency -requirements-heating -and-cooling —products—federal#boilers ~ (accessed  on
10.12.2017).

67 ASHRAE Standard 90.1 2010. Energy standard for buildings except low-rise residential buildings. American Society of Heating,

Refrigerating and Air-Conditioning Engineers, Inc.

Aydinalp M, Ugursal VI, Fung AS. Modeling of the space and domestic hot-water heating energy—consumption in the residential sector

using naural networks. Applied Energy 2004;79:159-178.

69) MOTIE (Ministry of Trade, Industry and Energy), Code of Building Energy Management.
http://www.law.go.kr/%ED%962689%EC%A0%95%EA%B72%69C%EC%BI%99/%EC%97%90% EB%684%83% EC 2% A7%30%EA %B4%30%6EB%
AB%ACHEA%B8%B0%EC2%A4%80 (accessed on 10.12.2017).

70) MOTIE (Ministry of Trade, Industry and Energy), Code of Building Energy Management.

http://www.law.go.kr/%ED%96%689%EC%A0%95%EA%B7%9C%EC%B9%99/%EC%97%90%EB%84%83%EC%A7%80%EA %B4%80%EB%

AB%ACHEA%B8%B0%EC%A4%80 (accessed on 10.12.2017).

Ahn BL, Kim JH, Jang CY, Leigh SB, Jeong H. Window retrofit strategy for energy saving in existing residences with different thermal

characteristics and window sizes. Building Services Engineering Research & Technology 2016;37(1):18-32.

MOTIE (Ministry of Trade, Industry and Energy), Regulation on Energy Efficiency Labeling and Standards,

https://bpms.kemco.or.kr:444/efficiency_system/pds/read.aspx?searchfield=&searchword=&page=2&section=&pdsseq=18 (01.05.2017).

Solar heat gain coefficient.

7 Ahn BL, Kim JH, Jang CY, Leigh SB, Jeong H. Window retrofit strategy for energy saving in existing residences with different thermal
characteristics and window sizes. Building Services Engineering Research & Technology 2016;37(1):18-32.

7% MOTIE (Ministry of Trade, Industry and Energy), Code of Energy Saving Design Criteria of building.
http://www.law.go.kr/%ED%96%89%EC%A0%695%EA%B7%9C % EC%B92%699/%EA%B1%B4%EC%B6%9%5%EB%AC%BC%EC%9ID%98%EC
9697%690%6EB2%684%683%EC%A7%80%EC%A0%688%EC%95%BD%EC%84% A4%EA%B3%84%EA%B8%B0%EC%A4%80 (accessed on
10.12.2017).
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CV(RMSE)(Coefficient of Variation of the Root Mean Square Error)E o]&3}azl 3t}
CV(RMSE)+= 0%°l 7M7h&545, oluA] AlggolAd EdolA A oux] A&y A A
o Y= Ab&-gFo] fAlstth = A S o v gy,

(th) Algt=7A (constraint)

ASHRAE Guideline 1404 = A& ol| x| AlEeo]id Edo] tigh By ZeA25 va
I ol AAlt Ak () BA AFFH, () ol ‘)F@, (iii) Algele]del wizha 44,
(v) AlEdeld 23 g3t A ghel v, (v) A9 s v wizbA] A& oluA AEd
old Rl BAY F3. dE duyA AlEdoldel e BA Ao NS Fgray] 9sh,
ASHRAE Guideline 14&= & oy Al&dold Axgta AA oyA] A& Alole] 24t
&5 H7tste= CV(RMSE)9F Algdold 2do]l 33k (bias)S 37}5}—?: 1 ¢l MBE(Mean

ol&#]

Bias Error)ol ti3 7|55 A AuH([E 2-15] X)), B A= 9 oy x] ALg 2o
st HAHS Fds7] wTol, CV(RMSE) A%+ 15% ©]stE w3sta, MBE(Mean Bias
Error)i= -5% ©°]4 5% ©ol3tE w3t s: AsxAS dASAY. 4 (36), & (3.7), 4

(3.8), 2 (392 o] &3], CV(RMSE)9} MBEZ 44 3t}
[¥% 3-23] ASHRAE Guideline 14914 AAst= RAmee] 7%

A 71& 2 % 7|2
MBE +10% o]
Hourly -
CV(RMSE) 30% o] 3}
MBE 5% o]
Monthly N
CV(RMSE) 15% o] s}
\/Z ( Kfst’i,m ate_usage - y:u:f, wal_usage )2
RMSE= "= 2] (3.6)
n—1
of 7] el A,
RMSE : Root mean square error
Y;stimate,usage : % BE& oﬂ ];] X] —/J:H] EO}:(}\] %Eﬂ O] }?i "li“;vz_‘ %}]\_)
Y:qcz‘ua]_usage . 951 HE:]. oﬂ Li X] iH] %]:()\E] Xﬂ %}1\‘ )
n D HelHORE)
actual_usage, i
poRt
Yauerage_usage = — n /;]l (37)
of 7] el A,
Y:’z'ctuaLusage . %’iﬂaﬂ oﬂ L‘]X] »/I\—H] %}: (/\E]Z'ﬂ %)\— )
Y:’lverage,usage : Oj_ﬁé‘ﬂ_ OﬂLﬂX] »/J\—H] Eo]: (/\E]Zﬂ %)\—)
n D HelHURE)
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RMSE

CV(RMSE) = ———"=— %100 2] (3.8)
Yal‘erage_usage
o] 7] el A,
CV(RMSE) . Coefficient of variation of the root mean square error
RMSE . Root mean square error
Yaverage usage : QFE T oUA LulF (AA 7h)
Z chz‘,ual_usage‘ i Kistimate_usa,gc,i
MBE == - 2] (3.9)
o] 7] el A,
MBE . Mean biased error
Y;stimate_usage . %HE:] O]]Li;(] iH] %]: (}\]%Eﬂ O]é__ %%‘ g}]\‘)
Ectual_zlsage : %tg oﬂ Li?(] —/l\—]j] %]: ()\E]Xﬂ %}]\-)
n cdlelHUNY)

2 G 2-4-0Or 2 EEH AU e AUXde Adad F7t

B oATE AREZ BY ohin, ARA A4S An 94 % AR A
?

g Edy & gALAA A|2~ES aEtaal sl o2 9F), adgRdy HA
O~

15 Qe quAds ANERE AT S gdelok @
o)% AT Sstel, ¥ ATE TR dY RAYE@AA, 35 5) 48 Adeled o

]
S|
a7 gk gk 7]
A4 SAE AAHeR Y

z L
Fomm NARAA FF Be BAARE B3 dF 5 92 Aoz AuAn
(1) 7] HHAA AAY L B34 B}

HA adgrdy 2479 AAd B AP HIME Fsr] f1ske], Aol F7]H]
&(Life cycle cost, LCC) & Aol F=7] o]skstetAi(Life cycle COy) Aol @& TH 2 A+
e Sy 2 37HA 9] 7HAALE S vl o2 dd Ao tisk AAlA 2 A FrE 1

stk D E4A14, 2) 247131, 3) AE s

(b B4

e




(KAU) 714
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ol

=

kel
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(h) 2ageE

~ o T 8%

5 G e ~ o WF or E
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R TR = o N o) = TR -
rn NE ® ) i ) N x 3
~ o Mo T w BTN I 0 E
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sIpes L g L1z: = ztEr 0
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O 8 S|l T 5 ok T oo T N - {0 q | Exy VK
o) o N A ) NG N [eNell .
= N = B = ~ A -
T 45 I A I N L N & %o o W T
TR PRl R IR AR %mﬁﬂx = T Z2QU Ny - W ° X YEHT &
BREY S 5 gog|Ph
<0 X H N X oH N o X I fErRgEe=

(2014). An economic and environmental assessment for selecting the optimum new
- 58 -

combined heat and power system: Focused on multi-family housing complex. Applied Energy, 127, 11-24.
renewable energy system for educational facility. Renewable and Sustainable Energy Reviews, 29, 286-300.

8) Hong, T. Koo, C, Kwak, T., & Park, H. S.



t i)t ]
_ 2] (3.12)

(v}) A 7F3=1]8(Marginal Abatement Cost, MAC)

PALHUNEL oA A7 A% ol gl W ousEa WEY tEk 8L Frhshe
2 &

ol o=, EAATIAS A7

S o] &3 Akt dAFEH] o] = ;
AqUuA Azt 71+ BAA BEgol ¢Fsits s on st
NPV,
MAC, = - 2] (3.13)
Y CER,
o] 7] el A,
MCA, DA 7IZE nd ERke] SAIZEE &
NPV, DBV nd Bete] =E A A
CER; sy A A7 Ve 1 gl mE olitsletA ST

ofe] ZAd Axes T D w, o dickel oM FE& THEY] = F
[ FEBAZ I8k, stel A Ax=
A g g7l dEolv. ol& sidsty] flste], & A= AA ATelA AEEd

(Integrated multi-objective optimization) Z@e] 7wk & H A =EF2S AMESTh B 7)Y

= HH AdE AAE A% g9 fﬂ"&% g 7kl e e g EeH, vy 2
&

54% A ok () Y pEES R A4 AEne 488 A FAh @ A
GAGRNS g BaE, BgG ARS] WAE FPsEd dolA Aol xS
Axst @ 5 Atk 3) HA A AAS A B4 o] FF RoplANE fAsA g
F ootk () WHES AHESHE AT R AAARAES A8 A0 A48T F AR 78
e BQUS B ATNAE e A b4 Adel 98 IMOOR®S A§ Ak selE

1=

8 S = 24 (Pareto optimality)o]#, )= theEel B&A0l /14 HHOE ool JUE Ttk

8) A3 AW (Linear programming)©l &, Folzl Ad ZHES WHA7AA 54345 43} 3l EAlot)

&) Koo, C., Hong, T., & Kim, S. (2015). An integrated multi-objective optimization model for solving the construction time-cost trade-off
problem. Journal of Civil Engineering and Management, 21(3), 323-333.
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tpse), Lk 570E ¥ FEFE((36m? 46m% 59m? 84m? 125m?) F 66m’~99m? Aloldl s
Fate 84m?e] WAE Ad FEFE AE 2 Ao REAS Ad Agudges #4438
Ak A MR NEAS AYE 7EFEHE oz AEH LS 98 A4 FEFY 14
e Adsth weba 2 Ao AE AL AT dE8WA 84m2d D FETE S 4
g deE= AFstdn (& 2-17 #F=x).

[ 3-25] 04 BEFY A%B A

&7 A BB
A=y D 2EFH
#] & eyl A
5 o] AFE-< & 1693
=
o AgwA 84m”
°r 59 A A el
AbE AR 20151 T HA G o] Abslek A v & 0.052 tCOseq/m’

R
NN
o
P
D
o}
rlr
L
i
A
R
:.“:
o
ol
ol
2
oo
ni
[-4 {
>
do
—
o
Ao
N
X
1oy

(0.2252)7F 74 wtA A= 4 7
IIC, NPV, SIR, CER, MACx Z7b 2,794,730€, 2,014,246%1, 0.07613, 0.6046 tCO., 0.03217¢
MCO R AH = A,

[3 3-26] &1 10917k 9] H A a-eRdy aarjs Avee

= oz Azt 7l IIC NPV CER MAC A g}
g waq [2s] 29 | 22 | (@) @ | | wcoy | @con | ax
1 I8 - L4 - 2,794,730 | 2,014,246 | 0.7613 | 0.6046 0.03217 | 0.2252
2 I8 - L3 - 2794730 | 2,014,246 | 0.7613 | 0.6046 0.03217 | 0.2252
3 I8 - L2 - 2,794,730 | 2,000,880 | 0.7562 | 0.5957 0.03228 | 0.2299
4 124 - L4 - 2623858 | 2,072,681 | 0.8327 | 05248 0.03032 | 0.2327
51 124 - L3 - 2,623,858 | 2,072,681 | 0.8327 | 05248 0.03032 | 0.2327
6 I8 - L1 - 2,794,730 | 1,988,287 | 0.7515 | 0.5901 0.03241 | 0.2334
7 I8 - L5 - 2,794,730 | 1,973,884 | 0.7460 | 0.5824 0.03256 | 0.2379
8| 124 - L5 - 2,623,858 | 2,042,503 | 0.8205 | 0.5085 0.03057 | 0.2420
9| 124 - L1 - 2,623,858 | 2,040,143 | 0.8196 | 0.5066 0.03059 | 0.2430
10| 124 - L2 - 2,623,858 | 2,028849 | 0.8150 | 0.4987 0.03066 | 0.2473

8) A= rEds; w7HeAREY, 2013
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(&$): kwh/m?/day)

14 24 3¢ 44 5¢ 6¢ 74 8¢ 9¢ | 10¢ | 1149 | 12¢

231 | 279 | 315 | 424 4.8 538 | 368 | 327 | 346 | 342 | 259 | 1.99

289 | 286 | 315 | 446 | 529 5.5 489 | 514 44 374 | 319 | 246

28> | 282 | 313 | 440 | 539 | 552 | 405 | 411 | 369 | 347 | 295 | 2.27

230 | 283 | 330 | 444 | 498 9.5 453 | 393 | 381 | 350 | 265 | 1.99

233 | 268 | 312 | 472 | 526 | 514 | 408 | 404 | 402 | 370 | 296 | 2.24

253 | 282 | 307 | 466 | 556 | 589 | 449 | 403 | 392 | 350 | 294 | 2.25

298 | 293 | 309 | 470 | 563 | 6.14 5.1 4.62 41 353 | 331 | 256

230 | 278 | 311 | 441 | 500 | 544 | 422 | 367 | 375 | 341 | 253 1.97

247 | 271 | 289 | 460 5.2 6.06 | 436 | 342 | 351 | 322 | 3.03 | 2.38

ot | o | o | Mo | = | ot | O | 2 |z | 22|

156 | 269 | 3.00 | 448 | 532 | 536 42 3.75 3.7 323 | 267 | 214

A

[e5

227 | 275 | 326 | 467 | 507 | 541 | 455 | 400 | 398 | 357 | 265 | 215

242 | 255 | 306 | 460 | 535 | 537 | 433 | 386 | 402 | 334 | 279 | 2.14

233 | 266 | 332 | 477 | 554 | 515 | 472 | 488 | 442 | 368 | 297 | 191

ox ||

279 | 284 | 327 | 486 | 546 | 597 | 468 | 424 | 3.78 3.2 299 | 2.40

ON. | ol | (2 | (L | o | ofje
=

o>
B| B BT B R B

3.02 | 293 | 331 | 479 | 579 | 538 | 442 | 442 | 447 | 398 | 333 | 2.59

AN L | [ o | He | ol | | e | N x| 2| N | | e | o | ME

=,

175 | 243 | 3.01 | 427 | 578 | 468 | 515 | 548 | 419 3.3 268 | 1.75

(&9 C)
14 24 3¢ 44 5¢ 6¢ 74 8¢ 9¢ | 10¢ | 11¥ | 12¢

-4.5 14 4.3 9.5 172 | 234 | 258 | 265 | 21.8 | 145 6.5 -1.3

3 5.8 7.8 115 | 172 22 202 | 279 | 241 182 | 11.3 52

0 3.9 6.9 115 | 194 | 248 | 267 | 287 | 233 | 164 8.6 2

-3.2 1.7 5.1 9.6 161 | 219 | 247 | 261 | 221 15.1 77 0.1

0.5 44 7.4 112 | 186 | 237 | 263 | 281 | 236 | 157 8.4 2.5

=27 2.1 5.3 10 178 | 234 | 257 | 271 | 219 | 142 6.9 0.1

15 4.4 7 10.8 176 | 222 | 254 | 278 | 227 16.6 9 3.3

-44 14 4.6 9.6 171 | 231 26 269 | 222 | 144 6.4 -0.9

-0.1 24 4 10.1 174 22 258 | 265 | 207 | 149 9.4 2.9

o oy o [ Mo | S (ol [0 | 2 e | x| U

-3.2 2.1 5.3 104 | 185 24 26.6 28 228 | 148 7 0

(

-

[o

2.7 11 4.3 8.4 152 21 244 | 257 | 21.3 | 137 7 0.8

-0.8 3.2 6.3 10.3 18 235 | 265 | 2777 | 232 15 79 1.6

11 3.7 6.4 10 165 | 214 | 248 | 271 23 156 9 3.5

ox ||

-3.3 1.3 4.7 9.8 176 | 232 26 213 | 214 13.8 55 -0.7

O | ol | (2 | (L | ol | ofne

ox

| B B[R] B b

-0.5 3.5 6.5 104 | 173 22 25.1 27 227 | 153 6.7 1.7

2

e T A A e s A o - O o O N A R o SR

5.3 7.3 9.3 118 | 173 | 212 | 259 | 288 | 242 | 176 | 11.7 7.1
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T | ZF W) '285(%) EnR ©7H( 2l /Unit)
7} 2 (mm) Al 2 (mm) 7 (mm)
3 185 14.00% 1580 308 35 243,900
4 195 14.00% 1580 308 36 259,076
5 250 14.00%6 1641 991 40 260,160
6 260 14.00% 1639 991 51 271,000
7 260 14.00% 1639 990 40 271,000
8 250 14.00% 1641 991 41 271,000
9 255 14.00% 1641 991 41 271,000
10 250 14.00% 1641 991 41 276,420
50 290 14.00% 1641 1000 36 432,516
51 295 14.00% 1641 1000 36 475,876
52 300 14.00% 1641 1000 36 514,900
53 305 14.00% 1641 1000 36 525,740
54 100 14.00% 1062 534 3 323,032
55 100 14.00% 1042 534 6 214,632
56 50 14.00%6 559 559 3 130,080
112 305 14.00% 1956 991 51 313,276
113 295 14.00% 1956 991 46 313,276
114 310 14.00% 1956 991 51 341,460
115 72 14.00% 2741 379 5 194,036
116 88 14.00% 2741 379 5 274,252
117 300 14.00%6 5161 389 5 649,316
118 315 14.00% 5161 389 5 670,996
119 307 14.00% 5161 389 5 655,320
120 291 14.00% 5161 389 5 627,636
121 280 14.00% 5393 737 5 596,200
[ 3-31] eI Ee T7F 3 54 AW
T Efficiency (%) Power capacity (kW) Miscellaneous losses (%)
1 0.946 12.5 0.03
2 0.946 30 0.03
3 0.958 50 0.03
4 0.969 100 0.03
5 0.969 250 0.03
6 0.98 500 0.03
7 0.90 10 0.03
8 0.90 15 0.03
9 0.90 20 0.03
10 0.90 25 0.03
50 0.87 0.125 0.03
51 0.89 0.125 0.03
52 0.89 0.125 0.03
53 0.952 2 0.03
54 0.952 2.7 0.03
55 0.952 4 0.03
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3. A 3 I-ZEREY HFH gAEAR Ad AEH
(DSSOG) 7h&

7} @914 3-1-@O: Al2" DB 75
(1) Open-APIE 83 ¥4 DB Z 4% 14

B A aderdy HA gAEAR A Alads NEEr] f1ste] DB ZHES
T35k HZ] s AWt DB SR ES TAskE WHe A 27FA R v 3,
o|H Al(Data set)= €83 WHolth HolE A dWtAor fgfr=rt 7t fd=
AEol Qe dHd & dolgHE 9u|dt dolg AS 2= & HA F& bt
v ARel AAR, delg e duelEVE AAIgtor o]Folx Y] FE wilol v =A,
Open-APIE €83+ Wwolt. Open-API&= AF&AY 71Ex}7 38t dHo]EHE Algtel]
o @bz ¢k dolHE AFHE 7 ke Aol ot (On-demand). H3F, Open-API A H <
A delHE 1 7 A7) el dolE e fdulolEel et FAsIA AT + Atk o]
gk olf®, &RV =2 AlaFe] ARl2E sk oA Open-APIS] AH§S A5
Holtp ([ -13] =), B dAFelAM= FEHely x9 (datagokn)olA  AlEet=

, A= dolH e T+ [& 3-33]9 2o

op
o
a)
z

[>

= [ B s E o OIOIEH0] A ERHF o ;
: Open-API
g 21 d|o|Ef (g’emr) -; A2}
: — : :
-— {REST APl } . Lomz ez
= (Authentication) ;
A Hlojg 47 @ N -
W : :
csv IEINE-311
— . 2. Open APl 2F
CHossh ZoHR| & 9

CilofEq Hi|o]A

3. HiolH A=

) : 4
: II : =t
1 . Ll
ol l l sigpes : 1

Jan Fa Mt Ags Mty Jun M Aug 543 06t W : :

ST HoH

“Tk;
o

glol& 7t

A I = O -3 g2 o A = N -3 g= o
1 OfZIIEZE 6 | AS=ONEA AdMA™ |11 | e|AIFAH2EY |16 e[ gkl
2 OFIHE o 7 == 12 RIA2LS BA 17 Arezord
3| wdexx |8 AEh % 13 &Ho[XF4 18| oelo|Zuley
1 S orsl e 9 AIZAf 14 X% 19 MasHNE Mo
5 B 10 Al AT 15 5% 20 | =2b of LAl Z8[F

|
~
|



(2) 94 Spread Sheet 7|WF F&FTE AS5E 54 9 A UYA ALL= DB 5
[ 3-34]¥ [% 3-35]& St g QoA AT AeA T A58 £4 2 A
by A AME S DBE 53 dAolth Al oAdA= YR 16719 FeTES A
St FEFA A5 447 A0 U ASFE TUCE AAFEES BEAA
Ay,
[ 3-34] T A2 &4 (dA])

H | dAEy | AdsHd | AHE | 838 e A Al A &5 A= AF-&

3 (m') (') (%) (%) (m') T 4 4 Ao

1 19692.30 6836.52 34.72 392.92 142037.70 495 40 7 2014.09.16

2 22641.00 4750.26 20.98 258.30 67929.98 636 15 15 1995.05.22

3 | 118458.20 | 27101.24 22.87 254.20 405203.72 3,649 15 86 2000.12.20

4 | 47777.20 8866.66 18.56 295.96 201282.93 1,410 22 39 2003.12.23

5 20930.40 5183.19 24.76 224.73 73674.87 457 14 16 2011.05.02

6 | 37667.40 7376.96 19.58 295.00 161258.06 1,174 22 31 2001.10.26

7 | 74375.00 | 14874.21 19.99 255.79 251093.96 2,282 18 43 1999.07.29

8 | 193813.00 | 43326.86 22.36 231.16 560994.79 5,150 18 114 2002.05.25

9 18707.70 3996.87 21.36 297.05 83067.67 461 18 20 2005.12.28

10 | 36896.20 9141.99 24.78 225.04 127963.69 784 15 24 2011.10.28

11 | 39204.20 | 21647.96 55.22 557.31 378865.94 1,870 33 8 2008.12.22

12 | 12776.00 3218.82 25.19 336.63 59336.59 425 21 10 2001.12.14

13 | 30564.80 5111.96 16.72 245.12 107440.01 758 18 26 2004.11.30

14 8096.60 4347.65 53.70 535.78 63860.73 455 26 3 2006.09.13

15 | 13415.80 2935.11 21.88 187.89 37023.15 400 12 10 2006.11.21

16 | 22158.10 5963.98 26.92 253.55 76087.58 498 15 19 1998.07.15

[3% 3-35] &9 A AYA A& (AA])

H o =] AH|=F

3 7] (kWh) 7k~ (M]) = o JA &HF (kWh)

1 7,864,808 29,648,547 16,107,104

2 2,674,005 19,327,462 8,047,039

3 16,634,079 119,250,929 49,785,837

4 6,645,444 60,086,007 23,349,354

5 3,130,674 17,925,543 8,113,975

6 5,058,821 43,332,843 17,105,351

7 8,608,747 78,126,016 30,327,779

8 20,859,792 177,592,925 70,230,625

9 2,658,460 20,144,849 8,258,728

10 5,103,643 277,874,001 12,852,615

11 29,479,824 75,282,561 50,408,376

12 2,012,966 15,207,965 6,240,780

13 3,580,676 30,696,625 12,114,338

14 4,123,483 22,704,428 10,435,314

15 1,526,688 8,541,255 3,901,157

16 2,420,252 21,485,551 8,393,235
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[% 3-30] o] FF % 54

of\
=l
A
o,

e S0 s We A wan,

(Curtain) —thoFst gl Mz Fy, FEoom A

~29 o=t I FAAo] Y= AB(Z

o, diuy, 234 5)E efolomEE AH3}
A Zol ZEAY HoM AHEE

NEF AA et 2G| ot

A mE dAbE 2do] AeH, 4 FE

of W& /fAA ARt shs sttt

=9 o=
(Roll-up Shade)

&GF )7 ~&Fulg £d2 F7)d At FAH A
= slo] HAd=E ) gFAdo] Fof o]
LASESH
S99 =
(Venetian
Blind)
g3 =4 - &9 £9S 23S Az oFA
N
e BAES 5 dus FHdo] v

() 28 2ddy a4v|E9 HE84dR

D ©@<¥ A (Thermal Insulation)

s
fz
rlo
el
g
2
S
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3-41] v =Y Bey v 8"

=5 @9 T 4% 3% 25 1%
HEw 15 ¢/mm m 1vj 46 62 77 92
H| = 2% ¢/mm m 10 52 70 89 105
[¥ 3-42] "YE PR3 vj&d R
Eais 9 TR HE 1% 2% 3%
u g 12 9/mm m I 203 270 406 676
[3 3-43] St H&A R
=5 9 T 24K 32K 40K 48K 64K 80K
=g Eal s 2/mm m® 1w 33 44 55 65 37 109
[ 3-44] A2 A& 2T &K1
i l2es! T 2% 15
AASU 2% ¢ /mm m? 1uf 216 228
@ %% (Window)
AR F A AT, ZEFEe] AAl Aasun A F5e T4 0 EFE A
dalglen), BANA 2 Agel fE08 2AS 28T (X 345 Fz)).
[3 3-45] F=9f H|&54
ST T 9 @7t
Frols (Clr 5+Air 6+Clr 5) & (Clr 5+Air 6+Clr 5) 1 A/m? 51,400
Frole% (Clr 5+Air 12+Clr 5) & (Clr 5+Air 6+ClIr 5) 1 A/m? 57,700
Frole# (Clr 6+Air 12+Clr 6) & (Clr 5+Air 6+ClIr 5) 1 /m? 62,100
Fol5 (Clr 5+Air 12+Clr 5) & (Clr 5+Air 12+Clr 5) 1 /m? 64,000
FolE# (Clr 6+Air 12+CIr 6) & (Clr 5+Air 12+ClIr 5) 1 A/m? 68,400
FrolZ# (Clr 6+Air 12A+Clr 6) & (Clr 6+Air 12+Clr 6) 1 A/m? 72,800
2olo]F % (Low-E CIr 5+Air 12+Clr 5) & (Clr 5+Air 6+Clr 5) 1 A/m? 71,200
ZololFH (Low-E Clr 6+Air 12+Clr 6) & (CIr 5+Air 6+Clr 5) 1 A /m? 73,200
Zolo]lF% (Low-E Clr 5+Air 12+Clr 5) & (Clr 5+Air 12+Clr 5) 1 A/m? 77,500
Zo]o]F % (Low-E CIr 5+Air 12+CIr 5) & (Clr 6+Air 12+Clr 6) 1 4/m’ 79,500
29o]o]F % (Low-E CIr 6+Air 12+Clr 6) & (CIr 5+Air 12+Clr 5) 1 /m? 81,900
Zolo]l&% (Low-E CIr 6+Air 12+CIr 6) & (Clr 6+Air 12+Clr 6) 1 A/m* 83,900
® %% (Lighting), 84m*7] &
29 e LED geloz pAsdon, FREAs B4, 4804Y 5/ F8EW)E 2
Qe [ 34612 A8WA san’e] FEFue] LEDEY T4 AnE vehuln ok
LEDZ e M gAdui: B/panA 2 29 44 QA9 §547 248 Ba S48



[ 3-46] =78 ¢] H-&54

T a7 71T E T lids
LED %% A LED 52W 1 185,000
LED %% 41 LED 40W 1 170,000
LED %% A2 LED 40W 1 170,000
LED %% A3 LED 40W 1 170,000
LED %% T LED 20W 1 140,000
LED =% 2 g LED 12W 1 60,000
LED =% £ LED 12W 1 60,000
LED %% S22 LED 12W 1 60,000
LED %% A= LED 12W 1 60,000
LED %% S LED 12W 1 60,000
LED =% HE LED 8W 1 47,200
LED =% A LED 12W 1 60,000

@ =} (Shading Device)

e G ANF 3HA FROl mebd MEANE FHoE WSS TEHIAL
zr g VAR BAARA 2 FE 4A ARAASY 454D 2A4E F
A g5 FHAA (LE 3-47] 32,

[3£ 3-47] Ao W&54

TH T 9] 1254

AE 1 A/ m? 15,000
Aol== 1 A/ m? 25,000
HuAd Ze= 1 &/ m* 18,000

g e &, &e, @9 WA

[e]
oooled Ant Y AX ALASe] FEAA 2AE B LSS +F

L
)
2
=
ot
Jm
oX,
o
f
il
ofy
o>
lo
ot
)
o3)
il
-4
Ay
_c»‘L
32

seit
([¥ 3-48] #=x)
[ 3-48] HlYF dlide 54 AR
T& & 2E(W) T8 (%) i I @7H %! /Unit)
7} 2 (mm) A 2 (mm) T (mm)
1 300 18.30%% 1641 1000 36 514,900
2 240 14.00%% 1651 1004 46 249,320
3 185 14.00%% 1580 808 35 243,900
4 195 14.00%% 1580 808 36 259,076
5 250 14.00% 1641 991 40 260,160
6 260 14.00% 1639 991 51 271,000
7 260 14.00%% 1639 990 40 271,000
8 250 14.00%% 1641 991 41 271,000
9 255 14.00%% 1641 991 41 271,000
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10 250 14.00% 1641 991 41 276,420
50 290 14.00% 1641 1000 36 432,516
ol 295 14.00% 1641 1000 36 475,876
52 300 14.00% 1641 1000 36 514,900
53 305 14.00% 1641 1000 36 525,740
54 100 14.00% 1062 534 3 323,032
55) 100 14.00% 1042 534 6 214,632
o6 50 14.00% 559 559 3 130,080
112 305 14.00% 1956 991 ol 313,276
113 295 14.00% 1956 991 46 313,276
114 310 14.00% 1956 991 51 341,460
115 72 14.00% 2741 379 5 194,036
116 38 14.00% 2741 379 5) 274,252
117 300 14.00% 5161 889 5 649,316
118 315 14.00% 5161 889 5 670,996
119 307 14.00% 5161 889 5} 655,820
120 291 14.00% 5161 889 5 627,636
121 280 14.00% 5393 737 5 596,200

U, G987 3-2-@: User-Interface A4 & ©. @947 3-3-O: H7IA 2" Qi

G918 7 3-2-D(user-interface A A3 @947 3-3-O(H7HA 28 7)o A4 H3E
< AAIET] "o, & delA At ghrh 94, 2 ATl e adg s HA oAL
A4 Y Az="of|l dlgk User-interface AAE a3t th User-interfacet™ AF-&-2Fet H3F
H7l ARE Z&Ao=m Fauwy] fJate] FA4stes ZEado] 4 g dolth 2 ATt A
User-interface 7ol AL A8zt =2l ot A% Ao ¢gidets, 2137
A stA 28 4 Ade 2SS AT 5 Ak wepA] 2 AFe JE7F BRE oy

4
o HARIE heE 9Ye Fo BAANE FAF 5 Qe As9e Ausag stk

A7 1-1-0 (F&F9 dole +3), A48 1-2-0 (F579 CO, = Q
A BA, A 1-3-O (FE59 AUAAT F7F 71 A, A 1-4-O (4 o
3 o o)

AR 2 e A AdE Vv



Building

information Village Sangzye-don,
Maulti-family complex name 370
® Qutput the MFHC information
Total floor area (m’) 28.669
Number of households 690
Building Number of stories 5
information Number of building 16
Elapsed year 2
Heating type 1
Class Total Jan Feb. Mar. Apr. May. Jun. Jul. Aung. Sep. Oct. Moy Dec.
ot o - Flec: 1516227 kWh 134.828 133.846 115985 123,825 116,849 123236 129617 148917 126,383 116,483 122,537 123721
;I:]l.'lzma.i:::n Energy Gas 14.932.745 kWh 2947576 2682209 2211857 1,796,884 1170812 519337 341,387 288482 239,556 351,021 620.851  1.762.663
fon Elec. 699]{% 62 62 53 57 54 57 60 69 38 54 56 57
Gas 895 kWh 177 161 133 108 0 31 20 17 14 21 37 106

(29 3-14] #H04 FEFE AR 9 2 A4

*- Results of cluster's formation using a decision tree method ® Operational rating and CO, emissions benchmark
Multi-family complex name 1 Multi-family complex name 1
Group Group 1 Grade Grade E
Number of buldings 260 'CO; emissions per total floor area 0.06tCO2/m?
Mean value of CO; emissions per unit area 0.03747tCO2/m2 CO; emissions benchmark 0.037191CO2'm2
= Median valu of CO, emissions per unit area 0.03718tCO2/m2 = Operational rating (%) 145%
& » sx E
=} " 100 i i SV
B Mo orpwasa g Operational rating system
) Medi 00881E 'E
= e £ A o050
g I @ == = 3
P 5 5073
eniral eaiing sy siem e
y 5
Girnup 2

N o

Tvap.” LR

Mewr 004390 |

Medsan’ 008430

y housing complex

" Prop. is the propertion; * Mean is the
unit: 10O year): ¢ Medion is the
' e yes emiasions per Tumit; W00 year)

[Result of the cluster for the MFHCs using the decision tree]
® Order of priority for target MIFHC

Drderafs SMEHC | i) | SioH NoS won | DlmedHestE Y Gromp  Grade | oosooo
priocity  name year type
(a8 Rese T 0. s 362y U ooiessss 1 B oo

1 1089 86802 46 14 24 3 3 00367891 3 E
2 995 88235 936 12 10 38 3 0.029607 3 E 2500
3 1012 157121 2934 15 33 23 3 0.0266384 3 E .
4 967 208150 4260 5 109 33 1 00252915 1 B T2
5 961 121518 2841 5 sl 3 1 osiey 1 E e m
4 72 g2 56 1203 10 37 37 ootsH 3 E I I
1 627 63455 1445 15 g 21 3 00067451 3 E 01000
85 1035 463592 421 15 8 27 3 00067207 3 E I
86 935 s0610 414 12 5 28 3. 00067013 3 E 000500
87 1051 45458 495 15 7 31 3 00065509 3 E mmmm
88 ¢ 405 15 8 31 3 3 E S

963 61999 : ] : 0.0064806
Note. MFHC s the multi-family housing complex; TFA is the total floor area; NoH is the mumber of households; No§ is the number of stories; NoB is the mumber of buldings; and Dif is the Difference
between average CO. emissions per total floor area and CO, emissions benchmark by eroup

ol

(79 3-15] 24 Y $EF90) ofg 29GRdY $4 290 U5 A4 Ao~

(\}) STEP 2: #2423 &4

B Ao EMAI= 7HA] FEHE UEidt AA, B FEagd A e
g 7HE 93t 4, 35Tl &ale P UA o)asE s wEE SF(dE S,
E 53)°] 89t AA, S0 T4 &£l AY(dE E90], AL) oA, 1dg



AT 2-1-0 (2™ 2Dy 247 DB 7)), 4% 2-2-0 (V€ s&FY %
=29 A9, Y 2-3-0 V1= AlgdelAl R i BAVY L), AP 2-4-
(2l Aug el oduxds Hdast B2, dddy) 2-5-0 (2de2dd A
4 R AT A3E Uvter, adeRdy HA e4v)E A A2ds

a H 3

Mrskieh 2 A 2glel ik A8 SlE] s el

= Input the regional information

= Ragion Seoul, South Karea
M logical
s = Scource Wodld Meurswologicsl Organization mgicn snd Couary (WAO) Ragions 2
= Input the MFHC information
Class Toul Jan. Fab, Mar. Apr. Mwy. T, Jul, Aug. Sep. Qet. Hov.
Utilization data Etaericity 3,961.00 KWr 0000 32300 280,00 30300 700 35800 38206 43100 28500 35300 34000 31T
Ga 1,180,596 o3 24721 21647 14727 TS 4920 2754 3746 .44 23,65 58.97 1784 15722
Type of the wall Concrets
Thickness 'of the concrets wall {mm) 200 mm
External  Typ of the insulation ExpandablePolyStyrene 1 - Type 2
wall ‘Thicksess of the insslation {mm) 140 mm
Type of the zypsom board Gyprum
e I
Type of the lighting system Racazssd
. Lighting eneey (W) 352
e R air Saction 0.18
Radiant Faction 0.5%
e
Type of the window ¥ystem {LowE Clrd=Alrl 2-Clef)&{Clet=Air 1 2+Clef)
Window  Usvalue (W/m'K) 1.403
BT Solar baat gain coficient (SHEC) 0.54
Wisibla tansmittance (VT) 0625
Typs of the thading svetem Curtaing (dadk: color & tight Sbacs)
Shadi Solar trensmittance 045
- Solar rflactance 0.15
SR Vistbis bt (VT 0.45 i shiadi “dak
Vi kil SRRt 015 Input the shading svstem data

(29 3-16] 19 AI(DB = @A)o 3k AF&AF SlE H o]~
(W) 2aA4: 71E AJEd oA R (Base simulation model)ol]l thal B4 &7

1A A ALF AuE Ao, AF oUA AFdeldoe] SR 1AHoE +d

3t AE oy AlEHelA Rdo] CV(RMSE) ¥ MBE 7]+

o
ofj
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ol mdol st R4S gttt ASHRAE Guideline 149 wel, CV(RMSE)2t MBE
15% o]at @ -5% -5%% A At

Ensrey Todal T, Fel: Mar. Apr My Jom, Tol. Aug. Bep: Cict, Mo, Dac:
A 18;'365.99_1&\\']:" 3,280 1043 2,061 1258 821 01 833 & 7L 1,066 1762 118
Energy consumption RS EESE S
. AR 20,605.58 3% 3407 KR 271 1463 1086 B34 1036 U T 1133 1817 14
‘consumption
Calibrated ensmy : ] Fx = = =
2060559 kWh 3487 308 237 1485 1,088 834 1038 .l 186 1233 1817 1418

3500

3%33 Agmal & Simsiand Bik
™ Actiel & Callorated 1234%

Monthly ey consmmption Wy
&
=
Ed
B

Calibration resulfy
1000 ‘&‘&n‘.‘ .
SrerH o s
500
0
T Feb Mar.  Ax. M Jun ol Aug S Oct Now. Do
Month
—a— Acmz] ensrey consumption Simubted ensrmy conmumption -~ Calitrzted snerey consumption

[29 3-17] 294A(71 2 A EH o)A 2d(Base simulation model)oll 3t B4 @A) thalk A&}t
QEH o] 2=

(th) 39A: old =] A3t 71s A&l g ojitstea d3hak 44

‘Type of insulation system Extnsded polystyrens board - Type 1 Input Complaed T
ESA-1 “Thickness {mm) I Tzl altematives ¥ Avatem >
P — Extemal vall  Therma! conductivity (W/mk) 0037 Activation Activarad

Insulation sysiem mm‘i‘) 15
‘Theoma! capacity (Ikzk) 130
e i i1a con: L
Tyvpe of window systam (Clot+Airl 2-Clofde Cled+Aind=Cles) Inpot Completzd he i
U-Valos (Wim'E) 140 Tot! altematives 2 M
Solar heat gain cosficient (SHGC) 0.54 Activation Activated
Visible transmittance (VT} 0.62
Type of lizhting system LED lighting herging Fom the ceiling gt Complaizd Select fhe lishting
Ligiting energy (Wm®-100tox) 331 Tona! altemstivas 1 I¥ytem
Radiant faction T 0.18 Activation Activatad
Vizible &action .54
aN . Curtains {madivm color & léss tdght Sbeics) Inpuat Complatzd Salect the shading
045 Total altematives 1 System
i 013 Activation Activited
Shading systa 045
415
D0

[29 3-18] 3GA(NAA d3F 71 Aol wE olitstets A3had Aol thgh ARgAF B s o]



Loco, e [l T L)

Gaz price: groweh raze (1) Lg%

CO; emissions tmsding price srowth g (36) 3.3%
Fitmiess soem Optimizstion goal Weight
1. Tnitlal fovestonimt cost (EC) (USS) Afinimization
2 Nat peeten vabes at vear 24 OBV Mrmmaspion
°::.“."::° 3, Savieg to investement cout & yerr 24 (SIR.) Maximizion
4,€0; smission mauction (CER) Muximication
5. Margical abarement cost (MAC) Afinimizsion
Class Trype of sty sdving measones Deilad information

1 Insulation (1 ~ 124)

: 2. Window (W1~ Wi2)
Adjustable parameters . Ti-14
4. Shading (81~ 815)

ExpendablsPelvEnyms 1 - Type |

(Clrd=Air 1 2=Clr&(Clei=Ad] 2~Cles)

Returm-Alr Dudtsd

Cunaiz (dar dolor & s gt Sbrics)

Mational CO; missions sedicrion targe: by 2030

CO; emission rdaction straregiss
Racking lesshaticn  Winow Lighting Shating
1 » w6 7] 54
2 10 we La £
3 » w6 ] EH
4 ] wo Lz sa

0. emissions seduction by 2030 Ga)

nc
0545
0.545

0.000
oot

e 153 0805 008
0770 G133 0.595 4.008
©.000 0.000 0325 0.000
C000 0.000 0528 0.000

Retrive Results
Cptisnizstion ohjactives- =
MV SR CER MAC el
. T70 2.157 0.605 2.008 0585

0.584

000
D0
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(DRSOG) i 32 Jpar | User-interface 1A 1 o e 10
=5 2917
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Qg 13
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87) Passive House Planning Package (PHPP) : https://passivehouse.com/04_phpp/04 _phpp.htm
8) PASSIPEDIA : https://passipedia.org/planning/calculating_energy_efficiency/ phpp_—_the_passive_house_planning_package
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. HOT200089
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Hot2000 Energy Modeling

Results of individual retrofit measures (as a percentage of reductionfrom base case)
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3.7 54 3 [LE] LLE] 14 127 258 0.3 107 | I I r I ‘I
Vancouver 54 EIE] T 182 0.1 5.7 37 272 1.3 Zia| 5 e == 3
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[2¥ 6-2] HOT20002] 4 1E & o]~

89) HOT2000|Best Dictionary : https://www.buildingenergysoftwaretools.com/software/ hot2000
90 FUTE$-= A4 http//www.canadawood.or.kr/services/gs-details.php? p=1220
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