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2 ¢
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<3} 1.2> CPMY parameterol] W2 AFE2] oA AH]|F AAHA

L

E (Energy Consumption)

(a) 1 —parameter E=E,

(b) 2—parameter E=E,+B/(T)

(©) 3—parameter E=E+B/(B,—T)"

(d 4—parameter E=E+B (B,—T)"+B,(B,—T)"
(e) 5—parameter E=E+B/(B,—T) +B,(B,—T)"

IS

~

D RAA YA BT [KWh/ ]
D 71A YA AuE (base—load) [kWh/n?]

© 91712 % (outdoor temperature) [°C]

B, B, @ 97|59} oYX v 7]&7] (heating slope) [—]

B,. B,  $17]& %} ouA| v Mg (change—point) [C]



ASHRAE= olyA|an|dat e7j& ke e s ol&shs CPM Aol A=A
S 2537 Y8 R*(R—Square), Coefficient of Variation of the Root Mean
Square Error(CV(RMSE)) 8= F A% 9 AR F7Hs < 1.3>3 o] AAIsta Sl
.

A WA, <A 1>9 AT rR*e dlolH o HEA S Uehdl= Aot o=
0%E] 1 Afolgl grow sk, gtol 1o FESS ket ARw 2adA do]
He dad o5 d3E Assts A= gulsta ok =, Holg e r7F me55
N5450] Ssiths Ag oval 9o, ASHRARE CPME AHEE 499 &’
£ 0.75 oo W= Agteta vk F WA, <A 2> cv(RMSE) = AF5E] A

&3 ASA 9 AolE v Ao Hlwskar, oo ik
Haaks debd= AlElFztoltth o] 0%F-E 100% Atele] #tow s#sh, ol
0%l 7Whe3= dolgrt w2 A¥gs 7Iivs 2e uista v =, dolH
o] CV(RMSE)7} &5 ASA% A5A 9 Apol7h At e ulsta 3o,
ASHRAE= €¥ olyA2ne dolHE AbEshs Aol CV(RMSE)E 15% ©]3he]
HelZ Agetar Ut16
A AlEE e AFETE AR AlX sk =S WEee dEES
ez AqUAdss B7Fsks A, AFTbE wtSehe ASEES 43 54
}

ol &g wel, digtwe] st TlsAkel ol §v)ek W

7)€ AUANE FPE CPMe] #ARE FEe] 8 Az uAYE 3
7hgie] @@ st



<

<3 1.3> ASHRAE°|A] A|Ag CPMS A &3t AFE9 dolgo sk

AMEF7F 7+

ASHRAE 14
R? > 0.75
< 15 %
CV(RMSE)
(Monthly criteria)
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gk Ale BrhPEe mAse AAxAS F A2 24t 3 WA CPM

3 gelg ole dlolEel ofuX aulg )] ens

CPME o] §3 F7hglst A5E wimstel Mz 7ol Agde AF5] 9
& zAdolth F WA, AFF AUALMG] Ot OFR dole ] SHL nels
A ek AFEe] BAQ delEHE Jlzte] mE gdaAzelY T 5o Waw

el A 7 7HA 9 AAZ=AE wbdste], dA vhekst FofollA 2] AFEH
3 glow HdgolHE 88 4 9l& 7]4E<5 (machine learning) & A s3it). o]
WL HEolHE 7wt g Shgate] dlolE o] HiE sjHs wtoletal A CR
o Ssto] Alstgto®M oo deAA] &S FE&F ARE FEske ol &5tk
7)1 A8t5-& A 2 8h5 (supervised learning) ¥ B8] #] &85 (unsupervised learning) ©
2 oREEH, 2 e VAV AAR SEdthe fARE dY s AEdn e,
ARG gyl vAESES i1 RS §lo] AV AAE dolEE gh5eto]
1 %9 "oy AR S EESTE go] SIthD

HIAE 859 tjaadd A3 3324 (clustering analysis) > Y&t dlo]
HE 7|Wo = 7|AI7} Stgetal dvkste] Z} HolH & 5A& AT o] e &
Aol wet FARE 545 7Hd dHolHE FA et Rk o ARgsta itk E
gk ol A FEel wel 2A AFA FHEA (hierarchical clustering) #F H] A
=4 #HEA (Non—hierarchical clustering) &% &3t} WA, hierarchical
clustering HI°|HE E X2 Yo AT or FHstete= Wiolth o]
n7le st HoleE /NEAQ nle cluster® AR, A= FAFsE AL Hlo]
El7} cluster? ZAgshdr @dAH O R cluster?] MFE Fisiy, HF £5F A9+
AA 4 "oy 7t shue cluster® @A ERl 728 AT Fx2E PGS o]

W dolE e 4 HA o] wE clusterd] JWF7F WAIHA b2 AdEelA F-E85t

g

_‘|‘|_



A A8
sok s

clusterings +

Nov, MEL HolEE AAE wnitt AA dHely e FHstE Ao
|= <&l g ez vHolgef & sttt BEAH, Non—hierarchical
ot} d= dHolHel we}t clusters AEHFE 7 qow, ok
st Wi E oy AkdelA vl ¢ Uk o= ¥ dHlolHE cluster® eio]
cluster Atole] & HA bt WHolvh, A4S clusterd] 7i5ol wep FAlolv
71%e AAsEa, 4E3 HolEE 7o g 4t duElE5e Fdl cluster®: A4

gk HF SR Adde 999 dHolEzt e clustere] @@ FHE v
cluster7}t EAlsl= A& EE&3th

£3], Non—hierarchical clustering®lA k—means cluster (KMC)+ &3t dlo]E]
E uBo® 7IA7E g5 volH e dHoly fAEE EAsta, FA e weh dA
gk k709 cluster® HlolEE @9dto] LstE s ol ol HUF ik
ol AFES oyx AR HS A#AHow BFa1 oJAgS REde 59 54
= TFofste §EE &85 gtk KMCE ¢augss dAFCE Aund, <IF
1.3 (a)>elM = ARl dAg k=2 T4 4 (mean) &
1.3 (b) > 77k dlolE ¥QlE(data point) & T dddste] F
2 cluster® gt 183, <1 1.3 (o)>elA= old dANA F4H- uet
deold HlolE ERJES FAA Atole] A AbEskal, o] Aee] H ke
cluster THHOoE AP} o] @AM = 7t cluster?] A 0] st Fro®
stz Qs b & (@9 AFE v Fdsie, <ad" 1.3 (D>l FHAE
cluster ¥7F&5 =F@ch T3, dugFolA dud Holy EJES FAHA AL

&=

A = HelHY FAMIE AFHoR SAse AR AREEY, ol Alitekes

oy
N

%
4
3

—{1:1
jg
i
i
o
ol
ol

o

HhH e Qle golE o wa} Dynamic Time Warping(DTW) ¥ Euclidean®. & &
5Hal itk DTWa 8 dlolH 9 A&#AIAA= HOoh, AIZF Fo] AHEHA gkol AlA)

PN
d dFE A5k WRlolth whHel, <24 3>¢] Euclidean Bl 2 AaaA7E o
et AR FHeold FA S ST S UATHI o8 whste], B Ao A=
AREEE o\ A Bl ko] dlolE Feo] lupgdo] ofst AddAE rRIval Atk
webA, 2 dAgelA = CPME @AlE SHstaat 7€ d5EY 2L oyAds
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Y Mean @ Data point

* . x . -
N @
& O [ ] [ ]
@ 4 b °
® o " @
o [ ]
o ® * o ® *
@ ® ® [ ]
(a) FHE 529 44 (b) cluster A €]
//d_—_ EH“-.‘_\
® . T \ e S
@ i 3 %
e .- o X\
° ' % e e S
® o ® o
@ * N @ I
° ® “\. ® ..I
e o e e |
(c) THA QLA (d) cluster 4% 449
<% 1.3> KMC| tigt dioly &7/ HAe L+ /MEs
12
DEuclidezm(x’y) = Z (xt_yt)z <é} 3>
=1

D (z,y) 44 4y doly z,y Aol A
.y, AR D Wl gk
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SRR

Atk 2011¢ 1€5E 20119 12€97b4] 8] ofatE At uAM =2 st 4 7}
ARG ) O] AlweteE 2011d% €389 V|2 E A ol v
o7 B AFdAE =AY olfES U ees AEFAoRE B4 H8l,
CPM¥ KMCE o] &% duAdes B7PHs =detar A&sitt. WA, CPM2
ofutE S| ouA| v FH 97|l A#RAAE 7|HLCE heating slope$}l heating
energyeh 7 7HA2 ASARE EFSQTh olelst T AxE FE W] AFEY]

ABFS o SetH, 7 gkl S5 97229 Wste] FHoksto] whige] A&
HlE = oy A7F ks Z21s yebdh olE F8l sl ol ES] WiegA mEo|
dnts As Elsty, oo mEt g REAE ] gt ol EE AASSth 18 1,
KMC+ oftESl M 7FAARRZ HolHE 7IWte® HAL cluster 75 kE AH
st7] 9138 Optimum number of clusters® elbow pointE AFE3sFT. cluster?]
T 57 AAA ZF cluster?] ol|ALB] SAS detstax, KMCO digs<

Qo @gato] 7t clustero] AFetE ofstEe] Fhaatge] BHAS ArE .

rlr
£
)
y
|

O

5 B/bpEe B £2@ afendgel oY A%E 449 2oE vuskga, o
2 F3 KMCE o]§8 Aze luA8s F7hhee A3t
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A AFER Sl fAE 344715 oftE A

344705 obHEC] Al UA 2| F LAFAN ] 97 L% A

A AFES AAUANS B0 A8

Change—point regression model& ©]&3 oUAA 5 H7Pgy] A&

k—means clusterg ©] &3 U5 H7PH A&

4

A%29 qUANS Bot aREdRe By okt A3

Change—point regression model® heating slope2} heating energy=

T4 B} A3

k—means cluster &18]FS &85t clusterd S0 =2 H7t - AA

4

JYEEY iy o9t E A Hlw

Change—point regression model?} k—means clusterE &3] E==3t

aRYRaye] g obE AR AaE vuste] MR UHE AT

4

A

<y 21> AF9 5%
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T HAAE EAVEAE ddo® EGS AREShe oltEE AAsith 12020
T AU AZTZAF By o ok, 7HY ] oy A v el A ofmES] H&
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222 €99 T 7IAARH

T AT AR 344718 ofutEC|A FH U Lo R AMREHE EAIVIAE
ol gate] qUAY TS BrlstuAr, £ A= AN 344705 ol3tES] 20119 1
4HE 20119 1297t 9] 1A ARE SRSk 13k 98 F A E
gt FAAE RS A58 olvtES] wigd S 1 @9 HolHE AHES)
Form, LNG ZAZFAS F3 @9l » oA 43 ©9o] kWhz Wgstaivh =4

7k 0] W ke thsh AAEA L <A 4>9) o

1 keal/m® = 12.209 kWh/ i <A 4>

28 WAMNE Fa SR obES] ApaALEFS AUER A%F dolEoln, of
L2 A ALR AHgEeld MulEEa 22 Ao B we e

91719} b Wake T35 AlulE s Ath2d) mEkA], B Ao s ol E
of At AASA AolE REFs] fall, ThAARE S AltE A A 9] i o]
B (raw data) oA 371 59 ofatEd] tfst A=FE @91 7k HolH (processed
data) 2 W&stgict. T, 7tE HolHE 7} AU E F7PEH e g dHolHE
Agatd =AM 34470 ofstE] Hgt AuAdsE B 7rstaa ik
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2011 7t&AAM8E SAVIL

Gas usage [ kWh / m? ]

Jan Feb Mar "an Nov Dec

Dec

Jan Feb = Oct Nov Dec

2011 2H 7IAAEE AE7[2

Outdoor Temp. [ °C ]

<71 2.4> 7}AANEEO] X 7|7k AFS 7] 7k BEE @A) =4

<} 2.2> 7}[2AMEEY] oAV |HE BHAS SAREAA] A7 QU2 E
97| e% £x717F : 2010. 12 - 2011. 11 (Ulsan)
A Jan Feb Mar Apr May Jun
A A AL Dec Jan Feb Mar Apr May
4
2]7] 7] 3.3 -1.9 4.3 6.7 12.6 17.2
2
A Jul Aug Sep Oct Nov Dec
(C)
AA AR Jun Jul Aug Sep Oct Nov
7] 22.0 25.2 25.3 21.8 15.8 12.3
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2.3 ZAHA o}gtE 9 Change—point regression modeld ©]& 3%t
A5 FH7}

= ATeME FAHOR TIAARERY Ve RE EE% CPM= o]&38to] XA}
i oFES oUAdse Brletal, olF HiRo® ouAdEol dotd adeR
Ao iy ol BEE APkt skGitt olF fldE AddAFAE R wE
ANUA &R Fe] EAE B o®E CPMe F33stqltt. ofe 27 sk, & Ag-olA=
CAIZMAE ddow JPEEHS AREShE olgtES] oUAA S dSaEr] flEl, T
AL AFE x| B4 A gst 3—parameter heating (3PH) S 8] 3}A U}
CPME] 3PHel #A&3sh= €4 9 HolHe 2239 A1S] A3+ 97258} ofgE
of & SeaAY ThaARERol, A ]lY HolE Y A= <& 2.3>3 g

<18 25594 = CPMS A83 3PHe €9 §lg dlo]e el 3]AA (regression
line) & AlZtstelaint. o5 Awrd, 2o X 44 U ER, YH2 ¢
2 oddAd A kAo R A4kl o, 1d3te] 4 A dHolE e uE
12709 #xE st 3HAHdS &8

2 Ao A AFE-ShE CPME 3PHE XA ofgtEC] A5/ upel A Al

7}A @] parameter?l 7]# A (base—load, E,), d¥eq=] W75 (heating slope,

Ly
rlo
m*

B), W¥ol v« WEH (change—point temperature, B,) & =& 4 vl 3 WA
2 7IANUA = 7] WEtel FHe AR EE AT oluA v S UE
U, T2 FEolu FHAbsE 2 ARl R0 TMAAMEHoR 5

gidol, Z1A U A S A2 FE o} E L] oA AN T ETF WEES TFAA
Fol F7tst 712 &g} Rl Eshe SA S 7Hnh o) F el HF e oA A

Foz 4T 3oy, & Aol olHT duALnFs Eely A (heating

5 i =
et ARE Awsn, o8 7IEo® Z|AdUA s} WA S i = vk A
AR deyA] R EE 97lEe] wE Wi e Wsts e
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[‘

ojF $73 xxol WAsHA REgshE ofufEolm, o= wheyx] gfo] Aokt of
EE ougn. B, o] AxEE 9U|2E7F stold g R oy A A go] fobA =
2 gt ()9 VerlE ZHY, ¥ ATelA s YRR T
Wiz o] Msl JEE vlushe AXEA 779 AUghs AHgsksit. CPM e
3PHe| tIst parameter®] A& <18 2.6>, <3 2.4>$} @ owH o]F T ofHE
o] AA| YA 2u]=F(energy consumption, E)2] AlAbA2 <2 5>¢} 7} 27
el A53sh 3PHE parameter JRE 7|WO R ofutES] oA H7tst
+ CPM 54 1#slo], parameters =Eshe 3AAY BdAdE ddsk= 44
o] asltt. ol fdl & A7 1.3.27%A FAFst ASHRAES] Al -3t 7]
TAsE], AA AN 34470 oltES WO E R?, CV(RMSE) S t
CPMe 3PHelA €¥ o dHolEE &8 AU ol ES] A3 o
<3E 2.5>9F ok

%

of
!

L —
L.

N

ol
38

3}lo
>

R4

>,

<3 2.3> CPM9| 3PHel| &3t 4 1 dolg 9] oA

1705 olgEef st CPM 18 dlolH
Jan Feb Mar Apr May Jun
495
3.3 -1.9 4.3 6.7 12.6 17.2
Gl R
Jul Aug Sep Oct Nov Dec
()
22.0 25.2 25.3 21.8 15.8 12.3
Jan Feb Mar Apr May Jun
28 %
14.4 14.6 13.5 10.0 8.2 7.8
oAb
Jul Aug Sep Oct Nov Dec
(KWh/n)
5.0 3.2 5.5 4.6 8.7 8.7
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20

= X EE P QIR [c]

1!

15 == =Y @ Y A JIAMEZ [kWh [ m?]

Energy Consumption [ kWh/m? ]

0 5 10 15 20 25 30

Outdoor Temperature [ °C ]

<% 2.5> CPM9] 3PHe| A&3t 49 Jg dolget 3]AA

20

B, ! Heating slope (HS)

Heating Energy (HE)
— |
E, . Base — load

Energy Consumption [ kWh/m? ]

B, @ Change — point temp.
0 5 10 15 20 . 25 30

Outdoor Temperature [ °C]

<719 2.6> CPM9] 3PHE A 83t parameter?] <A
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<3} 2.4> CPM¢9] 3PHE 483t parameter®] <A

& NN

RS>

E E, B, B, HE
Zlalp 239.70 120.04 0.427 23.67 119.66
2l kWh/m? kWh/n? - (® kWh/n?
E=FE+B (B, —-T)" <2 5>

A YA A2H|% (energy consumption) [kWh/m?]
71" A (base—load) [kWh/m?]
do A 917 % (heating slope) [—]

ol %] W34 (change—point temperature) [C]

<3 2.5> CPM9| 3PHE A &3 ol E 21719 oA

R? CV(RMSE)
ASHRAE 7]& > 0.75 < 15.0 %
AL oA 0.93 11.9 %
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2.4 ZAFA o}E Q] k—means clusterS ©] €3 JUXAS F7}

s H7H S T8t CPM¥ KMCO F 7HA W e 7|& 7AFE9 oyA
Aes 7oz - Ao g AFES A4t s 43 5o o, 4
Sl Y dolHe A F 7R Y #ol o] EAjs. ApolHS vy 2t

U

oh A obgtE L] J)NbE parameter® EESFALAF A A S HEEHOE
Bsk= CPM# @], KMCollA & AA ol g ES] 7tAAE e shue HolH=E 53
gto] <& 2.6>3 o] AAdsta, ol J¥ vlojEl® AEgrh o|AH HA ofnE

7P LSS e HHolHE A&k KMCe oY dlolg e #4 HoE FAsH
L5 2Aste] oftE 119 AolE Folil, aHARl IR0l THedtEs AU

(scaling) o] sttt wehr, 2 AFolM= 7 HolH e AALT

& Adste] b
olE| & AAA] AFe wetstal, olF Holy FAALZEY Y 2213 R-studiod
Agste] KMCE o8& olvuAds F7hE s AAsHAtt.28)

T+ WAZ KMCe ohES Z7FAARG#S vE o R Wiy X] o S4s F4sta
olof wet e HoleE Wttt 3PHS Al 71A] parameterg &3l ofFES] Wi
ANIAZ of|Set= CPMI 2], KMCE 7 AIg59] v EesE SX4 71919 719
glol 4= dHol"E w8l ¢udes IAERE, A7 HHd FIetes o dHeol
HE A&ots 2 Tostth mebs, & A= KMCE o] &% oux4ds F7t

W oA oftE Q] TtAAE RS #Esto] WU AE oS58, o] IRt R o}
HES] oUAAYsS B7FstaA silv olE  flal e ¥ TEAAREF
Simplified Weather—Sensitive Energy Disaggregation Approach(SED)E 4 -&3}
L, Ao mE ofutES] AASAS etk SED= W Hl7IQl o FH ] A
T HAA TIAAIEHS o] £3te], o] 5 Z|HtoRE wWilo] AME-E & o UXAan|H] T
Ha 00% ddd 5 vk dASke] AT olelgh HIWE AL wstt
FEg feuyere] gl A9 wow AgE & glow, SEDE aes 49 Ut
2ARE ROl S AAAE <A 653 229 <TOF 2.7>eM = 3 Tl olutEe] o
AT HA FRAREES] R S VIFoE A9 oyA A e FEolv
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hs

A2 AHEHE QA A AUA, el U iR AT A9l e
A2 FEe Qe ol Fal <19 28>00AE 99 WA 34

Atk weEkA, 2 AFeA = SEDE ol gdte] AN 34470% olREE tito R

ol
28

FAT AAEHS MBSO, o]F Fd PHE/ FYR KMCE ol gkl o

HE O] AUAY = B7FskaAt Sk

<} 2.6> KMCell &3 ¥ 4= wlogf o oA

KMC®] A& AAr|Z A3 ofutE (F 10071%)
1 2 3 98 99 100
Jan 14.5 13.9 14.0 15.2 20.1 15.8
<
=]
] Feb 12.7 12.6 13.7 15.5 18.2 15.1
=
[e)
1} Mar 10.6 9.6 9.9 12.7 15.2 13.7
XF
£
&
m Oct 1.4 1.5 1.8 1.6 2.8 2.4
W
h
/ Nov 5.4 5.5 7.0 5.7 10.1 6.9
n
Dec 8.6 10.0 9.8 10.8 12.5 11.0
E, = E,— E, <A 6>

E, @ W¥elluAE FFHE AXAEF =W/ el (h=1,2, - ,12)
E, : 998 7tAANE(raw data) [EWh/w’] (m = 1,2, -+, 12}

E, 1 A% AN A2ALETF [kWh/n]
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Abstract

Since the industrial revolution, the use of fossil fuels has increased rapidly
at the national level, resulting in an increase in greenhouse gas emissions
and accelerating global warming. Due to this phenomenon, the world i1s aiming
to improve and develop the environment and support policies at the national
level to cope with the problem of climate change. In particular, the energy
consumption of buildings accounts for 28.1% of the total energy consumption
in South Korea, and energy saving in buildings is expected to bring
long—term effectiveness in responding to climate change given buildings’ long
life—span. To this end, the government of South Korea has released the "The
2nd Green Building Basic Plan". However, unlike energy regulations for new
buildings, policy in green remodeling, a project for energy remodeling of

existing building, lacks relevant strategic plans.

Currently, green remodeling i1s being implemented for old buildings, defined
as buildings that have passed the period stipulated by the ordinance, ranging
from 20 to 30 vyears after completion, according to Article 2 of the
Enforcement Decree of the Urban and Residential Environment Maintenance
Act. In general however, this approach is less effective as it does not take
into account the impacts of individual building’ characteristics and occupant
related factors on energy performance of a building. Therefore, in order to
promote effective green remodeling, it is necessary to develop a systematic
procedure to assess energy performance of existing buildings and identify

buildings for green remodeling.

In this study, a Change—point regression model(CPM) was used to evaluate
energy performance of residential buildings. CPM is a method to derive the
energy performance of a building through linear regression analysis based on
the correlation between the actual energy consumption of the building and
the outside air temperature. One of the shortcomings of this method is that
there must be a linear correlation between building energy consumption and
outdoor climate conditions. in other words, CPM is less applicable for
buildings with inconsistent energy use. therefore, a new energy performance

evaluation method, applicable to all existing buildings, 1s needed.

In effort to overcome CPM shortcoming, this study applies k—means
cluster (KMC) to assess energy performance of existing buildings. KMC is a

method that analyzes the pattern or similarity of machine—learned data based
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on input data and performs clustering by assigning input data to k clusters
for classification purposes. This study proposes a new energy performance

evaluation method using KMC to overcome the limitations of CPM.

Residential buildings are selected for this study as they make the majority
of existing buildings in South Korea, and 344 apartment complexes in Ulsan
City are selected for the study. Monthly gas consumption per unit area and
average monthly outside air temperature from the South Korea Meteorological
Administration were collected from the bills of the sampled apartments and

used as input data for the energy performance evaluation method.

In this study, we conducted preliminary work on the sampled apartment
complexes by considering the confidence interval of the CPM, and defined
two scopes: a reduced scope of 114 apartments that satisfied the confidence
interval and a basic scope of 344 apartments that did not reflect the
confidence interval. Based on the input data of the sampled apartments
according to the scope, each evaluation method was applied, and the results
of Green Remodeling's target apartment selection and comparison are as

follows.

(1) The energy performance evaluation method using CPM for 114
apartments in the scaled—down scope used three—parameter change—point
for heating. Through the model, 3 parameters, namely base—load, heating
slope(HS), and change—point temperature, are derived and heating
energy (HE) is calculated for each apartment. Using the model’ s parameters,
the HS—HE quadrant is created, and 39 apartments ( 34.2% of the sampled

apartments) are identified as target apartments for green remodeling.

(2) In the case of KMC for 11 apartments in the scale—down scope, the
optimal number of cluster, defined as an elbow point based on the ratio, is
set to 3 with a ratio of 51.5%. Through KMC results, cluster of 28
apartments (24.6% of the sample) with the highest energy consumption is

identified as the target for green remodeling.

(3) To verify the applicability of KMC as an energy performance evaluation
method for existing buildings, the identified target apartments from CPM and
KMC are compared. Results indicate that 63.4% of green remodeling target
apartments are identified by both approaches. In addition, 15 apartment,
36.6% of the non—match, are located very close to the match apartment in
the HS—HE quadrant, suggesting that their energy performances are

relatively good. This indicates that KMC can be applied to assess and
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prioritize existing buildings for energy remodeling.

(4) After confirming KMC applicability, the approach is now applied to
identify green remodeling target when all the sampled apartments are
included in the clustering dataset (full scope of 344 apartments). The optimal
number of clusters is set to 4 with a ratio of 55.0%. KMC identified 75

apartments (221.8% of the sample) as target apartment for green remodeling.

(5) Lastly, the identified target apartments by KMC from both reduced
scope (114 apartments) and full scope (344 apartments) are compared. In
this process, in order to minimize the error caused by the difference in the
number of apartments in each scope, the comparison of the results from full
scope 1s limited to 114 apartments that matched the reduced scope. The
results indicate that 75.0% of the identified target apartments match from
both the reduced and full scope. In addition, we found that 7 apartment,
25.0% of the non—match results, consume less energy compared to match
apartments, but more than cluster 2. This is considered as an error due to

the difference in the size of the dataset for reduced and full scope.

This study aimed at developing a methodology for selecting buildings for
green remodeling based on their energy performance as a strategy to
promote green remodeling of existing buildings. For this purpose, a new
energy performance evaluation method was proposed by introducing KMC, in
effort to overcome the Ilimitations of CPM. In this study, the energy
performance evaluation through CPM and KMC is conducted and target
apartments for green remodeling are identified based on both methods. In
addition, by comparing the target apartments of each green remodeling, the
applicability and validity of the new energy performance evaluation method
using KMC are verified. Future work will expand the input data of KMC to
include the age and use of the sampled buildings, and to analyze the impact
and stability of KMC. These efforts are expected to provide a basis for a

specific methodology for green remodeling.
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