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{Summary)

This study aims to develop precise renovation evaluation standard of apartments
by collecting 'User Report Integrated Data' which is derived by measuring energy
consumption and reflecting user's demand to prevent confusion in the renovation
policy and activate renovation business. To develop precise renovation evaluation

standard, this study set up multiple objectives containing improvements of
Purpose energy efficiency, space performance, pleasantness, convenience, user
satisfaction etc. and these objectives are classified by housing types and
characteristics to derive importance factor. Precise renovation evaluation
reflecting apartments system, space performance, user's demand is expected in
apartment renovation.
Extruding URID through data collection and activity analysis relating to
apartments
—Data survey and analysis of energy consumption of apartments
—Data survey and analysis of User(owner, manager, residents)’s demand.
Extruding renovation elements based on URID and Establishing standard of
renovation plan
—Classify and analyze Qualitative and quantitative building use data
—Extrude renovation elements and set weights.
Contents —Evaluate plan alternatives based on URID and establish standards of renovation

plan.

Developing and supplying
URID.

—Establish developments of
satisfaction

—Establish developments of renovation standards by evaluating quality of the
housing
—Validation process
construction quality

renovation standard of old apartments based on

renovation standards by surveying resident’s

is taken by evaluation from visiting site and checking

Development Results

Develop and supply renovation standards of apartments based on URID

Expected Contribution

Expected institutional result from the government.

—Central and local government can use the renovation standards on construction
plan

—Standards can be used as a ground evidence when remodeling a building
—Guides priority of the renovation target by analyzing locally and hierarchically.
Expected technical results

-Technology will be developed using renovation standards.

—Vitalizing related education and research development

—Converging diverse technology and knowledge such as quality evaluation, user
demand.

—Developing renovation techniques by adapting user participation.

Expected marketability and economical results

—Create jobs relating renovation

—Develop construction techniques by cheap and diverse housing renovation
—Renovation market will rise, and creation of market will eventually increase
compatibility of the country.

Keywords

Renovation )
Apartment . . Renovation plan
) User report Energy saving evaluation
renovation standard
standard




)

At

r

O TLIHELTIR| Q] THQ ovvevrvsrrssesseessmsseissssse s

1.

?_4—_["7H%|'_°_| 7|.|_‘CJ>_

7t.

12

O
[

Lt

b3

£
<0

-,

Tl

pel

=

b7

Lo YA [ =AU

62

ELQE J[Of 0 wroeereereessesessosssesie s

T

1

(=

Lt

63

63

2

172 2te| 7|ty

O
[

7t.

65

ol

if g
_L
ol
ol

T

o XA EIt 2| M

2

Fphol 7|2

<H x>



=
=

F URID)

IS}

H|0lE{ (User Report Integrated Data, Ol

st

£Es
==

ARZAL Eod

takE o] e

T 7H
7h AN e

~
)
A
/
)

=
2y m o i
R o al s B oo < o < vy mt
=< =) NI ol < & W KH
T — .- - T ® w R o Bl
L) = h =3 RO r mn "
. T = K I 00 = Y
= ) 4l
' W R ° _M_Ae 0
: o o = i U —_ NI
' X o Ko = | D
— X p ] =0 = =0
. o < 7 W N =
! - H = H ~ oo
iy ° 32 H o b
Kb = Al o H
4o 2 T < y N o il |3
rio R ) mEe o '~ K - K ol <0
[ | it = H 3 K- o ]
. N ) RO W =
= N o ar
. AN z = o R0 K-
' mo &l < o 3 o o
= ' !
PEi l o ! o SRR
= =) R 7 RO M o R
W — T _ N K T Ko =
T & L L v n S
~ ol = pal ~N
I o T H 0 H ul o 4
1070 10z < S
N N
- o Do B 0 i
o — ol i} i Kt . i
R LR < W< | @ T
7l H T4 T A q = ~ ol
® of Ko K o A
_ K Nw n N gy
K N . o oK ~ <
) T Kl R i i
il xr oo 8o H| o ws
LA 4| R T 2
K- oo a of | % = Uk
oh RO = =] oll = . Pl = _ i
Y R L{_— 7o T 0 I Eom._l
2 N <l N L i s
- | mEsa? | B ® w5 o2
° i pRC o W A
- K- A ul
rd
N

7H 2

=
=

7F 7|

5

Ve
S

AT & tholo] 1)

a9 1.




% delH

2l

A7 %

o

=
[€)

5}

)

o) oA A& W e aTA

BT 3EFY

oy

7]%

=
=

(User Report Integerated Data, ©] 3} URID)’

f ol | A

I

7 NE ARSI

3

[}

i

=i
x

A &

[e]

=

m

o

R

(2™ 1).

}

9
pal

=]
AP B A

)
&

o

@ 74}

3 2o}

] 2 AoE 4

o

=1

o

1

7}7F 7hs

=]

(e}

b

1]

B3, B4, AR

al

zal

() & 479 A% yge
- R A

s
i+

22

o

(1}) URID 7|
— ;g aok;ﬂ

444 A8A Fel E3 dele

L)

™
¢

A8 A%

7w

|

i

AF Yok

\mmo

B

ERsk

=)

=]

3
H

b odlely 7]

o &

&

- ARgA

(t}h) URID 7]®

50

&)

25
o

o
o

m

JJo

Nlo

!
o
o
min

ﬁo

p—

0
o

R 2 o

3

xc]— 3

$4o A9 @

]&

- A

(2) @79 ¥4

ol

ruge]

ol

ol

Mo

wK

No

-4

ks

=
=

A -URID +
Be HYe

ER

5
- URID

—_ Al
=2

sl™, URID 7]4F 2

S

el B8 s

S

] LCC A x.s} A7

o

E

o

al

8

1
R

&ttt

o



L A7E o] = - U] dR

1) =U-9 FARAE A4 NS 9% A" %37 SAA

b v =

- American Housing Survey(AHS)Zt= FAXA AR &
A 2gls Faf AR AR Il FARAE ] AR AHE
®E g

- S FA A 5 FEo] g fEldoes grd
o & & A=Al gk FEI}F ofd ofibe] gk RS A
Tt A, AdH FA 84 NS s A Aol 4
Al e &8 v EFe Aotk 1y 2).

Cénsus HOW DO WE KNOW?

@
=3 Home Improvements
=

L

o
z
{ £
.
g
g
3 :cz
ag
.
2

=

S
i

(L) =
- Housing Quality Indicator(HQD)# = 7 7
N B8 Ad4 FA 249 A& A2 YE

2 Ra, 41 wé AFEA epob 4%

(th =i

- Building Energy Management System(BEMS) 2} A &Eo| x| &g A|~€S AL&3}
i glen, 71E FA9 Oﬂﬁxlxqﬂ gAY Aol HiEste] AFSE oA e 4
olg o]~ FFof Faste], &5 BEMSEEo] &3t d o= AlRH O EA X
el "Heoly 3ol 7}*‘611 A Aoz AE)

- A L oAM= &R oA AREEFo] Al EHI 3o
T = /‘}*Q—%kgl —fE A #eE 2R ARAG
olmE uyAHYL &&



Fojof 7]t

T

=

3 ol sh A3

vdd 4

- R, FE, b 59 AUA ALg

7 =<

T7F ATt

B/

ki3

oo
gl

Iy

=

A olg]

b}, o)

pA

-

o
pil

Al

=

=

bt

°

A FAp

=
T

T7F A
A A S RAY Al T FA]
F]

[<]

T)E

Z
s

3)
=)

71 Al

Ay =

ol

ZEA(ZEA A, A A, AR A, A

=
[e)

F5e o

71 7

==
T

A

hYA
3t

A %

3 o

H
=

A A

A

}

O]
gl

L #rdd
2T EE A A7 7L k. aev ®

E
9

SRR
o Ag AR 2=

&l

%
ol

[e]

KR
=
=

:i

A
~

ZA}
T A AL

)

=
<

A
(1) = dmdg Age) A

- AFA A} e
- 2016 2

A= 2,511,900 o] o

ke
T

e

w

~

A
o

e

3%, 100,075 2= A

A&

[e)

T

7180l 29.8%, A

2).

ST
It

o] 50.3%°.2 7} =A YERS TR

0| w|w
[©>RNe)RNe)]
.
[I]
N
[colNco N Nep]
< OO
< AN WO
ol (@]9
— [ >RNe>RNe]
o — | NN |+~
ol
(@]
iy
o
Al
o (RN
— ™|~ AN
=} — |~ |~
l
o
o
o
—
— |~
Al ||~
— |~ |~
LEREL
albuEs
- &
H K-

2 2016 (F91:%)




M el W w et

SR

o
= =
Hu o, grds] Abge] Xa

o]

=

j

o

SR

e
N
o

o
s

5

A
Nlo
o)
Bl

o
\mMO

—

iy

5

~

;OL
Mo
NR
M
‘_a

Ry

A

-

13 FERER oA E g A

o

TF7F AR o

Gt
=™
o)

,mmo
T

m

il

1o
Ho

N
B

ol whet 2 R e o

.

1

& Wl

Yoo FAAN B AT B4y

q

A
LS

(2) v H=2LY ALY A

i

ol tlEo] A FRte

oA dra

-
1

N

o

=K

2l

i

- Ay sho)

%
i]in
Bl

3

ol

bol Al

°©

A

b= ggow A

5]

]_

-

ot

3|

ol
el

31 3 7 of] A

A ol A 22m]

[e)

R

o] el qA] A-H]
AAA A F, FAFEANA 67.2%=2 7HE 2 H|

(3) URID ¥&9 T84

!

o
o

o3
oW
)

B
el

o walel

L=
o

Fal glom, Apgate] weE &

I 50 B

=

[}

gAY 3

.

-

3l 4] ANN(Artificial Neural Network), SVM(Support Vector Machine)

9

_?4

[e)

- A% 2 oA



B/

—~

;OL

)
—~

=3

I

S¥=

o1 7] A}

=
T

Fol ALgapel u}

)

7IH AlEd el B8 o8

c

=i
=

= 719

o

3|

oA | A&

AR E

GRS

A

el w

E
=

o4 54 w9 oh, Abgate] P aE )

Zz o

gl

A

3|
pul

1o},

1 35799 U LS

1] 418

a1l

Pl

Hek g )

F R F8A 8 7AF 5 URIDS ddoly i

Ho

!

o

+ URID

3

o}, upEba] 2 At A AA]

i3

el

M
ar
Ho

lolgt Attt 1™ 3).

K

e

1

L

AHE A

?_

Mot o=z

I

Z|

At el

170 Z5

I
[=}

Al

|=, AtslX

3

p =2l A2EE S8 olUx| HEI HEN XY HRUE

H HAl

=]

s

SIES

S
=

=

Hars ololef 7

oK
o
X0
ot
_x_.ﬁ

|

N

[
03
<+

ol
o

of ol2= I}H™AM SAIZH™EE X

s ¥
o

Al, Al
E

7F, 239

Mz

HFAL,

St
=

HA gelet &

=)
S|
(=]
SH
=]

Al

2| 2e 2o cf

z=
[y

7|

T
K <F
B o




-2 4 A A Ak A =
R A7 a5 dAE S AT 2 FEs F AT 4)

[IHX] AFEEE 7 XH] [4QX QTFANE 2% x|
27120 x| =X}
il - HFX}
1 o S| A AE ™~ o 'm ™~ AE*
Af == 1] @l \A = ® l|:|_| \A _
of SSTH __ B __, ASoYX| PIEES — * — QFAE FE
= REIESERNES M7 g e =T rﬂ‘ ol
- =
220l x] - e ¥
ol 2g R |
= ’
= El = - — -
MT 228 ooz a8 slse olux| AlgakE DB Plody B8 JlsE +24 2TAE HH DB

“tlole| 28 712
Z ~—] “Holy EES Tl&
~ -Hole| MEkst 7=
= -— AR SE: S hors JbxmIF TIE| =
= JiEE MB JlE o
ABOYX| AL i - (BN, ofLix|, P EVEBT!
+2A eTAe g | VIEA R 32x so| &, gtz 5) | XE S
"ot 7%
v
oct — B
Pl A T2 AE, 2Ry It AT2AE, 22YY M hot

M= Zzt=

(2|22 A A g7t 7|& 45 A¥]

T
_2} -!-:H
N "y
o 2|2y M U HItJ|E 28 AlgdolM 7s g
= 22U J|FE HEM BIIE 98 M2Jt A8 HH -
TITT
URID 7|4t 2|22 2|2y
A 2 "I OIE N
v
3EH
H2 Zate 2l=dE A& L FIHE 98 Jto|=atel




5 o o
d|. SN
o Mp.o me
I
o ﬂ% ceul =
= T
Mo E gy g @
ol ~ Ak gl < o __|o_m
iz e = I = <
,HL m ,mmE Onﬂ Ie) _n_l =
— "DUn ‘% — ¢n|_ B m <0 70
x o 4 N o a | e RES o
o B ol " _— o =| |8 of -
T g o - oo o =g X =
) o ,A_ X a —_ P * |__A|._ O_| ME =
o Jo — N n| © ! A { = N
o < i x> X A J 3 iia £
= R = m S T E L m ] = o )
N dlo ,.W N M ; : ! i A N i =
— B [ e AT uy - ] ! ' : ~ o)
™ o bo . OE _Ul 1 H . : AA ~ () 7l
| OL ‘_E_l e ae) _ , H ' ' o _,A_l
N Md_u 0 = W E,_A:. _A_w ' ! ; i w50 oo iy o
N W _W_. = g ,, : : " —~— oo %O
AT T 100 ® o P L " < =
B o w* Ly oo =
= Ll U1* K e 0 : rean®’ 0 s I
=) EJT 2 : A - w
3 M w F oy % ww 3 " \___J ) o
%ﬁow g ﬂﬁ% yc% m B0 o 9 in
G T T g " . M
K Q B - — M - e \ o bl X Yy
PTLﬁ 4ﬁ50ﬂ T RO . oK ﬂ.x g
< = B/ SO 1 ~ % >
iﬂsﬂ. SR o e e X =
Njo o = ol iy = <P S o -
Qo = : Box e T X . ~ N w R
p O - WAwM 3 N B o
PT:en 5 *E o B ok = " - i
g ; TExF § | ¢ Es .
= 9 e 7 " S ®F )
E#L &L A H & T " 1 T 0
T B2 Ra = H o T o o (R ’ : =W G
?ﬁ%ﬂwa K wow uE X " M =
= R0 O B G ', _ = P
= 4R 7 5= o on o i |2 5T
s m [N _(/_\ w_. mol = J.u X .zMﬂ o) T &E 0 m T T o o
o i g © 2 E T o I N
Eow_m e w - ~ N o X & " o o o J
RO 3 A g N & 0 o = : G X oy e
Mo T Nk o <k KF === o £ 1m
© kA ELE foe | vT R
/.\ e I ﬂ_rw EO o a_u »A_.c —_ ‘_M_O
| X N 7o) K <
= " W
K = =
n L o gl =
i ﬁl nwo &
| N
Mo mi- m; Mo
| ;o,._ T_o
|

ol tH(1d 7)

ZH ﬂlj
__L_Eﬂa]
ol W =
= 2a)A

= /\]
- 13 -

L
x_fj:]
R



o
il

oK

4B A2

A_3

A2
=M

A_1
chx|Ed

®7| Af
JtA Ab

F7tA S0 H X

KM
Ho

Ho
oo

K4

A
Alzt

fuay

Lo

i

0

Lo

=h

. o0
1l

b

el
(k|

=
B_3
7| et

B_2

Mt
B_1

]

2
S o™
cfl ol &

Hole =&/Xz2|

=1
=

E|HEAA
20l 4%
PN

b

i
)

ol
i

-y

0
4

of

B_4

B_3

ool &

=

B_2

B_6

B_5

-

K
01 1o

<+ =

—_

o

/
il ljo

g

2| X}b

b

1
(i

ol
oH W

s

9

o dlold &

1

=

5% dolH) B4 2 A 7w Pud

=}

= o:]

URID DB +

[User report integrated data(AF-& =}

gt

W of

PN
T

©
=

Y

Bl

S|
ax

2 A

el EAge =R Boh 4%} bl E

v
i
B
Hr
K
vzel

7

15 Abel o] @A

iy

o

Jo



Ty
m o Noo & -~
o 0 = < cl U =
- o R T L
Mo of N weow o | .
oy A Bl i L
B = S o
~ X0 = < mo o
o B W ¥ o = ER
R s ) e - o
o) BK & o oo Rl —
50 Mo o= < — L i
0 — K 1;0 ﬂa ol
q H_A| ..... %) -~ e _II
R e O 253 - 4
1_ § D . o 1 ' R ) &
=< Joﬂ meE_HHmEMI:mer"mEM]# x ¥ _a s i X0 o
o8 PR T g IH 'R j N o <
= o By BRI R T " <
R R i ¥ : =3 - = _ 73
™ ﬂArO "_._._O_A “"ﬂo_A O . W Kir ~ En_ O o _ui pis o
”ﬂ.ro:ﬂ.r:%x““aox Nty =S il X 1o
1ﬂruL T o : _m.____wo 1 _mu_wm T Y m_mao H) i m,* I AL 20 =K
<z ¢ IEREHRELE SR T dwm % e
mw wﬁ ok [ R B Jyw R nw ~ o ° o =)
o - [ N _1x G e e Ak 5 - —
_zﬁ wﬁw .ﬁ = ™o T G o m_. zﬂu
= e o ] < of do By = .
xX o oy E.o l N
-~ \a iy ET._ ‘UI )_an ﬂmo me_l ‘mmo ~ N0 ~
~ © o K o o ! —
3 W 5 = %ﬂ o oo W - D
I S 5 T e E
N A ol _ o ™ < 2
q E#E —_— T o6 ﬂi N mr 1:1_ ﬁe A E_l
A & < mET Nt ET %0
=% o2 R G T K of o
E oW M < m' o = N X o Y
NP g _I_ ,.ﬁ ._o\_ S.L o 1__/| NI _
ol S oA zro o WE oo = w
Mo S Q%@ﬂrmaﬂ%o I w
WA B R C) 5 iy &
—_ oo o A i B
— —_ i _ I~ . -
w X = do B0 WT 2T w |
Tl e o z . L o | [ =
TERRN B 5 % i
T e r o=y wow XM M o [ER i
WA R o ® 2 m o N0 il - §
| %0 oo P e o 0 7 %0
T o a % =R ~
_ W o om e o N
, ! o mﬂﬂ_
=)

- 15 —



[Ades 710 2dyg AY o

S ECES-E

o

%

—~

3
R

FIH(E 3).

PN
T

ol

o

mo

(L

N

JJo

=
=

s/ 7kH ) A7) AR

i

FL
gl

ojn
N
Ao
ojp
N
o

o
T

ojn
N
Ao
nr

ojn | ojn
_C

o | -
o | %
No | Tor

olp
~d

ar
T
op

A

o

LS

773

T
sl
=K

N

—

0

A

71%

ul
~

2 AE AA/E7] A

s

_?4
_?4

A8 H opAE

=il
=

A b

(&&52)

S|

|

pal

=

=

a4 ok}
shAl A % Awd

=1
=

a2}

p
il

QNax 4%

A #d =

Mo
Hlo
ol
w
ojp

4

Mo
ij

)
T
N

M
o

™
%

ﬁo
w

i
Po
™
ol
ﬁo
ool

T

Lo Do
o o
umo n_mo
e e
N N
~ ~
~ ~
yr -
A 4
T~ T~ T~
i i il
umo umo n_Auo
=~ ~ =~
e] o] o)
w y Y
,_..mm ﬂo ﬂ.,mm ﬂo ,.h_%u ,,._mo
XXM XX |4 cakcIs
| T | o] o) | T | o] = | T | o
o | of [T oM | of | T oM | of | T
XK Y| X K N | N
NE | X | N A Ay A | By
||| | | |
~ ~ N
N ™ Ay
by ) e
[
Hlo
el
)
—_
o




E A4 ==du(d 10).

oJ
iy
bl
1o |
— B — T
w0 M
W H)
o %ﬁ_
Y
_~
gl
0
Ty ‘ =
L L - o
ol =) H S|
M T Rl il ., ELE |l e
e huy N == Im mc ﬂE
o : 1 BH: H - <
1 K mid ' md - I emd - e §3.°20 I =
A o & 0 - R
T T = Klo A R L =
oo o TR el |1 83 5 =
A Vi &l 2 LI g -2 N
il 2 = = mm | g&
M e =3 T olHE s S
oL o R — T 1 o
i o = L LR R a
o L 7
TS
e L& . w°
= oo it oy
Lo :_Uo i — Es — S
o 1 o o w
o = mn_o = B} H
e me ~
R
[ ful D
Moo 2
TWE DS
[ ] [ ] [ ] [ ]



gEddg J7t 7l 1]

2§59

15

=]
T

[URID 7]

GO pee— d
N :
= - Ry
o X ALK ol R
= S =3 il ¥E
Mo Kool :
Y _— ifE <k :
_ K W e
ol o _H
B mo
o ] T 5
;OO ‘I__/| _uu_ ==
=) N W
G, <
o mR ey PR B 2
A |
o o : Mo _ '
o [} o iR T
TEEE oY ~RERE
oy N ™ RO T T m
o P iy ; T "
< = H
m._rm :i L_/l O_E sl e EGRRCEEEEETLEEE !
le) O_ == i PO U R R R S e -
o ,Lu,._ ‘.W-.O ZT._ U ao7 - — :
o ~ [ =0 N oo~ H
N N Lo =1 o+ 3 .
BN KO - > __m_l ol R o % :
B l_ﬁl — .__o"H7MoMo !
W g ; mo = =i LRl
4T - { al BEEEETE
o] _ ' 33 :
w4 X W P o _ﬂ" EEES :
= o P B "
T ozn O .
OT = X U,.* (((((((((
o'
—_ ,_Ir.Vl ‘a Ro
hoﬂ ™ Mo :i .- ol
g O x B
i W) KM 50
—_ et
q_vo = W = S R S
=) - U.:u EE
oL B
I )
T SHmm RE R
Gl L) mHElm TW KA
Mo o T

oo N




sl ‘URID pez=u
H
714F T8 2 X

S

o2 Aok

=

o

Tl A &

B

—_
file) :
= m
o m
i | c
By . =)
tlo | T
o) m 5
w | N
\_Q_I "| ||||||||||||||||
“w |||||||||||||||||||||||||||||||
_mwo
=
P
™
<
on_ L
1 RERE N i
- zo | ! m - |
oo : ujo : R | T m,|
7 = | il o | | e | | o |
— : — R . —A*O _ G _
! | o IR T _u..m : R " " o M____._ |
] o : ; | | | E
o w BT & ! | = " |2E2 4| =
5 AR E: - 1 : [ B 4 =
R = | i & Ny n Voo _ (dZa | %]
T T R al _ m |mEa | & ,
o I ool - m | & e (s ° . eE
oy oK " : m il m | m_ o e
; | ——— | m B m = o
:ﬂH : o | i xd _ ; <+ 1 ﬂ__w murg
o - H NE m + | o
s : | & o ! o K |: m_*__ ......
e - = | (B slllz| B
. w | o S e o 2|15 B
_:A _A—l e m H_._._ mH_ i " An_ =N a Ou_ : _L mo 7
t . — | 1 a1 ol S 1IERE .
: . | o or | R 3 | LH ke
- zo | ¢ | & 12 ko~ mo N o -
S~ oo B o7 || ® ; ! of mr ko™ B o Klo o
N oo || K RO _ : 70 | |7 N dogr 5
‘_Il._yl — < 3 Il Joil . = KO | " <0 2l B
W L) o | mlla || N " 1= = | | =l = _
M e | 1 o | | " R
B X TR . — || X o " | 25
oy N Al || Ru " o KH | L | " W_Uo
W B N . " i | =R g
2 o || F 2] 9 _ | I _ PR " c 2%
T h i G} <g i ' ! ' U KT ' B P X
oA | ®| |z | - |wd] m _—
| | |2 : | mE | 1%
.............. " " m DM m )
..................... “ m ET o

- 19 -

19 12. URID 7]¥4



R
(1) A5= AHEAY dF 2 54 dolee HFs

(b ol% dlelel - @ YHALEA HlolE]
- B AT AR BAYNA AN 014 T ABAGEAE FE3to] 5240700 BEAEL AL
BUO2N, BT Aol FUA A ATAY FEA R ARG 9 S Y o
UA d5g 918 mgRG0r], 4TS FoR A HolERA $Eele) nAHe F5L B
ks oz AmAD, §39 191 4t nAs, &9 QAU 5oz H

gk BAY AT F EAbl MW 19 A7k FAsHE WFS 20004 155%60 4
20159 27.2% A4 02 F7kshe FAITh = Kim(2013)9] w2, 191 7H7} AL6-5

AUAE 48l A8l 1919 AHgeIA ] 26uel Sehe Aow £ASIE teb 12
NE T8 ATAAL QAT 12 AAPE A FRY A} o1l Do) Aol s ofol
Gk B ATANAE HF 19 ATE PoR @yt AT mek A7 191 747
S0 b UA 2L S sebstnA ik ABdol Aol AHgHE 19 /7o) HolE:
EAROA AN 014 BHQ ABALEAE BEAT. AE oF 120007H+8] 104
1 ATAE WHOE F EEA M A F A9 delet EAFTE (D2 P4
o AR delEE A, 49, vol, A5FF T AAGRE (2) 44 0E 10% BAL

2 8T e yE S 7IES Aot} 19 e AT 8007 TE Ao E F 2620
S Aoz AAEAL

Classification Details
Number Household ID
Sex -
Age -
Job Job status

Education Level -

Income Level -
Marital Status -
Care Senior, Handicapped
Resident Kind, Area, Ownership

4 7=l AZA AL IR doly




Act Details
A Personal Sleep, Eat, Individual hygiene
B Work -
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C Learning ) )
Private Educational
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G Social & Leisure Date, Media, Exercise, Rest

H Move Commute, personal

Z Etc Unclassified act

E 5 BT ABANGEAL BFIE
(b el
SLAE oA AFAe Fedd wE duAieds =EF6H7] 98 FHAEE oA

292 Energy Pluss 83ttt AlE# ol &&5e AFae A 20144
FHAYBALRAL dolg F AT 19 A7 HF 2% 2SS FEIAGG =EY
AqUA L@ FL oAiA g o] wetd, FEdfele mely SH2HYS WPl =l
o duAia®F +3% FEAYE FIS EFote] £ATH

COpenSwudio iy T
0P =1 RN

<Building and Cooling& Heating System=

[? Elemeants

<Environment>

<Occupant’s Brhavior=

juit)
r2

=IDF Editor=

EncrayPlus

ot
il
k1



U

(th A== Al&Edoli

¢

Edit Object
~| [l osspace

Select Object
08:Space

19 14.. Building Modeling for Simulation

- AEFE AFA 71 AlEH ol AS A8l v A Fol A ZLgt Energy Plus Z= 135 AR5}
At Energy Plust A5E9] AR, AY], WA 5 71559 B84 54 9 5 34 gigk 1o
o 8wk ol AFAY] AAlE AHEE T3 ATAY] Eseol e XY AWARET] 71 &5
D ALEAIZE HEE Fol 2 54 ERSE A & 7 = AlEdelAolt)

- %59 RdS 913 Open StudioZ ©]-83k¢] Figure 37 7] mdl2]g 2439 th Open
Studio= 3D 227 =213 Google Sketch-up oA AHA] A& o]dS 9t AFEe] =
B Qw2 AR 99 55 7HsotA s, Energy Plus®} 15 & = 21+ Open Source 3
29| Plug-in Z213jelth Aol A2 Al 7ke] & 312 wefshy] 918 A5E dAE nds
ata AEE2] Skl YR8 IAYE oz AT Aol JEiyes i
54 ﬂuﬂgg‘r AU HAFAGME vigoz I3 A5 HRE dsia o= o

4 g
= WA Y] e FENFFASEY AU E AV
of whel b7k 12973Y, WU 697992 Ao, AUAd 2%+ 20 T 26
°CE A3ttt Energy Plusv 25E9 &5y & & Ydw Avjo] 7, &% &
S AAME dE & ¢ ok A A e REAQ Ao mdlds 9, WA v
Aol ojoj7l kA e 45 ARt vty dS M

- Energy Plus Aol A 'Ductless Air—conditioner’= 5<% WA 28-S A9k 29 7] ¢} A
7| = :r”“-cv] I WA A"S BElEy] 3 4 Qle AAgoR e W8 2300We] A
S 7HA s Y83t Low Temperature Radiant Variable Flow' = AW w4
FEE Bdygste] HAdHE o] &3 S 7t & ¢ e AAHOE FeTE
o
=

AT Il B A aefsho] AAste] 1449l 20149 4
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Indoor Design Temperature Set point : 20 T 26 °C
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Clusterl  Cluster2  Cluster3  Cluster4  ClusterS  Cluster6  Cluster7

Lighting 2 1 6 3 5 x 4
Equipment 2 | 7 4 5 6 3
Heating 2 1 7 4 S 6 3
Cooling 2 1 6 3 4 # 5

Total 2 1 7 4 5 6 3
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(2) A% S4F A44 Al 54L 5% 1@ 9ar £2

b AgA+ 2 A

- 2016 A AUAAEHF FAE AUEW, AEFE T vETHY dEAEHS
2013\ 1994663 MWhelAl 201613 3119662 MWh= A&&A  F7Fskar Qo
Santamouris(2016)2] Aol WEWH, FAE AF5EY 4 ATHEH YL A v& 59 &8
=) I~ 3 2= o
A B4R olle UAS AH AgsE A F, AT T GH, &5 7 2
A Sl = & FFS Be=vhar ot wepA o UA & Abgetes AdSAEE d559 &9
A 5 T Bt FAAUAAE ZF mA = GEFs B4 DA o] AVIHH, ol&
g AAA Aol Hastt B Ao ME A5EY =94 SN AdEEAE T F
welste] A%Ee] olUAAEFol WA Jgacle BARL AES wEsn)
(W) A=< E84 2409 AR 8
Covalent statistics
. Standard
Category Variable Mean deviation N Common VIF
difference
Total floor Continuous variable 8.05 7.607 2,514 173 5.788
Living floor Continuous variable 433 4.936 2,514 422 2.369
Residential area Continuous variable 25.48 8.719 2,514 506 1.977
Exterior wall Continuous variable 4.38 1.205 2,514 588 1.700
Construction year Continuous variable 3.76 1.275 2,514 329 3.038
Room Continuous variable 2.71 738 2,514 417 2.396
Exterior window Continuous variable 8.33 3.939 2,514 635 1.574
Exterlqr double glazed Continuous variable 276 269 2,514 .854 1.172
windows rate
Single housing 38 486 2,514 400 2.501
Type of house Apartment 45 498 2,514 185 217
Building Etc* - - - - -
f?;:;(;r East 12 328 2,514 327 3.062
West .07 .250 2,514 448 2.231
South 41 492 2,514 .183 5.459
North* - - - - -
Direction
South-East .19 .393 2,514 257 3.892
South-West .10 .306 2,514 357 2.801
North-East .03 181 2,514 .616 1.623
North-West .02 145 2,514 .693 1.443
Have .66 473 2,514 827 1.209
Air conditioner
Don't have* - - - - -
Individual 91 283 2,514 73 1.293

Main-heating system

Central supply*




Covalent statistics

. Standard
Category Variable Mean deviation N Common VIF
difference
Enable 27 442 2,514 .880 1.137
Auxiliary heating
Disable* - - - - -
Living years Continuous variable 10.69 7.930 2,514 144 6.938
Living years(square) Continuous variable 177.07 327.444 2,514 149 6.701
Household member Continuous variable 3.02 1.236 2,514 574 1.742
Households in economic Continuous variable 1.43 744 2,514 633 1581
activity
Over 65 years old Continuous variable 43 720 2,514 567 1765
household member
Age Continuous variable 3.63 1.067 2,514 473 2.113
Income Continuous variable 3.60 1.758 2,514 421 2.373
. Own 73 443 2,514 .830 1.205
Ownership
Etc* - - - - -
. Have Children A1 310 2,514 .862 1.161
Houschold Household configuration Don't have children® B B - B -
feature Male 74 439 2,514 721 1387
(13) Gender
Female* - - - - -
. Undergraduate high school .59 492 2,514 621 1.609
Education level
Over college graduate degree* - - - - -
Service woker .52 .500 2,514 283 3.528
Temporary woker .05 217 2,514 714 1.402
Occupation Self-employed 22 414 2,514 338 2.956
Other employee .02 153 2,514 .859 1.164
Etc* - - - - -
. General 93 261 2,514 634 1.577
Special note
Etc* - - - - -
X Earned income .67 469 2,514 320 3.122
Source of income
Etc* - - - - -
Seoul .16 .366 2,514 .103 9.737
Busan .06 .244 2,514 .200 5.008
Daegu .05 213 2,514 247 4.050
Inchen .05 213 2,514 251 3.981
Gwangju .05 213 2,514 245 4.088
Daejun .05 213 2,514 248 4.033
Ulsan .03 176 2,514 322 3.103
Location(1) Gyunggi 11 315 2,514 133 7.504
Kangwon .05 213 2,514 .249 4.017
Chungbuk .05 212 2,514 248 4.032
Chungman .06 242 2,514 204 4.901
Junbuk .05 213 2,514 246 4.059
Junnam .06 243 2,514 .199 5.019
Gyungbuk .08 270 2,514 .168 5.968
Gyungnam .08 271 2,514 166 6.023
Jeju* - - - - -
. . 13,250.12
Annual Continuous variable ; 6,345.777 2,514 - -
Energy Spring Continuous variable 3,417.825  1,990.632 2,514 - -
Consumption . .
) Summer Continuous variable 1,718.057 1,046.192 2,514 - -
Fall Continuous variable 2,575.537 1,510.747 2,514 - -
Winter Continuous variable 5,538.708 2,905.709 2,514 - -

i 9. List of Variables and Descriptive Statistics

Note. [Energy consumption unit: kWh]
* Reference group
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~ Cha, Yeo, and Seok(2007)0] w2w FANUAALEZ] nX= 901 AFd we 24
Ehdt) oo 2 Ao ouAAFE TS Q7 B o2 7}S, 789 571X 7|7te R 1ol
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2 - . 1, 1-
e
Annual .369 .136 118 5,960.055 1.693 7.458 .000
Spring 378 143 125 1,862.079 1.706 7.903 .000
Summer .408 .166 .149 965.364 1.762 9.431 .000
Fall .382 .146 128 1,410.962 1.729 8.077 .000
Winter .366 134 116 2,732.747 1.674 7.311 .000

3% 10. Model Information



Annual Spring
Unstandardized Unstandardized .
Category coefficients Standardiz coefficients Stanggrdlz
& t . t
B Standard  coefficient P Standard coefttimen P
error error
Total floor 15.144 37.600 018 403 .687 -1.558 11.747 -.006 -.133 .895
Living floor 5.204 37.075 .004 .140 .888 -1.812 11.583 -.004 -.156 .876
Exterior wall 561.588 138.715 107 4.049 ***000 152216 43.338 .092  3.512 ***000
Construction year  -62.798 121.555 -013  -517 .605 53.158 37.977 .034 1.400 162
Residential area 76.664 23.766 105 3226 ***.001 28.185 7.425 123 3.796 ***.000
Room 130.008 249.250 015 522 602 -21.263 77.872 -.008 -273 785
Exterior window 37.587 37.876 .023 .992 321 8.952 11.833 .018 157 449
Exterior double
glazed windows  -269.362 477.546 -011  -564 573 43,587 149.198 .006 292 770
rate
Single 1 1731 * 084 1 12 2 42
Type of  housing 668.963 386.550 .05 73 .08 96.100 0.769 .023 796 426
Buildin ouse upmmtme -450.550 512.609 -035 -879 380  212.337 160.152 .053 1.326 .185
g E -746.579 634.344 -039 -1.177 239 -296.953 198.186 -.049  -1.498 134
factor w -539.892 711.068 -021  -759 448 250918 222.156 -031  -1.129 259
(13) -1,475.5
S i 565.019 - 114 -2.612 ***009 -419.353 176.527 -104 2376 **018
L -1,466.9
Direction  S-E D 597.096 -091 -2.457 **014 -376.850 186.548 -074  -2.020 **.043
S-W  -373.506 651.144 -018 -574 566 -121.161 203.435 -.019 -.596 552
N-E  -568.948 837.865 -016  -.679 497 -326.862 261.771 -030 -1.249 212
1,894.54
N-W 0 984.883 .043 1924  *055 621.156 307.703 .045  2.019 **.044
Air conditioner 846.376 276.239 063  3.064 ***002  195.906 86.304 047 2270 **.023
Main-heating
. 536.736 478.297 024 1.122 262 594.999 149.433 .084  3.982 *** 000
system
Auxiliary heating  364.081 286.814 025 1.269 204 259.358 89.608 .058  2.894 *** (004
o 86.209 39.491 108 2.183  **.029 40.419 12.338 .161 3.276 ***001
Living year
-1.031 .940 -053 -1.097 273 =715 294 -118 2435 **015
Household member  372.180 126.987 072 2931 ***003  122.034 39.674 .076  3.076 ***.002
Households in
. . -235.668 200.968 -028 -1.173 241 -96.598 62.788 -036 -1.538 124
economic activity
Over 65 years old
227.328 219.269 .026  1.037 .300 71.596 68.506 .026 1.045 296
household member
Age 33.852 162.029 .006 209 .835 -5.999 50.622 -.003 -118 .906
Income 387.677 104.197 107 - 3.721 ***000  124.746 32.554 110 3.832 ***,000
' Ownership 77.766 294.376 .005 264 792 -44.927 91.971 -.010 -488 .625
d Household
. 41.529 413.630 .002 .100 .920 50.928 129.229 .008 .394 .694
feature configuration
(13) Gender 358.952 318.614 025 1.127 260 -74.350 99.543 -.016 =747 455
Educatio  High 153 190 306.456 013 533 594 38.774 95745 -010  -405 686
n level  school
Svar)\{(lgf 426.003 446.826 .034 953 .340 42.478 139.600 .011 304 761
Tempora
Occupati ry 185.067 649.865 .006 285 776 5.942 203.035 .001 .029 977
woker
on
Self  1,089.59
em%oye 3 493.727 071 2207 **.027  262.266 154.253 .055 1.700  *.089
Other  600.985 840.329 014 15 475 -63.073 262.541 -.005 -.240 810

35 —



Annual Spring

Unstandardized Unstandardized

Category coefficients Standardiz coefficients Stanggrdiz
[$ t : t
B Standard  coefficient P B Standard coefttic:len P
error error
employ
ee

. 1,356.36

Special note - 571.661 056 2373 **018  337.044 178.602 .044  1.887  *.059

Source of income  -55.005  448.023 -004  -.123 .902 80.010 139.974 .019 572 .568
2,604.95

Seoul 7 1,014.038 50 2569 ***.010 1,128.183 316.812 207 3.561 ***.000

Busan 576.525 1,089.664 022 .529 597 244.586 340.440 .030 718 AT3

Daegu 859.315  1,121.969 .029 766 444 453522 350.533 049 1.294 .196
3,901.09

Incheon ) 1,112.377 JA31  3.507 **+*.000 1,479.248 347.536 A58 4.256  ***+.000
. 4,167.59

Gwangju 3 1,127.289 140 3.697 ***.000 1,014.552 352.195 109 2.881 ***+.004
. 2,283.50

Dagjeon . 1,119.661 077 2039 ***042  936.248 349.812 100 2,676 ***.007
3,873.37

Ulsan 2 1,192.905 107 3247 ***.001 1,261.353 372.695 11 3.384 *+*001

Locatio

. 2,951.00

n Gyunggi ] 1,035.049 146 2.851 ***004 1,153.600 323.377 182 3.567 ***.000

(16)

4,328.88

Gangwon ! 1,117.434 145 3.874 **%000 1,297.154 349.116 139 3.716 ***.000
1,305.98

Chungbuk 9 1,123.985 044 1.162 245 555.533 351.163 059 1.582 114
2,076.02

Chungnam s 1,087.507 079 1909  *.056 341.934 339.766 042 1.006 314
2,319.47

Jeonbuk 5 1,123.290 078  2.065 **039  727.295 350.946 078  2.072 **038
1,696.56

Jeonnam ) 1,094.048 065 1.551 JA21 441.867 341.809 054 1.293 .196
1,988.40

Gyungbuk . 1,075.627 085 1.849  *065 825224 336.054 A12 2456 **014

Gyungnam 648.268 1,078.091 .028 .601 548 302.550 336.824 .041 .898 .369

Type of house: etc, Direction: North, Air conditioner: etc, Main-heating system: central supply, Auxiliary

Reference group heating: disable, Ownership: etc, Household configuration: Don't have children, Gender: female, Education

level: Over college graduate, Occupation: etc, Special note: etc, Source of income: etc, Location: Jeju
Note. * 90% Confidence interval(p-value < 0.10)
** 95% Confidence interval(p-value < 0.05)
**% 99% Confidence interval(p-value < 0.01)
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Summer Fall Winter
Unstaéléiardiz Unstandardize Unstandardize
Cat fficients  Standa d coefficients Standa d coefficients Standa
ategory coethicients v gized ¢ r-dized ¢ r-dized ¢
coeffic p Standar coeffic p coeffic p
B d i-ent B d i-ent B Standar  j-ent
d error
error error
Total floor 328 609 -024 -532 595 616 8901 031 693 49 BB 17240 036 799 424
Living floor 529 6005 025 879 379 9% 8777 003 .112 91 7/ 1699 001 .044 965
Exterior M 240 023 897 370 9% 33839 096 3649 0 map 63602 .12 B 0
wall 3 4 0 6 00
Consyt;;‘f“"n 28 e 052 2153 T8 pay 876 061 20 =on swu s -0 MY a:
1 1 ek
Res;fg;“a' 4181 389 035 1086 277 832 5626 048 1483 IR XS 10897 108 ) o
Room 565% 40372 040 1400 162 %90 59007 028 965 35 ;4B 010 331 741
Exterior 500 6135 011 456 649 824 8967 .02 923 3% 0% 17367 024 01 312
window 1
Exterior
double 134 4834 11305 131 218.96 -27
glazed 5omae o7 15 g B IBO g6 131 a0 qon 21890 06 7 781
windows
rates
Singl
kk
Type pon r 62610 012 -401 689 0 orsi 071 2406 =06 mm 7T 063 2 T0
Buildin h(glfs .8
g Apart 1506 20046 12135 2165 08 23503 260 #0
f?%(;r Apart M g 072 1812 %070 0K 3 066 105w O 5 -10s 2N TS
5% 10274 249 01 150.17 4D 29085 -39
E ; ¢ -os0 24 L 77 -ss s MBS 3 -0z Y 6o
Z _ ook
wo IS gss L9 TROY i 19832 012 426 o0 pow 2005 001 040 968
BV 332 %00 3P 13376 243 404 259.06 161
S Toosi7 143 i o 108 29 mo3 6 —om M 106
Direc K5 208 (00 3026 14135 261 =0 R0 27377 157
Direc 5. > %73 -8 2% e > -6 2] O Rl 7 -oss s
S-W ‘95]8 ]0543 028 -902 367 "”"% '5‘“3 2023 =723 40 481 29852 -005 "'g 878
NEOISTE oo 120 o7 aesn 183 oo4 w1sa swoaer BT 003 <19 014
Nw BEDSZ g g 4y B B3 06 Ligr 237 s P o4 195 T
Air B9 w00 15961 126.65 281 %
onr B 061 299 0 D6 6539 050 2441 =05 F69R 5 058 28 T
g . stk - setek
Mainheating D0 o a3 s, P00 ATI0 11325 o0 359 K00 o0 21930 (04 100 849
system 2 0 5 0 5 0 4
Auxiliary BT gousc 029 1502 133 B3B 67899 -010 -491 @4 &x P10 010 519 604
heating 0 7
873 6397 067 1375 169 4Rl 9349 025 511 69 226 18.107 088 1-7; *.og
Living year
AR a2 -0s6 M 243 aw 2230 023 484 @8 w431 -028 0] 568
Household =~ 6073 HkE () 241 **0
fousehol S 0568 072 2953 59 498 30063 040 1629 1B MME 58225 060 >4 79
Households 49l 160
Huscol in cconomic 697 32351 005 214 830 184 4757 001 039 99 L op1ae -0 M 09
d activity
fizit;)re Over 65
years old 3503 R B 100.53 1.70  *.08
pears old B 35516 024 -987 324 1900 51909 009 367 74 I 3 oa 179 MO8
member
Age 163 2604 017 623 533 WIS 383 010 370 T2 935 74292 003 125 900
Income 74’23 16877 125 4.400 ***'08 201 24667 062 2157 =@l B4 47775 082 2'8§ **’:')‘5)




Summer Fall Winter
Unstaéléiardiz Stand Unstandaljdize Stand Unstandar_dize Stand
Category coefficients r-tdair;e?i t d coefficients r-tiai];eg t d coefficients r-Eiair;e?l t
Stander coeffic p Standar coeffic p coeffic p
B d i-ent B d i-ent B Standar  j-ent
d error
error error
Ownership 285 47681 001 059 953 £3% 69689 012 607 s 7w BT o0 574 566
Houschold -143 171 189.65
confioomtion ) 66997 034 0 087 088 97021 -006 -305 760 DN > 014 712 477
sekck
Gender 481 5L607 002 095 925 0% 7547 058 2664 g 2w O0% 03 193 120
Educ  High 5565 140.51
ation schoo 9 467 017 72 470 R0B 72549 019 799 44 ke M0L 018 7m0 a0
level 1
Servic
¢ 46D 11415 105.78 204.87 1.54
Woo 0 man o -ed0 s ME 5038 109 81 3569 7oo0s4 T o3
Iy
Temp
-orar
Occ vy I g3g LY w00 wiss P 010 443 e omsan P77 o2 92 a2
i woke
p-atio
n r
Self 315 W 11688 22637 199 **04
empl B 970 053 1679 %093 > 1688 066 2.076 = 4w 22037 oes 190 70T
o-yed
Other - 54 13611 2281 198.93 385.30 1.24
empl 7P B onn s70 se0 K8 IR 007 4321 g kw0 B0 s 12 21
o-yee
Special note ™0 503 046 2000 0T IBE 13T 053 0960 e smaw 2621) 047 200 O
Source of  MI 557 033 1024 306 -1 10000 g0 _o11  gop AR 20542 34 <10 5y
income 0 3 4 3 13
BR 16424 240.06 160 464.94 344 w0
Seoul SR 06 -450 652 5106 0 o2 a3 s MY 3 o 34T
Busan 240 % 01 -o14  og B B30 73 am mss 00 0w 103 97
kk
Daeg T IR ges 149 pg O 6L gy 1T agm WAL SIAY g 220 S02
o5 180,17 316 26334 1809, 510.03 356 *Q
Incheon > BT 059 et io7 MG 5 044 gy o MW N
skskk sekk *3k
Gwangiu  SB0 1829 164 4308 00 LIRS 68T gy ggas T MEL SIGET g 201 O
Dacjeon € 133031 g31 406 eist 29500 o oog7 m MASESTgg 218 502
Locatio 609 19321 w00 4756 28240 1% 54695 280 *0
o Ulsan B 109 3362 0 X O 050 1514 x4 5 003 28T
skekk
Gyunggi BT 1G53 ea6  sig G BB 97 55 qp BB A g9 328 0
sielek skekk
Gangwon UG 09051 1385 e T 28D 433 35y T MG 31233 35 358 0
Chungbuk 8 18205 30 _gos 400 41757 20008 _gos _157 g5 HRA 51535 g5 182 %06
9 4 8 3 9 o '3
Chungnam 4526 "*% 010 257 797 PN BT a1 o a5 R RO gy 305 T
Jeonbuk 0% IBLY 40 1300 o4 B0 26592 450 1875 ke BB 51504 g0 166 %09
3 2 4 4 7 0 5 6
Jeonnam 0@ 17720 ge3 5 g9 04 001 25900 gsg 399 g B 0163 gys 10T e
0o 5 5 1 1 4 2 4
Gyungbuk 0D 17422  -039 -858 391 -404 25464 -022 -487 6% 1436 493.18  .134 291 *&0




Summer Fall Winter

Unstaéléiardiz Stand Unstandardize Stand Unstandardize Stand

- tanda d coefficients Standa d coefficients Standa

Category coefficients  rdized rdized r-dized
Sander C0eftic p Standar  €0effic p coeffic p

B d i-ent B d i-ent g Standar jent

d error
error error

5 2 0 0 48 6 3 o
Gyungnam O & g7 375 08 MOE 252 030 g0 s amies L 042 003 367

Type of house: etc, Direction: North, Air conditioner: etc, Main-heating system: central supply, Auxiliary
Reference group heating: disable, Ownership: etc, Household configuration: Don't have children, Gender: female, Education
level: Over graduate degree, Occupation: etc, Special note: etc, Source of income: etc, Location: Jeju

Note. * 90% Confidence interval(p-value < 0.10)
** 95% Confidence interval(p-value < 0.05)
**% 99% Confidence interval(p-value < 0.01)

F12. A F, 7Fe, A= dvA dFes

FAAUYAA AL ol TS vA = AFE9 284 8a
B A= ZAPA ] YERd 531493 (Standardized coefficient) S 4 02 FA oYX AL
| Gge mAE AFEe] 24 54 4% weteln @tk B4 v FAUANES
S nxE 2hE X 13 9 Bk
Period Building factor
A ] Exterior wall, Residential area, Type of house, Direction, Air
conditioner
Sy Exterior wall, Residential area, Direction, Air conditioner,
Pring Main-heating system, Auxiliary heating
S Construction year, Type of house, Direction, Air conditioner,
Main-heating system
Rl Exterior wall, Construction year, Type of house, Direction,
Air conditioner, Main-heating system
Winter Exterior wall, Residential area, Type of house, Direction, Air

conditioner
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Direction Direction
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a9 20, 7R W oy ARS-EF
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Period

Household feature

Annual
Spring
Surnmmer
Fall
Winter

Living year, Household member, Income, Occupation, Special note
Living year, Household member, Income, Occupation
Household member, Income, Household configuration, Occupation, Special note

Income, Gender, Occupation, Special note

Living year, Household member, Over 65 years old household member,
Income, Occupation, Special note
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- Seo, Hong, and Nam(2012)°] M= Ao A9 dUAE HHH o2 ALEst= Aol 2=

A G7F 71 o URAAREEE FS7Rschal S} o]9f mpvix 2 B dqte] B Ay o
2, B, 018, A% FANUAALGHA A =7k F7E ) olUxAHgFe] Frkshe Aow
LFERSL

- Ao A7F AL nE J7ke] FAURAE | ddko] 9= Ao 7 e A5L
AHEAE UAE ALEEE @9e AR u 7 ko] =] wlEol|(Seo, Hong, & Nam,
2012), oleldh Axph IAF Aow ®eld.
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- Al AdS e 7|3kl AGd FARE 9] A EA, A dE8RA, VE F
AR TE B B2 olUAE AREshs Ao® ST Aol wel A5 A AJZke] Aol 7}
BAE7] wEell(Kim, Hong, & Jeon, 2011) olUAAHEFo] T el Aoz dud.
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Annual temperature in Seoul and Jeju
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User’s Behavior pattern
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Korean Time Using Survey
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» Yearly Energy Consumption Data
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Artificial Neural Network User-based Energy Prediction

19 23. Flow chart of Research
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(\}) Artificial Neural Network(ANN)

- ANN(Artificial Neural Network) €8] 52 Q17Fe] AAAE ] AGHAHS HASH= WA
qd dugFom A 9D A9 dHoly stge &8l mlHed g O £5, dHdd &
S Adst= 7otk JIFAAES gy HesE 1H T o, Wl Ve E v
Al sk H e A ol <3 A3E HoFE

- AE5E AR ATARS] - A AT A EAS HolHE &85k, A AES F3l ALE
L8] 540 WE ANUYAAREF A S5S Al AR S0 WE AUAALEF S
dS Fds7] Hsl, AFERe] dES TINto R At o] AlEwE ol Ao 7t AFEA}
ol MAAKE 7IRte g2 RYS 753t AFEAY JHRIAB R & A5 AL3]- B A 84 <l 54
O 2 ARGAE] EFol S WA= vol, A5, A, wETE, AY T AR AAAES
Inputo. &2 &g, Algdgold Al A YAAEZFS Outpute &2 &-&ato] 1§ 25, ¢ %
o] gL FHaATh Aol &85 Input> F 670011, Output> oS5 A YA A& o

Multi—layer Perceptron

Input Layer Hidden Layer Output Layer
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Income

Gender

Education
Level

Input Layer Hidden Layer Output Layer

% 25 1Al e] INPUT® OUTPUT

|
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jon
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Q
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jon)
[oN
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iy
o,
L)
e
n
o
=
n
N

Y Fond ™ 2n+ 170 HellX &9 w9 =5
ahi= Aol meEAsttal slvh & ATl = 679 AREA SAS dENaR A
o 2% Jobel A9 1070 W= W 9ol & 1470¢] inputs 7RI whebA

= & 2070 Weld 29 wde] =& AAdMoF k. 3ol wel 6714 9] HEAE

o

re
o oo

No. Activation  Learning Number of Number of Neuron
function Rate Layer in Layer
Network 1 ReLLU 0.01 1 18
Network 2 RelLU 0.01 1 29
Network 3 RelLU 0.01 2 10 - 19
Network 4 RelLU 0.01 2 14 - 15
Network 5 RelLU 0.01 3 9 - 10 - 10
Network 6 RelLU 0.01 4 -7 -9-8

5
® 156 AevuE 93 vEYa +x =1

- QFAAY mAe dolHE B g5 A7 F, el o884 2L doHE m
of AgAA wde] BHPHS AEBh L Aol U ABUIAS Bl 2e oY
A AEIH gk F 80%2] HolHE srol ol §aki, 20%9] HolEE muH el o] &
stk Sherel WEESE 200W 0 AR, oYl gkel 0.0001 ol B AS A%
Festan



Output

Input data data
Education Indoor Energy
Age Income Gender Level Job Time Consumption
42 450 0 6 100000000 57 182.0869
83 50 0 1 000000O0O0DO0 123 395.9636
33 350 1 3 010000000 65 232.71648
29 250 1 5 01 00000O00O0 51 149.0521
30 250 1 5 01 00000O00O0 62 103.771
47 50 0 3 000001000 144 185.6166
56 150 0 2 000000O0O01 63 334.8878
28 250 1 2 0001000O00O0 68 188.5984
70 150 0 1 00000O0O0O01 82 239.1679
i 16. Input data sample
Training: R=0.63657 Validation: R=0.63611
900 - ' § : § ‘ J ‘
_Da{a 800 H_Djata
1 5 o 4
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400 1
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Output ~= 0.4*Target + 1.9e+02
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f=]

_—
=
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200

400 600
Target

Test: R=0.61628

800
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=
=

=13
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Qutput ~= 0.38*Target + 2e+02
=
(=]

100 200 300 400 500 600 70O BOO
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1% 26.

Instances

1000

BOO

600

400

200

Output ~= 0.4*Target + 1.9e+02

=
=

100 200 300 400 500 600 70O BOO

Target

Error Histogram with 20 Bins
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[ vatidation
[ et
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-98.84
-56.86
-14.87
2711
1111
1683.1
195
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321
363
405
488.9
530.9

4469

=2}
[I=}

Errors = Targets - Outputs
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- UEYa AsHn A3} Netwok 4'9] A3 74 £ 7éJJr < YeF T ‘Netwok 4'2]
R-Value+ trainning #t©| 0.64312, Validation #t¢] 0.62886, Test #to] 0.63089= 717 =4
=4tk MSE #%< 1.0356 x 10" 2 7bg 2e ghS Jehldoh A4 dHo 8 e 70%
o]%ol -100 # 100 Akeold] @A} ghs HoJFA

- Network 4'& 7|9o 2 oyA| =& A3t o523 MES JJ=2 107 F=353 T
output data®}2] =Z}ol+= No99| A5 -379%= 7} wkok
7HE =9kt

Energy ANN Estimated

NO. Consumptlon Consumptlon Diff%rence
(KWh/m’* year) (KWh/m’ year) (%)
1 255.18 293.53 -15.03 %
2 272.69 303.37 -11.25 %
3 219.53 246.50 -12.29 %
4 334.89 245.68 26.64 %
5 188.60 223.03 -18.26 %
6 228.44 248.32 -8.71 %
7 332.22 378.50 -13.93 %
8 139.93 194.14 -38.74 %
9 212.83 220.90 -3.79 %
10 425.65 373.09 12.35 %

¥ 17. output Ho|E ¢} o= 7t vjw L o =&

S MR 2338 Neural Network o] &2 &
Tl vl& Aol o FEC] thaAh St dFES @A+ Neural
Network®] layer®} w719 7o e FEE o oUYXALEHFS AFEALS] 54 o
Qo= A& EoF 84 44 aivt 8 2Ly Wil Ao AdHE
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of 71dket HAH o] 271$E Fe doule duYFS MEsAy. FREY FAdAdSEE
(Tangent stiffness matrix)¥ 2EFAS A3 4
vibration) 21& i 3t ¥ (Eigenvalue problem)® Zo] 1HAFFE =E3ch oluf §

2 <318 F(Genetic algorithm)S AF&-3Fo] A28l o] Ho 14

k7] 918k 2o i & o At =(Maximum generation), §
3}& (Crossover probability)e] Hel = o3 o] AAssi).

ETAL
m ) Ad< 0 100 - 1000
m Jd =27] 010 - 100
m uyj] &E 05
m W e ~E" [-1,0], AL [0,1]

(2h) 2 aha) 4

¥
L)
2 ) 5) T 10 m 12 15 (8 17 20 9y 22 25 (1) 27
N en A\ (38 ETIVS N “0) a1
7R . , Vs / _ P
& / < u2 / T U3 jr (44) 7 (45) : 48)
s N / .Y ' N Vg "\\ .
\\ N L K
—y— 8§ 8 AL 18 A2 28
™ 7 N 7 o #
13 (a7 c:a\ t@\ @ 7 @1
= @7 3 (28) s (29 )/ (30}~ @1
N 47) 7 4E) 49) (50) /(51

(b) Isometric view

1% 27. The five quadruplex module tensegrity grid
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o ATt i A

(1) =& AA 834

Prediction Model Based on an Artificial Neural Network for
User-Based Building Energy Consumption in South Korea

AAA(E, &)

Energies (Volume 12, Issue 4)

AR A= 2019.02
A2 Seunghui Lee, Sungwon Jung (Al A #}), Jaewook Lee
T SCI(E)
ANEE EEAN!
(=& AN 43 2)
=5 Analysis of the Effect of Cul-de-sacs’ Permeability Factors in

Low-Rise Residential Areas on Buglary

AAA(E, %)

Jounal Of Asian Architecture And Building Engineering
(Volume 16, Page. 487-493)

Al A A = 2017.09
A 2} Kim Seungil, Kim Dahee, Jung Sungwon(xLAl %] z})
Sw SCI(E)
ApALe] F- TS ARAL

(=3 AA 43 3)

rif

=
2

Evaluation of visual comfort with daylighting levels using Daysim in
different transparency and orientation in the UK

AAA(E, %)

International Journal of Sustainable Building Technology and Urban
Development. (Page. 266-278)

AA A= 2018.12
A 2} 4 Sungwon Jung (54 #}), Choulwoong Kwon
S SCOPUS
ApA}o] - TS ARAY
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(2) 53 43

T 9
oT 815 &3 A4 A4 2 F4¢ A28 2 gy
533 SYSTEM AND METHOD FOR CONSTRUCTION MATERIAL
AND PROCESS MANAGEMENT USING IoT TAGS
HE =YW S 1020170125182
=49 = 2017.09.27
49l ME et Aetg v
T8 5=
oT Bl18 &83 A4 A4 2 F4we AJ=e 2 0y
=354 SYSTEM AND METHOD FOR CONSTRUCTION MATERIAL
AND PROCESS MANAGEMENT USING IoT TAGS
HS TER3E 1019276400000
=99 = 2018.12.04
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Q Kaorean Intelleciual Proparty Oifice

Bl 9-5-2018-082002478
EEgT: 2018.11.30.
HEI

YOUR INVENTION PARTHER
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EHe 242 HEQsRMSMNEO (SHIOYH S 220050114702)
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+4 HRFHSESE P IS MWELICH

42 Ld3

F4& NREBESSE fof HISWRLICH
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4 MYUEHEEZE HE G2 LG

349 084

4 NEEFHESE Fof 4= HELICH

EFEHS 10-2017-0125182
EHo A cT Ei18 88 Ha T & SE33c] AlAR @ 2y
HAEF 11
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