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ABSTRACT

KEYWORD

Purpose: Energy-related regulations are expanding both at home and abroad as interest and importance in carbon 2L &Y

neutrality increase around the world. In Korea, various certification systems are mainly regulated by public

Ho|E
Yt BUI

buildings, and various systems and measures are also being implemented in office buildings to save energy. QHASTH
Although there is no regulation on private buildings yet, it is possible to expand in the future, so consideration

should be given to the design or composition for energy conservation among the design elements. Method: In this ~ Office Building
paper, among the elements that make up a building, there are elements that can be used as a resting space inside a Void

building, such as atrium, void, balcony, or as a part of a dedicated space, and when these spaces are properly used,

Building Cooling Heating EUI
Grasshopper

they can help with lighting and ventilation, which has the effect of reducing the operating energy of the building.

Result: Accordingly, by observing the area ratio, shape, and location of the void space in the building, analyzingthe A CCEPTANCE INFO
difference, and deriving an optimal model, we would like to present guidelines for the shape and arrangement of the  Received Oct. 16, 2025

void space when designing a building. The study produced an algorithm using Rhino’s Grashopper to create a  Final revision received Nov. 27, 2025

semi-automation simulation and conducted eui analysis according to various variables.
© 2025. KIEAE all rights reserved.
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Table 1. Program function and _version

Table 3. Void Area Ratio

Function Program Version Author (s) Year Category Area ratio
Modeling Rhino 7.38.24338.17001 C.O. Iroham et al. | 2022 Void 12%
Algorithm Grasshopper 1.0.0007 D.Y. Kong et al. | 2024 Void 0.35%~75.6%
Environment analysis Ladybug 1.8.0 JK. Choi et al. | 2025 Atrium 259

E deli H b 1.8.0

- - oneybee A. Momenaei et al| 2025 |  Balcony 5%, 10%, 15%, 20%

Batch simulation Colibri 2.0.0

Table 2. Analysis void definition Table 4. Void typology
Horizon Vertical

Author Analysis void definition
; . X Author (s) Cente u'usiveCOmeriPeneuate Side |Lower| Upper| Middle | Vertical
S.S. Moon A void, as a counterpart to solid, is a core spatial
’ (i 016) element formed by removing floor areas to enable visual (year) = — @
continuity and vertical circulation between levels.
In architecture, a void is a purposeful unoccupied space AB. Spaeth ° ° ° ° °
H.S Seo |between structural elements, functioning as a connector of et al. (2017)
(2023) interior spaces and a medium for orientation, circulation, DE. Kang . . . . . .
and environmental enhancement. et al. (2023)
D.Y. Kong A void space is a purposeful empty form linking H.S Seo
et al. unprogrammed and adjacent areas, functioning flexibly to (2023) ° ° ° ° ° ° ° ° °
(2024) enhance spatial relationships internally and externally. ES. Pyo
° ° ° ° ° ° ° °
(2024)
= JK. Choi
2, Hol=9| 7|2 74da} o2 aa s C | ||| °
2.1, Hol=9] /g ¥ g = . -
129 e 2 Y Dhee HolE 99| 10| B BRE 40T 544 WA 4
A13]41(2023)-2 Ho|E o] APdA A O E ¥l g7t F5l0|H, o] & PO Uz 4 9lo, o] m2 AAIRE 58 22 -2 Table 4.
AEgol A8t |, vie, A0 22 28 Afo] v F7te S} ZTH9,11,12]. ohe 91(2023)& otEd]& 37 WEY, U
= gbeh, R e m A W2 204]7] F el A A= Holen g, U, Afo] 319, SH Y 5749 A Q49 Y, =
7] 750l A B | PR AR oR PR AN &9, 239, 2499 4714 44 a4 TR R (10], A
L JA oz Hgletl glom, Adet ol F1ke] A= ¢ 9 3141(2023)2 WY, Wi BAF, o5 BAY, H B3, o7
AH B7HE WE HEHIT B 15 M 4 AT BEY, B NE 9159 A 28 9K £93 55, B
[4]. 712 =222 S| A7t Hol=o] oJu] = Table 2.9 25,61 G, ARY, BB 4747 52 7] P oz FESIGCHA] B
olof ufehit ATl E HA WO T4 A4 F RIS FN QoA 2 AR ) A TKsT HOIE §FS BE Mefstol
2 T W B olge BRAQ JulE AL FUoR NS ojo] ma NS 5 £BA asol Y, YR QT B
o], Ho|E ko] u &7t 917 of we} A% 2 EULS] gl tht & PR B R, o8 B5E, $44 Q2L 15, F1
He At 9,479, pEYo= Ayart

=

o], AFA|3F H]-8-2 Table 3.3} 2t}
C.O.Iroham (2022)2 Ho|E F7te] W WAL 12%= 1H&
stom, 3L 024)= AEE W ol 37 E olEd ¥
b AA A A 7FER HolE Hlg2 Sy Hol#tz o] e mA
g2 71208 A4 0.35%, H) 48.04%=, 9& 71Z20 & i
6.3%°1 4 H ) 75.6%= AESFATH6,7]. A. Momenaei (2025)=
5%~ 20%7t2] 5%4 52 7HH Haiy FejE o Alskdtt. 2
olE HA o] thekgh H 9] Yol Holt F7ho] A §kof uhE ¥
2 vl =y @A g Y Holt F1t Ao A A
< 1 sto] HolE F7ho WA H|&-2 5%, 10%, 15%, 20%= A
7ol eH8I.
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Table 5. Glazing wall and open wall

Table 6. DOE office building form assignments

Glazing wall

[~ -
::gq,,_,

N

Specific Glazing wall Open wall
Visual permeability ° °
Acoustic insulation ° X
Air flow X °
Degree of enclosure ° X

Informal gathering,

. Informal gatherin,
office, meeting room, etc & &

Space Function

. . No. of Floor to
Building type | Floor area | Aspect ratio floors floor height
Small office 511 (m?) 1.5 1 3.05 (m)
Medium office | 53,628 (m?) 1.5 3 3.96 (m)
Large office | 46,320 (m?) 1.5 12 3.96 (m)

Table 7. Base model
Building type Office Aspect ratio 1:1.5

Location Seoul Core Center core
Wall U-value 0.24W/m*K  Roof U-value | 0.15W/m*K
Floor U-value 0.15W/m>K  Window U-value| 1.5W/m”*K
Floor to floor . o

height 4m Void ratio (%) 5, 10, 15, 20
EPW Kor_so Natl.Museum.of.Korea 471105 _TMYx

Medium office modeling

Large office modeling

Author (s) (year) Glazing wall Open wall
AB. Spaeth et al. (2017) °
KE. Kim et al. (2021)
S.H Kim (2022)

N. Che. Din et al. (2022

H. El Samaty (2023)

JK. Choi et al. (2025)

+ el ez FAote] o Fx Tor AAstn] AM8H &
o] FRE= HB 23] WAH Constructions % Simple
Glazing Skylight U-Value 1.8, SHGC 0.77¢! 5218 AH&3tt}.

o

3.1 ABelAS A% 12 2d &Y

71258d 23-g gt AT BE 482 = oy AR (US.
Department of Energy, DOE)2} = A A of| 1] 2] 9144 (National
Renewable Energy Laboratory, NREL)ol|A] A|-53 Commercial
Reference Building Models of the National Building Stock (2011)
oA A St u A HH O] BFE 1K (p.19)E Farste] Al o]
At A5E9] FRE AAIITHITL. Table 6.0 AAH @02
Ag o] il 7S v o= sto] Hol& 33t {3 v 2] A&
ojddef AHgE 7|2 mHS ATt Hol= F1Ho] Ao A 27
ol Hte = HAgo] Hlojglom ddEojofstRg BFE {3 &
AqtR QuAe AR S47E U Sl Algdo]d meoAf A]9f
stol, SRttt QoA £ {RThS tld o fith
Table 7.2 &4 di’d 4559 o]~ 2dl HHE 2} Rhino X
Ao oA dgs 1Y
% otof 3D LERH Zott. = 7= @8l (BCSA) 2 Tata Steel
oAl @935l= SteelConstruction.info®] A7 7}o]=(Concept
design, n.d.)ol| TF2H, @ mj A Y] 12 A A] 75 742 5.4m
oA Tm Atol 2 A|RFETH18]. = o] URHA A5 Ao w2 d
T2 dEQl 715 A2 AEE3E 29 B¢ Sm~6m=E
AEEIZAYEFZY B 6m~TmE 7|E o & Jith whebA 2
A ol W8-S st 75 1 AE& 6m=E A sto] Kol
A A 7F2-A & 6m] 7HA S A3

0oonoo ]
ooooooo 00 0 %
0oopooooo Eéﬁﬂa‘g'f
opo 28000
SBonEnidnAnl
Ofgood

Floor area 1,944m’ Floor area 3,456m’

WWR (%) 33 WWR (%) 38

No. of floor 3F No. of floor 12F
Total floor area 5,832m’ Total floor area 41,472m’

247 =

W4 JES Pt
FitR oA A AL F4] Fojel WAl ol
B} 0] Fe7} £5] theptel, ote ona

% =
A Fol PErt HEEE ZoE BAHL &
Handbook 2019 (p.3.5)°] wf2H 115 @ mjA U

Hl AFZE Q] RF Hi A& flsf thAl =S4 2of7t AF

SHaL ATH19]. ofef] & AFell M= ol FEE T4

2 9ol Tel= A2 20 o] WAL ARG
2SR uAE11.11%, R QA= T.
stirt. % AR AelA s Ho|= vy

EERER

e
=
>
oo

ol
=5

719] wijg=ofl BHAl 1% 22 W] Hol= F3to g 24e A 745 4t
Aot SR euAoE 5%87), 10%(1671), 15%(247),
20%(327olH, gl e Aol HE 242t 5%(607H), 10%(120
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Table 8. Options of excluded conditions in void placement 70, 15%(18071), 20%(24070) et} 2+ A= Y 54 WAl
Extending beyond building Overtaonine buildin ddd A ot AR Ul 5 Qe 542 Alge, ol v
boundary Crippine PHTe o 7k 4 ¥ W2 /)% 5 HolE A A48 wEd
. - p 72000 Holt 7t vz Ay 2 Yo Je=e Ao, 2
C \,I 54,000(mm N . - . . -
- 39 712 FEE FHoA £=FolF, DA £ ol Focin K
36,000Gnm) 48,000(mm) o|E F7to] QA& o] F AL}, o] 55t Ho|E F7te] QA7 5
1 A Folot FHEE A A5E Y FAAE = A= 1
“Medium Ofﬁc; y o T Yol A AlQlote] 274 W] Wollth Y4 4= A== A7t
arge orlice - _
Table 8.2 Z1of mt& Ho|E x| B7} 5 27 F EF dAlolH,
Table 9. Options of Medium Olffice Void type
Medium office (10, 280%)
ARJENJT.N. ARJFN.TN. ARJFN.T.N.|— ARJEN]TN.
5% - | - 5% - | - [ %] - | -
l10%| - | - 10%| - | - 10%| 2 | 24
5% - | - 15%| 2 | 12 15%| 3 | 12
20%| 2 | 4 20% - 20%| - | -
8x2 2x6 3x4 2x4
ARJFENJT.N ARJEN.TN. ARJEN]TN.
5% - | - 5% 2 |36 5% 2 | 48
10%| 2 | 24 10% - 10%| - | -
fd R i 2 15% - | - i I - 1 -
20%| - | - 20%| - | - 20%| - | -
4x2 [ 8x1 1x4 [ 2x2 [ 4x1
Table 10. Options of large office void type
Large office (27", 3,760%)
ARF[F.NATNA AR.[EN.[TN. AR.[FN. AR.[EN.[TN.
5% | - - 66 5% | - 5% | - -
10%] - - 54 10%| 5 10% 48
— 15%] 5 | 16 49 15% | - 15% | - -
20% | - - 30 20% | 10 20% | 10 | 18
12x3 3x8 4%6
AR.[FN. [ T.N. AR [FN. [ T.N. AR.[FEN.[TN. AR.[EN.[TN.
% | - | - 5% | - | - | 5% | 3 3 [ 120
10%] 5 | 80 10%| 5 | 32 10%] 6 6 | 84
i 15% | - - 15% | - - 15% | 9 9 [ 48
20% | 10 [ 30 | 0 10 [ 12 20% | 12 2 | 12
8x3 12x2 4x5
O AR.[FN. [T.N. AR.[EN.[TN. AR.[FN. T.N.
5% | - - 5% | - - 5% | - 144
10%] - - 10% | - - 10%] - 30
15%] 10 | 36 15% | 10 | 42 —115% | 10 16
20% ] - | - 2% | - |- | e oov |- -
3x6 6x3 9%
AR.[FN. [T.N AR [FN. [ TN AR | FN. T.N.
5% | 4 | 144 5% | 5 | 144 5% | 5 208
10%] 8 | 80 10% | 10 | 54 10% | 10 78
- 15% | 12 | 16 15% | - - . 15% | - -
20% | - - 20% | - - 20% | - -
5x3 2%6 3x4
AR.[FN. [T.N. AR JEN.[TN.|E AR.JFN.[TN. R [FN.[TN.
5% | 5 | 224 5% | 5 | 48 |1 5% | 6 | 168 5% | 6 | 224
10%] 10 | 84 10%| 10 | 18 10%| 12 | 24 10%| 12 | 32
15%]| - - 15% | - - 15%]| - - 15% | - -
e 0% - | . | oo 20 | - | - 0% - 1 - 0% - 1 -
6x2 12x1 2%5 5x2
AR [EN. [TN. |[Z AR.[EN.[TN. AR.[FN.[TN. AR.[EN.[TN.
5% | 6 | 126 |® 5% | 10 | 72 5% | 10 | 138 5% | 10 | 132
10%] 12 | 18 10% | - 10%] - - 10% | - -
15% | - - 15% | - - . 15% | - - 15% | - -
mm—— [20% | - | - 20% ] - | - AR 20% | - | -
10x1 1x6 2x3 3x2
AREN.JTN.|E AR [FN. [ T.N. AR.[FN.[TN.
5% | 10 | 126 |2 5% | 12 | 32 5% | 12 | 48
10%] - 10% | - - 10%] - - i
15%]| - - 15% | - - 15%]| - -
EE 20% | - - 20% | - - | — 20% | - -
6x1 1x5 5x1

1: Number of options, 2: Total number of types, *A.R: Void area ratio, **F.N: Void floor number,

64 KIEAE Journal, Vol. 25, No. 6, Dec. 2025

***T.N: Total number per type



A5 - 2FF

Table 9.9} Table 10.& 2t 7 8 AlF- Hol|= FHE FHge] 11 2 Y 735 A8otal, Fof 9 Kot kS A e)et »w 7] &
2= AZstelol Lehfgicy, 2 A2 FRo) dgels BolES] 7R Closed Office £5 2 A 4alo] A%9) 7154 54 Hoja
71E AR H]ES 1x4,2x20 FHIZ BASHY 4L sMog A t}. B. U-Value YA &= ofv 2] Aok AA 710l whE 7 27
o 91#], A& SM o7 Holt o] Y& Yetliglet. ojet Ze £ o] d¥FE 7= BE LS 1'04 HB Opaque Material ZZHE
A o= HolE F7ho] oAl Hij 2] & gt ste] Hol& of 2t HA, A&, oo Ed g, 7, Am 54 5= Al &
o] ¢ Yol W EUI 2A-L As)atc). R8-S AESHY, RS HB Wlndow Material AZHEO]

u—factor?} SHGC 1= 213 d&sto] A3ttt C. Void Space A

3.2. Grasshopper &3118& 14

EUI A4 913t Grasshopper €112]Z-2 Modeling? € EUI
Calculation7}#] £ 442 FEsIH, 2+ AHAHZ AJ83H =0 7
TUELE Table 11.3} 2t} A A7 2l Modeling B4 A= 7t 2
EUES o §afo] B4 vt o2 W90 A4 Fe S 3D=

A5ty Curve?t Geo AXHER ZSHA| AEE WEO]
Face, Room, Model &4 2 EUI AlARS $15H oW 2] AHE 7o =
14517 gtct, F HA Input U-Value A A= ZF HEWUE
Al 99 aie, 28, FEo] g 9a@A FA 2 9A Qw52
goto] o BAof it EF(U-value)& AT Al HA
Void Space HA A= HA| &S 12 ER U HolE F3to
2 AR Mg Ageth Wl 1A EUL A4 AN = 1414
HB Modelell Al 7| FH|o|H & 7|¥F o = sfof FHf, b, 29 5 7F

Zke] EUISH & EUIE AlXtgiet,

Table 12.+= 418 F0] MA A 555 GAER FE6to] Lt
il 2 =iiolrt, & @Al A-1. Building modeling®l| 4= Rhino
o] A 7]2 Base Line& A gt F, Grasshopperl Curve @ Surface
AXUEE 5o @5 =S Aot o|& Linear ArrayE o1&
3 o AEE= FAste] A4 FHE 3Dz ZPRith A-2.
Building Program< 4% @A ] 4+= HB Building Programs 73
JE S €83 ASHRAE 90.1 2019 71%9] S 2 tit& @1

Table 11. DOE office building form assignments

Step Grasshopper component

Curve, Surface, Linear Array, Geometry,
HB Face, HB Room, HB Model etc.

B. Input U-value HB Opaque Material, HB etc.

C. Void space Domain®, Cull Pattern etc.

D. EUI LB Download Weather,
calculation HB End Use Intensity etc.

A. Modeling

Table 12. Overall grasshopper algorithm

Ao A= Boundary Surfaces, Divide Domain? AXHEE 325
AA AEE AAF 2Es Ui, JEF gt 914 o5 Al
A=Y A AAE HoluAY A4 Zojet SH=A oh= 1d
T 995 Cull Pattern® 2 A7 & 1o FAHS 7|&E0 7
75t Number Slider2 RHo|E9] 9I%]& ZA3t} D-1. EUI
Aol e A2 F30 2= FHUAHE 44 5, D-2. HB
Modelol A J=igt glo]H &2 Ry 3t AES 7|fto= 24 mdl
S 143511, LB Download Weather AXUE S 53)] 7% o] H
(EPW)E A|A Sttt o] HB Model to OSM AEZAWEE F3f o1
A AlgdloldE 4-8stH, 715 HlolH+ OneBuildingoll Al A&
She EPW mHd-& A&t 21]. mpAet e g2 D-3. Collibri XY
EE 8835 Ho|t Z7to] Y& Z4A5}E Number SliderE ¥4
= ARt 54 FH W ot qu o & FEEY Y EUI
4 Alo] 7VE ot & gttt

\1

et
o
lo
fu
)
=
_?L
2
fol
o
i)
ro
E
Hm

41, HO|E @ ulgo] W2 Yyhy EUI X
Fig. 1.2 Z+ Building Type®| wt2 ¥a EUI E2& YErd 1)
ILofrk, D Zof|A X5 EO]EJ A LS YEL EUIRS

vebdth S5+ 29] Cooling EUI 2EE Ho|E 10% HE H]-&9

A 23X Fo| 7P Fot HlolH sl @wﬂ i, 15% AN =
23 Zo] g o yol iAol At HE & & gt ole
10% AN G o 7] Av)7h Bt QR=A Yebd e 2E
om|ghet, Hh thf e AWHA 0 2 W E WA H]gof|A] 22 2ol
T2 FA =, E35] 20% BA A LE Zo] 7 FoF hg =2
R B4 & qlrh

Fig. 2.= & EUIS| 225 Uebd Jefmolnt, it 2ol A=
RE WA vl A ZE Fo] HluA s fA 5 of A<l

A. Bulldmg, energy

B. Input U-value

C. Void space D. EUI calculation

I ! L
| = = &= % km:%
| — —— T s :,,;Vi —

AT : e Rl
(BN HB Bu"d"'g J';.ll \4*—'% II
| Program = |

(©2025. Korea Institute of Ecological Architecture and Environment all rights reserved. 65



105
100

w
5}

85
80

é@?ﬁﬂi

5%

+44+

10% 15% 20% 5% 10% 15% 20%

a) Medium office
Fig. 1. Cooling EUI

$8$I

5% 10% 15%
a) Medium office

+444

5% 10% 15%
b) Large office

20% 20%

Fig. 2. Heating EUI

60 50

> ' . ! 45 .

o i
- 35 i

o i N

35 : 30 ' '

30 25

5% 810% =15% =20%
b) Heating EUI

B5% 810% =15% =20%
a) Cooling EUI
Fig. 3. Large office boxplot

= ui

27} ESA el GuKoR
= SR HolE W o] A
o) o 274 9FS vrer=

o=2 © o _]

2

rofT o

flo

A
42 Holt {3
B2 Ao A= Wt EUIS o)A 4] (outlier)
Excel®] ¥rA E5(Boxplot) 7]5=
9] QD2 A3ARES +~(Q3)E
Interrquartile Range)& Al4tstH, dutzo g
ot ZAY Q3 +1.5xIQR B} £ & 0|4

Fig. 3.7} Zo], Bt~ E25£2 Q13 Q
o] 274014 1.5XIQR 93] Lhel 2
FEARIY, o] W& "oz 72
2tspeic, dolel afold Rofel
(Aggarwal, 2017)2] 7}

L o4 A S At B4

iy

5=
i
ok
i
ok
o3l
=
b
=
)
P>

=

oo
_c.;:ll‘
~
124
>

X

g4 EL

Al

oA

66  KIEAE Journal, Vol. 25, No. 6, Dec. 2025

Table 13. EUI comparison

Type Cooling | Heating | Total 1‘;‘: Rate
AN AT
Medium| 10% | oeps | SRS | 10U | 1esea | +086%
TS AT EET

AR AR AL AT
Large | 10% | 5570 | “pang | onsy | 8640 | +119%
office | 1505 | 42 | SO | T | sess | +1.74%
20% | 52| L DA ssa1 | 4333%

*Cells with gray shading indicate the reference value.

= 5% WA 880 10x 3914 127], 12x 1914 2870, 10% HZ
H]-&0] 3x 80| A 67, 12X 200|141 87K, 15% A H]-&2] 10X 30]|A]
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2 oF 1.6%°] aidot= 3 o] 24 A A= 9lon o= AA
78 T 62702 oF 1.53%0| siggtct. o] 2] EUI | tf-2]4 & 2|
2 {8 TE2 oA E A FFR 2] 2787, tiF2 2] 3,70074
33,9787 dlolelE 7|§to 2 Sttt o]t oA o
BEES fFoto] B4 Aol AFLE At 4 gloH,
Nascimento 2](2021)+& )42 AAE T4l tlole A4S SH
otal 2l 55 FAIFTH 23]

Table 13.2 4 @¥ W EULY| iz}, 243, BaghS a9F
oo} WtHr §4A EUL 2ol & 5% T2 vl gt Zo| =, Table 14.4=
A A3HE Yepdith, HolE 3382 FH Ho|[E A L5 7502
Wl Aot 5deH A = Yol A= 14 4<] dte] 3k 7]
FO2 QEAEo R FHot). SRl W EULE 5% W20
A A 96.43kWh/m’(2x 2-59), #4 91.73kWh/m*(1 x 44)
2 UERE, 10% AEAE 2 95.95kWh/m*(2x 4-4-9), 24
92,57k Wh/m*(4x 253 2 FAFRE H91E Helt}, 15% B A=
W 2o 102.58kWh/m?(2x 6-39), &4 80.76kWh/m*(2 X 65
)= W5 Zo] AR, 20% WA A= 2t 99.16kWh/m?, 2|4
93.75kWh/m?= Uehdth ¢ EUIE WA H]-go] 2713442 3]
ggko] molAlE A o2 BA RN oo} HAs BE 15% WA
A #4 52.91kWh/m’(2x 64%), #df 78.87kWh/m*(8 X 1+3)
2 Yepetth @ EUL 25 Bl Zo] 7P & WA Hl&2 15%
ol o] = th2 WA H-g {3 H3|| Kol wjx]7} chekatr] wi&
o2 BAHL

2 o] W EULE 5% 2ol A H o 52.64kWh/m?(10 % 36
&), #4 40.38kWh/m*(12x 1-4@) 2 A1 28] 15% B2 A 2
57.42kWh/m?(10x 393), 4 44.23kWh/m*(12x 3832 =
7kttt W EULE 10% AZoA Ao 44.28kWh/m*(10x 15
%), 24 30.05kWh/m’(12% 263 & 71 2 |12 B ol

SRl A Wik §A EULe] 2 9ghy) 243k 242 177.02
kWhm?(15%, 8% 14389} 148.57kWh/m?(10%, 2X 63-3) 9.2

=
=2



g - 2&F
Table 14. Summary of EUI by void type
o EUI (kWh/m’)
Office building type Cooling EUI Heating EUI Total EUI
Building type | Void ratio | Void type Max. Min. Avg. Max. Min. Avg. Max. Min. Avg.

1x4 93.62 *91.83 92.63 75.66 70.16 72.82 169.29 162.00 165.45
5% 2x2 96.43 91.73 92.76 76.15 66.68 72.23 168.75 161.92 164.99
4x1 93.45 91.81 92.70 74.80 70.16 7247 168.13 162.00 165.17
2x4 95.95 92.77 94.38 76.66 68.58 72.46 172.59 161.36 166.84
10% 4x2 95.46 92.57 94.07 75.21 67.89 71.60 170.68 160.77 165.67
Medium 8x1 95.75 93.19 94.60 77.50 68.56 72.82 173.24 161.78 167.42
office 2x6 102.58 80.76 93.95 76.49 5291 67.73 173.35 148.57 161.68
3x4 97.20 93.24 95.23 76.98 65.80 71.27 174.17 159.05 166.50
15% 6x2 97.79 93.44 95.47 76.68 65.34 71.09 174.47 158.85 166.56
2x4 98.74 96.92 97.72 77.69 75.27 76.25 176.39 172.22 173.98
4x2 97.66 96.63 97.27 75.40 74.51 74.89 172.97 171.42 172.15
8x1 98.34 97.22 97.76 78.81 75.19 76.99 177.02 172.47 174.75
20% 8x2 99.16 93.75 96.66 77.90 63.48 70.75 176.88 157.77 167.40
10x3 52.64 48.62 50.93 36.91 32.83 35.45 89.09 82.66 86.38
4x5 50.73 46.43 49.35 36.58 33.70 35.46 87.11 80.14 84.81
10x2 51.07 46.48 49.55 37.13 34.00 35.88 87.82 80.50 85.43
3x5 51.36 46.31 49.13 37.65 34.46 36.10 89.01 80.79 85.23
5x3 51.33 46.32 49.10 37.16 34.08 35.58 88.34 80.59 84.69
2x6 50.11 46.47 48.61 38.05 34.76 3647 88.16 81.26 85.08
3x4 50.05 46.45 48.56 37.19 34.77 36.15 87.23 81.25 84.71
4x3 50.10 46.46 48.56 36.79 3431 35.74 86.725 81.20 84.30
6x2 50.16 46.45 48.61 37.29 34.77 36.16 87.369 81.25 84.77
5% 12x1 49.51 40.38 47.68 41.80 34.58 36.30 90.48 80.76 83.98
2x5 50.36 46.91 48.59 38.91 35.22 36.86 89.267 82.36 85.45
5x2 50.54 46.90 48.62 3833 35.22 36.59 88.813 82.35 85.20
10x1 50.36 46.97 48.52 40.43 35.18 37.58 90.639 82.38 86.10
1x6 48.01 47.67 47.86 39.95 36.03 38.34 87.696 83.73 86.20
2x3 49.74 47.02 48.01 38.80 35.34 3733 87.123 83.49 85.34
3x2 48.24 47.58 48.03 38.83 36.07 37.37 86.872 83.70 85.40
6x1 48.12 47.63 47.93 40.18 36.02 37.99 88.022 83.70 85.92
1x5 48.21 47.93 48.00 39.99 36.50 38.62 87.92 84.58 86.63
5x1 48.31 47.99 48.11 40.20 36.48 38.36 88.20 84.53 86.47
10x3 5543 45.31 50.73 38.29 32.08 35.01 93.53 77.47 85.74
3x8 55.79 40.39 48.81 43.85 30.60 36.57 99.25 72.86 85.38
4x6 5249 45.61 49.44 37.11 33.10 35.17 89.583 78.72 84.61
8x3 52.80 45.67 49.69 36.90 32.49 34.79 89.479 78.22 84.48
12x2 54.37 40.12 48.30 42.63 30.05 35.99 97 75.12 84.29
4x5 53.49 46.60 49.61 38.67 33.81 35.76 92.155 80.87 85.37
Large 10x2 54.03 46.69 49.93 40.53 34.51 36.90 94.512 81.68 86.83
office 3x5 51.98 4747 49.35 40.08 35.44 37.20 92.06 82.95 86.55
10% 5x3 52.06 47.45 49.37 38.29 34.63 35.93 90.138 82.50 85.31
2x6 49.24 48.20 48.86 40.83 36.27 3842 89.84 84.52 87.28
3x4 49.25 48.15 48.87 39.08 36.30 37.77 88.215 84.50 86.64
4x3 50.31 47.34 48.90 37.94 34.43 36.76 86.943 83.05 85.67
6x2 49.36 48.16 48.96 39.24 36.27 37.76 88.523 84.49 86.72
12x1 48.34 47.94 48.11 42.82 35.96 39.53 90.764 84.00 87.65
2x5 49.39 48.98 49.28 41.25 37.24 39.23 90.551 86.29 88.51
5x2 49.59 48.93 49.40 40.09 37.21 38.67 89.619 86.23 88.08
10x1 49.45 48.94 49.09 44.28 37.14 40.69 93.29 86.26 89.78
12x3 54.67 44.23 50.05 36.76 30.67 33.75 91.23 74.99 83.80
10x3 5742 46.43 51.06 39.87 3222 35.02 97.06 79.45 86.08
4x5 51.51 47.45 48.88 36.56 34.18 3543 87.44 81.65 84.31
10x2 52.21 47.71 49.36 39.98 35.49 37.57 91.88 83.27 86.93
15% 3x6 50.50 48.82 49.80 40.62 36.51 38.20 90.97 85.39 88.00
6x3 50.44 48.80 49.85 37.00 35.46 36.06 87.23 84.28 85.92
9x2 50.54 48.84 49.85 40.91 36.45 38.48 91.39 85.36 88.33
3x5 50.84 50.06 50.57 41.33 38.03 39.58 92.14 88.18 90.15
5x3 51.04 50.05 50.70 3842 36.93 37.65 89.23 87.57 88.36
10x3 57.56 47.96 5143 40.07 32.70 35.07 97.37 80.70 86.50
3x8 51.81 49.58 50.83 40.76 36.73 38.69 92.41 86.37 89.51
4x6 51.09 49.41 50.28 38.08 35.55 36.61 89.15 84.99 86.89
20% 8x3 51.63 49.53 50.78 36.92 34.38 35.70 88.31 83.95 86.48
12x2 50.11 48.99 49.52 40.33 36.12 38.17 90.32 85.22 87.69
4x5 51.96 51.25 51.61 39.41 37.54 38.58 91.34 88.83 90.19
10x2 52.49 5141 51.97 43.93 38.81 41.06 96.42 90.33 93.02

*Maximum and minimum values in each column are highlighted with bold italics and shaded cells.
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Table 15. Optimizing model

MI. 2x2_16

5%

2" Floor (F.N. 2)

70.18 | Total* | 161.92

M2. 4x2_12

2™ Floor (F.N. 2)

Medium|

office

2™ Floor (F.N. 2)

67.81 | Total | 14857

M4. 82 6

2" Floor (F.N. 2)

Heating | 64.02 | Total | 157.77

L1. 12x1 28

5%

4™ Floor (FN. 5)

Cooling | 45.68 | Heating | 35.08 | Total | 80.76

L2. 122 12

4™ Floor (FN. 5)

Large Cooling | 45.08 | Heating | 30.05 | Total | 75.13

office L3. 12x3_11

3" Floor (FN. 5)

Cooling | 44.32 [ Heating | 30.67 | Total | 74.99

14. 8x3_16

20%

=
=

1 Floor (F.N. 10)

| Cooling | 49.57 [ Heating | 3438 | Total | 83.95

*Total : Cooling EUI (kWh/m?) + Heating EUI (kWh/m?)
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