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ABSTRACT

KEYWORD

Purpose: This study aims to propose an algorithm that generates alternatives for the layout and width-depth of
office buildings to minimize heating and cooling loads. This is because it is necessary to consider energy
performance from the initial stage of architectural design. Method: Office buildings located in Teheran-ro,
Gangnam-gu, are analyzed by classifying site types and establishing base models. An algorithm is developed to
derive optimal alternatives by using building location and width-depth as variables. Rhinoceros and Grasshopper
are used to input basic building data, site boundaries, and surrounding buildings. Environmental analysis is
conducted using the Grasshopper add-ons, such as Ladybug and Honeybee. Galapagos, a genetic algorithm tool, is
employed to determine location and width-depth of the building within the site that minimize heating and cooling
loads. The results are evaluated by analyzing the heating and cooling load of each derived base model. Result: The
proposed algorithm demonstrates that it is possible to generate energy-efficient building layouts and form
alternatives by considering the site context, including shading effects from surrounding buildings and the geometry
of the site. In addition, since the environmental analysis results and design alternatives can be reviewed and
evaluated in real time through variable adjustments, the algorithm can significantly reduce the time-consuming
iterations typical of conventional design processes.
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Table 1. Analysis of previous studies about passive design

. |Aviruch| Yijun | Saffer .
Youxiang ) Atsushi
Division Variables Huan zh:tll eZth::l t:ﬂzs Takano
2025 : : " | (2016
2029 (2024) | (2023) | (2022) ( )
Building height [ )
Sty height °
Architectural i elg.
. Aspect ratio ° °
design - -
. Orientation ° .
variables
WWR ° °
Overhang °
Engineering|  Insulation type ) ° °
design Glass type ° ° )
variables | Solar gain coefficient

Table 2. Analysis of previous studies about building aspect ratio

Kim et al. | Nam et al. | Jung et al. | ZEB Technology &

Division|  5910) (2023) (2025) | Component (2022)

Program| Ecotect Openstudio ECO2 DesignBuilder
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Table 3. Program used in research

Definition
Characteristics
- NURBS-based software for 3D
modeling

Program Purpose

Viewport
inputting data

Rhinoceros

Modeling platform support for
parametric tools like Grasshopper

Visual programming tool for

algorithmic design based on Rhino

Immediate feedback on parameter Algorithm

GH* adjustments editing

- Availability and utilization of inputting data
various purpose-specific add-on
programs

- A program for evaluating

GH* environmental performance using

H .
oneybee EnergyPlus and Radiance
ladybugs

Environmental
analysis

- Real-time analysis based on initial
design changes

Optimization Solver Based on
Genetic Algorithm

Galapagos | - Efficient linking of parameter
controlling, simulation, and
optimization in Grasshopper

Optimization

*GH: Grasshopper

' @ 'putting Site and Building Information !

1-1. Basic Site Information1-2. Basic Building Information 2-1. Ground Material

S —

Fig. 2. Overall grasshopper implementation
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Table 4. Algorithm input value

Phase Program | Phase Input value
Basic site information

- Property line

1-1
Inputting site

1 | and building a:;ﬁ:)er(;i Basic building information
information | &P 15 | _ BCR, FAR, CH*, WWR,
NE#** RC***
2-1 Ground material
2-2 Buildi terial
Environmental | Honeybee P uilding materia -
2 . 2-3 |Building program and condition
analysis ladybug - —
24 Surrounding building,
weather data (EPW)
Optimized Site planning,
1 -1
3 dosign | OMaPagos | 3L idthdepth of a building

*CH: Ceiling Height, **NF: Number of Floor, ***RC: Ratio of Core

\ \

! e Design Optimizing !
2-4. Surrounding Building .
and Weather Data (EPW)

e Environmental Analysis

2-3. Building Program and Condition 3-1. Optimizing

Witdh-Depth |

Site Planning,”
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Vertical shape
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Table 6. Building information input

Classification Model A Model B Model C
T = = [N
N w«’”‘f g “"Mﬂj " = >\
Image |~ /.« \; =" o b A\
=R ' ‘vl J b
e
Site Shape f ; c , b ;
Area 1,586.6.m 1,415.5m 1,396.9m
E 14m 8m 8m
Road w 40m 8m 6m
S 3m 4m 50m (Tehran-ro)
N | 50m (Tehran-ro) | 50m (Tehran-ro) 6m
FAR 792.00% 947.56% 979.12%
BCR 39.60% 47.36% 54.40%
BA* 628.30m’ 670.40m’ 759.85m’
TFA** 12,566.00m” 13,408.00m’ 13,677.30m’
gi'l':gl (;I;fﬁ) 88m (22) 80m (20) 76m (19)
Ceiling 4.0m 40m 40m
height
WWR 60% 60% 60%
Core | 157.08m* (25%) | 167.6m* (25%) | 189.96m> (25%)

*BA: Building Area, **TFA: Total Floor Area, ***NF: Number of Floor
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m
i

Division
Image
Total energy load [kwh/m’| 118.67 123.24 123.76 125.80 125.97 126.57
Heating load [kwh/m’] 29.25 29.28 29.39 29.44 28.95 28.95
Cooling load [kwh/m’] 41.68 46.22 46.63 48.62 49.28 49.88
Width [m] 46.00 34.00 37.00 38.00 36.00 37.00
Length [m] 17.26 23.35 21.46 20.89 22.05 21.46
Building aspect ratio 2.70:1 1.46:1 1.72:1 1.82:1 1.63:1 1.71:1
A Location 2 10
Division Existing building A-7
e | 1
Total energy load [kwh/m’] 126.62 126.79
Heating load [kwh/m’] 28.97 29.06
Cooling load [kwh/m’] 49.91 49.99
Width [m] 37.60 33.00
Length [m] 21.12 24.06
Building aspect ratio 1.78:1 1.37:1
Location 1 1
Division _ B-2
= r ; 7
w || N |
o= iR
Total energy load [kwh/m’] 128.29 129.01 134.66 135.05
Heating load [kwh/m’] 34.09 35.34 33.84 33.40
Cooling load [kwh/m’] 46.70 46.17 53.32 54.15
Width [m] 30.00 31.00 24.00 28.00
Length [m] 16.07 15.55 20.08 17.22
Building aspect ratio 1.87:1 1.99:1 1.19:1 1.63:1
Location 2 8 7 4
B Division B-7 Existing building B-10
T EED [ W
Image ‘ [~ | | H ‘ ‘ |
SN e | e |
Total energy load [kwh/m’] 135.30 139.92
Heating load [kwh/m’] 33.42 34.34
Cooling load [kwh/m’] 54.38 58.08
Width [m] 22.00 24.00
Length [m] 2191 20.08
Building aspect ratio 1.00:1 1.19:1
Location 4 10
Division [ c1 Existing building 5
e = | |
3
Inage | = f i |
I |
Total energy load [kwh/m’] 124.73
Heating load [kwh/m’] 30.16
Cooling load [kwh/m’] 47.29
Width [m] 24.00
Length [m] 29.36
Building aspect ratio 1:1.22
C Location 3
Division C-
F s
Image \ ‘
B
Total energy load [kwh/m’| 126.00
Heating load [kwh/m’] 30.54
Cooling load [kwh/m’] 22.20
Width [m] 21.00
Length [m] 33.55
Building aspect ratio 1:1.60
Location 4
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Fig. 5. Model ‘C’ energy load result

Table 10. Simulation result of rhino viewport

140

130

120

140

130

120

10

100

90

Total Energy Load [kWh/m?]

Total Energy Load [kWh/m?]

Total Energy Load [KWh/m?]

34¢E 118 671<wh/m20§_ 712&2t9] 126.62kwh/m? tH] 6.70%
A Ay o}ﬂi BaleFo] 714 &2 7991 130.76kwh/m? T =]
10.19% 2 A At 43S 4719] tietell A &2 Wix]= 5 |
stz o] m2 e e I8t g Zto] HolA glrt. whaha], BEl Ao|
Ae 2y o2 B o] Ad AE9] Mix]7}t oy 2] SHo||A o]
70 g wE Fig 4.5 2 Bo] Avfolct, el ‘BoA] £H5}
2Fo] 7P Lo Ao L 124 73kwh/m? 2.2 712t9] 125.77kwh/m’
tH] 0.80% ZA TAstH, FHokgFe] M &2 Fe
130.30kwh/m? thH] 4.46% A FAAFHcE AF9] 3709] tiehe et
HH]7E 175010014 2.0:1 Ato]of] a5}, o] -9 vz &= ‘ﬂ% Gl
g2 olA] I8 §F 7o) o] A E]o] Qlet. whabA] E Bo] 9ol
W} e 0] 2ho] 7L 301 H||=R oA o] AH AE x| 7} o 2] &
HolA o feElet Aoz makEch = Co A Fislago] 71y
79 128.29kwh/m?2 2 7]Z<} 135.80kwh/m? thH] 5.85% Z 7|
HhAslE | 2 H51EFo] 714 =8 73901 139.92kwh/m? HH] 9.07%
A AR A9 571 9] et & C-25 Al Qlgh thete] |7t
1:1.00141 1:1.5 W ol &t whabA] Site ‘C' ] 4-¢ @l 7}
7hE 5] 7t ouiz] SHelA o fEj Ao R doEn

¢

oy 2l

43. 24

)
B
-
1o
-{m
Lok
)
lo
>,
re
lo,
i)
)
reL
o ™
ot cg
§
O
o
X,
ujr
=
o
ol
e[}
R

R
e

ot rir

=

i)
TR

e

2|9 g%l w2 %%H‘L, -, gk
A5t o5 A7 Alglo] H
obe Fasr 3728 AT R A

2 =rolde Algdold S
& ouz] WA A5A Aoz 4
Zh el Al ‘A—l’, ‘B-1',°'C-1'¢] 3D 2 ¥l 2| %
ojtt. BEl "A-T'2 b7} 2,70 108 722 71§
1A FEE Hﬂoh Ak frEAT7H =S Eﬂf-‘ﬂ%
7123 H o =2 & A &lste] Bt} g v 9 AT
F otk 2E B-1'o) el 111228, B2 5%
o Wx] o] AW} STHo|| Az 2 2A o] 7psslct Wz W

HYA7EHa] 2ol g 959 g FAYL= fﬂ@o?

S ATE S Qlrh 2E 'C-12 Foiu] 7} 1.87:10] 3 o] &
A F&of| §1zgct, g2 ot A& 8m =2 H}okogum
gEol Aol w2 2 o] FATTE Aste] 254
= 9F-g3te ol g5t & 4 Utk

N fo
o2 Ma b
il

ook gl
ox, I e

o
:(I)L‘
ﬂ
B>
1o
wﬁol-véa
o i o
e%g;‘jh
(]
2%
=
o e fto &
(v = A T
=

(TR
'S

i g:o_u
do 2 ool
R TR = -~ R O o

2 o o

:Ioll 2,
X, -[olu
o{-_l 4,

[o ot e Y rlo ok

Classification Model A-1

viewport

Model B-1 Model C-1

10160

Building aspect ratio
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Load reduction rate* -6.70% -5.85% -0.80%

*Load reduction rate: (‘A-1, B-1, C-1" total energy load/‘existing building’ total energy load)*100
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