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ABSTRACT

Today it is clear that, for the mitigation of climate change, built environments should be designed
according to energy efficiency criteria. For this reason, environmental conditions must be evalu-
ated for site-specific designs based on sustainability. To design energy-efficient structures, it is
essential to evaluate the parameters such as sun, wind, and material in the environment and to
create alternatives for the orientation of the buildings. In this context, in this article, based on the
climatic conditions of Ankara, the facade features of an office building were determined as a result
of optimization simulations, and alternatives were created. The environmental condition data of
the model, which was designed using the Rhino—Grasshopper program, were obtained with the
Ladybug plug-in. Thanks to the Honeybee plug-in, the position of the sun was determined accord-
ing to the day and time zones determined in Ankara, and in this way, alternative facades were pro-
duced to the facade design at the location of the building. By using the genetic algorithms, the best
of these design alternatives was determined. This optimization method was achieved by detecting
the highest peak thanks to frontal optimization based on solar radiation with Rhino—Grasshopper's
Galapagos plug-in. Results show that the partitions on the facade changed according to the posi-
tion of the sun. These partitioning alternatives were processed with Galapagos as different alterna-
tive inputs, and as a result, facade partitioning with the best possible alternatives emerged.

Keywords: Bioclimatic design, daylight analysis, facade optimization, genetic algorithm, ladybug-
honeybee analysis

6z

GlUnUmUzde surdurilebilirlik ilkesine dayanarak yere 6zgl tasarimlar Uretebilmek igin gevresel
kosullarin degerlendiriimesi gerekmektedir. Enerji performanslarina dayali yapilarin tasarlanabil-
mesi igin gevredeki glines, rlizgar, malzeme gibi parametrelerin dederlendirilmesi binalarin tasar-
lanacaklari konumlardaki alternatiflerinin olusturulmasinda fayda saglamaktadir. Bu baglamda bu
makalede, Ankara’nin iklim kosullarina dayali olarak bir ofis yapisinin, cephe 6zelliklerinin optimizas-
yon simtlasyonlari ile alternatiflerinin tasarlanmasi ve bu tasarim alternatiflerinin genetik algorit-
malar sayesinde degerlendirilmesi ile optimum cephe tasariminin saptanmasi gergeklestirilmistir.
Rhino—Grasshopper programi kullanilarak tasarlanan modelin gevresel kosul verileri Ladybug plug-
in’i sayesinde elde edilirken Honeybee plug-in’i araciligi ile de Ankara'da belirlenen giin ve saat
dilimlerine gdre glinesin konumu saptanmig ve yapinin bulundugu konumdaki cephe tasarimina
alternatif cepheler Uretilmistir. Genetik algoritmalar kullanilarak bu alternatif cepheler iginde opti-
mum cephe modelinin segilimi gergeklestirilmistir. En iyinin seciminde, Rhino—Grasshopper'in
Galapagos eklentisi ile glines isinimina dayali 6n optimizasyonu yapilimig ve en yliksek tepe noktasi
tespit edilmistir. Sonuglar, cephedeki béltimlemelerin glinesin konumuna gore degistigini goster-
mektedir. Cephedeki boliimleme alternatifleri Galapagos ile farkl alternatif girdiler olarak iglenmis
ve sonug olarak mimkdin olan en iyi alternatiflerle optimum cephe tasarimina ulagiimistir.

Anahtar Kelimeler: Biyoklimatik tasarim, giin isigi analizi, ladybug-honeybee analizleri, cephe
optimizasyonu, genetik algoritma
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Introduction

Considering the architectural design inputs, it is possible to talk
about the environmental and physical relations of all the build-
ings designed specifically for the site as a context. Developing the
design method of the building by evaluating it with environmen-
tal conditions provides the passive energy system in the archi-
tecture. This provides the comfort and health of the users. Givoni
(1992) stated that when the climate data of the environment are
analyzed, evaluating the wind speed, wind direction, daylight,
and humidity analyses and adjusting them to coincide with the
ASHRAE comfort range and determining the values according to
the months make the design conditions of the buildings more
efficient. These design models are used today as a design method
that integrates with environmental data, which can be called
“bioclimatic,” as well as passive energy supply methods. Watson
(2020) states that the “biology” and “climate” effects of the biocli-
matic design method should be combined and the building and
the landscape should be designed together.

Considering all these environmental conditions, in the literature
review part of the study, how bioclimatic design methods have
developed during the academic research process is discussed.
The importance of environmental values is included in the scope
of evaluation in a case study of the article (Figure 1).

In the application process of the study, the facade of an office
building was designed based on the environmental data of Ankara
province. The environment and context of this office building
were considered alternative facade models that were developed
with the computational design model as a result of bioclimatic
calculations by taking the current location into the values.

In this process, first, the analysis data were modeled and then
the environment of the building and its context were integrated
with the close environment model. As a result of the analysis,
alternatives have been created for the city of Ankara, which
reaches very intense temperatures in the summer months,
in which the kinetic facade model can be transformed. Then,
these alternatives were associated with the genetic algorithm
method, and the best alternatives were determined as a result
of optimization.

Literature Background

This part provides a short literature review on the subject
(Figure 2). First of all, Givoni (1992), using the Olgyay bioclimatic
charts system, has implemented passive cooling systems for
buildings in very hot regions. In their study, Noble and Kensek
(1998) developed sun envelopes via computer and compared
these models with the models they produced by hand. As a result,
settlements on the land were determined by daylighting calcu-
lations in the study. Knowles (2003) argues that solar envelope
values should be made as mobile systems with the landscape to
provide a comfortable environment by using the energy system of
the building in housing planning. Manzano-Agugliaro et al. (2015)
examined the scale variation of bioclimatic architectural systems

Literature Blocllmatlc
: design
Review .
studies
Figure 1.
Method.

Defining
Environmental
Conditions

from urban planning to architecture. Passive and active con-
struction systems were also included in the examined systems.

Based on the academic studies in this field, it has been empha-
sized that the studies on the need to provide maximum comfort
area, especially by considering the environmental conditions
of the applications in local architecture, have increased more
recently.

Watson (2020) emphasized that bioclimatic structures should
provide a particularly microclimatic feature at their scale. He
emphasized that the climatic features between the buildings
should also be considered on an urban scale. Considering the
studies in which the performance-based changes of the kinetic
facades in the building based on the position of the sun are taken
as an example, it was decided that the methodology of the study
should proceed in parallel with related studies (Hosseini et al.,
2019; Ozerol & Selguk, 2021). However, in addition to these stud-
ies, the alternatives created for the facade design of the office
building were optimized.

Environmental Analysis With Computational Design
Technologies

Today, real-time data analysis can be obtained through compu-
tational design technologies. Thanks to the developing technolo-
gies from CAD software technologies to BIM technologies, the
processes of focusing on the energy systems of the buildings
have been included in the early stages of the design. In our work
in which computational design technologies are used, the Rhino-
Grasshopper program, which has been used by architects for a
long time, was preferred as the parametric design interface. It has
become an important factor for the progress of the study that the
climatic data obtained from an empty land in the built environ-
ment in Ankara can be captured and integrated into the program
through plug-ins.

Ladybug-Honeybee Analysis

Installed as an add-on to the Rhino—Grasshopper interface, Lady-
bug-Honeybee' provides environmental analysis data. First of
all, information about the current location is determined via the
Honeybee plug-in (URL-1). These data can be imported as raw
data as EPW? data (Figure 3).

Daylight analysis data obtained from the EPW data in the city of
Ankara are expressed as shown in Figure 4. Bulb temperature and
point temperature here are considered for July and September.
Considering the intense temperatures in the region, the month
of July was chosen as the limitation of the study.

Then, as the other limitation of the study, a value of 20 <a was
determined and only the hot hours due to daylight were pre-
ferred. Wind analysis was used in the second part of the study.
In this, this stage, the prevailing wind direction, force, and spread

" https://www.ladybug.tools/

2 “EPW weather file define basic location information such as longitude, latitude, time zone,
elevation, annual design conditions, monthly average ground temperatures, typical and
extreme periods, holidays/daylight saving periods, and data periods included” (URL-2).

Evaluating
parameters such

as sun, wind, and
material

PLANARCH - Design and Planning Research 2023 7(2): 108-115 | doi: 10.5152/Planarch.2023.221940



110

Sy Q3
’o ‘\9 0" Manzano-Agugliaro, F.,

Montoya, F. G., Sabio-Ortega,

Knowles, R. L. (2003 A., & Garcia-Cruz, A. (2015, X
Givoni, B. (1992) »R. L (2003) (2015) Watson, D. (2020)

Noble, D., & Kensek, K. Zemella, G., &

(1998) Faraguna, A. (2014) Hosseini, S. M., Mohammadi, Ozerol, G., &
M., & Guerra-Santin, O. Selcuk, S.
(2019) e

(2021)

=% Roamm -
L e

Figure 2.
Related Literature as a Timeline.

MAH
UYANIS M. B!/
IVEDIK Karsiyaka
Weather file sources MAH. Mezarlig:
cewe YESILOZ |
® cwsc Yenimahalle AVCILAR g Kegioren ]
= MAH.
® GoG
o Mew KALABA
& MAH. HASKOY
® nNETI F?GFPA’J—KON 2 MR
ISHRAE M.AKIF
® ™™y ERSOY MAH
® weC
® sk ISINLAR M. -
MsI MACUN M. GAMLICA .-~ Altindag
® Nwa &
W RMY AKTAS MAH.
SWEC ‘::_.ﬂ
® swERA - EMNIYET
° MAH. =i
Y2 @ ETIMAR HACETTEPE
o T™MY2 Vg MAH
e
C€TZ2010
erecs Ankara
KAZIM
® INMET SO80THZ0  BALGAT ORBAY MAH.
® BBSR MUSTAFA MAH.
KEMAL MAH.
® TRy e Cankaya MUT
|SHRAE2014 CUKURAMBAR Askeri Bolge MAI
. MAM
Figure 3.
EPW Data for Ankara City.
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Figure 4.
Bulb Temperature and Point Temperature of Ankara.

were analyzed (Figure 5). In addition to these analyses, radiation
data were also obtained numerically.

All obtained values provided data for the modeled structure with
its surroundings. Analyses are shown in situ.

Mass Modeling with Environment and Overlapping by
Environmental Analysis

In this process, a massive three-dimensional model of the office
building was completed, including the existing buildings and
their immediate surroundings. Afterward, the analysis data
obtained on this mass model were overlapped. A clear day and
time range are given for July and September. According to these
determinations, the positions of the sun were re-evaluated.
(Figures 6 and 7).

Sun-Path Diagram - Latitude: 40.119999599999957
Hourly Data: Dew Point Temperature (C}
ANKARA TUR

It is important to evaluate the determined values together with
the office building; however, due to the high residential buildings
in the surrounding area, there is a lack of sunlight on the facades
of the building.

Kinetic Facade Modeling

A facade model proposal has been developed for those changes
according to the direction of daylight on the facade of the envi-
ronmental factor design model. This fagade model is created
with triangular fagade modules. The center points of the surfaces
of each module can be opened or closed according to their dis-
tance from the selected sun positions. In this way, it will open in
a way that will receive more daylight during low peak hours, and
it will move to be partially closed during peak hours (Figures 8
and 9).

PLANARCH - Design and Planning Research 2023 7(2): 108-115 | doi: 10.5152/Planarch.2023.221940



112

m/s
12.90<
11.61
10.32
9.03
7.74
6.45
5.16
3.87
2.58
1.29

<0.00
Wind-Rose

ANKARA_TUR

1 JUL 1:00 - 30 SEP 24:00

Hourly Data: Wind Speed (m/s)

Calm for 14.09% of the time = 311 hours.

Each closed polyline shows frequency of 2.1%. = 47 hours,

Figure 5.
Wind Rose.

While “23” parameter degree is the state of the fagade when the Considering these integer parametric values, it is possible to

sun is in the position where the sun is more inclined, “70” param- change the magnetization according to all positions and hours
eter degree is evaluated according to the position of the sun at of the sun. However, since the changes and transformations in
the top and changes the orientation of the fagade panelization. the facade are very close to each other, finding the most ideal

Figure 6.
Mass Modeling and Environmental Conditions.
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Mass Modeling and Environmental Conditions With Specific Hours and Days.

model for the kinetic facade change makes it difficult for the
designer, so genetic algorithms have been tried, and thus, the
ideal approach has been tried to be found with the optimization
method.

Evolutionary Algorithm and Optimization Process

When the kinetic facade studies are reconsidered with all their
numerical data, they are limited at certain intervals. With the
Galapagos plug-in, in which evolutionary algorithms in Rhino-
Grasshopper are used, the integration of the design with differ-
ent positions of the sun is ensured again. (Figures 10 and 11). “The
common underlying idea behind all these techniques is the same:
given a population of individuals within some environment that

| Qe W w - - wv
2 060 06 09@]@.. eSS

has limited resources, competition for those resources causes
natural selection (survival of the fittest)’(Eiben et al., 2015).

Genetic algorithms are obtained by mutations and different com-
binations of populations. According to Mirjalili (2019) While each
chromosome expresses the solution method, the genes formed
by the chromosomes express the variable parameters. As a result
of the crossovers obtained here, the best solution alternative
is more dominantly shown in the simulations. In our method,
change variables according to the distance of the fagade opening
to the position of the sun are defined as a gene, while each fagade
alternative defines a chromosome. As a result of the optimization
obtained here, the best alternative is the facade model 6.

Figure 9.
Sun Position Parameter Degree “70” and Attractiveness Through Fagade.
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Figure 8.

Sun Position Parameter Degree “23” and Attractiveness Through Fagade.

Figure 10.
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Figure 11.

Optimization Process |I.
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Conclusion and Recommendations

The design modelwastested accordingto bioclimatic approaches.
The study was carried out in Ankara, using environmental-climate
data. In this way, all site-specific data sets were used.

The position of the sun and the area it affects and the wind direc-
tion analyses were made. The mobile facade is designed accord-
ing to the temperature changes in the range determined during
the summer months according to the differences in the sun's
position.

To produce different alternatives to these fagade models, genetic
algorithms have been used in addition to the parametric design
model. In this way, different alternatives have been reached.

In the later stages of the study, the relationship with the interior
will be established and the effect of the position of sunlight will be
measured and the optimization method will be tried.
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