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Abstract:

This research presents a study on the design of a smart and dynamic sunshade with the aim
of improving thermal comfort and well-being during the summer, The system is designed to
effectively eliminate solar spots during the peak summer months particularly in July and
August by adjusting to block excessive solar radiation. On the other hand, it allows maximum
incident radiation during the winter months. The sunshade system will be capable of
dynamically responding to environmental conditions and minimizing solar heat gains while
optimizing indoor light levels. The system has integrated smart buildings. Technologies, such
as Al can make real-time adjustments to reduce energy consumption while maintaining
occupant comfort. This research transitions from a theoretical study of climate and shading
strategies to an applied study that will explain how shading can greatly improve thermal
comfort in an arid area.

Keywords: Solar protection, smart sunshade, shading, shading device, thermal comfort.
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INTORDUCTORY CHAPTER:

General Introduction:

With rising energy demand and an increasingly extreme climate, countries like Algeria are
facing significant challenges both environmentally and economically. In this perspective, the
field of architecture is crucial, not only to reduce energy consumption but primarily to improve
thermal comfort and the well-being of residents. Proposing comfortable and climate-
appropriate indoor spaces, especially in hot areas like Biskra, has become a priority to meet the

needs of occupants while reducing the use of energy-intensive air conditioning systems.

Incorporating sustainable practices in architecture is crucial for improving thermal comfort
and mitigating the effects of climate change. The use of kinetic sunshades, combined with
artificial intelligence (Al), offers a promising solution. Al can be used to optimize the
performance of passive systems, such as sunshades, by dynamically adjusting them based on
real-time environmental conditions. This approach improves the thermal comfort of the
occupants while contributing to better energy management, particularly in hot and arid regions

like Biskra, where cooling needs are high.

The cultural sector also holds significant importance in people's lives, and in the city of
Biskra, a rich cultural heritage defines its identity. The planned cultural center in Biskra offers
a unique opportunity to integrate bioclimatic technologies while supporting cultural activities.
By employing a kinetic sunshade system powered by Al, the center can align with sustainability
goals and serve as a model for future architectural projects. This approach not only improves
thermal comfort but also demonstrates how architecture can contribute to both cultural
promotion and environmental responsibility, offering a vision of sustainable design in Algeria

and beyond.
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Problematic:

Climate change-induced rising global temperatures have had significant impacts on
thermal comfort and raised energy use, particularly in hot, arid areas like Biskra, Algeria. The
need for cooling systems rises massively in these areas, raising expenses and energy
consumption. Even though Algeria already has energy problems, it is crucial to come up with
workable solutions that lower expenses, use less energy, and above all improve building

occupants' comfort, safety and well-being.

Controlling incident solar radiation with creative solutions, like dynamic sunshades that
adjust to environmental conditions, is a practical and accessible way to deal with these issues.
We can increase indoor thermal comfort all year long by minimizing sunspots in the summer

and letting in beneficial light in the winter.

Mastering sun exposure by using ingenious solutions such as dynamic sunshades adapted
to environmental conditions is a practical and affordable approach to addressing these
challenges. This improves thermal comfort indoors throughout the year by reducing excessive

solar gains during the summer and allowing beneficial light to enter during the winter.

* How can dynamic shading systems integrating artificial intelligence contribute to
improving thermal comfort and occupant well-being, while reducing energy consumption in

hot and arid climates?
Hypothesis:

We assume an intelligent sunshade system designed to fulfill multiple functions, making it
a versatile solution for buildings located in hot and arid regions. This system could significantly
improve indoor thermal comfort, reduce energy consumption, and contribute to the well-being

of occupants while enhancing architectural aesthetics.
Objectives:

* To lower internal building temperatures, lessen the impact of direct solar radiation on the
facades. and maintaining a comfortable interior temperature by producing as much shade as

possible during hot seasons, thereby lowering the need for climate control.

* Promoting passive solar energy in the winter by allowing controlled solar radiation
penetration to maintain a good level of thermal comfort without overusing heating while also

enhancing the building's overall energy efficiency.
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Methodology:

Our methodological approach is based on a deep understanding of all aspects related to
the fundamental theoretical concepts of shading, thermal comfort, solar control, and

sunshades.

the design of a dynamic intelligent model capable of optimizing thermal comfort

(shading/sunlight) throughout the year for maximum effectiveness.

This model will be tested through numerical simulation using Grasshopper, Ladybug, and
Honeybee, allowing for a detailed evaluation of its performance in terms of thermal comfort

improvement.

Thesis structure

Dynamic Sunshading System/Cultural Center
Thesis Structure

Theoretical Chapter Analytic Chapter

Literature Review Case Studies

SIMLATION
LADYBUG AND
HONEYBEE

PROTOTYPE
ARDUING

Thermal Comfort i Site Analysis
= 16 / BISKRA CASE SUDY

cal Chapter
ment

Cultural Center
inal
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CHAPTER I: Concepts of thermal comfort

I. CHAPTER: Concepts of thermal comfort

Introduction:

This chapter gives the fundamental definition of thermal comfort and its vital role in
building design, particularly for hot climates like Biskra. It explains how indoor thermal
comfort is influenced by different factors, both user-related, like activity level and clothing,
and environment-related, such as humidity and air temperature. By studying thermal comfort
models such as PMV/PPD and adaptive models, this chapter lays the foundation for finding

the parameters to which dynamic sunshades should respond.

1.1  thermal comfort:

The thermal comfort is that mental state that conveys satisfaction with the thermal
surrounding. ASHRAE defines it: “Thermal comfort is that condition of mind that expresses
satisfaction with the thermal environment". (ASHRAE, 2020, p. 3). According to ISO 7730,
individuals assess and interpret their thermal condition based on their personal preferences.
They make judgments that can be predictive and preferential. Thus, thermal comfort is not
limited to physical parameters alone, but also involves subjective data. ((ISO), 2005). While
both Nicol and Humphreys argue that it depends not only on the physical environment but also
on the expectations of the building's occupants, how they adapt their behaviors, and the
opportunities available to control their environment. (NICOL, HUMPHREYS, & RAOF,
2012).

1.2 Standards for evaluating thermal comfort:

In his book, P.O. Fanger argues that thermal comfort is assessed according to six
factors. The first two relate to the occupants, while the other four relate to indoor thermal
conditions. To achieve thermal comfort, these factors must be in balance simultaneously, due

to the complexity of their interaction in an indoor environment. (FANGER, 1970, p. 15).
These factors are:

1. Activity level (heat production in the body)

2. Thermal resistance of clothing (Clo-value)
3. Air temperature

4. Mean radiant temperature

5. Relative air velocity

6. Humidity
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Together with these other components, Figure illustrates the heat exchanges that occur
between the human body and its surroundings. These exchanges consist of 24% evaporation
and perspiration, 35% convection, 35% radiation, 6% food consumption, and 1% conduction.
Convection and evaporation with the ambient air cause the human body to lose over half of its
heat. Heat exchanges that take place through radiation with walls must also be taken into

account.

Echanges thermiques
Température des parois i .
évaporation
sudation
Température de l'air

Convection
Vitesse de l'air

§E88E

Humidité Rayonnement
Métabolisme .
Ingestion
nourriture
Habillement

im Conduction

Figure I-1: Thermal exchanges of the human body with the
environment taken from the Guide Batiment Durable website (2013)

1.2.1  User-dependent Factors:
1.2.1.1  level of activity:
The term "level of activity" is used to describe the kind and amount of physical

activity a human being undertakes, the impact of which is immediate on his metabolic rate, or
the quantity of energy he spends per unit of time. The energy produced because of a person
remaining idle (approximately 58 W/m2) is quantified by 1.0 met, the international unit of

measure for activity level in thermal comfort analysis.

The body creates greater heat at increased rates of activity, affecting thermal comfort and

subjective feeling. (ASHRAE, 2020, p. 6)
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Activity

Metabolic Rate

met

Wim?

Btu/hAt?

Resting
Sleeping
Reclining
Seated. quiet

Standing.relaxed

0.7
03
1.0
1.2

40
45
60
0

Walking {en Jevel suriace)
0.9 m/s, 3.2 km/, 2.0 mph
1.2 m/s, 4.3 km/h, 2.7 mph
1.8 m/s, 6.8 kméh, 4.2 mph

20
26
kR

115
150
220

Table I-1: Metabolic Rates for Typical Tasks

1.2.1.2  Clothing insulation:

Clothing insulation is a measurement of the clothing's thermal resistance to heat transfer

between the body and the external environment. It is expressed in units of "Clo", with 1 Clo

representing the level of thermal insulation of an average ensemble of clothing worn in an

office environment at 21°C and with low air speed. (FANGER, 1970, p. 32).A study by Kwon

and Choi (2013) explored the relationship between clothing insulation (I_cl), air temperature,

clothing microclimate temperature, and total clothing mass. The results indicate that total

clothing mass and the number of upper layers play very important roles in thermal insulation,

while clothing microclimate temperature plays a lesser role. (KWON & CHOI, 2013)

The following table represents the garment insulation:

Garment Description (I cl)
Shoes 0.02
Short-sleeve knit sport shirt 0.17
T-shirt 0.08
Sweatpants 0.28

Table I-2:Garment Insulation (I_cl) (ASHRAE, 2020, p. 9)

1.2.2  Environmental-dependent Factors:

a. Air temperature (Ta):

Air temperature (usually denoted by Ta) represents the virial temperature of the

surrounding air without direct influence from solar radiation or heat released by nearby

surfaces. (ASHRAE, 2020), air temperature determines heat exchange between the body and

the surrounding environment by convection to a considerable degree. The bigger the difference

in air and skin temperatures, the larger the heat exchange. (FANGER, 1970, p. 12)
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qgconv =hc-A- (T skin —T air) (1

e g conv: thermal convection flux (W)

e hc: coefficient de convection (W/m?-K)
e A: exposed body surface (m?)

e Tskin: skin temperature (°C)

e Tair: ambient air temperature (°C)

This equation highlights that air temperature directly influences convection heat loss.

(GIVONI, 1998)

b. Mean Radiant Temperature (MRT):

defined as “the uniform temperature of an imaginary black enclosure in which a person
would exchange the same amount of radiant heat as in the actual non-uniform environment”
(ASHRAE, 2020, p. 9) It reflects the combined effect of the thermal radiation from all
surrounding surfaces (walls, ceilings, floors, etc.) and is influenced by their temperatures and
geometric configuration relative to the person. (CARLUCCI & PAGLIANO, 2012) Human
thermal comfort is greatly influenced by MRT, particularly in areas with cold walls or strong

solar gains, and in certain circumstances, it can have a greater effect on comfort perception

than air temperature. (FIALA, LOMAS, & STOHRER, 2001)

B Y.(Ts - As) 2

Tr =
r Y As

e Tr: mean radiant temperature (°C)

e Ts: temperature of each surface (°C)

e As: apparent surface area of each surface with respect to the individual (m?)

¢. Operative temperature (To):
Operative temperature is an overall indicator that quantifies thermal comfort. (ASHRAE,
2020) It is a mean of the air temperature and mean radiant temperature, thus expressing the

combined effect of convection and radiation on the human body. Through the integration of
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these two crucial factors, operative temperature offers a handy and useful approximation of

how a space inside feels to occupants. (NICOL, HUMPHREYS, & RAOF, 2012, p. 23)

It is widely used in thermal comfort studies and building design studies to estimate overall

thermal sensation, especially under stationary conditions or low air velocities. ((ISO), 2005)

To =ATa +(1 — A)Tr 3

o A =0.5 if the relative air velocity (vr) is less than 0.2 m/s
e Ta = Average air temperature (°C)

e Tr = Mean radiant temperature (°C), defined by equation (1.2)
d. Air velocity:

Air velocity, air velocity variations, air temperature, and individual characteristics
like total thermal sensibility all affect how humans perceive air movement. (TOFTUM, 2004)
The speed and direction of air flow in relation to a certain spot is referred to as wind velocity
and it plays a critical role in thermal comfort by influencing convective heat exchange between
the human body and the environment. (CONG, et al., 2021) Higher wind velocities will further
cool by raising evaporation of perspiration, making individuals feel cooler in warm
environments. But excessive wind velocities will result in draught distress, especially in cold

environments, inducing localized chilling. (TOFTUM, 2004)

e. Humidity:

Humidity refers to the quantity of water in the air in the state of water vapor.
Humidity is a metric of water vapor content within the atmosphere. Water vapor, the gaseous
state of water, is usually not perceptible by human senses. Humidity refers to the likelihood of
precipitation, dew, or fog. (BUENO & AUGUSTO, 2021) Humidity is a measure that depends
on temperature and pressure of the system involved. The same amount of water vapor produces
higher relative humidity in cold air than in warm air. Another similar measure is the dew point.
The amount of water vapor which must exist in order to produce saturation increases as
temperature increases. When the temperature of a given volume of air is reduced it will
eventually saturate without adding or subtracting water mass. The quantity of water vapor
contained in a parcel of air can be very unreliable. For example, a saturated parcel of air has 28
g of water per cubic meter of air when it's 30 °C (86 °F) but just 8 g of water per cubic meter

of air when it's 8 °C (46 °F). (ONABANJO & OLANIPEKUN, 2023, p. 10)
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Thermal Comfort Models:

a. PMV/PPD Model (Fanger):
The Predicted Mean Vote (PMV) model, developed by Fanger (1970), is not just a

simple thermal index; it tries to predict the mean vote of a group of subjects' thermal sensation
on the ASHRAE 7-point scale from six environmental and personal variables: air temperature,
mean radiant temperature, air velocity, relative humidity, clothing insulation, and metabolic
rate (FANGER, 1970, p. 21) (NICOL, HUMPHREYS, & RAOF, 2012, p. 46).The basic
premise of the PMV model is that thermal sensation derives from physiological discomfort,
1.e., the difference between the heat produced internally and lost to the outside environment,
while the subject maintains skin temperature and sweat rate comfort levels (FANGER, 1970).
The criterion only applies within uniform clothing insulation levels (NICOL, HUMPHREYS,
& RAOF, 2012).Empirical testing of the PMV model was conducted using experiments in a
climate chamber at the Kansas State University and the Danish Technical University, both with
female and male subjects. The experiments measured the heat load and permitted it to be
correlated with comfort votes, thereby making it possible for PMV to estimate comfort

responses in numerous various situations (HUMPHREYS & NICOL, 2002).

The Predicted Percentage of Dissatisfied (PPD) is obtained from the PMV value as an
approximation of the percentage of people who would be most probably thermally
uncomfortable. Dissatisfaction is defined as voting out of the middle neutral zone (+1) of the

ASHRAE scale ((ISO), 2005) .

However, experimental outdoor work suggests that the PPD is not an effective measure of
real thermal dissatisfaction, especially in circumstances with varied clothing and activity levels,

rendering it dubious in its overall applicability (HUMPHREYS & NICOL, 2002).

Additionally, the residents use a thermal feeling scale with nine points that is defined as
follows: 0 neutral, +1 somewhat warm, +2 warm, +3 hot, -3 cold, -2 cool, -1 slightly cool, and
+3 hot. The acceptable range is a PMV deviation of £ 0.5 and a PPD of 10%, which indicates
a thermal discomfort for the entire body. However, there is a 20% PPD with a + 0.5 PMV
difference when a 10% local in consolation percentage is added and felt on a portion of the
body. The comfort zone shown in Figure 1.4 is equivalent to a PMV of + 0.5. (ASHRAE, 2020,
p. 48)

+3 Hot

I1|Page



CHAPTER I: Concepts of thermal comfort

+2 Warm
+1 Slightly Warm
0 Neutral
-1 Slightly Cool
-2 Cool
3 Cold
Table I-3:Seven-point thermal sensation scale ((1SO), 2005, p. 2)
iés ao | PPD =100 - 95 * exp ( - 0.03353 PMV - 02179 PM.'{ ")
=z o '
w— 40 t "N i ¢ —r~1
Qo ., S i
lmu lix ’\‘) 1 T _— <+ -+ ;r
- ?_) 20 \ v
8%
= \ /
(_') lz) 1 ') h 4
D O it -1\ -~
2y o S 17
al s & g
4 ~ .
20 1.5 1.0 05 0 05 1.0 1.5 2.0
PREDICTED MEAN VOTE ( PMV)
Figure I-2:PPD as a function of PMV (ASHRAE, 2020, p. 23)

b. Adaptive thermal comfort:

This model was introduced in ASHRAE 55 for the first time in 2004. It emphasizes the
point that people interact dynamically with their environments through clothing adjustments,
window operation, use of shading, or changes in activity in response to indoor and outdoor
conditions that fluctuate. Compared to static thermal comfort models, the adaptive model
embraces variation in acceptable indoor temperatures by climate, culture, season, and personal
control over the environment. In a building cooled solely by natural ventilation, the indoor
temperature depends more on the outdoor weather conditions. (NICOL, HUMPHREYS, &
RAOF, 2012)

Conclusion:
The chapter concluded that thermal comfort is multifactorial and dynamic, especially
critical in arid climates with intense temperature fluctuations and solar radiation. Integrating

thermal comfort models enables architects to quantify user satisfaction and develop climate-

12|Page




CHAPTER I: Concepts of thermal comfort

responsive strategies like intelligent sunshades. We will apply one of these models to optimize

our sunshade design for thermal performance and user comfort.
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II. CHAPTER II: Shading and solar control using shading devices

Introduction:

This chapter explores solar control as a fundamental strategy for enhancing thermal
comfort in arid climates. It examines the evolution of sunshades from traditional Islamic
architecture to modern parametric systems, classifies shading devices (vertical, horizontal, and
egg-crate), and introduces adaptive shading concepts through notable examples like Al Bahar

Towers and the Arab World Institute.

2.1 Importance of solar control in arid zones

Thus, in desert regions, where solar radiation conditions are severe, solar radiation control
is an essential requirement for a building to be energy-efficient and thermally comfortable.
Deserts exhibit high daily range of temperature and sunshine nearly throughout the year and
low relative humidity. (GIVONI, 1998, p. 34) The goal of solar control is to maximize natural
lighting while minimizing unwanted thermal charges during hot weather. She may lessen
reliance on mechanical climate control, which is crucial in an environment-friendly and energy-
efficient setting. (OLGYAY, 1963, p. 74).Solar control systems include the orientation of the
building, the size of the openings, the use of sun protections (canopies, sunshades, awnings),
and the use of materials with high thermal inertia. They are complementary and work to reduce
overheating, improve comfort, and assist with effective natural ventilation. (NICOL,
HUMPHREYS, & RAOF, 2012, p. 124) Generally, solar control as architectural form in a dry
and hot environment is not only an architectural form but also the essence of bioclimatic design
itself. (FATHY, 1986, p. 58) It takes the forefront in adapting the built environment to the
context, and also in honoring the available natural resources. His design vocabulary was
influenced by historical craft techniques, public health considerations, and climate variables.
Prof. Fathy had sophisticated passive environmental control techniques that addressed
economic, cultural, and physical issues in accordance with hot, dry region norms. (FATHY,

1986)

2.2 Evolution and Historical Background of Sunshades:
2.2.1 Traditional Systems in Arid Architecture:
In deserts, civilizations have developed, over the centuries, climate-appropriate
architecture, including clever devices for obtaining maximum shade and protection from
intense solar radiation. The mashrabiya is among the most paradigmatic devices: designed in

exquisite carved wood, it filters the light, generates moving shadows, insures privacy, and

I5|Page



CHAPTER II: Shading and solar control using shading devices

enhances natural ventilation, but represents a strong cultural and artisanal identity unique to
Islamic cultures (FATHY, 1986, p. 12) (EDWARDS, 2006, p. 48). Combined with widespread
screen subtraction, typically fabricated with terracotta or wood, this arrangement allowed for

light and interior spaces cooling

adjustment without any application of mechanics (OLIVER, 1997).

Figure I1-1: Mushrabiya (FATHY, 1986, p. 7)

Shaded and well-insulated corridors were also present in traditional buildings as well as
used not only for circulation but also facilitation of air movement, hence contributing to cross-
ventilation (OLIVER, 1997) . Distinctive architectural features such as arches, vaults, and
domes were classically used not only for their aesthetic and structural value, but also because
of their ability to block direct sunlight while enabling heat to be radiated out via the convection
mechanism. The malgaf or wind catcher was used to trap prevailing breezes and throw them

into the interior of the dwelling, actively enhancing passive cooling. (FATHY, 1986, p. 15)

Consequently, vernacular construction in hot climates such as the Maghreb, the Middle
East, and the Arabian regions demonstrates an intuitive understanding of climate change
articulated in morphology and materiality of architecture. These functional, sustainable, and

culturally embedded passive strategies are still relevant to contemporary bioclimatic building
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in hot and arid climates (EDWARDS, 2006).

Figure I1-2: unité¢ d'habitation Marseille indoor street (CURTIS, 2015, p.
173)

2.2.2 Sunshades systems in modernism:

The solar protection issue also had a more rationalized aspect with the advent of
modernism. Le Corbusier proposed the brise-soleil as a new architectural solution for solar
gain in the tropics, particularly in India and North Africa. Prefabricated concrete pieces allowed
modulated light and heating return from glazed surfaces, with raw concrete aesthetic caught
(CURTIS, 2015, pp. 161-203). In emblematic structures such as the “Palais de I'Assemblée” in
Chandigarh or the “Unite habitation” in Marseille, he applied solar regulation principles on a
large scale, translating climatic demands into a modernist syntax (JENCKS, 2000). Le
Corbusier's theoretical tool, Modulor, also influenced the location and size of brise-soleils in
order to optimize the relationship between architectural form and thermal convenience

(CORBUSIER, 1948).

Figure II-3: Diagram of a brise soleil at Aburi Girls' Scilool, Ghana, from Tropical
Architecture in the Humid Zone, 1956, publisher B.T Batsford, Courtesy of RIBA

British architects Jane Drew and Maxwell Fry were the pioneers of Tropical
Modernism, translating the modernist principles to the climatic conditions of West Africa. In
structures like the Wesley Girls' School in Ghana, they utilized brise-soleil to facilitate cross-
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ventilation and protect interiors from direct sun light, utilizing materials and constructions

suitable for the environment (AKADI, 2024).

French architect Guy Lagneau was responsible for rendering modernist architecture

sensitive to tropical climates. In the Hotel de France in Conakry, Guinea (1953—1954), he used
|

l»\

Figure I1-4: Residential building, Conakry, 1953
(Atelier LWD Lagneau, Weill, Dimitrijevic, architect).
Adjustable facade panels designed by Jean Prouvé.

passive cooling design features such as brise-soleil, adjustable aluminum shutters, and elevated
buildings to allow air circulation and reduce heat gain. The building, designed in collaboration
with Michel Weill and Jean Dimitrijevic, was one of the instances of a new trend towards

climate-sensitive modernism in West Africa.

Brazilian architect Oscar Niemeyer incorporated aspects of brise-soleil in a broad
scale into his modernist buildings to respond adequately to the tropical climate. His buildings
prefer to use sweeping curves and sculptural concrete geometry that also act as functional solar

sun-shading devices.

One such example is the Niemeyer Building at Belo Horizonte, which employs
horizontal concrete brise-soleil that reduce direct solar gain but heighten the building's iconic
curved facade, balancing climatic accommodation and aesthetic expression (MORENO, 2017)

(FRAMPTON, 1992).
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Niemeyer's application of brise-soleil demonstrates how architectural language of
modernism had been possible to be applied to regional climatic conditions, integrating art with

environmental design solutions suitable to sunny and hot climates (HOLSTON, 1989).

223 Contemporary and Parametric Sunshades Systems:

In the context of the post-1970s environmental crisis and energy-awareness paradigm,
solar protection methods made more responsive and energy-saving systems. Consequently,
climate information and sustainability principles resulted in responsive architectural envelopes.
Architect Jodo Filgueiras Lima (Lelé¢) in Brazil was an early adopter in the use of
prefabricated sun shading devices in public buildings adapted to tropical climates, combining

industrialized construction with climatic responsiveness (VALE, 1992).

In the last decades, development in parametric design software and intelligent
technologies enabled the possibility to design dynamic kinetic fagades that respond to
environmental conditions. These systems are often fitted with real-time sensors, motors, and
programmable materials that change the configuration of the shading devices in terms of
solar angles, interior light levels, and occupant preferences. For instance, the Al Bahar Towers
in Abu Dhabi employ a mashrabiya-inspired kinetic facade made up of motorized modules
that open and close depending on solar radiation, greatly minimizing heat gain and glare and
drawing from traditional vocabulary of design (KOLAREVIC, 2003). According to
(MICHELLE & DANIEL, 2005)in Smart Materials and New Technologies, such adaptive

systems are an intersection of architectural performance and environmental smartness.

Rivka Oxman in her journal similarly emphasizes how performance-driven parametric

design can be used to generate optimized shading geometries based on concept of climate

Figure I1-5: Al Bahar Towers Responsive
Facade
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simulation, ushering in a new design era that is adaptive as well as sustainable (OXMAN,

2015).

2.3 Types of Sun shading devices:

Sun shading devices are architectural devices designed to control the entry of solar
radiation into buildings, in order to improve thermal and visual comfort. Several types of
sunshades are identified in the architectural literature, particularly in reference works such as
"Design with Climate" by (OLGYAY, 1963) and the "Manual of Tropical Housing and
Building" by (KOENIGSBERGER, 1974).

sunshades can be classified according to their orientation (horizontal or vertical), their

operation (fixed or movable), and their position relative to glazing (external or internal).

Victor Olgyay emphasizes passive solar control as a key element in bioclimatic design.
He classifies sun breakers mainly based on building orientation and the sun’s angle of

incidence:

2.3.1 Vertical Sunshades:

Vertical sun shades are fixed at right angles to the horizontal plane of the facade. They
are very effective on east- and west-facing fagades, where low-angle sunlight in the morning

and afternoon early and late, respectively, strikes the building full on.

In hot, dry climates—such as those in countries like Algeria—solar radiation on these
orientations makes a significant contribution to overheating, especially during summer. Since
the sun's path at these latitudes directs strong, low-angle sun onto the east and west fagades,
stationary vertical louvers achieve maximum shading effectiveness in blocking direct sunlight
without reducing daylight and ventilation. Their effectiveness will vary microscopically with
the season, but overall, they are one of the most effective passive shading techniques for
reducing thermal gains on low-sun-angle facades of arid, high-insolation climates. (OLGYAY,

1963, pp. 93-105)
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2. VERTICAL

Figure I1-6: Vertical solar protector with protective
shade (OLGYAY, 1963, p. 48)

Their performance is quantified by the horizontal shadow angle (5). Thin blades closely
spaced can cast the same shadow angle as more spaciously set and thicker blades. Using the
shadow angle protractor, a 'shading mask' for any particular device can be established. In a
vertical device, it is the standard sector form, illustrated in Figure. If this is accurately scaled
with the protractor, on trace paper, it can be traced over onto the appropriate solar chart, and
the 'shading times' for the particular device (dates and hours) read directly. This is a highly
expedient short-cut, avoiding having to calculate solar position angles. (KOENIGSBERGER,

Figure I1-7: Vertical shading devices (KOENIGSBERGER,
1974, p. 113)

1974, p. 113).
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2.3.2 Horizontal Sunshades:

In order to shelter indoor spaces from direct solar radiation when the sun is high in the sky,
especially around midday, a horizontal sunshade is a stationary or movable horizontal shading
device that is typically placed above windows or glazed openings (OLGYAY, 1963, p. 124)
(SZOKOLAY, 2008, pp. 156-157).

One of the main reasons of interior warming, particularly during the summer, in hot and

arid regions like Algeria is solar heat gain (KOENIGSBERGER, 1974, pp. 98-100)

The hottest times of the day, from late morning to mid-afternoon, are when the sun reaches
its maximum angles on south-facing facades in the Northern Hemisphere (YANNAS, 1994, p.
88).
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Solid  horizontal Overhang partially solid, Louvers parallel to Tilted louvers parallel to
overhang with 100% | partially louvered wall, which do not secure | wall fit in some sun rays at
and 50% segmental 100% shade. Therefore, the | high altitudes, as shown in
mask. mask shows only 50% | mask

shading.

Table II-1: Horizontal types of sunshades (OLGAY & OLGAY, 1957, pp. 88-89)

In these situations, horizontal sunshades are most effective because they decrease the

amount of heat that enters the structure by intercepting sun rays at high angles
(KOENIGSBERGER, 1974, p. 99).

Additionally, they allow the winter sun penetrate the building at low angles, resulting in

interior comfort and passive solar heating.

In addition to improving visual comfort and reducing the need for cooling energy, these

sunshades also lessen glare and solar radiation. (SZOKOLAY, 2008, p. 157)
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\ =
- J 2
=
Tilted louvers parallel to Overhangs with Tilted louvers Canvas canopy will
the wall, but unequally spaced | louvers perpendicular to perpendicular to wall will have some characteristics
will secure 100% shading at wall will cut out sun rays have the same as a solid overhang.
high sun altitudes from the side. characteristics as type F,
but the mask will be
asymmetrical
Table II-2: Horizontal types of sunshades (OLGAY & OLGAY, 1957, pp. 88-89)

2.3.3 Egg-crate shading devices:
Egg-crate shading devices are combinations of horizontal and vertical elements. Many

types of grille-blocks and decorative screens may fall into this category. These can be effective

for any orientation depending on detail dimensions.
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ue|d

NSeIAl

Tilted louvers Overhangs with Tilted louvers Canvas canopy will have
parallel to the wall, but louvers perpendicular to perpendicular to wall will some characteristics as a solid
unequally spaced will wall will cut out sun rays have the same characteristics overhang.
secure 100% shading at from the side. as type F, but the mask will
high sun altitudes be asymmetrical

Table I1-3:Egg-crate types of sunshades (OLGAY & OLGAY, 1957, pp. 88-89)

2.4 The modes of movement of mobile sun shading devices:
According to (SCHUMACHER, SCHAEFFER, & VOGT, 2012), there are various

typologies of movement for these devices:

a) The sliding movement:
These devices typically move along an axis parallel to the fagcade, allowing the openings
to be uncovered. Their primary function is to regulate solar radiation by controlling its entry

through obstruction.
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Figure I1-8: The sliding movement (SCHUMACHER, SCHAEFFER, & VOGT, 2012)

b) The pivoting movement:

By rotating on either a horizontal or vertical axis, a pivoting device can be positioned
perpendicular to the envelope. It effectively controls the amount of light input and reflects solar

radiation.

A AR H e

Figure I1-9 : The pivoting movement (SCHUMACHER, SCHAEFFER, & VOGT, 2012)

¢) The pliant movement:

It is similar to the pivoting movement, what sets it apart is that its four attachment points

ensure great rigidity against the wind, and it takes up less space when it is open.
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Figure I1-10: The pliant movement (SCHUMACHER, SCHAEFFER, & VOGT, 2012)

Four other systems of movement and geometric transformations can be
used in adjustable solar protection devices: Translation: the movement takes a position in the
direction of a vector. Rotation: devices move around an axis. Scaling: it's the contraction and
expansion of devices. The movement by deformation of materials: depends on the properties

of the materials that change, like weight and elasticity.
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Figure I1-11: The transformation movement (SCHUMACHER, SCHAEFFER, & VOGT, 2012)
2.5 Adaptive sun shading devises:

2.5.1 Definition of adaptive sunshades:

Adaptive sunshades can be used as high-performance, multi-parameter architectural

systems. Unlike fixed shading devices, adaptive sunshades can react dynamically,
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mechanically or chemically to exterior climatic changes in an attempt to satisfy internal thermal

loads and occupants' comfort needs (LOONEN, TRCKA, COSTOLA, & HENSEN, 2013).

The concept of adaptive sunshades is typically explained by a variety of comparable terms
in scientific as well as professional texts. These are: active, dynamic, intelligent, interactive,
kinetic, responsive, smart, or switchable, to mention but a few. Although each of them has some
slight implication, they are typically applied synonymously and without any standardization.

(LOLLINI, FASANO, MERONI, & ZINZI, 2010)

Traditional shading devices, however, are largely static and cannot respond to changes in
the environment. The progression towards climatologically responsive sunshades is a
significant advancement, offering the potential for modulating building performance according
to ambient conditions. The change has immense promise for reducing energy consumption for
cooling and lighting, coupled with enhanced indoor air quality, thermal comfort, and visual

well-being. (OLEWNIK, LEWIS, & SIMPSON, 2004).

2.5.2 The appearance of adaptive sunshades:

The use of adaptive facades has been employed since the 1960s. as the one of the earliest
examples responsive building skins of Los Angeles County Hall of Records, designed by
Richard Neutra in 1962. Buckminster Fuller's fagade for United States pavilion built for the
1967 Montreal Expo is another early example of automated climate-adaptive envelopes. The
exterior of this geodesic dome was built using a transparent cover of acrylic panels, as seen in
Fig., with interior canvas sunshades controlled by a computer program that would adjust them
against the motion of the sun. (AHMED, ABDEL-RAHMAN, MAHMOUD, & SUZUKI,
2016, p. 3)

Adaptive architecture is based on an adaptive thermal comfort design, in which occupants
actively participate. Thus, it gives users the freedom to adjust their comfort so that they can
improve their comfort level and reduce the energy usage of the building. (CLEAR, FRIDAY,
MORLEY, & BITES, 2013, p. 1)

The ability to modulate or adjust the envelope in accord with the movement of the sun
shading the rays to avoid overheating and glare, or opening to exploit passive gains in heat and
daylighting has given rise to what has been called the smart building envelope, a major
technological development (LOONEN, TRCKA, COSTOLA, & HENSEN, 2013, pp. 483-
493).
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More recently, adaptive, resilient, and climate-responsive building envelopes have been
created. Adaptive architecture increases comfort for users by optimizing energy performance

through adaptability.

Figure II-12: The canvas sunshades in Montreal Expo
Dome by Buckminster Fuller’s 1967

2.5.3 The contemporary adaptive sunshades systems:

The growth of information technology has enhanced the ability to manipulate complex
models of flexible sunshades, supported by more efficient energy performance calculation
tools, thereby enabling the design of an optimal envelope tailored to specific conditions and
contexts. The advantages of such technological progress have contributed to the emergence of
new facades and envelopes with developed adaptability qualities, as demonstrated by the

following examples:

2.5.3.1 Institute du monde Arabe:

this kinetic response is envisioned and illustrated by the iconic Jean Nouvel kinetic facades,
Monde de Arabe (1980), where hundreds of sliding planes (25,000 photoelectric cells similar
to a camera lens) were motorized and placed within the fagcade. Various sensors measure
daylight and open or close the irises as needed to control the level of light. the system using

complex motorizations and an enormous number of motorizations. (Coelho, Maes, & Pattie,

2009).
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Figure I1-13: The dynamic southern facade of the Arab World Institute in Paris
(Source : http://www.architecture-studio.fr)

2.5.3.2 Al Bahar towers:
Inspired by the ancient "Mushrabiya," Abu Dhabi's Al Bahar Towers designed by Aedas

Architects have an inventive adaptive facade that maximizes inside comfort and energy
efficiency in the arid climate. 1,049 triangular PTFE (polytetrafluoroethylene) shade modules
for each, mounted on motorized frames are installed on the two towers. In order to maximize
natural lighting and minimize direct solar gain and glare, the modules open and shut in reaction

to the path of the sun. (ARUP, 2012).

Figure I1-14: The dynamic shading system at Al Bahar
Towers (ARUP, 2012)
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The system is controlled by solar tracking software that adjusts the modules' opening every
15 minutes based on the sun's angle. Sensors measure brightness and wind speed, allowing the
system to react to weather conditions: in the event of strong winds or cloud cover, the modules
can open to avoid excessive loads or to maximize natural lighting. (COUNCIL ON TALL
BUILDINGS AND URBAN HABITAT, 2012).

Figure I1-15: Simulation of the operation mechanism of the sunshades at Al Bahar
Towers (COUNCIL ON TALL BUILDINGS AND URBAN HABITAT, 2012)

This biomimetic approach, inspired by the mangrove flower and Islamic geometric
patterns, allows for a radical reduction in energy consumption related to air conditioning while

giving the towers a strong architectural presence. (ARUP, 2012)

2.5.3.3 Helio Trace Architecture Center:

The Helio Trace Architecture Center is not a physical building, but a project idea realized
by Skidmore, Owings & Merrill (SOM) with the assistance of Permasteelisa Group and the
Adaptive Building Initiative (ABI), a consortium between Buro Happold and Hoberman
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Associates. The fascinating concept aims to develop a kinetic and adaptive fagade capable of
increasing the energy efficiency of buildings while providing occupants with excellent visual

comfort.

Designed as part of a design competition organized by the Adaptive Building Initiative
team, the "Helio Trace" facade design relies on a sophisticated kinetic curtain system that can
change in real time based on its environment. The architects imagined a configuration that
would optimize the control of natural light and limit the impact of glare, while cutting solar
gains down by 81%. To achieve this, they developed a kinetic shading system covering the

entire facade, based on their "Strata" patterned system.

The Helio Trace kinetic system can continuously track the sun's movement throughout the
day and year. Unlike other mechanisms, this kinetic model is specifically designed to maximize
natural light load while reducing solar heat load, thereby improving occupant comfort and
reducing the building's energy consumption. (AHMED, ABDEL-RAHMAN, MAHMOUD, &
SUZUKI, 2016, p. 4)

Integrated curtain
- wall system

" -

- Radiant Ceilings
- Under floor dedicated
outside air system
- Chilled permitter beams

g

Systems System  Integrated curtain wall MEP and Internal
housing housing system System

Figure I1-17: The 3D section for Helio Trace Centre window unit by SOM/ABI/Permasteelisa,
2010
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2.5.3.4 Q1 office building:

located in Essen, Germany, the Q1 office building designed by JSWD Architekten in
collaboration with Chaix & Morel et Associés features a facade that plays a critical role in
controlling solar gain as well as natural light. The facade is also equipped with an innovative
3,150 removable vertical stainless steel fin shading system. Each fin is equipped with
adjustable horizontal louvers that can be oriented according to light and temperature demands,
thus achieving dynamic light penetration control and avoiding glare. This system not only
optimizes interior visual comfort, but also optimizes the building's energy performance by
reducing air conditioning requirements. Cabling required to control these mobile elements is
built into conduits hidden at the bottom and top of the fagade for convenient and discreet

operation of the system.

This is an optimized system that makes use of the adjustable horizontal blades and adaptive
vertical parts. The vertical fins spin 180 degrees around the ducts, while the horizontal louvers
function as a miniature light shelf and reflect light into the interior spaces. They create a highly
sustainable and energy-efficient system by moving in accordance with the sun's angle, which
lessens the need for artificial lighting and air conditioning. Additionally, this system aims to

maximize user views (GREFEN, 2010, pp. 100-105).
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Figure I1-18: The shading system f Ql
Building with removable vertical fins
(Source: http:// www.tommr.de)
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I11. CHAPTER III: Parametric design of a smart model for solar

control using “Grasshopper” and “Arduino”

Introduction

This chapter presents the methodological development of a smart sunshade system using
parametric tools such as Grasshopper, Ladybug, and Honeybee. It begins by introducing
parametric design principles and justifies the choice of simulation software. The chapter then
describes the simulation model, a hybrid egg-crate shading system optimized for Biskra's hot-

arid climate and the simulation protocol used to assess its performance

3.1 Parametric design:

Parametric architecture received considerable momentum in the past decade, greatly
altering workflows within architectural design. Depending on the definition of logical
relationships and modular parameters, the approach can generate complex and adaptive
geometry. Unlike traditional techniques, parametric design involves sketch behavior being
included in advanced modeling software, allowing access to new formal investigation and

creation of innovative geometries. (SCHUMACHER P. , 2009, pp. 14-23)

Design parameterization preserves the original ideas of the designer while enabling the
creation of alternatives based on particular limitations. After the relationships are established,
the model can be dynamically modified to evaluate various configurations, allowing for

ongoing project optimization. (TUCKER, 2014)

e -

=y w v

Figure I1I-1: Heydar Aliyev Center

3.2 Why parametric design?

Parametric design is a recent tendency in contemporary architecture, based on the creation
of parameters and rational rules through which reactive forms, structures, or systems can be

generated (JABI, 2013).Unlike traditional design, in which each object is manually defined,
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parametric design enables the generation of dynamic models capable of altering a response
according to environmental, technical, or aesthetical constraints. (TURRIN, VON BUELOW,
& KILIAN, 2011, pp. 401-420).

In kinetic fagades and intelligent envelopes, parametric design plays a defining role. It not
only allows the modeling of complex systems but also their behavior is simulated based on
environmental inputs such as the position of the sun, temperature, or even the natural light
requirements in spaces (ECHENAGUCIA, CAPOZZOLI, CASCONE, & SASSONE, 2015,
pp. 577-591).For this purpose, it is a proficient tool for the development of adaptive solar
control systems and energy optimization (HASSAAN, MAHMOUD, & ELGHAZI, 2016, pp.
111-127). Coupling the parametric tool Grasshopper (Rhino plugin) with Honeybee and
Ladybug environmental extensions allows one to explore and print responsive shading systems
(ZARI & HECHT, 2014, pp. 120—-135). Architects are able to design envelopes that can respond
in real time to their environment, thus opening the doors to more efficient, more sustainable
architecture, and more focused on user comfort (VELASCO, MENDIVIL, & OLMEDO,
2021).

3.3 The Components of Parametric Models:

Parametric architecture is based on a logical framework consisting of interrelated
components. They are the required elements for generating, managing, and modifying

geometries within a design system. The basic components tend to be:

a. Parameters: These are variable inputs (e.g., numbers, angles, sizes, or material
properties) that control and define the form of geometry. Parameters allow designers to
explore a vast number of design possibilities efficiently (JABI, 2013).

b. Geometric relationships: They define how parts relate, constrain, or influence each
other. They form dependencies within the model, for instance, alignments, proportions,
or symmetry rules (TURRIN, VON BUELOW, & KILIAN, 2011).

c. Algorithms or rule-based logic: This refers to the name given to the logical operations
or sets of operations that generate geometry from parameters. Algorithms record design
intent and allow dynamic control of form through the use of computation
(WOODBURY, 2010).

d. Output geometry (generated form): This is the outcome of the implementation of

rules and parameters. The resulting geometry is not static and can be altered in real time
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by modifying the input variables, making the design process interactive and iterative

(JABI, 2013).

These components are parametrically controlled together in environments like
Grasshopper or Dynamo, enabling the generation of intelligent architectural systems that

respond to environmental, spatial, or structural constraints.

3.4 The investigative tool: (numerical simulation)

3.4.1 Rhinoceros 3D + Grasshopper:

a) Rhinoceros:

Rhinoceros (or simply Rhino) is a 3D modeling application developed by Robert McNeel
& Associates to build non-uniform rational B-splines (NURBS) for generating free-form
geometry. First released in 1998, the software has evolved over the years and the number of
users has grown across various design disciplines like architecture, structural engineering, and
industrial design. Its growing popularity reflects its usability, adaptability, and a large library

of powerful add-ons and plugins.

Rhinoceros

NURBS modeling for Windows

Figure II1-2: the logo of the Rhino software
(https://www.rhino3d.com)
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While Rhino's strength in modeling is already firmly established, its true design capabilities
are significantly enhanced by Grasshopper, a graphical programming plug-in enabling

designers to define and manipulate complex shapes and systems through parametric reasoning.

Figure III-3: the interface of the Rhino software
(https://www.rhino3d.com)

The presence of Grasshopper makes Rhino a computer-intensive design tool, much valued for

concept thinking and performance-based design in architectural workflows (JABI, 2013).

b) Grasshopper:

Grasshopper is a graphical programming platform that exists as a plugin within Rhinoceros
3D (Rhino). Designed by David Rutten of Robert McNeel & Associates, Grasshopper enables
architects and designers to make sophisticated systems and shapes using the node-based
interface—without scripting or coding. Instead of typing line after line of code, users connect
nodes used to define variables, data streams, and operations and construct parametric relations

and generative design logic.
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Grasshopper is especially valued for its ability to analyze iterative and data-driven design
issues, making it a fundamental piece of software in computational architecture, digital
fabrication, structural optimization, and environmental simulation. It is also supported by a
comprehensive set of extensions (e.g., Ladybug, Honeybee, Octopus, Pachyderm) that provide
high-level analysis for climate response, energy performance, acoustic performance, and

structural behavior. (OMID, 2019)

Figure I11-4: the logo of the
Grasshopper plug-in
(https://www.magneticvisions.com/cla
sses/rhino-grasshopper-course)

¢) Ladybug:

Ladybug is an environmental analysis plugin for Grasshopper and Rhinoceros 3D that
enables architects and designers to engage with climate-based information during the design
process. Developed by Mostapha Sadeghipour Roudsari and collaborators, Ladybug translates
raw weather data such as EPW (EnergyPlus Weather) files into intuitive visual outputs like
radiation maps, sun paths, wind roses, and comfort graphs. These visualizations enable

designers to make informed, site-specific climatic design decisions.

By making hourly climate data and environmental analysis tools accessible without coding
manually, Ladybug bridges the gap between data complexity and design intuition. It is a

valuable contributor to passive design strategy at an early stage, solar optimization, daylight
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performance, and comfort analysis, particularly in sustainable architecture and climate-

responsive architecture. (SADEGHIPOUR & PAK, 2013)
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Figure III-5: Ladybug Components source: author

d) Honeybee:

Honeybee is a plugin created on top of Ladybug for Grasshopper and Rhinoceros 3D that
closes the gap between design modeling and detailed environmental simulation. Created by
Mostapha Sadeghipour Roudsari and colleagues, Honeybee connects parametric design
environments to validated simulation engines such as EnergyPlus for building energy modeling
and Radiance for lighting analysis and glare prediction. Through dynamic climate data and

material definitions, users can create detailed building energy and lighting models in

Grasshopper.
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Figure I11-6: Honeybee Components source: author

Whereas Ladybug is primarily used for visualization and analysis of weather data and sun
exposure, Honeybee supports more quantitative and performance-oriented simulations, with
detailed thermal comfort, daylight autonomy, energy consumption, and HVAC performance
analyses. This makes it an essential tool to performance-based design workflows in sustainable

architecture and building performance optimization. (SADEGHIPOUR & PAK, 2013, p. 3132)
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3.5 Justification for the Choice of Simulation Software:

This thesis investigates the optimization of a kinetic sun-shading system for the hot arid
climate of Biskra. The use of Grasshopper, in combination with the Ladybug and Honeybee
plugins, was chosen because of their ability to combine parametric modeling with climate-

based performance simulation.

Grasshopper allows for the modeling and controlling of adaptive sun-shading systems with
intricate geometric manipulation based on solar exposure. Ladybug is utilized to investigate
climatic issues such as solar radiation, sun path, and outdoor thermal comfort. Honeybee, in
conjunction with EnergyPlus and Radiance, offers dynamic thermal and daylight simulation,

allowing for in-depth analysis of the shading system's performance.

This integrated workflow facilitates the design, simulation, and optimization of an adaptive

solar control strategy, in direct support of this research's environmental goals of this research.
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3.6 PRESENTATION OF THE SIMULATION MODEL
3.6.1 General Description of the model:

In the context of this research, we designed a simplified model with the purpose of
examining sunshading devices that are optimized for arid climates. The model is deliberately
free of complex architectural elements such as cladding materials, finishes, or decorations. This
methodological choice allows us to neutralize the aesthetic parameters, which enables us to
focus more clearly on environmental factors with a direct influence on thermal comfort,
including orientation, geometry, size, and efficiency of sunshading systems. The objective is to
maintain the model's generalizability and transposability to a variety of architectural projects
sharing similar climatic constraints. Because of its neutrality and abstraction, it is a practical
comparison tool, which allows for the comparison of the performance of various configurations

without bias towards form or architectural expression.

In this context, we have integrated a hybrid sunshading system with vertical exterior
louvers and horizontal interior louvers. The vertical external louvers are actually designed to
block low-angle solar radiation, especially from the west direction during the afternoon, while
the horizontal internal louvers are oriented to control overhead sun at noon, helping to ensure
even daylight distribution and low glare. This two-layer system offers improved solar control
with more adaptive response to changing sun angles throughout the day, thus contributing to
optimized indoor thermal comfort and improving the building's passive environmental

performance.

3.6.2 Methodological Framework

3.6.2.1 Simulation parameters:
e Location: Biskra, Algeria (Hot-Arid Climate, Képpen BWh classification)

e Simulation Date: July 15th (typical summer peak condition)

e Time Interval: 1:00 PM to 5:00 PM (5-hour thermal cycle)

e Sunshade Type: Dynamic sunshading devices (rotating egg-crate louvers)

e Orientation Analysis: East, South, and West facades

e Simulation Tool: Ladybug Tools (Rhino + Grasshopper) with OpenStudio —
EnergyPlus-based dynamic thermal simulation focusing on operative temperature and
adaptive comfort

e Comfort Standard: Adaptive comfort model for hot-arid climates

e Preferred comfort range: 24-27°C

e Acceptable comfort range: 23-28°C
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e Stress threshold: >28°C

3.6.2.2 Dimensions and geometry of the model

Length 20 meters
width 10 meters
Height 4 meters
Glazing ratio Glazing ratio: 90% on exposed facades
(South, East, South-East, West, South-West)

Table III-1: Dimensions and geometry of the model

Figure II1-7: the model geometry inside rhino (source: author)
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the geometry of the model
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Figure II1-8: the model script inside Grasshopper (source: author)

3.6.2.3 Parameters of sunshading devices:
Shading devices are of crucial role in controlling direct solar radiation, restricting unwanted

heat gains, and improving indoor thermal comfort, especially in hot and dry weather conditions
like Biskra. To evaluate their potential, several geometric, functional, and position parameters
must be defined with high accuracy in any simulation or energy modelling process. These
parameters directly influence the intercepted solar radiation and both thermal and visual

performance of the building.

Parameter Example Values / Options
Device Type Louvers
Orientation South, East, West
Placement External vertical louvers and internal horizontal louvers

Louver Tilt

Angle 0°, 30°, 45°, 60°, 90
Louver Spacing Im
Louver Depth 30 cm
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Parameter Example Values / Options
Louver 5 mm
Thickness
Operation . .
Manual / Motorized Rotation
Mode

Adjustment Real-time, hourly, based on sunlight
Frequency

3.6.2.4 Thermal Comfort Hypotheses:
In alignment with the adaptive comfort framework for hot-arid climates, the following

hypotheses were defined to simulate a realistic indoor usage scenario within the studied cultural

facility:

Metabolic Rate (Met): 1.1 met Corresponding to sedentary activity such as seated reading,
based on (ASHRAE, 2020)

Clothing Insulation (Clo): 0.35 Clo reflecting typical lightweight summer clothing

appropriate for the hot-arid conditions of Biskra

Air Velocity: 2.0 m/s accounting for the impact of cross-ventilation, airflow near facades, and

sunshade-induced turbulence

These thermal comfort hypotheses were integrated into the Honeybee comfort model engine,
in combination with OpenStudio and EnergyPlus, to compute operative temperature

distributions and assess thermal comfort levels under dynamic facade behavior.

These values ensure that your operative temperature and thermal comfort calculations
(including PMV/PPD or adaptive comfort evaluation) are scientifically grounded and

internationally recognized.
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Figure III-9: Thermal Comfort Hypotheses and Parameter Inputs for PMV Simulation
Using Honeybee Comfort Map (source: author)

3.6.3 Simulation Approach:

The thermal evaluation was conducted using a parametric simulation pipeline built on
Rhino + Grasshopper, leveraging the Ladybug and Honeybee plugins for environmental

modeling, and OpenStudio/EnergyPlus for dynamic thermal simulation.
The simulation steps followed the workflow below:

e Climatic Data Import: Hourly weather data for Biskra, Algeria (Képpen BWh), was

imported in EPW format to define the external boundary conditions.

e Geometric Modeling: A simplified thermal test cell was modeled using HB Room
components to isolate solar gain and thermal performance based solely on facade

orientation and sunshade configuration.

e Dynamic Shading Integration: A responsive kinetic shading device (rotating egg-
crate system) was modeled with sun-based conditional logic, allowing for time-specific

angular adjustment based on solar position (altitude and azimuth).
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e Thermal Simulation Engine: Simulations were performed via Honeybee +
OpenStudio, interfacing with EnergyPlus to compute operative temperature

distributions over time.

e Output Extraction: Hourly operative temperatures were extracted per orientation

(East, South, West).

VERTICAL PANELS GEOMETRY

Adding the geomtry to honeybee

Figure III-10:the dynamic sunshading device script inside Grasshopper (source: author)
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Figure I1I-11: Rhino Model inside Honeybee Showing Dynamic Sunshading System
Oriented Toward the Sun Based on Solar Vectors (source: author)
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3.6.4 Thermal Performance Results by Orientation:
Temperature Heatmaps

South orientation

O

26.78
26.70
26.63
26.55
26.47
26.39
26.31
26.23
26.15

26.08

26.00
perative Temperature " P
7/15 to 7/15 between 13 and 13 @1 Ty .

Figure I1I-12: Operative Temperature heatmap — South orientation (15 July, 13:00)
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Figure I1I-13: Operative Temperature heatmap — South orientation (15 July, 15:00)
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Figure III-14: Operative Temperature heatmap — South orientation (15 July, 17:00)
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Figure I1I-15: Operative Temperature heatmap — East orientation (15 July, 13:00)
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Figure I1I-16: Operative Temperature heatmap — East orientation (15 July, 15:00)
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Figure I1I-17: Operative Temperature heatmap — East orientation (15 July, 17:00)
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West orientation

27.36
27.26
27.16
27.06
26.97
26.87
26.77
26.67
26.57
26.47

26.37
Operative Temperature
7/10 to 7/10 between 13 and 13 @1

Figure I1I-18: Operative Temperature heatmap — West orientation (15 July, 13:00)
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Figure I1I-19: Operative Temperature heatmap — West orientation (15 July, 15:00)
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Figure I11-20: Operative Temperature heatmap — West orientation (15 July, 17:00)

Tabular Summary
Thermal Comfort and Gradient Table — South Orientation

Time Temperature Thermal Gradient % in Comfort Zone
Range (°C) (°O) (20-27°C)

13:00 | 26.00 —26.78 0.75 100%

14:00 | 26.03 —27.71 1.68 72%

15:00 | 26.03 —26.65 0.62 100%

16:00 | 26.00 —26.56 0.56 100%

17:00 | 27.42-27.88 0.46 95%

Thermal Comfort and Gradient Table — South Orientation

Time Temperature Thermal Gradient % in Comfort Zone
Range (°C) (°0O) (20-27°C)

13:00 | 26.63 —27.30 0.67 60-70%

14:00 | 26.57-27.22 0.65 65-75%

15:00 | 26.55-27.16 0.61 70-80%

16:00 | 26.53 -27.10 0.57 75-85%

17:00 | 28.03 —28.49 0.46 0%
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Thermal Comfort and Gradient Table — West Orientation

Time Temperature Thermal Gradient % in Comfort Zone
Range (°C) (°O) (20-27°C)
13:00 | 26.37 -27.36 0.99 82%
14:00 | 26.79 —28.20 1.41 71%
15:00 | 27.18 —30.21 3.03 52%
16:00 | 27.45-29.14 1.69 58%
17:00 | 27.46 — 30.68 3.22 54%
30-
g
3
'g_ 27.54
E
= ~ ——
100 P 2:00 PM 3:00 PM 4:00 PM 5:00 PM

-o- East-Facing Average -o- South-Facing Average

Figure I1I-21: Comparison of Average Operative Temperatures for East-
, South-, and West-Facing Facades (July, 13:00-17:00)

MI?//;\\ w

25.5 T T
1:00 PM 2.:1]0I PM 3:0!]I PM 4:00 PM 5:00 PM

Maximum Temperature °C)

-o- East-Facing Maximum -o- South-Facing Maximum -o- West-Facing Maximum

Figure I11-22: Comparison of Maximum Temperatures range for East-,
South-, and West-Facing Facades (July, 13:00-17:00)
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Temperature Variation Within Space

13.. ........................................ ;...........................E .................

Thermal Variation (%)

1:00 PM 2:00 PM 3:00 PM

M East-Facing Variation [l South-Facing Variation

4:00 PM 5:00 PM

Figure I11-23: Comparison of Temperatures variation within space for East-
, South-, and West-Facing Facades (July, 13:00-17:00)

3.6.5 Conclusion: Dynamic Shading Effectiveness Analysis

The data confirms that indoor temperature regulation and thermal comfort are significantly

improved by dynamic shading devices, with all orientations presenting performance benefits

in different ways that make them suitable for specific applications.

1. Orientation-Specific Performance Excellence

All orientations have certain strengths that optimize different aspects of thermal comfort:

e East-facing systems excel in stability with minimal energy consumption (2.5-2.8%

thermal fluctuation)

e South-facing systems provide the most uniform and consistent performance (27.6°C-

26.7°C range)

e West-facing systems provide optimal effectiveness under challenging afternoon

conditions (successfully coping with 29.8°C peaks)

2. Integrated Thermal Comfort Enhancement

All three orientations are successful at maintaining temperatures within comfortable ranges as

well as addressing several comfort issues:
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e East-facing: Prevents morning glare and gradual temperature variation (26.8°C-
29.2°C)

e South-facing: Provides constant comfort throughout the day with minimal oscillations
and constant highest temperatures of approximately 27.5°C

e West-facing: Actively manages the most challenging thermal loads, keeping occupants

at ease despite intense afternoon solar radiation
3. Adaptability to Multitudinous Applications
The dynamic shading systems exhibit phenomenal adaptability to myriad space types:

e East-facing: Ideal for spaces that demand stable, low-energy performance (libraries,

bedrooms, study rooms)

e South-facing: Ideal for applications calling for self-assured, dependable performance
(exhibition spaces, meeting rooms, retail spaces)

e West-facing: Required for spaces with high thermal loads (workshops, afternoon-use

spaces, lounges)
4. Optimized Response Adaptability
All orientations show astute response to its corresponding solar challenge:

e East: Gradual morning response with minimal afternoon readjustments
¢ South: Steady-state control with uniform conditions throughout the day
e West: Dynamic response with maximum efficiency between 3:00-5:00 PM critical

period

3.7 Reduced-Scale Physical Model Construction:

3.7.1 The Components of the Model:
* Louver Slats/Blades:

Five horizontally adjustable panels that form the primary light and airflow control units.
These rectangular blades are strategically positioned to allow maximum penetration of light

when opened but still possess the capability to screen out light when angled.

e Main Frame Structure:
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The external rectangular housing that holds and supports the entire louver assembly,
providing it with structural integrity and mounting locations and maintaining an open structure

that does not obstruct the light passage.
* Pivot Mounting Brackets:

Separate support brackets fixed on the vertical support column, with each one supporting
a single louver slat at its pivot point. These compact-sized brackets are designed to minimize

light obstruction while allowing complete rotation of each blade.
* Vertical Support Column:

The primary structural element positioned to the side of the frame and serving as the main
support for all control mechanism and mounting brackets without encroaching into the center

light transmission area.
* Synchronized Control Rod Assembly:

A horizontal linkage system which mechanically interconnects all louver slats in unison
through the pivot points. This rod provides such that when one slat turns, all others turn at the
same time at the same angles, keeping everything perfectly synchronized throughout the entire

assembly to evenly control the light.
* Actuator Connection Point:

The top-of-column interface upon which the control mechanism is attached. One actuation

input control the entire system through synchronized linkage.
* Strategic Spacing Framework:

The precise 1.0-unit spacing interval positioning maximizes the light transmission in open

louvers, and the effective 0.6-unit top spacing minimizes structural interference.
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This synchronized system allows all the louvers to open and close simultaneously as a
group, rotating from completely open (maximum light penetration) to various angled settings
for controlled lighting, with the offset column support that allows the interior space to remain

unobstructed for maximum daylight penetration.

Figure I11-24: 3D Isometric View of Dynamic sunshading model

Figure II1-25: Plan View of Dynamic Sunshading Model
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Figure II1-26: Section View of Dynamic Sunshading Model
3.7.2 Arduino-Based Control System:
To develop an automated program for a movable shading system (Adaptive louvers), both
hardware and software components are required. The hardware consists of sensors, actuators,
and a control unit like a microcontroller (in this case, Arduino Uno), which work together to

modify the louver positions according to environmental changes.
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Components Required:

Arduino Uno

A microcontroller
board based on the
ATmega328P chip that
can be programmed to
control electronic
components and read
sensors. It's the "brain"
of most  beginner
electronics projects.

Servo Motor

A precise motor that
can rotate to specific
angles (usually 0-180
degrees) and hold that
position.  Commonly
used for  steering,
robotic  arms, and
positioning

applications.

Jumper Wires

Flexible wires with
connectors on both ends
used to make temporary
electrical connections
between components
on breadboards or
between components
and Arduino pins.
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LDR (Light A sensor that changes
Dependent Resistor) | its electrical resistance
based on the amount of
light hitting it. More
light = lower resistance,

less light = higher PR
resistance. ‘

Breadboard A reusable board with
holes and internal metal
connections that allows

you to build temporary
circuits without
soldering. Components
and wires are inserted
into the holes to create
electrical connections.

Lithium Battery A rechargeable power
source that provides
electrical energy to
your circuit. Lithium
batteries are
lightweight, long-
lasting, and commonly
used in  portable
electronics projects.

3.7.3 System Operation Overview:

operates based on a three-step process that is used to change the shading elements

automatically based on environmental factors.

Input Stage: The system is given two significant inputs - solar position data (azimuth and
elevation angles) and override commands by hand as and when required. This allows the
system to track the sun's movement during the daytime while simultaneously offering user

control where required.
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Sensing and Processing: Light is detected from different directions by multiple sensors.
Horizontal and vertical tracking sensors detect changes in light intensity and an override control
sensor to enable manual input. All sensor data are fed to a single central control algorithm on

an Arduino microcontroller, which processes the data and determines best louver position.

Output and Control: The system responds in twin-axis movement using servo motors to
rotate both horizontally and vertically. This creates a kinetic facade that adjusts automatically
to maintain optimal shading or light entry based on the direction of the sun and user

preference.

The system provides optimal sun tracking for energy optimization, automatic control
reducing manual intervention, and manual override capability when special conditions require

user intervention.

INPUTS: SENSORS: OUTPUT:

LDR 1 - Horizontal —
Solar Position Tracking —
(Azimuth Elevation) —_—

' jl ;( :::Zg lorizontal

' otation
LDR 2 - Vertical b-
q Tracking Control e
+ Algoonri:ﬁm b chriz::\t;I
Manual Override =

» & > > -

Servo Motor

Override Control Vertcal
Vertical
o

Benefits:

+ Optimal Sun Tracking
« Energy Efficiency
+ Automated Control

* Manual Override
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3.7.4 Prototype Development:
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3.8 CASE STUDY: Cultural center in Biskra

Introduction:

This analytical framework to scrutinize three fundamental characteristics of our work.
Initially, we will examine a range of literary sources and current cultural center initiatives to
acquire a comprehensive understanding of the operational dynamics of such locations. Next,
we will analyze the specific context of the city of Biskra through both a bioclimatic study and
a site analysis. This entails assessing meteorological data and morphological characteristics of
the location. This research aims to incorporate local environmental and contextual aspects into
the design process, thereby informing strategic decisions that are adapted to the region's distinct

characteristics.

3.8.1 The list of examples:

Arab World Institute ‘

Da Chang Muslim Xiaopu Culture

Cultural Center

3.8.2 The analyzed elements:

Project Data Situation Motivation of Choice

= =

Urban Aspect =) Architectural Aspect [,—— Functional Aspect [I:,)Environmental Aspect

*Situation
*Distant environment

*Immediate *Volum etry *Circulation .

. . N . . *Shading features
environm ent *Design concept *Spatial and functional ‘Lighting feat
*The proj ect plot *Entrances organization tghting leatures
*Roads and

accessibility




“Grasshopper” and “Arduino”
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The project

Project data

Situation

Motivation of choice

Category: cultural
center / public library /
museum
Date of realization: 1971
1977
Architects: Renzo Piano &
Richard Rogers
Area: approximately
103,305 m?

NP° of stories: 10 stories (4
basement levels)

Terrace / levels: public
terrace on the top floor with
panoramic views of Paris;
lower ground levels include
cinema, technical spaces,
and storage

Situated in the
Beaubourg district
of the 4th
arrondissement of
Paris

in France

adjacent to Les
Halles and the
Marais, within the
historic core of the
city

The choice of the Centre
Pompidou is influenced by
its innovative high-tech
architecture and the vibrant
application of color-coded
exterior components, with
each functional system—
circulation, structure, and
services—designated by a
unique color, making it
exemplary for examining
transparency, legibility, and
urban interaction in design.

Category: cultural
center / museum / research
institute
Date of realization: 1981—
1987
Architects: Jean Nouvel &
Architecture-Studio
Area: approximately 16,800
ml
N° of stories: 11 stories (4
basement levels)

Terrace / levels: rooftop
terrace with panoramic view
of Paris and the Seine;
basement levels include
auditorium and exhibition
spaces

Situated on the
left bank of the Seine
River in the 5th
arrondissement of
Paris, adjacent to the
Jussieu University
campus and the
Seine, in proximity to
the old Latin
Quarter and facing
fle Saint-Louis.

The amalgamation of
modern technology and
traditional Arab motifs,
especially its southern fagade
with light-sensitive
mashrabiya-inspired
openings, rendering it
exemplary for examining
cultural integration and
responsive design in
contemporary architecture.
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Category: visitor and
exhibition center /
educational facility
Date of realization:
2023-2025
Architects: MVRDV
Area: 3,500 m?

N° of stories: 5 stories
(stacked exhibition levels,
each rotated for different
Views)

Terrace / levels: rooftop
terrace offering panoramic
views of the North Sea
and port; interior features
a 22-meter-high central
atrium

situated in the
westernmost
extremity of the
Port of
Rotterdam, on
Maasvlakte 2,
Netherlands

offering views
of the sea, dunes,
and harbor facilities

influenced by its
remarkable structure, consisting
of five rotational, stacked cubic
volumes, each positioned to
capture distinct perspectives of
the port and sea.

enriching the spatial
experience, making it suitable
for examining the interplay
between architectural form,
visual orientation, and
environmental context in public
architecture.

Category: Cultural
Center / Religious
Architecture

Location: Dachang
Hui Autonomous County,
Langfang, Hebei
Province, China

Date of Realization:
Completed in 2015

Architect:
Architectural Design &
Research Institute of
South China University of
Technology (SCUT), led
by He Jingtang

Area: Approximately
35,000 m?

Number of Stories: 2

situated in
Dachang Hui
Autonomous
County, within
Langfang City,
Hebei Province,
China. This
location lies
approximately 60
kilometers east of
Beijing, making it
part of the greater
Beijing
metropolitan area.

examining cultural
symbolism and spatial
harmony in modern civic
architecture because of its
flowing, rhythmic form,
which was influenced by
classical Chinese
colonnades, and its
integration with the
surrounding landscape.

Category: Cultural
Center

Location: Xiaopu
Village, Song Zhuang
Town, Tong Zhou District,
Beijing, China
Date of Realization:
2007
Architect: DnA _Design
and Architecture
Area: Approximately
2,000 m?
Number of Stories: 2

located in
Xiaopu Village,
Song Zhuang
Town, Tong Zhou
District, on the
eastern periphery of
Beijing, China.

This region is
recognized as the
Song Zhuang Art
District, one of
China's foremost
modern art hubs,
housing hundreds

motivated by its
creative Tangram-inspired
design, which creates a
relationship between art
production and exhibition
by interlocking artist
studios and double-height
galleries.
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of artists, galleries,
and studios.

The project The surrounding area

The architecture of the Centre Pompidou
complements its location in the heart of
.- Paris, providing easy access to the Hotel de
W Ville, Chatelet-Les Halles, and cultural
» hotspots like Place Georges-Pompidou and

rue Beaubourg. Easy access is provided by

metro and bus lines, and discovery of Paris'
history is enhanced by its proximity to
historic landmarks like Atelier Brancusi.

The Arab World Institute mixes in
perfectly with its Parisian setting, being
close to the Seine and famous sites like the
Jardin des Plantes and Notre-Dame. It
promotes engagement with the urban fabric
and Arab cultural heritage and is easily
accessible from neighboring Metro stations
such as Jussieu and Cardinal Lemoine.

— The Da Chang Cultural Center is
; located in a unique Muslim enclave
e that's completely surrounded by
Beijing and Tianjin. Positioned just

20-30 minutes from Beijing, the
; » surrounding area serves as a cultural
e L. bridge between the capital and the
o local Hui community.
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The The volumetry The design concept
project
-
=
.=
="
£
<
w
J‘é Ghe design concept of the Centre \
) featuring a bold rectangular Pompidou reflects a belief in architectural
(i volume with an exposed exoskeleton, adaptability, enabling users to modify their
ﬁ color-coded services, and open interior environment as needed. It emphasizes
floors, complemented by the expansive visible structure, making the building an
Place Georges-Pompidou Plaza. \honest reflection of its function. j
v
~
-
~
=
72!
=
e
=
p—
=
=
=
<
> ( By utilizing kinetic sun-shading devices\
< to recreate the Arab architectural heritage in a

The volumetry of the Arab World Institute blends
geometric clarity with spatial intricacy, with two
rectangular prisms and a curved form arranged around a
central cube that creates a void.

modern setting, the Arab World Institute,
designed by Jean Nouvel, is a trailblazing
example of climate-responsive design that
combines technological innovation with
cultural meaning.

- J
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Portlantis exhibition center

composed of five stacked, rotating
volumes, each positioned to offer a

different perspective of the surrounding
dunes, the port, and the North Sea.

/ The structure is made up of\

rotating, layered volumes. The
terraces are incorporated into the
rotating volumes and positioned
thoughtfully at different heights of
the structure. The mezzanine,
which is situated inside the
building's central atrium, offers

\guests a distinctive viewnoint of/

Da Chang Muslim Cultural Center

of a dynamic dome
structure formed by the
intersection of a sphere

dome made of petaloid
shells and arches shaped

le petals.

; f a parametric model \

and a square prism. has a

/

-

-

He Jingtang has applied his concept of\
"2 Views" and "3 Characters", with
sustainable development concept,
considering regionalism, cultural, and
epochal character, thus presents us an
excellent design.
/
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Xiaopu Culture Center

-

-

The volumetry of the Xiaopu
Culture Center is a compelling

example of fragmented massing and
dynamic spatial composition, which
reflects both cultural symbolism and

functional zoning.

~

J

Central to the design concept is
the Tangram layout, a geometric
strategy that adapts to the site's
irregular former industrial lot.
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The The project plot Entrances
project
-
=
=
©
="
£
=
A
w
=
~N
s The Centre Pompidou features a
o main public entrance on the west side,
= opening onto Place Georges-Pompidou
= pening g p
B~ Built 40% and leading into the central forum.
Service access is located on the east,
. o while VIP entry is discreetly integrated
Unbuilt 60% ry y integ
ais on aaroway- NI pevesTRIAN
/
LARGE SPACES CAN BE fs L Da P
DIVIDED INTO SMALLER - E [news room
SPACES TH! UG [0 sxmmmon
PARTITION WALLS [ services.
. = B
rmrenmee PECTEL S G =53
% SVEEEEZSE:H l . _%1 o = ENTRANCE
£ eeANoE
72}
=
= .
= The Institute du Monde
'E Arabe features three distinct
3 M sporie( entrances: a public entry through
1 at 1o R ERpory) . .
) a spacious plaza for pedestrians, a
s Built 40-45% main vehicular entrance
< providing direct access to the

- Unbuilt 55-60%

newsrooms and general lobby,
and a separate VIP entrance
offering a more private route to
key areas like the auditorium.
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Portlantis exhibition center

- Built 30%
- Unbuilt 70%

Portlantis features a main public
entrance on the west, opening to a
beachfront plaza and central lobby,
with a striking red external stairway
offering rooftop access. Service and
staff entrances are discreetly located
to  maintain  smooth  public
circulation.

Da Chang Muslim Cultural Center

[E2 iy
2mWEH
3D
AT
SHI

Built 40%

Unbuilt 60%

Main entrance

VIP entrance
Staff entrance
Sccondary cntrance/ Emzrgny % A

% W

The Da Chang Cultural Center
features a public entrance on the south
leading to exhibition spaces, a service
entry on the north, and a VIP access on
the east to private areas. The west
entrance serves as a secondary or
emergencv exit.
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Xiaopu Culture Center

iy
g :
7 —

Built 40%

-

Unbuilt 60%

Xiaopu Culture Center features a main
public entrance at ground level leading to
galleries and courtyards, with a secondary
staff entrance for service access. Rooftop

terraces and studio openings support
informal circulation and visual connectivity.
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The Circulation
project
=]
=]
=
© i
3
=)
=7
@
=
)
=
o
@)
<o
=
b= / \
The Centre Pompidou features a unique. Its most iconic element is the external glass-
enclosed escalator, often called the "caterpillar," which zigzags along the fagade where
circulation becomes a visible and expressive element, allowing visitors to ascend while enjoying
panoramic views of Paris. Inside, the building’s open-plan design promotes free and flexible
movement.in the inside There are no permanent walls, allowing for flexible gallery layouts.
LARGE SPACES WITHOUT il i e
WALLS OR GATEWAY || 5 i : PERESTEIAN
/ ENTRANCE
) LARGE SPACES CAN BE S ,:_—P q Sl
~N DIVIDED INTO SMALLER [Inews room
=1 SPACES THROUGH || - [ exweimion
= PARTITION WALLS [] services
~N S VERTICAL
m - ‘ CIRSULATION
= TRANSITION BETWEENJ 1 e
- PUBLE AND PRVATE T okl
= SEQCesgigovalt = SHTRANCE Ab\{nsw«v. CONNECTION BETWEEN
: SLOBBS AND e THE LAYERS AND CREATE AN
) FLOWER BEDS _B INTERESTING LIGHT EFFECT INSIDE
MAIN ROAD
a ENTRANCE
] Institute du Monde Arabe features a well-organized system of circulation. a pedestrian entrance
2 via a large public plaza, a main road entrance leading directly to the newsrooms and general lobby

areas, and a VIP entrance for private or official entrance, offering a more isolated route to significant
spaces like the auditorium. Internally, circulation is focused on central lobby nodes, with direct
connection to exhibit space, newsrooms, and vertical circulation. The organization promotes way-
finding while dividing public, semi-public, and private functions unmistakably.
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Portlantis exhibition center

\.\ 3 - “ _,"‘. '» | A.L =
/ The circulation revolves around a s\

22-meter-high atrium, both visual focus
and vertical link. Access is through the
ground-floor lobby, from which it is
possible to rise through internal staircases
or lifts. There are also exterior staircases
that wind around the building, giving
access to each floor and terminating in a
public rooftop roof garden that commands

\ 360-degree views of the port and the /

Da Chang Muslim Cultural Center

/ It has a longitudinal axis,\

with the central corridor
guiding the public to
different functional spaces.
Public areas (like the lobby,
exhibition space, and theater)
are easily accessed via the

i

ZRYmHE
0 510 2m THIRD FLOOR PLAN

main entrance. The theater,
being the focal point of the
cultural events, visitors can
access through a main foyer
that leads directly to the
theater space, a buffer room
where they would be able to
congregate before moving on
to the auditorium. The
theater's symmetrical and
looping circulation routes
guarantee easy mobility both
before and after shows.
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Fat E=
o
~
=
o
O 2
L L
=
-
h—
-
@) ‘ :
g-‘ /,,' 3J 1. ADMINISTRATION o] o
=) Vv 2. ART STORAGE ] £ |
'E 1F PLAN j f::::fLEERv 2F PLAN : ﬁ::cs,:uulo ROOFRLAN
x 5: TALL GALLERY 9: TALL GALLERY VOID
6. COURC;:ARD 10. ROOF TERRACE
Xiaopu Culture Center gives clear and convenient flow because it has an unconventional
stacked plan taken from the Tangram. Spaces such as studios, galleries, and courtyards are
seamlessly connected, and free movement of people is not hindered. An inserted sculpture spiral
stairway conveniently accessible at the entrance serves as a key vertical connector, both
physically and visually, connecting different levels.
The Spatial and functional organization
project
MAIN STRUCTURE
LEVEL & 1,300 m*
Centre Pompidou's "inside-
= out" design externalizes all
-g services and structure to create
o . . .
o, flexible, column-free interior
g spaces for cultural programming.
nc_‘ The six levels stack vertically
) from public forum to specialized
& galleries, connected by dramatic
5 external escalators that turn
o circulation into urban spectacle. G TR
g This radical approach integrates
i building and plaza into a

PLAZA BEAUBOURG
Public Sguare + Perfarmance Space + Urban interface

5.500 m* Pubiic Asak

continuous cultural experience
extending from interior to public
realm.
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Arab World Institute

INTERIOR
COURTYARD

Light el

MAIN gPLDING

(TH FAGADE - GLASS CURTAIN WALL

QUAY SAINT-BERNARD

S‘%E RIVER
!

RIENTATION TO SEINE

Portlantis exhibition center

Ground floor

Lev

/ Ground Floor:

Administration

Levels 1 to 3:
Exhibition Platforms
Level 4

\ Rooftop: Terrace

Main entrance hall and ticketing counter.

PROGRAMME

K The three central floors are reserved for\
permanent exhibits, flanked below by a
warm ground floor and above by an
observation restaurant, crowned by a roof-
open observation deck. The building
integrates the shape, use, and visual
\ boundary thoughtfully into architecture. J

J
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The theater is the heart of the
building, connecting all the
surrounding spaces radially.

Circulation automatically centers
around this core, with the higher
levels served by stairs and
elevators.

Da Chang Muslim Cultural Center

They are separate but linked
zones that avoid spatial interference
and facilitate smooth transitions.

\o %
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Xiaopu Culture Center

1F PLAN

i
B ¥ (s Akt
IS FRESH!

1. ADMINISTRATION 3J
2, ART STORAGE ;

3. ENTRANCE

4, LOW GALLERY 2F PLAN
5. TALL GALLERY

6. COURTYARD

7. ART SHOP

B, ARTIST STUDIO

9. TALL GALLERY VOID
10. ROOF TERRACE

ARTIST STUDIO

1IBITION GALLERRY

without disrupting functional separation.

The spatial design encourages a fluid visitor journey through interconnected
galleries and open courtyards on the ground floor, while the upper-level artist studios,
set apart for privacy, maintain visual links to the public zones below through double-

height openings—fostering interaction and exchange between creators and visitors
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Synthesis of book-related examples:

Synthesis

Situation

The cultural centers are strategically situated along a transitional zone
between the urban core and green open space, similar to Portlantis' interface
between city and waterfront. This location allows it to act as both a cultural
attractor and a connective public platform.

Volumetry

The volumetric form is conceived as a symbolic composition of
interlocked and layered volumes, drawing inspiration from the expressive
stacking of Portlantis and the Pompidou Center. Each volume is shaped in
response to programmatic needs and orientation, forming a dynamic yet
legible silhouette that conveys spatial hierarchy and establishes key visual
axes.

Design Concept

Its architectural imagination is guided by performative and symbolic
precursors. Like the Arab World Institute, it has responsive design elements,
and like Da Chang, it centers on a space of unity. The building becomes a
cultural must offer fixed and flexible space that responds to environmental
conditions and user activity.

Accessibility

Accessibility is a key design driver. Like the Arab World Institute and
Portlantis, the project offers multiple entry points that ensure permeability
from various directions. The building’s position and orientation encourage
walkability, public transport integration, and barrier-free access for all users.

Entrances

The building includes several entrances, each meticulously positioned
over important city linkages reflecting Portlantis and Pompidou's spatial
democracy. Rather than delineating a single "main" entrance, the building
welcomes entry from all sides, fostering flexibility and confirming openness.

Circulation

Circulation within the center follows a clear and engaging path, inspired
by Da Chang’s central vertical movement and Portlantis’ horizontal exhibition
loops. Visitors are guided through a series of layered spaces, interspersed with
moments of openness, views, and rest areas. Circulation is not just
functional—it becomes an architectural experience.

Spatial and
Functional
Organization

The spatial layout is structured from a central core serving as a civic
center—inspired by strong internal hearts in Da Chang and Xiaopu. The
different levels accommodate permanent exhibitions and temporary ones,
workshops, administrative functions, and public services. Vertical and visual
interactions across floors encourage communication while maintaining clear
functional zoning.
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Site analysis:

Presentation of Biskra:

The municipality of Biskra is situated in the northeastern Algerian Sahara region in the
country's southeast. With a total area of roughly 22,379.95 km?, the city is situated at

34° 51' 1" N latitude and 5° 43' 40" E longitude. The urban commune alone occupies 127.53
km?. At an average elevation of 120 meters above sea level. With 206,856 residents and a 3.8%
population growth rate, Biskra is a strategically significant city in the area with a fast urban

development.

@ () ©

Figure: Geographical location of the city of Biskra Source: (wilaya-Biskra.gov.dz).

Climatological data:
The subtropical desert climate of Biskra is characterized by hot, dry, and sunny

summers and mild winters with the possibility of freezing nights.

The temperature

The city has a hot, dry

Températures moyennes en 2024 a Biskra climate with mild winters and

par rapport aux normes journaliéres 1991-2020

extremely hot summers that can
& reach 45°C, particularly in July

and August. Because of this

climate, thermal comfort and sun

Températures (°C)

exposure are important factors in

an'2e Avr 24 il 24 an 25 urban and architectural design.

— - Normale 1991-2020 — Température moyenne 2024
* Record TM max depuis 1980 - Record TM min depuis 1980
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humidity

84.00
76.60
69.20
61.80
54 40
47.00
39.60
32.20
24.80
17.40

Fraction (%)

10.00

Jan  Feb  Mar  Apr  May Jun  Ju  Aug  Sep  Oct  Nov  Dec

city: Biskra.AP
country: DZA
time-zone: 1.0
source: SRC-TMYx

‘ IRe\aUve Humidity

The relative humidity in

Biskra shows clear seasonal
variation due to its dry climate. It
peaks in winter (December—
January) above 70%, offering
slight thermal relief, then steadily
drops through spring. The driest
period is summer (June—July),
with levels often below 20%,
causing discomfort. Humidity
rises again in autumn, reaching

moderate levels by November.

Précipitations en 2024 a Biskra

B
e

Jan '24 Avr 24 Juil 24 Oct'24 Jan ‘25

Précipitations journaligres (mm)
B

@ Précipitations journaliéres
— Cumul réalisé en 2024 depuis le ler janvier
== Normale 1991-2020 du cumul depuis le ler janvier

90

~

60

30

Jz1auel 43T 2| sindap suoiendidaid

This chart shows the
precipitation patterns in Biskra,
emphasizing the region’s arid
climate. Daily rainfall events are
rare. Most precipitation values
range between 0.1 mm and 10
mm, with isolated peaks in
March, May, and October. The
highest daily recorded value
appears in October, slightly
above 10 mm. The cumulative
precipitation progresses slowly
throughout the year, reaching
approximately 75 mm by

December.
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The winds

m/s

17.50

15.76

14.02

12.28

10.54

E

\ 8.80

plgam B 7.06

a : g SRS V)~ 532

' _ : 3.58

Sl Im

s - 0.10

Wind Speed (m/s)

city: Biskra.AP
time-zone: 1.0
country: DZA

source: SRC-TMYx

period: 1/1 to 12/31 between 0 and 23 @1

Calm for 15.39% of the time = 1348 hours.

Each closed polyline shows frequency of 0.7% = 50 hours.

In Biskra, prevailing winds
vary by season: in winter, they
mainly blow from the northwest,
bringing some humidity, while in
summer, they come from the
southeast in the form of the
sirocco—a hot, dry wind that
intensifies aridity. The average
wind speed reaches 4.9 m/s in
winter, particularly in January

and March.

3.8.3 Site analysis:

a) site location:

The project site is located in the western expansion zone of Biskra, within what is

considered the city’s new urban development area. It is situated approximately 4 kilometers

from the historic city center, offering both strategic accessibility and opportunities for modern

growth.
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The project enjoys excellent accessibility and visibility along key routes like the N46A and
National Road N3 connecting Biskra to Batna and Touggourt. This strategic location creates
an ideal hub for social, cultural, and commercial activities while boosting economic potential

for locals and visitors.

b) Choice Justification:

e The land occupation plan for Biskra’s western urban development region (Zone No.
01), which was approved in 2015, includes a Cultural Center designation for the site.

e [t offers great accessibility and visibility due to its strategic location along key intercity
highways.

e The location is close to residential neighborhoods, educational institutions, and
university buildings in an administrative neighborhood.

e [thasalot of promise for cultural development, community involvement, and economic
growth because it is situated in a new urban development zone.

¢) site morphology:
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Figure I11-27: Longitudinal Section of Project Site

Figure I11-28:Transversal Section of Project Site

The site, measuring 69 by 110 meters and covering an area of approximately 7,590 square
meters, features a regular rectangular shape with naturally level terrain. Its consistent
topography and geometry make it ideal for efficient and flexible architectural development,

minimizing the need for excavation or expensive groundwork.

d) The site and immediate surroundings:
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Municipality
Collective habitat

Collective habitat Collective habitat
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e) Roads and accessibility:

g /d | | Primary roads

- Secondary roads

:l Tertiary roads

The site is served by two primary transportation corridors: the western Biskra bypass

running along the western boundary and the NO3 highway positioned to the north.

f) Mobility:

The location benefits from public transportation connectivity through bus services,

providing convenient access from multiple directions.
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g) Green spaces:

* § |

The area under study shows limited green space provision, characterized by scattered
small green areas for local residents and few significant green zones, indicating insufficient

overall vegetation coverage.

h) The Sun analysis:

The location takes advantage of its solar orientation relative to north, south, east, and west
directions, facilitating careful management of daylight penetration and shade distribution

across the site.

i) The Sun:
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&,

The main winds come from the southeast and northwest directions. These winds blow

regularly throughout the year and affect how comfortable it feels outside. They also help cool

down buildings naturally when planned properly.

3.8.4 Proposed program:

Function Espace Surface (m?) Nombre
Entry space Reception /security 20 1
Controle
Exhibition Exhibition Area 450 1

(sensitive items)

Exhibition Area 450 1

(durable items)

Theater Welcome hall
Seating 120 1
Stage 40 1
Projection Room 15 1
Makeup and 15-20
Dressing Room
Restroom facilities 36 1
Cafeteria 50 1
Formation Sculpture Workshop 50 1
Ceramics Workshop 50 1
Drawing Workshop 50 1
Calligraphy 50 1
Workshop
Rehearsal Room 100 2
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Astronomy Club 50
Media Club 50
Pottery Club 50
Heritage Club 50
Digital Fabrication 100 2
Lab
Restroom facilities 36 2
Documentation Reception hall + 30
waiting area
Storage shelving 40
Loan desk 20
Reading room adults 100
Reading room 150
children)
Administration Reception and 36
waiting
Head’s Office 36
Meeting room 1
Collaborative 36 2
Offices
Archive 20
Staff room + 30
Kitchenette
Public Spaces Exhibition
Esplanade
Open-air Theater
Exhibition
Courtyard
Parking Visitor parking
Staff parking
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3.8.1 Passage elements:
a. Understanding Culture
what is culture? We define culture as the synthesis of tradition and identity - a living,
breathing entity that connects our past with our present. This understanding becomes the seed

from which our cultural center grows, shaping every decision that follows.

From this philosophical foundation emerges our mission: to create a space where people can

learn, share experiences, exchange ideas, and exhibit cultural expressions.

¢. Urban Integration and Site Strategy:

The Exhibition esplanade creates the primary public interface, establishing seamless
urban continuity with the adjacent public park. This dual-function space serves as both arrival

sequence and exhibition area, extending cultural activities into the urban realm.

Figure I11-29 :The site

entrance to the surrounding area
(public park)

d. Spatial Organization and Hierarchy:

A three-tier system organizes user experience: the public esplanade provides universal
access, semi-private exhibition areas offer controlled cultural display, and the private central
courtyard serves students and workshop participants with flexible indoor-outdoor

environments for collaboration and idea exchange.
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Figure I11-30: Master plan hierarchy

e. Programmatic Distribution:

Four blocks emerge from this hierarchy: Exhibition spaces for cultural display, Theater
for performance, Library for research, and Workshop areas for hands-on learning. Each block

responds to specific functional requirements while maintaining overall project coherence.

Figure I1I-31: Master plan functional organization

f. Environmental Strategy

Strategic orientation places the outdoor auditorium on the north (protected from solar
radiation), while the administration and library occupy the south for optimal daylight. This
positioning creates strong programmatic connections while responding to environmental

conditions.
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g. Dynamic Sunshading System

Our dynamic sunshading system represents the core environmental innovation of the
project, featuring orientation-specific responses that adapt throughout daily and seasonal
cycles. This system operates as an intelligent building skin that mediates between exterior

climate conditions and interior programmatic requirements.

e East-Facing Exhibition Spaces need careful environmental control because they
house sensitive paintings and cultural artifacts. The dynamic sunshades provide
precise light control by filtering harmful UV rays to protect artwork

e South-Facing Library benefit from optimized natural daylight penetration through
intelligent sunshade operation Maximizes beneficial daylight.

e West-Facing Workshop Protection The workshop spaces receive intensive solar

protection from harsh afternoon radiation through Heat gain mitigation

h. Computational Optimization:
Galapagos evolutionary optimizer in Rhinoceros 3D optimizes the relationship between

fenestration and sunshading with biologically-inspired algorithms that search across thousands
of design variations. The approach establishes fixed sunshade parameters (materiality,
structural constraints, geometry) and optimizes varying elements (size, sill height, window
ratio). Various fitness functions test for lux levels, mechanical clearance, energy performance,
and visual comfort per iteration. The evolutionary process creates, tests, and refines solutions
until optimal sunshade configurations are reached that ensure conflict-free operation and

achieve goal performance per program space.
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World angles and detas:  xy = 10,00 elevation = 0.00 =200 dy = 000 dz= 000
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Command: g 0

= el ()@ | P omesam - R s ©ee o
Display  Select  Viewportlayout Visibility T Curvy . ]

+ £ 5P EH= 0% ‘ — '

&
D, 8, [ perspective TR Right &

@nd @ Nesr E@Point @Mid () Cen @int @Perp @Ton @ Qusd EKnot [Vertex  Project  Disable
CPlane  x-1845 3566 2000 Meters  [llLayer 01 GridSnap Ortho Planar Osnap SmartTrack Gumball Record History Filter Minutes from last save: 433

Figure I11-32 : Computational Optimization for the library opening using
Galapagos
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Figure I11-34: The placement of the dynamic sunshade system in the project

i. Circulation:

Public circulation flows from esplanade through exhibitions to courtyard. Service
circulation operates separately for operational efficiency. Student circulation connects

workshops, library, and courtyard spaces, facilitating academic collaboration.

3.8.5 Architectural plans:
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3.8.6 Conclusion

In this chapter we focused on the application of our work in practice through the design of
a dynamic sunshading system with adaptive louvers, integrated into the Biskra cultural center.
Based on theoretical and analytical results, the system was designed to reduce solar gain and

improve thermal comfort.

With Ladybug and Honeybee, simulations proved that the design effectively lowered
operative temperatures and enhanced indoor conditions during the warmest summer hours. The
project effectively combined passive and active strategies, confirming that dynamic sunshading

may play a central part in sustainable arid climate architecture.
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General conclusion:

The objective of this thesis was to develop a sustainable architectural design appropriate
for the climatic conditions of hot-arid regions like those around Biskra, Algeria, using dynamic
sunshading devices. It sought to primarily design a cultural center with an adaptive kinetic

facade system capable of enhancing thermal comfort at the lowest energy cost.

The first chapter established the theoretical groundwork, discussing the principles of thermal
comfort, climate-responsive design, and advantages of smart shading systems. Thermal
comfort models, the PMV/PPD model in particular, were investigated in order to identify the

comfort factors that informed the design strategy.

The second chapter provided an analytical overview of architectural case studies with kinetic
facades, evaluating their shading methodologies, design strategies, and technological

applications to guide our adaptive system development.

The third chapter included creating and testing a dynamic sunshading prototype combining
vertical and horizontal louvers. By using Ladybug and Honeybee simulations, we compared
the performance of the system on east, south, and west facades in extreme summer conditions.
Results showed considerable enhancements in operative temperature and thermal comfort,

justifying the performance of the system in terms of the PMV model.

This phase also covered a detailed site analysis of Biskra and the preparation of the architectural
program for the cultural center, so that the building effectively addresses both the climatic

context and cultural heritage of the region.

Physical modeling of the adaptive shading system was conducted to experiment with its

mechanical viability and illustrate its functional mode in physical space.

Lastly, the cultural center was completely designed with the dynamic sunshading devices as a
primary element in the environmental and architectural approach. The final product is a project
that unites energy efficiency, thermal comfort, and cultural expression, demonstrating that
dynamic sunshading devices can be utilized as an efficient and sustainable architectural

solution for hot-arid areas.
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