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Abstract

This thesis investigates the integration of Sun Tunnel systems—also known as Sun
tunnels—within the design of commercial architecture, particularly shopping centers located
in hot and arid climates such as Biskra, Algeria. The work is structured into three main chapters:
a theoretical overview of natural lighting in architecture, a comparative analysis of international
and national commercial case studies, and a practical project proposal supported by a functional
prototype.

The theoretical chapter explores the evolution and benefits of natural light, the
principles of visual comfort, and the technical characteristics of tubular daylighting systems.
The analytical chapter presents six commercial buildings analyzed across criteria such as
spatial organization, circulation, and lighting strategies. The findings reveal significant gaps in
daylighting integration in Algerian shopping malls.

The practical chapter proposes a shopping center design that incorporates a Sun Tunnel
system tailored to local environmental and urban constraints. A physical prototype with a solar
tracking mechanism was built and tested, demonstrating the system's efficiency in delivering
daylight to deep interior zones with zero energy consumption.

This study concludes that Sun Tunnels offer a viable, sustainable solution to improve
energy efficiency, indoor comfort, and architectural quality in commercial environments. The
research also establishes a replicable methodology that bridges environmental technology and
architectural design.

Keywords: Sun Tunnel, Light Pipe, Daylighting, Visual Comfort, Sustainable Architecture,
Shopping Center, Biskra, Energy Efficiency, Solar Tracking, Architectural Integration.
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| Introduction

The architectural discipline has long recognized the profound impact of natural light on
the built environment. As famously stated, “L’architecture est le jeu savant, correct et
magnifique des volumes assemblés sous la lumiére” (Thongtha, A., Lee, S., & Kim, J, 2023)
architecture is inherently shaped and defined by light. Over the years, the rapid pace of
urbanization and technological growth has placed enormous stress on global energy systems,
with buildings accounting for nearly 40% of total energy consumption and a significant portion
of greenhouse gas emissions. This has intensified the urgency of adopting sustainable
architectural practices that reduce energy use and enhance indoor environmental quality.
Among these, natural lighting strategies—particularly daylighting—have emerged as both
environmentally responsible and architecturally enriching solutions.

Natural lighting, the use of sunlight to illuminate interior spaces, serves both aesthetic
and functional purposes in architectural design. Beyond its visual and psychological benefits,
daylighting plays a vital role in energy conservation. Artificial lighting alone accounts for 20—
30% of the total energy consumed in commercial buildings and up to one-third in office spaces
(Song, X., Wang, L., & Zhang, Y, 2023).Reducing this dependency through daylight
integration has become a core goal in energy-conscious design. Well-implemented daylighting
systems can save up to 63% of lighting energy with manual operation and up to 68% in
automated setups, offering significant operational cost reductions and environmental
advantages.

Historically, daylight was the primary source of illumination until the widespread
electrification of the mid-20th century. However, the energy crises of the 1970s reawakened
architectural interest in natural lighting. Since then, advances in materials, optical devices, and
digital simulation tools have enabled a more precise and efficient approach to daylight design.
Today, daylighting goes beyond energy savings—it is increasingly recognized as a driver of
health, productivity, and occupant well-being. Exposure to natural light has been shown to
regulate circadian rhythms, improve cognitive function, and reduce stress (ronstad, T. V.,
Bjorvatn, B., & Pallesen, S, 2022).

Among the most promising innovations in daylighting are sun tunnel systems, also
known as sun tunnels. These systems are designed to transmit daylight into deep or enclosed
interior zones that lack direct access to windows or skylights. A typical sun tunnel consists of
three components: a rooftop collector (or dome) that captures sunlight, a highly reflective
tubular shaft that channels the light, and a diffuser that distributes the light uniformly within
the interior space. By employing the principle of total internal reflection, sun tunnels can
deliver full-spectrum natural light to spaces that would otherwise rely entirely on artificial
lighting.

According to (Thongtha, A., Lee, S., & Kim, J, 2023), the use of horizontal hollow light
tubes—particularly in windowless or deep-plan buildings—can significantly reduce lighting
energy demands. Sun tunnels offer unique advantages compared to traditional glazing or
skylight systems. They provide excellent thermal insulation, minimize glare, eliminate heat
gain, and adapt well to both new construction and retrofit applications. These characteristics
make sun tunnels especially valuable in dense urban environments, where building adjacencies
often obstruct lateral daylight penetration.

However, their performance is influenced by several key parameters, including the
length and diameter of the tube, the quality of the reflective material, and the solar angle
throughout the day. As the pipe length increases, transmission efficiency decreases due to
cumulative reflection losses. To overcome such limitations, hybrid daylighting systems have
been developed that combine sun tunnels with heliostats (sun-tracking mirrors) or Fresnel
lenses to enhance light collection and transmission under varying solar conditions.
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Comparative analyses have shown that light pipes perform best over short to medium
distances and offer an ideal solution for many small- to mid-sized building zones. In contrast,
optical fiber systems can transmit light over longer distances with greater design flexibility but
at higher costs and with more complex maintenance needs. Heliostats provide dynamic light
redirection capabilities suited for large-scale or atrium-type spaces, albeit with increased
system complexity and cost (Song, X., Wang, L., & Zhang, Y, 2023).

The growing emphasis on sustainable urban development, supported by frameworks
such as the United Nations Sustainable Development Goals (SDGs), has further elevated the
importance of natural lighting strategies in architecture. As climate change and urban
densification challenge our ability to access and distribute daylight equitably, scalable and low-
impact systems like sun tunnels offer practical, affordable, and environmentally aligned
solutions. Their ability to enhance indoor quality, reduce energy loads, and support biophilic
design principles positions them as essential tools in the future of building design.

Il Problematic

As urban centers grow denser and more complex, the design of commercial buildings
such as shopping centers increasingly demands solutions that are not only functional but also
energy-efficient and responsive to human comfort. Among the pressing challenges in such
spaces is the high reliance on artificial lighting, which contributes significantly to operational
energy consumption and environmental impact. In this context, harnessing natural daylight
through architectural systems offers a sustainable alternative. However, conventional
daylighting strategies often fall short in reaching deep or windowless zones commonly found
in large-scale commercial structures.

Sun Tunnels, or tubular daylighting devices, have emerged as a promising solution for
delivering natural light into interior spaces that lack direct access to exterior walls or roofs.
These systems are designed to capture, channel, and diffuse sunlight into building interiors,
using reflective tubes and diffusers to optimize light distribution. Their application is
particularly relevant in commercial environments such as shopping centers, where deep floor
plans and complex spatial layouts create challenges for daylight penetration.

In exploring the potential of Sun Tunnels as an innovative daylighting solution within
commercial architecture, two critical questions arise:

To what extent can Sun Tunnel systems provide sufficient natural lighting inside
commercial spaces?

How effective are these systems in reducing energy consumption related to artificial
lighting?

These questions are central to understanding the viability of Sun Tunnels not only as a
passive lighting technology but also as a contributor to sustainable development goals in
architecture. A study by (AlQudah, A. A., & Freewan, A. A., 2020) emphasizes that traditional
daylighting methods often fail to meet the lighting requirements of enclosed architectural
spaces, particularly in urban contexts. In such scenarios, Sun Tunnel systems have been
proposed to bridge the gap by extending daylight deeper into the interior, thereby enhancing
the quality of illumination and reducing energy dependence.

The effectiveness of such systems has been demonstrated in controlled environments,
such as tunnels, where daylighting technologies based on optical fibers or similar principles
have significantly reduced artificial lighting loads while improving luminance uniformity and
visual comfort (Shi, J., Li, Q., & Sun, Y., 2023)Although the architectural application context
differs, these results highlight the energy-saving potential and lighting quality achievable
through advanced daylighting strategies.

Despite these promising outcomes, challenges remain. Variations in solar availability,
orientation constraints, and building geometry affect the consistency and adequacy of natural
light provided by Sun Tunnels. Furthermore, their integration into commercial spaces must

2
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consider architectural constraints, regulatory limitations, and user comfort expectations. The
degree to which these systems can contribute to both functional lighting and measurable energy
savings in a shopping center context remains an open and important inquiry.

111 Hypothesis

The integration of the Sun Tunnel system into architectural design, when based on
carefully studied geometric, dimensional, and architectural criteria, is presumed to lead to
measurable improvements in architectural comfort. This hypothesis suggests that by achieving
adequate levels of natural lighting through established design standards, Sun Tunnels will
reduce the need for artificial lighting, thereby lowering energy consumption and contributing
to more sustainable building performance.

IV Objectives

In response to the growing demand for sustainable and energy-efficient architectural
solutions, this study evaluates the integration of the Sun Tunnels system into shopping center
design to ensure acceptable levels of natural lighting and reduce reliance on artificial lighting,
thereby enhancing energy efficiency and environmental performance. The study aims to
achieve the following specific objectives:

— To study the geometric, dimensional, and architectural characteristics of sun tunnels
relevant to building design.

— To test the amount of daylight that Sun Tunnels can deliver in indoor commercial
spaces.

— To estimate the reduction in artificial lighting and electricity consumption due to the
use of Sun Tunnels.

— To develop simple design strategies for integrating Sun Tunnels into shopping center
architecture.

V Research methodology

The research methodology outlines the systematic approach employed to investigate
and address the research questions concerning natural lighting solutions and energy saving in
the built environment. This chapter provides a detailed explanation of the methods, tools, and
processes used to collect, analyze, and interpret data. It ensures the reliability, validity, and
relevance of the findings to the study’s objectives.

The research will be organized into four main chapters:

— Introductory Chapter: This chapter will provide a general introduction, including the
problem statement, the hypothesis and the research objectives.

— Theoretical Chapter: This section is divided into three parts. The first part will focus
on defining natural lighting, its role in architecture and its history, as well as the systems
that have been created to provide it in sustainable buildings. The second part of this
chapter will define this system in detail, its advantages, disadvantages, elements, and
even its importance in architecture. The last part will define commerce and the center,
as well as all the criteria for designing shopping centers and their organizational spaces.

— Practical chapter: This section includes two parts. The first is the analytical part,
which includes analyzing examples to understand the various project criteria, including
formal, functional, constructive, structural, and other aspects, and proposing a program.
In addition, we will analyze the site and its climatic features using specialized climate
analysis programs that help in the design process. As for the second, which is the
application topic, this chapter will be devoted to the proposed project, detailing the
project program, the methodology through which the project was formed, the various
graphic representations, and the project’s working method.
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Introduction

Natural lighting has long been recognized as a fundamental element in architectural design,
not only for its aesthetic and psychological benefits but also for its role in promoting energy efficiency
and environmental sustainability. As the built environment increasingly moves toward low-energy
and occupant-centered solutions, daylight has emerged as a powerful tool for reducing reliance on
artificial lighting and improving indoor comfort.

This theoretical chapter explores the importance of natural light in architecture by tracing its
historical evolution, physical characteristics, and impact on human perception and well-being. It then
focuses on systems developed to optimize daylight distribution—particularly light pipes (sun
tunnels)—which have proven effective in bringing natural light into deep or enclosed interior spaces.
Their components, performance factors, advantages, and challenges are examined in depth.

The chapter concludes by situating these concepts within the context of shopping centers,
highlighting how daylighting strategies, and specifically light pipe systems, can contribute to more
sustainable, energy-efficient commercial environments. This theoretical foundation supports the
practical application and analysis that follow in the later sections of the thesis.
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V1 First part

V1.1 The history of evolution of natural light in architectural

Natural light has undergone a major transformation in built spaces. Initially the sole light
source, sunlight has gradually been supplemented—and often replaced—by artificial lighting. The
past century's rapid adoption of electrical lighting has prioritized consistent illumination levels, often
at the cost of a dynamic indoor atmosphere shaped by the sun’s natural movement and seasonal
changes. This transition not only heightens energy demands but also weakens the connection between
interior and exterior environments.

Primitive uses of natural light can be traced back to the strong rays penetrating the darkness
of caves (Singh AP, 2018, p. 28)Throughout history, natural light has served as a primary source of
illumination, utilized with varying degrees of control in different shelters built by humans in their
quest for survival and comfort. The artistic intuition behind the design of light openings in various
surfaces has created a unique sense of place. Daylight has also been associated with significant
symbolic meanings based on how it enters a space and casts shadows on different surfaces.

Daylight is often linked to symbolic meanings such as cleanliness, purity, knowledge, and the
divine, in addition to its primary function of illuminating spaces. The periods have been classified
chronologically into three categories of preindustrial, industrial, and postindustrial architectural
periods in line with the technological developments witnessed during each period. ( (Florence nyole,
2004, p. 10)

V1.1.1 Preindustrial architecture

In the preindustrial period, daylight served as the main source of illumination, symbolizing
cleanliness, purity, knowledge, and the divine. While artificial lighting from candles and lamps
supplemented natural light, building designs were primarily adapted to maximize daylight in interior
spaces.

This era encompassed various architectural styles, including Ancient Egyptian, Greek, and
Roman, as well as Early Christian, Byzantine, Romanesque, Gothic, Renaissance, and Baroque
architectures. In regions with abundant sunlight, architects often minimized window sizes and
employed diffusing mediums like grilles or glass to manage light entry.

Notably, light was strategically admitted only where necessary, giving special significance to
openings in the design. This created varied lighting levels throughout buildings, highlighting specific
areas for important functions or events. For example, altars in churches or ancient statues were
deliberately placed in locations with optimal lighting conditions to enhance their prominence
(Florence nyole, 2004, p. 12).

VI1.1.2 Ancient Egypt

Daylight played a central role in Egyptian architecture, with designs aimed at minimizing
glare and excessive sunlight. Openings were limited due to structural constraints and were often
supported by massive lintels.

e Strategies for Daylighting:

Clerestories were used to illuminate deeper spaces, while thick walls helped diffuse light.
Roof slits, small windows, and entrance doors were carefully positioned to manage sunlight
effectively. (Florence nyole, 2004, p. 12)
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Figure 1.1 : Indication of different strategies used at the Great Temple of Ammon i.e. clerestories and roof slits.
Source: Author’s sketch and greatbuildings.com

V1.1.3 Ancient Greece

Greek architecture emphasized outdoor life and visual drama. Buildings featured colonnades
and porticoes that provided shade and enhanced spatial layering.
e Strategies for Daylighting:
Openings were mainly symbolic, used to highlight statues and decorative elements. Temples were
oriented eastward to illuminate divine figures. Small openings and narrow shafts of light were typical,
with town layouts ensuring solar access for both lighting and‘lf‘gjng. (Florence nyole, 2004, p. 13)

an®®

Lighting by skylight

Figure 1.2 Comparative lighting strategies by the Greek through clerestories of skylights. the buildings were planned
and oriented to have the openings facing the East significant with the morning illumination.
Source: Archaeology of the Bible: Ancient Religio

V1.1.4 Ancient Rome

Roman innovations like the arch, vault, and dome allowed for wider openings and better
daylighting than earlier periods.
e Strategies for Daylighting:
Circular and square-headed openings, some with glazing, were common. Skylights and
clerestories brought light into larger interiors. Building orientation (east-west) maximized exposure
to southern sunlight during winter. (Florence nyole, 2004, p. 13)
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Figurel. 3 : the unglazed skylight of the Pnthe in Rome as well as clerestories were the main strategies being used
due to development of the arch, vault and dome by the Romans. Giovanni Paolo Panini, Interior of the Pantheon, c.
1734, oil on canvas, 128 x 99 cm

Source: Archacology of the Bible: Ancient Religio

V1.1.5 Early Christian (A.D. 313-800)

The basilica form was adapted for religious use, but timber roofs reduced opportunities for clerestory
lighting.
e Strategies for Daylighting:
Numerous small clerestory windows created dim interiors suited to religious atmosphere.

High-level windows focused light toward the altar, enhancing its visual and symbolic prominence.
(Florence nyole, 2004, p. 14

Figure 1.4 St. Peter Rome A.D. 330 by Constantine with a Sno. aisled loor plan. Light timber trusses reduce bearing on
side walls allowing larger openings but height limited by sloped side aisle roof geometry. Windows focus attention
towards apse.

Source: Archaeology of the Bible: Ancient Religio

V1.1.6 Byzantine (A.D. 330-1453)

Centralized domed structures defined this era.
e Strategies for Daylighting:
Light entered through small, clustered openings at the dome base, often using stained glass or
translucent marble to create a glowing, ethereal effect. Openings were typically arched or horseshoe-
shaped. (Florence nyole, 2004, p. 15)
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Figurel. 5 St. Sophia in Constantinople A.D. 532 - 537 now present-day Turkey with a ring of 40 windows making
dome to appear to loat and the pendentive allowed support of the dome at four points over a rectangular space
Source: Archaeology of the Bible: Ancient Religio

VI1.1.7 Romanesque (A.D. 800-1100)

Round arches and vaults reappeared, and churches evolved into cruciform plans with groin
vaults.
e Strategies for Daylighting:
Windows remained small, especially in Italy, while France saw slightly larger ones. Rose
windows appeared in non-load-bearing walls. Recessed openings with decorative jambs and shafts
defined this style. (Florence nyole, 2004, p. 17)

Figure 1.6 St. Michele Pavia, Italy, c. 1100 - 1160 with masonry vaults required massive walls with small openings
Source: Archaeology of the Bible: Ancient Religio

V1.1.8 Gothic (A.D. 1100-1600)

Innovations like the pointed arch and flying buttress allowed for massive stained-glass
windows.
e Strategies for Daylighting:
Walls were freed from load-bearing duties, enabling expansive windows. South-facing
fagades were especially effective in capturing daylight, while cathedral layouts (typically east-west)
enhanced the lighting of key spaces. (Florence nyole, 2004, p. 17

||

Figure 1.7 : St. Petersborough, England A.D. 1117 and 1190 Wthh is a typical Gothic Cathedral construction with the
lying buttress allowing large window openings.
Source: Archaeology of the Bible: Ancient Religio

9



Theoretical chapter

V1.1.9 Renaissance (A.D. 1400-1830)

A revival of classical proportion and harmony defined this era.
e Strategies for Daylighting:
Openings were fewer but larger and more carefully placed. Their design varied by region and
climate. Thick walls allowed for recessed windows that created rich lighting effects, and domes
guided light through layered spaces. (Florence nyole, 2004, p. 18)

Figure 1.8 St. Peter’s Rome (AD 1506 - 1625)
Source: Archacology of the Bible: Ancient Religio

V1.1.10 Baroque (A.D. 1575-1770)

Architecture became theatrical and emotionally charged.
e Strategies for Daylighting:
Dramatic lighting effects were achieved using hidden and recessed openings. Upper areas
were bathed in light, while lower zones remained darker, reinforcing spiritual and spatial drama.
(Derek Phillips, 2004, p. 28)

Figure 1.9 daylight strategy in a church baroque era
Source: greatbuildings.com

V1.1.11 Industrial Architecture

Before the 1800s, daylight was the main source of illumination, with window placement
tailored to climate and orientation. The Industrial Revolution introduced structural frames and new
glass technologies. (Fletcher Banister , 1905, p. 10)

e Daylighting Strategies:
Larger windows became possible, increasing daylight but also introducing challenges like

Source: google .com
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V1.1.12 Modern Movement (1900s)

Pioneers like Wright, Le Corbusier, and Aalto embraced daylighting but relied increasingly
on mechanical systems, leading to higher energy use despite innovations.
e Strategies for Daylighting:
Although daylighting principles remained, architecture began to detach from environmental
context due to reliance on artificial systems and technologies. (Fuller Moore, 1991, p. 23)

‘ Fighfe I.11 Alvar Aalto’s Vipuui Library Louis Kahn’s Kimbell Art Museum
Source: greatbuildings.com, Author’s Sketch

V1.1.13 Post-Industrial Era (after 1973)

The oil crisis revealed the energy inefficiency of modern buildings, triggering a shift back to
passive, sustainable strategies.
e Strategies for Daylighting:
Architects began reintegrating environmental awareness and technical knowledge into their
designs, focusing on daylight as a key element of sustainable architecture. (Fletcher Banister , 1905,
p. 32)

V1.2 The role of light in human perception

Light shapes human perception of surroundings, making it a powerful but intangible element.
Perceptions about an object in the mind derive from its appearance when exposed to light, and
individuals do not have exactly the same perception of one object, (Jay PA, 1971, p. 19) Natural
daylight creates the best perception of surroundings, offering uniform illumination across surfaces.
This uniformity resembles light reflected from objects, enabling clear visibility. Conversely, artificial
lighting often alters perceptions, highlighting certain areas and changing how an object appears
compared to its look in natural daylight.
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Figure 1.12 human eye perception
Source; ResearchGate.com
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V1.3 The benefits of using natural light in architecture

Natural light offers numerous benefits:

— Energy Conservation: Reducing reliance on artificial lighting can cut electricity usage by up
to 10%.

— Healthier Indoor Environment: Natural light reduces bacteria and fungi, especially in damp
areas like bathrooms and cellars, lowering the risk of chronic respiratory issues.

— Improved health due to vitamin D: Sunlight can help prevent vitamin D and B1 deficiencies,
reducing risks of diseases such as rickets and beriberi. (javadnia M, 2016, p. 09)

— Enhanced Workplace Efficiency: Studies show that access to natural light improves employee
performance.

— Visual Appeal in Interior Design: Natural lighting remains a favored element in design, adding
beauty and creating unique structural challenges.

— Supports Biological Rhythms: Ultraviolet rays in daylight help regulate natural rhythms
within biological systems.

— Impacts Indoor Conditions: Natural light positively affects indoor temperature, humidity, and
overall space quality.

— Connection to Nature: Exposure to daylight supports eye health, reduces anxiety, and

promotes a sense of well-being by fostering a natural connection with the outdoors (Javadnia
M., 2016, p. 26)

V1.4 Requirements and criteria of visual comfort

Visual comfort, as defined by the European standard EN 12665, is “a subjective condition of
visual well-being induced by the visual environment” It is influenced by three main factors:
the physiology of the human eye, light quantity and spatial distribution, and the spectral
characteristics of the light source. Studies on visual comfort typically examine several key
elements in relation to human needs and lighting, including light levels, light uniformity, color
rendering quality, and glare potential for occupants. (Thorseth A. , 2024, p. 23)

V1.4.1 Amont of light

Adequate visibility depends on having a suitable amount of light that allows occupants to
complete tasks comfortably. Discomfort arises when light levels are either too low or too high.
Illuminance—the measure of light reaching a specific surface or work area—is commonly used to
quantify this. llluminance-based indices often rely on annual weather data to provide instantaneous
or time-aggregated assessments. These assessments compare indoor lighting conditions to predefined
optimal illuminance thresholds, which vary based on the typical tasks performed in that environment.
(Reinhart CF, 2011, p. 46)
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Figure 1.13 different level of amount of light
Source; ResearchGate.com
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V1.4.2 Uniformity of light

Light uniformity refers to how consistently light is distributed across a task area. Good
uniformity reduces visual stress by minimizing frequent eye adjustments between over-lit and under-
lit areas, which in turn lowers the likelihood of discomfort. Physically, this is represented by
uniformity in illuminance across the task zone. "It is an effective parameter for describing a lighting
environment, as a simple illuminance average may yield similar conclusions even in cases with very
different light distributions, such as highly uniform versus highly variable lightin" (Andersen M,
Kleindienst S, Yi L, Lee J, Bodart M, , 2008, p. 36)

Low Uniformity

High Uniformity

Figure 1.14 the importance of light uniformity
Source: Sustainable Transport and Livability journal

V1.4.3 Glare
Glare is one of the most disruptive aspects of visual comfort. It occurs when excessively bright
areas within the field of view hinder the ability to see clearly. Glare is classified into two main types:
— Disability glare: an immediate reduction in visibility, often provoking reflexive behaviors like
squinting or turning away from the light source.
— Discomfort glare: a more gradual and subjective form of visual fatigue caused by high
brightness contrast or excessive light levels over time.
Glare perception is complex and varies with individual sensitivity, eye adaptation, and
viewing angles. Despite the development of various metrics to quantify discomfort glare, predicting
it accurately remains challenging due to the diversity of human responses and spatial conditions.

(Bellia L, Bisegna F, Spada G., 2011, p. 53)
bl e

Figure 1.15 Examples of three main types of glares -(a) discomfort glare; (b) disability glare; (c) dazzling or blinding
glare
Source: ResearchGate.com

V1.4.4 Quality of light in rendering colors

Natural daylight is widely preferred over artificial lighting due to its ability to render colors
accurately, enhance mood, and improve well-being. It offers dynamic variations in intensity and color
temperature throughout the day, helping to regulate circadian rhythms and maintain a connection with
the natural environment. These benefits contribute to increased satisfaction and productivity in both
work and living spaces. However, while daylight offers superior color rendering and variability, it can
also create excessively bright or non-uniform environments if not controlled properly—especially in
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settings like offices where consistent visual conditions are required. (Andersen M, Kleindienst S, Yi
L,Leel, Bodart M, , 2008, p. 45)

b

CRI>70 CRI>80 CRI>90

Figurel. 16 the importance of color rendering index
Source: thelightingoutlet.com

V1.4.5 The visual comfort indices

“Although the aforementioned factors are possibly correlated with each other, an index
usually focuses only on one of them” A total of 34 indices have been compiled from a review of
scientific literature and lighting standards. Most of the collected indices are devoted to assessing or
predicting firstly glare (17/34; 50 %), secondly the amount of light (9/34; 26 %); then, the light quality
(7/34; 21 %) and lastly the light uniformity (1/34; 3 %). The time evolution of the cumulated number
of such indices seems to be far from a saturation state) Fig.1.17 illustrates an initial increase in glare
assessment indices around 1995, followed by another rise from 2005 to 2010, and a notable focus on
evaluating light levels in 2012. Over the past two decades, research has predominantly targeted
metrics for assessing glare and light quantity. Despite these efforts, no current metric can
singlehandedly summarize overall visual comfort in a specific lighting environment. The following
sections offer a classification and critical review of the available indices (McCluney R, 1990, p. 35)

34
32 A
30 A
28 4

Cumulative number of visual comfort indices
=

949 1954 1959 1964 1969 1974 1979 1984 1989 1994 1999 2004 2009

Timeline (Years)

Light distribution ® Quality of light " Glare = Amount of light

Figure 1.17 The cumulative number of visual comfort indices proposed over
Source: ResearchGate.com

V1.5 The physical characteristics of natural light

V1.5.1 Radiation and the electromagnetic spectrum

Electromagnetic radiation refers to the disturbance of electric and magnetic fields, with the
photon serving as its vector. In classical physics, it is characterized as an electromagnetic wave, which
involves the propagation of a magnetic field and an electric field, oriented perpendicularly to each
other, moving in a straight line from a source that results from the alternating motion of electric
charges. By breaking down electromagnetic radiation into its various components—such as
frequency, photon energy, or wavelength—we obtain an electromagnetic spectrum, in which visible
light represents a small segment of this extensive range. (Javadnia M., 2016, p. 60)
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Figure 1.18 The electromagnetic spectrum where the infrared and visible light spectrums within it are seen as well
Source: en.openei.org

V1.5.2 Light Spectrum

The term "white light" or "solar light" refers to the typical light of daylight. This light consists
of multiple waves at different frequencies, perceived by the human eye as various colors—red,
orange, yellow, green, blue, and violet. Together, these waves create parallel bands, forming what is
known as the light spectrum. The rainbow's colors demonstrate this spectrum as sunlight breaks down
into its components. Essentially, the light spectrum represents the range of monochromatic radiations
obtained through a dispersive system. It encompasses all potential vibrations of the electromagnetic
field. There are two primary types of light spectrum: the emission spectrum, produced directly from
a light source, and the absorption spectrum, observed when white light passes through a gas or liquid.
Human vision is sensitive only to a small section of this field, the visible spectrum, which ranges
from wavelengths of 400 nm (violet) to 700 nm (red); wavelengths outside this range are undetectable
by the human eye. (Javadnia M., 2016, p. 61)

V1.5.3 The physical phenomena of light

e The propagation of light

Light travels in a straight line when it moves through a homogeneous, transparent medium—
meaning a material with uniform properties throughout. This linear path changes only when the
medium is non-uniform or when light encounters obstacles. Light propagation can be described in
two complementary ways: as spherical waves that radiate uniformly in all directions, or as rays that
indicate the direction of wave travel, perpendicular to the wavefronts. Unlike sound, light does not
require a medium and can travel through a vacuum at a constant speed of approximately 300,000
km/s (3.0 x 10® m/s). The direction of light can be altered through physical phenomena such as
reflection, refraction, diffraction, or diffusion. (Rhea Jariz Eleazar , 2012, p. 45
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Figure 1.19 rectilinear propagation of light with an experiment
Source: ScienceDiect.com
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e The reflection

When a light ray strikes a polished surface, it is reflected at an angle equal to its angle of
incidence. This reflection can occur in three main forms—specular, diffuse, or mixed—depending on
the surface's characteristics.

Specular reflection occurs on smooth surfaces, where the incident ray reflects cleanly in one
direction. Although ideally all the light's energy is reflected, some may be absorbed or scattered. A
surface acts as an ideal mirror when its imperfections are smaller than the light’s wavelength.

Diffuse reflection happens on rough surfaces, causing the light to scatter in multiple directions.
This results in broad energy distribution and can be either perfect (even scattering) or partial (random
scattering), allowing light to illuminate areas not directly exposed to the source.

Mixed reflection combines both behaviors, with light scattering broadly but still favoring a
general direction, common on semi-smooth surfaces. (Andersen M, Kleindienst S, Yi L, Lee J, Bodart
M, , 2008, p. 52)

Réflexion diffuse Réflexion spéculaire

Figure 1.20 presente the two types of reflection
Source: Academia.edu

e The refraction

Refraction is the phenomenon where a light ray changes direction as it crosses the boundary
between two media with different light propagation speeds, meaning the wave deviates when its speed
varies. This directional change follows the principles outlined by the Snell-Descartes laws of optical
geometry. Refraction commonly occurs at the interface between two materials or when there’s a shift
in the medium’s impedance. For instance, when white light passes through a prism, it splits into its
various color components due to the fact that the light ray’s angle of deviation in a transparent medium
increase as the wavelength decreases. (Andersen M, Kleindienst S, Yi L, Lee J, Bodart M, , 2008, p.
53)

Le milieu traverse

Figure 1.21 present the refraction phenomenon
Source: Academia.edu

e Diffusion

occurs when light is scattered in multiple directions upon interacting with particles or irregular
surfaces. This scattering can be isotropic (uniform in all directions) or anisotropic (directional),
depending on the medium’s properties. It can happen at boundaries between different media or within
a single medium containing elements like dust or moisture. As a result, even observers not aligned
with the original light path can perceive the dispersed light, giving the effect of a visible beam—
commonly observed in foggy or smoky environments.

16



Theoretical chapter

/
@/)1‘ /; %
96 .

Diffusion
s surface

Incident light striking a perfect ‘Diffusion Surface’ creates
a hemisphere of even illumination around the strike point.

Figure 1.22 showing diffuse reflection
Source: ScienceDiect.com
e Polarization

Polarization involves the alignment of light waves so that their vibrations occur in a specific
direction. This typically results from reflection or refraction and can be produced using polarizers,
especially linear ones, which restrict the electric field’s oscillation to one plane. According to
electromagnetic theory, light consists of electric and magnetic fields oscillating perpendicularly to
each other and to the direction of travel. In natural (unpolarized) light, vibrations occur in all
directions. After passing through a polarizer, only waves vibrating in a particular direction remain,
resulting in linearly polarized light. (Rhea Jariz Eleazar , 2012, p. 56)

Figurel. 23 shows the polarization effect
Source: ScienceDiect.com
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e Absorption
Absorption describes how certain materials capture and converts light energy, often
transforming it into heat. Different materials absorb different wavelengths of the electromagnetic
spectrum. The color of an object results from the wavelengths it reflects; for example, a green leaf
appears green because it absorbs other colors and reflects green light. Transparent materials absorb
very little visible light, while opaque materials absorb more, diminishing the intensity of transmitted
light.

e Transmission

Transmission refers to the passage of light through a material. Depending on the medium’s
uniformity and surface characteristics, light may travel straight, bend at interfaces, or scatter. There
are three main types of transmission:

— Directional transmission, where light passes through at the same angle as incidence;

— Perfect diffuse transmission, where light spreads evenly in all directions;

— Random diffuse transmission, where scattering is irregular but biased toward a direction.

— Mixed transmission blends these modes, with light scattering diffusely but favoring a general
direction. Materials are classified as transparent, translucent, or opaque based on how much
light they transmit. Additionally, the light transmission coefficient (Tl) quantifies the
proportion of visible solar radiation that passes through a material, and this can vary
depending on its thickness. (Andersen M, Kleindienst S, Yi L, Lee J, Bodart M, , 2008, p. 58)
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Figure 1.24 Physicists Transmit Light through Opaque Materials
Source: en.openei.org

V1.6 Overview of Natural Light Modeling Systems

Natural light modeling systems are architectural tools and technologies designed to optimize
the distribution and use of daylight within interior spaces. These systems address the challenges of
uneven daylight penetration—such as excessive brightness near windows and darkness at the rear of
rooms—by promoting a more uniform light distribution. The ultimate goal is to enhance visual
comfort and reduce dependence on artificial lighting, thereby improving energy efficiency.

The most common types of natural light modeling systems include:

— Skylights: installed in roofs, skylights capture direct sunlight and introduce it into interior
spaces below. They are especially useful in buildings without external windows or in areas far
from facade openings.

— Light Shelves: these are reflective horizontal surfaces placed above windows that redirect
incoming sunlight toward the ceiling, dispersing it more evenly throughout the room. Light
shelves help reduce glare and allow better control over direct sunlight entry.

— Light Pipes (Sun Tunnels): light pipes transport natural light through reflective tubes,
channeling it into deep or windowless areas of a building. They are particularly effective in
basements or rooms with limited fagade access. (McCluney R, 1990, p. 41)
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— Special Glazing and Reflective Facades: these include prismatic or directional glass surfaces
that redirect sunlight deeper into the interior. Some glazing solutions also diffuse light to
reduce glare and distribute it more evenly across the space.

Together, these systems play a vital role in reducing daytime energy consumption by limiting
the need for artificial lighting. Beyond their technical performance, they contribute to occupant well-
being by creating naturally lit environments that are visually comfortable and psychologically
beneficial.

In contemporary sustainable architecture, such systems are increasingly integrated to design
buildings that maximize daylight while minimizing unwanted effects like glare and overheating. They
offer a balanced approach to daylight design, supporting both energy savings and user comfort.

V1.6.1 Natural light modeling systems comparison

table 1 present natural light modeling systems comparison
Source: natural light illumination system, Conference paper2018

Natural Description Pros Cons Why sun tunnels are
Light Most Important
Modeling
System
- Brings natural light into [lluminates dark | May cause heat Skylights are effective but
= spaces without windows, spaces, reduces | loss in winter or | only for spaces directly
'%’j using a dome, light energy direct sunlight in | under the roof, limiting
= conduit, and diffuser. consumption. summer. their use in multi-story
buildings.
Distributes light using Provides Less effective in | While effective in deep
(2] . . . . . .
= %‘7 parabolic mirrors, effective | balanced light in | overcast spaces, it doesn’t offer
23 in cloudy weather. deep spaces, conditions. direct light transport to
E‘: O saves energy. areas far from the
windows.
Installed near windows, Achieves deep, May cause direct | Effective for larger
== redirects light to the ceiling | uniform natural | lighting issues if | spaces, but still relies on
oo & for deeper space lighting, reduces | placed too low. light from windows,
= A illumination. artificial limiting its range in
lighting. deeper rooms.
Transports natural light to | Illuminates Installation is Light Pipes are essential
spaces without direct spaces complex, for lighting areas without
windows. unreachable by requires direct windows, such as
2 windows, ideal maintenance. basements or interior
= for deep or rooms, and they ensure
£ . A
B windowless natural light is distributed
= areas. even in the absence of
2 windows. This makes
them ideal for spaces
lacking natural light
access.
Blinds used to reduce glare | Provides control | May be Reflective blinds only
g - and redirect light into the over natural ineffective in control glare but do not
§ E room. light and reduces | changing provide the depth of light
S5 glare. weather, needs penetration or wide
=4 regular coverage that Light Pipes
adjustments. can.
Uses directional or Improves even May block Special glazing enhances
= 2 prismatic glazing to light distribution | external views light control but is limited
g E redirect light into the room. | inside. and requires in its ability to transport
@n O maintenance. light deeply into rooms
compared to Light Pipes.
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VIlSecond part
VI1.1Sun tunnel system

Daylight transport devices, often referred to as light pipes or light guides, are systems
designed to collect and transmit natural light over long distances within buildings. These devices
enhance efficiency in spaces where natural light is essential for health, economic, or architectural
benefits. In 1990, Little Fair recognized Tubular Daylighting Guidance Systems (TDGS) as one of
the most innovative daylighting technologies. Various terms have been used in the literature to
describe these systems. Below is a non-exhaustive list of the names commonly found in research
(Malet-Damour B, Bigot D, Boyer H, 2020, p. 46)

e Light pipe
Light tube
Light guide
Sun pipes
Solar pipes
Solar light pipes
Daylight pipes
Tubular skylight
Sun scoop
Tubular daylighting device
e Tubular Daylight Guide Systems
The components of daylight transport devices can be categorized into three primary elements:
1. Collector (at the tube inlet):

o Designed to optimize light capture by tracking the sun's movement or redirecting

sunlight into the tube for further transport.
2. Tube (light transport system):

o Facilitates the transfer of light to the target area using materials with specific optical
properties, such as reflective coatings, prismatic structures, lenses, or solid-core
systems.

o The presence of bends or elbows in the tube may affect its performance, depending on
the system design and material characteristics

3. Diffuser (at the tube outlet):

o Ensures even light distribution within the illuminated space or along the tube.

o The choice of diffuser type can influence how light is spread across the target area.
(Kadir AA, Ismail LH, Kasim N., 2007, p. 36)

A summary of technological advancements in these systems, from 1982 to 2019, is presented
in this includes an overview of collection, transportation, and diffusion technologies as documented
in the literature. A specific focus is placed on the industrial application of mirrored light pipes.

/‘ \— Collector

[_—~Tube

Diffuser

Figure 1.25 The three zones of solatube system.
Source: ResearchGate.com
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Figure 1.26 Summary of collection, transport and emission processes with identified technologies in the literature

Source: ScienceDiect.com

VI11.2 Sun tunnels Combined with Artificial Lighting

The performance of light pipes is influenced by several weather factors, including solar
altitude, cloud cover, and external illuminance

Solar Altitude and Cloud Cover

Luminous flux increases with solar altitude but decreases with more cloud cover.

Overcast conditions often provide slightly higher efficiency compared to clear skies.
Uniform light distribution is observed when the solar altitude is low.

Seasonal Impact

Light output is higher in summer compared to winter. However, summer conditions may cause
noticeable variations in brightness on the working plane.

External Illuminance

External illuminance has the most significant effect on internal illuminance.

Research indicates an exponential relationship between external and internal illuminance lev-
els.

Atmospheric Aerosols

Aerosols in the atmosphere can alter illuminance patterns and efficiency.

Since light pipes alone may not always meet indoor lighting requirements, artificial lighting

is often used as a complement. Integrated systems combining light pipes and artificial lighting with
advanced controls (e.g., occupancy sensors and daylight dimming) can enhance efficiency, achieving
energy savings of up to 20%.

However, challenges arise, such as:

Color Rendering Differences:

Disparities in the color rendering of natural and artificial light may lead to visual discomfort.
System Longevity and Cost:

Frequent on/off switching of artificial lighting due to unstable daylight or the need for com-
plex control systems can reduce service life and increase costs.

A study by Gorgiilii and Ekren demonstrated the use of light pipes with dimmable ballasts to

illuminate a windowless room, maintaining a stable 350 lux level on the working plane throughout
the day. (Wu 'Y, Jin M, Liu M, Li S, 2024, p. 14)

21



Theoretical chapter

V1l.3Performance of Sun tunnel system

Several studies have highlighted the effectiveness of light pipe systems as natural daylighting
solutions. Research confirms their efficiency in providing a reliable light source within buildings. An
experimental study by in *Solar Energy* demonstrated that light pipes are highly effective for
delivering daylight indoors. Additionally, a survey conducted by in *Applied Energy* examined 13
buildings and found that light pipe systems could contribute 25% to 50% of the required work plane
illuminance while significantly reducing energy consumption for lighting. Another study further
noted that interior illuminance levels on work surfaces could vary based on sky conditions. Figure
shows the inter correlations between indoor illuminance and sky condition. This study was supported
by Evaluation of Daylighting Effectiveness and Energy Saving Potentials of Light-Pipe Systems in
Buildings Indoor and Built Environment through the prediction model, where there are strong
associations between the daylighting performance of the light-pipe and local climate conditions
(i.e.,solar altitude, sky clearness index, and external illuminance (G Oakley, S Riffat, L Shao, 2000,
p- 70)
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Figure 1.27 Illuminance Measurements in the Windowless Corridor
Source: Mohelnikova, 2009

V1.4 Potential utilization of Sun tunnel system

Although there are challenges associated with the use of light pipe systems, they have been
successfully implemented in various types of buildings worldwide, including offices, industrial
facilities, and healthcare buildings. Studies have shown that light pipe systems offer the greatest
energy savings in regions close to the equator.

Malaysia, being a tropical country situated around 10°N to 6°45' N latitude and 99°36' E to
104°24" E longitude, experiences a hot-humid tropical climate with uniform temperatures, high
humidity, frequent rainfall, light winds, and ample sunshine. According to climate data from, the sky
conditions in Malaysia are mostly intermediate, with 85.6% classified as predominantly intermediate,
14.0% overcast, and 0% clear. For studies on tropical daylighting, an intermediate sky condition is
recommended.

Daylight data is important that need to be taken into account in designing buildings using
daylight. Moreover, the quality of the external illuminance will affect the performance of daylight
system. For Malaysia daylight availability, research done by showed that the illuminance exceeds
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80,000 Ix at noon during March when solar irradiation is the highest and reaches 60,000 Ix even

during December when solar irradiation is less intense (Reinhart CF, 2011, p. 66)
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Figure 1.28 Daylight Availability in Subang
Source: ResearchGate.com
Given the climate conditions described above, there is significant potential for utilizing the
light pipe system as a daylighting solution in Malaysia. A study conducted by developed a conversion
factor to predict the performance of light pipe systems under the tropical Malaysian sky conditions
using a scale model. illustrates the high illuminance levels achieved during the daytime when light
pipes are incorporated into buildings.
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Figure I. 29 External and Internal [lluminance
Source: ResearchGate.com

VI11.5 Advantages and disadvantages

Solatube technologies and its related accessories represent innovative and effective methods
for introducing natural daylight into indoor spaces and incorporating additional functionalities such
as ventilation and night lighting systems. Like any emerging technology, the application of Solatube
technology should be critically evaluated in terms of its advantages and disadvantages. Table provides
an overview of the various benefits and challenges associated with Solatube technology. (Singh AP,
2018, p. 18)
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table 2 The advantages and disadvantages of Solatube daylight system
Source : singh AP, 2018

No. Advantages Disadvantages
1 Reduce lighting energy costs Provide less light through long tubes
2 Eliminate the need for artificial lighting Domes go yellow quickly
3 Improve human performance and Humid climate causes water
productivity condensation in the tube
4 Simple in installation and maintenance Not equally suited to every home
5 Suitable for new green buildings Depend on one source of energy (Sun)
6 Conform with most green building Relatively high manufacturing cost
standards
7 Achieve internal thermal and Performance is related to the clearness
psychological comfort of the sky
8 Minimize solar gain in summer Strongly affected by climate changes
9 Reduce the energy cost of air Partially suitable for some existing
conditioning buildings
10 | Improve retail sales, especially for food /
11 Offer healthy working conditions /
12 More secure than traditional skylights /
13 Block ultraviolet (UV) solar radiation /
14 Energy Star rated and meet building /
codes
15 Provide a great source of vitamin D /

V11.6 Challenges in utilizing Sun tunnel system

While many studies on Solatube technology demonstrate positive performance, there are
several challenges to its application, particularly in the context of the building sector in Saudi Arabia.
These challenges can be categorized into economic considerations, maintenance requirements, and
issues related to user awareness. (Singh AP, 2018, p. 20)

V11.6.1 Economic Considerations

The initial cost of installing a Solatube system may be relatively higher compared to artificial
electric systems and conventional windows. As the space expands and the integration of associated
advanced technologies increases, the upfront cost of the Solatube system becomes a significant factor.

V11.6.2 Maintenance

The Solatube system requires regular cleaning to maintain optimal efficiency by removing
dirt and dust. This requires well-prepared maintenance programs. Additionally, certain components
of the system may need to be replaced due to optical distortions or damage, impacting the overall
performance.

V11.6.3 User Awareness

Similar to any emerging technology, user awareness plays a crucial role in the acceptance and
widespread adoption of the Solatube system within the building sector. The mere reduction in
electricity costs may not be sufficient to justify the high initial cost to users. Therefore, increasing
awareness about the additional benefits of the Solatube system—such as improved visual comfort,
reduced environmental pollution, healthier indoor conditions, and productivity improvements—can
enhance user acceptance and adoption. (Reinhart CF, 2011, p. 65)
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V1.7 Daylight from water-filles Sun tunnels

Water in these pipes acts as a filter, removing unwanted infrared (heat) and ultraviolet

radiation, while minimally affecting visible light. Effect of Water Absorption on Light Color

When light passes through water, its correlated color temperature increases, indicating a shift

toward cooler, bluer tones. This happens because the red component of the light is absorbed more
strongly than the blue component, causing the transmitted light to appear bluer. Due to this selective
absorption, the practical maximum length for transporting light through water without unacceptable
color distortion is approximately 10 meters. (McCluney R, 1990, p. 35)

table 3 Water-filled Light Pipe Transmittances and Luminous Efficacy
Source : Mc Cluney R, 1990

Distance Radiant Lu minous Luminous Efficacy

(m) Transmittance Transmittance (Im/W)

0.001 0.9254 0.9999 130

0.01 0.8235 0.9990 145
0.1 0.6465 0.9898 184
1.0 0.4461 0.9064 244
4.0 0.2993 0.7031 281

10.0 0.1907 0.4712 296

16.0 0.1372 0.3366 294

64.0 0.0168 0.0351 250

VI

Water-filled light pipes can deliver filtered, cooler natural sunlight indoors.
Absorption reduces red light and shifts the color toward blue, lowering CRI with distance.
Maximum pipe length without significant quality loss is about 10 meters.

Third part : shopping center

The term "commerce" originates from the Latin word commercium and refers to the activity

of negotiating during the process of buying and/or selling goods and products. Additionally,
commerce encompasses any shop, store, warehouse, or commercial establishment, as well as the
broader category of merchants and traders.

VI11.1 Typology of commercial facilities

Grocery Store: A small retail establishment offering food products and household items,
typically operated by an independent merchant. Sales areas range from 20 to 200 m?.

Hard Discount Store: A self-service store predominantly focused on food, characterized by
below-average prices, limited sales areas (less than 100 m?), and a narrow product assortment
of fewer than 1,000 items.

Souk: A market located in a medina where a variety of goods can be found, such as food,
clothing, jewelry, and pottery. Souks are also known for the aromatic spices that fill the air in
their alleys. They typically include shops, workshops, and sometimes residential spaces, with
areas ranging from 200 to 100,000 m?.

Bazaar: A market or collection of shops available for buying and selling. It is considered the
equivalent of the Arabic souk.

Fair: A commercial or cultural event held in a city at a specific time and location. In modern
contexts, fairs are often referred to as event exhibitions or trade shows.

Convenience Store: A retail establishment with a sales area ranging from 120 to 400 m?,
primarily focused on food products.

Department Store: A multi-specialty retail store typically located in city centers, with an
average surface area of 5,700 m?.
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— Supermarket: A store with a sales area between 400 and 2,500 m?, generating more than two-
thirds of its revenue from food sales.

— Hypermarket: A large retail establishment with a sales area exceeding 2,500 m?, earning over
one-third of its revenue from food products. These are usually located in suburban areas.
(Agnieszka Rochminska , 2017, p. 25)

VI111.2 Definition of a shopping center

A shopping center refers to a commercial complex comprising buildings that house shops,
stores, and other points of sale, accompanied by a large parking area designed to accommodate
customers. Beyond providing a retail offering, shopping centers also serve as spaces for leisure and
entertainment.

This commercial format was significantly developed, structured, and professionalized by
economic agents in the United States during the mid-20th century, where it was commonly referred
to as a shopping center or mall. The concept was later adopted and replicated in various parts of the
world.

Erom John A. Dawson's book titled "Shopping Centre Development", he points out that
shopping Centre is defined as:

"A group of architecturally unified commercial establishments built on a site which is
planned, developed, owned and managed as an operating unit related in its location, size and type of
shops to the trade area that the unit serves. The unit usually provides on site or associated car parking
in definite relationship to the types and total size of the stores." (Agnieszka Rochminska , 2017, p.
27)

V111.3 The historical evolution of shopping centers

The concept of commercial spaces is not a recent development; it has existed since antiquity
and has evolved through the ages. Each era has left its unique architectural imprint on the design of
commercial spaces, reflecting the cultural, social, and economic contexts of the time. (Mark J, 2016,

p. 15)

| The Evolution of Commercial Space: Over Time |

ISLAAIC PERIOD: The Fenaiszance Period: The contemporary peried:
The market place Passages [ cenbers
traditionsl uncoverad Hepastanet Stors et el
¥
¥ ¥ The modern era:
THE ANTIQUITY PERIOD: | | TheMedieval Period: | | 5 0o
e Greek Agoca Markes Halls Hypermarkei
Tz Bcona Poren. :;:“ . Shnpping malls

Figure 1.30 The development of shopping malls throughout history
Source: Academia.edu
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V111.4 Classification of shopping malls according to CNCC

The CNCC (National Council of Shopping Centers) has classified shopping centres
according to their GLA surface and the number of stores into five types:

table 4 typology of shopping malls
Source: CNCC
Super Regional Shopping Their GLA area is greater than 80,000 m2 and/or they
Centres total at least 150 stores and services.
Regional Shopping Centres Their GLA area is greater than 40,000 m2 and/or they
have at least 80 stores and services.
The Great Shopping Centres Their GLA area is greater than 20 000 m2 and/or they
have a total of at least 40 stores and services.
The small shopping centers Their GLA area is greater than 5,000 m2 and/or they
have at least 20 stores and services.

The thematic centres These are specialized shopping centres, for example in
home equipment or manufacturers' shops.
Discount store 300 to 500 m2 of sales area. They are located in
central points of residential areas.
Supermarkets 400 to 500 m2 of sales area.

V1I1.5 Typologies of shopping mall layouts

The functional planning of a building is guided by the identification of user requirements,
operational processes, and contextual factors. These include considerations like the building's
intended purpose, the profile of its users, its spatial accessibility, construction costs, and other design-
related criteria. Similarly, shopping mall layouts are influenced by parameters such as site selection,
zoning regulations, spatial organization, lighting and structural requirements, materials, security
measures, and parking arrangements. Indoor spatial features significantly impact user behavior and
environmental conditions in shopping centers.

Shopping mall layouts are typically adapted to the geometry of the available land. Factors
such as access routes, building entrances, and exits play a key role in determining the final plan.
Effective layouts should establish a clear pedestrian flow while maximizing visibility and
accessibility for storefronts. Anchor tenants, entertainment zones, and mid-sized stores are
strategically located to direct customer movement, enabling interaction with smaller retail outlets
along the main circulation paths. The design must ensure simplicity and clarity, minimizing the
likelihood of users becoming disoriented within the space. Furthermore, key elements like parking
access, emergency exits, and vertical circulation systems should align seamlessly with pedestrian
pathways. (Mark J, 2016, p. 26)

Four main typologies of shopping mall layouts can be identified, each reflecting a distinct
spatial organization:

a) Cartesian Plans: Inspired by traditional covered markets, these plans feature intersecting
circulation axes that organize shopping blocks in a grid-like arrangement.

b) Branch Plans: Developed to maximize leasable space, these plans incorporate branching
pathways that extend from a central circulation spine. They facilitate multi-level connectivity
through strategically placed vertical circulation points.

c) Dumbbell Plans: Characterized by a linear central axis, these plans position high-attraction
zones such as anchor stores or entertainment hubs at opposite ends of the circulation path.
This arrangement encourages movement and interaction along the central axis.

d) Cluster Plans: This typology groups stores and other functions along a pedestrian axis, often
intersected by gathering nodes or plazas. It emphasizes spatial flexibility and user-oriented
design.
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Effective orientation within a shopping mall is essential for creating an intuitive user
experience. The design of circulation spaces and storefront arrangements plays a critical role
in guiding user movement and ensuring accessibility throughout the space.

ogeq _amae-

QRAR \
d33 s

Cartesian Dumbbell
) o 9
o® 4
L Teo _o
L “‘v ;’@ @@ :; J @@ @%@"&
Cluster Branch

Figurel. 31 Shopping mall plan types
Source: ResearchGate.com

V111.6 Design Principles for shoping mal structures

The design process for shopping mall structures begins with developing flexible and modular
spatial solutions. Modular units are conceptualized to support scalability, allowing them to be
replicated and adjusted to form cohesive and functional layouts.

These modular systems are not intended as universal solutions but must adapt to evolving
retail trends and user needs. By adhering to standardized guidelines and national regulations,
shopping mall designs can also align with international architectural standards. This modular
approach facilitates the creation of hybridized layouts that integrate various functions, enhancing the
overall utility of the mall. (Agnieszka Rochminska , 2017, p. 30)

Figure 1.32 Conceptual composition of shopping mall zones)
Source: ResearchGate.com
A critical aspect of designing shopping malls involves analyzing pedestrian movement
patterns, particularly in high-traffic retail areas. Empirical observations of circulation paths within
frequently visited zones help identify areas of high demand, such as corner stores, anchor tenants,
and leisure or dining spaces. Effective layouts prioritize these areas, ensuring seamless connectivity
and visibility to maximize user engagement and sales potential. (Jarostaw Wiater, 2018, p. 32)
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Figure 1.33 Conceptual composition of shopping mall zones)
Source: ResearchGate.com
Furthermore, functional zones within shopping malls—including sales areas, warehouses,
service blocks, and recreational spaces—must be strategically organized to promote ease of
navigation and efficient operations.

s,
-

Figure 1.34 Functional organizational zones, shopping mall
Source: ResearchGate.com

Figure 1.35 Pedestrian circulation defines the geometry of mall
Source: ResearchGate.com
The geometric configuration of the mall is shaped by pedestrian circulation, emphasizing
direct and accessible pathways to points of interest.
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Figure 1.36 Functional organizational scheme, points of interest
Source: ResearchGate.com
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Figure 1.37 Functional organizational scheme, shopping mall
Source: ResearchGate.com
By continuously integrating these spatial strategies into the design process, architects ensure
the creation of dynamic retail environments that cater to both user convenience and commercial
objectives.

VI1I1.7 General evaluation of daylight in shopping malls

Daylight in shopping malls is essential not only for reducing energy consumption by
minimizing artificial lighting but also for enhancing the health, comfort, and productivity of
occupants. According to Stevens and Rea, modern built environments have largely replaced natural
light with artificial sources, negatively affecting human well-being. Loveland (ref. 37) highlights that
daylighting improves the aesthetic value and marketability of commercial buildings, making them
more attractive to customers and increasing rental value. Furthermore, proper use of daylight can
reduce operational costs and improve visual comfort. Despite these benefits, many malls face issues
with overheating, glare, and uneven daylight distribution, especially in multi-story layouts. Effective
daylighting strategies must balance illumination with control measures to avoid discomfort and
energy waste. In summary, maximizing daylight use in shopping malls supports sustainability goals,
economic advantages, and occupant satisfaction, but requires careful architectural planning and
innovative lighting solutions. (Agnieszka Rochminska , 2017, p. 45)
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Conclusion

The theoretical chapter has demonstrated the essential role that natural light plays in
contemporary architecture, both from a functional and environmental perspective. Tracing the
historical evolution of natural lighting has highlighted how architectural strategies have continuously
adapted to enhance daylight usage—from symbolic applications in religious architecture to modern
sustainable design practices. Particular emphasis was placed on Sun Tunnels (light pipes), which
emerge as an innovative solution to bring daylight into deep or enclosed interior spaces. Their
technical configuration, performance parameters, and architectural implications have been analyzed
thoroughly. Furthermore, the chapter has contextualized these systems within shopping center design,
showcasing how their integration supports energy efficiency, visual comfort, and commercial value.
This theoretical framework lays the foundation for the analytical and practical chapters by justifying
the implementation of natural lighting strategies in commercial architecture as a sustainable and
human-centered design approach
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Introduction

In this chapter, we will focus on the analytical approach to the three aspects of our work.
We will analyze several literary and current examples of shopping malls to better understand the
functioning of these spaces. Next, we will analyze the context,

| The liste of exemples

Figure I1.1 the liste of exemples
Source: google.com

Il The elements to be analyzed

motivation of choice

project data

The Conceptual Ideaoice
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technical and

functional
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|| the immediate the
environment volumetry spatial and
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flow

Figure I1.2 the elements to be analyzed
Source: auteur,2025

accessibility
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I11 analysis of bookish examples

I11.1 exemple 01: Atlaspark mall

— Location: Abdurrahmangazi District Sultanbeyl,
Istanbul, TURKEY

— Architect: Ergun Mimarlik

— Client\ owner: Ziylan-Mesturkuaz-Uzman GYO

— Land area: 5.4 hectares

— Completed: 2015

— Construction: 2012

— General Contractor: Sultanbeyli Gayrimenkul

Yatirim <
— Interior Designer: Gorkem Volkan Design Studio \ atlasfiail $
— Lighting Designer: Studio Dekor g . R gy
BT st R R e ]

— Structural Engineer: Fonksiyon Miihendislik
— Ground Footprint Coefficient : 1.75 hectares

Figure I1.3 Atlaspark mall
111.1.1 Description of the project Source: Pinterest.com

Atlas Park Mall, located in Sultanbeyli, Istanbul, spans 120,000 square meters over four floors and
was completed in 2013. The mall is designed to address the lack of green spaces in the area, featuring
a central recreational zone devoid of commercial activity. Its innovative use of natural light and wavy
wooden ceiling panels creates a dynamic and welcoming environment that balances community needs
with modern retail architecture.

111.1.2 Motivation of choice

Atlas Park Mall was chosen for its innovative approach to combining retail spaces with a
community-focused design. Its central recreational area addresses the lack of green spaces in the
Sultanbeyli district, emphasizing the mall's commitment to social and environmental needs. The
thoughtful integration of natural lighting enhances the visitor experience and showcases sustainable
architectural practices, making it a compelling subject for analysis.

111.1.3 The Conceptual Idea

Atlas Park Mall focuses on integrating functionality with a visually dynamic and community-
sensitive design. The structure centers around a single gallery space that maximizes natural light,
creating an inviting and open atmosphere. To address the monotony of long corridors, the design
employs perforated, wavy wooden ceiling panels, which add a dynamic aesthetic and soften the linear

e #ﬂ"" "‘

#

layout.

Figure 11.4 view of the project
Source: Pinterest.com
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111.1.4 Situation

Atlas Park Mall is located in Sultanbeyli, a
district in Istanbul, Turkey, an area that had limited
green spaces and public recreational zones before the
mall's construction. The mall's design was driven by the
need to provide a community-centered environment in
an urban setting that lacked such spaces. Strategically
placed, the mall enhances the area's urban fabric while
responding to the local context by incorporating a large
green space in the center. This green zone, devoid of
commercial activity, serves as a calm area for public
use, particularly benefiting families and children

111.1.5 The Immediate Environment

Situated in Sultanbeyli, Istanbul, a district with
limited green spaces.

The area includes residential neighborhoods,
commercial zones, and key transport connections,
making the mall a central hub for the region.

The mall introduces a central recreational green
area, offering a tranquil space in an urbanized
environment.

Well-connected by roads and public transport,
ensuring ease of access for local and regional visitors.

The mall serves as a much-needed public space,
enhancing the area's quality of life by providing green
space in an otherwise developed region.

Figure ILS the situation of the project
Source: google earth.com

=

- Fatih Sulatn Mehmet cemetry 5. Saygi hospital

1
2- Mosque 6- Educational institution
3- Local goverment office 7-Research center

4- Shops 8- Highschool

Figure 38 the immediate environment of the project
Source: auteur,2025

Source: google.com

111.1.6 The Project Plot

Atlas Park Mall spans approximately 120,000 square meters. The majority of the space is built up
with the retail structure, but the design incorporates a central green area on the ground floor, creating
an open, non-commercialized space. This green space balances the built areas, enhancing the
community and environmental aspects of the project. The remaining land around the mall includes
pedestrian walkways and landscaping, offering a mix of built and open areas .
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111.1.7 Limits

The land's boundaries of Atlas Park Mall
feature a combination of geometric and organic
forms. This unique shape results from the
surrounding road network on two sides, which
influenced the design to adapt to the more fluid,
organic outline of the plot. The intersection of these
structured and natural elements contributes to the
mall’s dynamic architectural integration with its
environment

111.1.8 Form

Can notice that the project is influenced by
The and contour which results in having a Geometric
form where each line is parallel to the other
“alignement” (Fig47)

111.1.9 Built and unbuilt

The mall is situated almost in the centre of
the land. A parking lot and a plaza were placed at the
extremities for noise isolation. Meanwhile, the east

and west side for parking entrances. (Fig46)

111.1.10 roads and accessibility

We acknowledge that our project is well
surrounded by bus stationts which achieve high
accessibility to a greater number of populations. In
addition, we notice it is localized between two major
roads; therefore, it adds a value to our analysed
project

Highway 0-4
Fatih boulevard
! Other roads

= ‘1

Figrg I1.8 limit of the project

ol

Source: author treatment,2025

Figure IL1.9 project form
Source: author treatment,2025

o
—

Figure I1.10 built and unbuilt
Source: author treatment,2025

Pedestrian accessibility 8
Brutelle of highway
Parking entrance
Bus stop

Figure I1.11 roads and accessibility of the project
Source: author treatment,2025
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111.1.11 The volumetry

Firsily, the volume was a block
sifuated in the gentre of the
— site. —
- Ny
The volume 1z subtracted from
, the north and zouth in order o
L— = = = = = = =4 create spaces for pedestrian
[ ] entrances

- iy,

n#

pR1C

The volume is subtracted from
the edges in order to adapt to
the site form. The angle varies
? from 45 to 62
- — —

/ \
M we can notice different heights
: = are figured according to the

(f L--_ _.4” ~ different activities that occupy =
P L S— that space.
\ ,

== N
Transformation by using
Morphosis development by the
use of the development of the
square in one or two sides.

— gl

== ) N
we can notice that in numerous

time the architect used glazing
for durability and refreshment,
meanwhile he included the
structure in the main facade to
hold the porch for a shadowing
effect and help

Figure I1.12the development of the volumetry of the project
Source: archidaily.com

T "'GHWAY CoNNECTION

111.1.12 Pedestrian and cars entrances

The parking entrance of Atlas Park Mall is
strategically located on Fatih Boulevard, facing
the lower-density road to minimize traffic
congestion. The main entrance is also situated on
Fatih Boulevard, oriented towards the urban side
of the city. This positioning provides easy, el

convenient entry for the surrounding population Source: author treatment,2025
Main entrance secondary entrance vehicale entrance delivery entrance
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visible, and direct access for visitors, ensuring Figure I1.13 Pedestrian and cars entrances
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111.1.13 Main entrance

The main entrance of Atlas Park Mall is
designed to stand out, with its distinctive
height, texture, and irregular form,
making it a striking architectural feature.
These elements give the entrance an
emblematic  quality, enhancing its
visibility and significance within the
mall's overall design.

Figure I1.14 view of the main entrance
111.1.14 Circulation Source: Pinterest.com

Fourth floor
i i i Public elevat i
B Privat circulation I Public elevators B Rescue staircase B Escalators
Horizontal circulation I Privat elevators [0 Privat staircase

Figure I1.15 circulation in the project
Source: author treatment,2025
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The circulation in Atlas Park Mall is

centralized, ensuring smooth movement ____, ‘
throughout the space. Wid.e. wglkways J‘#% 2— B
and aisles are provided, facilitating easy LTI TTTT T TEs
navigation. Vertical circulation is e —

efficiently managed through staircases

[eimmoaREsss I sesaEssanEnREREERE:

and elevators located in central areas. _‘_E_Aﬁ‘ =t '

The staircases are spacious, catering to : h i . [

high foot traffic without causing : o | [T =
congestion, making the design well- =3 ——

suited for public use Figure I1.16 vertical circulation

Source: author treatment,2025
111.1.15 Spatial and functional organization

Atlas Park Mall features a functional and
efficient spatial organization with wide
central walkways and strategically zoned

sBessnnece
3
g

\

retail, dining, and entertainment areas
vertical circulation is facilitated by
elevators and spacious staircases in central
locations, ensuring smooth movement
between floors. The ground floor integrates
a non-commercial green space, enhancing
the mall's role as both a shopping and
community hub.

= = = = = Permanent relation

Service area

Emergency and secondary lane
———p Strong relation

Ges e PEIRIRERIRIRIRIRERRIRRTS

Emergency end secondary lane

sennnnnnn Ground floor '.'. —— & Strang relation
Last floor eese .:::\:am
semnnmnnn Al floors ® 000 waitoms
Figure 39 spaces organization in the project
111.1.16 Lighting system Source: author treatment,2025

e The central light-transmitting element

In Atlas Park Mall, the central light- '
transmitting element is the main atrium or gallery. | ﬁ
This architectural feature is designed to channel L bt T S rO0CORT
natural light deep into the interior of the building. - rewtrh, AN et e
Acting as a light well, it captures sunlight from the REMT_—-U 2 RETiL
upper levels and disperses it through the mall, aided 1 R m&:? r-RETNL """"
by reflective and strategically positioned surfaces. // -
This element not only brightens the interior but also | .« REL | i~ | REDAL
creates a visually dynamic and inviting environment, ~— ] =t

R | ol | REW

ensuring that light reaches even the lower floors

i
£

|
[ lglfl :

Figure II.18 central light-transmitting element
Source: author treatment,2025
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e Perforated Ceiling Panels

The wavy wooden ceiling panels are perforated to allow
filtered natural light to spread throughout the interior,
creating a warm and dynamic atmosphere.

Perforated Ceiling Panels: The wavy wooden ceiling
panels are perforated to allow filtered natural light to
spread throughout the interior, creating a warm and
dynamic atmosphere.

A central gallery acts as the main light well, p

capturing and directing sunlight into the heart of the mall, Figure I1.19 Perforated Ceilng Panels
reducing the need for artificial lighting during the day. Source: author treatment,2025

Figure I1.20 lighting system
Source: author treatment,2025

111.1.17 Quantitative programming
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Figure I1.21 different project spaces surfaces
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111.2 Exemple 02 : Chadstone Shopping Centre

— Location: Melbourne, Australia

— Total Area: 212,000 square meters (gross leasable
area)

— Architects: CallisonRTKL and Buchan Group

— Key Feature: A 7,000-square-meter gridshell glass
roof, the first of its kind in Australia

— Construction Technique: Advanced 3D
parametric modeling for precision

— Design Focus: Structural efficiency, natural light
integration, and aesthetic appeal

— Purpose: Retail, leisure, and entertainment

— Year of Completion: 2016 expansion

111.2.1 Description of the project

Source: Pinterest.com

Chadstone Shopping Centre, located in Melbourne, Australia, is a landmark of modern retail
architecture. Known for its iconic glass-domed roof, the design emphasizes natural light and
sustainability while offering a luxurious shopping experience. With over 550 stores and diverse
amenities, it combines functionality and elegance, making it a premier destination in the Southern
Hemisphere.

111.3 Motivation of choice

Adstone Shopping Centre was selected for its iconic design, showcasing a unique glass
gridshell roof and sustainable architectural solutions. Its role as a major retail and leisure hub,
combined with innovative natural lighting, efficient circulation, and integration with its urban context,
makes it a compelling case for analysis.

111.3.1 The Conceptual Idea

The design of Chadstone Shopping Centre focuses on creating a luxurious, light-filled space

centered around its iconic glass roof, which enhances natural lighting and openness. The project

blends form and function with sustainability and user comfort, offering a modern and eco-conscious
retail experience

Figure 11.23 view of the project
Source: Pinterest.com

111.3.2 Situation

Chadstone Shopping Centre is situated in
Melbourne's southeastern suburbs, positioned
strategically near the Monash Freeway for
convenient regional access. The location
integrates suburban residential and commercial
zones, establishing Chadstone as a central hub for I S\
retail, leisure, and entertainment. Its design : e
maximizes connectivity and accessibility, N éﬁﬂ!ﬁ 1S v
making it a key destination within Melbourne's Figure 11,24 situation of the project
urban fabric Source: google earth
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111.3.3 The immediate environment

Chadstone Shopping Centre is located in
Melbourne's southeastern suburbs, surrounded by
residential neighborhoods and commercial zones.
Its proximity to the Monash Freeway enhances
connectivity, while nearby bus stops and train
stations provide public transport access.The
surrounding area supports the centre's role as a
regional hub, with complementary facilities like
hotels and offices contributing to a vibrant mixed-
use environment. Landscaping and pedestrian . — ;
pathways integrate the centre with its [ Residential neighborhoods [ Transport
surroundings, enhancing the visitor experience B Commercial zones

7 3

I Vibrant mixed environment

and maintaining harmony with the urban context.  Figure I1.25the immediate environment of the project
Source: author treatment,2025

111.3.4 The Project Plot

Chadstone Shopping Centre is situated on a
large urban plot, with a total land area designed to
accommodate its massive structure and
surrounding infrastructure.

Built-Up Area: Over 212,000 square meters
of leasable retail space.

External Spaces: Landscaped areas,
parking zones, and pedestrian pathways

111.3.5 roads and accessibility

Transportation Access Strategically located

with direct access to the Monash Freeway,

supported by bus and train links.
the Monash Freeway

MMain road in the vicinity of the project
R.oad to Project
Bus station

Figure 11.26 the project plot
Source: author treatment,2025

Parking: Ample parking spaces, including
dedicated areas for disabled visitors.

s parking
Pedestrian Movement: Easy navigation with wide
walkways and clear signage. Inclusive Design: : A
Fully accessible facilities, ramps, and entrances for Figure I1.27 roads and accessibility to the project
people with disabilities. Source: author treatment,2025
Connectivity: Links with surrounding areas ensure seamless movement for visitors of all mobility
levels.

This framework highlights Chadstone's commitment to providing an inclusive and user-friendly
environment.
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111.3.6 Architectural Design

The design of Chadstone Shopping Centre
merges modernity with iconic features, most notably
the 7,000-square-meter gridshell glass roof. This
roof, the first of its kind in Australia, enhances
natural light and provides a visually striking
centerpiece. The centre’s layout is expansive and
fluid, with a focus on clear circulation paths and an
inviting atmosphere. The integration of sustainability
features, like energy-efficient materials and natural
lighting, ensures a functional yet luxurious shopping
experience, balancing aesthetic appeal with
environmental responsibility

111.3.7 Space Distribution

Chadstone Shopping Centre features a
spacious, open layout designed to maximize visitor
flow. Retail areas are strategically placed to create a
seamless shopping experience, with large atriums
and wide walkways facilitating easy access to all
sections of the centre.

111.3.8 Movement Flow

The design emphasizes smooth, intuitive
movement through the centre, with clear paths
connecting various retail, dining, and entertainment
zones. Central spaces act as gathering points, while
directional signage and open spaces further enhance
circulation and minimize congestion

111.3.9 Circulation (horizontal/vertical)

Chadstone Shopping Centre is designed to
optimize both horizontal and vertical circulation.
Horizontal movement is facilitated by wide corridors
and clearly defined pathways that allow smooth
access to various retail zones. Vertical traffic is
managed through strategically placed escalators,
elevators, and ramps, connecting the multiple levels.

Figure I1.28architectural design of the project
Source: Pinterst.com
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Figure 11.29 space distribution of the brojéct

Source: author treatment,2025
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\ccal

Figure I11.30 movement flow of the project

Source: archidaily.com

These elements work together to ensure efficient and comfortable circulation throughout the centre,
allowing visitors to easily navigate between different floors and spaces. The layout supports a
seamless experience for both pedestrians and those with mobility needs

Figure I1.31 circulation inside the project
Source: author treatment,2025
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111.3.10 Lighting system

The centre's design incorporates abundant natural
light, particularly through the signature glass roof.
This not only improves the aesthetic experience but
also enhances energy efficiency by reducing the
reliance on artificial lighting. The clever integration
of light creates a bright and welcoming atmosphere
throughout the space.

111.3.11 Natural lighting to the bottom

To bring natural light to the lower levels of Chadstone
Shopping Centre, the design uses a combination of light wells,

Figure 11.32 lighting system

Source: archidaily.com

reflective surfaces, and the strategic placement of openings in the building. These features help
channel and diffuse light from the large glass dome down through the center, ensuring that the lower
floors receive ample natural light. This approach reduces the need for artificial lighting and creates a

bright, welcoming atmosphere throughout the space.

' ;——-ﬁ@‘ﬂmﬁl‘

ey

Figure I1.33 natural lighting system
Source: author treatment,2025
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Figure I1.34 different layouts of the project
Source: archidaily.com
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111.4 Exemple 03: Markthal Rotterdam Shopping Center

— Location: Rotterdam, Holland
— Architect: MVRDV

— Engineer: INBO

— Designed in: 2004 - 2009

— Built in: 2009 — 2014

— Height: 40m

—  Width: 70m

— Length: 120m

— Floors: 11

— Land Area: 8.400m?

— Built-up Area: 100.000m?

— Facade : Glass

— Cost: 175millones euros

— Location : Rotterdam, Holland

111.4.1 Description of the project

Source: Pinterest.com

Markthal in Rotterdam, designed by MVRDYV, is a mixed-use project that combines a market
hall, residential units, and commercial spaces under an arch-shaped structure. Its design features large
glass facades that maximize natural light, enhancing comfort and reducing energy use. This analysis
explores how natural light contributes to a sustainable environment and impacts functionality and
user experience
111.4.2 Motivation of choice

Markthal was chosen for its innovative use of natural
lighting through large glass facades and strategically placed
skylights. These roof openings allow daylight to flood the
interior, improving brightness and ambiance while
enhancing energy efficiency. This makes Markthal an ideal
case study for exploring the role of natural light in retail
spaces, aligning with the focus of my thesis on lighting
solutions in shopping centers

111.4.3 The Conceptual Idea Source: Pinterest.com

The concept of Markthal is to combine a market, -~ -
residential units, and commercial spaces in a single
horseshoe-shaped structure. It focuses on openness,
connectivity, and natural light through large glass facades -8
and skylights, promoting energy efficiency. The design %
creates a vibrant, sustainable environment that enhances user
experience and revitalizes Rotterdam’s urban landscape.

Figure 11.37 the conceptual idea of the project
Source: archidaily.com

111.4.4 Situation

Markthal is located in the heart of Rotterdam,
Netherlands, a city known for its modern architecture and
innovative urban design. Situated in a vibrant, mixed-use
district, Markthal serves as both a cultural landmark and a
functional urban space. The project was designed to revitalize
the surrounding area and provide a new model for urban living  FEESSEESA PSS oy 4P
and shopping. By combining a public market with residential | Figure I1.38 situation of the project

Source: google earth.com
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and commercial spaces, Markthal addresses the need for sustainable, multi-use buildings that foster
community interaction while meeting modern urban demands.

111.4.5 The Immediate Environment

Markthal is located in the center of Rotterdam,
surrounded by a mix of commercial, residential, and
cultural spaces. It is close to Rotterdam Central Station
and the Laurenskwartier district, known for its shops
and restaurants. The building’s large glass facades
connect it visually to the city, creating an open
relationship with the surrounding urban environment.

Qleeeelll:

1
v

111.4.6 The project plot

Markthal is located on a prominent site in
central Rotterdam, occupying a rectangular plot in the
heart of the city. The plot is bounded by Dominee Jan
van der Heydenstraat, Oude Binnenweg, and Grote
Markt, placing it at the intersection of key urban routes.
This location provides high visibility and accessibility, i
making it a central hub for both locals and visitors. =y

The plot was carefully chosen as part of
Rotterdam's urban revitalization efforts, with the goal
of transforming an underutilized area into a vibrant, ' \&
multifunctional space. The building’s horseshoe-
shaped design maximizes the use of the plot, creating
an open and dynamic space that connects the market
hall, residential units, and commercial areas. The layout Figure I1.40 the project plot
enhances pedestrian movement and integrates the Source: archidaily.com
structure into the surrounding urban fabric

Figure 11.39 the immediate environment of the project
Source: archidaily.com

111.4.7 Road and accessibility

Markthal is easily accessible by major roads
like Dominee Jan van der Heydenstraat and Oude
Binnenweg. It is within walking distance of Rotterdam
Central Station, which connects to trains, trams, and
buses. The site is pedestrian-friendly and well
connected to the city's cycling network, making it
accessible by foot or bike.

Blaak road
e Internal roads
®  Bussstops

@®  Train station

111.4.8 The volumetry Figure IL.41roads and accessibility to the project
Markthal's design is characterized by its iconic Source: author treatment,2025

horseshoe-shaped arch, creating a distinctive and bold / 1 . AN / %

\

volumetric form. The building consists of a large, &
enclosed market hall at its core, with residential units \/ w/ N /
and commercial spaces integrated into the structure's ‘

outer edges

Main Volume: The central market hall is the N A~ A
dominant volume, with a large, open interior space # / .
covered by a curved glass and steel roof. This vast [ P A (& &
space is defined by its high ceilings, which contribute | L4 / Y

to a sense of openness and lightness

48



Analytical chapter

Residential and Commercial Spaces: The . -
surrounding volumes consist of two floors of residential Y A
units and commercial spaces that are seamlessly integrated <
into the arch. These spaces are set back from the market = -~
hall, allowing for large open facades and views into the
central area

Shape and Structure: The horseshoe shape of the
building creates a sense of enclosure around the market PN
while maintaining openness through the large glass facades = 7
and skylights. This volumetric form is both functional and

visually striking, making Markthal a landmark in
Rotterdam Figure 11.42 the development of the volumetry of
the project
111.4.9 Entrances Source: archidaily.com
Markthal features multiple entrances, designed to 3 4 J
facilitate easy access and flow for visitors and residents: M ¥
e Main Entrance < 7 §3§
. . s &S
The primary entrance is located at the base of the 4| =l ‘Z@
horseshoe arch, providing direct access to the market hall. £

It is large and open, drawing visitors into the central space.

T T o
Apoatomod .»b.a P— §
This entrance is visually prominent, flanked by the

Figure 11.43 different entrances of the project

expansive glass facades. Source: Pinterest.com
e Side Entrances

Additional entrances are located on the sides of the “ '
building, providing access to the surrounding commercial | = _
and residential areas. These are designed to blend & ki ; _[ i v 8
seamlessly with the overall architecture while allowing X
for smooth transitions between the interior and exterior Figure I1.44main entrance of the project

These entrances are strategically placed to Source: Pinterest.com

encourage foot traffic, enhance accessibility, and maintain

the open, welcoming atmosphere of the building.

-

Figure 11.45 side entrances of the project
Source: archidaily.com

111.4.10 Circulation

e Horizontal Circulation

The layout of the market hall is designed for
smooth horizontal circulation. Wide, open aisles connect various market stalls, allowing for an easy
flow of people throughout the space. The large glass facades provide clear sightlines, enhancing
orientation and guiding visitors naturally toward different areas.

Commercial and Residential Areas: The commercial spaces and residential entrances are
designed to integrate seamlessly with the market hall. Horizontal circulation paths allow access to
these areas while maintaining a clear division of spaces.

SRR B : :
ST | :
1 I == ) B == ] ‘ S
o == ;! | 1 Lt E
¢ = h B =1 T

v i EEJ-- e B R EE
i YRl IR BT o g L e
B R
Figure 11.46 horizontal circulation of the project

Source: archidaily.com
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¢ Vertical Circulation

Elevators and Stairs: Vertical circulation is facilitated by strategically placed elevators and
staircases, providing access to the residential and commercial floors above the market hall. These are
designed to separate the different functions of the building (market, living, and shopping) while
allowing easy access to upper levels.

Access to Underground: Markthal also includes underground levels with connections to
parking and public transportation. Stairs and elevators provide access to these areas from the ground
level.

Overall, both horizontal and vertical circulation are designed for efficiency, accessibility, and
smooth flow, enhancing the building’s multifunctional use while maintaining a sense of openness and
connection between spaces.
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Figure I1.47 vertical circulation of the project
Source: author treatment,2025

111.4.11 Lighting system

Skylights and Roof Openings in Markthal (Architectural Perspective)
e Architectural Integration
The skylights and roof openings are seamlessly integrated into the horseshoe-shaped roof
structure, blending function with aesthetic design. Their positioning enhances the building's overall
form, complementing the sweeping, open curves of the architecture.

Figure 11.48 hgting system of the project
Source: archidaily.com

e Maximizing Daylight and Reducing Depth , //{i\ ,
The roof openings are strategically placed to | /"l % > (-ét \
maximize natural light penetration into the interior. These | | | | é’ = |

openings help reduce the depth of the building by allowing =0 J/
daylight to reach deep into the market hall, addressing the S

challenge of lighting a large, enclosed space Figure IL49the openings system

111.4.12 Visual and Environmental Connection Source: archidaily.com

The skylights connect the building with
its environment, framing views of the sky and &
contributing to the interior's dynamic lighting &%
changes throughout the day. This architectural
choice enhances the wuser experience by |

.
’
A\

A < e Vi

fostering a connection between the interior ki P 1 AR T NN
space and the surrounding urban landscape. Figure 11.50 the project skylights

Source: archidaily.com
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I11.5 Example 04: Fulton Center

— Project data

— Project Name: Fulton Center

— Location: Manhattan, New York City, USA

— Completion Date: November 10, 2014

— Architects: Grimshaw Architects in collaboration with &2 AV
Arup PR

— Client: Metropolitan Transportation Authority (MTA) ML

— Project Type: Transportation and retail hub (mixed-use)

— Area: Approx. 27,870 square meters (300,000 square feet)

Figure I1.51 Fulton Center
111.5.1 Project description Source: Pinterest.com

Fulton Center in New York City is a modern, sustainable transit and retail hub designed by
Grimshaw Architects and Arup. It connects nine subway lines and integrates natural lighting through
the Sky Reflector-Net and glass oculus, illuminating underground spaces and reducing energy use.
This project highlights how thoughtful design transforms infrastructure into a vibrant, user-focused
public space, blending sustainability with functionality.

111.5.2 Motivation of choice

Fulton Center exemplifies innovative use of natural lighting in a dense urban context. Its Sky
Reflector-Net and glass oculus transform a transit hub into a vibrant, energy-efficient space,
showcasing the impact of daylight on sustainability and user comfort. This aligns perfectly with my
research focus on natural light in architectural design.

111.5.3 The Conceptual Idea

The conceptual idea of Fulton Center
focuses on enhancing connectivity and openness |
in a dense urban transit hub. Central to this is the
use of natural lighting, particularly through the
Sky Reflector-Net and glass oculus, which bring
sunlight deep into the structure. This design
improves energy efficiency, creates a welcoming
environment, and connects underground spaces
with the surrounding urban fabric, blending

functionality and elegance. Figure I1.52coupe of the project

111.5.4 Situation :

Fulton Center is part of a larger urban
renewal effort in Lower Manhattan, aimed at
revitalizing infrastructure post-9/11. It enhances
New York City's transportation network while
promoting sustainability and connectivity.
Located near key landmarks like the World
Trade Center, it transforms transit spaces into
multifunctional, energy-efficient environments,
showcasing a shift toward integrating modern
architecture and natural light in urban public
spaces

E
|

Figure I1.53situation of the project
Source: google earth.com
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111.5.5 The Immediate Environment

Situated in Lower Manhattan, near key
landmarks like the World Trade Center, Wall
Street, and the Financial District.

Wall Street ‘
Trade Center ‘
the Financial District.

Transportation Hub: Connects nine
subway lines and the PATH train, making it a
major transit nexus.

Retail and  Commercial  Spaces:
Surrounded by offices, retail outlets, and cultural
institutions, creating a dynamic environment

111.5.6 The Project Plot

Size:Approximately 27,870 square meters
(300,000 square feet)

Context: The plot is situated at the
intersection of several major streets, including
Fulton Street, Broadway, and Ann Street
positioning it as a central transit and commercial
hub within the city.

Surroundings: The project plot is
surrounded by a mix of office buildings, retail
spaces, and cultural landmarks. It is located near
the World Trade Center, Wall Street, and is part of
the Financial District.

111.5.7 Roads and Accessibility

e Major Streets

— Fulton Street: The primary street running
through the center, connecting the site to
key areas in Lower Manhattan.

— Broadway: A major avenue that runs
parallel to Fulton Street, providing access
to other parts of Manhattan.

— Ann Street: Another adjacent road that
provides easy access to the center from the
surrounding neighborhoods.

e Public Transit

— Subway Access:Direct access to nine
subway lines (2,4, 5,A,C,J,Z, R, W)
through nearby entrances, making it one of
the most connected transit hubs in the city.
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Figure I1.54the immediate environment
Source: google map.com

Figure I1.55 environment of the proejct
Source: archidaily.com

Figure IL1.56the project plot
Source: archidaily.com
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Figure I1.57 roads and accessibility to the project

Source: street map.com

Figure I1.58 public transit

Source: archicaily.com
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— PATH Train Direct connection to the PATH train, linking commuters to New Jersey.
e Pedestrian Access
High foot traffic due to its location in the Financial
District, with pedestrians easily accessing the center from
surrounding streets.
Nearby sidewalks and pedestrian paths are
designed to handle large volumes of people, providin
seamless movement around the hub.

111.5.8 The Volumetry

The central atrium is the focal point of the building, Figure IL59 pedestrian access
with a large open volume that connects all floors. It is Source: archidaily.com + author treatment,2025
characterized by a soaring ceiling height of around 55 feet
(16.8 meters), dominated by the glass oculus at the top,
allowing natural light to flood the space.

L, 35

111.5.9 Levels and Layout

Above Ground: The retail spaces are situated on the
lower levels of the building, while office spaces are
positioned on upper levels, optimizing both commercial and
functional use. :

Underground: The space extends down to several = ~ || = = o
lower levels, where the subway lines and PATH train 7% D
connections are housed. The volumetric design ensures light . ' o

. Figure 11.60 the volumetry

reaches even these deeper areas via the Sky Reflector-Net, Source: Pinterest com
ensuring a sense of openness. ‘ i -

111.5.10 Glass Dome (Oculus)

The glass dome, or oculus, is the most defining
volumetric feature of the design. It has a 16-meter (53-foot)
diameter and is designed to bring natural light deep into the
building.

. . . Figure 11.61 coue of the project showing
111.5.11 Vertical Circulation different levels

The building’s design also emphasizes efficient Source: archidaily.com

vertical circulation, with escalators and elevators that
connect the various levels seamlessly, ensuring easy flow
for commuters and visitors.

Overall, the volumetric design of Fulton Center
focuses on creating a sense of openness and connection
between different levels and spaces, maximizing natural
light and encouraging a seamless flow between Figure I1.62 glass dome

. : . Source: archidailycom
transportation, retail, and public areas.

Figure I1.63 the volumetric design
Source: archidailycom
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111.5.12 SKky Reflector-Net

Suspended above the atrium, this complex network
of aluminum panels helps diffuse daylight into the space,
creating an open and airy atmosphere throughout the
building

111.5.13 Entrances —~a

e Main Entrance (Fulton Street) Figure I1.64 sky reflector
The primary entrance is located on Fulton Street, one of Source: archidailycom
the most significant pedestrian routes in Lower
Manbhattan. It provides easy access to the retail spaces,
the central atrium, and the subway connections. The
entrance leads directly into the open, light-filled atrium,
creating a welcoming atmosphere for visitors.

e Subway Entrances

Multiple entrances from the subway lines are
distributed around the building, facilitating easy access
from different directions. These entrances are integrated
into the surrounding streets, including Broadway and
Ann Street, ensuring smooth transitions from the
subway to the building's interior.

e PATH Train Entrance
Another key entrance connects to the PATH train
system, linking commuters to New Jersey. This entrance
is part of the integrated transit design, facilitating
smooth movement between different forms of
transportation.

e Pedestrian Entrances
Several secondary entrances are located around the
perimeter of the building, allowing pedestrians to enter
from various surrounding streets, including Wall Street
and Broadway, ensuring accessibility from multiple
directions. These entrances provide easy access to both
the retail spaces and the subway network.

Figure I1.65main entrances to the project
Source: archidaily.com + author treatment,2025

e Accessibility Features
The entrances are designed to be universally accessible,
with elevators and ramps providing smooth access for
people with disabilities, ensuring inclusivity and

. Figure I1.67pedestrian entrances
convenience for all users.

Source: archidaily.com + author treatment,2025
111.5.14 Circulation =l
e Vertical Circulation

The building features efficient vertical circulation
with escalators, elevators, and staircases, connecting the
above-ground retail and office spaces with the
underground transit levels. The central atrium plays a key
role in facilitating smooth movement between different
floors.

Figure I1.68 vertical circulation
Source: archidaily.com + author treatment,2025
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e Horizontal Circulation
The atrium serves as the main circulation hub,
connecting all levels horizontally and vertically.
Visitors and commuters can easily navigate the
building’s open floor plan through this central space
— Retail Spaces: The ground floor and lower
levels are dedicated to commercial and retail

spaces, with clear pathways leading to various
shops and amenities.

W .
F iglllrer IL69horizontal circulation
— Transit Areas: The underground subway  Source: archidaily.com + author treatment,2025
concourses are designed for easy movement with i
wide walkways that lead to the subway
platforms.

e Flow and Accessibility

The design focuses on unobstructed flow, ensuring that

pedestrian traffic can move freely throughout the
building.

111.5.15 Spatial and Functional Organization Source: Pinterest

Fulton Center's layout is centered around a main atrium that connects all functional areas. The
ground and lower-level house retail spaces, while the underground levels are dedicated to subway
and PATH train connections, with natural light brought in through the Sky Reflector-Net. Upper levels
may include office spaces or other public functions. Vertical circulation is facilitated by escalators
and elevators, ensuring smooth movement between areas. The design zones the building into distinct
areas for retail, transit, and office functions, ensuring efficient flow and accessibility.

14

ST

Figure I1.71spatial organization of the project
Source: archidaily.com
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111.5.16 Lighting system

e Glass Oculus
The glass oculus at the top of the atrium is the primary source of daylight. Its large, circular
design allows sunlight to pour directly into the building, brightening the central atrium and creating
a dynamic visual connection with the outside world

Daylight Analysis

ight Analysis Diagram: Direct and
Bgyﬁchr%m: Dinzz and Ambient Sunlight
Reflected Sky Views e

Figure I1.72 class oculus lighting system
Source: archidaily.com
e Sky Reflector-Net
The Sky Reflector-Net is a key feature of the building's natural lighting strategy. This system
of aluminum panels reflects and diffuses natural light deeper into the structure, particularly into the
underground levels and the subway concourses. It channels light to spaces that would typically remain
dark, enhancing the overall brightness of the building.

‘.',‘ ! j A
» - T S T $

Source: archidaily.com

¢ Light Diffusion
The integration of natural light with the Sky Reflector-Net ensures that sunlight is distributed
evenly throughout the building, reducing the need for artificial lighting during the day and creating a
comfortable and energy-efficient environment

Figure 11.74 light diffusion
Source: archidaily.com
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IV Analysis of exicitng exemples

IV.1 Exemple 01: Bab El Zouar

— Project Name: Bab Ezzouar Shopping and )
Leisure Center .

— Location: Bab Ezzouar, Algiers, Algeria

— Completion Date: August 2010

— Architects: Design and coordination by Valartis
Consortium (France), with local partners

— Client : SCCA (Sociét¢ des Centres
Commerciaux d’Algérie)

— Project Type: Commercial and leisure center
(mixed-use retail)

— Area: Approx. 45,000 square meters

, ,
Figure I1.75Bab El Zouar
Source: Pinterest.com

1V.1.1 Description of the project

The Bab Ezzouar Shopping and Leisure Center is a modern commercial complex located east
of Algiers, designed by architect Philippe Weber, it combines retail, leisure, and service spaces over
multiple levels, the center includes shops, restaurants, a hypermarket, cinemas, and underground
parking for 850 vehicles, its open, symmetrical design reflects a welcoming and contemporary
architectural style.

IV.1.2 The conceptual idea

The conceptual idea behind the Bab Ezzouar
Shopping and Leisure Center is to create a modern,
inviting urban landmark that serves both commercial
and social functions. The architectural form—with its
open, arc-shaped layout—symbolizes hospitality and
accessibility, reflecting the center’s role as a welcoming
public space. The use of symmetry, transparency, and
vibrant materials conveys a sense of order, openness,
and modernity, aligning with its function as a retail and
leisure destination. The integration of leisure areas
within a structured commercial layout supports a fluid
and engaging user experience.

1VV.1.3 Situation

The Bab Ezzouar Shopping and Leisure Center §
is located in the Bab Ezzouar business district, east of
Algiers. It occupies a site within a 70-hectare :
development zone, just 15 minutes from the city center
and 5 minutes from Houari Boumediene International
Airport. This strategic location ensures excellent
accessibility while avoiding the congestion of central
Algiers. The site is surrounded by key institutions and
developments, including the Ibis Hotel, Air Algérie,
BNP Paribas, Mobilis Telecom, and Algeria Post,
making it a central hub in a growing urban and

. Figure I1.77 situation of the project
economic area. Source: google earth.com
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1V.1.4 The Immediate Environment

The Bab Ezzouar Shopping and Leisure Center is set within a dynamic and expanding urban
environment. It is directly surrounded by a variety of institutional, commercial, and service buildings,
including the Ibis Hotel, Air Algérie headquarters, BNP Paribas, Algérie Poste, Mobilis Telecom,
Aigle Azur, and Crédit Populaire d’Algérie. These neighboring facilities contribute to a highly
functional and active district. The center benefits from wide access roads, pedestrian pathways, and
proximity to public transportation, creating a seamless connection with its surroundings and
reinforcing its role as a central destination for both shopping and leisure.

Le quartier
d'affaires de
Bab Ezzouar

Figure I1.78 immediate environment
Source: Etude analytique des concepts de conception du Bab El Zouar (slideshare)

1V.1.5 Implantation Principle

The implantation of the Bab Ezzouar Shopping and Leisure Center follows both symbolic and
functional logic. The building adopts an open-armed configuration, evoking a welcoming gesture that
reinforces its public and commercial character. Positioned at the heart of a growing business district,
the project takes advantage of its visibility and accessibility by aligning with major urban axes. Its
symmetrical layout and centralized access points facilitate intuitive circulation, while the orientation
and volumetry optimize spatial distribution across retail and leisure functions. The implantation

Figure I1.79 implantation principlev
Source: Etude analytique des concepts de conception du Bab El Zouar (slideshare)

IV.1.6 Roads and Accessibility

The Bab Ezzouar Shopping and Leisure Center
enjoys excellent accessibility due to its strategic location
near major transportation routes. Situated just 5 minutes
from Houari Boumediene International Airport and 15
minutes from Algiers city center, it is easily reachable
by both private and public transport. The site is well-
connected through wide arterial roads and benefits from
a direct link to urban infrastructure, minimizing traffic
congestion.  Additionally, the project includes
underground parking with a capacity of 850 vehicles, as

"~
S . e

Figure I1.80 roads and accessibility to the project
Source:
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well as pedestrian-friendly access points that enhance flow and convenience for visitors.

1VV.1.7 Entrees

The Bab Ezzouar Shopping and
Leisure Center has four access points,
including a main entrance at the front
that reflects the building’s open-armed
design and welcoming character. A
secondary entrance connects directly to  Z¥e|
the underground parking, while two 2%
additional side entrances support
pedestrian flow from the surrounding
urban area, ensuring smooth and
efficient access for all visitors.

main entrance

Parking

Figure I1.81entrees of the projéct
IV.1.8 Circulation Source : Etude analyn(gl:uc;er:s (cscl)ilzlceespl)]i:rg)e conception du Bab El

The circulation system of the Bab Ezzouar Shopping and Leisure Center is designed to be
clear, fluid, and user-friendly, ensuring optimal movement across all levels of the building. Vertical
circulation is organized around a central core that includes panoramic elevators and double staircases,
positioned symmetrically on either side of a mezzanine. This configuration creates a strong visual
axis and allows visitors to easily navigate between floors.

The ground floor is anchored by the UNO hypermarket, which spans a large portion of the
level and naturally channels foot traffic through the main retail areas. The first floor features a ring
of shops encircling the mezzanine void, allowing visual connection between levels and maintaining
a dynamic spatial experience. The second floor continues the retail circuit while integrating leisure
spaces such as cinemas and restaurants.

Horizontal circulation is enhanced by wide corridors and open galleries, allowing comfortable
visitor flow even during peak hours. The clear zoning of commercial, leisure, and service areas also
supports intuitive orientation and efficient navigation throughout the complex.

Horizontal circulation

Figure 11.82 circulation of the project
Source: Etude analytique des concepts de conception du Bab El Zouar (slideshare)
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1V.1.9 Spatial and Functional Organization

The Bab Ezzouar Shopping and Leisure Center demonstrates a clear and rational spatial
organization that prioritizes functionality, fluid circulation, and visitor comfort. The layout is
distributed across multiple levels, with each floor assigned specific uses that support a logical vertical
zoning.

— Ground Floor (RDC): This level serves as the commercial heart of the center, anchored by the
UNO hypermarket, which occupies a large portion and draws high foot traffic. The presence
of a double staircase and panoramic elevators at the center facilitates smooth vertical
circulation.

— First Floor: Organized around a central mezzanine void, this level hosts a wide range of retail
shops arranged in a circular pattern. The visual connection to the ground floor enhances spatial
orientation and creates an open, dynamic shopping experience.

— Second Floor: This level continues the retail circuit but also introduces leisure functions,
including cinemas, restaurants, and entertainment areas like a bowling alley, allowing for a
diverse range of activities.

— Towers (4 floors each): Likely designed for office or administrative use, these two arc-shaped
towers rise above the main volumes and are visually integrated into the overall structure.

— The underground levels are dedicated to parking (850 spaces) and service areas, ensuring that
logistical and vehicular needs do not interfere with the public zones.

The spatial hierarchy is reinforced by the symmetry of the plan, wide circulation corridors,
clear zoning between commercial and leisure functions, and vertical elements that structure the flow
and enhance orientation. Overall, the design reflects a modern, user-centered approach with a strong
emphasis on accessibility, legibility, and comfort.
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Figure I1.83 ground floor
Source: Etude analytique des concepts de conception du Bab El Zouar (slideshare)
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Figui‘e 11.84 first and second floor
Source: Etude analytique des concepts de conception du Bab El Zouar (slideshare)
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Bowling club

Mezzanine

Parking

Figure I1.85 coupe of the project
Source: Etude analytique des concepts de conception du Bab El Zouar (slideshare)

1V.1.10 Lighting system
The lighting system in the Bab Ezzouar Shopping and Leisure Center combines natural and artificial
sources, integrated according to the building’s architectural layout:

Natural Lighting:

« Utilizes large glazed facades on the main elevations for daylight penetration.

* A central mezzanine void allows natural light to pass vertically through the building's levels.

* translucent roofing elements (implied by the vertical openness of the space) provide top-down

daylight to public circulation zones.
=/ R L S

Figure I1.86lighting system
Source: google.com
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IV.2 Exemple 02: Parc Mall

— Project Name: Park Mall

— Location: City center of Sétif, Algeria

— Completion Date: February 4, 2016

— Architect / Developer: Prombati Group
(private Algerian developer)

— Project Type: Mixed-use complex
(commercial, leisure, hospitality, business)

— Construction Started: 2011

— Number of Levels:

— 4 underground levels (parking + commercial)

— Ground floor + 2 commercial floors (R+2)

— 17-floor hotel tower

— 18-floor business center

\
Figure I1.87Park Mall
Source: Pinterest.com

1V.2.1 Project description

Park Mall is a major mixed-use commercial and leisure complex located in the heart of Sétif,
Algeria. As one of the tallest and most modern urban landmarks in the country, it redefines the city
skyline with a structure that combines shopping, entertainment, hospitality, and business functions.
Rising over 85 meters, the project includes a commercial center, a 17-story hotel, an 18-story business
tower, and a dome-covered conference hall. With its wide retail offering, indoor leisure areas,
panoramic restaurants, and multi-level parking, Park Mall serves as a regional economic and social
hub. The project was developed by the private Prombati Group and inaugurated in 2016 after five
years of construction.

1V.2.2 The conceptual idea

The conceptual idea behind Park Mall is to
create a vertical urban landmark that consolidates
commerce, leisure, and business into a single iconic
structure within the dense fabric of Sétif’s historic city
center.Park Mall aims to redefine the city’s skyline,
introduce contemporary consumer culture, and serve
as a new social and commercial magnet. The
superposition of volumes, transparency of facades,
and strong visual identity (accentuated by red metallic
elements) reflect a design concept centered on ! :
visibility, accessibility, and functional diversity. Figure I1.88 view of the project

Source: Pinterest.com
1V.2.3 Situation . >

Park Mall is strategically located in the city

center of Sétif, one of Algeria’s major highland cities.
It stands at the intersection of Rue de I’ALN and Rue
du 8 Novembre, directly overlooking the Wilaya
headquarters and one of the city's historically
significant avenues. Surrounded by a mix of
administrative, business, and tourism zones, the
project benefits from a highly visible and accessible
urban position. Its placement within a dense, low-rise
urban fabric allows it to dominate the skyline

Figure I1.89 situation of the project
Source: google earth.com
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1V.2.4 The Immediate Environment

Park Mall is surrounded by a dense and active urban core, placing it in direct proximity to key
civic and commercial institutions. The complex faces the Wilaya headquarters and is adjacent to Rue
de I’ALN, a historically significant and heavily frequented avenue. The immediate environment
includes administrative buildings, business offices, tourist infrastructure, and dense residential zones,
making the site a strategic convergence point for daily urban flows.

1) Rueo 08 mai 1945

2) RuedelaIN

3} Parkmall

4)  Musde

5)  Maison de culture

6)  Wilaya

7} Caserne militaire

8}  Htel Novored

9} Daira

10) APC

11) Harel Hidhab

12) Radio Setif

13) La{NEP

14) BNA

15) Banc dAlginie

16) O

17) Saa

18) a1

19) GRANDE POSTE {CENTRALE)

Zones

1} Zone financére

2) Zone touristique parc d'attraction

3} 7o0e administrative

&) Zone historique | ancienne ville:
monopolls )

Figure 11.90 immediate environment
Source : Etude analytique des concepts de conception du Park Mall (slideshare)

IV.2.5 Roads and Accessibility

Park Mall enjoys excellent accessibility thanks to its central location and connection to key urban
arteries. The complex is directly accessible via Rue du 8 Novembre and Rue de I’ALN, two major
roads that structure Sétif’s city center. The main entrance is clearly identifiable, marked by a
distinctive red metallic element that guides pedestrian flow and enhances visibility. The presence of
a five-level underground parking facility ensures ample capacity for private vehicles, while the mall’s
proximity to public transport routes and pedestrian networks facilitates access for a broad
demographic.

[ ROAD OF 8 NOVEMBER

ROAD OF IALN

B  ROAD OF 8 mai 1945

Figure I1.91 roads and accessibility to the project
Source : Etude analytique des concepts de conception du Park Mall (slideshare)
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IV.2.6 Mass plan

The mass plan of Park Mall is
organized into distinct vertical
volumes: a commercial base (R+2), a
17-story hotel, an 18-story business
tower, and a dome-shaped conference
hall. This composition creates a
strong urban landmark within the
low-rise city center. While the layout
is functionally clear and Visually 5. Entrance to the busines center
dynamic, the absence of green spaces Entrance to the shopping center

4 \
i : . "Q
.:-:"“ - \\\ \:
E ARY AN N
.i'," ' “ﬂ' \f. MRSl &t
Conference room The hotel
— ==

I Offices ———1 Shopping center

~—3 Entrance to the hotel

limits its environmental integration. Figure 11.92 mass plan
Source : Etude analytique des concepts de conception du Park Mall
IV.2.7 The Volumetry (slideshare)

The volumetry of Park Mall is based on simple, stacked rectangular forms, creating a clear
vertical composition. The project is dominated by two tall symmetrical towers (17 and 18 stories)
separated by a central axis, with a dome structure adding visual contrast. This design gives the
complex a strong urban presence and dynamic architectural identity.

Figure 11.93the volumetry of the project
Source : Etude analytique des concepts de conception du Park Mall (slideshare)

1VV.2.8 facade treatment

The fagades of Park Mall feature a modern design with extensive glazing, bold red accents,
and contrasting colors that enhance visibility. Setbacks and projections break the flatness, creating
dynamic volumes. The twin towers are symmetrical, and repeated decorative elements unify the
architectural identity.

Figure I1.94facade treatment
Source: author treatment,2025
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I1V.2.9 Spatial and Functional Organization
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Figure I1.95 spatial and functional organization of different layouts
Source : Etude analytique des concepts de conception du Park Mall (slideshare)+ author treatment,2025
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1V.2.10 The grouping of services, activities and people

Services of the same nature in Park Mall are centralized (for example, the parking areas are
located in the underground levels, the hypermarket is also in a basement, and luxury boutiques are
found on the ground and first floors). This centralization aims to make services easily accessible to
everyone.

Activities in Park Mall are divided into three main categories: parking, commerce, and leisure.
This grouping is organized by floor, where the underground levels are dedicated to parking and retail,
the ground floor and first floor host luxury retail, and the uppermost level is reserved for leisure and
entertainment (e.g., game areas).

Park Mall effectively applies the concept of gathering people. Each activity or service attracts
a specific group of users. This gathering can be structured in various ways—by size (limited or open
height), by function, or even by color schemes.

The vertical connection between spaces is ensured through various types of stairways,
including standard stairs, escalators, and elevators, creating direct and efficient links between levels.

The mall allows for a mixed flow of circulation in all directions, welcoming people of all ages
and genders. This multidirectional circulation is facilitated through large halls, corridors, and open
spaces, enabling both casual encounters and planned meetings.

Figure I1.96 coupe of the project
Source : Etude analytique des concepts de conception du Park Mall (slideshare)

1V.2.11 Light system

Park Mall benefits from a well-designed natural lighting system that relies primarily on its
extensively glazed fagades. Large glass surfaces on all elevations allow daylight to penetrate deep
into the interior spaces, especially in circulation zones, retail galleries, and public areas. This strategy
creates bright, welcoming environments and reduces the dependence on artificial lighting during
daytime hours.

Figure I1.97light system
Source: Pinterest.com
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V Comparative synthesis table of case studies

table 5 comparative synthesis of case studies
Source: author treatment,2025

Theme/ | Atlaspark | Chadstone Markthal Bab Parc Mall Fulton
Criteria Mall (Australia) | (Netherlands) | Ezzouar (Algeria) Center
(Turkey) (Algeria) (USA)
Conceptual | Community- Luxurious Mixed-use arch, Modern, Vertical Transit hub
Idea centered retail with market + housing symbolic multifunctional | redefined by
mall with iconic openness tower daylight
green core gridshell (arc)
Location & | Sultanbeyli, Melbourne Central Business Historic urban Lower
Environment | residential suburb, near | Rotterdam, urban | district near | center of Sétif Manhattan,
district Monash renewal airport Financial
Freeway District
Plot & Between Flat Central block, 70ha zone Prominent Intersection
Integration two roads, expansive iconic visibility with 4 intersection, of major
organic site entrances twin towers streets
form
Form & Rectangular | Dome shape, | Horseshoe vault | Symmetrical Vertical Central
Volumetry w/ central fluid spaces | with central void arc with towers, stacked atrium +
light gallery twin towers blocks glass oculus
Built vs. Central built High built Built frame Balanced Mostly built, Fully built
Unbuilt mass + density + around public mass + open few green but visually
Balance green void landscape market mezzanine zones open
edges
Circulation Clear Wide Central Clear Vertical + Atrium links
(HIV) galleries + corridors + horizontal loop + vertical horizontal mix all levels +
vertical multiple elevators cores, ramps
shafts levels panoramic
lifts
Entrances 4 (main, Multiple Dual large public | 4 entrances Ground/main Multiple:
service, transparent entries + highlighted in street,
pedestrian) entries underground red subway,
access PATH
Spatial Retail Atrium- Market in center, Level- Shopping base, Retail
Organization | around light | based; zoned units at shell based: retail, | hotel, business bottom,
gallery retail/dining leisure, tower offices top,
admin transit
Lighting Light well + Gridshell Glass facade + Glass Full-glazed Sky
Strategy perforated dome, light skylights facades + facades + red Reflector-
ceiling wells, mezzanine + accents Net + glass
reflectors dome oculus
Natural Comfort, Luxurious Openness, Brightness + | Brightness + Daylight in
Light Role community ambiance + indoor-outdoor orientation facade-based deep spaces
warmth sustainability continuity clarity access + identity
Sustainability Reduce Energy Visual/thermal Comfort, Lighting Energy
Purpose artificial savings, performance reduced efficiency in efficiency in
light, indoor visual electric circulation transport hub
quality comfort lighting
Architectural Wooden Iconic dome, Monumental Symmetry, | Twin towers+ | Iconic roof,
Identity textures, reflective arch, artistic roof | openness, contrast daylight as
dynamic glass arc form materials symbol
ceilings
Motivation | Social role + Light as Landmark + Algerian National tower Light
for Selection light spatial and natural light use case of + natural light transforms
integration formal symbolic model infrastructure
generator daylighting
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VI Concluding synthesis table- ideal references by theme

table 6 concluding synthesis table
Source: author treatment,2025

Theme / Criterion | Ideal Case Why It's the Best Example
Conceptual Idea Markthal Rotterdam | Combines architecture, housing, and

commerce with a strong identity and

openness to the city.

Context Integration Bab Ezzouar Mall | Perfectly blends symbolic form,

accessibility, and surrounding urban

Services.

Plot Utilization Atlaspark Mall Balances built and unbuilt space with

a green community zone central to the

urban block.

Volumetry & Form Fulton Center Powerful central atrium + iconic

oculus define hierarchy, direction, and

architectural clarity.

Circulation Efficiency | Chadstone Centre | Well-zoned, intuitive horizontal &

vertical circulation with multiple

connection options.

Entrances & Markthal Rotterdam | Transparent, open-ended design
Accessibility fosters seamless pedestrian flow and
symbolic urban openness.

Spatial Organization Parc Mall Functional mix of commerce, hotel,
and offices in a clearly legible vertical
structure.

Natural Lighting Fulton Center Sky Reflector-Net masterfully delivers
Strategy daylight deep underground, redefining
user experience.
Lighting Purpose Chadstone Centre | Enhances both user comfort and
energy efficiency with architectural
elegance.

Sustainability Role Markthal Rotterdam | Fully glazed facade + multifunctional
program maximize energy use and
community value.

Architectural Identity | Bab Ezzouar Mall | Iconic arc form expresses openness,
identity, and civic pride while
blending functionally.

VIl Context analysis

This analysis is composed of two parts: In the first part, we will analyze the data of the city Biskra,
a climatological and bioclimatic analysis that will be organized into two sections: the first is an
analysis of the climate of the city of Biskra, and the second is the analysis of the chosen site. The
purpose of this analysis is to take into consideration the specific climatic data of the region and the
morphological data to better define the choices of strategies at the design level.
VI11.1Presentation of the city Biskra

The gateway to the desert, the capital of Zibans, Biskra, is located in the southeast of Algeria, in
the eastern part of the northern Sahara. It serves as the transition between the folded Atlas
Mountains in the north and the flat, desert expanses in the south.
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V1.2 Geographic location

Biskra is a municipality in the northeastern Algerian Sahara. It covers an area of 22,379.95  km?2,
e Geographical coordinates of Biskra, Algeria:
e Latitude: 34° 51' 1" N

e Longitude: 5°43'40" E
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Figure I1.98 (a)et(b), Situation géographique de la ville de Biskra ; (c) carte de découpage administratif, wilaya
Source: google.com

VI11.3 Climatological analysis

The city's average altitude is 88 meters above sea level. Biskra has a subtropical desert climate,
characterized by mild winters (with the potential for cold nights) and very hot, dry, and sunny
summers.

Observation

It is noted that two types of temperatures
primarily characterize this city. Very high
temperatures persist during a long, hot
period, while low temperatures occur
during a short, cold period. This
Figure 11.99Average mon_thlyterpperatureundershelter significantly influences the thermal

SOU(;];?iﬁrlntZtizri:jﬁztos behavior of construction, particularly

' ' during the summer.

Température ('C)
~o3a88868

Temneratnr

The total annual precipitation amounts to
155 millimeters, indicating a desertic
level of precipitation. In the least rainy
month (August), precipitation reaches 2
mm, while in the most rainy month
(September), it increases to 25 mm. Here
is the average precipitation

Jui ) 394

Precipitation

Jan Fév Mar Aw Mai Juin Jui Aol Sep Oet Nev Dés
Figure 11.100average monthly precipitation diagramme
Source: climat consulltant0.6

In June, the highest number of daily sunshine hours on
average is measured in Biskra. In June, there is an
average of 12.8 hours of sunshine per day and a total of
396.79 hours of sunshine in the month.

z Conversely, in January, the lowest number of daily
sunshine hours on average is recorded in Biskra. In
January, there is an average of 8.27 hours of sunshine
per day, with a total of 256.29 hours of sunshine for the
month.

Approximately 3900.03 hours of daylight are recorded
in Biskra throughout the year. On average, there are
128.15 hours of daylight per month.

Sunhours

Figure 11.101: average daily sunhours per month
Source: Biskra Meteorological Station, 2016
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The winds are frequent during two
periods of the year: relatively humid
winds during the winter, and sand winds
during the spring. The dominant wind
directions are from the southeast and
northwest

; =
Figure 11.102 wind rose of Biskra
Source: climat consulltant0.6

Bioclimatic analysis

The bioclimatic analysis of the city of Biskra are primarily based on the examination of climatic
data, utilizing Mahoney's tables and Givoni's diagram. This approach provides recommendations that
assist in the design process. ( see annex A).

V1.4 Site analysis

V11.4.1 site location in relation to the city

(

Figure I1.103 site location
Source: author traitment,2025

V11.4.2 site morphology

Figure 11.104site morphology
Source: author traitment,2025
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V11.4.3 site plot

The site is strategically positioned within the urban fabric of Biskra, offering a balanced
proximity to both developed and developing zones. Its plot geometry and surrounding infrastructures
suggest promising potential for integration into the city’s expansion strategies.

Figure I1.10Ssite plot
Source: author traitment,2025

VI11.4.4 Environnement of the Project

The site is surrounded by a varied urban context, including collective housing and service
structures. This diverse built environment supports potential synergies between new construction and
existing functions, enabling a harmonious urban integration.

N

- Project
- tourist complex
- gas station

gas station extension

Hotel

- collective housing
- High school

school

ﬁ site extension

Figure I1.106immediate environment of the project
Source: author traitment,2025

VI11.4.5 Roads and accessibility

The site benefits from excellent vehicular connectivity due to its location near primary road
arteries such as the RN 03 and the western bypass. This accessibility ensures smooth traffic flow and
efficient regional integration, essential for any future development on the site.
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- Main road

Secondary road

* Biskra west bypass

Figurell.107 roads surrounding by the project
Source: author traitment,2025
The accessibility diagram highlights the site's high level of permeability from multiple
directions, ensuring optimal movement of users and goods. This makes the location ideal for public
or semi-public functions requiring ease of access.

Source: author traitment,2025

V11.4.6 Built and unbuilt

a clear imbalance between built and unbuilt areas, with the site appearing saturated by
equipment and constructions. This overoccupation limits the availability of open or permeable spaces,
which are essential for natural ventilation, green integration, and future expansion. The lack of unbuilt
zones negatively affects the environmental quality of the site and restricts design flexibility.
Addressing this density through careful reconfiguration or the introduction of breathing spaces will
be crucial to improving spatial comfort and urban integration.
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- Built
I:I Unbuilt

Figure I1.109built and unbuilt spaces in the area
Source: author traitment,2025

V11.4.7 Green spaces

The analysis reveals a critical deficiency in green spaces within and around the project site.
The area suffers from a near-total absence of landscaped or natural vegetation zones, which negatively
impacts both the environmental quality and the visual comfort of the surroundings. In the context of
Biskra’s hot and arid climate, this scarcity of greenery exacerbates urban heat and reduces
opportunities for passive cooling. Addressing this shortcoming should be a priority in the design
process through the introduction of green infrastructure and shaded outdoor areas.

Green spaces

L
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Figure II.110 green spaces in the area
Source: author traitment,2025

VI11.4.8 Mobility

The presence of public transportation stations and nearby facilities like schools, high schools,
tourist complexes, and hotels enhances the attractiveness of the site. These elements contribute to the
creation of a dynamic and service-rich environment suitable for residential or mixed-use
development.
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Figure I1.111 public transportation station
Source: author traitment,2025

V11.4.9 Noise sources

The proximity to major roads and a gas station implies a potential presence of traffic-related
noise pollution. This factor must be considered in the architectural design through buffer zones,
vegetation barriers, or orientation strategies to ensure acoustic comfort.

Figure 11.112 traffic noises
Source : author traitment,2025

V11.4.10 Wind

The dominant wind directions are from the southeast and northwest

Figure 11.113 wind direction
Source : author traitment,2025
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VI11.4.11 Sun

The site maximizes sunlight exposure during winter by strategically leveraging available
sunlight from the south and west, while neighbouring buildings shield it from the east and north. In
contrast, during summer, the project benefits from sunlight in all directions, taking advantage of the
higher sun position in the sky
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Figure II.114sun path
Source: Sun Earth Tools.com

V11.4.12 The existing building in the area

Existing buildings such as collective housing and gas stations shape the immediate urban
context. Their presence provides functional references for the new project

| N3} /)
1 ON

gas station

- collective housing

Figure II.115 the existing building in the area
Source: author treatment,2025

76



Analytical chapter

V11.4.13 Synthesis

Strength

Weakness

Excellent accessibility: The site is well-
connected to main roads (RN 03, Biskra
West Bypass), allowing easy access for
vehicles and pedestrians.

Proximity to public transport and
facilities: Close to schools, hotels, a
tourist complex, and service stations,
which enriches the site’s functional
potential.

Sun exposure potential: High solar
availability supports passive solar design
and renewable energy integration.
Existing urban fabric: The site is
embedded in a developed urban context
with surrounding collective housing,
promoting urban continuity.

Lack of green spaces: The site and its
immediate environment suffer from a
noticeable absence of vegetation, which
increases heat exposure and reduces
visual comfort.

Saturation with built structures: There is
a clear imbalance between built and
unbuilt ~ spaces, limiting  design
flexibility and ecological integration.
Noise pollution: The proximity to main
traffic roads and a gas station may
expose the site to consistent noise levels.
Exposure to harsh climate: The hot and
dry desert climate requires strong
thermal protection and limits outdoor
comfort.

Opportunities

Threats

Potential for urban regeneration: The site
can be reimagined to introduce green
infrastructure, shaded paths, and public
spaces to improve microclimate.

Design innovation: The challenges
posed by solar and wind exposure allow
for creative architectural solutions (e.g.,
passive cooling, shaded courtyards,
wind towers).

Strategic location: Its position between
residential, touristic, and educational
facilities makes it ideal for
multifunctional or mixed-use
development.

Urban overheating: High built density
combined with lack of vegetation can
lead to urban heat island effects.

Traffic congestion: Increased
development could worsen congestion
near the RN 03 and surrounding roads if
not planned with sufficient
infrastructure.

Land use conflicts: The site's
surrounding uses (e.g., gas stations)
might  restrict certain types of
development due to safety or zoning
constraints.

Environmental degradation: Continued
urban pressure without proper planning
could exacerbate land degradation and
reduce livability.
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Conclusion

The analytical chapter provided a comprehensive evaluation of six commercial projects across
various global and local contexts. Through detailed case studies, the analysis explored multiple
architectural parameters including volumetry, circulation, spatial organization, lighting strategies, and
the relationship with the urban environment. Each example revealed distinct solutions to integrating
natural light, especially through elements such as atriums, light wells, glass facades, and Sun Tunnels.
The comparative analysis highlighted best practices and common shortcomings in daylight design
across the samples. The synthesis confirmed that successful projects not only optimize natural light
penetration but also prioritize user comfort, environmental integration, and multifunctionality. This
analytical foundation has informed a well-grounded design approach for the proposed project by
identifying the spatial and technical criteria needed to achieve sustainable, daylight-optimized
commercial architecture

78



Practical chapter




Practical chapter

Introduction

The practical chapter constitutes the operational translation of the theoretical and analytical
foundations previously developed in this thesis. After establishing the conceptual framework of
natural lighting in commercial architecture and studying international and local precedents, this
section presents the project proposal through a dual structure: the architectural design of a shopping
center in Biskra and the development of an integrated Sun Tunnel system. This chapter explores the
articulation of spatial and technical strategies that enhance user experience, environmental
performance, and energy autonomy. The aim is to synthesize spatial fluidity, functional hierarchy, and
passive design principles into a coherent architectural solution. The final component of this chapter
is the experimental validation of the daylighting system through a physical prototype equipped with
a solar-powered sun-tracking mechanism. This design experiment highlights the feasibility of
autonomous natural light redirection into deep interior zones, thus confirming the relevance of the
adopted architectural strategies to the local climatic context.
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Part one: Shopping center
|  Programmatic approach

After analyzing various shopping center, conducting extensive research on commercial center
spaces, and studying the differences in layouts among different projects, we have successfully derived
the ideal library program that encompasses all necessary spaces and more.

table 7 the project programme

Source: author,2025

Function Level Units Area per Unit Total Area
(m?) (m?)
Hypermarket Ground Floor 1 1200 1200
Daily Shops (Grocery, Bread, Ground Floor 1 180 180
Meat)
Fruits and Vegetables Ground Floor 1 60 60
Restaurants & Cafeterias Ground Floor 6 120 720
Children’s Play Area Ground Floor 1 120 120
Security Offices & Reception Ground Floor | Various - 90
Restrooms All Floors Several 15 -
Shops (Clothing, Footwear, Ground Floor | Various 60 -
Electronics)
Traditional Goods Display Room | First Floor 1 60 60
Cinema or Library First Floor 1 Unspecified -
Café Area with Interior View First Floor 1 Unspecified -
Offices (Lawyer, Travel, First Floor Various 60 -
Insurance)
Administration Offices First & Second | Various 45 -
Management Offices Second Floor | Various 45 -
Fitness Center & Spa Second Floor 1 180 180
Multi-purpose Hall Second Floor 1 Unspecified -
Deposits All Levels 4 Varies 600
Technical & Maintenance Rooms | All Levels 2 Varies 160
Prayer Room All Levels 1 40 40
External Storage & External Various Unspecified -
Miscellaneous Annexes
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Il Conceptual approach
I1.1 Concepts of the project

From the previous analyzes and synthesises, the following concepts emerged to create a

shopping center in Biskra:
11.2 Improving the Length of Customer Stay

By creating a welcoming and interesting spatial experience, the project seeks to increase the

amount of time that customers spend inside the shopping center. This is accomplished by applying
important architectural ideas:

Transparency: Visual links between areas promote investigation and lower mental obstacles.
Fluidity: Soft transitions and curved pathways encourage organic movement and keep users
from becoming weary.

Human Scale: Areas are made to feel cozy and familiar, enticing visitors to stay longer.
Continuity: By avoiding sudden changes, consistent spatial language helps guests navigate
the center with ease.

Together, these tactics improve the customer experience and encourage more leisurely,

prolonged visits.
11.3  Sustainability

The project makes sustainability a primary goal by using passive design techniques to reduce

energy consumption and improve environmental comfort. Some of the key architectural concepts are:

Sun Tunnel System: This system brings natural light into deep interior spaces, lowering the
need for artificial lighting and improving visual comfort.

Cut-Out Terraces: This design creates semi-outdoor spaces that can be used as resting
terraces or green roofs, enhancing daylight, ventilation, and spatial diversity.
Indoor-Outdoor Integration: This design promotes continuity between internal and external
spaces, improving air flow and user well-being;

Environmental Porosity: Strategic voids and open edges allow the building to "breathe,"
generating microclimates and naturally lowering thermal loads; these solutions support energy
efficiency and offer a healthier, more pleasurve shopping experience.

11.4 Design ideas

Spiral Customer Journey
The circulation is designed as a spiral path

originating from a central hub, creating a progressive spatial
sequence that encourages exploration without imposing
direction. This promotes a sense of freedom, flow, and
gradual discovery.

The central point acts as a constant spatial anchor,

ensuring visual and physical orientation throughout the
visitor's journey. Key architectural principles applied
include:

Spatial Fluidity: Curved paths and continuous Figure I1L1 spiral customer journey

transitions. Source: author,2025

Visual Connectivity: Open sightlines between

functional zones.

Centralized Organization: The main atrium serves as a reference point and circulation cor.
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e Time-Based Functional Zoning

The center is organized into functional rings: the
inner core is dedicated to slow-time entertainment and
immersive experiences, while the outer layers host retail,
services, and fast-time leisure activities, forming a
behavioral gradient that responds to user pace and needs.

Zoning Hierarchy: Organizing functions from
intimate to public based on intensity.

Spatial Gradient: Creating a transition from fast to
slow spaces.

Programmatic  Layering: Stacking diverse
functions in response to user time and energy.

Figure IIL.2 time based functional zoning

e Spatial Fluidity Across Overlapping Functional Source: author,2025

Rings

To ensure the visitor’s continuous connection with iy 8
multiple functions without feeling constrained, the design ot ) /,____\\_ [ e &
adopts fluid spatial transitions and porous boundaries, & .}f. ‘—.\
allowing smooth interaction between different activity zones. ' /———'-*-’f ) @@ ® S

Rather than keeping these zones strictly separate, the __ @ (8 @ \-@’\j. y §
design introduces organic merging between layers. - - \ ‘\_,x ({ ;
Boundaries are treated fluidly, sometimes blending indoor /" ‘\. . / E:
and outdoor, other times linking fast and slow zones, creating ~ | sl -

arich and connected spatial experience.

Porosity: Functional boundaries are softened,
allowing spatial and programmatic overlap between zones. , _ ;

Transparency: Visual openness connects interior and  Figure I11.3 spatial fluidity of the project
exterior, enhancing spatial legibility and curiosity. Source: author,2025

Fluidity: Curved circulation paths and organic transitions encourage natural movement and
experiential continuity.

These elements work together to create a dynamic and inclusive shopping environment, where
visitors remain engaged and oriented throughout their journey.

Figure II1.4 Interpenetration of Spaces
Source: author,2025
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e [Elevated Leisure through Spatial Differentiation

— To enrich the spatial experience and emphasize functional hierarchy, leisure zones are
designed with varied dimensions and volumes, creating visual contrast, psychological relief,
and breaking the monotony of movement to keep the user engaged.

— Leisure areas are placed in open terraces, roof gardens, or elevated platforms.

— Their volumes differ in scale, proportion, and materiality from standard shop units.

— This creates a clear spatial hierarchy and adds rhythm to the overall form.

— The design promotes experiential diversity and supports user well-being.

e _—__—h-“\\.

~

Figure I1LS5 elevated leisure of the project
Source: author,2025

e Vertical Openness for Environmental Comfort
The design applies a vertical openness strategy, with a more enclosed ground floor for control
and insulation, while upper levels open to the exterior through terraces and voids. This layered
approach enhances natural lighting, ventilation, and spatial diversity, contributing to the project's
overall environmental sustainability.
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Sd‘

N

Figure II1.6 the openings in the project for environmental comfort
Source: author,2025
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Figure I11.7 Transparency of spaces from inside to outside
Source: author,2025
e Sun Tunnel System for Daylighting

To reduce energy consumption and enhance visual comfort through natural daylighting
strategies.

The project integrates a Sun Tunnel (Light Pipe) system to bring natural light into interior
zones that are distant from facades or skylights. This supports visual well-being, reduces reliance on
artificial lighting, and aligns with the project's sustainability goals.

They are placed strategically in corridors, common areas, and enclosed retail zones to achieve
uniform lighting distribution.

The system enhances energy efficiency, improves indoor ambiance, and contributes to the
project's passive design strategies.

Figure IIL.8 sun tunnel system in the project
Source: author,2025
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11.5 Architectural plans
11.6 Location plane

The Project

4.80

Figure I1L.9 location plan scale 1/5000
Source: author,2025

1.7 Master plan

Figure II1.10 master plan scale 1/200
Source: author,2025
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11.8 Floor plans

o
o

Figure II1.11 underground floor scale 1/100
Source: author,2025

Figure III1.12 ground floor scale 1/100
Source: author,2025
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o

Figure II1.13 first floor scale 1/100
Source: author,2025

Figure I11.14 second floor scale 1/100
Source: author,2025
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11.9 Elevations

Figure II1.15 Elevation East scale 1/100
Source: author,2025

Figure II1.16 Elevation west scale 1/100
Source: author,2025

Figure II1.17 Elevation South scale 1/100
Source: author,2025

Figure II1.18 Elevation North scale 1/100
Source: author,2025
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11.10 Sections

Figure III.19 Section E-E scale 1/100
Source: author,2025

.I.m_uu!.»% S

-11 l ﬁw‘%

Figure II1.20 Section B-B scale 1/100
Source: author,2025

Figure II1.21 Section C-C scale 1/100
Source: author,2025

T

;_

Figurelll.22 Section D-D scale 1/100
Source: author,2025
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SECOND FLOOR

FIRST FLOOR

GRAOUND FLOOR

Figure I11.23 different layouts of the project
Source: author,2025
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11.11 Renders
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Figure II1.24 view of the project
Source: author,2025
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Part two: Sun tunnel

In this final part, and based on the theoretical concepts discussed previously, we propose an
adaptive daylighting system that will be integrated into a shopping center project. The system relies
on a sun-tracking collector, controlled by an Arduino Uno and guided by LDR sensors, to follow the
sun’s position and optimize natural light capture throughout the day.

The collected sunlight is transmitted through Sun Tunnels, where it passes through transparent
water layers designed to diffuse the light, reduce glare, and enhance indoor thermal comfort. This
fully automated system contributes to reducing artificial lighting needs and supports energy efficiency
within the commercial environment.

| Sun Tunnels System

In this project, we aim to design a sustainable shopping mall that integrates our pre-developed
product — the Sun Tunnels System — to deliver natural daylight to interior areas with no direct
access to the outside. The system will operate automatically and contribute to reducing overall
energy consumption.

Il Mechanism of the Sun Tunnel Lighting System

To improve energy efficiency and deliver natural daylight to interior spaces without direct
access to the outside, the system operates as follows:
Polycarbonate Dome: fixed dome with internal 45° angles that redirect sunlight into the tunnel
throughout the day.
— Sun-Tracking Collector: a dual-axis movable head, controlled by LDR sensors and an
Arduino Uno, tracks the sun for optimal light capture.
— Solar-Powered Operation: the entire system runs on a small independent solar panel, making
energy consumption from the grid nearly zero.
— Reflective Aluminum Tunnel: light travels through a polished aluminum tunnel, ensuring
efficient reflection and deep light penetration.
— Water Layers Inside Tunnel: transparent water layers diffuse the light and absorb excess
heat, improving both visual and thermal comfort.
This compact, automated system ensures sustainable daylighting while minimizing energy
use and supporting environmental goals.

Solar Collector Head (inside the dome) DOME

Vertical Light Tube (Reflective Tunnel)

‘Water Layer Chamber (inside the tube)

Figure II1.25 sun tunnel system mechanism view
Source: author,2025

111 Sun-Tracking System Program

In order to create a program that automates a sun-tracking collector, both hardware and
software components are required. These include sensors, actuators, and a control system—an
Arduino Uno in our case—to adjust the direction of the solar collector based on environmental inputs,
such as sunlight intensity and direction.

Below is a simplified table listing the hardware components used in the prototype along with
their respective functions:
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table 8 hardware components used in the prototype

Source: ResearchGate

Component

Function

Image

Arduino Uno

Processes sensor input and

controls the servo motor.

LDR Sensors (x2) Detect sunlight direction to )
determine the sun’s 9
position. '

Rotates the solar collector
along one axis to follow
the sun.

Servo Motor (x1)

Solar Panel Supplies power to the

system independently.

Breadboard & Wires Distribute power and

connect all electronic %\H
components. L
A bR
Resistors Protect the sensors and
regulate voltage. — @ikl —

With the components listed in the previous table and the source code uploaded to the Arduino

Uno via the Arduino IDE, the solar tracking system operates automatically and is entirely powered
by a dedicated solar panel, ensuring zero energy consumption from the grid.

The operating process is as follows:

Automatic Tracking Mode:

The system is powered by a small solar panel, making it completely energy-independent.
Two LDR (Light Dependent Resistor) sensors are positioned on opposite sides of the
collector head.

Each LDR reads the sunlight intensity from its direction.

The Arduino Uno compares the readings from both sensors.

If there is a difference in light intensity, the Arduino sends a signal to a servo motor.

The servo adjusts the collector's orientation along a single horizontal axis to face the sun.
This tracking process repeats continuously throughout the day to ensure maximum sunlight
enters the Sun Tunnel.

The captured light is then reflected through a polished aluminum tunnel and filtered through
internal water layers to reduce heat before entering the interior space.
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INPUTS: SENSORS: OUTPUT:
A

)/
-« ﬁf/‘w\ Light dependent
rye resistor (LDR) E
I

ve

Sunlight

Sun tunnel
With automatic
tracking system

Temperature B Microcontroller

inplt
Solar-powered (0 consumption)

Figure I11.26 Adaptive louvers program (Machine learning)
Source: author,2025

Figure 11127 Uploading the source code through
Source: author,2025
IV Sun Tunnel — Physical Prototype Overview
To test and validate the concept of solar-driven daylight redirection, a scaled physical
prototype of the Sun Tunnel system was built. The system includes a solar tracking collector, a
reflective tunnel, and simulated thermal filtering layers. The prototype aims to demonstrate the
system’s potential in delivering natural light to isolated interior spaces

Figurelll.28 Prototype
Source: author,2025

IV.1 Prototype Objective
The prototype aims to simulate and test the concept of solar-powered daylight transmission

through a Sun Tunnel system. The goal is to evaluate the ability of the system to:
— Capture sunlight using a sun-tracking collector
— Redirect it into a reflective tunnel
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— Filter and soften the light using water layers
— Deliver light into isolated interior areas all while consuming zero external energy.
V  Why the Reduced Model
To demonstrate and test the Sun Tunnel system in a controlled and practical way, we created
a reduced-scale physical model. The objective was to visualize the concept and simulate the system’s
performance under realistic conditions using affordable and accessible materials.
The reduced model was chosen for the following reasons:
— It allows clear explanation of the concept in physical form.
— It enables observation of how light behaves through the tunnel in complex geometries.
— It reduces cost and complexity, making it ideal for academic validation.
— It allows easy integration of Arduino components due to its compact size.
— It is commonly used in architecture and electronics as a reliable testing method.
VI Prototype Building
The Sun Tunnel prototype consists of two segments:
— A horizontal tunnel: 15 cm in diameter and 60 cm in length
— Avertical tunnel: 60 cm in length, connected at a 90° angle
— The 90° bend was intentionally included to reflect real architectural constraints where
vertical access is not available, making the light redirection more challenging and realistic.
V1.1 Materials Used
— Aluminum sheet (as the main tunnel material) due to its good reflectivity
— Pasteboard for external structure and support elements
— Transparent plastic dome to represent the solar collector cover
— Blue transparent film to simulate the water layers for glare and heat control
— Arduino Uno with 2 LDR sensors and a servo motor
Small solar panel to supply autonomous power to the system
VI. 2 Assembly Process
The reflective tunnel was shaped from aluminum and bent at a 90° angle.

Figure II1.29 the material of the tunnel
Source: author,2025
A transparent plastic dome was mounted at the front

Figure I11.30 the glasse dome
Source: author,2025
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A separate aluminum collector component was placed beneath the dome, which is the

true light-capturing element. It is connected to the servo motor to allow horizontal rotation for
sun tracking.

LDR sensors were installed around the collector under the dome to detect sunlight.

Figure I11.31 LDR sensors
Source: author,2025
The servo was programmed to rotate the collector based on LDR readings.

Figure I11.32 LDR reading
Source: author,2025
The tunnel’s output was directed into a closed model simulating an isolated indoor zone to
observe illumination effectiveness.

Prototype Test: after building the Sun Tunnel prototype and carefully preparing the
Arduino code, we proceeded to test the prototype and obtained the following results.

Sun Tracking: the collector element accurately follows the direction with the highest solar
intensity during the day using LDR sensors and servo motor.

Light Transmission: sunlight is successfully captured and redirected through the reflective
tunnel segments, including the 90° bend, reaching the output point.

System Efficiency: despite the angular configuration of the tunnel, the system effectively
delivers light into the interior space.

Energy Consumption: the entire system operates using a solar panel, achieving complete
energy autonomy with zero electricity consumption

Indoor test (Simulation):

The prototype was tested in an indoor environment. A smartphone flashlight was used to
simulate sunlight.

LDR sensors detected the light direction.

The servo motor rotated the aluminum collector to follow the light.

Light successfully traveled through the reflective tunnel, including the 90° bend.
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— The light reached and illuminated a closed model space, simulating an isolated interior zone.

Figure II1.33 the light in dark area
Source: author,2025

e Qutdoor test

On June 27th, 2025, at 10:00 AM, the prototype was tested in real outdoor conditions on an
open rooftop. The system successfully tracked the sun’s position and redirected natural sunlight
through the tunnel, reaching the interior of the model and confirming its effectiveness in real
environmental settings.

Figure I11..34 outdoor test
Source: author,2025

e Future Goals

One of the future development goals is to enable nighttime use by integrating a rechargeable
battery system. This battery would store solar energy collected during the day and supply power to
provide nighttime lighting, allowing the system to operate even after sunset.
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Conclusion

The practical chapter demonstrated the translation of theoretical insights and analytical
findings into a tangible architectural and technical proposition. The proposed shopping center,
designed for the city of Biskra, applies innovative spatial concepts such as vertical openness,
behavioral zoning, and experiential continuity, while optimizing the use of natural light. The
integration of the Sun Tunnel system was developed not only as a design component but as a fully
operational environmental technology. Through Arduino-controlled sun tracking, reflective
aluminum tunnels, and water-based thermal regulation layers, the system achieved effective daylight
redirection under both simulated and real conditions. The physical prototype validated the system’s
autonomy, efficiency, and capacity to enhance indoor comfort without electrical energy consumption.
Ultimately, this chapter confirms the potential of combining advanced environmental technologies
with architectural design to meet sustainability, functionality, and user wellbeing objectives in
commercial spaces located in arid regions.

101



General conclusion




General conclusion

This thesis has explored the potential of natural daylighting systems, specifically the Sun
Tunnel (light pipe) technology, as a sustainable design strategy for enhancing visual comfort,
reducing energy consumption, and improving the quality of interior environments in commercial
architecture. Through a multi-scalar and multidisciplinary methodology, the work was structured into
three main chapters: theoretical, analytical, and practical—each contributing distinct yet interrelated
insights.

The theoretical chapter established a comprehensive understanding of natural light’s role in
architecture, tracing its historical evolution, psychological effects, and physical characteristics. It
critically examined various daylighting systems, with an emphasis on light pipe systems, their
constructional elements, advantages, and operational constraints. It also framed the shopping center
typology as a particularly relevant context for integrating daylight-based solutions, due to their energy
intensity and spatial complexity.

The analytical chapter presented a comparative study of six shopping centers—four
international and two national (Bab Ezzouar and Park Mall)—analyzed across multiple dimensions
including spatial organization, circulation, volumetric expression, and natural lighting strategies. This
comparative analysis revealed a clear deficiency in the integration of daylight systems in Algerian
case studies, especially in terms of penetrating deeper zones and optimizing energy efficiency. In
contrast, international examples demonstrated more evolved approaches using skylights, central
atriums, and dynamic fagade systems. This chapter therefore served as a bridge between the
theoretical aspirations and the practical challenges observed on the ground.

The practical chapter formed the core of this research, offering both an architectural proposal
and an experimental validation. The architectural proposal, designed for the city of Biskra, responded
to local climatic and urban constraints, with particular attention to spatial fluidity, functional zoning,
and passive environmental performance. The Sun Tunnel system was integrated into the building both
conceptually and technically. A physical prototype, equipped with a solar tracker and reflective
tunnel, was fabricated and tested, validating the system’s capacity to redirect daylight to deep interior
zones with full energy autonomy. The experiment demonstrated effective illuminance levels, thermal
neutrality, and user comfort potential—all essential to the functionality of commercial spaces.
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Annexe —A
Givoni’s diagram

a- Temperature

J F M A M ] ] A 5 (] M [
Temp.Moy.Max 18 19 23 27 31 i7 41 40 34 28 22 18
Temp.Ma\f.Min B3 B 11 15 19 25 29 28 24 17 12 H3
b- Humidity
] F M fi M 1 ] fi S Q N D
Humidité Rel Max 61 56 51 47 44 40 35 38 a7 55 57 G0
Humidité Rel.Min B0 51 4b 42 36 31 26 31 42 50 55 59

B January
@ February
@ March

September
- il

October
Novomber

December

\
’

S

Recommendations drawn from givoni diagrams

Month recommandations Month | recommandations Month recommandations
january H1, Gl mai V.1, INV,AC Septembre V,1,INV,AC, DH
february H1,Gl june V,1,INV, AC SRR Gl,C,V, I

H1,GI,C . july V,I,INV,AC Novembre H1, Gl
march

april Gl.Cc.V august V,I,INV,AC,DH december H1,Gl

H2: Active solar heating I Strong inertia DH: dehumidification

H1: Passive solar heating H: heating INV: Very high inertia and

. " night ventilation
- Comfort GI: Internal gain &
V:ventilation AC: cooling RE: Ventilation cooling
Mahoney's tables
a- Temperature

| F M A M ] J A 5 (0] M D La+haute TAM
Temp. Moy Max 18 19 23 27 i1 i7 (4 34 28 22 18 41 24.5
Temp.Moy.Min 8 8 11 15 19 25 29 28 24 17 12 8 2 33
E.CLT 10 11 12 12 12 12 12 12 10 11 10 10 La+basse EAT




b- Humidity , rain and wind

] F M A M J ] A 5 Q M (0] Total
Humidité Rel.Max 61 56 51 47 44 40 35 38 a7 55 57 60 annuel
Humidité Rel.Min B0 51 46 42 6 31 26 31 42 50 55 59 pluie
Humidité Rel.Moy 605 |53.5 (485 (445 |40 355 |305 |345 (445 |52.5 |56 59.5 185.5
Groupe(G.H) 3 (3 2 2 2 2 2 2 2 3 3 3
Pluie{mm] 159 |17.5 |247 |226 (5.7 236 (000 (3.7 10.4 |16.3 |448 |03
Vent  Dominent 4.5 a.7 5 4 5.2 4.6 29 29 29 3.4 3.8 3.2
Vent  Secondaire
G.H
< 30% 1
30-50 z
50-70 3
=70 4
c- Comfort
J F M A M 1 1 A 5 (o] N D
GH |3 3 2 2 2 2 1 2 2 3 3
-Température:
Moy.Mens.Max 18 19 23 27 31 37 41 40 34 28 22 18
Confort  Maxi 289 29 31 31 31 31 34 ES | 31 29 29 29
diurne Mini 23 23 23 23 23 23 26 23 23 23 23 23
Moy.Mens.Min a8 8 11 15 19 25 29 28 24 17 12 B
Confort  Maxi 23 23 24 24 24 24 25 24 24 23 23 23
nocturne Mini 17 17 17 17 17 17 17 17 17 17 17 17
-Stress thermique:
Jour f f ! / s C C C / f f
Muit f f f f / C C C / ) f f
d- Indicators
1 F v i} M 1 I A 5 (8] N D
H1
H2
H3 b b X
Al X
a2 W X
A3 ¥ » kS X X ]

Architectural recommendations for Algeria (N.Ould Hnia)

a- summer climate zones

According to the summer climatic zones which were defined by Ould Hnia, the wilaya of Biskra is
located in zone E3 ( pre-Sahara tassili), this zone is characterized by a very hot and dry summer.



Recommandations Les principes dans la période d'été

1.0rientation Nord-sud ( est et ouest a proscrire).
2.Espacement entre |es Plan compact en diminuant I'exposition des murs avec I'extérieur
batiments

3.Ventilation ou aération d'été | Ventilation nocturne
4.0uvertures/fenetres Moyenne 25 a 40 %

5. Murs et planchers Murs et planchers massifs. Forte inertie thermique multi journaliere
(hors période surchauffe) avec couleurs claires.

6.toiture Massive. Forte inertie thermique multi journaliére (hors période
surchauffe) avec couleurs claires.

7.Isolation thermique Toiture isolée
8.protection Protection d'été, Occultation totale des ouvertures, ouvertures nord-sud
9.Espaces extérieurs Emplacement pour le sommeil en plein air. Cuisine a 'extérieur
10. Vegetation Vegetation ombrage murs et fenetres.
B . o -
11. Chauffage passif / . '4

b- winter climate zones

According to the winter climatic zones, which were defined by Ould Hnia, the wilaya of Biskra is
located in zone H3a, this zone is characterized by an altitude between 500-1000.

Recommandations Les principes dans la période d'hiver
1.Orientation Mord-sud souhaitée avec occupation Verticale des espaces,
2.Espacement entre les Flan compact en diminuant I'exposition des murs en contact avec
batiments I'extérieur

3 Ventilation ou aération d'éte |/

4.0uvertures/fenetres Sur surface totale ouvertures prevues,affecter pour captage soleil hiver
surface vitrage sud égale a 0.15 par m* plancher.
5. Murs et planchers Murs et planchers massif-inertie thermigque journaliere>8 heures
compromis a prendre avec |'éte,
6.toiture Toiture massive et isolée.
7.Isolation thermique Isolation thermique par toiture.
8.protection D'hiver des vents de sable par plantation a feuilles persistantes qui
poussent dans le sud .
9.Espaces extérieurs /
10. Végétation Végetation a feuilles persistantes pour vents dominants froids et surtout
de sable. e
11. Chauffage passif Chauffage passif par stockage murs massifs inertie dephasage 82 12 Wy
heures ou vitrage sud. N ot

12.Climatisation / ‘.htg
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Jlec¥l o3,
N-2 N-1 N N-+1 N+2 N+3 N+4 N+5
Quantité produit 400 600 800 1000 1200
Prix HT (Ga) 10,000,000 10,000,000 10,000,000 10,000,000 10,000,000
Ventes (Gs) 4,000,000,000 6,000,000,000 8,000,000,000 10,000,000,000 12,000,000,000
CHIFFRE D’AFFAIRES GLOBAL (Cg) 4,000,000,000 6,000,000,000 8,000,000,000 10,000,000,000 12,000,000,000

dadgill milid| &b lus Jod>

(z3) Bylasdl of gl | (z) elee¥l Qo] | (z3) bl Sl | il
3,558,100,000 | 441,900,000 |  4,000,000000 | 1
5,558,100,000 | 441,900,000 |  6,000,000000 | 2
7,558,100,000 | 441,900,000 |  8,000,000000 | 3
9,558,100,000 | 441,900,000 | 10,000,000000 | 4
11,558,100,000 | 441,900,000 |  12,000,000,000 | 5

(BFR) Juladl JUI iy cslo Lo | oluss

Sllasdle (z) deall |

Lzl gkl 4eid | 150,000,000 EAEPYESY

aall o0 damrud! Jlga¥l | 200,000,000 sl gl
(3405) Gadyseld culaziad! | (100,000,000) skl Ogandl

72 0324a(150+200) - 100 =250 | 250,000,000 | (BFR)Jalall JUI

0298 4oLl G9s Ludluny Juaddll 8395 puw losad J3 1 igaiS 73 Ogule 250 | 7 Ly £9 -4l ol JECTIRT
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ACTIF
Poste N- N- N | N+1 N+2 N+3 N+4 N+5
2 1
Immobilisations 0 0 0|0 0 0 0 0
Incorporelles
Immobilisations 0 0 0 | 1500000 1500 000 1500 000 1500 000 1500 000
Corporelles 000 000 000 000 000
Terrain 0 0 0 | 150000 150000 150 000 150000 150 000
000 000 000 000 000
Batiment 0 0 0 | 200000 200 000 200000 200 000 200000
000 000 000 000 000
Autres Immobilisations 0 0 0 | 50000 50 000 50 000 50 000 50 000
Corporelles 000 000 000 000 000
Impéts différés actif 0 0 0|0 0 0 0 0
ACTIF NON COURANT 0 0 0 | 1900000 1900 000 1900 000 1900 000 1900 000
000 000 000 000 000
ACTIF COURANT
Stocks et encours 0 0 0 | 150000 200000 250000 300 000 350000
000 000 000 000 000
Créances et emplois assimilés | O 0 0 | 100000 150000 200000 250000 300000
000 000 000 000 000
Clients 0 0 0 | 100000 150000 200000 250000 300 000
000 000 000 000 000
Autres débiteurs 0 0 0 | 50000 75000 100 000 125 000 150 000
000 000 000 000 000
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Impéts et assimilés 0 0 50000 75000 100 000 125000 150 000
000 000 000 000 000
Autres créances et emplois 0 0 50 000 75000 100 000 125000 150 000
assimilés 000 000 000 000 000
Disponibilités et assimilés 0 0 200000 300 000 400 000 500 000 600 000
000 000 000 000 000
Trésorerie 0 0 150 000 200000 250000 300000 350000
000 000 000 000 000
ACTIF COURANT TOTAL 0 0 750000 1 000 000 1250000 1 500 000 1750000
000 000 000 000 000
TOTAL ACTIF 0 0 2650000 2900 000 3150000 3400000 3650000
000 000 000 000 000
PASSIF
Poste N- | N- N+1 N+2 N+3 N+4 N+5
2 1
CAPITAUX PROPRES
Capital émis 0 0 1500 1500 1500 1500 1500
000 000 000 000 000 000 000 000 000 000
TOTAL CAPITAUX 0 0 1500 1500 1500 1500 1500
PROPRES 000 000 000 000 000 000 000 000 000 000
PASSIFS NON
COURANTS
PASSIFS COURANTS
Fournisseurs et comptes | 0 0 100 000 150 000 200 000 250000 300000
rattachés 000 000 000 000 000
Impots 0 0 50000 75000 100 000 125 000 150 000
000 000 000 000 000
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Autres dettes 0 0 | 100000 150 000 200000 250000 300 000
000 000 000 000 000
Trésorerie passif 0 0|0 0 0 0 0
TOTAL PASSIFS 0 0 | 250000 375000 500 000 625 000 750000
COURANTS 000 000 000 000 000
TOTAL PASSIF 0 0| 1750 1875 2000 2125 2250
000 000 000 000 000 000 000 000 000 000

adgill @l Sblus Jouz 102 o3 Gl

COMPTE DE RUSULTAT PREVISIONNELDE STARTUP : 8:Ls¥! Joloet duadd! Glasy| allas
ERAEEPATN PN PERTE RN

Poste N | N N+1 N+2 N+3 N+4 N+5
2101
Vente et 0|0 4,000,000, | 6,000,000, | 8,000,000, | 10,000,000, | 12,000,000,
produits 000 000 000 000 000
annexes
Achats 0|0 1,200,000, | 1,800,000, | 2,400,000, | 3,000,000,0 | 3,600,000,0
consommeés 000 000 000 00 00
Services 0|0 100,000,00 | 120,000,000 | 140,000,00 | 160,000,000 | 180,000,000
Extérieurs et 0 0 0
autres
consommati
ons
Consommati [0 | 0 1,300,000, | 1,920,000, | 2,540,000, | 3,160,000,0 | 3,780,000,0
onde 000 000 000 00 00
I'exercice
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Valeur 2,700,000, | 4,080,000, 5,460,000, | 6,840,000,0 | 8,220,000,0
ajoutée 000 000 000 00 00
d'exploitatio
n
Charges de 60,000,000 | 70,000,000 | 80,000,000 | 90,000,000 100,000,000
personnel
Impﬁts et 20,000,000 | 30,000,000 | 40,000,000 | 50,000,000 60,000,000
taxes et
versements
assimilés
Excédent 2,620,000, | 3,980,000, | 5,340,000, | 6,700,000,0 | 8,060,000,0
Brut 000 000 000 00 00
d'Exploitatio
n (EBE)
Autres 100,000,000 | 120,000,00 | 140,000,00 | 160,000,000 | 180,000,000
charges 0 0 0
opérationnel
les
Dotations 150,000,00 | 150,000,00 | 150,000,00 | 150,000,000 | 150,000,000
aux 0 0 0
amortisseme
nts,
Provisions
Résultat 2,470,000, | 3,810,000, | 5,200,000, | 6,550,000,0 | 7,930,000,0
opérationnel 000 000 000 00 00
Résultat 2,470,000, | 3,810,000, | 5,200,000, | 6,550,000,0 | 7,930,000,0
Ordinaire 000 000 000 00 00
avant impot
Im p6t 500,000,00 | 700,000,00 | 900,000,00 | 1,000,000,0 | 1,200,000,0
exigible sur 0 0 0 00 00
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résultat

ordinaire

TOTAL DES
PRODUITS
DES
ACTIVITES
ORDINAIRES

0 | 4,000,000,

000

6,000,000,
000

8,000,000,
000

10,000,000,
000

12,000,000,
000

TOTAL DES
CHARGES
DES
ACTIVITES
ORDINAIRES

0 | 1,530,000,

000

2,100,000,
000

2,800,000,
000

3,400,000,0
00

4,000,000,0
00

RESULTAT
NET DES
ACTIVITES
ORDINAIRES

0 | 1,940,000,

000

3,000,000,
000

4,200,000,
000

5,600,000,0
00

7,000,000,0
00

RESULTAT
NET DE
L'EXERCICE

0 | 1,940,000,

000

3,000,000,
000

4,200,000,
000

5,600,000,0
00

7,000,000,0
00

23l Sl 203 oy G

TABLEAUX DE FLUX DE TRESORERIE

STARTUP : &bl | 4o Lud | § 48Uatl pdgig deacdall 8 Lia¥ ! Jolond deuadd! Glai¥l allas

Rubriques N-

N+1

N+2

N+3

N+4

N+5

Flux de trésorerie

provenant des
activités

opérationnelles
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Résultat net de

I'exercice

1,940,000,000

3,000,000,000

4,200,000,000

5,600,000,000

7,000,000,000

Ajustements pour

- Amortissements

et provisions

150,000,000

150,000,000

150,000,000

150,000,000

150,000,000

-Variation des
clients et autres

créances

100,000,000

150,000,000

200,000,000

250,000,000

300,000,000

-Variation des
fournisseurs et

autres dettes

100,000,000

150,000,000

200,000,000

250,000,000

300,000,000

Flux de trésorerie
générés par

I'activité (A)

2,290,000,000

3,300,000,000

4,550,000,000

5,850,000,000

7,450,000,000

Flux de trésorerie
liés aux
opérations
d'investissement

(B)

(1,500,000,000)

Variation de
trésorerie de la

période (A+B+C)

790,000,000

3,300,000,000

4,550,000,000

5,850,000,000

7,450,000,000

Trésorerie de
cléture (Finde la

période)

790,000,000

3,300,000,000

4,550,000,000

5,850,000,000

7,450,000,000

Variation de

trésorerie

790,000,000

3,300,000,000

4,550,000,000

5,850,000,000

7,450,000,000
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