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Abstract

Energy efficiency is of paramount importance in commercial structures. The closure of
various commercial buildings, primarily attributed to the substantial costs associated with
maintenance, particularly in terms of energy expenses, underscores the significance of this
issue. This research is centered on the exploration of daylighting techniques within
commercial buildings, aiming to enhance their energy efficiency. The study presents an
investigation into optimizing daylight utilization in a commercial hub, withe th@y initial
objective of mitigating the energy consumption linked to artificial li within

commercial complexes. The research involves assessing the quantity gﬂ@@al daylight

required for commercial structures, with minimal alterations to architectural designs to
mitigate glare within commercial spaces caused by solar radiati(m\ Daylight Factor (DF)
serves as a key metric for gauging the internal natural illumi @[ of these buildings. The
results indicate substantial energy savings achievale%}ough the incorporation of
daylighting practices and propose adjustments mye the natural lighting conditions

within buildings. The integration of daylighting te

significant reduction in energy costs while’ K&zneously enhancing user circulation and
visual comfort. The rationale for this Eg

ques in commercial hubs promises a

t is rooted in an extensive review of relevant
literature and case studies. The h methodology employed entails an in-depth
examination of existing comm iagénters and ventures. Key variables have been diligently
scrutinized and applied i thg design of a proposed commercial hub, resulting in a
substantial reduction in&% consumption. Additionally, the suitability of the site for the
proposed building Qs) een thoroughly evaluated. In conclusion, the implementation of

daylighting sga@ﬁs during the design and construction phases holds the potential to yield a

remarkable

buil%g

Keywords: Energy Efficiency, Commercial Hub, Daylighting, Glare, Energy Efficiency,

tion of approximately 70% in energy consumption within commercial

Solar Radiation.

Word Count: 277
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Chapter One

Introduction

1.1 Background of the Study

The modern environment grapples with issues related to carbon emissions and the urgent
concerns of global warming. Consequently, sustainable design principles and methodologies
have been introduced and embraced (Sodiq et al., 2019). Within the realm® of ‘energy
consumption in buildings, lighting constitutes a significant portion of the -overall energy
usage (Vaisi and Kharvari, 2019; Babalagama and Pathirana, 2021). This has prompted the
exploration of alternative means to curtail energy consumptiony, particularly through the
implementation of daylighting strategies, notably in commereial structures (Ghosh et al.,

2021).

Commercial buildings distinguish themselves“from residential ones by virtue of their
operations predominantly occurring during daylight hours, affording the opportunity to
harness natural daylight (Azimi, S.,-&(©'Brien 2022). Consequently, the strategic integration
of natural light in non-residentialybuildings has emerged as a pivotal approach to enhance
energy efficiency, minimizing the demands on artificial lighting, heating, and cooling
systems within commercial premises (Aydinli, 2000; Lu et al., 2019). Empirical research
findings underscore the substantial role of lighting, constituting up to 40% of a building's
total /€nergy consumption (Alrubaih, et al., 2013). It is worth noting that commercial
buildings are responsible for a significant portion of global electricity consumption,
accounting for approximately 19% (Chen et al., 2023). Therefore, substituting a portion of
electric lighting with daylighting holds the potential for energy savings and a reduction in

environmental harm stemming from resource overexploitation (Cao et al, 2016).



The term "daylighting in buildings" refers to the introduction of sunlight into indoor spaces
through openings, thereby influencing the interior environment's quality and functionality
(Sharaf, 2014; Dolnikova et al., 2020). Its application promotes the utilization of renewable
energy sources and cost savings (Tregenza and Mardaljevic, 2018; Alhagla et al., 2019). The
incorporation of daylight into commercial settings diminishes the reliance on artificial
lighting during daylight hours, fostering a positive work environment tha} enhances
productivity and uplifts spirits (Sarmadi and Mahdavinejad, 2023). When@;&r\éd with
appropriate technologies, daylighting can significantly reduce a : electricity

consumption and notably improve indoor lighting quality (Aderonn&a&., 2019).

\

Evidence supporting the desirability of daylight is apparent i%g% research and observations
of human behavior and commercial space organi at@(, hang et al., 2019; He, 2021).
Daylighting is generally perceived as beneficial i ﬁey aspects: enhancing occupant well-
being and conserving energy. Windows @)ﬁ daylight play a crucial role in providing
views of the outdoors and connecting,éj%oor spaces with the external environment, beyond
their primary function of introﬁ&namral light (Dong and Zhang, 2020; Mesloub et al.,
2022). Daylight is valued s‘quality, spectral characteristics, and variability. Observations
of people's respon@n oor environments suggest that daylight is desirable because it
fulfils two d@ tal human needs: clear visibility of tasks and surroundings and exposure
to envirer al stimuli (Hong, 2021). Extended exposure to electric lighting is believed to

have@erse effects on health, whereas working in natural daylight is thought to reduce

stress and discomfort.

In addition to its advantages for human health and well-being, daylighting's energy-saving
potential is substantial (Granqvist et al, 2018). It notably reduces peak electricity demand, a
significant advantage for buildings with peak loads occurring during daylight hours.

Furthermore, daylight contributes more energy as visible light and less as heat compared to

2



electrical lighting, resulting in reduced cooling loads in buildings occupied during daylight
hours (Sarmadi and Mahdavinejad, 2023). Properly integrated into building design and
complemented by lighting controls, daylight can significantly diminish the need for artificial
lighting. Consequently, daylighting should be viewed as an integral element of sustainable

building initiatives (Phillips, 2012).

Daylight inherently provides high illuminance and enables excellent color pequ@p and
rendering (Robinson and Selkowitz, 2013; Maleki and Dehghan, 2021). Th,es% ities make
daylight conducive to optimal visual performance. Nevertheless, daylf%}i also produce
discomforting glare and intense reflections on screens, both 0@ ich can impair visual
comfort (Kini et al., 2022). Therefore, the impact of daylig&éﬁ,%sk performance hinges on

how it is managed and delivered. All these conside@j@mecessitate a thoughtful approach
t

to daylighting design for buildings. In this conte%‘"' study delves into specific daylighting
I

considerations to determine optimal lighti< g r&

>

1.2 Statement of Research Prob@-

ents within a commercial hub.

Commercial hubs are speciﬁcaMsigned to host and engage commercial offices, shopping
centres, banks, office (@M 2 and establishments in selling goods and services (Velux,
2022). From ph)g{ii bservation, the existing planning layout of Lead City University,
Ibadan, Ni.%gvealed that commercial activities within the campus are not centralized
with %ible zoning criteria, leading to proliferation of pockets of small commercial
buildings across the campus. In reality, operating these scattered buildings can be viewed as
duplication of energy consumption with each unit requiring similar amounts of energy
particularly for lighting to provide safe, healthy, and productive environment for students,

employees and retail customers.



Considering the fact that building industry is depleting natural resources beyond
sustainability levels, daylighting can play an important role in conserving the energy.
Moreover, the importance of this factor is undeniable in human functioning. Several studies
have examined daylighting in commercial buildings (Turan et al., 2020; Hong, 2021; Maleki
and Dehghan, 2021; Li, 2022). However, it was observed that amidst this plethora of studies
on daylighting in commercial and office buildings, there is paucity of research on .da lighting

in shopping malls and commercial hubs with limited research on any aspect of @&hting in

commercial spaces in universities and campus environments. ,%\

Energy savings, sustainability and minimum maintenance are so% the reasons designers
opt for daylighting. Buildings incorporating daylighting can@'}% an overall energy savings

A

of 15% to 40% (Ahmad et al, 2018). Daylig@uildings is a critical functional
10

requirement in the tropical climate with nu benefits. On the other hand, poor
implementation of daylighting is bounc(t.o)% e high energy consumption and user's
discomfort, unlike in the temperate re‘g,& here solar intensity is lesser (Ayoosu et al., 2022).
Studies suggest that daylighti@)g?a direct impact on the well-being, productivity and
overall sense of satisfacti uSers. However, effective daylighting of spaces does not come

without some chall@e%:c as glare, intense heat generation from solar radiation, high light

intensity, an (@ Sharaf, 2014; Hosseini et al., 2019; Sarmadi and Mahdavinejad, 2023).

Sev ies have been conducted on the utilization and feasibility of daylighting in
commercial buildings (Sprah and Kosir, 2019; Asfour, 2020; Bas, 2020; Babalagama and
Pathirana, 2021; Rawat and Singh; 2021; Kini et al., 2022; Alfano et al., 2023). However, the
study of the convergence in the application of passive and active daylighting strategies for
efficient and effective lighting in shopping malls is a research area that requires studying

especially for hot humid climates.



Preliminary observations of the existing commercial centres in Lead City University revealed
a number of shortcomings. Poor zoning of the buildings and non-existence of a dedicated
area allocated to commercial activities was one of the major shortcomings observed.
Throughout the university campus, there is no purpose-built commercial hub but pockets of
commercial shopping areas situated at different locations in the university campus. In
addition, there is poor utilization of natural lighting in the existing buildings WhiC}.l contribute

to user discomfort and over reliance on energy consuming artificial lighting. Qh)(\

In order to address the myriad of challenges that accompany excessivé%gy consumption
due to the proliferation of commercial buildings within the ca@o'ﬁ one hand and the
constraints associated with the implementation of effe@%and efficient daylighting
strategies on the other hand, it becomes imperative o@mme the daylighting requirements
for commercial hubs and to design a commercial hub-to centralize the commercial activities
on the Lead City University Campus. Th@}:}ﬁ tion of the commercial centres through a
purposely designed commercial hul%b- ameliorate these existing challenges and adopt
daylighting strategies with imm’ﬁxse)%ﬁvironmental and ecological benefits.

'}
This study explored the 6@ strategies, mechanisms and devices to enhance daylighting as

well as the desiglg\ci tderations for daylighting that can be adopted in the proposed design
ofa comme%@b for Lead City University, Ibadan, Nigeria as well as recommendations to

drivg%@ future developments in line with efficient and innovative daylighting.

1.3 Aim and Objectives of Study
The aim of this study is to design a Commercial Hub for Lead City University, Ibadan,
exploring and adopting daylighting strategies to reduce the energy consumption and to serve

as a guide for future similar developments.

In order to achieve this broad aim, the following objectives have been specified, which are to:



1. examine the historical background of commercial hub design;

2. identify the functional and design considerations for daylighting in commercial hub;

3. examine daylighting design strategies so as to understand its performance parameters and
requirements in a commercial Hub;

4. design a user-friendly commercial hub by integrating the most important daylighting

design strategies for Lead City University and environment..

1.4 Research Questions Q}(\
The following under listed research questions have been generated to gu&@\%dy:

1. What are the origins and antecedents to commercial hub desi@@ﬂ
2. What are the functional design considerations for a com ial hub?

3. What are the daylighting performance parameter@m@%ﬂrements of a commercial hub?
t

4. How can daylighting systems be integrated in th€“overall building design process of the

commercial hub? Cj\&

1.5 Scope of the Study (b‘

Aspects of daylighting as it rela Q)ﬁmctional light, energy consumption and the aesthetic
impact of the lighting s %f'}n commercial hubs was the primary focus of this study.
Qualitative as well @antitative aspects of lighting in commercial buildings were examined.
The study réeh leon secondary data as well as primary data obtained from case study
anal%@r case studies wherein two objects of study were located outside Nigeria and two

within the territorial borders of Nigeria were selected.

1.6 Significance of the Study

Studies on strategies for reducing building energy consumption through sustainable
daylighting design solutions are been pursued globally (Ayoosu ef al., 2022). Considering the
amount of energy consumed in lighting commercial buildings the proposed study is

invaluable as it attempts to centralize all commercial activities within the university campus

6



so as to drastically reduce energy consumption attributed to the buildings. More so, lighting
when planned can be a simple but effective way of enhancing visibility and improving well-
being, productivity and overall sense of satisfaction of users for example, students,
employees and retail customers, as people have a natural attraction and need for daylight

(Aydinli, 2000; Alrubaih, et al., 2013).

Therefore, providing positive psychological experiences should form the basis fdr{@dings
designed for the public, hence the need to inquire into successful dayh g design
techniques (Burton and Mitchell, 2006). Thus, in line with the View‘®aylighting can
reduce building energy consumption and help improve user® ;@e'ﬁce; it is evidently

justifiable to conduct this study and to apply all relevan% ings in the design of the

proposed Commercial Hub for Lead City UniversityQ,Q\

1.7 Operational definition of terms . ‘ﬁ

Amplitude: The amplitude of an electr%m ngtic wave is the height of the wave, measured
Colour: This pertains to the m@hich we discern different light wavelengths.

Daylighting involves th %&r'(}lled introduction of natural light, direct sunlight, and the
diffusion of skyligh@ty building with the aim of reducing the need for electric lighting and
conserving e%r@t encompasses the strategic placement of windows, skylights, openings,

and re e@e urfaces to harness sunlight for effective indoor illumination.

Daylight Factor: This quantifies the ratio of the internal light level within a building to the

external light level.

Electromagnetic Spectrum: The electromagnetic spectrum encompasses the complete range

of frequencies or wavelengths exhibited by electromagnetic waves.



Frequency: Frequency correlates with the number of wavelengths passing a specific point in

space within a given time frame.
Glare: Glare denotes intense and dazzling light that can disrupt visual perception.

Lighting: Lighting or illumination refers to the purposeful application of light to achieve

practical or aesthetic objectives.

Polarization: Polarization relates to the orientation of the electric field in an el@smt\agnetic

wave %\%

Wavelength: The wavelength of a monochromatic wave denoté@??stance between two

successive wave crests. @



Chapter Two
Literature Review
2.1 Historical Evolution of Shopping Centre
The evolution of shopping places is a social process that evolved with advancements in

O

evolution of shopping centres, as civilizations evolved with soc@ ships and

human civilization (Clark, 2004). The historical evolution of humans can be to the

stratification of society so did the exchange of goods and §e@;\As early as when

N

prehistoric people began to communicate, exchange of good services and commercial
trade commenced (Tennant, 2017). People bartered goo’d@d services. The history of long-
distance commerce began approximately 150,00@1};0. The earliest trading activities
took place at meeting and gathering space Aay\d Benjamin, 1994). The earliest recorded
trading was the exchange of obsidian@ int during the stone age in a Neolithic period
settlement in southern Anatoli 75%%00 BC (KOCAGLG, 2010). Evidence revealed that

obsidian tools were traded i;gms such as Mediterranean Sea shells and flint from Syria.

From history, trade @’Qf the drivers of interactions of amongst people and this led to

early urbanizati%i

Althou, h@‘% been established that trade commenced during the Neolithic period, the
earliest¥figurative expressions of market place was observed in Egyptian hieroglyphs around
1500 BC as illustrated in Figure 2.1 ( McClellan, 2015). However, there is no certainty as to
the space or building where the trading activities were carried out from the Egyptian
drawings. Early trading did not involve the use of money as money evolved at a later time.

The medium of exchange in the earliest civilizations was the barter system (Shaw, 2016).



il {
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Figure 2.1: Drawing of Mam ebes Egypt

Source: Kocail
According to Herodotus the famous Greek 'hiK ian, the Lydians, an Iron Age kingdom of

western Asia Minor located in the m deQ_;}rkish provinces of Manisa and inland Izmir
introduced the use of gold and silv s as a medium of exchange in the seventh century
BC. A typical Lydian coin is illustgdted in Figure 2.2. The utilization of gold and silver coins

"
by the Lydians was a m@ in the economic and financial history of human financial and

economic interac{iQJ eam, 2016). In addition, it was recorded that the Lydians were the
first to es tail shops in permanent locations. Asides the Lydians, there were also
reco ade in salt, fish, cattle, horse, and silk by the Chinese through the famous Silk

Road with goods from China traded in Greece. Several other civilizations thereafter engaged

in trading activities as discussed in the subsequent sections.

10



Figure 2.2: Lydian Coin Sixth Centur)’% L
Source: Kocaili, 2010 %

2.1.1 The Greek Agora, Roman Forum and Eastern H@

By 800 BC in ancient Greece, people had devel \erts with merchants selling their
wares in the Agora in the city centre. The Qr@gora was not only a place to trade but to
socialize and participate in government. @}ora was an open place of assembly in ancient
Greek city-states as it was a place f y communications as well as formal and informal
assembly (Davenport et al, 2OWhe Agora was the genesis of modern urban space. The
Agora provided an open-4it\o Qn tented market place of a city where merchants sold their
goods and craftsmemfabricated and sold their wares.

The Agor Qcated on the crossings of main roads of the city at the city centre and
surro @)y public buildings. One of the most important parts of the Agora was the Stoa
whicthprised covered walkways or porticos for public use. On market days, Greek
merchants spread their wares under the colonnades of the Stoa on mats or temporary stalls in
order to allow other public activities such as voting, debates, public displays, sports and

parades to take place outside market days.

11



According to their planning, design and functions, the Greek Agora and Stoa can be
perceived as the forerunners of the Roman Forum and Eastern Bazaar. The Roman Forum is
the market place or public place in an ancient Roman city. It was the centre of judicial and
business affairs as well as a place of assembly for the people. Similar to the Greek Agora,
cities during the Roman era had the central open space and forum which was the centre of
civic life surrounded by temples, basilicas, bathhouses and state buildings. :Fhe Forum
provided a place for shopping and other activities. Q‘)(\

The Roman Forum was a rectangular courtyard surrounded by shop .%%)n the axis
between the basilica and the capitol. This plan was repeated throgg}l&t@e Roman Empire as
new towns and municipalities were planned as miniature Rom. @é major forum was called
the Forum Romanum with others such as the Fom’r@%garis, Forum Trajani, Forum
Boarium (cattle market), Forum Piscarium (ﬁ@%‘[), Forum Holitorium (vegetable

market) and Forum Suarium (hog market). .* ,@
r;ef

Forum Trajani also known as Trojan’s %' was an important milestone in the evolution of

shopping places as it provided @ge for Roman urban design. The Forum Trajani was

a revolutionary complex 0%1}\11 ed spaces for commercial and social purposes built by

Apollodrus of Damt)@

the first collectioffs\io defined shops largely under cover and arranged on multiple floors as

100-10 in the time of Emperor Trajan. It is probably one of

illustrated @ure 2.3. The upper floors were used for offices and the lower levels had

shop@mg oil, seafood, wine, groceries, vegetables, fruits and fabrics.

12



Source: Kocaili
The Bazaar first appeared in the Middle east arodad fourth century along the important

trade routes for foreign and exotic goods E fﬁ;@ and Almasi, 2016). Specially designated
a

r the establishment of the first bazaars. The

Figure 2.3: Forum Trai\

trading areas in the cities served as
Bazaar was not just a trading c ntl@(b‘lt served as the social, religious and financial centre
for the city. The Eastern Bazaar %s a function designed permanent merchandizing area, market
place, or street of i goods and services are exchanged or sold. The traditional
Eastern Bazaar c@r se shops in vaulted streets closed by doors at each end facing into a
covered str‘e%%temal space.

The is the percussor for the modern-day supermarket and shopping mall with great
influence on the economic development and centralization in modern cities across the world.
The Bazaar continues to develop and modernize externally while its internal character and

purpose remains the same. As such, the bazaar maintains its place in modern society.

13



2.1.2 Medieval Market Hall and Town Hall

After the fall of the Western Roman Empire, Western Europe descended into about 500 years
of dark ages with decline in public activities shopping inclusive. The large-scale retail
environment of the Roman Forum was not re-attained until several centuries later. After the
dark ages, the Middle Ages witnessed the rebirth of urbanization in Europe and towns began
to reappear again alongside the castles, forts and abbeys eventually broadening i.nto trading
centres (Magnusson, 2003). Q’&\

In these medieval towns, the market and town hall evolved as the e. Qarading and
business activity located alongside the market square at the tO\.Nn tee. The early market
and town hall buildings combined two main activities on dif@ floors (Figure 2.4). The
upper floors were for administrative activities while ﬂ)@ound floor was an open space
under the columns supporting the suspended ﬂool@% an extension of the market square
wherein wares were displayed on remov 1@@5& In later years, the ground floors were
arranged into a group of small shops ax%l'l efined the future of outward facing collections

of shops which formed the ba%@f»lined streets observable throughout Europe in later

centuries.
4%'»
S

Figure 2.4: Pallazo del Broletto, Como, Italy - 1215
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Source: Kocaili, 2010
2.1.3 Shopping Street, Shopping Arcade and Department Stores

The street has often been perceived as a “consumption landscape™ as it is important to the
experience of urban life (Barnes, 2006). By the eighteenth century as a result of the rise of the
bourgeoisie, the shopping streets developed in Europe. Prior to the industrial revolution, the
market places in cities were no longer sufficient for the evolving trade as a result, streets iin
the central areas of cities starting from Italy were lined with shops, pubs, and c@hops.
The shops were organized by the type of goods sold, for instance, Bre d\@% and Milk
Street in London. The shopping street is an organic development wher‘eéle ground floors
of street facing buildings were gradually converted into shops. .T‘@?)ping street was the
forerunner to the shopping arcade as the traffic on the s;trﬂ@hsformed from a pedestrian,
horse-drawn carriage to the automobile thereby bec ?@ostile to street shopping.

Arcades are an important milestone in the .evon%)n of shopping centres as it was the first
European building planned solely to acco@%ﬁte a collection of shops for trading activities
(Reikli, 2012). The arcade is primari edestrian thoroughfare bordered or bounded by a
building with an interior spacewan be traversed for shopping activities. It is essentially a
roofed-in gallery, an arch@ygvered passageway usually with shops on each side similar to
an Eastern Bazaar. eres reflect and inspire the utopian ideals projected by the social
visionaries ineteenth century with the incorporation of glass and steel design in the
galle%@illustrated in Figure 2.5 (Mackay, 1985). These galleries were typically a fusion

of glass’and steel.
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Department stores evolved from Figure 2:5: Galleria Umberto, Naples, Italy
Source: K{‘S‘l' i, 2010

the shopping arcades and the bazaar store@uj g the late eighteenth century. A fundamental

trading principle espoused by the @nent stores was the fixed prices for goods. The

department stores eliminated ‘the )bargaining and pricing of goods by merchants and

customers as consumers Q{ walked up to an item with its priced fixed and decide to

purchase or not. It alsg~a

different @rers. The department store as it names implies comprised several

departm sélling different categories of products. As such, the department store provides a
P e@

fforded a quick comparison of prices for similar products by

sho& experience that provided opportunity to purchase a wide range of products at one
location.

The Department stores sold fancy goods ranging from fine fabrics, millinery, lingerie, shoes,
dresses and staple items. As a matter of fact, the department store evolved as the centre for
fashion, luxury and household products exhibitions. They were built on multiple floors

typically with glazed skylights over a central hall with interconnected spaces for trading and
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exhibition as exemplified in the illustrations of the Crystal Palace in London, England and the
Karum AVM in Ankara, Turkey depicted in Figure 2.6. By the latter years of the eighteenth
and the early years of the nineteenth century, it became a norm for department stores to have
an open metal framed interior with glazing; a characteristic they shared with exhibition halls.
The Crystal Palace in London, England which was designed by the British Architect Joseph
Paxton in 1851, was an inspirational prototype as its arcade concept from a gle.lss(-%:vered
street to a glass building and a container of landscape. Most of the contempo@is\opping

malls possess striking visual similarities to the Crystal Palace in terms fﬁg@rrel-vaulted

ceiling, garden-like interiors and sensory stimulation (Young, 2015). N

Figure 2.6: Crystal Palace in London, England and the Karum AVM in Ankara,
Turkey
Source: Kocaili, 2010
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2.1.4 Chain Stores and Supermarkets

Prior to the advent of the shopping mall, there were further developments alongside the
department stores, these were the chain stores and supermarkets (Eppli and Benjamin, 1994).
These shopping places were deliberately planned and developed in a coordinated manner of
retail use in order to create either a single building or an organized group of physically
separated retail stores with common arrangements. It was observed that chain. stores had
advantages over the department store as chain stores were able to harvest ﬂ@eﬁts of
centralized buying during a period when most department stores S\Sti dependent
concerns. Before the proliferation of chain stores like Walmart or 1$§ and Spencer, each
town had its own collection of individual and unique st@ecuhar to the town or

neighbourhood.

Chain stores gained ascendancy over the depart ® ores as a result of the advancement in
the transportation systems such as the rai wa&% inter-city highways which afforded easy
distribution of goods from central \é%‘éouses to the network of stores. The first notable
chain store company was four% London by Henry Walton Smith and was the British
owned W.H. Smith. The any took advantage of the railway boom by opening news
stands on railway s@@ starting in 1848. The company became renowned for its chain of
high street, rail station, airport, hospital and motorway service stations selling books,

statione agazines, newspapers, and entertainment products (Birkin et al, 2010). One of

W.H@nth store at Waterloo Station in London, England is depicted in Figure 2.7.
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Figure 2.7: W.H. Smith Store at Watd@tion, London, England

Source: Kocaili,
2.1.5 Shopping Mall and Commercmli“) &
bsfo

The concept of malls serving as centra

r customers to access various merchants has a
historical precedent dating back Q)%e Agoras of Ancient Greece. Nevertheless, the
contemporary notion of ls characterized by physically constructed stores clustered
together in a sing @%ﬂ with shared amenities, emerged in the 20th century. The

inaugural sh 0§p1 ma 1, technically speaking, was an open-air shopping plaza that made its

debut in 19 Kansas City, United States (Mahmoud, 2019). However, the first enclosed,
peﬂ@?opping mall that closely resembles our current understanding of malls was the

Northgate Shopping Mall in Seattle, United States (see Figure 2.8).
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Figure 2.8: Northgate Shopping Mall %le, United States

Source: Kocaili
The Northgate Shopping Mall introduced the conce

f arranging shops on either side of an
elongated pedestrian walkway, serving as@&él or subsequent suburban malls. Typically,
these malls were anchored by a large ment store, surrounded by a cluster of other shops.
The expansion of these sho@canters was closely linked to the proliferation of
automobiles. With cars b ifig accessible to the general population, more people began
moving away from @1 commuting from suburban areas (Robertson, 1997).

The shoppin rr@ﬂhopping centre, or shopping plaza essentially represented a 20th-century
adaptatioé%he historical marketplace, with provisions made for accommodating
auto@es (Marve et al., 2020). A shopping mall is a collection of independent retail stores,
services, and a parking area that is conceptualized, constructed, and managed as a unified
entity by a management company. These malls may also include restaurants, banks, theatres,

professional offices, service stations, and other establishments. The mall was envisioned as a

cultural and social hub where individuals could not only shop but also engage in various
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activities. By 1960, there were over 4,500 malls, accounting for 14% of all retail sales in the

United States.

Shopping malls typically fall into three categories: neighbourhood, community, or regional.
The smallest type, the neighbourhood centre, typically centres around a supermarket,
complemented by daily convenience stores such as pharmacies, shoe repair shops, laundries,
and dry cleaners. On the other end of the size spectrum, regional shopping cen‘tl&c%ffer a
comprehensive range of shopping services comparable to those found in a s owntown
area. They typically feature at least one large department store, often s‘e%l, and numerous
specialty shops and boutiques. Additionally, there are usuaﬂ@se?al restaurants and,
possibly, a movie theatre. Services catering to immediateéy— o-day needs are typically
minimized. On larger sites, you might also find mo. e@ical centres, or office buildings
(Pitt and Musa, 2009). Q

In contrast, commercial hubs are purpo@ﬁ}%signed to host a variety of commercial
entities, including commercial ofﬁces@ping centres, banks, office complexes, and service
providers (Velux, 2022). Coﬁ&&e}@al hubs go beyond the shopping mall concept by
accommodating a wide r of commercial activities in addition to shopping. Unlike the
shopping mall, whi@p cally a homogeneous entity, the commercial hub is a complex
and diverse f: i@)\hat provides various spaces for the exchange of goods and services.

2.2 De ‘seatures of Commercial Hub

A c&rcial hub is a heterogeneous and complex facility involving a number of retail,
shopping and office spaces (Golany and Ojima, 1996). The variations in the usage pattern,
energy intensity and construction techniques make designing a commercial hub a complex
endeavour. To better understand the concept, a commercial hub could be regarded as a type
of organism that consists of multiple isolated systems, each of which plays a role in its

overall health. These systems must operate in tandem, responding to and communicating with
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one another in order for the building to perform as designed (ACBI, 2022). Therefore, when
designing a commercial hub, it is important to understand how each of these systems is linked
within a complex system so an integrated, whole-building design approach can be developed.
As such, understanding this building type as a complex system means appreciating how the
various components interact together and affect overall performance, durability, safety, health
and comfort (Al Horr et al, 2019).

Typically, a commercial hub is designed to melting pot of commercial act1v1t1€s®c>is1sts of
commercial development (shopping, office, public open space, car park); ci %ces for arts
and cultural uses; and space to enhance connectivity through multi&eﬂ\ pedestrian network

and traffic circulation. &%’\

2.2.1 The Design of Shopping Centre
Shopping is a regular activity for most individua ever, due to time constraints, there is
a growing need for shopping compleer) & incorporate office spaces, providing a
convenient one-stop solution to save % le time (Marve et al., 2020).

Shopping center buildings are y classified into four size categories: small, medium,
large, and very large (Tolﬁ%'\t al., 2016). This classification is based on statistics from the
International Couno@u opping Centres (ICSC), which divides traditional shopping centers
into the foll 1@ eme sizes: very large (80,000 m? and above), large (40,000—79,999 m?),
medium (2Q,000-39,999 m?), and small (5,000-19,999 m?) (ICSC, 2008).

We @\rrently analyzing the composition of small, medium, large, and very large buildings.
Table 2.1 illustrates the typical makeup of these shopping center categories, based on a

review of relevant literature and an analysis of European shopping centers, as detailed below.

Table 2.1: Shopping Centre store composition

Shop Types

Building SHP CMA MDS RST/WRH (Other
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categories (Retail (Common (Medium (Restaurant, services: ware-

stores: area) stores, big size cafes, house, Service
clothing, stores, Food courts) rooms etc.)
hobby, supermarkets)
home)

Small 36% 25% 20% 8% 11%

Medium  42% 25% 15% 9% 9%

Large 50% 25% 9% 10% 6% °

Very large  54% 25% 6% 12% 39 "\\(yb’

Source: Adapted from Steen and Strem (2012); Unibail-Rodamco (20@‘@2013); Intu
Gr. (2013); Britishland (2014); IGD (2014). o

The distribution of shop categories and their respective @)\\ﬁis a crucial role in
determining the overall profitability of the building, «a %‘f as the energy consumption
required for lighting. We have identified the follé@%pes of shops: SHP (encompassing
retail stores, including clothing, hobby, and)@ge goods), CMA (common areas), MDS
(medium and large-sized supermarkets&gl;{\restaurants and cafes), and WRH (warehouses
and other service facilities). For e@f these shop types, we have computed the specific
power consumption and the ﬂ}gwation of lighting use, as detailed in Table 2.2.

Table 2.2: Specific 0@ umption for different shop types for lighting
\

S OMpes
N

Building Vs‘ﬁp (Retail CMA MDS RST (Other
cate@ stores: (Common (Medium WRH services:
clothing, area) stores,  big (Restaurant, = warehouse,
hobby, size  stores, cafes, Service
home) super- food rooms etc.)
markets) courts)
Small 36% 25% 20% 8% 11%
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Source: ASHRE Standard 90; Schonberger, Galvez Martos, and Styles (2013); Westphalen,

and Koszalinski; Goetzler et al, (2009).

2.2.2 The Design of the Restaurant

Prior to the establishment of any restaurant, a meticulous organizational plan should be
devised. It is imperative to determine the menu, specifying the types of meals offered, their
quality, and portion sizes. Before finalizing the layout, it is crucial to ha.ve(,& clear
understanding of the expected number of patrons, their characteristics, and versity

among customers. The primary area of focus in a restaurant is the .dini m, and its

amenities and design should align with the specific nature of the gKtxa%oq.
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Figure 2.9: Table arrangement
Source: Architects’ data (2008)

A number of additional tables and chairs should be available for flexible table groupings. If

appropriate, provide special tables for regular customers. The kitchen, store rooms, delivery

points, toilets and other service areas should be grouped around the dining room.
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2.2.3 The Design of Public Open Spaces

History demonstrates that humans have relied on the natural environment for food, shelter,
and survival for countless centuries. This enduring connection between humans and nature
has shaped our existence over an extended period. The benefits we derive from nature are
contingent on the interaction between individuals and their environment, which can yield
both positive and negative outcomes (Bratman et al., 2012). A positive encounter .with nature

can lead to favourable psychological responses. Q}i\

Incorporating green spaces within a commercial hub should be ‘s%s a means to
complement the constructed areas of the facility. The objective is @n@form both built and
unbuilt spaces into sources of inspiration and motivation, ul@,ct‘ay enhancing productivity.
This approach does not diminish the importance of r@ted spaces in commercial centres;
instead, it underscores the synergy between buil ﬁreen spaces in enhancing the overall
functionality of the environment (Isaac, 1. NConsequently, this research explores various

types of natural outdoor spaces a@amines the layout and architectural design of

commercial centres, as bothw ts contribute to the composition of the proposed

commercial hub. ® "

The concept of Biophilia finds expression in the built environment through the application of
design prin@at resonate with nature; this is known as biophilic design. Biophilic design
princi outlined by Kellert (2008), can be integrated into buildings and spaces to foster
a deeper connection between humans and nature. These principles encompass environmental
features, natural shapes and forms, natural patterns and processes, light and space, place-
based relationships, and evolved human-nature relationships (Kellert, 2008). Some of these

principles play a role in how nature can harmonize with built environments.
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For instance, creating a 'sense of place' in architectural design refers to establishing a
connection between designed spaces and their geographical context, as well as considering
how these spaces can positively impact their users. In this study, the natural environment is
viewed as a space that contributes to shaping a sense of place. Day (2002) emphasizes that
form and space influence individuals and communities while fostering growth on social and
individual levels. Our response to our surroundings is rooted in a deeper connect.ion beyond
mere preference. Architectural considerations such as air quality, sound, col%%, and
temperature are vital when designing structures for specific location;@ a sense of
place for users (Sassi, 2006; Day, 2002). . ‘6.\

A sense of place is nurtured through the user experience @he spaces of that place.
Therefore, the built environment within the comme c@ should encapsulate the essence
N

of its users through its design to prevent a sense lessness.

2.2.4 The Design of Car Parks C_)\

The design of parking facilities, @aer they are underground, in basements, or part of
multi-function buildings, is Nmon practice. Oftentimes, visitors form their initial
impressions of a facili‘%‘%e '}on its parking area, as this is often the first element they
encounter (Chu K 2002). The implications of this are evident. While car parks are
typically 19@ city centers and towns, they are also found in airports, shopping centers,
confj enues, hotels, residential developments, workplaces (both offices and factories),
entertainment venues, train stations, and sports complexes (Marve et al., 2020). Certain
characteristics are universally applicable to all these settings and are essential for a car park
to fulfill its purpose. It should be easy for potential users to identify a parking facility and

locate its entrance. In a commercial hub, it is advantageous if a car park can be readily

recognized for its intended function.
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When a development necessitates a parking facility, it is generally preferable to incorporate
its design into the overall development plan. This approach allows for the possibility of
designing the car park as an integral part of the facility or as a separate yet seamlessly

integrated structure within the development.

2.3 Daylighting Design Strategies for A Commercial Hub

Daylighting is the use of light from the sun and sky to complement or replace etq@ light
(Robinson and Selkowitz, 2013; Jain et al., 2022). This process inyol e use of
appropriate fenestration and lighting controls to modulate daylight adrﬁ%e and to reduce
electric lighting, while meeting the users’ lighting quality @k\@%ﬁﬁntity requirements
(Aderonmu et al., 2019; Shafavi et al., 2020). Arriving at an@; priate daylighting solution
requires contribution from different design teams @nd Kim, 2021). Hence, the next

sections discuss processes involved in the design of-daylighting solution for a commercial
Hub. ( ‘\&

2.3.1 The Feasibility of Dayligh@-

The objective of carrying ouMibility is to check that daylighting makes sense for a
specific site and progralb@ 'grefore, determine how much daylight you can use in various
areas of the hub ( eChﬁrt et al, 2013). According to Robinson and Selkowitz (2013) and Liu
et al. (202%Qey ideas in measuring the feasibility of daylighting are: (i) windows must
see ighd of day; (ii) glazing must transmit light; (ii1) install daylight-activated automated

lighting controls; (iv) design daylight for the task; and (v) assess daylight feasibility for each

different portion of the building.
There are further steps involved in calculating the feasibility of daylighting as listed below:

Step 1: Calculate the planned window-to-wall ratio (WWR) for a typical office space or bay.
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Net glazing area (window area minus mullions and framing, or ~80% of rough opening)
divided by gross exterior wall area (e.g., multiply width of the bay by floor-to-ceiling height)
equals window-to-wall ratio (WWR). The equation is represented as: Feasibility of

daylighting =——; where NGA= net glazing area, and GEWA= gross exterior wall area

WWR.

Step 2: Make a preliminary glazing selection and note the visible transmittance (@

Step 3: Estimate the obstruction factor (OF). * %

These is done by visualizing a typical task location, and then sketl%h\e window elevation
and shade in anticipated objects seen from this viewpoint; th@ include objects such as
trees that might be near to the window or buildings that‘r@%ge a little further away but still

impede the view of the sky. Select the obstruction%',Qas shown in Figure 2.10.

Step 4: Calculate the daylight feasibility f@?})@

The daylight feasibility factor is calc@ by; Window-to-wall ratio X visible transmittance

X obstruction factor = feasibiliﬁs%&r.

.\
Therefore, Rapid Feas'@b@Study to Estimate Potential Lighting Energy Savings is

calculated by: (Fg{ ility = “how much glass” x “how transparent” x “obstructions blocking

light”) Com@is analysis for each major type of space in the building.

QQ

28



< 50% obstructed [ = h0% obstructed
OF =1 OF = 0.85

= 70% obstructed = 090% obstructed
OF = 0.65 OF = 040

Figure 2.10: Estimating the obstruction factor Step
Souree: Robinson and Selkowitz, 2013

.\
2.3.2 Envelope a@“@ecisions

The objective carlgkisl out an envelope and room decision in the pre-design stage is to design
siting, mass‘%faqade, windows, and interior to maximize daylight effectiveness, provide
occu@%mfort, and minimize glare (Ozdemir and Cakmak, 2022). These decisions
determine the potential for useful daylight and energy savings (Hammad ef al., 2021). Hence,
architectural decisions of this nature can influence the building’s lifetime energy use more
than mechanical and lighting decisions. The key idea is to use the building form and skin to
increase exposure to daylight; shape the building for self-shading; capitalize on other building

elements to integrate shading; and incorporate envelope features that improve daylighting
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(Freewan and Dalala, 2019). Figure 2.11 shows a section drawing illustrating a deep wall
section providing some self-shading. This allows easy integration of a light shelf, creates
surfaces that mitigate glare, and reduces noise transmission. Sloped surfaces also help soften
glare (Khidmat et al., 2022). A blind or shade can be added in the clerestory to manage glare

from a low sun angle.

&0

IETT1Y

N Y

Figure 2.11: S{? drawing illustrating a deep wall section providing some self-

Q shading.

Source: Robinson and Selkowitz, 2013
Another @r ach to optimize envelope and room decisions is by the effective use of

winc@ is to allow adequate amounts of daylight as deep into the space as possible, with a
distribution within the space that is visually comfortable and does not create glare. This is
typically done by controlling the window area, location type, glazing properties, shading
systems, ceiling parameters, and interior design features to achieve these goals (Aydinli, 2000;
Bas, 2020). For example, the higher the window, the deeper the daylighting zone; strip

windows provide more uniform daylight in comparison with punched windows which have to
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be paired to be effective when possible (Figure 2.12). Also, clerestories (any window with its
sill above eye level) are good options for getting the light source out of a direct sightline (Chi,

2021).

Furthermore, space planning can be used to optimize envelope and room decisions by
locating activities according to light requirements and according to comfort requirements,
maintaining daylight access and using light-transmitting materials for partith here
possible, and using west zones for service spaces and integrating personal Q%ﬁ%g / glare
control systems into personal workspaces (Hammad et al., 2021).

—--.

e

Figure 2.12: Strip windows and Punched windows
Source: Robinson and Selkowitz, 2013
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Interior design can help improve daylighting solutions within a public building. For instance,
avoid using large areas of dark colours. It is important that the wall facing the window be
light-coloured (Bahdad, 2020; Pilechiha et al., 2020). Mullions or other solid objects next to
windows should be light-coloured to avoid silhouette contrasts. Keep sills and other reveal
surfaces light to improve daylight distribution and soften contrast. Dark artwork can reduce
daylight effectiveness. Similarly, aim for recommended surface reﬂectances.. Desirable
reflectances (Illuminating Engineering Society recommendations) are: ceilinng’%Q o; walls
50%—70% (higher if wall contains window); floors 20%—40%; and furni r. X 5%. Also,
choose matte over specular surface finishes, and use light-transr?it‘t'\‘m%m\aterials. Lastly, it is
ideal to supply window coverings that allow individual con}&@é}\i accommodate different

glare tolerances, while choosing colours under the right 1&@%obinson and Selkowitz, 2013).

2.4 Lighting Control Strategies in Commercial Buildings

Today, lighting takes a significant perce@g\\@f e energy used in commercial buildings.
For instance, lighting consumes app@\ately 20-50% of the energy used in specialised
retail buildings (Wuppertal Insm{-%gkarakonda et al., 2017). The savings incurred by using
efficient lighting can be r"optimized by the use of different kinds of lighting controls
available. Lighting @ sures the light is provided where and when it is needed in the
right amoun V\@‘maximizing the use of daylight and minimizing the lighting energy
wastage @/I S, 2022). Lighting controls typically include occupancy sensors, daylight
sensorsydimmers etc. and save approximately 20-50% of total lighting energy consumption.
In typical office buildings the pay-back period for wireless lighting controls is approximately

2.3 years (Alliance E, 2011).

Lighting control systems consists of hardware such as sensors and, relay switches controllers
which work using various communication protocols like DALI, ENOCEAN etc. DALI is an

acronym for Digital Addressable Lighting Interface and is targeted to suit commercial
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architectural requirements. DALI is specifically developed for ballasts and relay switches.
Lighting communication protocols can be used as a stand-alone lighting control system or
integrated with other building automation systems using protocol translation with systems

like BACnet, LonWorks etc. (Bhatt et al, 2015)

2.4.1 Daylight Sensors

Q)
'}ﬂization

Commercial buildings should be appropriately designed to facilitate the e.fﬁciegét}t
of natural daylight. Daylight sensors are employed to gauge the avai \t | light in a
space and subsequently regulate artificial lighting by either swi}t@iﬂ off or adjusting its
brightness using dimming mechanisms (Samadi et al., 2020). K@mporary lighting sensors
commonly utilize silicon photodiodes, which are sem’m@uctor—based photodetectors that

generate a current or voltage when exposed to light S, 2022).

Commercial sensors are typically compos@o ICs, which are responsible for detecting
fluctuations in illumination levels wi@@'space. These sensors transmit a signal to a control
unit, which, in turn, managesﬂ%)\ntensity of the lighting fixtures (Skorka et al., 2011).
Daylight sensors are strath 1}'13 positioned within the perimeter zone of a building, ensuring
that they capture d@% penetration effectively. The placement of these sensors requires
careful consi @, as their effectiveness hinges on factors such as the location of the task
being ilh%fn ed, the control algorithm governing daylight adjustments, the lighting system

1n use, ;‘id the sensor's field of view (Doulos et al., 2014; LBNL, 2011).

2.4.2 Occupancy Sensor
Occupancy sensors are designed to identify the presence of individuals in a space and
subsequently activate or deactivate the lighting as needed (Gunputh et al., 2007). This not

only enhances occupant satisfaction by providing individuals with direct control over their
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environment but also ensures that lights are automatically switched off when the area is
unoccupied, thereby minimizing energy wastage due to negligence. Common types of
presence sensors include passive infrared sensors, referred to as PIR, and active ultrasonic or

microwave sensors (Keller, 2000).

Occupancy sensors serve a multifaceted purpose by not only facilitating lighting control but
also enabling integration with HVAC (heating, ventilation, and air conditioning) ami\@,curity
systems (Wuppertal Institut-Gokarakonda et al., 2017). Selecting the appropri ~%nsor type
and strategically positioning sensors are critical considerations to max the detectable
area while minimizing the likelihood of false alarms (Flynn et a‘l{@?)ﬂ These controls can
be customized to align with user behaviour and can l%g%erridden when necessary.
Additionally, automatic window blind control %@an be employed to regulate the

amount of incoming light, preventing glare and xu g optimal lighting conditions (Dubois

etal., 2011). C.j\&

2.4.3 Shading Control Devices Q)‘ba

Shading devices like fixed sha&ntemal and external blinds, louvers etc. are necessary in

'}
passive building desiin @ rolling seasonal heat gain and amount of daylight in the space

(Palarino and Pide 020; Sorooshnia et al., 2021). Automatic window blinds/louver
control de»@ be used to allow desirable amount of light into the space and also avoid
glar an be automatically regulated by fixed schedules depending on the Sun path of
the place and prevailing ambient light conditions on the outside and can also be manually

overridden (O’Brien et al, 2013).

2.4.4 Switches
A simple switch operates on the binary function on/off. A switch can be used to control the

lighting using occupancy detectors (Labeodan et al, 2015). It also can be operated based on
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the schedules of building occupancy and connected to the central BMS system or can operate
locally on the basis of manual on and auto off principle. Turning off the lights when not

required is the most simple and effective way of conserving energy (Lundberg et al, 2019).

2.4.5 Dimmers

Dimmers are utilized to regulate the brightness of a lamp through the use of dimmable
ballasts. In contrast to older dimmable ballasts that employed resistance, reap\t%, and
transformers, dissipating energy as heat, contemporary dimmers rely on thyris h%ansistors,
or silicon-controlled rectifiers (SCR), as stated by Wang (2010). @kice of control
devices depends on the spatial layout and the availability of natu;\ T}ght. Prior to opting
for a specific technology or a combination thereof, a thorou%@essment of energy savings
and cost considerations is necessary (Sztubecka et .,@O). It's worth noting that dimming
remains a relatively expensive option compared éple switching technology and is most
suitable for well-daylit areas. Nevertheleéj&r as with abundant natural light, dimming
offers an advantage, as occupants t perceive minimal disruptions in lighting levels
when dimmers are employed, nﬁ&&hem less intrusive (LBNL, 2011).

'\
2.5 Energy Consum@d Lighting Consideration in Commercial Buildings

Buildings exert (ﬂ ignificant influence on global energy consumption and climate
considerat@ouhi et al., 2015). They are responsible for consuming approximately 40%
of t 's energy (Yang et al., 2014), with nearly 16% of this energy usage dedicated to
the operation of commercial buildings (Berardi, 2017). When it comes to electricity
consumption, buildings account for more than 55% of the world's total electricity usage (IEA
- International Energy Agency, 2019). Given that the building sector ranks among the largest
energy consumers within a nation (IEA - International Energy Agency, 2019), it is imperative
to implement measures at the individual level first to collectively achieve significant

reductions within the building industry (Hammad, 2021; Andersen et al., 2020).
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Energy consumption in commercial buildings arises from a combination of thermal loads and
lighting requirements (Sadeghifam et al., 2015; Cao et al., 2016; Kharvari, 2020). Thermal
loads are linked to the flow of heat into and out of a building, serving as a critical factor in
determining thermal comfort for occupants (Elghamry and Hassan, 2020). Several design
aspects of a building, such as the thermal transmittance of its exterior walls, significantly
impact heat flow (Latha et al., 2015). Additionally, design choices related to th§ building's
exterior envelope, fenestration systems, and lighting can influence heat ﬂ@s}igh‘[ing
fixtures, in particular, emit heat that often becomes trapped within t ol structure,

increasing cooling requirements and overall energy consumption (HWd et al., 2021).

\

Current efforts to enhance the energy efficiency of bui@% draw from past design

experiences to determine suitable design paramet@@ghimi et al., 2016). However, this
t

approach may yield suboptimal solutions due intricate interplay of various design
parameters, resulting in a complex and co@l)‘&r 1 decision-making challenge. Despite the
existence of advanced energy simulaé'b‘ ftware for evaluating building energy efficiency,

simulations remain time-consufb@ d are prone to iterative workflows that may not yield

optimal design solutions i et al., 2016; Samadi et al., 2020).

It is crucial to co gvlllgow a building's energy performance can be enhanced from the early
stages of @gn process (Crawley et al., 2008). Achieving this goal requires the
integrati Qf various design considerations that extend beyond thermal loads and heat gains.
Othgtors that directly influence a building's operational energy performance include
window size and the choice of lighting systems. Windows, for example, can significantly
impact a building's heating and cooling demands, with up to 40% of heating energy lost and
up to 87% of heat gained through windows (Cuce, 2017; Gutiérrez et al., 2019). Improving
the thermal performance of windows leads to reduced energy costs and lower greenhouse gas

emissions (Lolli and Andresen, 2016). Daylight is also a critical aspect of building design as
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it directly affects visual comfort, reduces the reliance on artificial lighting, and enhances the

well-being of occupants (Hafiz and Mhatre, 2020; Turan et al., 2020).

Chapter Three

Research Methodology

3.1 Research Design

Research design can be defined as the structuring of investigation aimed at 'i,@ifying
variables and their relationship with one another (Bloomfield et al, 20.19% research
design adopted for the work is cross-sectional adopting a survey research‘method. The survey
research design aims at collecting data on a phenomenon and d@r?g it in a systematic

manner, the characteristics, features or facts about a pheno@ky)n. For this study, the case

study research approach was adopted. @

A graphical outline of the research des@lllustrated in Figure 3.1 below:

A§’
_ I

BOOKS, JOURNALS,
ARTICLES, PUBLISHED
AND THE INTERNET

2 LOCAL CASE STUDIES C: |
CASE STUDIES |
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Figure 3.1: Research Design
Source: Fieldwork, 2023

3.2 Case Study Approach

Case study research is commonly categorized as a form of qualitative research. Qualitative
case study research stands in contrast to quantitative research, which centres on numerical
data and employs statistics to address research inquiries (Antwi et al., 2015). In qualitative
research, investigators rely on non-numerical data, such as responses to interview q&gﬁons,
to address research queries. Case study research also distinguishes itself from re@;} carried
out through experiments. In case study research, the conditions and co }ﬁ setting are
integral to the research, and the researcher does not exclude or cpg{vﬂ%fq these factors, as is

done in experimental research (Gabble, 1994). .&%’\

The case study research method serves various pu s@ﬁcluding describing and analysing
the structure, variables, forms, and interactions §0 participants in a situation (theoretical
purpose) or assessing the performance of @\r progress in development (practical purpose)
(Williams, 2007). It also involves a@pth exploration from multiple perspectives of the
complexity and uniqueness of&)}mﬁc project, policy, institution, program, or system. A
case study is a suitable t r'}:xamining situations where it is analytically challenging to

separate the phenon@l&from its context (Yazan, 2015). It can serve as the foundation for

any proj ect‘%@s a reference point to facilitate the clear explanation of the project.

A c% can focus on an individual, a group, an organization, or an event (Yates and
Leggett, 2016). Case study research can be employed to develop new theories, extend
existing ones, challenge conventional theories, and conduct pilot research. It is particularly
useful for comprehending complex issues in their real-life settings and often aims to grasp the
perspectives of participants in those settings. In this particular instance, the primary

motivation for adopting the case study approach is to investigate and understand the
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architectural concepts employed in the design of a specific project and how they performed,
with the objective of learning from both its successes and shortcomings to provide a

comprehensive body of knowledge for informing future design projects.

The fundamental purpose of a case study is to address a research question through thorough
investigation and analysis, relying on detailed descriptions rather than statistical data (Darke
et al., 1998). An essential element of qualitative research involves conducting o‘l)@ations
that yield insights into reality. In applying the case study method, two major%vaches are
often used to collect data: document review and fieldwork. For this stﬁ%@cumen‘[ review
(including plans, sections, elevations, details, and other drawinggs.a B with photographs)

was conducted for international case studies, complemented@%adwork involving physical

observations for the local case studies. ®
3.3 Existing Facilities in Lead City Uanﬁl@

Lead City University is a private tertia; Qt_lﬁ.ltlon situated in the southern fringe of the city
of Ibadan which is the capital of O@‘;'e. It is located in Oluyole Local Government Area
and is an important hub of edwnal and commercial activities. The locational image of
Lead City University i@: 3 in Figure 3.2. The main entrance gate of the university is

captured in Flgur

,%Q
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Existing Lead
. City Ventures

I

Flgure 3.1: Lead Clty Un1vers1ty Maln Entrance
QQ Source: Fieldwork, 2023
There is an existing building used by the Lead City bakery, which also houses a cafeteria,
ATM machine, and other shopping activities (Figures 3.4 and 3.5). The building is adjoined
by the Adeline Hall (a multi-purpose hall); a female hostel, central car park, and the sports

complex. The approach and rear views of the building are captured in Figure 3.6 -3.9).
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Source: Fieldwork, 2023 Source: Fieldwork,

Figure 3.3: Lead Baker Figure 3.4 Interior. %akery
g y g

”I|I| 1 il l.|I!|'|'I.I'|Ihf||I.I|'I.|'I!I':_'I,:'I,;Il;ull'.,'II:I'T"III'I:fll ff.'i'ifl;'l ;|'|:|'I.|';I|:I:-.’ll.';l'lll.;.;'I I.

Figure 3.5: Frt view | Figure 3.6: Front/right side view
Source: Fieldwork, 2023 Source: Fieldwork, 2023

Figure 3.7: Rear view Figure 3.8: Rear view
Source: Fieldwork, 2023 Source: Fieldwork, 2023
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The building was originally designed as a student cafeteria but was later converted to
accommodate other uses. The building comprises a fashion design training centre (Figure
3.10), lock-up shops (Figure 3.11), ATM points, cafeteria (Figure 3.12), and a bakery (Figure

3.13).

Figure 3.9: Fashion Training Unit - \ﬂ Figure 3.10: Lock-up shop
Source: Fieldwork, 2023

Figure 3.11: Cafeteria Figure 3.12: Bakery
Source: Fieldwork, 2023 Source: Fieldwork, 2023

3.4 Case Study Analysis
Case study analysis is an appropriate tool to observe situation where the phenomenon and its

context are hard to separate analytically (Yazan, 2015). For instance, a building cannot be
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separated from its site and the environment where it is situated. Therefore, case study analysis
forms the starting point of any project as it provides background knowledge of the design

context through the examination of similar existing projects and contexts.

For this study, two international case studies and two local studies were examined. the cases
were selected purposively in order to provide baseline knowledge for the proposed design

based on similar existing projects. The case studies selected for this study are listed @w

ii.  Ventures Building, Landmark University, Omuaran, Nigeria
3.4.1 UL.L Ventures, University of Ibadan, Iba@eria

3.4.1.1 Physiographic Description . )\%

The University of Ibadan (UI) Ventu(rb. situated in the main campus of the University of

i.  U.L Ventures, University of Ibadan, Ibadan, Nigeria ;' \QO
%w

iti.  The Teras Park Mall, Turkey

iv.  Rancho Cielo Vocational Center, San Diego, United

Ibadan located in the Ibadan T@ocal Government Area of Ibadan, Oyo State, Nigeria.

The UI ventures compris water production factory (Figure 3.14) and a printery (Figure

3.15). QQ
>
&
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I . :
Figure 3.13: @ter Enterprises
Source; Fieldwork, 2023
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Figure 3.14¢ Abadan University Printery

e: Fieldwork, 2023

The water enterprises %&.\of a factory building (Figure 3.16), and a sales and

administration building (Figure 3.17) with different architectural design features and

clements. -\
o
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Figure 3.15: UI Water Fact &3&
Source: Fieldwork, ZOQ&

e E S

Figure 3.16: Ul Water Sales / Administration Building
Source: Fieldwork, 2023

3.4.1.2 Design Characteristics
The Ul Ventures buildings are very easy to locate and are situated directly off the entrance

road from the second gate of the university. Good ventilation was observed through good
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plan widths and adequate openings on the building envelope. Good lighting was observed in
the buildings as a result of the orientation of the buildings and the provision of adequate

openings to take advantage of daylighting.

The combination of soft and hard landscape (Figure 3.18) enhanced the visual appeal of the
site and contributed to reducing the glare from solar radiation. The site boasts of efficient
access and exit to the printery and the sales and distribution points for water. H‘i@ality

finishes were observed on the walls and floors. Ample consideration for ei &tion was

Y

.yﬁﬂ

observed for vehicular and human traffic (Figure 3.19).

LT bbb
R il
‘,

e

&

Figure 3.17: UI Ventures (Bakery) showing soft and hard landscape
Source: Fieldwork, 2023
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Figure 3.18: UI Water Factory Sales Outlet a {?tribution Trucks
Source: Fieldwork, %&
3.4.2 Ventures Building, Landmark Uniye{& Omuaran, Nigeria

The ventures building of Landx%ﬂﬁ)mversity, Omuaran, Kwara State, Nigeria consists of a

3.4.2.1 Physio graphic Description

water production factory an%a-\university bakery. The water production factory buildings
were designed witQ)&binaﬁon of vaulted and pitched roofs with aluminium fascia

cladding chargc%ﬂics of industrial buildings (Figure 3.20). The bakery was designed with

pitched roofs*with less emphasis upon the aluminium fascia cladding of the water production

fact(@igure 3.21).
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Figure 3.19: Landmark Water Product'@tory
Source: Fieldwork, 20234

Figure 3.20: Landmark Bakery
Source: Fieldwork, 2023

3.4.2.2 Design Characteristics

The plans, sections and elevations of the Landmark University water production factory

(Figures 3.22 to 3.24) indicated that the building was purposely designed and built as a
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factory building. This is evident in terms of the site layout, spatial configuration, floor-to-

ceiling-height, choice of steel roofing trusses and long span aluminium roofing.
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Q Figure 3.21: Floor Plan of Landmark water factory
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Figure 3.23: Sections and elevations of Landmark water factory

Source: Fieldwork, 2023

Adequate consideration was given to natural lighting and ventilation based on the fenestration
on the buildings which consisted of several well designed and sized openings in the water

factory building (Figure 3.25) and the university bakery (Figure 3.26).
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Figure 3.24: Adequate openll‘%*b FLandmark water factory
Souree: Kieldwork, 2023

Figure 3.25: Adequate Openings of Landmark Bakery
Source: Fieldwork, 2023
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3.4.3 Rancho Cielo Vocational Center, San Diego, United States

3.4.3.1 Physiographic Description

The Rancho Cielo Vocational Center is situated in Santa Fe County, San Diego, California,
United States of America. It is also known as the Ted Taylor Center. The site character of the
vocational centre is visually appealing (Figure 3.27) and the building form c@%s an

intricate combination of geometrical forms (Figure 3.28). ° Qg)

<~

Source: Fieldwork, 2023

@26: Perspective Site View of Rancho Cielo Vocational Center
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Figure 3.27: Aerial View of Rancho Cielo Vocational Center
Source: Fieldwork, 2023 . |

S
3.4.3.2 Design Characteristics
: QQ'}

The Rancho Cielo Vocational Center was obsew@e effective natural ventilation and
lighting as a result of a number of design de@w and features. The vocational center was
designed with an expansive floor layo tgglde advantage of natural lighting and ventilation

and also provide for efficient circul igure 3.29).

Figure 3.28: Layout of Rancho Cielo Vocational Center
Source: Fieldwork, 2023

55



The construction of the vocational centre adopted a combination of timber and steel
fabrication techniques (Figure 3.30). The pitched roof was designed to maximize natural
lighting and ventilation through the introduction of roof monitors standing above the
traditional roof at the centre and angled to take advantage of solar radiation (Figure 3.31).
The site was well landscaped with a combination of both man-made and natural landscape

elements.

urce: Fieldwork, 2023

Figure 3.29: Timber and%@ﬁstruction of Rancho Cielo Vocational Center

Q0

Figure 3.30: Roof Lighting of Rancho Cielo Vocational Center
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Source: Fieldwork, 2023

3.4.4 The Teras Park Mall, Turkey

3.4.4.1 Physiographic Description

The Teras Park Shopping Mall is situated in Denizili, Turkey. It is an enclosed shopping mall
located in Denizili which is a growing industrial city in the Southwestern part of Turkey. The
city of Denizili is notable for textile manufacturing and exports and attracts @}ands of
visitors all year round. The Teras Park Shopping Mall has a total 1 % of 95,310
square metres and a leasable floor space area of 46,500 square plé&wgith a total vehicular

parking space that can accommodate 1,500 vehicles. &%\
N\

The Teras Park Shopping Mall is a very large sh%@ell as can be observed in its floor
0

layouts (Figure 3.32). The shopping mall has ops, 15 fast food restaurants, coffee

houses, spa and fitness centres and seve@ce accommodation spaces. It is an enticing

piece of architecture as revealed in it@e (Figure 3.33).

5 PATRON
IBADAN UNIVERSITY

PRINTERY

Figure 3.31: Floor Layout of Teras Park Shopping Mall
Source: Fieldwork, 2023
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Figure 3.32: Exterior view of Teras Park Shopping Mall Q}
Source: Fieldwork, 2023 QO

3.4.4.2 Design Characteristics ﬂ'\

The design of the shopping mall eschews a combination (j& %porary concrete and glass

construction technology and materials. The shoppinsr@ttracts about 12,000 visitors daily
a

and this volume of users have to have effective % of circulation which is evident in the

e
escalators and lifts in the shopping mall (@3 ).

L]

—

"?.;r.:"-::.'-;-riﬁ"? S oF . .

Figure 3.33: Interior view of Teras Park Shopping Mall
Source: Fieldwork, 2023
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3.5 Deductions from the Case Studies

The word “ventures” is generally used for the business arm of Nigerian universities. It was
observed that more than 90% of Nigerian universities commence their ventures with a water
production factory. Only a few of the university ventures are designed to encompass all the
business activities of the university even though they are all designed to accrue internal
generated revenue. Most of the ventures have their business arms sited differentl.y based on

their functions (Agboli ef al, 2006). Q‘S\

In Nigerian universities, ventures are quite separated from the acacf&%affairs with its
independent administrative control. The immediate university e@\@{r’l}:n‘[ tends to benefit
from most of these ventures in term of employment, busines%&p% services. Ventures tend to
ease unwanted stress off the shoulders of the students, ,@strers and the other university staff
by bringing necessary shopping goods and servi &ser to them. Ventures also serve as a

%ﬁe environment as the goods and services

publicity medium for the university to its@n)

provided tend to go beyond the unive@oundaries into its immediate environment (Bartell,

2003). \)Q)

The analysis of the de@s?derations highlights areas that may affect the requirement,
design, or operatigli oncept of a building, they are articulated to broaden the architect’s
application%g basic principles and requirements which enable a building or facility to
serv %icipated functions. They can also be used to identify barriers to functionality in
existing buildings. These considerations are intended as a design guideline and planning tool
(Bunz et al, 2006). It is recommended that buildings and communal facilities, especially
those frequently accessed by the public or intended for commercial/business purposes should
take into account the content of these considerations from the inception design stage where

they can be easily implemented.
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Based on the case study analysis, some factors to be considered while designing a

commercial hub for a university include the following:

e Detailed spatial provision guided by Literature Review and Case Study Analysis.

e Promotion of new trends and innovations with emphasis on technology.

e Analysis of site constraints to promote horizontal or vertical distribution of spaces and
maximization. ‘ ,{bﬂ

o Efficient zoning of spaces and activities to facilitate construction in phasQ?

e Appropriate compartmentalization and the adoption of modular coordination principles.

. %
e Adequate consideration for fire safety and COVID-19 protoo@

S
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Chapter Four
Site Analysis and Design Synthesis
4.1 The Study Area
The proposed design project is situated in Lead City University, Ibadan, Nigeria. Nigeria is a
country situated on the African continent on the west coast as illustrated in Figure 4.1. The
country shares boundaries with Niger Republic to the north, Chad and Cameroun to the East,

the Republic of Benin to the west, and the Gulf of Guinea — the Atlantic Ocean Q'S{;l\le south.

Ao

L N

Watr Jaenw
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LIPS

Figure 4.1: Location of Nigeria in Africa
Source: Ministry of Lands, Ibadan

The city of Ibadan where the project site is situated lies on Latitude 7°3' North to 7°4! and

Longitude 3°8' East to 3°9' at the fringe between the rain forest and savannah region of
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Nigeria which falls within the warm humid zone. Ibadan is the capital city of Oyo State in
southwest Nigeria which shares boundaries with Lagos, Ogun, Osun and Kwara States in

Nigeria and Benin Republic to the west as shown in Figure 4.2.
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‘@re 4.2: Location of Ibadan and Oyo State within Nigeria
Q Source: Ministry of Lands, Ibadan

Ibadan is surrounded by seven hills with elevations from 150 metres in the valley area, to 275
metres above sea level on the major north-south ridge which crosses the central part of the
city. Ibadan consists of eleven local government areas (LGAs) with five in the inner-
city/metropolis and six in the outer-city (Figure 3.3). Ibadan metropolis (the core of the city

comprising five LGAs) covers an area of 250 square kilometres while the Ibadan Region’s
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total area is 3,080 square kilometres. It is a prominent transit point between the coast and the
hinterland. Its population is estimated to be about 3,800,000. Ibadan was the centre of
administration of the old Western Region of Nigeria since British colonial rule. The principal

inhabitants of the city are the Yoruba.

The city is home to several academic and research institutions. The first university to be set
up in Nigeria is the University of Ibadan founded in 1948. It has the distinction of@g one
of the premier educational institutions in Africa. Other noteworthy instifuti in the city
include the University College Hospital; the first teaching hospitef%Nigeria, Cocoa

Research Institute of Nigeria and the internationally acclaime rmational Institute of

Tropical Agriculture (IITA). QQ'&%
4.1.1 Site Location Q@

The project site is located along the Oba (&eko Avenue, adjacent to the Lead City
University Campus, off the Lagos-Iba nQ@J)'\carriage expressway at the old Lagos toll gate,
Ibadan. Lead City University whict@e pivot of this study is situated in the southern part of
Ibadan in Oluyole Local Goverwt Area as illustrated in Figure 4.3.
"
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Figure 4.3: D&éovernment Map of Ibadan showing the location of Lead City
University
Source: Ministry of Lands, Ibadan
4.1 ZQ election Criteria
A number of criteria were identified to analyze the suitability of the selection of the proposed

site for the Commercial Hub for Lead City University, Ibadan, Nigeria. Some of the

important criteria analysed include the following criteria discussed below.
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Availability of Land

The choice land selected has commercial activities presently taking place. Though some
unplanned shops will be demolished and cleared off site to accommodate the proposed
ventures.

Site Location

The site is located directly opposite the school main entrance gate which will .rnake good
patronage possible and also helps to create a serene environment for both m%% of the
university and the immediate university environment. ,%.\QO

Site Accessibility . ‘6.\

The site has easy and convenient access for both vehicular anK@?strian. The proposed site
for Ibadan shopping mall has four roads around it. ¢ \QQ

Possibility of Expansion QQ

The site is suitable to conveniently accom b@%e commercial venture. This is as a result
of the size of the site which will allow for creation of adequate vehicular parking spaces
and other facilities needed for the @Cb&th running of the ventures. Possible expansion and
extension of the proposed V&tug\es made possible by the availability of ample area of land at
the back of the site 1@% serve as spaces for future expansion.

Site Topographg

The site has latively flat topography but slopes gently from the centre of the site to the
east western ends of the site.

Vegetation

The site is characterized with a very few green vegetation and shrubs. No serious green area,
as ample commercial activities are presently taking place.

Nearness to Utilities
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The site has adequate access to basic infrastructure, for example, good road connectivity and
access, drainage, electricity power transmission lines and installations, telecommunication

facilities, security, and others.

4.1.3 Site Analysis

An understanding of the site and its potential is an analytical process before the business of
designing can get under way. There are obvious physical characteristics like c.on%r and
climate, for example, which may stimulate creative imagination but first it is @}ative to
comprehend the ‘sense of place’ which the site itself communicates. It i %ss therefore,
to have some understanding of the locality, its history, its sgc@m}cture and physical

patterns or ‘grain’, so that the form and density of the proposed@'entions are appropriate.

The following questions will generate ideas from %@ysis of the site that will influence

the proposed design: %
e How for instance will the site’s t ogpfay suggest patterns of use?
e Is the utility of concentratin@livity on the level areas of the site overridden by
concerns for maintaini%ma re planting or avoiding overshadowing?
z

'\
e Are gradients t bg’%
u;a

d in generating the sectional organization of the building?
e How will the b

Q

o Isiti nt to maintain existing views from the site or will the building construct its

@Qward-looking prospect?

e How do site access points respond to an existing infrastructure of vehicular and

ing’s physical form respond to and moderate the climate?

pedestrian routes?
e How will access to the site be effected and how can the placing of buildings reduce
roads and site works to a minimum whilst allowing for easy circulation of people and

vehicles?
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e Where are existing services to the site located?
4.1.3.1 Site Inventory and Characteristics

At the design stage, there are a set of parameters which should guide the selection of a site for
any development. These parameters ensure that the choice of the site is appropriate for the

proposed project through a detailed site analysis. Some of the parameters analyzed include:
e Climatic Factors; . Q?
e Topography and Drainage; 3
e Locational Attributes; X \%ﬂ

The illustration of the site analysis that examined the traj@mf the sun, the directions of
predominant winds, the orientation, adjoining b@d facilities as well as access is

S

depicted in Figure 4.4.
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Figure 4.4: Site Analysis
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Source: Field work, 2023
Climatic Factors

The Southwest trade wind with dominance for approximately eight months in a year and the
North-East trade winds which is relatively influential for approximately four months in a year
are the two predominant driving factors influencing the seasonal changes. As such, there are
two distinct seasons; the wet or rainy season from March to October (eight months) and the
dry or harmattan season from November to February four months). The wet seascjb%lrs in
two spells with the heaviest rains falling from April to July and a weaker % season in
October and November with a brief dry spell in August. The peak rainfall period is between

June/July and December/October. '%)\& B

A\

There is presence of heavy rainfall during the wet season&% a mean temperature all year
round of over 29°C with average daily temperatu{@%ng 31°C during the hot season. In
order to combat the effect of solar radiations %ﬁstrees, shrubs and grasses are proposed to
be planted to convert the hot breez%' ol breeze. Adequate opening sizes that are
appropriately positioned will enha%cédequate air movement in the interior spaces to keep
the inhabitants of the spaces{ lly comfortable. Building will also be orientated such that

shorter area of the bu:'ld@

Wind speeds in ${ei

affected by solar radiation.

a are generally low but may reach 16.1km/h. There is cold dusty
harmattan @m the North-East which brings about discomfort. On the other hand, the
Sou@@trade wind brings cold humid wind. To maximize these prevailing winds to the
advantage of the building, adequate ventilation through the use of appropriate sizes of
opening is of essence. Also, orientation of the building such that the harsh effect of weather

on the structure is minimized while taking advantage of the south west trade wind.

Topography and Drainage
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The topography of the site is relatively flat, however, there is a gentle slope observable from
the centre of the site to the eastern and western ends of the site. The site sections captured in
Figure 4.5 further indicate that the site enjoys a relatively gentle slope. The soil condition is
relatively stable with good bearing capacity. This will make it suitable for the three-floor

proposed building. Isolated pad foundation is a suitable foundation type for this project.

e
. . ”
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SECTION A<AC>
A

Fllal Wi SR

W)
‘§Q Figure 4.5: Site Sections
Source: Fieldwork, 2023
Drai Qannels will be designed such as to take advantage of the gentle slope and
drainage will be constructed in the same direction as the slope of the site. The relatively
negligible slope of the site is an advantage because a relatively flat terrain is preferable for
this proposal as it reduces the overall cost of the project and eliminates some of the

constraints associated with sharp gradients.

Locational Attributes
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The site is bounded by Oba Otudeko Avenue and the setback between the Lagos — Ibadan
dual carriage federal highway and Oba Otudeko Avenue to the East, the Lead City University

Campus to the North and the TSPC College to the west of the site as illustrated in Figure 4.6.

. rPROPOSED
1 YuggllE
. A

) (7°19'23"N 3°52'32"E) 2.18 km

Figure .6:%)ellite Image of Site Location
ce: Google Earth, 2023

The site therefore enjoys ea aqgessibility and flow of vehicular traffic as the project site can

be accessed throug rn and eastern boundaries that are situated off the Oba Otudeko

Avenue and the %{(} City University dual carriage access road respectively.

Some f@ dentified adjoining facilities the proposed site enjoys within a 1-km radius
1nclude a number of vehicle service and filling stations, industrial complexes, electricity
power transmission lines and installations, health facilities (Lead City University Teaching
Hospital), Police station, offices of government agencies and parastatals, and other public

institutions.
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4.2 Project Analysis and Design Synthesis

According to the Economist Journal (2017) commercial hub or simply mall is one or more
buildings forming a complex of shops representing merchandisers, with interconnecting
walkways enabling visitors to walk from unit to unit. Other establishments including movie
theatres and restaurants. Commercial as an activity, process and system has improved
considerably in recent times with new forms, styles and formats responding to d.emands for
convenience and easy access physically and online. There has been the rise and @;}[ance of
shopping malls and ensembles with distinct brands and sophistication t.ﬁs%n affirmed
that over one-thirds of the energy used in buildings are uzilizgﬁqr lighting. Energy
consumption in commercial hub which have huge volumes an. @1 number of users can be
decreased by using day lighting. Considering the Voluh@mction and user amount of the

public spaces of shopping malls, considerations fo@l e of daylight becomes imperative.

Over the years there has been a high depédj\p\ﬁn artificial lighting in Nigeria which has
not been reliable due to poor power @ and large expenses incurred on generator sets in
the long run. Admitting dayl@@o areas of commercial malls help to reduce possible
occurrence of accidents résult of power outages especially areas of circulation and
savings are made o@j ct when daylight is admitted into critical areas of the shopping
mall. As suc the functional and aesthetic considerations which guide the project and

design S)@w is, the application and utilization of daylighting is a significant parameter

acco@importance in the design synthesis.

The proposed project design of a commercial hub is expected to increase the school internal
generated income by the artful integration, concentration and agglomeration of a number of
focal activities articulated in Figure 4.7. The design proposal is conceptualized to be spread
on not more than three floors on a 36,191 square metres land directly opposite the Lead City

University main entrance gate.
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Figure 4.7: Des1gv® sis
Source: Field 023

4.2.1 Brief Analysis
From the series of case studies that w Q)ed out at various case studies on ventures both
locally and foreign, appraisal of th%@se studies is improved upon for the proposed design.

The proposed ventures that %ﬂl alSo serves as commercial center will be a hub of activities

'\
for the people of Lead @J iversity and the immediate university community and Ibadan
at large. The pr ;d design is set to be purpose-built adopting existing national and

1ntemat10né%9 rds to effectively reflect an approach directed towards the achievement of

sust , flexibility and originality.

Over the years there has been a high dependence on artificial lighting in Nigeria which has
not been reliable due to poor power supply and large expenses incurred on generator sets in
the long run. Admitting daylight into areas of commercial malls help to reduce possible

occurrence of accidents as a result of power outages especially areas of circulation and
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savings are made on a project when daylight is admitted into critical areas of the shopping

mall.

The design is pivoted upon some guiding principles that convey a welcoming atmosphere
with easy access and circulation. It will strengthen the community, respect the history,
heritage and culture of the people, and evolve with needs and changes. The guiding principles
is further conceptualized upon the tenets of purpose, function and contributions to @.ﬁty as

reflected in Figure 4.8. The aim of this project is to design a commercial hu@ead City

University, Ibadan with a view to enhance the efficient and effective use aylight through
the adoption of innovative passive design strategies. . @“
N

PURPOSE
National Development )
Employment b
PURPOSE FUNCTION

Centre city revitalization ik
Income Generation Exhlb\_tlon
Security

Business Transactions
Convenience
Entertainment
Community Enhancement

COMMERCIAL

HUB GUIDING PRINCIPLES
Convey a sense of welcome
to all visitors/shoppers.
Easy acess to resourc?s GUIDING
CONTRIBUTIONS Strengthe.n communities PRINCIPLES
TO SOCIETY Respect history and culture
Evolve with needs and change

Awareness and appreciation
of cultural heritage
Employment

Serves as leisure/frelaxation
activities

Generate revenue for the state

CONTRIBUTIONS
TO SOCIETY

Figure 4.8: Design Principles
Source: Fieldwork, 2023
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4.2.2 Brief Development

The design shall make provision for fully functional facilities for a commercial center that
will generate fund for the school. It shall provide sufficient activity spaces and good zoning
for common functions. A suitable location has being selected for the project directly opposite
the main entrance gate of Lead City University, Ibadan. The parcel of land selected is
approximately 56,191 square metres in acreage and has been adjudged suitable. due to the

direct link the adjoining roads around the site afford to the major highway and %'C\{allenge

interchange that links other arterial roads in the area. Below listed i tion of the
different parts that makes up the design. ‘6.\

Production . Qé%\

e Water Production Q@
e Printing Press . %
&

e Bakery/ Confectionaries 2
Sales and Services Q)(b‘

e Retail Stores %0\

e Anchor Store Q

e Restau n’é\»

e Loc ‘%fﬁces
Ent@lment and Hospitality

e (Cinema
e Gymnasium
e (Games Arcade

e  Wine And Drink
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e Specialized Retail Outlet
e Laundry Services

e Warehouses

e Delivery Bay

Vocational Training

e Fashion Design '\Cb,,

L&
i

. @'\

%
e Hair Dressing and Barbing . Q%'&

Administrative Services Q@
e CEO C.‘)\'\%

e Offices b
O

e Accounts %

e Make Up
e [ eather Works /Bead Work

e Computer Repairs

4.2.3 Design Criteria and%oqsiderations
The major design C@% considerations for the proposed design of a Commercial Hub

for Lead City, U@vsity include the below-listed further delineated in Figure 4.9.

G unctionality

Landscape
e Parking
e Circulation and Connectivity
e Lighting and Acoustics
e Security

e  Aesthetics
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= Functionality = Lighting and acoustics

The design proposal ' | Lighting is to be given
should meet the demands A much thought in order to
0 and requirements of the give visitors/observers
OO prospective users ample perception of
accommodating all artwork, sound waves are
exhibition activities " )) to be properly managed

satisfactorily to keep the sound wave

within the comfortable

m Landscape limits.
Providing landscape that .
enhances the building and = Secu I'Ity
character of the zone and
= sub-area. The building should
enhance personal safety
= Parking of life and property by the

application of crime

The spaces should flow prevention through

and not make parking dESlgn
hard to find, parking

must be made adequate

and convenient.

® Aesthetics

m Circulation and connectivity

The complex should give users
a vibrant and lively experience
as they come in contact with it,
in order for this to happen the
design must appear pleasing tq
the users sense of beauty.

All activities, space whether within or
out provided should be interconnected
with a good and efficient circulatory
r J system.

Yor

Q Figure 4.9: Design Considerations

Source: Fieldwork, 2023
4.2.4 Conceptual Development

The act of designing clearly embraces at its extremes logical analysis on the one hand and
profound creative thought on the other, both of which contribute crucially to the central
ground of “form-making”. It is axiomatic that all good buildings depend upon sound and

imaginative decisions at the early stages and how such decision-making informs that creative
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“leap” towards establishing an appropriate “three-dimensional outcome”. This three-
dimensional outcome is influenced by the articulation of a central concept or idea that is vital
to the conceptualization of the design. The proposed commercial hub for Lead City
University is conceptualized to integrate the different arms of production (water ventures);
vocational enterprises (fashion design, metal works, wood work, ICT; shopping; and social

&°

~

interactions as illustrated in Figure 4.10.

LEAD CITY VENTURES

A COMMERCIAL HUB FOR LEAD CITY UNIVERSITY

leewat,

Jmonths
intensive

Figure 4.10: Qfﬁgn Arms of the Commercial Hub for Lead City University
Source: Fieldwork, 2023
The pivotal 1@) upon which the proposed design of the commercial hub was fluidity

which wa@pi omized through dynamism and movement as captured in Figure 4.11.
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C)Qf(gtfre 4.11: Conceptual Development

Source: Fieldwork, 2023
4.2.5 Space A&thion

Space allocation is an important aspect of design as it is directly related to the functional

requ@nts of spaces. The allocation of spaces and the schedule of accommodation is also

determined by the hierarchical characteristics of spaces as well as the inter-relationship of
spaces and activities. Space allocation should also reflect the zoning of activities into
conflicting and contemporary as well as the principles of functional zoning. A commercial
hub as a public building should therefore be devoid of obstructions to movement and

circulation as well as designed with the capabilities to incorporate the free flow of users,
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equipment’s, materials as well as services. This will aid ease of circulation, prevent accidents,
quip )

and increase efficiency of services and ultimately user satisfaction.
4.2.5.1 Spatial Requirements

The functional configuration and spatial articulation of the spaces in the proposed
commercial hub for Lead City University is articulated through six tangential yet .intggflated

arms elaborated in Figure 4.12. The activity arms delineated are listed below: Q’(\

e Administrative / Control ‘é\

e Production

.\
S
e Sales and Services Qé&
e Training / Vocation Q@
e Entertainment / Hospitality %
° \\
e Ancillary / Support C.)
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ADMINISTRATIVE / CONTROL
MD/ C.E.O. OFFICE
BOARD ROOM
SECRETARY
DIRECTOR OF TRAINING
DIRECTOR OF OPERATION
DIRECTOR HUMAN RESOURCE

DIRECTOR SALES / SERVICES

AFTER SALES MANAGERS OFF ICE

ONVENIENCES!

-
o rF-1n

PRODUCTION
WATER PRODUCTION
CAKES/ CONFECTIONARIES
PUBLISHING / PRINTING PRESS

EALES AND SERVICES
SHOPPING MALL

FAST FOOD
BOUTIQUE

GROCERIES STORE

TRAINING / VOCATION
FASHION DESIGNERS

MAKE UP / BEED MAKING

PHONES/GADGETS REPAIRS

LEATHER / SHOE MAKIN

INTERIOR DECO/ PAINTING

HOSPITALITY/ CATERING

ENTERTAINMENT/
HOSPITALITY

GYMNASIUM

CINEMAL HALL

ANCILLARY
DELIVERY BAY
LOADING BAY

ESCALATOR

CONTROL ROOM
CLOAK ROOMS
REFUSED DUMP

S

4.2.5.2 Spatial rgdmming

Figure412: Spatial Requirements
urce: Fieldwork, 2023

.\

The desi%o he proposed commercial hub for Lead City University is encapsulated within

thre@rs. The activities and spaces programmed for each floor and the area of spaces

dedicated to these activities are captured in Figure 4.13.
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SECOND FLOOR

GROUND FLOOR
Small Retail Store 593.84sgm

Entrance/Exit Porch  142.91sgm Medium Retail Store  418.42sqm
Small Retail Store 272.69sgm Big Retail Store 418.42sgm
Medium Retail Store  95.18sgm Cinema 418.87sgm
Big Retail Store 567.84sqgm Cinema Lounge N4.41sgm
Banking Hall 107.6sgm Leasable Office 464.84sqm
ATM Callery 481sgqm Elect/Mech. Area 9216sqm
Warehouse 102.7sqm Sit-Out 348.19sgm
Food Court 908.57sqm Convenience N0.1sgm
Children Playarea 138.9sgm FIRST FLOOR Projector Room 134.34s5gm

Cymnasium 280.96sgm
CDHVEH\EF\CE 4
Green Area

Small Retail Store 821.89sgm
Medium Retail Store  95.18sgm
Big Retail Store 144.04sgm
Banking Hall 148.16sgm
Cinema £418.87sgqm
Restaurant 121.20sgm
Bulk Storage 1,716.16sgm
Departmental store  349.18sgm
Elect/Mech. Area 92.16sgm
Came Arcade 280. 96sq m
Convenience

GCreen Area

Figure 4.13: %}l Programming

Sour dwork, 2023

4.2.6 Functional Relationship

Although, patterns of cir %r? and the ordering of ‘routes’ through a building allow us to
‘read’ and to build\up) a three-dimensional picture, there remains the equally important
question o e communicate the essential differences between the spaces which these
syste @nect. This suggests a hierarchical system where spaces, for example, of deep
symbolic significance, are clearly identified from run-of-the-mill elements which merely
service the architectural programme so that an organizational hierarchy is articulated via the

building.

Similarly, it is essential that spaces within the public domain are clearly distinguished from

those deemed to be intensely private. Between these two extremes there is, of course, a range
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of spatial events which needs to be placed within this hierarchical order which the building

also must communicate.

The building comprises three floors which accommodate all the spaces in order of hierarchy,
zoning considerations, functionality and utility. The bubble diagrams in Figure 4.14, Figure
4.15 and Figure 4.16 illustrate the functional relationships on the ground floor, first floor and

second floor respectively. N (b,
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Figure 4.14: Ground Floor Bubble Diagram

QQ Source: Fieldwork, 2023
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Figure 4.16: Second Floor Bubble Diagram

Source: Fieldwork, 2023
4.2. ’@)nstructmn Methods and Materials

The design of a commercial hub requires the designer to take into cognizance the aesthetic

h'mafA

appeal, initial cost, and durability when choosing building materials, initial and ongoing costs,
durability and availability of the material and must importantly the acoustic implication of the
material and how flexible can the material be used for. The construction method should suit

the functional and aesthetic requirements of the building, the available professional, technical
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and available technology as well as maintenance and overall life cycle of the building. These
considerations will help the integration of the proposed project into the natural landscape and
the peculiarities of the local environment as well as curtail the environmental impact of the

proposed development and its ecological footprint.

Given the nature of this design, budgetary considerations necessitated the adoption of cost
efficient and effective design solution to achieve the desired functionality and eff@ithin
the boundaries of the available limited resources. The design uses a Variety,of%)ve climate

control techniques and lessens the need for resource-intensive mec@ environmental

control measures. . %'\
S

The building is protected from the effect of weather W.itl;{l%:se of vertical and horizontal
shading devices. The use of perforated metal shg@%’ the openings reduces glare while

daylight is sufficiently admitted into the .sp@ The construction materials used are a

combination of block, concrete, steel nglgks keeping in mind the climatic needs of this
region and yet retain the design %&

. Energy efficiency is a prime concern with cost

effective passive design strategiesy’This construction of this proposed building will be based

'\
on modular coordinatio@ ctional efficiency.

4.2.7.1 S@System
The

al system is designed adopting a mix of structural steel, glass and reinforced

concrete. The factors considered in the choice of the structural system include the following:

e Site conditions especially soil type and the bearing capacity;
¢ Functional requirements;
e Aecsthetic requirements;

e Performance specifications and durability;
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e Availability of construction materials; and

e Cost of construction, materials and the cost of maintenance

4.2.7.2 Material Selection and Specifications

Concrete ‘ (b‘
&

Concrete is a composite stone like material formed by mixing an aggrega§ %s stones of

irregular shape or crushed rock) with cement (which acts as the binding material) and water,
then allowing the mixture to dry and harden. Concrete as a cor%%%}fe aterial is one of the
man-made construction materials that is most frequentl@zed. It is a crucial building
component that is widely employed in structures 1@%@ buildings, bridges, highways, and

dams. It can be used for structural purposes i@fll as for pavement, kerbs, pipelines, and

drains. %
>

Q

Concrete Boards / Cement Board

'\
Cement and reinfo@jgb%rs/admixtures are employed to create composite boards which

can be used for »atigus building elements like wall and floor claddings, compared to backing
board, ce&e board strengthens and provides impact resistance to the wall surface. It is
pref@e to other non-metallic cladding materials because of its durability and performance
characteristics. Concrete boards also serve as good acoustics absorbers preventing the
transmission of noise from the exterior of buildings into the interior space. One other
property of cement board is its capability to enable bending for curved surfaces. Cement

board can also made in thin sheets using cements that have been treated with polymers.

Glass

&5



Glass is a hard, brittle inorganic substance, ordinarily transparent or translucent, produced by
melting a mixture of silicates (such as sand) and a flux (such as lime and soda). Architectural
glass is glass that is incorporated into building construction. Most frequently, it serves as a
clear glazing material for building envelope components like wall windows. Glass is also
employed as an architectural element and for interior dividers. Glass of the safety kind, such
as reinforced, toughened, and laminated glasses, is frequently used in structures. . ‘b.

Glass block which is a hollow block of glass, usually translucent with textur@%k?is used
in non-load-bearing walls but suitable for throwing daylighting into ‘i%} spaces. Glass
blocks are frequently employed in construction as it follows @S\ast recent trends in
architectural design for contemporary structures. The glass %@can also be utilized in the

0S€ A

roof, front and side walls, and for daylighting purp : ;@gure 4.18 depicts the placement of

glass blocks on walls and roofs. The glass blocl% e up of two distinct pieces of pressed
e

glass that have been partially Vacuumechj';}l

cemented together. Glass blocks that@nit light up to their transmitting limits have good

ted to a high temperature before being

thermal conductivity, are soundproof, moisture-proof, and fireproof. It is enduring and makes

cleaning simple. It is offergd+n a'wide range of sizes, shapes, and prices.
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Figure 4.18: Glass blocks application in buildings for daylighting
Source: Fieldwork, 2023
Timber and Wood Products

Timber and wood products can be used as a structural element, as non-load bearing members

or as finishing and furnishing materials. These products range from timber planks, timber
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panels, ply-woods, laminates and boards. Wooden boards are thin boards made from wood
used as finish cladding in construction. Wood possesses good acoustic properties and can be
structurally efficient to support loads in a longitudinal direction of the grain rather than

perpendicular.

Steel (Space Frame)Steel is employed as reinforcement for concrete wherein such types of
concrete are referred to as reinforced concrete. Structural steel is also used\ steel
construction ranging from light steel frames structures, steel portal frames, s ~%ames and
other sophisticated structural steel systems. Steel is essentially a mater@t exhibits linear
elastic properties; it has a great tensile strength that enables iﬂ@b’ént into any desired
shape, and it also possesses a compressive strength that is r%@ equal to that of its tensile
strength. It is an important structural constructio mt%ﬁ for buildings with suspended
floors.
2

4.2.8 Building Services C_)\

Building services are essential to t@mctioning of any building. These services transform
the building from a shell into z)l\sbp%e that is supports the various activities to be carried out

"

within the building. For ercial hub, the services to be considered include circulation,

ventilation and ai‘r—\igdfltioning, lighting, acoustics, electrical systems, fire protection, waste

and sewag@% 1, and water supply systems.

4.2.8. irculation

Mechanical installations for vertical circulation considered include lifts and escalators. As a
commercial hub which provides an environment beyond shopping, panoramic glass lifts will
be provided to create platforms to absorb the different views within the commercial hub.
Escalators are provided at strategic locations to facilitate movement between floors and

intermediate levels.
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4.2.8.2 Ventilation and Air-Conditioning (VAC)

The installation of ventilation and air conditioning services shall be based upon
considerations regarding the microclimate of the site, the building shape and space
orientation, the building's thermal performance characteristics, and occupancy patterns.

Pollutant emission regulations will all be considered in the design of the ventilation and air

&

The VAC loads in different parts of the building at different times and 1 %g@s locations

conditioning services.

will vary. Systems will only run as needed to coincide with coreﬂbum ess hours if time
controls are properly set up. The energy consumption of an VA is influenced by five

key factors:

The layout, design and operation of th ang have effect on how the external

environment impacts internal tem@%ﬁﬁnd humidity;

e The air quality and indoor tev@ure that is required — more extreme temperatures,

greater precision and mﬁ&r%md air quality consume more energy;

e The heat that is int 1§ generated as a result of people, equipment and lighting have

an impact 0@1 uilding retains warmth;

e The stem's design and efficiency ensure that heat, cool, and moisture are
c%o ed exactly where they are needed in the structure.;
. e VAC system's running hours and controllability only allow for operation at

necessary times.
4.2.8.3 Lighting

Lighting is a significant consideration especially in specialised retail building like the

commercial hub. The savings incurred by using efficient lighting can be further optimized by
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the use of different kinds of lighting controls available. Lighting control ensures the light is
provided where and when it is needed in the right amount while maximizing the use of
daylight and minimizing the lighting energy wastage. Lighting controls typically include
occupancy sensors, daylight sensors, and dimmers can save approximately 20-50% of

lighting energy consumption.

Lighting control systems comprising hardware such as sensors and, relay switches‘g\ llers
which work using various communication protocols like DALI, ENOCE c will be
adopted. DALI is an acronym for Digital Addressable Lighting Interﬁ%’d is targeted to
suit commercial architectural requirements. DALI is specifically @Sc;bed for ballasts and

relay switches. Lighting communication protocols can beq@ as a stand-alone lighting

control system or integrated with other bull%@\matlon systems using protocol

translation systems. &

O
4.2.8.4 Acoustics

Noisy and quiet areas should b@ ted, with noises contained within their spaces of origin
as much as possible. Aco@r@atment such as acoustic tile or plaster, cork flooring, double

glazing and sound i@ljg)n should be considered for each area.

4.2.8.5 El%q Systems

All &cal systems should conform to the applicable codes. The national grid will provide
power to the building. The supply arriving must be tunneled underground. The metering tariff
shall be the adopted. The Electrical Switch Room shall be located in a dedicated area and in
shall have internal access. The room’s location shall be such that it does not present
difficulties for services distribution from adjoining plant spaces or rooms and provides for

economic distribution of services. The primary switchboard will have a metal-clad cubicle
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design in accordance with established norms and laws. On the incoming mains, electronic
surge protection will be provided. Electrical distribution cables will be carried via galvanized
trays, trunking, or conduits as necessary. The distribution boards will be contained within
built-in fire-stopped construction with the proper door closures, without them projecting into

circulation spaces.

Large general lighting areas should be provided with rheostats for economiCq@hting
control. Power supply outlets, switches, and all other electrical connections i moisture
spaces should be located away from wet floor areas and mounted a r‘r%um of 1200mm
from the ground. Vapor proof lighting is required in all damp ‘@S@areas like dressing

rooms, locker rooms, showers and toilets. Planned acceséﬁ&ghting for changing and

cleaning fixtures should be some important criteria.Q,Q\

Protective impact resistant lighting should @ed in areas that may involve frequent

physical contact with play equipment. %XLQ;}}‘[ing should be provided indicating the nearest
direction to the exterior. Exit light be placed above exits in rooms that are used for

large meetings and gatherin swreational activities require that the user be able to see
é

objects clearly with lit@

required in congrg€1i ional spaces.

Q

4.2.8.6 FireSafety and Protection

rtion in all areas generating play. Even light distribution is

In consideration of the congregation of people and activities in a commercial hub, fire
protection and safety considerations become a primary important building service. Fire
protection is necessary to stop the spread of smoke, stop the initiation and growth of a fire,
and make it easier for people to flee or rescue. In the case of an outbreak, it is pertinent to
implement active and passive safety measures to put out fires successfully. One example of

an active precaution is installing heat-activated sprinklers, which stop a fire at its source by
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releasing discrete quantities of water adequate to put out a fire. Operational precautions are
devices that are automatically deployed in the case of a fire. Smoke and heat detectors, smoke
and fire alarm systems, water spray extinguishers, CO2 extinguishers, and others should all
be easily accessible and well-marked. Sprinkler systems should be provided throughout the
complex. Panic bars should be provided for all doors. Doorways and entrances and exits
should be wide enough to allow easy egress in case of emergency, Accident.prevention

should be built into the building, which means safety consciousness in the plann@ge.

Construction solutions in the design and layout of the building and%arts that aid in
limiting the spread of fire are known as passive precautions. Thcsé@fi?t of the structure of

supporting floors, installation of fire doors and windows, ca%gs%and coatings, and minimal

S

structural sections. Passive measures adopted also i h@be compartmentalization of spaces
to curtail fire spread and easy layout of interconn é

S

spaces to aid quick egress in the event

of a fire outbreak.
4.2.8.7 Waste and Sewage Dispo@‘

Access granted to waste ¢ment facilities for regularly handling, storing, and collecting

trash. It must be dis@f roperly and must make users aware. Both the garbage of how to

do so. Addit%q' r@'waste is collected separately on each floor and carried to a collection

station 01@6 ain floor in a big container. Every floor has a garbage chute, and the ground

ﬂoo@es as the collecting location. There are also incinerators available at the site.
4.2.8.8 Water Supply

Independent water supply is considered for this development through the installation of
industrial boreholes to provide site-based water supply. Provisions shall be made to access

water supply from the water mains if installed or provided by the public authority. Overhead
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and underground reservoirs shall be provided. Considerations will be put in place for
enhanced rain water harvesting, as well as improved water efficiency through reuse and

recycle.

Chapter Five

Conclusion

5.1 Project Appraisal ;&

The The amount of light within indoor spaces can be precisely quantifie g various

metrics, while its quality is subjective and relates to human prefere‘%&ld needs. The
natural variation of daylight throughout the day and night posﬂ@;ﬂpacts the circadian
rhythm of occupants and contributes to their overall well-bei aylight is recognized as a
crucial factor for both the physiological and psyc ol@hl health of individuals. Multiple
sources can provide daylight to the interior of a building, including direct sunlight, diffused
light from the sky and clouds, reﬂection@\n‘}the surroundings, and even interior spaces
themselves. Among these sources, Q&&:@'solar radiation is highly valued for its abundant

quantity, quality, and potential fog eyen distribution.

'}

The utilization of aﬂ@ﬂgt in retail environments enhances occupants' comfort and
experience. Peog(};)d

increased @seaﬂ:h findings have demonstrated an average 40 percent boost in sales

to spend more time in well-lit commercial spaces, leading to

attri the use of skylights in shopping malls. Daylight holds particular advantages for
commercial hubs due to the alignment of building occupancy hours with daylight availability.
Moreover, large commercial structures, such as retail complexes, can harness natural light not
only through windows but also predominantly through skylights, which offer higher light

intensity and can reach central areas of the building. Maximizing daylight relies on the
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thoughtful design of glazing surfaces, including their placement, orientation, size, and

materials.

The advantages of incorporating daylighting strategies in the design of commercial hubs are
numerous. While reducing the need for artificial lighting leads to electricity savings, it also
impacts cooling requirements and the overall energy consumption of the building.
Importantly, daylighting not only promotes energy efficiency but also ensures a W@Jt and
thermally comfortable indoor environment. Through a well-balanced apprqac considers
daylight admission and solar heat management, efficient and irﬁ%ﬂve daylighting
guarantees that building occupants can enjoy a well-illuminated }g& lgasantly cool indoor
atmosphere. This comprehensive integration of energy ép ency and visual comfort

underscores the significance of a holistic approach t b,@i,ng design and operation, resulting
in substantial benefits in terms of energy conserv @nd occupant satisfaction.

In summary, this study highlights t%'ggﬂ)}%:ant potential of efficient and innovative
daylighting in shopping malls and ercial hubs located in hot and humid climates. The
research emphasizes the reMble energy-saving capabilities of such daylighting
techniques, particularly& gmbined with measures for controlling glare, shading from
solar radiation, a.Kdi mizing natural light penetration. Furthermore, the study emphasise
the pivotah%g visual comfort in enhancing occupants' well-being and emphasizes the
syne ombination of energy efficiency and visual comfort as a fundamental principle in
effective building design. Ultimately, the integration of efficient and innovative daylighting

holds the promise of significantly advancing energy performance goals while ensuring an

optimal visual environment within built spaces.
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5.2 Recommendations

Passive design solutions have the potential to significantly reduce a building's energy
consumption when compared to active design strategies that rely on mechanical systems for
lighting. This can lead to lower energy expenses and a reduced carbon footprint. Even in
projects where active design approaches are incorporated, passive design strategies remain
essential. This is because they provide cost-effective, reliable, and energy-efﬁcie.nt building
design options. Beyond improving indoor comfort and energy efficiency, p%% design
strategies also contribute to the visual appeal and sustainability of buildi .kx harnessing
natural daylight and minimizing exposure to direct sunlight, ;:ass' d\esign solutions can

create a comfortable indoor environment that is both healthy a@hetically pleasing.

Key considerations for passive design may enc Q tors such as location, landscape,
ques;y material selection, thermal mass,

building orientation, massing, shading tech%

insulation, internal spatial conﬁguration‘ an&ﬁ

circulation, natural light, and solar %@on infiltration. Prior to initiating the design of a

placement of openings to facilitate air

commercial hub with the aim*&f%hancing passive daylighting and space conditioning,

certain crucial parameters @d\be taken into account.

Incorporating eff*&iguand effective daylighting in the architectural design of commercial

hubs can b@ted by following these recommendations:

1. Ind Glazing: Opt for larger window areas and reduce internal lighting needs through

efficient lighting design and controls.

2. Shading Systems: Implement well-designed shading systems that can lower cooling
requirements, reduce heat gain, minimize glare, and enhance occupant comfort by allowing

the right amount of daylight as needed.
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3. Dynamic Dimming Systems: Maximize energy savings in electric lighting through the use
of dynamic dimming systems in conjunction with LED fixtures and efficient ballasts, which
can achieve substantial reductions in lighting power consumption compared to filament or

fluorescent lamps.

4. Lighting Control: Implement continuous dimming lighting control systems, which can
result in a 46 percent annual reduction in electrical lighting consumption, and @natic

on/off controls, which can save up to 17 percent of lighting energy in large atr@ aces.

.\

ate natural light.

5. Daylight Sensors: Use sensors and controllers to regulate lightingﬁed in daylight levels,

potentially eliminating the need for artificial lighting in areas Wi%

6. Lighting Schedules: Implement lighting schedulés@t align with natural daylight

variations, potentially leading to a 50 percent re@n in electric lighting consumption in

office buildings. CJ‘\&%

5.3 Conclusion
o

It is essential to recognize tlﬁ\a%‘uional research efforts may be required to fine-tune
daylighting strategies fi %r'ibus building types and climates, thus advancing the
effectiveness of ef@aylighting techniques and technologies. Nevertheless, this current
research st@s a significant starting point, providing valuable insights and paving the
way fo f@re research and development in the field of daylighting for commercial hubs.

The findings presented in this research have practical implications for architects and building
owners, facilitating well-informed decision-making when considering the adoption of
daylighting for commercial hubs. Key factors such as energy efficiency and visual comfort
are taken into account. Moreover, this study underscores the potential of efficient daylighting
methods and technologies to contribute to energy conservation and enhance visual comfort in

commercial buildings situated in hot-humid climates.
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The results of this research arm professionals in the field with pertinent information required
for sound decision-making processes, shedding light on the economic feasibility of
implementing efficient daylighting methods and technologies. This study acts as a catalyst for
further progress and advancements in efficient daylighting strategies and technologies,
propelling the quest for sustainable and energy-efficient building solutions.

Future research should concentrate on the efficiency and performance of diver.se daylight
sources, lighting controls, and zoning strategies. When it comes to daylight @'E&es, it is
important to analyse various types of skylights, such as monitor and .?bp designs, in
relation to building orientations and the necessity for deflectors. .In ‘t\‘ case of wall windows,
an assessment of the performance of innovative light-diffusiq@'}terials is needed. Lastly,
variations in internal obstacles, including different shelf’ \Q&%ﬁ, as well as varying quantities
and locations of lighting control zones, shouldﬁé;%ect to study. Coupled with these
variations, an evaluation of energy perfor ’q@% comparisons with previous cases should

also be included. Advancements in fut%'r arch will make significant contributions to the

shift toward sustainable energxal)@ylight design for new, energy-efficient commercial

@'\
6&%

>
S

buildings.
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