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Abstract

Energy needs in buildings are in continuous demand and rising carbon emissions, and
dependence on non-renewable resources contribute to an increase in health, environmental,
and economic risks. In the modern society of architecture today, building designs rely
heavily on mechanical systems to solve, adjust, optimize and regulate heating, cooling and
lighting effects in a building interior. In order to reduce air pollution levels an(Qee house
gasses, there should be a focus on the design and construction of more passive dings, thus
contributing to a more sustainable environment. This research in@%ted the necessary
design strategies essential for the design of a sustainable b@g through a study of

literature and case studies. A vocational center was d using energy efficiency

principles and elements to enhance human activit a@mote energy efficiency. The study
concludes that energy efficiency should be prioﬂ’% in design and construction.

Keywords: Passive Design, Passive Desi Xﬂ ciples, Sustainability, Vocational Center
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Chapter One
Introduction

1.1 Background to the Study

The demand for energy in buildings is constant and increasing carbon emissions, as well as
reliance on non-renewable resources, lead to greater health, environmental, a@nomic
risks (Elaouzy, & El Fadar, 2022). According to Liu et al, (2020), The u§e chitectural
products accounts for 16-50% of the overall energy demand, highli@\%;the importance of

incorporating passive energy management into building design. T%ﬂerscores the need for

architects and policy-makers to prioritize appropriate om the beginning (Mahar,
Verbeeck, Reiter & Attia, 2020). ’bQ
In recent years, the application of passive and e energy design principles has become

crucial in constructing energy-efficient a h\%ainable buildings, particularly in vocational
centers where long-term operationél_)%ﬁt and environmental impact are key concerns.
Passive energy design strategi@o optimize natural energy sources, such as sunlight and
ventilation, to create a@%[able environment while reducing dependency on mechanical
systems (Liu et al,@. For vocational centers, where activities may require diverse energy
uses throug& e day, integrating these principles supports both functionality and
sustaina@’bby lowering energy consumption.

In o&lto decrease the use of non-renewable energy sources, scientists have explored the
idea of passive design. Passive design methods are used as a cost-efficient approach to lower
building energy consumption while minimizing the reliance on active mechanical systems,
which are highly unsustainable. The goal is to achieve thermal comfort by maximizing heat

retention in the winter, reducing heat absorption in the summer, and utilizing light effectively,
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taking into account natural elements and adapting to the local climate. Therefore, it can be
concluded that the necessity for cooling or heating and the overall thermal efficiency of a
building significantly relies on its location.

Furthermore, all energy-saving and eco-system friendly techniques make use of the local
climate and building characteristics to enhance indoor environment while lowering energy
consumption are generally referred to as passive design strategies (Elaouzy &adar,
2022). More researchers have further made propositions on diverse pagsivé“methods to
achieve the unimaginable thermal comfort under varying environm@&eather conditions,
while taking into account their effectiveness from the perspe@% energy, economy, and
environment (the three E's). Q

Passive design involves utilizing natural energy Vpg%s to regulate thermal comfort. This
includes selecting the right building orientation! erials, and landscaping. Proper building
orientation and specified building envel%&terials are essential to reduce or prevent heat

.

gain. \(;\\'
Shading also should be prm{@o minimize solar radiation (Ozarisoy., 2022). So many
techniques can be appﬁ%s ch as using technology (active or passive) to regulate indoor
environment fo i conditions also to improve the health and well-built environment.
Passive tech ocggs refer to systems that utilize natural resources to provide comfort without
the ee&rﬁﬁcial energy. The selection of passive design methods is largely influenced
by the specific climate of the project's location. These methods are sustainable and

predominantly rely on natural resources. Incorporating such techniques can convert building

envelopes into living organic structures that support human life.
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The focus on adaptive energy design using responsive architectural elements that adjust to
varying climatic conditions further enhances the resilience and efficiency of buildings in
tropical climates, where energy demands for cooling can be high. Adaptive design also
emphasizes user comfort, essential for educational and vocational environments, by ensuring
stable indoor air quality and temperature without excessive energy use. Practical examples of
this approach, such as the integration of passive cooling techniques and stﬁ building

orientation, highlight the potential for significant energy savings (Megahe Ghoneim,

2021). Q
In vocational centers, the emphasis on renewable energy so@light optimization, and

natural ventilation aligns with sustainable site and indoc@vironmental quality principles.
These strategies not only support a lower eco@%l footprint but also foster learning
environments that prioritize occupant heaﬂ\@fbcomfom facilitating an ideal setting for
vocational training activities (Aboul@%ﬂ). Thus, a well-rounded, passive-adaptive
design approach is instrumentaé&é%nsuring both functional sustainability and energy

efficiency in the design of @nal study centers.

1.2 Statement s&: Problem

The escalating bal demand for energy, coupled with the environmental impact of
convent%%energy sources, underscores the need for sustainable architectural practices in
educMal facilities. Vocational study centers, which require efficient lighting, ventilation,
and climate control for prolonged periods, contribute significantly to energy consumption
within the educational sector. Yet, many vocational centers lack optimized design principles
to reduce energy demand while maintaining a conducive learning environment (Abouleish.,

2021). In recent years, passive and adaptive design strategies have demonstrated substantial
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benefits in reducing energy costs, enhancing indoor environmental quality, and mitigating the
carbon footprint of buildings (Saboor et al., 2021). However, the application of these
principles in vocational centers remains limited, often due to the perception that passive

design is more suitable for larger-scale, commercial structures or complex architectural

S\

Given the potential for energy conservation, occupant comfo@ d cost-

projects (Park et al., 2020).

effectiveness, there is a critical need to investigate how passive &a aptive energy
design principles can be applied effectively within v%onal study centers.
Addressing this gap is vital for promoting sus@ architecture across all
educational facilities, particularly those in en r%%ensive vocational training fields
(Megahed & Ghoneim, 2021). This stud@to explore and evaluate how adaptive
energy design strategies can me.e& unigue spatial and functional demands of
vocational study centers, ultiréece contributing to a sustainable built environment
and the broader goals@ergy efficiency in educational institutions (Rodriguez-
Urrego & Rodr@g&rrego, 2020). A well-constructed passive building reduces the
emission o igshutants and greenhouse gases, making a valuable contribution to a

sus@i&environment. Passive buildings not only save energy but also have

additional hidden environmental advantages.

1.3 Aim and Objectives of the Study

The aim of this study is to identify Passive Design Strategies essential for the design

of a vocational study center in Nigeria. The objectives are as follows:
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1. To investigate necessary design strategies in the design and building of
previous vocational study buildings.

2. To identify passive design strategies essential for the design of a sustainable
building.

3. To incorporate passive design strategies for sustainable buildings in the
In order to achieve the aim of this study the following questions wg lwered:
nahs

design of a Vocational center.

1.4 Research Questions

1. What design strategies are best for the design of a vo tudy center?

2. What passive design strategies are essential for su ble building design?

3. How can a vocational center be desigg@)rporating passive design

strategies? @
1.5  Significance of the Study %
>

The application of passive and%@ve energy design principles in designing a

vocational study center i@votal approach to reducing energy demand and
promoting sustainable, arthitecture. Passive design focuses on maximizing the use of
natural energy(s.(.)/ﬁ'és, such as sunlight and airflow, to reduce dependency on
mechanic% ms, while adaptive design accommodates changes in environmental
con&\'& Together, these principles foster an energy-efficient and comfortable
environment conducive to learning and skill acquisition.

Passive design principles often include strategic building orientation, natural
ventilation, and optimized daylighting. Research shows that effective building

orientation significantly impacts energy savings by allowing natural light to reduce
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artificial lighting needs and by using materials that enhance thermal insulation, thus
minimizing cooling and heating loads (Abouleish, 2021). Furthermore, natural
ventilation can substantially reduce HVAC dependency in vocational centers located
in temperate regions, maintaining indoor comfort levels while lowering energy use
(Lopez-Pérez, Flores-Prieto & Rios-Rojas, 2019). Additionally, daylightin
strategies, such as well-placed windows and light shelves, harness sunli ;&
enhance indoor lighting quality without excessive heat gain, contributing, to b€tter
learner productivity and concentration (Abouleish, 2021). Q

Adaptive design strategies also play a crucial role in m a&environmental
fluctuations, ensuring that the structure can respond cally to changes in
temperature, humidity, and lighting needs. For 'n@@e, adaptive facades, which
adjust shading and insulation levels based I-time climate data, can help
optimize indoor conditions and energy u xﬂrk et al. (2020) discuss how adaptive
building envelopes can integrate p@;\\oftalc systems to produce renewable energy,
significantly offsetting operaQ&%nergy demands. This adaptability is particularly
beneficial in Vocation%l% centers, where multiple rooms and functions often
require varying ads and comfort levels (Megahed & Ghoneim, 2021).
Together, ;BSiV and adaptive energy design principles create a synergistic
approa@esigning vocational study centers that not only reduce operational costs
but also foster a more sustainable, environmentally conscious educational
environment. As more educational institutions aim for sustainable practices,

integrating these energy principles will be essential in vocational centers to
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encourage eco-friendly learning spaces and set a standard for future architectural
designs.
This study will be a reference material for architects, builders, policy makers and

other built environment professionals to make informed decisions, incorporating

passive design strategies in their designs.

1.6

Scope of Study @

The scope of the study will be defined in terms of geographical bo er(ayd the

specific subjects of study. The study is focused on Nigeria. A 1 o‘@ the passive
hls

designs’ strategies for a vocational study center in Nigerl@

study was also

limited the passive design strategies for only vocational @r and does not include

other building types or infrastructures. &Q

1.7 Definition of Terms ®%

i.

ii.

1il.

1v.

Energy: Power obtained frorﬁ%@ e of physical or chemical resources, particularly
for generating light afl(&%&r operating machinery.

Energy Efficien .@action of decreasing the amount of energy needed to produce
goods an(.i g\"ces. For instance, by insulating a building, it can use less energy for
heati g@oling while still maintaining a comfortable temperature.

E Efficiency Principles: Giving the highest consideration to cost-effective

\weasures for energy efficiency when forming energy policies and making investment

decisions.
Greenhouse gases: These are gases that trap and release radiant energy in the

thermal infrared range.
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Vi.

Vii.

Viii.

Sustainable architecture: Architecture that aims to minimize the adverse
environmental impact of buildings.

Ventilation: The movement of fresh air around a closed space, or the system.
Vocation: a particular occupation, business, or profession.

Vocational Study Center: a facility for the instruction of specific

skills, which meets the state and/or federal requirements to be Q\

accredited. < Q
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Chapter Two *
Literature Review OQ

2.1 Conceptual Review 6\

This chapter provides an in-depth review of a vocational 066h hlighting its definitions,
history, classification, types, characteristics, and other rel information regarding passive
design and strategies. It also examines previous st @ many other researchers in this area

of study and analyzes some of the existir%{éture to determine how the studies were

conducted conceptually and theoretic.aq&

N
2.1.1 Passive Design . Q\co
Passive design refers to tice of designing buildings to maintain comfortable indoor
temperatures without\relying heavily on mechanical heating and cooling systems. This
.
architectural a&r_c}th utilizes natural energy flows, local climate conditions, and building
orientatio nhance occupant comfort and reduce energy consumption. By strategically

consMg factors such as sunlight, wind patterns, thermal mass, and insulation, architects

and builders can create structures that optimize energy efficiency and sustainability.

One of the key principles of passive design is the maximization of natural light. Well-placed
windows and skylights can provide ample daylight, reducing the need for artificial lighting

and enhancing the occupants' mood and productivity (Fereidani, Rodrigues & Gaspar, 2021).
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Moreover, using high-performance glazing can help control solar heat gain and glare while
still allowing natural light to penetrate deep into the building. Another essential aspect of
passive design is thermal comfort, which is achieved through careful building orientation and
the strategic placement of thermal mass materials. For instance, a building designed to face
south in the Northern Hemisphere can capture sunlight during the winter while m 1zmg

exposure during the summer months. Thermal mass, such as concrete or bri @ bsorb

heat during the day and release it at night, helping to stabilize 1n% mperatures
(Mohamed, Klingmann & Samir, 2019). Ventilation is also a cr1t1 onent of passive

design. Natural ventilation strategies can include cross-ve la n and stack ventilation,
which rely on wind pressure and buoyancy-driven airflo ectively. These methods not
only improve indoor air quality but also reduc rql&% on mechanical cooling systems.

Properly designed ventilation systems ca cantly enhance comfort, especially in

temperate climates (Izadpanahi, Mahmog ikpey, 2021).

The integration of passive sol (agn elements further enhances a building's energy
performance. Passive sola@&n involves capturing and storing solar energy to provide
heating and hghtlngx ques such as overhangs, sunshades, and strategic landscaping can

help control so ar nsuring that buildings remain cool in the summer and warm in the

winter (\\/]@ed, Klingmann & Samir, 2019). Moreover, passive design contributes to
envi?s&htal sustainability by minimizing the carbon footprint of buildings. By reducing
energy demand, passive buildings can decrease greenhouse gas emissions associated with
energy production. As the construction industry increasingly faces pressures to address
climate change, passive design principles are becoming more prevalent in sustainable

architecture (Fereidani, Rodrigues & Gaspar, 2021).
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In conclusion, passive design represents a holistic approach to building that prioritizes energy
efficiency and occupant comfort. By utilizing natural resources and local climate conditions,
architects can create spaces that are not only sustainable but also enhance the well-being of
their occupants. As the world continues to grapple with the challenges of climate change and

resource scarcity, the adoption of passive design strategies will be essential in &aping a

R
(O

Passive energy design refers to architectural strategies that harness n@nergy sources for

sustainable built environment.

2.1.2 Strategies of Passive Energy Design

heating, cooling, and lighting, thereby reducing reliance on ac 'V%hanical systems. These

strategies emphasize the integration of design elements t'@ ond to the local climate and

environmental conditions, creating sustainable and‘ e@efﬁcient buildings.

The orientation of a building significantly {@fgits energy performance. Buildings should
be positioned to maximize solar gains\@sinter and minimize it in summer. For instance,
orienting a building along an e%gat axis can optimize sunlight exposure, allowing for
passive solar heating durin . months while using overhangs or awnings to block harsh
summer sun. Accordﬁg Pajek & Kosir (2021), strategic site planning enhances the

building’s abiliQ;N\li

ess natural light and wind, thereby reducing energy consumption.

Incomo&@%emal mass materials such as concrete, brick, or stone can help stabilize
indo&mperatures by absorbing heat during the day and releasing it at night. This approach
is particularly effective in climates with significant temperature fluctuations. Insulation, on
the other hand, plays a crucial role in minimizing heat transfer, ensuring that indoor spaces

remain comfortable with less energy input. As noted by Mousavi et al. (2022), effective
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insulation strategies can lead to a 30-40% reduction in energy consumption for heating and

cooling.

Natural ventilation utilizes wind and thermal buoyancy to facilitate air movement within a
building, reducing the need for mechanical cooling systems. Designing operable windows,
vents, and atriums allows for cross-ventilation and stack ventilation, enhancing %)or air
quality while minimizing energy use. According to Avezova et al. (2024), bui@designed

with adequate ventilation strategies can significantly decrease relianw if conditioning

systems, thus lowering overall energy costs. EQ

Daylighting strategies involve maximizing the use of nat to illuminate indoor spaces,
thereby reducing the need for artificial lighting. THiS\can be achieved through careful
placement of windows, skylights, and light tubﬁbhrgg reflective surfaces and appropriate
glazing techniques can further enhance da B\&Qpenetration while minimizing glare and heat

gain. Research by Mousavi et al. (& dicates that incorporating effective daylighting

strategies can reduce energy us @Tghting by up to 50% in commercial buildings.

\Y

Landscaping plays a Vi@%n passive energy design by providing shade and reducing heat
island effects 1 'L@ reas. Trees and shrubs can be strategically planted to block direct
sunlight fr%hltting the building's exterior, lowering cooling loads in the summer.
Add%@ green roofs can insulate buildings, reduce storm water runoff, and enhance
biodiversity. According to Mousavi et al. (2022), green roofs can reduce energy consumption
for heating and cooling by up to 25%, making them an effective strategy for sustainable

building design.
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Passive energy design strategies are essential for creating sustainable, energy-efficient
buildings that respond effectively to their environmental context. By focusing on site
orientation, thermal mass, natural ventilation, daylighting, and landscaping, architects can
design buildings that not only reduce energy consumption but also enhance occupant comfort
and well-being. As the urgency for sustainable practices continues to grow, the

%ecture

implementation of passive energy design will play a critical role in the future fQ

and urban planning. ’\<
2.1.2.1 Understanding the Local Climate (Micro-Climate) EQ
C

In the design of a passive building, it is essential to utilize @ al climate (micro-climate)
to its fullest advantage. Understanding climate characteri@ and their classification can aid
in identifying appropriate approaches from the i%%stages of site planning and analysis.
When undertaking the design of a @%ding or renovation, a comprehensive
understanding of the local climate .i\ erative. In today's era, abundant data offers a
comprehensive knowledge of t‘r%{c—a climate's operational dynamics in any region. The
concept of microclimate re@he localized climate conditions that differ from the broader
regional climate. U%er ding and utilizing microclimates is essential in the realm of

passive energ* d%

environm blements without relying heavily on mechanical systems.

, which seeks to enhance building efficiency through natural

When\ﬁlanning a climate-sensitive city, the focus should be on incorporating
environmentally responsive design that integrates bioclimatic elements into outdoor spaces.
The term "bioclimatic" pertains to the interaction between climate and life, especially how

climate affects living organisms.
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Microclimates are shaped by various factors, including topography, vegetation, water bodies,
and human-made structures (Mousavi et al., 2022). They can influence temperature, humidity,
wind patterns, and solar radiation levels in localized areas, leading to variations that can be
exploited in architectural design. Recognizing the interplay between a building and its
immediate microclimate enables architects and designers to enhance energy &iency,
thermal comfort, and overall sustainability. Q

The function of plants in microclimatic design approaches is diverse and 'can B¢ utilized at
different scales such as individual buildings, streets, or urban@l emi-urban areas

(Canducci, Figliola, Calcagni, Calenzo, Battisti, 2024). By:o@ing evapotranspiration

processes and physical traits, trees, whether singular or ers, function as an effective
method for cooling urban environments. As a 'g@ﬂ climatic moderator, the use of

vegetation can provide numerous thermal bene cluding creating shade, reducing ground

and air temperatures, minimizing solar @ation, facilitating ventilation, and mitigating

glare from reflections (Pajek & Ko{(%ﬁ 1).

R\

Several recent studies hi the successful integration of microclimate strategies in

passive energy des@r instance, the "Living Building Challenge" projects have

showcased ho@

microclimﬁ@onditions. These buildings leverage local solar, wind, and vegetation patterns

s can create net-zero energy buildings by carefully analyzing their

to m\q{%e energy consumption (Anisa, Jundullah Afgani & Lissimia, 2024). Moreover, a
study conducted in a hot, arid climate demonstrated that buildings designed with a deep
understanding of local microclimates achieved up to 30% energy savings compared to

conventional designs (Mousavi et al., 2022). By utilizing shade from nearby trees, optimizing
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window placement based on wind patterns, and incorporating thermal mass, these buildings

maintained comfortable indoor environments while significantly reducing energy usage.

2.1.2.2 Solar Geometry

Architects and builders must carefully consider the sun's position when designing a building.
Because of the Earth's orbit, the sun's location in the sky changes with the season&o take
advantage of this, designers incorporate features such as southern fenestra@%ld longer
overhangs. These elements optimize the sun's warmth during the y%eﬁ&onths, while
providing shade and preventing overheating in the summer. mplementing these
techniques on the southern side of the building, maximum aln can be achieved in the
winter, while ensuring effective shading during the sur@r{Mousavi et al., 2022). Solar
geometry is the study of the position of the @’b{ relation to the Earth, crucial for
understanding solar radiation's interaction @Mings, landscapes, and other surfaces. It
provides essential insights for archite\?%;rban planners, and environmentalists aiming to

optimize energy efficiency and re%ceqie environmental impact of structures.

LR

June 21

Sun's Path
In the Sky

4

|

| East

(
O
’b North
\/QJ

Photovoltaic
modules
I ’ December
z ' 24
' Solar
windows
south

West

Fig 2.1: Showing Passive Cooling Techniques in Buildings
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Source: ( Mousavi et al., 2022).
At the core of solar geometry is the concept of solar angles, which includes the solar altitude
angle, solar azimuth angle, and the concept of solar noon. The solar altitude angle refers to
the height of the sun above the horizon, while the solar azimuth angle indicates the compass
direction from which the sunlight is coming at any specific point on Earth. Understanding
these angles helps in determining the intensity and duration of sunlight recei Q%arious
times of the day throughout the year (Mousavi et al., 2022). The \Earth's axial tilt
(approximately 23.5 degrees) and its elliptical orbit around the sun c@te to the variation
in solar angles, resulting in seasonal changes. This variati % a significant role in

climate and weather patterns, influencing agricultura@c ces and energy production

strategies (Mousavi et al., 2022). &Q

The applications of solar geometry are ext%&pecially in building design and renewable
energy. For architects, understanding @eometry aids in creating designs that maximize
natural light, optimize heating ar@é&ing, and enhance occupant comfort (Anisa, Jundullah
Afgani & Lissimia, 2024 .@ientaﬁon and shape of a building can significantly affect its
energy consumption; osstance, buildings oriented to capture more sunlight can reduce
heating costs i@% limates. In renewable energy, solar geometry is vital for the design
and place Q@f solar panels. The angle at which panels are installed can significantly
impeh&ir efficiency in capturing solar energy. Various studies have highlighted the
importance of adjusting the tilt angle of solar panels based on seasonal variations to
maximize energy generation (Anisa, Jundullah Afgani & Lissimia, 2024). Advanced

software tools now integrate solar geometry data to assist in the optimal placement and

design of solar energy systems.
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Recent advancements in technology have improved the ability to calculate solar geometry
accurately. Geographic Information Systems (GIS) and solar modeling software enable users
to simulate and analyze solar exposure and shading effects on buildings and landscapes.
These tools are particularly beneficial for urban planning, where they assist in evaluating the
solar potential of different sites (Anisa, Jundullah Afgani & Lissimia, 2024). Furthermore,
ongoing research is focusing on developing new materials and technologies th ance the
effectiveness of solar energy systems. For example, studies have explored @ of bifacial

solar panels, which can capture sunlight from both sides, potencreasing overall

energy output by leveraging reflected sunlight from surrou&in urfaces (Pajek & Kosir,

2021). Q

Solar geometry is an essential field of study tha@%erpins many aspects of architecture,
urban planning, and renewable energy. It@ les guide the design of energy-efficient
buildings and solar energy systemsg @auting to a sustainable future. With continuous
advancements in technology and %E)?lg research, the understanding and application of solar
geometry will only becom@e sophisticated, allowing for more effective utilization of

solar energy in various cOntexts.

2.1.2.3 Buil ing&entation

An effe@tyassive design strategy involves orienting the building to capture solar heat. By
aligr&ﬁhe building with the sun's movement, this orientation ensures that the heat entering
through windows in winter doesn't compromise comfort in the summer (Liu & Ren, 2020).

Consider the following: A well-designed building should be strategically positioned to
optimize natural light and airflow, thereby minimizing the reliance on artificial systems. A

rectangular floor plan is most effective for passive solar design, with the long axis of the
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building (east-west) oriented within 10 degrees of true south. Simple building designs
typically require less energy compared to those with more complex geometries.( Pajek &

Kogir, 2021).

Natural light is essential in educational settings, influencing students' mood, productivity,
and overall well-being (Liu & Ren, 2020). By strategically orienting a Vocatiog&:enter,
architects can maximize the penetration of daylight into classrooms, ps, and
communal areas. For instance, positioning the building with its longer acgs-fdcing south in
temperate climates allows for optimal solar gain in winter whi @nimizing glare and
overheating during summer months (Pajek & Kosir, 2021). approach not only reduces

reliance on artificial lighting, thereby lowering energy co&ut also creates a more pleasant

and engaging learning environment. 6{6

Building orientation also plays a pivotal\®in promoting natural ventilation. Properly
positioned windows and openings ceo\ ess prevailing winds, facilitating air movement
and reducing the need for nle@ 1 cooling systems (Pajek & Kosir, 2021). In vocational
centers, where Worksh@ generate heat from equipment and activities, effective cross-
ventilation is vital @intaining comfortable indoor temperatures. Research has shown that
buildings oré' ngd,)o capture prevailing breezes can significantly enhance indoor air quality

and thel@omfor‘[, fostering an atmosphere conducive to learning (Pajek & Kosir, 2021).

N

The thermal performance of a building is heavily influenced by its orientation. A well-
oriented vocational center can reduce heating and cooling demands by strategically utilizing
the sun's path throughout the year. For example, incorporating overhangs, shading devices,

and thermal mass on the southern facade can mitigate heat gain during the summer while
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allowing passive solar heating in winter months (Liu & Ren, 2020). This not only enhances
occupant comfort but also contributes to the building's overall energy efficiency. A study by
Ren, Wang, Liu & Liu, (2021) demonstrated that passive design strategies, including proper

orientation, can lead to significant reductions in energy consumption in educational buildings.

Effective building orientation should also consider the surrounding landscap%d site
context. Landscaping elements such as trees, shrubs, and water bodies can pr@ldditional

shading and cooling effects, further enhancing the benefits of orientatig%lgu& Ren, 2021).

For vocational centers, integrating outdoor learning spaces and % areas can facilitate
hands-on training and workshops while promoting interacti@th the natural environment.
By thoughtfully planning the building's orientation in re® to site features, architects can

create an integrated educational experience that ex@%‘beyond the classroom walls.

O

Building orientation is a fundamental passi%\ ign strategy that offers numerous benefits in
the design of vocational centers. %& ximizing natural light, enhancing ventilation,
improving thermal performqn& considering the surrounding landscape, architects can
create spaces that not@ster effective learning but also promote sustainability and
environmental stg\@ip. As the demand for energy-efficient and environmentally friendly

buildings cc&ig@y to grow, the importance of integrating passive design strategies such as

buildin%@n ation will only become more critical in the development of educational

facilﬁ(

2.1.3 Elements of Passive Solar
Passive solar systems involve the collection, storage, and distribution of solar energy without

the use of fans, pumps, or complex controllers found in active systems. This approach relies
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on an understanding of local climate, building geometry, and solar orientation. In addition to
orientation, there are other key elements of passive solar design to consider when developing
passive design strategies. The design of a vocational center that incorporates passive solar
principles is pivotal in maximizing energy efficiency, promoting sustainability, and
enhancing the learning environment. Passive solar design refers to architectural strategies
that utilize natural energy flows, primarily solar energy, to regulate indoor te %’e and
light without the reliance on mechanical systems. This approach not only\con§erves energy

but also creates a comfortable and productive atmosphere for studer@‘staff (Ren, Wang,

O

One of the fundamental elements of passive solar design@e orientation of the building. In

Liu & Liu, 2021).

a vocational center, positioning the structure to %’i@ze solar gain is critical. Ideally, the
building should be oriented with its longef@%cing south (or the equator), allowing for
maximum exposure to sunlight throu@the day (Pajek & Kosir, 2021). This orientation
enables the collection of solar Q@ during winter months while minimizing heat gain
during summer. Proper sit@%ﬁon and layout also consider shading from nearby trees or

buildings, which can i &ce solar access (Mohamed, Klingmann & Samir, 2019).

.
\
The use of t ergd}nass is another crucial component of passive solar design. Materials with
high the@mass, such as concrete, brick, or stone, can absorb and store heat during the day,
relea%é it slowly at night (Amirhajloo & Saghae, 2021). In a vocational center, these
materials can be incorporated into walls, floors, and other structural elements to stabilize
indoor temperatures. Additionally, effective insulation plays a significant role in minimizing

heat loss during colder months and reducing heat gain in warmer months. Insulation
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materials should be carefully chosen based on their R-values, which indicate their

effectiveness in resisting heat flow (Amirhajloo & Saghae, 2021).

Windows are a critical aspect of passive solar design, allowing natural light to penetrate the
interior while also facilitating solar heat gain. In a vocational center, window design should
incorporate high-performance glazing that minimizes heat loss and glare while imizing
daylighting (Pajek & Kosir, 2021). The placement and size of wind@%ould be
strategically planned; south-facing windows can provide ample sun%g/winter, while
overhangs or shading devices can block excessive summer sun. cept of daylighting,
which involves using natural light to illuminate spaces, c@educe reliance on artificial

lighting, further enhancing energy efficiency (Pajek & K@Oﬂ).

Effective natural ventilation is another critical @Qnem of passive solar design. A well-
designed vocational center should facilitakgoss—ventilation, allowing cool air to flow
through the building and warm air &Soa e (Pajek & Kosir, 2021). This can be achieved
through strategically placed .W@ , vents, and other openings. The integration of operable
windows allows occup%%\ontrol airflow, creating a comfortable learning environment.
Additionally, the.lsc&thermal chimneys can enhance stack ventilation, drawing warm air

upwards an fagﬁhing the movement of cooler air from lower levels (Amirhajloo & Saghae,

2021). OOy
\/QJ

Landscaping plays an essential role in passive solar design by enhancing the building's
thermal performance. Planting deciduous trees on the south and west sides of the vocational
center can provide shade during the summer while allowing sunlight to penetrate in winter

when the leaves fall (Liu & Ren, 2021). Moreover, the incorporation of reflective surfaces,
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such as light-colored pavements and water features, can enhance solar gain and reduce heat
absorption in the vicinity of the building. Careful consideration of the surrounding landscape

can contribute significantly to energy efficiency and occupant comfort.

IN-DIRECT GAIN
\ - v
Fig2.2: Show@Rasszve Cooling Techniques in Buildings

2.1.4 Passive Con@lethods
Fenestratioéﬁﬁ

providi@ulaﬁon when sunlight is not required, such as on hot days or at night. This can

Source (Liu & Ren, 2021).

ctive use of glazing entails capturing heat and daylight while also

be ach\lgved through the use of drapes with thermal liners, awnings or overhangs, low
emissivity coatings, and high-performance double or triple pane windows. Fenestration
includes windows, doors, and other openings that manage light, heat, and airflow, making it
essential in passive solar control. The design, placement, and type of glazing in windows

influence a building’s energy efficiency. Recent studies highlight that high-performance
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glazing reduces heat gain, and orienting windows based on solar angles enhances daylighting
while minimizing overheating (Liu & Ren, 2021). Dynamic fenestration elements, such as
shading systems, are effective at lowering cooling demands by about half, while internal
shading only reduces cooling by one-third (Yang, Fu, He., He & Liu, 2019). Using reflective
glass further supports thermal control by minimizing direct sunlight absorption, &pecially

S

Roof Overhang: Roof overhangs are structural projections that shawl ws and walls

when positioned on east- and west-facing facades.

from direct sunlight, preventing excessive indoor heat during er while allowing
sunlight during winter. Their effectiveness is largely tied to atlon; horizontal overhangs
work well for south-facing facades, while vertical shad@ievices are better for east and
west orientations (Liu & Ren, 2021). Studies shm@carefully calculated overhang angles
based on solar paths can reduce cooling nificantly by creating a balance between
shading and daylight access (Yangs E@e., He & Liu, 2019). The use of louvers and
external blinds can further en@gqhe performance of roof overhangs, particularly in

climates with intense seaso& light.

Roof overhang al;é&at passive design strategy at blocking the direct overhead rays of the

summer sun(, a&.\vhile allowing the direct rays of the winter sun. Appropriately sized

overhan@ depend on your latitude on the Earth and can be accessed online. Overhangs
can Mmtively be a balcony, reflective mirror or a design aspect that shields the summer

light from entering the building.

Thermosiphoning: The convective loop system is a passive strategy that uses the natural

movement of warm air to heat a space. It works by transferring warm air from a collector to a
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storage or room, and then circulating the now cooler air back to the collector to be reheated.
This process relies on the principles of thermodynamics to efficiently move warm air where
it's needed. The collector area is positioned at a lower elevation than the main room, which
can be a drawback depending on site constraints. While this concept has been developed into
an active design strategy, its fundamental nature remains as a passive system due to, the way

3

o/

convective loops naturally move warm air.

Fig2.3: Showini%&boling Techniques in Buildings
Sou %?ang, Fu, He., He & Liu, 2019).
Thermosiphoning, or tk@g\siphoning, leverages the natural rise of warm air to facilitate
cooling. It typicai@lves creating a solar chimney or vertical channel that directs heated
air upwardsg ut of the building, drawing cooler air in from lower points. Recent
develo % in thermosiphoning systems have optimized designs, particularly in hot
climates, by incorporating solar chimneys that draw out warm air, reducing the need for
mechanical cooling systems (Yang, Fu, He., He & Liu, 2019). Thermosiphoning also works
in tandem with natural ventilation techniques, where strategic openings maximize airflow
across the structure, enhancing the overall indoor thermal comfort (Yang, Fu, He., He & Liu,

2019).
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Landscaping: Using trees and vegetation as a passive design strategy is a great way to
effectively shade a space from sun or wind. Deciduous trees can be used when shading is
needed in the summer. Some of the factors to consider when deciding on which trees work
best is to look at branch and twig density and winter sun filtration. An arrangement of
evergreen shrubs and trees should be used along the north and windiest sides of the building

S

Landscaping is increasingly recognized as a critical passive cooling@gﬁﬁe. Trees and

(look at the site’s historic data) to protect it from colder winter winds.

plants not only shade buildings but also cool the surroundi croclimate through
evapotranspiration. When placed around a building, Vegeta®can reduce temperatures by
creating shaded zones and minimizing heat absorption% surrounding surfaces. Green
roofs and walls offer additional benefits by actin%’bsulators, reducing urban heat islands
and managing stormwater (Yang, Fu, HQ\\Q(Q Liu, 2019). Studies confirm that green
facades and roofs can lower energy co@d enhance occupant comfort, particularly when

AN

integrated with other passive stra 'cgike shading devices and optimized ventilation.
S
O
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Fig 2.4@@&1“11/@ Cooling Techniques in Buildings
* ource: (Yang, Fu, He., He & Liu, 2019).

2.1.5 Pass@;oling

It is\ql%:thical responsibility to preserve historical architecture, along with traditional
passive cooling methods, not only for their artistic significance but also to ensure that
regional characteristics endure for future generations. Passive cooling technologies are eco-

friendly methods that help effectively lower indoor temperatures with minimal or no reliance
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on electrical power. The incorporation of traditional passive cooling techniques can play a
significant role in designing modern buildings in hot, arid regions.

Passive cooling techniques are broadly categorized under three sections: heat
prevention/reduction, thermal moderation and heat dissipation. However, this classification
can be simplified and divided into two types either through releasing heat from the bu1ld1ng
or by blocking the thermal flow into the building. Although the passive cooli has
varied technologies, the ideal objective is thermal resistance of heat enterm&frg the outside

alongside the release of heat accumulated in indoor spaces (Yang, Fl@ e & Liu, 2019).

from outside to inside from the building

- -

[Block the thermal flow] [ Release heat ]

® 5 Showing Passive Cooling Techniques in Buildings
Source:(Yang, Fu, He., He & Liu, 2019).
2.1.6 I@catlon of Passive Energy Design
There diverse classifications of passive design techniques. Norbert Amirhajloo & Saghae,
(2021) categorized green techniques into three tiers of basic building design, passive system,
and mechanical equipment use according to the design process. Accordingly, tiers 1 and 2,

which are associated with passive design techniques, are divided into heating, cooling, and

lighting methods. Heating methods involve techniques such as solar radiation penetration,
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efficient energy control through surface to volume ratio, trombe wall, and sunspace. Cooling
methods include shading from solar radiation or using shading and ventilation to bring in
ambient air. Lighting methods involve natural lighting techniques that use windows,

skylights, and light shelves.

2.1.7 Passive Design Techniques \
According to Amirhajloo & Saghae, (2021), the environmental control area of pdssive design
techniques includes the light environment, air environment, and therma%/ ment.

Light environment: Passive design techniques for controlling the nvironment include
utilizing a south-facing building orientation, arranging tk@ajor axis in the east-west
direction, facing a stepped or sloped mass towards the so@ncorporating open spaces such
as atriums and courtyards, arranging openings ap@ately (skylights and clerestory), and
using light induction devices like light\@ and daylight ceilings. There are also
techniques for shielding direct sunligh uildings facing the east and west and producing
equal indoor illumination to cre%gqi\ore pleasant indoor environment on the south side.
These techniques involve S@Q%ing using a building form technique that adds a translucent
skin to the curtain walkas well as controlling sunlight using louvers, canopies, and
sunscreens. C:\\'

Air envir t: Passive design methods for regulating the air environment begin with the
goal\&proving natural ventilation's efficiency. This concept covers the Venturi effect,
stack effect, cross ventilation, and techniques involving terrain and geographical features.
The Venturi effect facilitates natural ventilation by capitalizing on variations in air speed.
This effect serves as a clear illustration of creating a ventilation pathway by altering the

width of the spaces between buildings. The stack effect arises from pressure discrepancies
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caused by differing heights. This approach is employed to boost ventilation by utilizing a
skylight, clerestory, or atrium.

Thermal environment: The passive design strategy for optimal natural ventilation manages
both the air and temperature environments. The design strategy includes building ventilation
channels or installing open areas, as well as properly arranging apertures or ventilation
induction equipment. These produce a composite effect for air environme Qn ol by

thé"introduction

leveraging natural ventilation while mitigating the warming issue caused

of external air.

Table 2.1: Showing Environmental Effect of Passiy, @

S

Techniques

: . Environmental control Area
Design Passive Design T ieht
Area Techniques = Air Environment |Thermal Environment
Environment
South orientation natural lighting - solar radiation penetration
Buildin Sun shading form daylight shading - solar radiation shading
unidn 3 v & 5 2w
; & Ventilation path - natural ventilation |air intake
Orientatio : = s = -
n & Shape Raised roof - - Efficient control of sunlight
Volume to surface ; .
: - - efficient control of sunlight
ratio
; " ... |solar radiation penetration
Atrium natural lighting |natural ventilation |, , . p
Open /air intake
Spaces . R ... |solar radiation penetration
P Court yard, light well |natural lighting |natural ventilation |, . ~. p
Jair intake
Opening & |Skylight, monitor N A solar radiation penetration
pening Y, natural lighting |natural ventilation |, . . p
Device roof /air intake
. . ) e solar radiation penetration
Clerestory natural lighting [natural ventilation | . .
Jair intake
Davlight duct natural lighting - -
Light shelves, i
. i natural lighting - -
daylight ceiling
Ventilation duc s -
o t, - natural ventilation |air intake
ventilation tower
Double skin - - efficient control of sunlight
Building |Translucent skin daylight shading - solar radiation shading
Skin Louver, sun screen  |daylight shading - solar radiation shading
Closed facade - - efficient control of sunlight
Green roof, - .
s - - so0il insulation
Building |landscaped ramp
Planting  |Green wall - - s0il insulation
Waler space - - heat exchange

Source: (Amirhajloo & Saghae, 2021)
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Chapter Three

Methodology: Case Study

3.1 Introduction

This study focused on the incorporation of passive design principles in the creation of a
vocational center for residents of Moniya in Ibadan, that promotes an effectl earning
process and performs all its functions. A review of the literature on passive chniques
and how they may be used in design was conducted via the use of j ] i‘ﬂapers books,
and other materials. Already existing vocational centers of vyari ocatlons were also

investigated and assessed to have a better understanding e design requirements and

techniques that may inform the design of a proposed V@l center.

3.2 Case Study Selection Criteria 6
The case studies were chosen with care %n the following criteria:
1. Vocational centers demgneégiﬂ'! ssive design principles.

2. Vocational centerg &%mcorporated passive design principles in their

architecture. QQ
3. The prqgeg&cope (national/international).

33 Asp tsgBCase Study Analysis
Follo@%election, the case studies were evaluated on four criteria:
1.\6verview/ general information
2. Design concept and building materials
3. Building’s architectural description/features

4. Study observations and conclusions
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3.4 Case Studies

3.4.1 Case Study 1: Lagos State Vocational Training and Skill Acquisition
Centre

Name: Lagos State Vocational Training and Skill Acquisition Centre

Location: Surulere, Lagos.

Project year: 2015 Q\

34.1.1  Overview /\(/

The vocational training program offers nothing less than professt ocational trainings.
The Center is a government initiative setup to train yoigerians in different skill
acquisition, like computer studies, barbing, hat/beadiéraft making, textile design,
photography, catering and hotel management, hai@’mg and cosmetology, fashion design

and dressmaking and many more. ®%

TNy

Plate 3.1 Showing The Faculty Entrance
Source: Author’s survey
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3.4.1.2 Design Concept and Building Materials

The lecture rooms, which are arranged along the building's fagade is precise having a
straightforward and logical design in contrast to the vibrant atrium. In addition to producing a
striking visual effect, the varied pattern of windows generously admits light into the structure

and provides a breath-taking perspective of the river.

The design made use of various building materials like hollow blocks, rein@concrete,
mass concrete, glass, combination of wooden and steel roof truss, alw oofing sheet,

wooden frames and doors, metal doors. O

Plate 3.2 Building Interior Showing Poor Lighting Conditions

Source: Author’s survey
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Plate 3.3 Bead Makin tion
Source: Author’, ey

Plate 3.4 Fashion Design School Section

Source: Author’s Survey
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3.4.1.3 Description and Features
Lagos State Vocational Training and Skill Acquisition Centre is a composite structure. The
structure was constructed with structural steel framework with concrete slabs and columns
are cast-in-situ.
3.4.1.4 Observations

e There is good natural ventilation to exterior facing offices. Q\
e There is good natural lighten to exterior facing offices. Q}O
e [t is easily accessible 6\
e There is proper space allocation for users 0%
e There is proper shading element in the building Q
e Emergency escape doors is not enough bbe
e There is no proper shading element ig@ ilding
e The design was beautiful but in@)f disrepair.
e There is no proper draina@ca:\h can lead to erosion as time goes on.

e Corridors, staircases bbies are dark.

e There is no en @arking space for the office building area.
e There is< nos\éﬁlﬁ
ar@ed.

3.4.2\&& Study 2: Home Science Association Vocational Institute

ional water and electricity supply to the building. Alternative means

Name: Home Science Association Vocational Institute
Location: Ebute Metta, Lagos

Project year: 1961
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3.4.2.1 Overview

Home Science Association was formed over 54 years ago (1961) by some visionary women

Home Economist in furtherance of their passion for nation building.

L
oM L ocmnou
47 N soumnon msmurs
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Plate 3.5: Picture Showing the Exterior o cience Association Vocational Institute

Source:; %r s Fieldwork

3.4.2.2 Design Concept and @’laterials

The structure consists of h@locks and features reinforced concrete, mass concrete, and

glass elements. The % is a combination of wood and steel, with aluminum roofing

sheets. The bui@'f

sd includes wooden frames and doors, as well as metal doors.

\/QJ
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NQ Plate 3.7 Picture Showing Spacious Lecture Room

Source: Author’s Fieldwork
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3.4.2.3 Description and Features

The construction method utilized a structural framework, with concrete slabs and columns
being cast-in-situ.

3.4.2.4 Observations

e There is good natural ventilation to exterior facing offices.

There is good natural lighten to exterior facing offices. OQ\

There is proper shading element in the building. E

It is easily accessible

There is proper space allocation for users

There is enough parking space for the office build@
e Emergency escape doors is not enough &Q

There is no proper shading element j (ailding

The design was beautiful but m&e of disrepair.

There is no proper draina@“é@h can lead to erosion as time goes on.

Corridors, staircase bbies are dark.

There is no fu }bal water and electricity supply to the building. Alternative means
are sou:{e:(i\\'

. O@ace inadequate due to expansion and creation of more departments.

\/QJ

3.43 Case Study 3: Ecove Centre of Vocational Empowerment

Name: Ecove Centre of Vocational Empowerment

Architect: SEZA Architects & Interior Designers

Location: Aurangabad, India
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Year: 2022

3.4.3.1 Overview

In rural areas lacking adequate public infrastructure, community gathering places represent
more than just architectural structures; they embody social progress, offering a sense of
human dignity, potential, and communal space. Our goal for the Vocational Training Institute
in Aurangabad is to provide young villagers with the opportunity to gain a Q%t will

enable them to support a modest lifestyle on their own. Aurangabad, situated {f'the state of

Maharashtra in India, is renowned for the Ajanta Ellora caves, a O world heritage
site. These caves form one of the largest Hindu rock-cut cave.co xes globally, featuring
panels depicting stories from the two principal Hindu epi itionally, the caves showcase

sculptures and carvings representing three dif erp@iths: Brahmanism, Jainism, and

Buddhism, promoting the values of tolerance an mism.

Plate 3.8: Front View of Ecove Centre of Vocational Empowerment

Source: Author’s Fieldwork
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3.4.3.2 Design Concept and Building Materials

The facility combines modern elements with a nod to the historical context of its
surroundings. It is well-suited to the local area and draws inspiration from the nearby cave
complex to convey a message of hope to the villagers. The design reimagines the traditional
courtyard layout, with the administrative area opening up to a series of corridors&ing to
classrooms, technical rooms, a canteen, and an auditorium, all situated aro@e central
courtyard. The center provides training in sewing, computers, dye mak& rical courses,
and basic English language skills. By separating the different ac% nto distinct sections

connected by small courtyards and transitional pathway, e *have created a vibrant

combination of indoor and outdoor community spaces. Q

Plate 3.9: Interior view of Ecove Centre of Vocational Empowerment
Source: Author’s fieldwork
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Plate 3.10: Interi of Ecove Centre of Vocational Empowerment
Q ource: Source: Author’s fieldwor

3.4.3.3 Descriptmg& Features
Our goal w. tgdés

ign a space with a strong connection to nature, using natural materials,
sunlighl@greenery to create a pleasant learning environment for the villagers. Instead of
air chﬁioning, the classrooms rely on natural ventilation to stay cool. The use of passive
ventilation and daylighting systems promotes a learning environment that harmonizes with
the surrounding natural landscape. The corridors feature angular brick screens that help

reduce intense heat, making them more comfortable to be in. In this region, summer
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temperatures can reach as high as 40-45 degrees. Staggering the classrooms created

additional social interaction spaces beside the multiple courtyards.
3.4.3.4 Observations

e There is good natural ventilation to exterior facing offices.

e There is good natural lighten to exterior facing offices. Q\

e [t is easily accessible ( 0
e There is proper space allocation for users 6\

e There is proper shading element in the building using ano glass.

e There is enough parking space for the office bulld%

3.4.4 Case Study 4: MBO Nimeto 6
Name: MBO Nimeto :
Architect: Maarten van Kesteren Arz@l

Location: Utrecht, Netherland“%

Year: 2023 QQ
3.4.4.1 OverV1ews\%

MBO Nim 1des education for individuals interested in creative space design,
includir@ﬂing, restoration, styling & presentation, sign making, and similar fields. The
schoh/premises consist of two specially designed vocational schools constructed around
1970. One was originally intended for the National Painters School, while the other was for
the Netherlands Butchers School. These buildings were later joined together, although they
are separated by a street. Over the course of fifty years, numerous modifications have been

made to the building, resulting in an unbalanced layout that does not fully align with
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Nimeto's educational principles. Additionally, the increasing student population and new

insights have made a comprehensive transformation necessary.

b Plate 3.11 Front View of MBO Nimeto
%’b Source: Author’s fieldwork

3.4.4. sign Concept and Building Materials

The plan utilizes the unique characteristics of the original buildings, such as their
spaciousness and adaptable nature, to revitalize the 1970's architecture as a foundation for the
school of the future. Van Kesteren has modified the original design by implementing four

significant architectural changes. In three locations, he has established multi-level open areas
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by removing sections of the concrete floor. These empty spaces enable natural light to
penetrate deep into the building, while also establishing links, points of reference, and

communal areas.

n’“l :il?\
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Plate 3.12 View of Demonstration Room of MBO Nimeto
Source: Author’s fieldwo
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Plate 3.14 View of Demonstration Room of MBO Nimeto
Source: Author’s fieldwork

3.4.4.3 Description and Features

Nimeto made a decision to go against the common practice in the Netherlands, which
involves regularly tearing down educational buildings that are more than forty years old and

replacing them with new ones. The school acknowledged and appreciated the strengths of the
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existing building and understood that current budget constraints would result in new schools
with less space and often constructed using a modular system that offers minimal
architectural or spatial quality. In his design for Nimeto, Maarten van Kesteren aimed to

simplify and open up the fifty-year-old building and transform it into a more harmonious

whole
3.4.4.4 Observations Q\
e There is good natural ventilation to exterior facing offices. Q}O
e There is good natural lighten to exterior facing offices. Q
e [t is easily accessible 0
e There is proper space allocation for users Q

e There is proper shading element in the bui '@g anodized glass.

e There is enough parking space for t\h\@ building.

3.4.5 Case Study 5: Hernin @m Vocational School

Name: Herningsholm Vocath@School

Architect C.F. Moller QQ

Location: Hem@aﬂ{

Year: 2014 b
3.4.5@rgview

The new Herningsholm Vocational School presents itself as a separate structure within a
preexisting cluster of educational buildings on the campus. The school has been planned with

a strong emphasis on cultivating ideal learning and study settings, both internally and
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externally. This includes creating inviting urban areas that offer opportunities for outdoor

learning and teaching, taking into account the surrounding context.

£ B \

3

Fig 3.1 Typical Floor Plan of He@/olm Vocational School
Source: C.F. Moller Archite@lirhajloo & Saghae, (2021),

3.4.5.2 Design Concept and Buildi@t rials

The structure has an angled.dQ@Xhat unites three building sections under a sloping roof,
which adjusts its hei%@w surroundings by decreasing from three floors in the
southernmost area o floors in the northernmost part. The angled structure forms three
new outdoo u@nd educational areas in collaboration with the adjacent buildings: The
Plaza, t y garden, and a front garden. The building is intended for general use, and the
educhbﬁal spaces are planned to ensure that the physical environment complements and
aligns with diverse, adaptable, and modern learning principles. Integrated seating/study
nooks in the facade enhance the quality of the spaces and encourage alternative, more
unconventional uses. Movable furniture can rapidly modify the educational space for

different teaching scenarios. The structure consists of hollow block walls, reinforced concrete
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columns and beams, and mass concrete foundations. The building features glass windows, a
roof made of a combination of wooden and steel trusses covered with aluminum roofing

sheets. The interior includes wooden frames and doors, as well as metal doors.
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Plate 3.15 Exterior Vi Herningsholm Vocational School
Sowree! hor s F leldwork ‘

Plate 3.16 Exterior View of Herningsholm Vocational School
Source: Author’s Fieldwork
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Fig 3.2 Typical Sections of Herningsholm Voz@m}zool
Source: Martin Schubert Amirhajloo &@\ae, (2021),

3.4.5.3 Description and Features b’bQ
The construction acknowledges that our acti ,bd thoughts are influenced by the physical
surroundings we inhabit. The design, @kaming environment and the architecture has a
profound impact on the daily leanéﬁg?\rocesses of students and is therefore created based on
modern and democratic pr'. s. The foundational learning spaces of the building are
arranged around a cen r\abmmon area that also functions as a flexible learning space. These
learning spacesé%g&ir d together to ensure direct access to the common area from all parts
of the schooéhe common study areas provide a range of physical environments for various
type&%&)rk, from the double-height rooms overlooking the garden, suitable for workshop-
style activities, to a student café space for informal student gatherings, to quiet and intimate

dedicated study corners. Each learning space is designed to accommodate numerous layouts

and uses.
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3.4.5.4 Observations

There is good natural ventilation to exterior facing offices.
There is good natural lighten to exterior facing offices.
It is easily accessible

There is proper space allocation for users \

There is proper shading element in the building using anodized glass. O

Such facility is too elegant for a university office. E Q
Maintenance would be very high. Q

Servicing and running cost would be unsustainable.

There is enough parking space for the office building.
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Chapter Four
Site, Project Analysis and Design Synthesis
4.1 Study Area
This section discusses the preliminary design proposal and the design decisions taken to
arrive at the proposed vocational center. The proposed design is based on xpatial

requirements, case studies, and the application of integrated lighting to ensure EifQo ort.

4.1.1 Site Location and Description ,\(/

The proposed vocation center is ideally situated in Moniya, Ib yo State, Nigeria,
occupying a prime position directly opposite the presti nternational Institute of
Tropical Agriculture (IITA). Its proximity to the Univers@of Ibadan’s Distance Learning
Center further enhances its strategic location, esta@%{lg it as a central hub for educational
and vocational pursuits within the area. Ti@anding environment is both academic and
professional, fostering an atmosphere. @ning, innovation, and skill acquisition.

This prime placement not qnl&%g?easy accessibility for students and professionals but
also aligns the Vocati% t\ within a community dedicated to growth, agriculture, and
knowledge excha‘n@aking it a valuable addition to the landscape of Moniya. The site has

a total squa a&} 30,950.43 and total perimeter of 687.13m. Moreover, its accessibility is

enhance %\l is bordered by roads on both the front and side, ensuring convenient entry and
s.

exit p\ohﬁ
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Universityjofilbadan,
Distance'Learning...

Fig 4.1: Map of University of Ibadan Distance g with Proposed Site Highlighted
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Fig 4.2: Site Map Location.
Source: Google Map (Satellite)
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4.1.2 Site Selection Criteria

Choosing an optimal site is a pivotal decision-making process for businesses, governments,
and organizations, impacting operational success, sustainability, and overall cost-
effectiveness. Site selection involves a thorough analysis of multiple factors, from economic
conditions to environmental impact. An appropriate site selection strategy req '@ncing
diverse criteria to ensure that the selected location aligns with the organizath'} als.

These criteria help ensure that the selected site for a Vocational Sc@xuilding meets the

functional, regulatory, and environmental requirements ne@a or the success of the

facility: Q
4.1.2.1 Accessibility 6’6

Proximity to Transportation: Ensure the si@ly accessible by public transportation and
has good connectivity to roads ands\" ways. Accessibility affects how easily users,

including those with disabilitieség—?each and navigate the center, directly impacting the

center's success and inclus@x. Universal design principles underscore the importance of

creating spaces tha@modate a diverse population, which is especially critical in

vocational tra@o
education@kgrounds.

texts, as such facilities serve people with varied abilities and

Site Mss and Proximity to Public Transport: A vocational center should be accessible by
public transportation to facilitate access for users who may not have private vehicles.
Locating near major transportation routes reduces commuting challenges and makes the

facility more inclusive. This approach also aligns with sustainable transportation practices,
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reducing the environmental impact associated with commuting (Wu, Li, Wargocki, Peng, Li

& Cui, 2019).

Physical Accessibility Features: According to universal design principles, the facility’s
entrance and interior should be accessible to individuals with disabilities, including those
with mobility impairments. Ramps, elevators, wide corridors, and accessible parking are
essential features that enhance usability for all users (Du, Li, Yu, Liu &Yao, “Ensuring

that pathways, entrances, and exits meet ADA or similar standarc&he in achieving

accessibility for individuals who rely on mobility aids. EQ

Interior Layout and Spatial Design: Vocational centers exible spaces that support
hands-on learning while accommodating diverse nee@ orkshops, labs, and classrooms
should be spacious and allow for easy movemerpb itionally, layouts that reduce noise and
provide adaptable seating arrangements eﬁ}@e the learning environment for individuals
with sensory or cognitive needs. FE%‘ tance, an automotive or woodworking workshop

might require specific floor @ that mitigate hazards related to heavy equipment or

hazardous materials (Ic@ei & Lin, 2017).

Supporting Te @ and Resources: Vocational centers benefit from technology-
enhanced cl@ooms and specialized tools, such as computer labs for technical training or
carpegnt s for manual skill-building. Ensuring these areas are accessible to people with
visual or hearing impairments, such as through auditory-visual aids and touch-based
resources, helps foster inclusivity. These accommodations ensure that vocational training

remains accessible to all, aligning with best practices in educational facility design (Zhang,

Qi, Zhang & Zhou, 2024).
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Community and Social Connectivity: The location should be strategically chosen to
encourage community engagement and partnerships. A site within reach of related industries
or community support systems can enable vocational centers to form partnerships that benefit
learners, especially through on-site collaborations or community-based projects. Such
accessibility enhances the center’s role within the broader community and provides, learners
with realistic, hands-on experience. Q

In summary, prioritizing accessibility in the location choice for Vocational@ fosters an
inclusive environment that supports skill acquisition for individual@a backgrounds and

abilities. This focus on universal design not only aids indiV: uﬁut also strengthens the

community’s socio-economic fabric by equipping divers

N\
O
’bb

4.1.2.2 Location and Surroundings Facili \Q

s with practical, employable

skills (Chen, Zheng, Yang & Yoon, 2021).

Proximity to other institutional facilﬁ@ collaboration Resources: Choose a location that
is close to libraries, laboratorieséchther academic facilities to enhance collaboration and
resource-sharing. In desi n@ocaﬁonal center, considering the location and surrounding
facilities is vital to op Q its functionality and accessibility. The surrounding infrastructure,
amenities, and@%be% cilities directly impact the vocational center’s ability to fulfill its
education%@ community service roles effectively. Key factors include the center’s

acce?s&'y to public transportation, proximity to relevant industries, and integration with

other community facilities such as libraries, retail areas, and recreational spaces.

Locating a vocational center near transportation hubs can significantly enhance attendance,
particularly for centers serving diverse communities, as it improves the convenience for

students, faculty, and visitors. Moreover, close proximity to industries related to vocational
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programs encourages practical, hands-on learning experiences through partnerships,
internships, and site visits, essential for career and technical education programs (Guo, Kong,

Chow, Li, Zhu, Qiu, Li, Wang, & Riffat, 2020).

4.1.2.3 Infrastructure and Utilities

Availability of Utilities: Ensure the availability of essential utilities such as water, %ticity,
gas, and sewage to support the academic building's operations. Beyond indust@%mections,
nearby facilities such as retail centers and social services improve t%gh{s appeal and
function as a community hub. Spaces like cafeterias, recreational nd communal work
areas foster a collaborative and creative environment, transf g the vocational center into
a multi-use facility rather than merely an educational in@ion. Such community-centered
designs allow for more flexible use of space, whe%%kshops, exhibitions, and other public
activities can take place, contributing to lw%nomic growth and fostering an inclusive

environment (Wang, Uddin, Ji, Yu &.\ 2021).
4.1.2.4 Future Expansion I:o@

Growth and Developm%@ider the potential for future expansion or development on the
site to accomm.o%the changing needs of the academic institution. This concept
underscores he%}ortance of selecting a site that accommodates the expected growth of the
facility Q’@ms of physical space, technological advancements, and service demands over
time}!ﬁper attention to expansion potential ensures that the center can adapt to changing
community needs, evolving vocational programs, and an increasing number of students or
trainees. This adaptability is especially vital for a vocational center that may expand its
services, introducing new skill sets in response to job market trends and industrial

advancements.
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Physical space is one of the first considerations in ensuring expansion potential. According to
Zune, Rodrigues & Gillott (2020), site selection should prioritize locations with ample
land or nearby areas that the center can acquire later if needed. By doing so, the design
accommodates the future addition of training facilities, classrooms, or workshops as demands
grow. Many centers in developing regions face limitations in this regard due to high land
costs or densely packed urban locations. However, proper planning around imitation

such as integrating modular or flexible building designs can miti% me of the

challenges (Peters & Halleran, 2021). 6\

A site selected for a vocational center should also sup@ﬂexible facility design to
accommodate future technological needs. Peters & Halleragzml) highlight that vocational

O

centers must be capable of integrating new te gies and infrastructures into their
systems to keep pace with changes in t at onal landscape. For example, vocational
programs in computer technology, r&:@le energy, and robotics are expected to expand
rapidly, and centers need to be @g d with space and design flexibility to accommodate
these. Buildings designed @Q%odular components and adaptable electrical and network

infrastructure are better shited to this need (Peters & Halleran, 2021).

The accessil?ligsah infrastructure surrounding the chosen site also play a significant role in

expansi ’b

centhhould be located in areas with reliable transportation networks, power, and

ential. Moghtadernejad, Chouinard & Mirza (2020) argue that vocational

internet connectivity that can support increased usage over time. Centers that are located in

areas with expanding infrastructure are well-positioned for future growth, allowing them to

serve a larger catchment area as roads and public transport options increase.
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Another key aspect of future expansion potential is aligning the location with community
and market growth projections. A site chosen based on current population data without
considering future growth can quickly become inadequate. Peters & Halleran (2021)
recommend using demographic and economic forecasts to determine areas that will see
significant growth, ensuring that the vocational center remains relevant and accessible to the
evolving population. For instance, regions experiencing industrial develo &o' new
housing projects could present promising locations for vocational centersiduc™to the likely

increase in local demand for vocational skills. 6\

Lastly, environmental factors and sustainability are increasi@signiﬁcant in selecting sites
for future expansion. As climate resilience becomes es@al in construction, choosing a
location that minimizes environmental risks w%’bf ering expansion space aligns with
sustainability goals (Leng, Wang & Liu, Z@Signing green spaces and energy-efficient
structures within a vocational center.c@ntribute to long-term sustainability, ensuring the
facility’s relevance and usability %Q(?s environmental regulations evolve.
N

In conclusion, future e@} potential as a location criterion in vocational center design
includes consider.in@gsical space availability, flexibility in building design, accessibility to
robust infra; ru(tuﬁ, alignment with community growth, and environmental sustainability.
These Q{@s enable vocational centers to evolve and remain effective in fulfilling
comh{lty needs and responding to technological advancements. Selecting a site that meets

these criteria ensures that the center can fulfill its role as a dynamic and resilient institution

well into the future.

4.2. Project Analysis and Design Synthesis
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4.2.1 Brief Analysis

A vocational school, also known as a trade school or career school, is an educational
institution that focuses on providing practical skills and training for specific trades, crafts, or
professions. Unlike traditional four-year colleges or universities, vocational schools typically
offer programs that are shorter in duration and more hands on in nature.

The aim of this school is to stay current with industry trends and developments th e that

their programs are relevant and responsive to the needs of employers. <

4.2.2 Brief Development §Q
t

After conducting a thorough examination of five case st@ at encompassed several
learning centers, it became evident that there were r@le similarities in their spatial
functionalities. These studies aimed to determine@%ecessary planning standards and the
distinct roles these spaces fulfil within a VO@IQSCIIOOI

e C(Classrooms \&

J Workshops/Laboratorles \C.)

e Specialized Facil'tlQ

° Adm1n1strat1 %

Student

o C n Area

O\S«orage and Maintenance

4.2.3. Design Criteria
Vocational schools offer training programs in various fields such as automotive technology,
cosmetology, culinary arts, electrical work, plumbing, nursing, graphic design, welding, and

many others. These programs are designed to equip students with the specific skills and
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knowledge needed to enter the workforce directly after graduation. These criteria help ensure

that the Vocational school building meets the functional, regulatory, and environmental

requirements necessary for the success of the facility:

1.

Ventilation: To create a comfortable learning environment, vocational schools need
efficient ventilation systems that allow for good air circulation and reduce unpleasant
odors in classrooms and office areas. This will be accomplished via t Q%assive
(natural) or active (artificial) ventilation methods. Both methods aré™essential in
ensuring a comfortable space and a pleasant experience for t@ide the building.
Lighting: Our goal is to ensure that the building has suffictent and suitable lighting to
create a welcoming and conducive learning 6@1 ent for students. This will
enhance the mood, ambience and visibility. of&nts and teachers.
Accessibility: The school is carefully d d with accessibility in mind, making it
easily accessible for people wi \isabilities, and ensuring smooth circulation
-
throughout the building. \C)\

Aesthetics: To make ool visually appealing and inviting to students, we will

incorporate Vaﬁ'@mcmral forms, fins, a well-designed roof, thoughtful color

selectio@reative planning. Our goal is to enhance their overall learning
expe@c .

5.\@: To guarantee the safety of students and teachers and protect the property, we

will incorporate various safety measures in the design. These measures will consist of
fire exits, fire suppression systems, emergency lighting, and strict safety protocols.
By making safety a top priority, we aim to always create a secure environment for

occupants of the building, ensuring confidence and peace of mind.
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6. Structural Stability: The design of the vocational school will prioritize structural
efficiency to allow for various activities and to withstand dead, live, and seismic
loads. This will be accomplished by carefully selecting materials and implementing
sturdy construction methods. These measures will ensure the building's durability and
ability to endure the test of time. By prioritizing structural stability, the v catlonal
school will offer a secure and dependable environment for those who u

7. Site and Landscape: The site and landscape of the vocational scho(} ing will be
carefully considered in the design process. The bu11d1ngs@n, parking areas,
green spaces, and outdoor event areas will be plan@ uilding regulations to

ensure optimal functionality and aesthetic app ndscaping features will be

incorporated to complement the architectlire@reate an inviting and harmonious

atmosphere. fb

4.2.4. Construction Methods and M ’bk{

In designing this project, we @ top priority to sustainability by using eco-friendly

materials and construc@hods We carefully considered various factors when choosing

these materials, @ng aesthetics, durability, climate, availability, functionality, and

compliance i&wgulations, bylaws, and building standards. the selection of construction
methodhématerials is crucial to ensure structural integrity, functionality, and
sustzmﬁlity. Recent advancements in construction technology over the last five years offer
multiple innovative options.

Substructure: Foundations for multi-story buildings are typically reinforced with concrete
or steel piles, especially for soil with low load-bearing capacity. The use of precast concrete

piles has become popular, as they minimize on-site labor and ensure quality control through
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factory production (Ardavani & Doulos Zerefos, 2020). Alternatively, steel piles are a viable
choice due to their strength and adaptability to varying soil conditions (Dikou & Kourniatis,

2022).

For a vocational center, soil testing should precede foundation laying to determine the best
approach. The recent development of ground improvement techniques, such.as vibro-
compaction and soil mixing, has improved foundation stability for multi-@{uildings,

especially in challenging soil conditions (Dikou & Kourniatis, 2@&“\6 reinforced

concrete used in constructing the substructure of the learning ce d publishing space
ensures a robust and stable foundation. 0
Landscape: To enhance the appeal of the outdoor s and promote eco-friendliness, the

landscape design effectively incorporated precq@ncrete interlocking stones and concrete
curbs. @
Shading Device: Using aluminuréi;“%m osite panel boards to cover steel substrates

effectively reduces heat gain a@nces energy efficiency by providing shade.

N\
Walls: The school bui@%corporates concrete blocks, columns, and glazed curtain wall
systems. Glass "@ed in internal partitions to allow natural light to flow and create a
sense of op%ess. For wall construction, lightweight concrete blocks or autoclaved aerated
conc@@ blocks have gained traction. These materials are lightweight yet durable and
provide excellent thermal insulation, which is essential for a vocational center that may
require varied interior temperatures across workshops (Dikou & Kourniatis, 2022). Exterior
insulation is essential for energy efficiency, especially with current emphasis on sustainable

building practices. Insulating concrete formwork (ICF) has been adopted to enhance both
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insulation and structural integrity. ICF panels are made from polystyrene blocks filled with
concrete, offering robust insulation without adding much weight to the structure (Dikou &
Kourniatis, 2022).

Wall finishes: To ensure a truly healthy indoor environment, it's important to apply Airlite
paint to the walls inside. This high-quality paint doesn't just improve appearance but also
delivers vital protection against mold, microbes, and germs, greatly boosti e overall
health of everyone in the area. QJ

Window: Large casement windows were used in learning areas to @B adequate internal
daylight illumination and ventilation. Louver windows were.intégrated into the upper and
lower panels of the glass curtain walls to facilitate Ventila ough stack effect.

Stairs: Within the school building, timber and s e@ were used to access the different
floor sections. Additionally, a glazed panorami as installed to assist elderly individuals

and people with disabilities in moving fro }e ground floor to the first floor.

.
Floor Structural System: due t@ce?nassive span of the building floor area, a waffle slab
system was adopted due to 6$ctiveness in such situations. The structural framework of a
four-floor building oftenincorporates steel or reinforced concrete. Steel frameworks have
.
become incre@ pular for their flexibility and strength, which support quicker
constructip&%nes (Satola et al., 2022). A steel-reinforced concrete frame provides
robu?tﬁg’and resistance to both environmental stressors and the high foot traffic expected in
a vocational center (Hosseini, Mohammadi, Schréder & Guerra-Santin, 2020). Innovations in
prefabricated structural components have also allowed for faster and more efficient on-site

assembly, reducing labor costs and time. Prefabricated beams and columns, combined with
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hybrid systems that use both steel and concrete, are also energy efficient and cost-effective

(Satola et al., 2022).

Floor Finishes: When selecting flooring materials for the store area, sustainability was an
essential factor. The chosen options were PVC tiles, and polished concrete. These materials
were carefully chosen for their durability, low maintenance requirements, a%sually
appealing appearance. Interior flooring and finishes in a vocational center srioritize
durability, aesthetics, and easy maintenance. Epoxy and polishe%&nﬁe floors are
increasingly popular for their resistance to high foot traffic, scratchegy stains (Satola et al.,
2022). These floors require minimal upkeep, an advanta@ high-traffic buildings like
vocational centers. Additionally, terrazzo floors are an e@en‘t choice, as they are durable
and allow for a variety of aesthetic customizati%.’bt er materials like vinyl flooring or
rubber tiles may also be considered in wn@reas due to their resilience and ability to
absorb impacts, ensuring both functian\ nd worker safety (Satola et al., 2022).

Door: The design of the Vgca&%}(?enter incorporates various types of doors, including

NN

aluminum and glass do% den panel doors, and fire-rated exit doors. These doors were

deliberately sele.c@) ensure optimal safety, security, and convenient accessibility

throughout tsge gdjhfng.

Ceil@in the vocational center, different ceiling materials were used. The offices have
POP false ceilings, while 600mm x 600mm gypsum boards were applied in the large display

arca.

Electrical, Plumbing, and HVAC Systems. With recent technological advancements,

buildings are now increasingly integrated with smart systems for efficient energy
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management. Vocational centers benefit from smart HVAC systems, which regulate indoor
climate efficiently, reducing energy consumption. Modern HVAC systems can be integrated
with IoT-enabled sensors to monitor and optimize air quality and temperature, providing an
optimal learning environment (Satola et al., 2022). For plumbing, the use of high-quality
PVC or PEX piping is advised for durability. Recent advancements in low-flow plumbing

fixtures and automatic shut-off systems reduce water usage, making plumbin@m more

sustainable (Satola et al., 2022). ’\<

Sustainable Materials and Green Building Technologies: T of sustainable and
recycled materials has become increasingly emphasized in @n‘[ years. Materials such as
recycled steel and wood substitutes are now commonly u@n urban construction, driven by
environmental considerations and policies favorir%’én building (Satola et al., 2022). In a
vocational center, sustainable materials @ reduce environmental impact but also
contribute to a healthier learning env@ent for occupants. Green building technologies
such as solar panels, rainwater@%@\sting systems, and energy-efficient lighting further
enhance the building’s sus@lity. These additions align with global sustainability goals

and can significantly operational costs over time (Hosseini, Mohammadi, Schroder &

Guerra-Santin, @

Roofin ems and Waterproofing: A vocational center roof should be durable and
capaMf withstanding environmental elements. Metal roofing systems, particularly those
with aluminum or galvanized steel, offer high durability, while green roofing techniques,
such as vegetation-covered roofs, provide insulation and contribute to environmental
sustainability (Hosseini, Mohammadi, Schroder & Guerra-Santin, 2020). Moreover,

membrane roofing, a modern roofing technology, has been adopted for its durability and
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waterproofing benefits (Philokyprou & Michael, 2020). Additionally, waterproofing at the
roofing and foundation levels is essential. Modern waterproofing materials like thermoplastic
polyolefin (TPO) membranes and spray-applied membranes ensure effective moisture control

and prevent leakages, thus extending the building's longevity (Philokyprou & Michael, 2020).

The construction of this vocational center incorporates advanced methods and&terials
developed over the past five years, balancing sustainability, durability, and co@ctiveness.
By selecting appropriate foundation, structural, insulation, and finishinggnateridls, along with
integrating green technologies, the building can meet modern st@or functionality and

environmental responsibility. 0

Q

4.2.5. Building Services Q

The design of the vocational center will in@mechanical, electrical, and plumbing

services that prioritize functionality, efﬁcie@nd safety. These services will be customized
: L &

to meet the diverse needs of VlSltOI’S(%& , and to protect valuable assets such as books and

electronics. Each floor will I}a@tﬁcal Panel Rooms that house essential components for

seamless power distrib@ easy maintenance.

The building '@eive power from the existing university IBEDC connection,
supplement%y solar-powered inverters. A 900mm ceiling duct will be incorporated to
ensu.e\/&l space utilization and simplify maintenance procedures for various services. In
addition, a discreet 1200mm duct will conceal water supply, sewage pipes, and inspection
chambers. The building will also feature a panoramic lift with adjacent doors to ensure

accessibility for all individuals.
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In the design, natural lighting is a top priority. Carefully selected artificial lighting fixtures
will be installed on the false ceiling soffits, suspended floor slab soffits, and in external areas
to create a harmonious ambiance both within and outside the bookshop (Zhu, Liu, Sang &

Cui, 2024)

The fire suppression system will use the FM-200 (HFC-227ea), capable of ex%ishing
Class A, B, and C fires without leaving any residue or water behind, th\@quarding
valuable assets and promoting sustainable practices. Additionally, fire }Qrg-é are provided

at recommended distances in the car park area to cater for ext re accidents (Rane,

Choudhary& Rane, 2024). Q
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Chapter Five
Conclusion
5.1 Project Appraisal
This thesis focused on designing a vocational center that prioritizes sustainability through the
use of passive energy design principles. Through the literature reviewed, effective principles
and strategies were identified that were efficiently incorporated into the design. Q<
The use of curtain walls, courtyards, natural lighting, energy saving lighting to6ls, building

orientation, and shading devices, as well as the use of plants and r@’g\naterials were all

found to be highly effective in the design of the vocational ce@%

5.2 Conclusion Q

In conclusion, the integration of passive energy&’&n strategies and innovative lighting
systems can greatly enhance spatial comf@ous settings. Mimicking natural elements
and utilizing natural light can have a \Kb'%ve impact on the well-being of individuals and
create a more enjoyable and rela@g(:ltmosphere. As demonstrated by the success of these
strategies in other Vocatio%\%ters, it is clear that incorporating these elements in design

can greatly beneﬁ@overall comfort and satisfaction of individuals in various

environments.( s\\'
5.3 Rec@endations
Passk/

and adaptive energy design plays a crucial role when it comes to creating a
comfortable and human-centered environment in spaces. The following recommendations are
proffered to stakeholders in the design industry:

e Consider the role of technology: As technology continues to advance, there are more
opportunities for innovative energy saving and sustainable solutions such as
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programmable lighting and smart controls and therefore further research should be

carried out on these areas.

e Lighting can enhance the overall experience of users in any space, so it should always
be prioritized in design.

e Buildings should always be designed with passive energy principles in mind,this will

create buildings that are energy saving and responsive to the environm@
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