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Abstract

The hospitality industry is a significant consumer of energy, particularly in luxury hotels where
high levels of comfort and amenities are expected. This thesis explores the potential of passive
design strategies to minimize energy consumption in luxury hotels while maintaining or enhancing
guest experience. Passive design strategies, which leverage natural elements and architectural
features to regulate building temperature and lighting, offer a sustainable approach to energy
efficiency. The research investigates various passive design techniques, including building
orientation, natural ventilation, thermal mass, daylighting, and shading devices. Case studies of
existing luxury hotels Including the Burj Al Arab, Rosewood Abudhabi for international and Three
local case studies, such as the Transcorp Hilton Abuja, Lagos continental Hotel and The Art hotel,
Lagos; that have implemented these strategies provide real-world insights into their %:ftiveness.
The study also examines the integration of green roofs and facades, the use of highypesformance
building materials, and the role of landscaping in energy conservation. ﬁa luating the
performance and benefits of these strategies, the thesis aims to demonst(at t sustainable
practices can significantly reduce the energy footprint of luxury hotels witifout promising their
quality and appeal. The findings are expected to provide valuabl %elines for architects,
developers, and hotel operators aiming to enhance sustainability in th @ality sector.

Keywords: Energy Consumption, Luxury Hotels, Passive desig@stamability.

Word Count: 209 Q



Table of Contents

Contents
Certification
Dedication
Acknowledgement
Abstract

Table of Contents
List of Tables

List of Figures

List of Plates
Chapter One Introduction

1.1 Background to the Study

1.2 Statement of the Research Problem :

1.3 Aim and Objectives of the Study &&

1.4 Research Questions

1.5 Significance of the SDJQQ
1.6 Scope of the Studya&

1.7 Limitation 6f th dy

1.8 Operati@%eﬁnition of Terms
ChapteMo Literature Review
2.1 Conceptual Review

2.1.1 Concept of Passive Design

2.1.1.1 Advantages of Passive Design
2.1.1.2 Passive Design Strategies.

2.1.1.3 Passive Cooling Strategies.

vi

il

il

v

xi

Xii

10

11



2.1.1.4 Natural Ventilation (Passive Ventilation) and Daylighting
2.1.1.5 Design for Climate

2.1.2 Concept of Energy Consumption

2.1.2.1 Energy

2.1.2.2 Energy Efficiency

2.1.2.3 Energy Conservation

2.1.2.4 Instances of Energy Efficiency and Energy Conservation

2.1.2.5 Benefits of Energy Efficiency and Conservation

2.1.2.6 Energy in Buildings 0 E

2.1.2.7 Energy Efficient Buildings Q

2.1.3 Concept of sustainability brb
O

2.1.3.1 Sustainable Design

N\
2.1.3.2 Principles of Sustainable Design.@
&

2.1.3.3 Examples of Sustainable D\@ Strategies:

2.1.3.4 Sustainable Constﬁ@

2.1.3.5 The Tripleé)@ine for Sustainable Construction
2.1.3.6 Strateg'b d Drivers for Sustainable Construction

2.1.3.7 S\c}alnable Materials

2.2 Design consideration
2.2.1 Passive Design Strategies for Minimizing Energy Consumption
2.3 Empirical Review

2.3.1 General overview of luxury Hotels and the Hospitality sector

vil

D

S
S

14

17

18

18

19

20

21

22

23

25

26

26

27

28

28

29

32

34

37

46

46



Chapter Three Research Methodology
3.1 Research Design
3.1.1 Types and Source of Data

3.1.1.1 Primary Data
3.1.1.2 Secondary Data
3.1.1.3 Choice of Variables

3.2 Selection Criteria for Case Studies
3.3 Case Studies Analysis
3.3.1 Case Study 1 — Lagos Continental Hotel

3.3.1.1 Background Information

3.3.1.2 Sustainable and Passive design Strategies Adopte

3.3.1.3 Merits b’b
O

3.3.1.4 Demerits @
Q

3.3.1.5 Case Studies Deduction &

3.3.2 Case Study 2 — The Art @agos

3.3.2.1 Background Info i

3.3.2.2 Sustainablé andWPassive Design Strategies

33223 1\/1e1&t4ib,6
3324 %{ems

3.3.2.5 Case Studies Deductions

3.3.3 Case Study 3— Transcorp Hilton Hotel, Abuja

3.3.3.1 Background Information

3.3.3.2 Merits

viil

64

64

65

66

68

68

69

70

71

72

72

73

74

75

75

75

76

76



3.3.3.3 Demerits

3.3.4 Case Study 4 — Burj Al Arab, Dubai

3.3.4.1 Background Information
3.3.4.2 Sustainable Design Strategies
3.3.4.3 Passive Design Strategies
3.3.4.4 Environmental analysis
3.3.4.5 Merits

3.3.4.6 Demerits

3.3.5 Case Study 5 — Rosewood Abudhabi

3.3.5.1 Background Information

| N\
3.3.5.2 Merits o)
O

3.3.5.3 Demerits

3.4 Case study synthesis ; ’\%
%\

Chapter Four Site A@B and Design Synthesis

4.1 Study Area/Site SelectioQQ\
4.1.1 Site Location/Des&fion

4.1.2 Site Anal sis(}
4.2 Project &s/ Design Synthesis

4.2.1 Destgfi Criteria

4.2.2 Brief Analysis

4.2.3 Brief Development

4.2.4 Conceptual Development
4.2.5 Functional Relationship

4.2.6 Space Allocation / Schedule of Accommodation

X

77

78

79

79

80

&3

84

84

85

86

87

87

87

88

91

91

92

92

94

94

96



4.2.7 Construction Materials and Methods

4.2.8 Building services

Chapter Five Coclusions and Recommendations
5.1 Project Appraisal

5.2 Conclusion

5.3 Recommendations

5.4 Contribution to Knowledge in Architecture

5.5 Areas of Further Research.

References

Appendices — Appendix 1 — Presentation Drawings

Appendices — Appendix 2 — Presentation Drawings Q

99

102

105

105

106

107

109

110

125

131



Table

2.1

2.2

23

24

2.5

2.6

2.7

2.8

4.1

4.2

List of Tables
Title

Review on Design Strategies of Energy Saving Office Building with
Evaporative Cooling in Tropical Region by Rizvanda Ryan Savero, et.al.

(2022)

Energy Efficiency Design Strategies in Office Buildings: A Literatur
Review by Erebor E. M, et. al. (2021). OQ
Exploring Passive Design Techniques to Achieve Energy Effitiedcy in

Regional Shopping Mall Design by Wayii Sereka@edy, F.F.O

Daminabo (2022)... 0

Enhancing energy efficiency through passive (@n: a case study of halls

of residence in Covenant University@n State by O. A. Alagbe

et.al.(2019) ®%

The Application of Passive‘@ Strategies as Sustainable Operation and

Maintenance in a Mod@konference Centres by Alfa Namadi Sharif et.al.

2021) AN
A framew@proach to the Design of Energy Efficient Residential
in

O
Bu11cQg§

rmance of passive design strategies in hot and humid regions. Case

igeria by Dr. Ekele Thompson Ochedi (2021).

N study: Tangerang (2020)

Building Envelope Retrofitting Strategies for Energy-Efficient Office

Buildings in Saudi Arabia by Nedhal Al-Tamimi (2022).
Accomodation Schedule of each floor of Dangote Hotel building

Room typologies provided for Proposed Dangote Hotel Building

xi

Page

49

51

53

55

56

58

60

62

96

98



List of Figures *
Figure Title ( OQ
2.1 Window Overhangs 6\ 36

22 Building orientation % 37
2.3 Insulated block cavity walls absorb heat thereb)@ the interior 38

Page

24 Effect of Building form on energy efﬁcien%Q 42
2.5 Details of a sunlight tube \Q’b 45
3.1 Sketches of various plans or ¢ u\rJAl-Arab R0
3.2 Wind impact on the B (?krab 82
3.3 Elevations of the & Burj khalifa 83
3.4 Rosewood § bi typical floor plans 85
4.1 Slte cation map 87

42 ‘%gnalysm 89

43 N Climatic Analysis 90
4.4 Design Consideration 92
4.5 Conceptual Development 94
4.6 Functional Flow of the Ground Floor Plan 95

4.7 Figure 4.7 Functional flow of the Room Floor Plan 95

xii



4.8 Figure 4.8: Functional flow of the second floor Plan 926

4.9 Figure 4.9: Green roof detail 101

D

List of Plates ’\(J

Plate Title E
21 Good use of climbers and trees to reduce pene@n of heat into the 39

building Q
29 Sydney apartment ‘living’ green wall &Q 40

Page

23 Use of solar reflective glass to e%@e cooling of the building interior 41
24 Good use of climbers ah@ s to reduce penetration of heat into 43
the building, ROfkhuQ&(?lversity,Kansas City, U.S.
25 Use of Solar r @e glass to enhance the cooling of building interior 46
3.1 Exterio.r @e of Lagos Continental Hotel 68
3.2 E rg-%\acade of The Art Hotel Lagos 72
3.3 @rium with skylight at The Art Hotel Lagos 73
3.4 View of the Exterior finish of The Art Hotel Lagos 74
35 Exterior Facade of Transcorp Hilton Hotel, Abuja 75
3.6 Grand Entrance at Transcorp Hilton Hotel Characterized by Canopy, 77

Also Serve as Shading device

3.7 Site Landscape at the transcorp Hilton Hotel, Abuja 78

Xiil



3.8

3.9

3.10

4.1

Exterior Facade of Burj Al Arab, Dubai 78

Pictorial view if building envelope material, Also showing Helipad ]1
Exterior Facade of Rosewood Abudhabi 84
Fagade of building showing materials used 100

X1V



Chapter One

Introduction

1.1 Background to the Study

In Nigeria today, the hospitality industry, particularly luxury hotels, plays a pivotal role in
catering to the diverse needs of travelers. However, the unprecedented growth in this sector has
led to a substantial increase in energy consumption, posing environmental challeng%agos is
among the fastest growing cities in Africa. Thus, an architect should be a cat@Qor positive
change in the nature of buildings, cities and if possible our lives. In or%&lhieve this it is
important to consider the entire context of architecture and to foste '@ation. Environmental
concerns and global economic difficulties require innovati@% are created with ever
diminishing resources (Abdulmajid K et al., 2015). Mz@factors need to be taken into
consideration in architectural designs, such as us%rbmfort, efficiency, deliverability, and

sustainability. High performance systems can\ eved through the automated responses that

dynamic architecture can provide to ext@g&a sources.

N

Luxury hotels, known for their opulﬁc%d high-end services, are also significant consumers of
energy, contributing to envi@ltal impact and operational costs. Energy consumption in
luxury hotels is a multif: @ issue influenced by factors such as guest comfort requirements,
operational demar{g,/% nvironmental considerations. (Smith et al. 2018) luxury hotels often
exhibit highe;bggy consumption levels compared to their non-luxury counterparts due to the
luxurio%génities and services they offer. This heightened consumption not only contributes to
environmental degradation but also poses financial challenges for hotel operators in the face of
rising energy costs (Su, Peng, & Zhang, 2019). Thus, there is a pressing need for innovative and

sustainable approaches to mitigate energy consumption without compromising guest satisfaction.

A variety of sustainable approaches have been implemented in luxury hotels to minimize energy

consumption. These include investments in energy-efficient technologies, such as LED lighting,



smart HVAC systems, and renewable energy sources (Di Lascio et al., 2020). Additionally,
operational adjustments, such as optimizing laundry practices and implementing guest room
energy management systems, have been shown to yield significant energy savings (Chung &
Rainer, 2017). These approaches not only reduce the ecological footprint of luxury hotels but
also enhance their competitiveness in an increasingly environmentally conscious market.

This study aims to delve into the intricate dynamics of energy consumption within luxury
hotels and explore sustainable approaches to mitigate environmental impact. Q search
recognizes that implementing green technologies, such as energy-efficient lighting, heating,
ventilation, and air conditioning (HVAC) systems, can signiﬁcan@duce energy use.
Additionally, the study will investigate the integration of renew%energy sources, such as
solar panels and geothermal systems, to further minimize t on footprint of luxury hotels.
Despite the potential benefits, the adoption of su taip&% energy practices in luxury hotels

is not without challenges. One significant barrie tified in the literature is the perceived

conflict between sustainability goals and m@mmg the luxury image and guest experience (Lai

& Wong, 2021). Hoteliers may be h@( o‘implement energy-saving measures that could be

perceived as compromising the@ence and comfort expected by their affluent clientele.
Additionally, upfront inve%% costs and a lack of awareness or understanding of sustainable

technologies may § option (Park & Yoon, 2018). Overcoming these challenges requires a

holistic approa%

factors. ijb

considers the interconnectedness of environmental, economic, and social

This Study addresses the pressing need for luxury hotels to adopt sustainable approaches in
minimizing energy consumption. By examining technological advancements, renewable energy
integration, and guest involvement. The study aims to provide comprehensive insights that can

guide luxury hotels toward a more environmentally conscious and economically efficient future.



1.2 Statement of the Research Problem

It is evident that in developing countries like Nigeria, with poor energy infrastructure development
leading to epileptic power supply, high electricity tariff and harsh climatic condition (notably
excessive heat from solar radiation mostly in the tropical hot and dry region) designing a luxury
hotel for hospitality activities will require special design considerations, being that the building will
be generating heat internally as well as gaining heat externally too.

The need for a luxury hotel to effectively minimize energy consumption while mai@% a high
standard of service through the implementation of sustainable practices, consideriftg” factors such
as guest comfort, operational efficiency, and overall environmental img@&his design therefore

seeks to incorporate sustainable design strategies as a tool for ener§$iency in the design of a

Hotel and the possibilities of reducing energy consumpti

N\
O
’Z?

1.3 Aim and Objectives of the Study @

ploring passive architectural

strategies

The aim of this study is to evaluate passs&sign strategies and examine sustainable practices
which can be integrated in the @Ksa\ of luxury hotels to effectively minimize energy
consumption while maintain':&%d enhancing overall guest experience and operational
efficiency. Q
The specific objec@is study are to;

i.  Examj ée passive design strategies of Hotels and the Hospitality sector

il. E@Stand the concept of Sustainability and its underlining principles
iii.  Identify the spatial requirements of a 5 star luxury Hotel
iv.  Assess Sustainable building Technologies and practices applicable to luxury hotels that can

significantly reduce energy consumption.
v. Propose an energy efficient and sustainable 5 star Luxury Hotel design for

Dangote Group of Companies.



1.4 Research Questions
i.  What are the likely causes of high energy consumption in Luxury Hotels?
ii. How do luxury hotels integrate sustainability into their operations and management
practices?
iii.  What are the typical spatial requirements for different facilities within a 5-star luxury
hotel, such as guest rooms, restaurants, and recreational areas?

iv.  What are the benefits of adopting sustainable building practices that ca@ffectively

implemented in luxury hotel construction? (
v.  What are the specific energy-efficient and sustainability pr@s be integrated into
the overall architectural design of the hotel %
1.5 Significance of the Study Q

This study will serve as a case study for those cm;@%ind who will need to write similar
project as part of the requirement for the fulfi %f their degree program. It could also serve
as a case study for architects in the desj@a 5-Star Luxury Hotel. To serve as a reference in

creating Energy efficient buildingsqja@)as a means to reduce the environmental and social
problem. QQ\A

1.6 Scope of the Stqd&%

This study foc esggjnvestigating strategies for implementing green and sustainable approaches
to minimizQ y consumption in luxury hotels. it encompasses various dimensions, including
technol%MI, operational, and guest-related aspects, with the aim of creating a comprehensive
framework for sustainable practices within the hospitality industry.

The outcome of this study is to highlight the strategies that can be adopted to enhance energy
efficiency in any hospitality building project, causes of high energy consumption and how it can
be reduced substantially. Also, the roles of staff and guests in the awareness and skills in

implementing energy-efficient practices fostering a culture of sustainability, and how various

4



building components, configuration of the building, building materials and landscape can be used

to achieve a Sustainable Building.

1.7 Limitation of the Study

The project is limited to the designing of the 5-Star Hotel and incorporating sustainable

approaches to aid in minimizing the consumption of energy in Hospitality Building. General

ii.

1il.

limitations of the study are as follows; \

Time constraint. 0
Non-availability of the instruments to conduct test. Q/

Lack of access to some relevant literatures and books. %Q

iv.  In Nigeria most information were kept secret. This@ a major constraint for data
collection by me notwithstanding the whole ex@e has been very stimulated in
identification of customer needs and seeking t@?ones need.

1.8 Operational Definition of Terms \Q

i.

ii.

Passive Design Strategies: Passwec—;&&strategles are a set of design approaches that rely on
the natural environment to @ heating, cooling, ventilation, and lighting for a building.
Passive design strateﬁ%@\.opposed to active design strategies, are based on natural laws
rather than me.c@l systems and processes. Passive design strategies seek to create a
comfortab aQ‘wergy-efﬁcient indoor environment while minimizing the use of mechanical
system, lowering building energy consumption. They make use of the climate, site
corhhbns, and materials to design a building that works in tandem with the environment.

Minimizing Energy Consumption: For the purpose of this study, "minimizing energy
consumption" refers to the deliberate reduction of energy usage within luxury hotels through
various sustainable strategies and practices, aimed at decreasing overall energy consumption

levels while maintaining or enhancing service quality and guest satisfaction.



iii. Sustainable Approaches: "Sustainable approaches" in the context of this study denote

iv.

strategies and practices implemented within luxury hotels to promote environmental
sustainability and reduce energy consumption. These approaches encompass the adoption of
energy-efficient technologies, renewable energy sources, operational adjustments, and
conservation measures that contribute to long-term environmental stewardship.

Luxury Hotels: Luxury hotels refer to high-end hospitality establishments characterized by
premium amenities, services, and accommodations catering to affluent clientele.JThese hotels
typically offer upscale facilities, personalized services, and luin/ experiences,

distinguishing them from standard or budget accommodations. 6\

N



Chapter Two

Literature Review

2.1 Conceptual Review

This part of the study consists of information from previous literature related to Energy
Consumption, Conservation and Efficiency. It also examines sustainable approaches that could be
implemented during the design and construction of Luxury Hotels to maximize enerQ%ciency,
Extensive discussion is done on the strategies that can be adopted to minimize Q}@sumption of

energy in Luxury Hotels and the Hospitality sector in general. The sour@’&(literature reviewed

include published and unpublished works. %

2.1.1 Concept of Passive Design Q

Passive design is a systematic approach to building&@hat is primarily determined by the

climate and site conditions of a location, with the f maximizing building users' comfort and

health while minimizing energy consumptigﬁe primary goal of passive design is to minimize
.
and potentially eliminate the use of ar@ve mechanical systems to maintain occupant comfort.
Passive design solutions are typg less expensive. Passive design is one of the earliest and
most active methods of eﬁ@%nsewation (International Journal of Engineering Research and
Reviews, 2019). T, I@ges back to the man in the cave. Shearer (2010) mentioned that cave
dwellings in thghporthern hemisphere often had openings facing south. This allowed the sun to
warm the Q’}qnside during the day, releasing heat into the cave at night. This theory has been
around for years but has been enhanced by modern technology and building materials, making it
more efficient. Passive design involves various strategies that harness natural energy flow to
enhance building design, construction, and management. It has remained constant but has become

more effective with advancements in technology and materials. Passive architecture encompasses

principles that promote energy flow from the natural environment to building elements.



The beauty of passive design is that it doesn't transport solar energy; instead, it utilizes it where
it's collected (Shearer, 2010). Collection points must be strategically placed to serve specific
functions within buildings. For instance, a sunlit window can naturally warm a room using solar
energy collected passively.

Improvements can be made through various methods such as window placement, building
orientation, and landscaping elements like solar-powered lights. Effective passive desig&elies on
optimizing local climate conditions (Shearer, 2010). Factors like window posit'f@?insulation,
thermal mass, and shading play vital roles in designing efficient buildings;\(/

By integrating passive design techniques, buildings can save significa s over their lifespan.
Solar cooling systems are utilized for building cooling and atlon purposes. Minimizing
excessive heating is key to reducing cooling loads associ tegrith sunlight exposure or hot air
infiltration from outside sources (Shearer, 2010). 6(btﬂy-building features such as proper
window treatments and insulation help mainm\\@&fortable indoor temperatures while cutting

down on energy expenses. . 5\\'\

Passive methods for controlling tem@gg e and humidity in buildings date back to ancient times.
However, these methods grad . %H out of favor with the rise of electrical energy and artificial
climate control systems (¢ Q’nouris, 2016). In developed countries with hot climates, there has
.
been a resurgence@ere t in cost-effective passive cooling systems for buildings (Pacheco R,
2012). These@ns function by creating differences in hot and cold air densities, which rely on
natural &&:tion for air movement. Although passive systems mainly depend on natural sources
for cooling or heating, mechanical equipment like fans can enhance their effectiveness. A power
source is still needed to initiate the process, even though passive systems draw primarily from

natural energy sources. Different passive systems would have different effects on different

aspects of the design.



2.1.1.1 Advantages of Passive Design
(Tahmina, 2009), provides the following as the advantages of passive design:

i. Cost Savings

ii. Energy Efficiency

iii. Aesthetics

iv. Enhance Comfort. *
Cost Savings: Passive design is a cheap way to heat a building. According t ight House
Sustainable Building Centre (2011), it has been proved that passive des&agdloptimal building
envelope performance can help reduce utility bills and the need for @nical systems and their
associated costs. The United States Department of Ene (%09) also established that
incorporating passive design elements into buildings and @:S can reduce heating bills by as
much as 50 percent. 6’6
Energy Efficiency: Passive design is a clean B@resource that can minimize the demand for

fossil fuels. Passive design principles hel ilding to reduce its demand for lighting, heating and

N\
Q;\")

Aesthetics: The New Mexico &%Energy Association (2009) establishes that one advantage of

cooling.

passive design is the aesthetie.dppeal of the architecture itself.

Enhances Comfo(’[';g&m jor reason for utilizing passive design in a building is to immerse the
building wit@al light. Passive design buildings are fresher and well lighten and with more
spaciou&{e/ghg than a conventional structure. The placement of windows in a careful manner on
the earth sheltered sides ensures that enough daylight enters all sides of the building. The interiors

of passive design buildings are warmer in winter, cooler in summer (even during a power failure).



2.1.1.2 Passive Design Strategies.

According to Agboola (2011), passive design focuses on utilizing natural energy flows to achieve
thermal comfort, involving thoughtful building orientation, choice of materials, and landscaping.
Proper specifications for building materials help reduce and prevent heat gain, and shading is
essential to limit solar radiation.

With the increased awareness of global warming and the dependence of buildings A@rgy for
daily activities, the importance of sustainability is being emphasized w 1@6. Building
occupants are now more conscious of sustainability's role in enhancin ’sility of life (Sambo,
2012). Energy is essential for building operations, with featu k€ lighting, ventilation,
insulation, and controls playing key roles in achieving @ efficiency. Passive design
strategies for energy efficiency—such as thermal mas@ross ventilation, external shading,
orientation, and insulation—are key elements of su@’g building design (Wimmer, 2013).
Passive design entails measures to create build at leverage natural heat and air movement to
maintain a comfortable indoor enviro@Gokarakonda, 2016). It includes the collection,

storage, and distribution of ener.g}@lly. The primary aim of passive design is to minimize or

eliminate the need for a@:hanical systems while ensuring occupants’ comfort (Hyde,

2017). . @

The enhancerr%o health and well-being in buildings can be achieved through various
techniq es@strategies supported by different parameters. These include using technologies

(both passive & active), customizable controls, and incorporating biophilic design patterns.

In home design, the building envelope serves as a barrier between natural climate conditions and
artificial climate settings to ensure human comfort. Important factors that affect human comfort
include visual, thermal, and acoustical aspects. Building envelopes play a crucial role in attaining

the desired comfort level, along with the technologies utilized.

10



These technologies can be classified as active, passive, or hybrid (a combination of both). Passive
technologies rely on natural resources to provide comfort without depending on artificial energy
sources. The choice of passive design techniques is influenced by the local climate conditions of

the project site.

2.1.1.3 Passive Cooling Strategies.

Passive cooling strategies aim to prevent overheating by blocking solar gains and reqﬁg internal
heat. These strategies are often paired with passive ventilation methods, in@ airflow rates
during cooler outdoor temperatures to flush heat from the building, ents contributing to
passive cooling include: Shading devices, Thermal mass, @ ventilation openings
Implementing these passive cooling strategies within buildi lopes helps create sustainable
living spaces that support human life effectively. (Passive@ign Toolkit, 2009).

a) Thermal mass (bb
A material's capacity to absorb and retain hea&%y during a hot phase and then release it during
a cool phase is referred to as thermal zéi&&. ree noteworthy results are possible during this lag
time (Kalogirou, 2002): . A%’\

i.  Inhot or cold clim%@es less energy than an equivalent low-mass building.

ii. Because enqrg&orage is controlled by proper mass size and interaction with the
HVA;§QQ\it shifts building energy demand to off-peak hours.

iil. The% r reaction time tends to minimize the indoor temperature changes caused
%%Xternal temperature oscillations.
b) Thermal Insulation
When thermal insulation is appropriately constructed in the building envelope, energy use may be
reduced with the least amount of negative environmental effects. Expanded polystyrene (EPS),
phenolic foam, and Rockwool insulation's environmental effects were evaluated and contrasted by

(Tingley, 2015). The most environmentally friendly insulation was identified after 30 years of
11



research into 16 different effect areas. According to their claims, of the sixteen impact categories
looked at, EPS had the least detrimental environmental impact in 14 of them. This study also
analyzed the embodied carbon associated with PIR (polyisocyanurate) and wood fiber boards. As
the material with the least amount of embodied carbon, wood fibre board is ideal for usage in
settings where lowering CO2 emissions is a top concern.

¢) External Surface Color *
The rate at which solar radiation is absorbed or blocked may be changed by us right colors

on a building's exterior surfaces. Numerous research looked at the relatiopghipbetween alterations

in building energy use and various types of color coverings for outsid%@es.
d) Glazing Types 0

Because of its effects on enabling solar radiation to travel th@h the inner spaces, glazing plays a
significant part in building energy management. Ac%@g to Lee JW, Windows are responsible
for 20-40% of a building's lost energy (Lee, @%Another way to control the amount of solar
radiation that enters the structure is to ch e right glazing. The importance of this method may
be better understood in areas whereéga\are high needs for heating and cooling. Also, in a study
by (Nejat Payam, 2005), there . % an increasing gap in supply and demand of various materials

including the glazing tyﬁ a result, while deciding on the kind of glass, the specific climates of
the building's loca(m%ﬁ
e) Extel@hading devices

The pri?i(/&urpose of a shading system is to protect a building’s transparent elements from the

d be considered.

sun’s harmful rays. There are three main types of shading systems: fixed, mobile, and other
varieties. Shading devices can reduce a building's energy consumption by blocking incoming
sunlight (Bansal N. K., 1988).

According to the Passive Design Toolkit (2009), nocturnal cooling involves using cool night air to

ventilate and remove heat stored in a building's mass from the day. Cool air enters through lower
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windows, creating an upward airflow that pushes warm air out through higher windows.
Evaporative cooling works by using the heat within a space to evaporate water, cooling and
humidifying the air in the process. To cool a space this way, moisture is added to an airstream,
which can be achieved by drawing air over water sources like indoor water features, outdoor bodies
of water, or hydroponic living walls. Earth tempering, meanwhile, leverages the stable underground

temperature at depths below 1.5 meters to cool ventilation air. This approach involv%stalling a

buried ventilation intake, or “earth tube,” to temper the incoming air. OQ

f) Landscaping ’\Q/
Heat capacity of building is a scientific measure of how much heat v @materials can hold. For
a particular building element, heat capacity is calculated by m %gthe density of its material
by its overall thickness, and then by its specific heat. Speciﬁ@t is referred to the amount of heat
a material can hold per unit of mass. The greater the@’b?m heat, the more energy is required to
heat up the material. Thermal mass is basicall@lity of a material to store heat (Thani SKSO,
2012). It can be easily incorporated into ai@ng as part of the walls and floor.
According to (Shashua-Bar L, 2009)@{5&\11311 mass affects the temperature within a building by:

i. Stabilizing internal t@tures by providing heat source and heat sink surfaces

for radiative, co &e and convective heat exchange processes.

ii. Providing @a in the equalization of external and internal temperatures.

iil. Provi@reduction in extreme temperature swings between outside and inside
Both h g!acity and conductivity play a role in the thermal mass effect. Heating large, dense
materials requires significant energy, as much of this energy is absorbed and distributed throughout
the material's volume. With high energy applied to the surface, the heat gradually travels through
the material’s entire thickness, eventually causing a temperature increase on the interior surface.
This conduction process can be lengthy—taking up to 10-12 hours in thick masonry walls. When

the external surface experiences fluctuating energy, it can create “waves” of temperature moving
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through the material (Shashua-Bar L, 2009).

Landscaping elements are essential in shaping a site's microclimate. Factors such as the extent of
hard paving, placement of water bodies, shade trees, and building orientation all influence this.
Hard paving increases heat retention around buildings, contributing to the heat island effect, and
increases runoff by reducing water absorption. Water bodies can act as natural coolers in hot, dry
climates, as the moisture they release cools warm air passing over them. Trees and shfubs impact
wind flow and provide shade for buildings and paved areas, especially when plz@ear building
edges. When placed around the site’s perimeter, they also serve as soun% ierS, reducing noise

intrusion. However, the effectiveness of shading depends on the trht, limiting benefits to

lower building levels. 0

2.1.1.4 Natural Ventilation (Passive Ventilation) and Daylighting

a) Natural Ventilation. (bb
Passive ventilation systems leverage natural@w patterns within and around a building to
bring in fresh outdoor air. Wind and te@%&t re-driven buoyancy create air pressure variations
within inhabited spaces. By des}g@ildings to enhance these natural airflows, it is possible to
optimize ventilation instead \ructing it.
Because architectural res—such as a building's shape, the layout of walls and floors, and
even furniture a&wlrﬂow, passive ventilation should be considered early in the design phase.
Design elez&&ed to balance airflow pathways with privacy and noise reduction. Ventilation
involveNacing hot air with fresh air to maintain indoor air quality.
In the building sector, ventilation serves three main functions, as outlined by Watson and Labs
(1983): it cools the building by exchanging warm indoor air with cooler outdoor air, aids in the
body's evaporative and sensible heat loss, and fulfills the need for fresh air among occupants.
Additionally, Givoni (1998) notes that cross-ventilation can be used to promote quicker cooling

and improved air quality. The two forces listed below can provide natural ventilation:
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a) Temperature differential between the outside and the inside of the structure.

b) Wind flow against the building.
Passive ventilation systems harness natural airflow patterns within and around a building to
introduce fresh outside air. Variations in air pressure, caused by wind and temperature-driven
buoyancy, create airflow throughout occupied spaces. Buildings can be designed to enhance and
utilize these natural airflows rather than block them. Since many architectural eleme%such as
the building’s shape, the layout of walls, floors, and even furniture—affect air m@n‘[, passive

ventilation must be integrated into the design phase. Design consideratiogqgs%alance airflow

direction with needs for privacy and noise reduction, allowing ai @ move with minimal

resistance. Additionally, the predominant wind direction inﬂu@s entilation rates (Vladimir

Mikler, 2009). Q

The three most popular methods of passive Ventﬂ%’bare as follows. The simplest type of
ventilation is single- sided ventilation with b@ windows, where ventilation air enters via
the same window(s) on the same side he inhabited room and exits through the same
window(s). The size of a space tha%gcj\e properly ventilated in this method is constrained by

design; single-sided Ventilatio@not provide noticeable results unless ceilings are quite high.

Cross-ventilation, w.hg&oveable windows on opposite or adjacent walls flow ventilation air
across the inh it&yom, is more efficient. To allow for cross-ventilation, designs should aim
for at least posed walls per residential or business unit (Mikler, 2009).

Finally,}dﬁced ventilation using high spaces like atria, stacks, and wind towers may be required
in larger buildings with significant core spaces in order to provide adequate ventilation using only
passive means. Passive ventilation through natural means is optimized by these thoughtful
architectural features.

b) Daylighting.

While still promoting bright, functional interior areas, day lighting helps to reduce the need for
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electric lighting. The kind, size, and position of windows affect how much natural light enters a
room or building. The position of the sun and its seasonal variations, the ideal amount of daylight,
glare reduction, and the heat gains and losses associated with the selection of windows and
frames should all be taken into account. Another way to provide natural light to a building's
interior are sunlight tubes. Sunlight tubes use cutting-edge design and technology to collect
sunlight from the roof or outside walls, direct it down a highly reflective shaft, and twisperse

an abundance of pure day-light throughout the interior space (Wayii Serekara Ke@ 2022).

C

Daylight contributes significantly to the lighting and mood of a {sﬁgrior and, in certain
businesses, may offer sufficient illumination for extended period$1me without the need of
electric lighting. The shape of the structure and its wind ich are established during the
design phase, are the main components that affect a buqug’s daylighting characteristics (Jiang,

Achieving Energy Efficiency in Office Building, 20’8é’b

The thoughtful design of the building ski %the daylighting demonstrate the comparatively
high daylight factor of this structure. {ﬁg\uggests that, provided artificial lighting is not turned
on continually, the electrical llg&oad within the thermal model might be decreased. As a
result, the lighting burde@% office spaces has decreased to 10W/m2. (Jiang, Achieving
Energy Efficiency 4 @ Building, 2010), to complement the daylighting, the building energy

conservation f@res are also enhanced by the use of energy efficient artificial lighting

installa@ energy efficiency of an artificial lighting installation depends on:

a) The efficiency of the various components of the system: lamps, ballasts, luminaires,
b) The way in which they are used, often strongly influenced by the control system and

the daylight availability

Instead of a 38 mm tube, a fluorescent tube with a 26 mm diameter is employed. While using

around 8% less energy, these thinner lamps generate roughly the same amount of light as the
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bigger diameter bulbs of the same length and color temperature. In addition to the bulb, reflectors
and control equipment have been carefully chosen to increase the efficiency of artificial lighting.
As task lighting is likely to be employed in some workstations, decreased overhead lighting is

applied where it is appropriate.

High frequency low energy fluorescent bulbs are used in the general illumination to increase
energy efficiency and reduce maintenance expenses. Pendant lights with direct/nditect light
distribution are used for office lighting. In open-plan offices, general lighting @-nforms with
CIBSE LG7 is employed. In the reception spaces, accent lighting a@%mental effects are
created using metal halide and low voltage halogen lamps. The C(@system makes sure that
automated controlled blinds and window coverings are in op, t the right times of day on
all sun exposed windows in order to provide Qdecent daylighting factor while
alsopreventing excessive overheating in the sum en rooms are empty, the management

system makes sure that the windows and blind@losed to block too much direct sunlight.

2.1.1.5 Design for Climate ‘\(—;\\'

By utilizing the natural envirofh@ maintain a building's internal temperature range, passive
design reduces the need\@gﬁﬁcial heating and cooling. Considering the local climate
conditions of a regid e creating is one of the passive design methods. In order to achieve
maximum pro g(y

, a structure constructed using passive design principles must be integrated

with th% imate (O A Alagbe et. al., 2019).

Design for climate is a crucial aspect of passive design strategies, which involves tailoring a
building's design to harness local climatic conditions in order to maximize comfort and energy
efficiency without relying heavily on mechanical systems. The aim is to work with the natural
elements and climatic characteristics of a specific location to create a more sustainable and

environmentally friendly building. Here are some key considerations and passive design
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strategies for Hot and Humid climate type:
a) Hot and Humid Climates
Hot and humid climates, common in tropical regions, present challenges related to high

temperatures and humidity. Passive design strategies for such climates include:

1. Building Orientation: Orient the building to capture prevailing breezes and create effective

wind channels for natural ventilation. \
ii. Elevated Floors: Elevate the building above the ground to reduc/@ impact of

humidity and potential flooding. ’\
a:;s to minimize heat

iii. Roof Design: Use light-colored or reflective roofing

absorption and reduce the "heat island" effect. 0
iv. High Ceilings: Design higher ceilings to allow for bQQr air circulation and heat dissipation.
v. Shading and Overhangs: Employ large ogs and shading devices to block direct

sunlight while maintaining natural lighwentilation

2.1.2 Concept of Energy Consumpti
The ability of a physic@ to carry out work is called energy. There are different forms of

energy, including @;}\\efe

ability to do . One could divide energy sources into two categories: renewable and non-

renewa&&

2.1.2.1 Energy

trical, mechanical, kinetic, and light energy. Energy is defined as the

Everything we do requires energy, even jumping off a building and launching astronauts into
space. There are several different types of energy, such as thermal, nuclear, atomic, electrical,
chemical, mechanical, and radiant forms. While energy can be transformed into different forms, it
cannot be produced or destroyed. Energy can be extracted from a variety of resources that can be

categorized as primary and secondary; commercial and non- commercial; conventional and
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nonconventional; renewable and non-renewable and traditional and non- traditional.

Energy is a vital resource that helps in everything we do; it is one of the most important sources
of every country’s development. Energy empowers agricultural, commercial, industrial, domestic
and official activities in both developing and developed countries of the world. To lessen the
problem of poverty of a country, energy has to be provided to its citizens; this is the fundamental
step when embarking on its growth and development. *
Nigeria is fortunate to have huge energy resources. Nigeria sits astride of over ion barrels
of oil, 187 trillion cubic feet of gas, 4 billion metric tons of coal and 1}%{&,% well as huge

reserves of tar sands, hydropower and solar radiation, among others ( inju, 2023).

QO

2.1.2.2 Energy Efficiency Q

The United Nations Environmental Protection (UN;@n the Environmental Protection Agency
(EPA) (1997) describe energy efficiency as %@Ving the same level of performance from a
product or process using less energy, or&ﬂv g a higher performance with the same amount of
energy. In financial terms, energy &@%ncy can be understood as delivering the same output in a
more cost-effective way (M \1007).

Energy consumption @le breaks down into lighting systems (29%), heating, ventilation, and
air conditioning, ( ) systems (47%), and other uses like office equipment (27%). With low-
to medium- gechnical interventions, energy use can be reduced by 25-30% (Grobler and
Singh, 1999). The Department of Minerals and Energy’s Energy Efficiency Strategy (2005) aims

for a 15% reduction in energy use in commercial and public buildings compared to the projected

2015 energy consumption levels.
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2.1.2.3 Energy Conservation

Corky (2003) describes energy conservation as a multifaceted issue that involves being mindful
of the building site, choosing suitable construction methods and materials, and carefully
designing lighting in buildings. The energy impact of a building is largely influenced by the
choice of heating, ventilation, and air conditioning (HVAC) systems.

Energy conservation involves reducing energy consumption by lowering service leV%n other

words, conserving energy means reducing usage. Energy is needed for extrac@%rocessing,

manufacturing, and transporting construction materials, as well as for tl}QogMuction process
itself. Even more energy is required for the heating, cooling, lighting, ‘& eration of equipment

in a completed building, which adds to the overall cost. 0

2.1.2.4 Instances of Energy Efficiency and Energy Con@%n

It is explained also that "Energy conservatiox?b "energy efficiency" are often used
interchangeably, but there are some differen&@t the most basic level, energy conservation
means using less energy and is usually aEl_o;{ﬁN ral change.

Energy conservation is an effecﬁix&@&to reduce total energy usage and can also enhance energy
efficiency. However, these @differ in meaning. Energy efficiency refers to saving energy
while maintaining thp&level of service (Gillaspy, 2015).

1. For example, @g off a light when you leave a room is an act of energy conservation. On
the other @ replacing an inefficient incandescent bulb with a more efficient compact
ﬂuoresmmb is an example of energy efficiency.

ii. Adding insulation to a home's attic and walls allows the homeowner to use less energy for
heating and cooling while still maintaining a comfortable temperature. Similarly, replacing old,
inefficient windows with new, energy-efficient ones also improves energy efficiency.

iii. Upgrading to newer, energy-efficient appliances also exemplifies energy efficiency. These

modern appliances provide the same or better performance while using significantly less energy
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than older models.

iv. Energy conservation can also be achieved by lowering the thermostat by a few degrees,
though this may result in feeling colder. To improve energy efficiency, installing a more efficient
heater and better insulation allows the thermostat to be set higher while using the same or less
energy, maintaining comfort with less energy used.

v. Energy conservation can be seen as ‘“cutting back,” whereas energy efficiency r@s using
energy more “effectively.” Through scientific and technological advancements, @efﬁciency

provides society’s needs with less energy consumption (Gillaspy, 2015). ’\Q/

2.1.2.5 Benefits of Energy Efficiency and Conservation $:

A 2012 study on energy efficiency strategies highlights sev benefits of energy efficiency as

| N\
follows: ’b
O

i. Economic Growth: Implementing energy eﬁ?@cy measures often requires local labor, which
can boost employment and foster ecoé%&a rowth. Over time, energy efficiency can lower
domestic energy bills, leading Eo@disposable incomes that can stimulate other areas of the

economy. Additionally, @es may experience reduced operating costs, improving

productivity. . %
>

il. Innovationé Energy-Efficient Technology: Investing in energy-efficient technologies
creates %%—term cycle of innovation, leading to cost reductions. This, in turn, makes future
investments in energy efficiency more affordable and accessible. By developing innovative
technologies, materials, and business models for energy efficiency, Nigeria can open up

significant export opportunities as global efforts to combat climate change intensify.

iii. Increased Productivity: Economic studies suggest that improving energy efficiency can

boost productivity, spur economic growth, and reduce inflation. This, in turn, generates additional
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job opportunities through the broader economic growth.

iv. Savings for Domestic and Business Consumers: Energy efficiency measures, such as
improved heating efficiency and insulation, already benefit most buildings. Without these
measures, energy consumption could be nearly double the current level. Ongoing energy
efficiency improvements will continue to help lower energy bills, enhancing overall well-being.
The financial savings from reduced energy costs may allow consumers to allocate Q%mds to

other needs, improving health and quality of life. < 0

v. Emission Reductions: Energy efficiency is essential for reducing%@)use gas emissions in
the most cost-effective manner. Improving energy efficiency s all sectors will help meet

emission reduction targets while providing a cost-effective sc@)n to tackling climate change.

vi. Sustainable and Secure Energy System: Re(lbég energy consumption enhances energy
security and reduces the need for signiﬁcz@tments in additional infrastructure. This can
gy generation, making the energy system more

lower the long-term costs associated Vf%h\x‘l
sustainable and secure for the fu‘aQé
N\

2.1.2.6 Energy in Buildin@b

In the context of @Jﬂ%ﬂg energy refers to the power or capacity required to sustain various
activities, func@s, and operations within the built environment. It encompasses the energy
needed%%tmg, cooling, lighting, ventilation, and powering appliances and equipment within
residential, commercial, and industrial structures. Energy in buildings is measured in terms of
consumption and efficiency, with a focus on optimizing energy usage to minimize environmental
impact, reduce costs, and enhance occupant comfort and well-being. This includes efforts to
improve insulation, adopt energy-efficient appliances and lighting systems, utilize renewable

energy sources, and implement smart building technologies to optimize energy
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management and conservation.

Building energy can be divided into two categories: operational energy and embodied energy.
Operational energy is needed to keep the building running throughout its life, from
commissioning to demolition, whereas embodied energy is needed for material manufacturing,

construction, and transportation to the site.

2.1.2.7 Energy Efficient Buildings Q\
United Nations (1991) defines energy efficient buildings as buildings that ha@mum levels
of energy inputs. Power-efficient buildings that are well-designed off@’%ﬂal human comfort
levels at a lower cost of energy use. The Development and Land s@cy Manual for Australia
(DLUPM) (2000) states that the goals of energy-efficie Qngs are to decrease energy
consumption (natural gas, electricity, etc.) and increase @ant comfort for heating, cooling and
lighting. Chowdhury (2006) asserts that increase gy efficiency in buildings can provide
financial benefits through reduced elect@ﬁ and have a role in reducing total societal
energy use. \
&
Energy efficient buildings are . '%ed in a way that ensures that energy is used at a reduced
cost, and in a sustaina Q\d conserved manner. Energy efficient building is a panacea to
attaining a “sustaie.biéylt or eco-city”. Eco-cities are designed to achieve maximum comfort by
occupants wit@phasis on reduced energy inputs, water and food, waste output of heat, and
reduce%t%bise and water pollution (Devuyst, 2011., Eco- city, 2011.) Energy efficient building
is relatively unknown in Nigeria due to certain factors which include: ignorance/illiteracy, poverty,
lack of awareness and/or poor Government policies toward achieving such concepts in buildings.

i.  Ignorance/illiteracy:
Most developing countries are known for high illiteracy rate. According to the report of the

Minister of State for Education in Nigeria, adult illiterates rose from 25 million in 1997 to 35
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million in 2013 (Vanguard, 2014). Specifically adult literacy rate is about 56.9% of the total
population (National Bureau of Statistics, 2010. Murtala et. al., 2013). This makes the focus of
most citizens on buildings to be more on quick gains without consideration on sustainability of
the environment and climate. Also with such high degree of illiteracy, majority of the citizens
need to be educated on the need for energy efficiency in buildings to enable them understand the
merits.

ii.  Poverty OQ

According to the 2006 census (National Population Commission, 200 ]\gédnal Bureau of

Statistics, 2010), there are 2,176,947 people living in Nigeria. @ poverty rate is still
worrisome. Ninety percent of the poorest people reside in @no h of Nigeria, where an
estimated 54% of the population (43 percent in urban area@l 64 percent in rural areas) live
below the poverty line (Nigeria Country Programme%@len‘[, 2014-2017, Unicef). Poverty is a
major barrier to the construction of energy- e@%uildings because it costs money to acquire

the labor and materials required to compl h projects.

iii.  Lack of awareness: Q’\(o\
The majority of Nigerians ar@are of how buildings affect our climate and surroundings.
Without being aware of the“drawbacks, they are more focused on the visual appeal and quantity
of contemporary Q.(%Q\‘l y equipment in buildings. Certain rural areas attribute weather
variations annal variations—which may be caused by climate change—to archaic religious
o
beliefs.%g' the need for awareness on the influence of energy efficient buildings on the
environment to be created in the minds of the citizenry cannot be overstressed.
iv. Lack of Government policies:
Lack of Government policies on achieving energy efficient buildings for sustainable environment

and development are another contributing factor. The Government (Federal. State and Local) are

yet to come up with strong policy that will ensure that buildings are regulated to ensure that
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energy efficiency is achieved. Currently, the Nigerian government has set a target to increase
electricity generation by 40,000MW of power by the year 2020 (Nnaji, 2012) and subsequently,
many gas-powered stations have been commissioned to increase generation and many more are
expected to be commissioned to meet up with energy demand. These are non-renewable energy
source and will result in the emission of GHGs, leading to global warming to consequently

increase climate change. Increased urbanization in most States especially in the housi%

2.1.3 Concept of sustainability ( 0

Sustainability is a complex and crucial issue for the survival of humani d nearly all life on
Earth. The development of sustainable, eco-friendly architecture h%ome a key objective for
those aiming to improve quality of life and provide a model @e endeavors. As a result, the
transition to greener architecture has become a central fOeus in modern architectural practice
(Mahdavinejad, 2014). The rapid depletion of Earth! ited resources to meet increasing global
demands signals that, without a significant slﬁ\&ghuman attitudes and behaviors, the future of
civilization is uncertain. E;\\'

Achieving sustainability is a difﬁ& chtallenge, as it requires continuous collective effort. Green
architecture offers enviro@}, social, and economic benefits. Environmentally, it reduces
pollution, conserves.r@:es, and prevents environmental degradation. Economically, it lowers
costs for water nggpergy usage in buildings, while improving occupant productivity (Thomas,
2009). Fron ietal perspective, green buildings are designed to be aesthetically pleasing and
exert le&ain on local infrastructure.

Buildings protect us from nature’s extremes, but they also affect our health and the environment.
As the impact of these effects becomes more apparent, the practice of "green building" is gaining
traction. Green or sustainable building involves designing, constructing, and maintaining

structures that are healthier and more resource-efficient (Roy, 2008).
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2.1.3.1 Sustainable Design

Sustainable design in architecture takes a holistic approach aimed at reducing environmental
impact while creating healthy and efficient spaces for occupants. This approach encompasses
energy conservation, resource preservation, biodiversity promotion, and quality enhancement
within built environments. Sustainable design aligns environmental, social, and economic goals
throughout a building’s entire lifecycle, from planning and operation to eventual deco%ction.
The rapid depletion of Earth's resources to meet global development needs und@%s the need
to change human attitudes in order to secure the future of civilization. /Khl stainability is
complex, it remains a common goal. Sustainable architecture deliver nmental, social, and
economic benefits by reducing energy consumption and improx@oroductivity (Thomas, 2009).
Socially, these buildings aim to be visually appealing and re pressure on local infrastructure.
Although buildings shield us from extreme weather@’b?ions, they also affect health and the
environment. As awareness of these impacts g@fqe field of sustainable building continues to

expand. Sustainable construction emphasj&he use of healthier, more efficient materials and

2.1.3.2 Principles of Sustai Xesign

methods (Roy, 2008).

a. Energy Efﬁciegc&esign buildings to minimize energy consumption through passive

renewa rgy integration. Incorporate daylighting, natural ventilation, and shading to

design str;éeg&g/\highperformance building envelopes, efficient HVAC systems, and
redt&%liance on artificial lighting and mechanical cooling.

b. Resource Conservation: Optimize resource use by selecting sustainable materials with low
embodied energy, recycled content, and minimal environmental impact. Implement
construction waste management plans to reduce waste generation and promote material reuse,

recycling, and recovery.

c. Water Conservation: Incorporate water-saving technologies and practices, such as low-flow
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fixtures, greywater recycling systems, and rainwater harvesting, to reduce water consumption
and promote water efficiency in building operations.

Site Planning and Biodiversity: Design buildings and landscapes to minimize site
disturbance, preserve natural habitats, and promote biodiversity. Integrate green spaces, native
vegetation, and wildlife habitats to support ecosystem health and enhance the quality of the
outdoor environment. \
Health and Well-being: Prioritize indoor air quality, thermal comfort, a ighting to
create healthy and comfortable indoor environments for occupants. &gedtoxw building
materials, low-VOC finishes, and natural ventilation to imp % oor air quality and
occupant satisfaction.

Adaptability and Resilience: Design buildings to @pt to changing environmental

conditions, future needs, and evolving user pre@es. Incorporate resilient construction
methods, flexible layouts, and modula@ms to enhance building longevity and

adaptability over time.. \

2.1.3.3 Examples of Sustamable@m Strategies:

a.

Passive Solar Design: \ buildings to maximize solar exposure, optimize natural
daylighting, and @ize solar heat gain in summer and heat loss in winter. Use thermal
mass, shadi nglces, and high-performance glazing to enhance energy efficiency and
occupa& ort.

Gree}KoofS and Living Walls: Install green roofs and living walls to reduce stormwater
runoff, mitigate urban heat island effects, improve air quality, and provide habitat for wildlife.
Green roofs also offer insulation benefits, energy savings, and aesthetic enhancements to
buildings.

Biophilic Design: Incorporate biophilic design elements, such as natural materials, vegetation,

water features, and views of nature, to foster connections with the natural environment and
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improve human health and well-being. Biophilic design enhances occupant productivity,

creativity, and satisfaction while reducing stress and fatigue.

2.1.3.4 Sustainable Construction

The concept of sustainable construction has emerged in the construction industry as a response to
increasing concerns about the environmental and social impacts of construction sactivities.
Sustainable construction is defined as “the creation and responsible manage Q a healthy
built environment based on resource efficiency and ecological principles” Q@alfan, M.M.A,
2002: 15). In essence, it refers to applying sustainable development @es within the context
of the built environment. Discussions and practices related @s inable construction often
emphasize efficient construction processes, the use of mater@vailable technologies, and other
technical considerations that prioritize environmental \@S well as the well-being of building

occupants, builders, the general public, and fu@rations (Rhydin, Y. & Vandergert, P, 2006:

5). (—;\\'\

2.1.3.5 The Triple Bottom Line fo@stainable Construction
It is critical to recognize an @fy the remaining aspects of sustainable construction. Overall,

sustainable constructio%msts of three broad themes: people, planet, and profit, also known as

the "triple bottom @The objectives of these three themes are;

a. People@ecognize the needs of everyone impacted by construction, from inception of a
projé/to demolition. The list includes artisans, site workers, the local communities, and the

users of the building.

b. Planet: Protecting and enhancing the planet by reducing emissions and waste, and using

natural resources responsibly.

c. Profit: Maximize profitability by optimizing resource utilization, including labor, materials,
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energy, and water. (Source: http://www.gcbl.org/economy)

Sustainable construction takes account of these objectives in a balanced way at all stages of a

construction project.

2.1.3.6 Strategies and Drivers for Sustainable Construction

There are both mandatory and voluntary strategies designed to promote and enforce sustainable
construction practices within the construction industry. One of the earliest strate Qfor driving
change in the sector was the publication of *Rethinking Construction® in Ju Q

, commonly

known as The Egan Report. This report criticized the underperfom@\f the construction

%elivery of construction

industry and called for significant changes and improvements_i

efficient construction processes, material usage, the a a@y of technology, and other technical

projects. The discussions and practices surrounding susta onstruction often emphasize
aspects that prioritize environmental health, as s the well-being of building occupants,
builders, the general public, and future gene@m (Rhydin, Y. & Vandergert, P, 2006: 5).

(a) Strategies for Sustainable Cons@

i Design for Efficiency: %orate energy-efficient design principles from the outset,

including passive @ign, proper orientation, efficient layout, and effective insulation

to reduce @ nsumption for heating, cooling, and lighting. The primary uses of
offstruc

energy %

the @f machinery, equipment, and general transportation for the purpose of delivering

tion sites are for site services like the office and lighting, as well as for

materials to and from the site. Using more energy-efficient techniques is encouraged in
order to lower the energy costs associated with site services, particularly for the site office
and site lighting. This includes using energy efficient lighting and heating equipment’s, as

well as the monitoring and controlling the energy use according to requirements
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ii.

iii.

1v.

Vi.

Vii.

Material Selection: Choose environmentally friendly materials with low embodied
energy, recycled content, and minimal environmental impact. Opt for locally sourced
materials to reduce transportation emissions and support local economies.

Resource Conservation: Optimize resource use through efficient construction practices,
waste reduction, and recycling. Implement construction waste management plans to divert
waste from landfills and maximize material reuse and recycling. *

Water Efficiency: Install water-saving fixtures, greywater recyclin@ems, and

rainwater harvesting to reduce water consumption and promo&v&h{ efficiency in
construction and building operations. 0

Renewable Energy Integration: Incorporate renewa sources such as solar
panels, wind turbines, or geothermal systems to gen@ clean energy onsite and reduce
reliance on fossil fuels. 6’6Q

Healthy Indoor Environment: Priori@faor air quality, thermal comfort, and natural
lighting to create healthy and cw@ble indoor environments for occupants. Use non-
toxic building materials, a@% ventilation systems, and daylighting strategies to
enhance occupant well@

Smart Technol Q Incorporate smart building technologies, energy management
systems, (c.iisﬁ

oppo@es for energy savings, and enhance operational efficiency.

time monitoring tools to optimize energy performance, identify

By imﬁ&&ting these strategies, construction projects can minimize environmental impact,
conserve resources, reduce operating costs, and create healthier and more sustainable built
environments for current and future generations.

(b) Drivers for Sustainable Construction:

Regulatory Requirements: Government regulations and building codes increasingly

require adherence to sustainability standards and green building practices. Compliance
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with these regulations serves as a primary driver for integrating sustainable construction
practices into building projects.

Market Demand: Growing consumer awareness and demand for environmentally
friendly buildings drive developers and construction companies to adopt sustainable
construction practices. Green buildings are perceived as more desirable, attracting tenants,
investors, and buyers who prioritize sustainability. \

Cost Savings and Risk Mitigation: Sustainable construction practice@ result in
long-term cost savings through reduced energy and water consu%)g-&wer operating
costs, and increased asset value. Investing in energy-efficient and technologies can
yield significant returns on investment over the lifesp a building. Risk Mitigation:
Sustainable buildings are often more resilient to clim@hange impacts, natural disasters,
and regulatory changes. Adopting sustainab%gbstruction practices can mitigate risks
associated with environmental uncerﬁ\%%ture regulatory requirements, and market
shifts. . 5&

Innovation and Technolog@‘gar\ances in green building technologies, materials, and
construction methods @sustainable construction more feasible and cost-effective.
Innovation drive Q development of energy-efficient systems, renewable energy
solutions, @iendly materials, facilitating the adoption of sustainable construction
practi};&b

I&a/% and Well-being: The focus on occupant health and well-being is a significant
driver for sustainable construction. Green buildings prioritize indoor air quality, natural
lighting, thermal comfort, and ergonomic design features, promoting a healthier and more
productive indoor environment for occupants.

Supply Chain Influence: Increased scrutiny of supply chains and material sourcing

practices prompts construction companies to prioritize sustainable and ethical sourcing of
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materials. Supply chain transparency and responsible sourcing are essential considerations
for achieving sustainability goals in construction projects.

vii.  Global Sustainability Goals: International initiatives such as the UN Sustainable
Development Goals (SDGs) and the Paris Agreement on climate change set ambitious
targets for reducing carbon emissions, promoting sustainable development, and enhancing
resilience. Sustainable construction plays a crucial role in achieving t% global

sustainability goals. OQ

viii.  Waste Management: In 2001, construction site and demolition wﬁe&ﬁritain was 94

million tones (24% of all waste generated). Approximately%@ion tons of materials
ilding

are delivered to the site each year but are never used. Excellence, 2004, p. 2.
Given these details, it is critical to manage waste on-s@n order to reduce the amount of
waste generated on the building site. Separati%%segregating the waste as it is produced
is the first necessary step. The waste \k@be recycled or reused. Alternatively, it can
be sold or sent to a waste managq@center where it will be recycled or used for other
purposes. In addition, wasteé(@l\'ng from unsold materials and packaging can be sent

back to suppliers via th. asing policy.

By addressing these dri@keholders in the construction industry can accelerate the transition
e

[ ]
towards more su(ai&%f

environment. 6
QJ’Z}

2.1.3.7 %s(ainable Materials

and resilient built environments, benefiting both society and the

Sustainable materials play a crucial role in reducing the environmental impact of building
construction and promoting resource efficiency. Below are some examples of sustainable
materials commonly used in building construction:

1. Straw Bales: Embracing an age-old method, straw bale construction uses natural, locally

sourced materials, moving away from modern building innovations. Instead of conventional
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materials like concrete, wood, or plaster, straw bales fill wall frames, offering a cost-
effective, sustainable choice. Straw, a quickly renewable resource, provides excellent
insulation when sealed properly, making it suitable for both hot and cold climates.

Grass Crete: Grass Crete combines concrete with open spaces that allow grass or other
plants to grow through, making it ideal for floors, paths, and driveways. This approach not
only reduces concrete consumption but also enhances storm water absorption Wrainage.
Rammed Earth: For a durable, natural option, rammed earth involves c@ing soil into
wooden molds to create concrete-like walls. This age-old techniqu;Ql ed with rebar or
bamboo for safety and powered tampers for labor eff@ provides long-lasting
structures that have supported civilizations for millenniao

Hemp Crete: Made from the woody interior of her@lants and bound with lime, Hemp

Crete offers a strong, lightweight alternative t@tlonal concrete. With its lower transport

energy demands and renewable, fas@ source material, Hemp Crete is an eco-

friendly building solution. . s&

Bamboo: Long valued in éﬂ parts of the world, bamboo is a locally accessible,
sustainable material @dgh tensile strength and lightness. Its fast growth and
renewability ma& excellent substitute for imported materials, especially for building

°
frames, ant< it%&

Recy lastic: By incorporating recycled plastics and waste into concrete, researchers

es as an eco-friendly option in post-disaster rebuilding or remote areas.

%%reduce emissions and material weight, repurposing plastic that would otherwise end
up in landfills.

Wood: Traditional wood remains advantageous over industrial materials like steel or
concrete, absorbing CO2 as it grows and requiring less energy to process. Harvested from
well-managed forests, wood is renewable and contributes to biodiversity.

Mycelium: Derived from the root structure of fungi and mushrooms, mycelium can be

33



iX.

xi.

Xii.

grown around natural composites like ground straw to produce lightweight, sturdy building
materials. Its unique appearance and natural formation make it a futuristic but sustainable
choice.

Ferrock: An innovative material, Ferrock is made from recycled steel industry waste and is
even stronger than concrete. It absorbs carbon dioxide as it cures, which helps reduce its
environmental impact and creates a carbon-neutral alternative to traditional COW&
High-Performance Glass: Energy-efficient glass systems with coatin@ low-E and
spectrally selective layers optimize daylight, solar heat control, anﬁal performance,
reducing heating and cooling demands. Q

Green Concrete: Green concrete uses recycled ag @ alternative binders, and
cementitious materials like fly ash, resulting in lower‘embodied carbon and environmental
impact. This sustainable concrete innovatio%’a es high-performance mixes, pervious,
and self-healing options. ®%

Timber Crete: Combining sawd ith concrete, Timber Crete reduces the weight of
traditional concrete, cutting @c@\@rtation emissions and reusing waste sawdust. It can be
molded into standard s@uch as bricks and pavers, offering an energy-efficient building

alternative.

2.2 Design c0ni§
Designing @ r hotel to be energy-efficient, promote sustainability, and improve thermal

comfort inwolves carefully considering architectural and environmental parameters. Key factors

include window size, window orientation, and shading devices.

a.

Window Size: The size of windows has a significant impact on a building's energy
efficiency. Larger windows can reduce the need for artificial lighting, thereby conserving
energy. However, they can also lead to increased heat gain, resulting in higher cooling

loads. The use of energy-efficient glazing is essential to mitigate heat transfer, ensuring a
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balance between natural light and thermal performance (Xu et al., 2019). Properly sized
windows contribute to sustainability by minimizing reliance on artificial lighting,
reducing electricity consumption and carbon emissions (Nguyen et al., 2019). From a
thermal comfort perspective, appropriately sized windows provide ample natural light and
enhance views, contributing to occupant well- being, though careful consideration is
required to avoid excessive heat gain or loss (Kim & Kim, 2019). *

Window Orientation: The orientation of windows is crucial for ma@xg natural
daylight while minimizing heat gain or loss. South-facing winng((-id the Northern
Hemisphere) can capture passive solar heat during winter,%@ in heating, whereas
north-facing windows provide consistent light without s@ntlal heat gain (Omer, 2019).
This strategic placement reduces the dependenc gartiﬁcial heating, cooling, and
lighting systems, enhancing energy efﬁciency@’bromoting sustainability (Hwang et al.,
2019). Proper window orientation alsﬁ\@s stable indoor temperatures and adequate

natural light, preventing discorn{&:aused by overheating or cold drafts, thereby

improving thermal comfort (%fl?g etal., 2019).

Shading Device: S:a i evices, such as overhangs, louvers, and blinds, play a pivotal
t

"

role in controllig amount of solar radiation entering a building. These devices can
signiﬁcant@we cooling loads by blocking direct sunlight during peak hours while still
allow@tural light to penetrate (Taleghani et al., 2019). Effective shading reduces the
h&for air conditioning, thus lowering energy consumption and greenhouse gas
emissions, aligning with sustainable design principles (Berkovic et al.,, 2019).
Additionally, shading devices enhance thermal comfort by preventing glare and

overheating, maintaining stable indoor temperatures and improving visual comfort for

occupants (Aksamija, 2019).
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Nl
Figure 2.1: Window overh
(Source: Passive design toolki )

Additional Considerations Q
To further enhance energy efficiency, sustainabilit)b&hermal comfort, other factors should be
considered: @

i.  Insulation: Proper insulatic?qﬁlls, roofs, and floors is essential to prevent heat
loss in winter and Ilez@n summer (Alwetaishi, 2019).

ii.  Building Mat%@sing sustainable and energy-efficient building materials with
low envirg&mtal impact and high thermal performance is crucial (Kylili et al.,
201%0

iii. @ilation: Incorporating natural and mechanical ventilation systems improves

\ndoor air quality and reduces reliance on HVAC systems (Wang et al., 2019).

iv.  Renewable Energy Sources: Integrating renewable energy systems, such as solar

panels or wind turbines, can generate clean energy on-site (Rizwan et al., 2019).

v.  Smart Building Technologies: Implementing smart systems for lighting, heating,

and cooling optimizes energy usage based on occupancy and environmental

conditions (Mastropietro et al., 2019)
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2.2.1 Passive Design Strategies for Minimizing Energy Consumption

Passive design strategies have proven to be extremely effective and can greatly contribute in
decreasing the cooling load of buildings. Passive design strategies are crucial for minimizing
energy consumption in buildings. These strategies harness natural energy sources such as sunlight,
wind, and thermal mass to maintain comfortable indoor environments without relying heavily on
mechanical systems. Key passive design strategies include: \

i. Building Orientation and Layout OQ

Proper building orientation and layout can significantly reduce energy con§<p iofl. Orienting the
building to maximize solar gain in winter and minimize it in su elps regulate indoor
temperatures naturally. According to Attia et al. (2021), optim ientation reduces the need for
artificial heating and cooling, thereby lowering energy cons@ion. Additionally, designing the

layout to allow for natural cross-ventilation can enh@bu circulation and reduce the need for

air conditioning (Sadineni et al., 2021). . T@aﬁon of orientation in enhancing energy

efficiency is illustrated in Figure 2.2 In ral, north and south facing is the best preferred

orientation. Q\c}

® o

Figure 2.2: Building orientation.
(Source: Passive design toolkit, 2009)
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ii. Thermal Mass
Thermal mass involves using materials that absorb, store, and release heat slowly, helping to
stabilize indoor temperatures. Materials such as concrete, brick, and stone can absorb heat during
the day and release it at night, reducing the need for heating and cooling systems. Studies by
Zhang et al. (2022) have shown that buildings with high thermal mass can maintain more stable
temperatures, thus improving energy efficiency. Appropriate use of thermal mass t%ghout a
building can make a big difference to comfort and cooling bills (Chris, 2008). '@Qillustrated

in Figure 2.3 using insulated brick cavity walls. /\

Cavity
Wall Insulation

Inner leaf

Outside
Wall

Inside
Wall

Quter leaf

Insulation material

Figure 2.3: Ig\atéd brick cavity walls absorb heat thereby cooling the interior
rb (Source: www.smarthousingmanual.com, 2002)

ii. \}msulation
High-quality insulation in walls, roofs, and floors is essential for minimizing heat loss in winter
and heat gain in summer. Proper insulation reduces the load on heating and cooling systems,
leading to significant energy savings. As noted by Alam et al. (2020), advancements in insulation
materials, such as vacuum-insulated panels and aerogels, have further enhanced the energy-

saving potential of buildings.
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il Solar Shading
Effective solar shading devices, such as overhangs, louvers, and exterior blinds, can block
excessive solar radiation, preventing overheating in summer while allowing sunlight in winter.
Lee et al. (2022) demonstrated that adjustable shading devices could significantly reduce cooling
loads and enhance occupant comfort by controlling glare and solar gain.

iv.  Green Roofs and Walls \
Green roofs and walls provide insulation, reduce the urban heat island effs enhance
biodiversity. They can significantly lower indoor temperatures, redu%ﬁhé need for air
conditioning. Research by Manso et al. (2021) indicates that gr%@s can reduce energy

consumption for cooling by up to 25% in summer months.
a

Plate 2.1: Green roof and garden
(Source: https://www.yourhome.gov.au/materials/green-roofs-and-walls, Paul downton, 2013).
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Plate 2.2: Syd’% rtment ‘living’ green wall
at

(Source: https://www.vourhome.gor{(e‘u
V. Window Glazing ‘\AQ

Advanced window glazin}é%ologies, such as double or triple glazing and low-emissivity

erials/green-roofs-and-walls, Paul downton, 2013).

(Low-E) coatings, Tﬁa@pve thermal performance by reducing heat transfer. As indicated by
Chan et al. (20 modern glazing options can minimize heat loss in winter and reduce heat gain
in su e%’gntributing to overall energy efficiency. This type of glass is used in
environmentally friendly construction with the goal of reducing heat gain and loss, making
structures much cheaper to heat and cool over the course of the year and enhancing energy

efficiency. This is illustrated in Figure 2.3.
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1

Plate 2.3: Use of solar reflective glass to enhance the %g of the building interior
(Source: www.smarthousingman , 2002).

o O
Vi. Building form ®
According to Givoni (1998), a builé)@orm is primarily determined by whether air
conditioning is planned or naguﬁﬁlilation is to be the primary means of ventilation. He
suggests open forms for n%@\ventilated buildings and compact shapes for those who live in
buildings with air cqn&ing. Large surfaces are preferred over compact buildings by Gut and
Ackerknecht (. 9&})ecause they facilitate nighttime heat emission andventilation. Thus,
rather than@g compact, the building forms should be open and outward-oriented. Effect of
buildinMs on energy efficiency is illustrated in Figure 2.4 Compactness of the building
minimizes the surface area of the building envelope, resulting in a reduction of the heat gain

through the envelope.
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Figure 2.4: Effect of building form on energy efﬁcie&
(Source: Passive design toolkit, 2009) Q
vii.  Landscape %
Landscaping serves as an effective method for protecting HUi s from excessive solar heat
gains and redirecting wind to facilitate natural ventj . Plants help prevent most solar

radiation from reaching surfaces like concrete, briqlbéﬂ asphalt. By modifying the surrounding
microclimate and reducing irradiance, la (ﬁ&ng plays a key role in reducing energy
consumption for cooling, with studies %:g«y\’l that well-planned landscaping can lead to energy
savings of 25-80% on air condi‘ti%’%( yuk and Yu, 2009). Raeissi and Taheri (1999) highlight
the advantages of tree plan 'Q\Smting that it can lead to energy savings, reduced noise and
pollution, and impmvﬁ@{nperature and humidity regulation, along with psychological benefits
for people. The'&&d’ch concludes that the cooling load of a house can be reduced by 10%-40%
through p@ré tree planting. Additionally, trees can complement window overhangs by

effectiv&ﬁocking low morning and afternoon sunlight, as shown in Plate I.
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’0‘
Plate 2.4: Good use of climbers and trees to r b‘penetration of heat into the building,
Rockhurst Unive& sas City, U.S.A.
c

(Source: Ogunsote, P gunsote, Adegbie, 2005).

viii.  Natural ventilation &;\\'
Natural ventilation involves the @nem of fresh air into a building to replace hot air, and it
serves several important @} in the building sector. According to Watson and Labs (1983),
these functions includg&
a. Satisfying t ges}air needs of the occupants: This ensures a supply of fresh oxygen and
removes st@, contributing to healthier indoor environments.
b. Increm the rate of evaporative and sensible heat loss from the body: This helps cool the body
by facilitating heat loss through evaporation and sensible heat transfer.
c. Cooling the building interior by exchanging warm indoor air with cooler outdoor air: This
process helps reduce indoor temperatures and maintain thermal comfort.

Givoni (1998) emphasizes that cross-ventilation can enable faster cooling and improve ventilation.

He notes that in hot-humid regions, especially in developing countries where air conditioning is not
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affordable, buildings designed for cross-ventilation are ideal. Givoni recommends buildings with a
spread-out layout and openable windows to promote this type of ventilation. Watson & Labs (1983)

further explain that natural ventilation can be generated by two primary forces:

a. Temperature difference between the outdoors and the indoors
b. Wind flow against the building
a. Temperature Difference between the Outdoors and the Indoors. *
When a mass of air inside the room is heated, it expands and becomes less nd rises. If
openings are provided at different heights on the building’s envelope '&(indoor pressure is
higher at the upper opening and lower at the lower opening. This pr ifferences generate an
inward flow at the lower opening and an outward flow at t @:r one. When thermal forces
discharge air from a building, the action is termed as stack@(§
b. Wind Flow against the Building. 6%

As wind blows against a building, the air in\@(?f the building is compressed and creates a
pressure zone. The air next to the leew°s§y |1 and above the roof expands and the pressure is
reduced, creating a suction zqnx@ge pressure differences between any two points on the
building*s envelope determt e@}possibility for ventilation when openings are provided at these
points (driving forc?) a.%if air can flow inside the building through openings with the higher
pressure to op in@posed to a zone with lower pressure. Cross- ventilation is defined as the
situation in WhicH outdoor air can flow in through inlet openings, located in the pressure zone,
and ﬂow\wt via outlet openings located in the suction sections of the building. Other common
natural ventilation and thus cooling techniques is the use of courtyards. A study of courtyards by
Ali (2007) in Dhaka uses “two typologies of six storied residential apartments, namely, the
courtyard type and the non-courtyard type for comparison of thermal data. The results of this
comparative analysis reveal that the buildings with courtyards are much more comfortable and

thus desirable for the dwellers of Dhaka, which also has a tropical hot-humid climate like Ilorin.
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c. Daylighting
Day-lighting reduces the need for electric lighting and contributes to bright indoor environments.
The selection, size and placement of windows will determine the level of natural day-lighting in a
room. Things to consider are the path of the sun and seasonal variations, optimal amount of day-
light, glare control and the resultant heat gains and losses associated with the choice of windows
and frames. Krarti (2005) conducted a simplified analysis method to evaluate the pot%l of day-
lighting to save energy associated with electric lighting use in commercial build@&erformance
of daylighting are investigated for several combinations of building ge gsA/indow opening
size, and glazing type for four geographical locations in the United Sunllght tubes utilize
the state of the art design and technology to capture sunlight %rooftop or exterior walls,
redirect it down a highly reflective shaft and then diffu n abundance of pure day-light

throughout the interior space. 6’6
(o \
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Figure 2.5: Details of a sunlight tube
(Source: www.solatubes.com, 2014).
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Plate 2.5: Sunlight tube captures day-lighting from @rior walls of a building
(Source: www.solatubes.com, ).

The use of atrium using ethylene tetra-fluoro-ethylen E@) as material for covering the atrium
is another method of capturing day-lightin s@%e building interior. Ethylene tetrafluoro-
ethylene is a polymer, a transparent plaﬁ@ted to teflon. This material is replacing glass and
plastic in some of the most innovati\g%ldings being designed and constructed today. When
compared to glass, it’s 1% the v t, transmits more light, is a better insulator, and costs less to
install. Ethylene tetra-ﬂuo&wlene is also resilient (able to bear 400 times its own weight, with

an estimated 50-y 1;1@5 n), and recyclable.
ew

23 Empirié?@i

2.3.1 General overview of luxury Hotels and the Hospitality sector

A luxury hotel is a high-end accommodation establishment that provides exceptional service,
amenities, and comfort to guests seeking a premium hospitality experience. Luxury hotels
epitomize the pinnacle of hospitality, offering an opulent and exclusive experience to discerning

guests. Renowned for their exquisite design, impeccable service, and premium amenities, these
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establishments cater to individuals seeking a heightened level of comfort and indulgence. From
lavish accommodations to Michelin-starred dining, luxury hotels prioritize every aspect of the
guest experience.

The hospitality sector, encompassing hotels, resorts, and related services, plays a vital role in the
global economy. It spans a wide spectrum, ranging from budget-friendly options to ultra-
luxurious establishments. The sector thrives on delivering exceptional customer serv%reaﬁng
memorable experiences, and adapting to ever-evolving consumer preferences. OQ

Luxury hotels often feature meticulously designed interiors, state—of—t& chnology, and
personalized services. The architecture and decor are crafted to sense of grandeur,
reflecting the cultural and aesthetic influences of the region. Gu@%xpect spacious rooms or
suites adorned with high-end furnishings, premium beddin @:utting—edge amenities.

Service excellence is a hallmark of luxury hospitality@ members are trained to anticipate and
fulfill guests' needs with a blend of professionﬁ\kgfgd warmth. Personalized concierge services,
private butlers, and bespoke experiences.c@ute to an atmosphere of exclusivity.

Dining in luxury hotels is an exquisj %r, with renowned chefs curating gastronomic delights
to tantalize the taste buds. F in@%g restaurants within these establishments often boast awards
and accolades, offering, ghlests a culinary journey that complements the overall luxurious
experience.In rec@s, sustainability has become a focal point for the hospitality sector,
including lu)s;blbotels. Many establishments are incorporating eco-friendly practices, energy-

efﬁcient\te/gﬁlologies, and locally sourced materials to align with growing environmental

consciousness among travelers.

Papers Selected for Review in this Study
In view of that, Eight (8) papers were reviewed namely;
i. Review on Design Strategies of Energy Saving Office Building with Evaporative

Cooling in Tropical Region by Rizvanda Ryan Savero, et.al. (2020).
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Energy Efficiency Design Strategies in Office Buildings: A Literature Review by Erebor E.
M, et.al. (2021).

Exploring Passive Design Techniques to Achieve Energy Efficiency in Regional
Shopping Mall Design by Wayii Serekara Kennedy, F.F.O Daminabo (2022).

Enhancing energy efficiency through passive design: a case study of halls of
residence in Covenant University, Ogun State by O. A. Alagbe et.al. (2019).

The Application of Passive Design Strategies as Sustainable Operation a@menaﬂce in
a Model Conference Centres (A Case Study of Aminu Kano ’Qn for Democratic
Research and Training (Akcdr&T)) by Alfa Namadi Sharif, ets 21).

A framework Approach to the Design of Energy Efficient’ Residential Buildings in
Nigeria by Dr Ekele Thompson Ochedi (2021). Q

Performance of passive design strategies 6’@ and humid regions. Case study:
Tangerang, Indonesia Yanmeng Chen@ZO).

Building Envelope Retrofitting S ies for Energy-Efficient Office Buildings in Saudi

| O
Arabia by Nedhal Al-T::ln&nQ'(‘{O?Z).
N
¢
O

48



Table 2.1 Review on Strategies on Energy Saving Office Building with Evaporative Cooling in

Tropical Region by Rizvanda Ryan Savero, et.al. (2020)

Author And Year of Publication  Rizvanda Ryan Savero, et.al. (2020)

Research Questions What are the factors of building heat control and the
criteria required in designing energy-saving office building?

How to apply evaporative cooling technique% design

energy saving office building? 6\

N\

Aim This research is aimed at revie the theories and design

the

of energy-saving offic gs that apply evaporative

cooling er

concepts to inh' i ar heat and improve natural cooling

Objectives Assess &&Bﬁ‘gtrategles that enhances energy Saving Office

Bu h evaporative cooling in Tropical Region.

@htlfy the theories and design of energy-saving office

QQ buildings
@ that apply evaporative cooling concepts to inhibit solar heat

@"b

and improve natural cooling

49



Methodology

The method used is literature searching from books, journals,
precedents, and other relevant sources. The literature includes
the following:

(1) the theory of building passive design;

(2) the theory of passive cooling related to the evaporative
cooling technique; Q\
(3) the theory of shape and geometr@nergy—saving

buildings; 6\

(4) the precedent about energy—s% office building;

(5) the evaporative conc%@

(6) the shape and ’SQNetric for the energy-saving office

building
Ao

Findings

disegvered from the results that the

t \%&S

. @ngement with the opening facing north and south provides

QQ an vantage in reducing heat insulation. The best building

i
x@b

orientation is the smallest surface area facing east-west,
providing an external wall outside the room.
Optimizing natural light can reduce the energy consumption

of artificial light and reduce heat gain from artificial light.

Different building geometry has affected their solar exposure
as some shapes receive more solar radiation than others

resulting in higher cooling loads inside the building.

Source (Researchers Field Work)
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Table 2.2 Energy Efficiency Design Strategies in Office Buildings: A Literature Review by

Erebor E. M, et. al. (2021).

Author And Year of Publication Erebor E. M, et. al. (2021)

Research Questions

What are the energy efficiency design strategies integrated in
office buildings?

What categories of energy efficiency design strategi%re used in
office buildings; OQ

How do you establish the most imple@&%nergy efficiency

design strategy in office buildings? O

Aim

The study is aimed at ider@ng‘ and categorizing existing
energy Q
efficiency design %Qies integrated in office buildings from

literature, t@fbcontributing to the general discuss on ways

of pror\?‘% energy efficiency strategies in the development

0 (?.lﬂt environment.

hd \\

Objectives

@entify the energy efficiency design strategies integrated in

0 office buildings;

i
x@b

Identify the categories of energy efficiency design strategies used
in office buildings; and
Establish the most implemented energy efficiency design

strategy in office buildings.

Methodology

A six-step process was used in carrying out the document
review process:

(1) Identification of the research problem;
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(i1))  Formulation of research questions;

(ii1))  Identification and selection of relevant literature;

(iv)  Evaluation of selected literatures;

v) Interpretation of findings.

The articles reviewed were identified from the searches
conducted in two prominent online databases of [&arch and
academic literature namely: QQ

Science Direct and Google Scholar.,Qngatabases were

chosen because they have a 1 pository of research

materials of peer reviewed a@.
N\

Findings

The study found that 29\nérgy efficiency design strategies

have been linked ice buildings. The top three of these

strategies a@ associated with building envelope.

Source (Researcher’s Field Work)

N\
C\\\
@7’6

.Q\AQJ

3

&
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Table 2.3: Exploring Passive Design Techniques to Achieve Energy Efficiency in Regional

Shopping Mall Design by Wayii Serekara Kennedy, F.F.O Daminabo (2022).

Author And Year of Publication Wayii Serekara Kennedy, F.F.O Daminabo (2022).

Research Questions

What are the appropriate passive cooling strategies which

enhance thermal comfort that are suitable in the hot dry climate

of Mafara? \
. . o \¢
What is the possible improvement in indoor @- erature and

comfort that can be achieved by applying=passive cooling

strategies? %Q
How can passive coolin@ mproved through design

processes Q
that will provide @ comfort in the design of school of

environmer\ es in Mafara?
A

Aim

This .S\Q)\intends to explore and apply passive design

t (?Jes to achieve energy-efficiency in the design of a

Q\%gional shopping mall

in such climate.

Objectives ‘ AR

\/@5

Identify various passive cooling strategies that enhance
thermal comfort suitable in hot dry climate of Talata Mafara.
Assess the use of computer simulation software to find out the
improvements that can be achieved by modifying building
components and design elements that enhance thermal comfort

for the geographical conditions of Talata Mafara.
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Methodology

The first step established the theoretical underpinning for this
research. Furthermore, it seeks to identify the analytical
approach and topics to be addressed in the case study. This
phase consists mostly of thorough literature evaluations of
books, journal papers, research papers, and documents in order
to find energy efficient design ideas that might be loyed in
the context of the research. The second anluded a
second desk study to analyze and eva}(ech! data from the
first and second phase investigati ing quantitative and
qualitative methodologies. @e energy-saving concepts
uncovered through the @ture study were compiled and

statistically analygbﬁ calculate the energy savings of

characteris@ may be utilized in the setting of PH.

Findings/Results

Energ iency, as a result of its principles and features

%(?ed to the Passive approach, suggests the employment

@ simple approaches and strategies that will easily generate

balanced and comfortable structures. The research study is
based on the premise that the energy efficiency principle may
be utilized to give means that are likely to lead to discoveries
in the execution of future designs and constructions employing
the aforementioned passive means using  design
methodologies, building techniques, and material use. design

of shopping malls and other structures.

Source (Researchers Field Work)
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Table 2.4: Enhancing energy efficiency through passive design: a case study of halls of

residence in Covenant University, Ogun State by O. A. Alagbe et.al.(2019).

Author And Year of Publication

0. A. Alagbe et.al.(2019).

Research Questions

How can passive design strategies and the impact of
passive

systems such as natural ventilation and naturaj&ghting to

improve energy efficiency? ¢ O

Aim

The aim of this research is to )@t}&/ passive design
strategies that can be used to im energy efficiency and

reduce energy

consumption and in buil&in@n Nigeria.

Objectives

Vo
This objective 6@‘6 paper is to investigate passive

design ®%

strateg& d the impact of passive systems such as natural

V@fzaon and natural lighting to improve energy efficiency.
h

Methodology QQ
i

x@b

e study area is Covenant University, Ota, Ogun State,
Nigeria.
There were 4 project areas categorized and analyzed based
on their similarities in design and layout, these included:
Post Graduate Halls of Residence, (Peter/ Esther/ Paul/ John
Hall), (Mary/ Deborah Hall) and (Joseph/ Daniel/ Lydia/ Dorcas
Hall). Covenant University operates 2 programmes, the
undergraduate and Post Graduate programmes, each of which

has their own various halls of residences at different locations
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on campus for both males and females. The structures for each
are 4 storey floors with courtyards integrated into the building
design to encourage

airflow within building spaces, maximizing natural ventilation.

Fimdings The research results obtained shows that more passive design

principles such as: use of atrium, use of cavity Wawd use of

\g
soft landscape need to be employed and prmaximized
n &Q/

design of unidorm.

Source (Researchers Field Work) 0 N

Table 2.5: The Application of Passive Design Strate &s Sustainable Operation and

Maintenance in a Model Conference Centres (A@' Study Of Aminu Kano Centre for

Democratic Research And Training (Akcdr@ Alfa Namadi Sharif et.al. (2021).
RS

Author And Year of Publication madi Sharif et.al. (2021).

° \\
Q\W hat are the impacts of integrating building with climate?

Research Questions

@ How to determine which passive design variables are the most
,bb especially conference centre in hot dry climate of Kano city

effective and applicable to public buildings more

Nigeria.?

Aim Thee aim of the research is to reduce over reliance in active
design strategies in conference centers which are not cost
effective and environmentally friendly  through the

application of passive
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design strategies.

Objectives To evaluate impact of integrating building with climate.

To determine which passive design variables are the most
effective and applicable to public build% more
especially QQ
conference centre in hot dry climate of B'Qno;n&' Nigeria.

O\

Methodology This is basically qualitative rese he objective of this
research is centered on achie@sustainable conference centre
through application o@e design strategies. The study
adopted the case @research method, because this allows
the researc@ explore and understand complex issues
(Zaida@

Cal
hd \\

Findings

N
¢S

xébb

@ssive design utilizes natural sources of heating and cooling

breezes. It is

achieved by appropriately orientating the building on its site
and carefully designing the building envelope (roof, walls,
windows and floor). External features such as fountain, soft
landscaping and proper site planning improves micro climate
which in turn

helped in achieving good passive design.

Source (Researchers Field Work)
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Table 2.6 A framework Approach to the Design of Energy Efficient Residential Buildings

in Nigeria by Dr. Ekele Thompson Ochedi (2021).

Author And Year of Publication

Dr. Ekele Thompson Ochedi (2021).

Research Questions

What are the concepts of energy efficient residential buildings
and its application on the study area?

What is the energy performance of existirg&esidential

buildings taking into account socio-cultur@cts and to

produce the ,\
proposed framework? SQ

Aim

The aim of this paper is to tg and encourage sustainable
building development 16 eria by developing a systematic
and context—based@ework for the design of energy

efficient ®%

resider@k\ildings.

P

Objectives

Qﬁ\
N

x@b

I tigate the concept of energy efficient residential buildings

\%d its application on the study area.

Evaluate the energy performance of existing residential
buildings taking into account socio-cultural aspects and to
produce the

proposed framework.
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Methodology

R
\/@5

Structured and semi-structured interviews were employed to
collect data from architects in Lokoja, Nigeria. The interview
instruments for both groups of architects and householders have
two sections: section A involved structured questions for
demographic data about the respondents while section B
comprised of semi-structured questions aimed q%nerating
data on existing approach to housing develo nd relevant
data that will guide the develop nti? the proposed
framework. The areas covered @ interview instrument
>

include current approach to t

thermal comfort in resi@al buildings,

of residential buildings,

views on how g@ueve energy efficiency in buildings

and KQQ)

limitat@so the design and realization of energy efficient

b@{(@}.

\*16 interview with households centered on information about

R

energy need, energy consumption, thermal comfort and views
on traditional and modern buildings. The study adopted non-
probability sampling for the selection of respondents for
interviews involving both architects and householders. Non-
probability sampling is time and cost effective compared with
probability sampling. The latter was also impractical since

participants are not

equally likely to be selected due to the nature of inquiry.
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Findings

This study evolved to produce a systematic and context-based
framework for designing energy efficient residential buildings in
Nigeria focusing on improving indoor thermal comfort, reducing
energy demand and consumption of buildings. The adoption of a
mixed method research design including interviews, case studies,
measurement and observational survey and measu%ent, defined

\J
the research investigations and findings. Things informed

the development of the proposed framey{k, ich is the main aim

of this study. This methodology i%@ and has not been found to

be used in any study, esp n energy efficient residential

buildings that adopted a @ination of these research

Source (Researchers Field Work)

\
methods. fb
O

\
)

Table 2.7 Performance of passiv%és—i%n strategies in hot and humid regions. Case study:

Tangerang (2020)
OO

S

Author And Year of Pub jcation

Yanmeng Chen et.al, (2020).

* X
Research Questi@\' I
O

Q

How is the performance of passive design strategies in hot and

humid regions assessed?

Aim The aim of the paper is to evaluate thr performance of passive
design strategies in hot and humid region in Tangerang,
Indonesia.

Objectives Assess the performance of passive design strategies in hot and

humid regions.
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Methodology

This research used both measurement and simulation methods to

evaluate the effects of three passive design strategies on reducing
cooling load and attaining a good daylight environment in an
office in Tangerang, Banten, Indonesia. The passive design
strategies are improving skin thermal insulation, natural ventilation
by vertical operable vents, and solar shading by Q&ble louvers.
The main purpose of this research is to sho@% effect of the

three passive design strategies on re&r&h/

cooling energy in hot and humid re @

Findings

i

x@b

In this paper, three passive@ig?l strategies to reduce cooling
energy and attain a goo@ylight environment in an office in
Tangerang, Indon%’b&rill be evaluated using both measurement
and simul@thods. Improving thermal insulation, natural
ventila 'ﬁ%and solar shading are the strategies studied in this

p@*ﬁq‘ he measurement result shows that the excessive daylight

Q\%ﬂ be reduced by solar shading and the indoor temperature can be

reduced by both solar shading and natural ventilation. The result of
the simulation also validates the effects of shading and natural
ventilation on lowering the indoor temperature and

reducing the cooling load

Source (Researchers Field Work)
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Table 2.8: Building Envelope Retrofitting Strategies for Energy-Efficient Office Buildings in

Saudi Arabia by Nedhal Al-Tamimi (2022).

Author And Year of Publication Nedhal Al-Tamimi (2022).

Research Questions

How can energy consumption be improved through retrofitting the
building envelope?

How can the effects of different retrofitting %egies of the
building envelope in terms of changing the @Q{ window’s

glass, adding thermal insulation lay& applying egg-crate

shading devices be investigated? ;Q

Aim This study aims to evalth‘e current scenario of energy

performance in Saudi goverhiental office buildings.
_ N |

Objectives Evaluate the ement in energy consumption through
retrofittin %@ﬂding envelope.
Invesi he effects of different retrofitting strategies of the

. &@ng envelope in terms of changing the type of window’s glass,
QQ\adding thermal insulation layers, and applying egg-crate
r' @ shading devices.
Methodology . N/ Reducing heat gain in harsh climates is one of the most important

&

passive strategies to reduce energy consumption in buildings. This
strategy is particularly useful in fully air- conditioned buildings
such as offices. The energy performance of a government office
building in Najran, KSA has been investigated using the dynamic
simulation tool DesignBuilder. In this study, three aspects used as a

basis for the strategies are glazing type, thermal insulation, and
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external shading devices. These strategies were chosen exclusively
for their great effect in reducing direct solar heat gain through
windows or lowering the heat conduction through building
envelope elements. The requirements of the Saudi Building Code
regarding the insulation of building envelope elements were

taken into

consideration in the development process. 02

Findings The results reported that applyingq\ecﬁlbination of those
strategies reduced total energ mption by 26.81%
compared with the current bse.

(@

Source (Researchers Field Work) N/
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Chapter Three
Research Methodology
Following the definition of the study's scope and goals, it is essential to adhere to the proper
research methodology, which refers to a collection of techniques. Numerous research techniques
have been used in this study to best fit the various research objectives.
This chapter focuses on how the research on evaluating energy efficiency and st%ies for
minimizing the consumption of energy in Luxury Hotels in Nigeria. In this c Research
Methodology, Strategy, design and Method of Data Collection plac&&& context and
defending its use in comparison to other approaches. Also, Case studi lection criteria, Case

Studies, analysis of Case Studies, Case Study Synthesis and ctlons from case studies are

discussed. Q
N\

6’6

(&

An essential stage in carrying out a research &Q is having an appropriate research strategy, as

3.1 Research Design

it is the scientific study of the speciﬁégébn ues, procedures, template, tools and mechanics
utilized for identifying, select{n@rocessing and analyzing information and data for this
research work. Having a re \trategy is of upmost significance as it is being recognized by
the researcher to ha\:ea&wd various means to collect and analyses data and information through

the opportunityzﬁi@ distinctively distinguish amongst the functions of the various tools.

3.1.1 T@ Source of Data

Information and data used in this research are;
1. Primary Data

il. Secondary Data
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Primary and Secondary Sources of data were used to extract information for this research. The
primary data will be sourced from respondents through oral interviews and observations while the

secondary data will be obtained from case studies and reliable internet sources.

3.1.1.1 Primary Data
a. Observation

According to (Ary, 2010) ‘Observation is a basic method for obtaining data Q*litative
research.” Meanwhile, Fraenkel and Wellen (2007) classify observation into tIQ/ ds; they are
participant observation, nonparticipant observation, and naturalisticé&vation. Participant
observation is a type of observation in which the observer take in the circumstance or
environment that they are witnessing. Non-participant obs is when the observer is not
involved in the action being observed or the situatithey are observing. Following that,
naturalistic observation entails watching people %@ir natural environment. Therefore, the
researcher used non-participant observation t}\&lluate and examine different passive design
strategies in each sample (case study) %&plish energy efficiency. Without taking part, the
researcher performed observati.o%%’ge on site, the researcher did nothing more than wander
and take in the office str@ he researcher took the necessary data during the observation
using an observation Q@ist and field notes. The most common method used to get information
about the vari sgi.id\gs around us, is to observe those things and also the various processes
related to t (éngs. Hence, it can be said that observation acts as a fundamental and the basic
method}‘getting information about anything. But it must be kept in mind that observation is not
just seeing things but it is carefully watching the things and trying to understand them in depth, in
order to get some information about them. It can provide researchers with ways to check for
nonverbal expression of feelings, determine who interacts with whom, grasp how participants
communicate with each other, and check for how much time is spent on various activities.

Observation reduces the incidence of "reactivity" or people acting in a certain way when they are
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aware of being observed, helps the researcher to develop questions that make sense in the
native language or are culturally relevant, allows for richly detailed description, which they
interpret to mean that one's goal of describing "behaviors, intentions, situations, and events as
understood by one's informants" is highlighted.
b. Observation Checklist

A list of items that an observer will glance at while observing a building is W as an
observation checklist. The observer may have created this list. In addition to pr@% structure
and framework for an observation, observation checklists also func}bqgs/a contract of

understanding with the observer, who may feel more at ease and wil@ detailed feedback on

specific parts of the building. 0

Q
N

lency in an office building, necessary

3.1.1.2 Secondary Data
In order to evaluate design strategies for energ}?b

secondary data will be obtained by reading a&@ and journal, papers, etc. related to the topic.

The internet was used to collect infopmati regarding the locations of some of the senate
buildings. . @
3.1.1.3 Choice of Variabl&bQ

In research, variab %bstances or variables that can be altered, managed, or assessed. These
variables utiliz@rlous values and admit significant role in testing hypothesis and analyzing
data.”, @’Q’, (2023). Variables that apply to energy efficient design as they relate to the
Nigerian tropical climate and how they enhance energy efficiency in shopping plazas are
analyzed. The following are such variables:

1. Design for Climate

a) Temperature

b) Frequency of Heat Waves
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c) Rainfall

d) Flooding

2. Passive Cooling

a) Orientation

b) Landscape

¢) Shading \
d) Use of bright colors on the exterior wall surfaces Q

3. Daylighting and Natural Ventilation ’\(J

a) Daylighting s
b) Natural Vennilation Q

3.2 Selection Criteria for Case Studies Q

Case study research in Architecture goes beyonpb documentation and description of the
physical characteristics of the built environ@Therefore, to give a full assessment of the
selected case studies in the research, tl@ to be judged based on the research question or

proposed design problem. The p & rs for the variables which satisfy the research questions
and are to be used to assesﬁ@ studies are;

i. Bu11d1ng.

ateri d Finishes
@é‘ape elements

The fol ng case studies were chosen with regards and emphasis laid on the scope and

purpose of this research;
1. Lagos Continental Hotel, Lagos.
2. The Art Hotel, Lagos.

3. Transcorp Hilton Hotel,
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4. Abuja.Burj Al Arab, Dubai.

5. Rosewood, Abudhabi

3.3 Case Studies Analysis

3.3.1 Case Study 1 — Lagos Continental Hotel

Plat%%(terior Facade of Lagos Continental Hotel

* ce: https://www.thelagoscontinental.com)

3.3.1.1 Back r@d Information

The lagb%%tinental hotel, formerly known as the intercontinental hotel is a 5-Star Hotel located
at Plot 52A, Kofo Abayomi Street, Victoria Island, within the heart of the central business district
of lagos Nigeria. it has a total 358 rooms, 37 suites and a presidential suite. standing at the height
of 100m the hotel is the tallest in West Africa, with an amazing view of the Atlantic Ocean,
Lagos creek and the city. It was built and established in 2013 by the Milan Group, an Indian-

owned family conglomerate that existed and operated in Nigeria for over 40 years.
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Architects: Design Group Nigeria Itd led by Arc. Ayotunde Sanni
Structural Engineers: IA Associates Limited

Materials: Concrete, Glass, Aluminium

Year: 2013

No of Floors: 23

3.3.1.2 Sustainable and Passive design Strategies Adopted *
Sustainable and Passive design strategies are essential in reducing @ consumption
and promoting environmental responsibility in buildings like Lagos Co@ tal Hotel.
Sustainable Design Strategies %

i. Energy-Efficient Lighting: The hotel utilizes ener ent lighting fixtures such as
LED bulbs and compact fluorescent lamps (CFLs)Q@ughout its premises. These lighting
technologies consume significantly less i@y than traditional incandescent bulbs,
thereby reducing overall electricity usa§®

ii. High-Efficiency HVAC Syste@gos Continental Hotel is equipped with high-
efficiency heating, Ventil@d air conditioning (HVAC) systems. These systems are
designed to optimi %\rgy performance, minimize heat loss, and maximize indoor
comfort for gug&)vhﬂe reducing energy consumption.

iiil. Solar P v@tegration: The hotel harnesses solar energy through the installation of
pho ic (PV) panels on its rooftops and parking areas. Solar power generation
Mements the hotel's electricity demand, reducing reliance on grid power and lowering
carbon emissions associated with energy production.

Passive Design Strategies
Passive cooling strategies assessed in Lagos Continental Hotel, Orientation Landscape, , Use of
effective exterior finishes.

i. Orientation: The hotel is strategically oriented to maximize natural light exposure while
69



minimizing solar heat gain. With the .longer sides facing north and south and shorter sides
facing the east and west which is regarded as the perfect solar path. This helps reduce the
need for artificial lighting and cooling during the day.

ii. Landscape: The landscape on the south side of the building is characterized with large
surfaces of low grasses, asphalt driveways, hedges, walkways and very few shrubs while
the north side is characterized by tall trees, growing trees and walkways. *

iii. Use of effective exterior finishes: The building exterior is finished with@ nd folded

aluminum screens, see which improves the passive performanN) e building by

reducing the solar load. EQ

3.3.1.3 Merits
i. he Lagos continental Hotel boasts OF a contempo architectural design,AS The exterior
acade and interior spaces showcase a modeEetic.
ii. It is an iconic building at a 100m height@ug it the tallest hotel in west africa.
iii. The use of high-quality mater&g‘ dern furnishings, and attention to detail within
the hotel’s interiors con.tr@ a luxurious atmosphere.
iv. The hotel is strat located, its proximity to key areas such as business

districts, cul.t\@[ractions, and waterfront view contributes to the hotel’s appeal for both

businesg@ure travelers.
33.14 @

i.  The hotel is not environmentally sustainable as energy-efficient features, such
as waste reduction measures, and the use of eco-friendly materials were not fully
incorporated

ii. There is little vegetation around the structure because the property is mostly covered with

hard surfaces, which will lead to excessive heating.
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iil.

1v.

Aluminum and glass used for exterior finishes have low thermal mass
The hotel is dependent on artificial lighting is some areas of the hotel which

increases energy consumption

3.3.1.5 Case Studies Deduction

il.

iil.

1v.

Vi.

Vii.

Viii.

Use of natural light and natural ventilation (mixed mode) to minimize energy de&nd,

Automatic presence detectors/sensors and high efficiency lighting, ( O

Low Level of Natural indoor air quality and occupant's S@l and visual comfort
increased by ventilation rates, quality of materials and \Qs t,

Potable water demand minimised though rainwﬁgharvesting and condensate recovery

from coolin i b’b
g units, ’b
\O

Use of water harvested for toilet .ﬂg&g and irrigation,

o

Pulverised fuel ash (PF:A @;\ash) used as a cement replacement for part of the cement

content Pfa is recyc \1 power plants and has low embodied energy as well as being

environmentgl@ndly,

Recycle@nd abandoned materials were used in the construction of the buildings, this

ke\II/Q9 reduce carbon footprints caused from manufacturing of building materials, and

There is not enough carbon footprint offset on site.
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3.3.2 Case Study 2 — The Art Hotel Lagos

i Vil 5
; lﬂ“ﬁl
i
G
E s l
N

Plate 3.2: Exterio of The Art Hotel
Lagos (Sources https://arthotelng.com)

e
3.3.2.1 Background Information éj\,\%

The Art Hotel is situated in thg hi desirable Oniru Chieftaincy Family Estate, at Plot 13A,
Block 111, Yesufu Abiodum\Onitu Way, Victoria Island, Lagos. It is a trendy, luxury 49-room
boutique art hotel offering visitors a unique experience with awe inspiring themes and superior
service. It is a \&h} and luxury fusion of African culture and architectural excellence, which
embodies @r@st of both worlds. An interest in low-tech and passive sustainable solutions is

incorpo&ﬁ in the hotel’s design.Architects: MOE+ Art Architecture
Contractors: Dutum Company Limited

Structural engineers: Pin consults associates
Materials: Concrete, sandcrete block walls, perforated aluminium panels

Year: 2015 - 2022
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No of Floors: 6

3.3.2.2 Sustainable and Passive Design Strategies

i. Natural Lighting: The employment of an Atrium in the design of The Art Hotel, allows
natural light to penetrate deeper into the building, reducing the need for artificial lighting
during the day. By strategically designing the atrium with ample glazing an&ﬂective
surfaces, natural light can be effectively distributed throughout the hotel’@or spaces,

minimizing reliance on electric lighting and reducing energy consum ioL/

Plate 3.3: Artrium with skylight at The Art Hotel Lagos
(Source: https://arthotelng.com)

ii. Shading: The Hotel building uses shading devices such as balconies and the Hexagonal
perforated aluminum screens,. The combination of the overhangs, on the side elevations is

very effective.
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iii. Use of effective exterior finishes: The building exterior is finished with glass, green
walls and perforated aluminum screens, which improves the passive performance of the

building by reducing the solar load.

://arthotelng.com)

Plate 3.4: View of the Ex;% 1n1sh of The Art Hotel Lagos

(Souroe&

3.3.2.3 Merits

1. The structure incorp & sustalnable and eco-friendly architectural features which
would aid energy e ncy

ii. The archlt@&gn of The Art Hotel reflects a contemporary approach, staying in
tune w1@odem construction materials.

1ii. %Qotel features the integration of local artwork & art like visual arts, sculptures, or
other forms of artistic expression that enhances the overall aesthetic appeal of the
building

iv. It features Clean modern finishes Strong luxurious colors, textures, patterns.

v. For additional lighting and energy efficiency an artrium was incorporated into the

design and construction of the hotel.
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3.3.2.4 Demerits

i. Inadequate parking spaces to cater for both guests and staff when there is a high influx at

peak times.

ii. Aluminium has low thermal heat and can therefore hinder energy efficiency.

3.3.2.5 Case Studies Deductions

i. Climatic response was taken into consideration by positioning the b short
facades facing east- west, and long facades north-south (JQ

ii. Combination of overhangs and shading devices and north-south ion helps to prevent
heat load and glare from sun radiation, %

iii. Passive design strategies were incorporated in lding, to help reduce the
requirement for air- conditioning and improving e natural lighting,

iv. Interior wall finishes are non-volatile organ@{g)unds

3.3.3 Case Study 3— Transcorp Hilton Hoté \Abuja

Plates 3.5: Exterior Facade of Transcorp Hilton Hotel, Abuja
(Source: Authors field work, 2024)
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3.3.3.1 Background Information

The Transcorp Hilton Hotel Abuja stands as an architectural landmark in the capital city of
Nigeria. Located at no 1 agunyi irosi st, maitama, abuja, is a prominent architectural marvel that
seamlessly blends modern luxury with cultural elements, reflecting Nigeria's rich heritage. The
hotel's grand facade, characterized by a blend of contemporary design and traditional Nigerian
motifs, establishes a striking presence in the capital city. Preparatory work for the ho%egan in
1981, at that time there were hardly any infrastructure in the city. To finance @%, National
insurance company of Nigeria (NICON) took a loan of $118,875,000 &Lconsorﬁum of
foreign banks. The hotel was fully commissioned in 1987, and beca first five star hotel in
Nigeria. The Hotel is the preferred space for many public and §ctions in Abuja (Bureau
of Public Enterprises, 2011) The hotel has a _y‘shaped plan &70 rooms and is 10 storey high.
The rooms are furnished in art deco style, origin%gbvork on the walls and marble in the
bathrooms. The rooms are double banked op@%to a poorly lit corridor. The building is

designed as 90 framed structures, cons.tn\& from concrete, glass and steel materials. (Bureau

N\
Q;(o

Architects: living design (sg@%adb Itd

Stuctural engineer: oai%at konsult Itd

Materials: Con‘cr@ock Walls, Glass

Year: 198 fb

No of RMS/Floors: 667/10

of Public Enterprises, 2011)

3.3.3.2 Merits
i. The incorporation of local materials and artistic elements pays homage to the nation's
diverse cultural identity, creating a unique and immersive experience.

ii. The architects have successfully utilized natural light, creating a warm and inviting
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ambiance throughout the interior spaces.

iii. Landscaping around the hotel complements the design, creating a harmonious blend
between the built environment and the surrounding greenery.

iv. Cutting-edge technology is seamlessly integrated into the architectural design,
enhancing the overall guest experience.

v. Adequate parking space is provided to cater for the needs of guests during pealg&riod.

3.3.3.3 Demerits ( Q

i.  There is room for improvement in energy-efficient features, v@\{eduction measures,

and the use of eco-friendly materials. %

ii. Glass used for exterior finishes have low thermal mas Q

iii. Inadequate accessibility and circulation Q

Plate 3.6: Grand Entrance at Transcorp Hilton Hotel Characterized by Canopy, Also Serve
as Shading device(Source: Authots field work, 2024)
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(Source: Authors field work, 2024)

Plate 3.7: Site Landscape at the transcorp Hiltobuja

3.3.4 Case Study 4 — Burj Al Arab, Dubai Q

=

II.
.
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— - o — | —— —

Plate 3.8: Exterior Facade of Burj Al Arab, Dubai
(Source: www.canva.com)
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3.3.4.1 Background Information

The Burj Al Arab is a distinctive sail-shaped luxury hotel located in Dubai, United Arab Emirates

built on a manmade island called palm jumeirah. Standing at 321 meters (1,053 feet), it is

renowned for its iconic design and opulent amenities. Completed in 1999, the structure

symbolizes modern Dubai's architectural prowess and is often hailed as one of the world's most

luxurious hotels. Its interior features lavish decor, panoramic views, and a rang@clusive

services, contributing to its status as a symbol of luxury and extravagance. 0
Architects: wkk architects lead by tom wright 6\
Contractors: WS Atkins Partners Overseas $

Materials: Concrete, galvanized steel, mosaic tiles QO

No of Floors: 60

Year: 1993 - 1999 étb"Q
()

Floor Area: 111,500 sqm *

O

3.3.4.2 Sustainable Design Strategi (9

il.

iil.

Passive Solar Desig@ hotel's distinctive sail-shaped structure is not only an

architectural ma&ﬂ also serves a functional purpose. Its unique design maximizes

natural da(@:h{\p

lighti@ring the day. Additionally, the building's orientation and facade design

etration into the interior spaces, reducing the need for artificial

N{l/%ﬂze solar heat gain, thus reducing the demand for cooling.

Energy-Efficient Lighting: Burj Al Arab utilizes energy-efficient lighting fixtures
throughout its premises. LED bulbs and other high-efficiency lighting technologies are
employed to minimize electricity consumption while providing optimal lighting levels for
guests and staff.

High-Performance HVAC Systems: The hotel features state-of-the-art heating,
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ventilation, and air conditioning (HVAC) systems that are designed for energy efficiency
and optimal comfort. These systems incorporate advanced controls and zoning capabilities
to maximize energy savings while maintaining individualized temperature preferences in

different areas of the hotel.

3.3.4.3 Passive Design Strategies
iv. Orientation and Circulation: The building's orientation reduces heat gain 1 ummer

months. The south elevation has the maximum surface area exposed t@bsorption. .

People can access the hotel through a helicopter that lands on the.fodf. The main entrance

\
Sg0 Ak R oy
gt § Cnre

Fodk LAV -5

Figure 3.1: Sketches of various plans or the burj Al-Arab
(Source: https://sites.google.com/site/ae390spring2012burjalarab/architecturalsystems/1-drawings-
diagrams)
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vi.

Building Envelope: The hotel's building envelope is designed with high-performance
materials and incorporating a membrane facade made from ETFE films, PVC-coated
polyester fabrics and PTFE- coated glass fabrics. These mostly highly translucent mesh

fabrics are extremely resistant to extreme weather conditions.

Plate 3.9: Pictorial view if bl%(%nvelope material, Also showing Helipad
(Sou chitects field work, 2024)

Natural Ventilation: @sigm incorporates natural ventilation strategies by including
operable windov@s, and atriums to facilitate airflow throughout the building. Cross-
r

[ ]
Ventilation<1s§£ aged to enhance indoor air quality and provide passive cooling,

reduc@iance on mechanical ventilation systems.

vii. ]ks/g/e Solar Design Features: Passive solar design principles are integrated into the

architecture, including features such as solar shading, orientation, and thermal mass.
These elements help harness solar energy for heating, lighting, and ventilation purposes,

reducing the hotel's reliance on conventional energy sources.
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3.3.4.4 Environmental analysis
(a) Wind Effects:
i.  Geographic location subjects the hotel to severe weather conditions including strong
winds and occasional violent thunderstorms.
ii. Due to the structure’s proximity to its adjacent hotel resort, wind tunnel testing was
considered to ensure a safe design.
iii. Wind speed of 45 meters per second, under the recommendations of DubfaiViunicipality,
was adopted for the design.
(b) Seismic Impact:

i. It is not located in an earthquake intensive zone. Howevey southern Iran which is only 100
miles away to the north is subjected to moderate earthquake risk and in turn which could
create tremors in Dubai if a seismic event were fe _aceur in Iran.

ii. To reinforce the structure from any potehtial swaying, two tuned mass dampers, weighing
about 2 tonnes each, limit vibrationg‘ia\the tubular steel mast that projects 60 m above the

building.

Figure 3.2: Wind impact on the Burj Al arab
(Source: Architects field work, 2024)
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3.3.4.5 Merits
i. The sail shaped structure sigfnifies an architecturally innovative exterior and truly exuberant
interior.
ii. There are flowers throughout the hotel and even in suites which promotes sustainability.

iii. Burj Al Arab utilizes advanced technologies to minimize energy consumption and reduce its

environmental impact. \
iv. For air, the revolving door located at the main entrance acts as a lock@echanism to

prevent a phenomenon known as the stack effect, which occurs w, n(ho'hot air rises and

the cool air falls in a tall building EQ

3.3.4.6 Demerits
i.  The Burj Al Arab HAS limited exterior space for r@atlonal and outdoor activities.
ii. The design of the Burj Al Arab have %@fbconcems about its long-term structural
sustainability AS The challenges assoc%{@with maintaining SUCH architectural feat over
time could lead to increased main demands and costs.

iii. There is not enough green@‘hin the structure that can enhance sustainability.
L]
~

Figure 3.3 Elevations of the iconic Burj khalifa
(Source: Architects online research 2024
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3.3.5 Case Study 5 — Rosewood Abudhabi

Plate 3.10: Exteri *E%‘ade of Rosewood Abudhabi
(Sour&l daily.com, 2015)
3.3.5.1 Background Informati.on{Q
Rosewood Abu Dhabi is a xQ}hotel and residential tower located on Al Maryah Island. The
inspiration for the d.e%i&vas derived from the falcon and from the art of falconry, which has a
long history in theN\Middle East, and remains an important part of local heritage and culture. The
way in wl&%§

overlap?l}tgvolumes and textures of the exterior wall. The design we created is not a literal

e falcon’s wings overlap its body inspired the exterior massing and the

translation of an idea, but a sculptural manifestation that reflects the falcon’s beauty, elegance and
precision. This inspiration provided us with a dynamic form that is found in nature, and has

regional and cultural significance.

It is a new 1,099,000 sq. ft. (102,000 m?) luxury, mixed-use development. The complex includes

a five-star 189-room Rosewood hotel, 131 serviced apartments, banquet facilities, meeting
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facilities, spa, fitness center, retail space, restaurants, and parking.
Architects: HANDEL ARCHITECTS

Structural Engrs: MagnussonKlemensic Associates

Materials: Concrete, Galvanized Steel, Mosaic Tiles Year: 2013
No of Floors: 60

Floor Area: 102000 sqm

16TH FLOOR 18TH FLOOR 22TH FLOOR
@Rosewood abudhabi typical floor plans

Source archdaily.com, 2015)
3.3.5.2 Merits @

i. The stru as a sleek and modern design, blending seamlessly with the urban landscape.
ii. Th%fa’f high-quality materials and attention to detail reflects sophistication.
iii. Sustainable features, such as energy-efficient systems, further enhance its positive

attributes, aligning with contemporary environmental considerations.

3.3.5.3 Demerits
iv. Limited integration of traditional Emirati architectural elements, potentially

impacting cultural resonance.
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v. There is not enough greenery within the structure that can enhance sustainability.

vi. Rosewood Abu dhabi has limited exterior space for recreational and outdoor activities.

3.4 Case study synthesis

a) Common Spaces and Facilities
All these hotels feature expansive and luxurious lobbies, multiple dining options, and a variety of
leisure facilities such as pools, fitness centers, and spas. They also cater to busin %d event

needs with conference rooms and meeting spaces. Retail spaces and additi(/@)enities like
beauty salons and shops are standard. :’\
b) Special Spaces and Facilities $

Each hotel distinguishes itself with unique features: Q

1. Burj Al Arab Iconic helipad, underwater resta nd floating terrace.

11. Rosewood Abu Dhabi Executive loung@\\@llery, and marina views.

111. Transcorp Hilton’s  extensive ess facilities, children's recreational areas, and

N
presidential suites. %’(9

1v. Lagos Continental t@sky bar, helipad, and art collection.

v. The Art Hotel’s aft gallery, artist-in-residence programs, and private cinema.

c) Gener@duction from case study

High-end ho corporate a mix of common luxurious amenities and unique, special features to
different\sjy hemselves and enhance guest experiences. While common facilities ensure comfort
and convenience, special spaces provide unique experiences that align with the hotel’s brand
identity and target market. Integrating art, culture, and unique services such as private cinemas or
helipads adds value and appeal, especially in competitive markets. These hotels also blend

functional business spaces with leisure facilities, catering to both business and leisure travelers.
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Chapter Four

Site Analysis and Design Synthesis

4.1 Study Area/Site Selection

Adjacent to Lagos' central business district, Eko Atlantic City enjoys unrivaled accessibility and
connectivity. It is conveniently accessible via major roadways, including Ahmadu Bello Way and
Ozumba Mbadiwe. The city's proximity to key economic hubs and entertainment ”égfurther
enhances its appeal as a premier destination for business and leisure travelers ts sweeping
pedestrian promenade encircles the marina offering views from the sle chts to the dazzling

architecture. Its will become a center for leisure and social activities%

O

4.1.1 Site Location/Description Q

'y@)f the most stunning residential and

mixed use development. Notable Land

The proposed site is located in Marina district whic

commercial hubs in Eko Atlantic, Lagos desi

marks in close proximity to the site are @towers and Eko pearl towers, It is located on

N

6°24'31.8"N 3°24'16.8"E. Co\

a

Figure 4:1: Site Location map
(Source: Authors field work (2024)
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4.1.2 Site Analysis

Here are some of the key aspects that an architect should consider when analyzing the site:
Geographical Location: The site is located on the Marina District of Eko atlantic city, which is
one of the major islands in the Lagos Lagoon, Eko Atlantic City is an ambitious urban
development project located on the coast of Lagos, Nigeria. The Marina District is one of the
prominent areas within this development. Situated on the Atlantic Ocean, Eko A City is
built on reclaimed land, stretching over 10 square kilometers. The Marina D]C/@'\ particular,

is strategically positioned to leverage its waterfront location, offer'@{(ﬂtunning views and

opportunities for maritime activities. Firstly, its proximity to th 0s Lagoon provides an
opportunity for waterfront development, which may be attracti some types of projects such
as hotels, restaurants, or residential properties. Q

Secondly, its location on Lagos Island means that if&ll—connected to other parts of the city via

major road networks and bridges such as thﬁn Mainland Bridge and the Falomo Bridge. This
makes it easily accessible for both co@:s and visitors.

Thirdly, Marina's status as a hi ﬁi residential area means that it is likely to have a certain level

of affluence and demand xury goods and services. This may make it an attractive location

[ ]
for certain types o@es such as high-end retail, gourmet restaurants, and boutique hotels.

Finally, the g@ce of key amenities may also be a factor in a site analysis, as these amenities

can helmttract visitors and residents to the area.

Sunrise and Sunset: The sunrises at about 6:32am in the morning and sets at about 6:54pm in
the evening on the site. The east and west side of the building should be shaded from the sun;
solar panels can also be placed on the building to utilize the sun light hitting that part of the

building to generate energy for the building.
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Prevailing Winds: Generally, Lagos experiences two main wind patterns throughout the year:
the northeast trade winds and the southwest monsoon winds. The northeast trade winds blow
from the northeast between November and March, bringing dry and dusty Harmattan winds to
the region. These winds can cause a drop in temperature and reduced visibility due to dust and
haze. From around April to October, the southwest monsoon winds known locally a%"Rainy
season winds" bring moisture and heavy rainfall to the region, as they blow fr. southwest

over the Atlantic Ocean. During this season, the wind patterns can be ch&gdled by frequent

thunderstorms, heavy rainfall, and occasionally strong gusts. EQ
~~

THERE IS LITTLE TO NO VEGETATLON PRESENT ON THE SITE, THI.S
1S DUE TO THE SITE BEING A LAND FILL (ISLAND). TREES AND

SHRUBS WOULD BE © D TO INCOPORA
f A

MAJOR NOLSE INTO THE SITE IS
ACCESSIBILITY GENERATED FROM
VEHICLES AND ACTIVITLES ON THR

; 1 » L - / '
ROAD, AND ON GOING CONSTRUQ I 2PR® P@SE_ Dk-.} r
-] R,

\s

HARMATTAN BREEZE UNFAVOURABLE lT
SHALL BE CONSIDERED WHILE PLANNING

SUN SETS AT AROUND 620PM
7:00PM IN THE WEST. WITH A
INTENSITY AND COOL WEATHER.

<
THE SUN RLSES AT AROUND 630
AM TO 700 AM IN THE EAST WITH
A LOW INTENSITY AND WARM
WEATHER

MOIST, COOL BREEZE, FAVORARLE FOR
HUMAN HABTITATION . SHALL BE UTILIZED
WHILE PLANNING.

"TO THE SITE 1S LOCATED
AT THE NORTH — EASTER & SOUTH-
EASTERN PART OF THE SITE,

THE TYPE OF SOLL PRESENT ON SUN AT NOON

THE SOIL 1S LOOSE SANDY SOIL. e o b LT b e P =i PROPOSED ACCESS ROADS ARE TO BE

DUE TO THE FILLING ADDED TG SUN — EARTH RELATIONSHIP AT NOON CONSTRUCTED AT THE S50UTH-

THE LAND - MARKES THE SUN AHEAD AND THE INTENSLTY WESTERN PART OF THE SITE,
o 75 IS AT THE HIGHEST

Figure 4:2: Site Analyss
(Source: Authors field work (2024)
a)  Topography

The site being located at Eko atlantic city which is on a relatively flat terrain, so it is essential to
assess the site's slope, water table, and drainage. This will help determine the foundation type and

will aid both the Architect and the Structural Engineer in designing a stable structure.
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b)  Infrastructure

The site has access to different infrastructure such as access to roads, water, and electricity and so
on. The north- west of the site, is a view of the Atlantic Ocean; with access road on all
boundaries of the site; The site infrastructures are the social and supporting facilities connected
with the site.

¢)  Vegetation

S

The site is characterized by its sparse vegetation and Loamy soil due to filling that

occured, so it is essential to preserve as much of the site's natural environ@gﬁossible.

a tropical savanna climate,

d) Climate
Lagos is located on the Atlantic coast of Nigeria and

characterized by two distinct seasons — the rainy season a @dry season

\ND

Daytght hoxars | Sunahins i - Abuja, Wigsria
[ e ———

o v

i

[~

'/\\_//"

_l||| E I.

THE MONTH WITH THE LEAST
AMOUNT OF PRECIPITATION IS
PECEMBER, EXHIBITING A MERE 1
MM/QQO INCH RAINFALL. MOST OF
THE PRECIPITATION HERE FALLLS
IN  AUGUST, AVERAGING 326
MMA2.8 TNCH.

THE MONTH OF MARCH BOASTS THE
HIGHEST AVERAGE TEMPERATURE,
WITH A RECORDED MAXIMUM OF 296
'C | 852 °F. AUGUST IS THE COLDEST
MONTH,  WITH  TEMPERATURES
AVERAGING 229 °C | 733 °F.

HUMIDITY

THE MONTH WITH THE HIGHEST
RELATIVE HUMIDITY IS AUGUST (8672
%). THE MONTH WITH THE LOWEST
RELATIVE HUMIDITY 1S JANUARY
(2636 %). THE WETTEST MONTH 1S
AUGUST (2827 DAYS). THE DRIEST
MONTH IS DECEMBER (023 DAYS),

LAGOS EXPERIENCES [TS HIGHEST
MONTHLY SUNSHINE IN JANUARY,
AVERAGING 1034 HOURS PER DAY,
WHILE HAVING THE LEAST IN
AUGUST WITH AN AVERAGE OF 332
HOURS PER DAY, THE YEARLY
AVERAGE 15 BB77 HOURS PER
MONTH.

Wind - Abuja. Nigerls
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.
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Figure 4:3: Climatic analysis
(Source: Authors field work (2024)
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THE MONTHS HAVING THE HIGHEST
AMOUNT OF DAYLIGHT HOURS ARE
JUNE  AND  JULY  AVERAGING
12EHOURS, THE LOWEST DAYLIGHT
HOURS FALLS IN DECEMBER WITH
1LEHOURS

THE MONTH WITH THE SLOWEST
WIND SPEED IS  OCTOBER
EXHIBITING A SPEED OF 48KMM.
THE FASTEST WIND SPEED HERE
FALLS 1IN JANUARY, AVERAGING
7ERMMH.



4.2 Project Analysis/ Design Synthesis

4.2.1 Design Criteria

Energy is necessary for buildings’ activities. Lighting, ventilation, insulation, and controls have

been enhanced and these are significant features to achieve energy efficiency. Since the aim of

the design is to Minimize the consumption of energy and also promote sustainabilityﬁlce, the

following were considered when designing the building:

ii.

1il.

1v.

Vi.

N
(2

Building Form: The building has to have a simple form QQ t heat trapping

into the building’s exterior surface. Q
a;:

Windows: The use of normal size fenestrations @ ow sufficient lighting &

ventilation of interior spaces. Q

Functionality: he design will be madeé@)erform its functions by adequately
allocating spaces to standards ®%

Walls: materials that minimiz h%t absorption should be used to construct walls
Orientation: The buildi@(ay\out and windows will be properly aligned with the
path of the sun t;@imize natural light and heat gain in the rainy season while
minimizing o &ting in the summer.

[ ]
Lands<<ap1{§'t is is to provide shade, reduce wind impact, and even act as an

i@ng layer around the building

vil. zésthetics: The design wil be visually appealing by creatively planning of the entire

facility including its layout.
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THE BUILDING HAS TO I'A'
HAVE A SIMPLE FORM TO "
PREVENT HEAT TRAPPING

INTD THE BUILDING'S

EXTERIOR SURFACE INCORPORATING REFLECTIVE OR COOL ROOFING

MATERIALS CAN REDUCE HEAT ABSCRPTION AND

THIS IS TO PROVIDE |

SHADE, REDUCE WIND
IMPACT, AND EVEN ACT |
AS AN INSULATING LAYER
AROUND THE BUILDING.

s MINIMIZE THE *HEAT LSLAND* EFFECT IN THE
BUILDING
THE USE OF NORMAL HIGH INSULATION
SIZE  FENESTRATIONS MATERIALS HELP
WILL ALLOW SUFFICIENT REGULATE INDOOR TEMP,
LIGHTING & VENTILATION BY  REDUCING  HEAT
OF INTERIOR SPACES, TRANSFER  THROUGH
BUILDING COMPONENTS,
(W
e
| L*fDE ?fcf‘ﬁp"'m;‘;‘;; ;E . fy TO PROVIDE ADEQUATE
FRITN § ke 0 PARKING SPACE FOR
ADEQUATELY ALLOCATING . { z;tr;sﬁrub viaTehe
SPACES TO STANDARDS 7
._——
‘iﬁ MATERIALS THAT THE BUILDING'S LAYOUT AND WINDOWS WILL BE THE DESIGN WIL BE
‘ MINIMIZES HEAT PROPERLY ALIGNED WITH HE PATH OF THE SUN TO WISUALLY APPEALING BY
‘. ' ABSORPTION SHOULD BE MAXIMIZE NATURAL LIGHT AND HEAT GAIN IN THE CREATIVELY PLANNING OF
'~.~' USED TO CONSTRUCT RAINY SEASON WHILE MINIMIZING OVERHEATING ~ THE ENTIRE  FACILITY
.’ WALLS IN THE SUMMER INCLUDING ITS LAYOUT

Figure 4.4: Desig

(Source: Auth\
4.2.2 Brief Analysis . 5&

The proposed design is a Five star l@’y Hotel, to be located in Marina, Eko Atlantic city,

work (2024)

Lagos State. The Proposed HO‘%VHI be an abode for all forms of Hospitality and leisure

activities together with (@ activities such as commercial activities, support and storage,

collaborative activ@ical fitness, training, and so on and shall be accessible to all.

4.2.3 Brief pment
Prowns were made for the following spaces in the design of a 5 star Hotel

e Grand Lobby
e Retail Stores
e Restaurants

¢ Administrative office spaces
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Mine Kitchen

Staff lounge and rooms
Breakfast café

Super Mart

Outdoor Sport Facilities
Flower garden

Fitness Centre

Banquet Hall

Multipurpose Hall Q

Sauna / Spa

Unisex Salon
O
Outdoor lunge . *
5

Roof garden QQ\

eluxe Suite

Deluxe wﬂ&%
TW@Q

&r%xe King Suite

Executive Suite
Executive Plus Suite
Grand Premier Suite

Honeymoon Suite
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e Family Retreat Suite

e Presidential Suite

4.2.4 Conceptual Development

SUITAINADLE ARCNIIEGIUKE

THE RECYCLE SYMBOL KNOWN AS
“CHASING ARROWS® REPRESENTS
SUSTAINABILTY. HENCE wHY THE
FORM WAS ADOPTED IN THE LUXURY
HOTEL DESIGM.

e

— 2MND

SUSTAINABLE ARCHITECTURE IS ARCHITECTURE THAT
SEEKS TO MINIMIZE THE NEGATIVE ENVIRONMENTAL
IMPACT OF BUILLDINGS BY EFFICIENCY AND
MODERATION IN THE USE OF MATERIALS, ENERGY.
AND DEVELOPMENT SPACE.

SUSTAINABLE ARCHITECTURE USES A CONSCIOUS
APPROACH TO ENERGY AND ECOLOGICAL
CONSERVATION IN THE DESIGN OF THE BUILT
ENVIRONMENT.

S

THE SYMBOL IS THEN MODLFIED AND

) FLIPPED TO MIRROR EACH OTHER,
INFINLTY SYMBOL STRAIGHTENED OUT TO GIVE OUR FINAL FORM OF THE CREATING A SYNMETRICAL BALANCE

FLOOR PLAN
o
Fig : Conceptual Development

Q ce: Authors field work (2024)
4.2.5 Functional lt’h/\’&&h

Designing a 5-@ hotel involves creating a seamless integration of various functional areas to
ensure ,@ operations, guest satisfaction, and a luxurious experience. The functional
relationship of different spaces within the hotel is critical to achieving this. The Ground floor,

First floor is opened to the General Public, While the remaining floor areas is strictly for guests,

Services and Staffs.
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BANQUET
FACILITIES BACK OF HOUSE

1 FACILITIES

s HOTEL CORE

RESTAURANT
FACILITIES

STORES GRAND LOBBY

RETAIL ‘ | ENTRANCE/

, ,\\ )
Figure 4.6: Fun ﬁmal Flow of the Ground Floor plan

.( S&@ Authors field work, 2024)
R

ROOMS H HOTEL CORE ROOMS

Figure 4.7 Functional flow of the Room Floor Plans
(Source: Authors field work, 2024)
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BANQUET
FACILITIES ) ADMINISTRATIVE

FACIL;ITIES
I LOBBY

RESTAURANT
FACILITIES
RETAIL
STORES

%

HOTEL CORE

Figure 4.8: Functional flow of the se
( Source: Authors field work

@’b

Schedule of accommodation of t %tel includes the space areas, important

considerations for space allocations @e area for office activities.

4.2.6 Space Allocation / Schedule of Accom

Table 4.1: Accommodation Sd&of each floor of Dangote Hotel building

O

N

Floor age Area (m?)
.-3&

20% Flo ¥ Presidential Suites 2220

1@% ag Apartments Suites 2220

N\,

18™ floor Apartments Suites 2220
17 floor Apartments Suites 2220
16™ floor Apartments Suites 2220
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15" floor Apartments Suites 2220

14% floor Apartments Suites 2220
13 floor Apartments Suites 2220
12% floor Service Floor 2220

LY
111 floor Rooms Suite 2220 Q\

10™ floor Rooms Suite 2&(2/\’

EAN

9% floor Rooms Suite s\) 2220
N

8™ floor Rooms Suite Q\) 2220

Vo \

7t floor Rooms Suire §(§\ 2220
(6

2220

6™ floor Rooms Suite ®

\

5t floor Rooms Sui};\“(?\ 2220

o\

4t floor ROO\ 2220
QO
31 floor \Q)Oﬂ’l Suite 2220
/2\%
274 flgor \/\ Services/ Roof garden/ Swimming pool 5450
(. \

\1/ T Mixed used Floor 5330
Ground Floor Grand Lobby/ Mixed use 6590
Basement Parking Lots/Controlled Access 6590
Total 63110

Source (Researchers Field Work)
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Table 4.2: Room Typologies of the Dangote Hotel Building

S/N  Room Name Description No of Spaces Area (m
?)
1 Presidential Suite Waiting area, Snooker, Living area, 2 515

Dinning, Visitors toilet, Chef

kitchen, Restaurant, 3 bedrooms, (2 \
en-suite) Private office, Conference QQ

room r,\\

2 Family Retreat Suite Living area, Dinning, Kitchen, %\) 28 118

bedrooms (en- suite) QQ
2

3 Honeymoon Suite Anteroom, Livinng@TDining and 28 92

Kitchen, On@room

4 Grand Premier Suite *© Mroom Living area, Kitchen, One 7 90
QQBedroom
5 Execut1V€ M\SLﬁte Open plan Living area, bedroom and 14 59

6 dining, workspace
\,Q:b

6 Executive Suite Open plan living area and bedroom, 36 51
workspace
7 Deluxe King Suite Queen size bed 18 34
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8 Twin Deluxe Suite Two King size beds 72 31

9 Deluxe Suite King size bed 144 24

Source (Researcher’s Field work)

4.2.7 Construction Materials and Methods

Designing and constructing a 5-star luxury hotel requires meticulous planning a; use of
high-quality materials and construction methods to ensure durability, aesQ/@appeal, and
sustainability. This project includes innovative features such as a glass ’siqete, and aluminum
facade, green roofs, rooftop gardens etc. Below are the detaila@stmction methods and
materials incorporated in the design of Dangote Hotels: QO

i. Foundation and Structural System Q

Due to the loose soil at Eko Atlantic City and roty@eture of the 20-floor Dangote Hotels, to
support the load, a deep foundation system sua\\gbored piles or drilled shafts can be used. This
ensures stability and minimizes settlet@&\e ecially if the soil conditions are not ideal. The
whole building should be cons.trl@vith a central core made up of reinforced concrete. This
central core houses the Me \l systems, Vertical transportation system, Chute, Escape Hole

and all Major Hotel es. Reinforced concrete and steel are typically used for the structural

strength.
perform%é.

ii. Facade Design

frame. Concre des excellent compressive strength, while steel offers superior tensile
ination of reinforced concrete columns and steel beams can optimize structural

In the design of Dangote Hotels, High-performance, double-glazed or triple-glazed low-E (low
emissivity) glass is used to maximize energy efficiency by reducing heat gain and loss. Glass
provides a sleek, modern appearance and allows for natural lighting. Concrete is also used for the

fagade with a high-quality finish as concrete is durable, provides excellent thermal mass, and can
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be molded into various shapes and textures to enhance the building's aesthetics. Rhomboid
Aluminum cladding panels are used due to their lightweight, corrosion resistance, and ease of

installation to provide shading as well as add to the aesthetics of the facade.

N

Plate 4.1: Fag:ade.o{ﬁding showing materials used

(Source: A%K roposed design, 2024)
iii. Green Design .$

gﬁ\

The introduction of @ on the facade involves using planters integrated into the building
structure. Thes sggvm include modular panels with growing media and irrigation systems to
support plaéféowth. Plants improve air quality, provide insulation, and enhance the building’s
aestheti%eal. The green roof on the second floor and rooftop garden involves a multi-layer
system:

a) Waterproof Membrane: Prevents water infiltration into the building structure.

b) Root Barrier: Protects the waterproof membrane from root penetration.

¢) Drainage Layer: Facilitates water drainage to prevent waterlogging.

d) Filter Fabric: Prevents soil particles from clogging the drainage layer.
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¢) Growing Medium: A lightweight, engineered soil mix that supports plant growth.

f) Vegetation: Drought-resistant plants, shrubs, and small trees suited to the local climate.

ENGINEERED 208, WITH PLANTINGS

FILTER FABRIC

HEENEERFIEE

T

GREEN ROCF WATERPROOFING MENEIRANE
STRUCTURAL DECK, PRIME AS REQUIRED

Figure 4.9 éﬁen roof detail
(Source: Pih%& om/Greenroofdetails)

iv. Infinity Swimming Poo.l é")
The pool structure is made c@&nforced concrete, ensuring it can withstand the water pressure
and provide a leak-proofbasifi.: A high-quality waterproof membrane is applied to prevent water
leakage.The interiQr syrface of the pool can be finished with tiles, fiberglass, or a special pool
plaster for a h, aesthetically pleasing look.The infinity edge requires precise leveling and
construc % create the visual effect of water extending to the horizon. A catch basin and pump
system are necessary to recycle the overflow water back into the pool.

v. Helipad
The helipad requires a robust structure, typically constructed from reinforced concrete or steel,

designed to support the weight of helicopters and resist dynamic loads during takeoff and landing.

mThe surface is coated with a non-slip, durable material to withstand rotor wash and harsh
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weather conditions. Lighting, markings, and safety netting are essential for safe helicopter
operations. Additionally, fire suppression systems should be in place.

vi. Interior Design and Materials
High-quality materials such as marble, granite, hardwood, and luxury vinyl tiles are used for
flooring in public areas, while plush carpets may be used in guest rooms for added comfort. Wall
finishes include a combination of high-end materials like wood paneling, textured wpapers,
and decorative plaster to create an opulent ambiance. Decorative ceilings with r@d lighting,
chandeliers, and acoustic panels to enhance aesthetics and comfort QQ stics. Custom
designed, high-end furniture and fixtures that reflect the luxury status otel.

vii. Sustainability and Energy Efficiency 0
High-efficiency HVAC systems with advanced controls to optimize energy use while maintaining
indoor comfort. LED lighting systems with smart co&% to reduce energy consumption. Low-

flow fixtures, greywater recycling, and rainw@westing systems to minimize water usage.

Integrated systems to monitor and co.n uilding operations for enhanced efficiency and
occupant comfort. ’\(9

vii. Safety and Securlty
Comprehensive fire saft tygstems including sprinklers, smoke detectors, and fire-resistant
materials. Advaans\:cq\‘ri systems with surveillance cameras, access control, and 24/7 security
personnel to @e guest safety. By employing these construction methods and materials, the
hotel nb\o/% achieves a high standard of luxury and aesthetic appeal but also incorporates

sustainable practices that enhance energy efficiency and environmental responsibility.

4.2.8 Building services

Designing a 20-floor luxury hotel requires integrating comprehensive building services to ensure

the highest levels of comfort, efficiency, and safety for guest such as:
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i.  Heating, Ventilation, and Air Conditioning (HVAC)
Centralized systems like boilers or heat pumps provide consistent and efficient heating. Underfloor
heating should be used in premium areas such as spas and bathrooms for additional comfort.
Advanced ventilation systems to ensure a constant supply of fresh air while removing stale air. This

includes mechanical ventilation with heat recovery (MVHR) systems to improve energy efficiency.

ii. Electrical Systems *

A robust electrical infrastructure with redundant power supplies and backup@/@tors ensures
uninterrupted service. High-quality electrical panels and distribution 16 manage the power
needs of the building. LED lighting solutions with smart controls%de energy-efficient and
customizable lighting options. Mood lighting in guest room Q spaces, and exterior lighting
enhances the ambiance. : State-of-the-art communicationstems include high-speed internet,

VolIP telephones, and integrated PA systems for an@ments and background music.
ili. Plumbing Systems QQ

Advanced plumbing systems ensure a&gaable supply of hot and cold water. Pressure-boosting
systems maintain water pr@% across all floors. Efficient drainage systems prevent
waterlogging and ensure, quigk removal of wastewater. Grease traps in kitchen areas and oil
separators in sew€® maintain hygiene and compliance. Comprehensive fire suppression
systems, incly@bc@wet and dry sprinkler systems, fire hydrants, and hose reels, are strategically

placed ﬂ\())%llout the building.

iv. Fire Safety Systems

Smoke detectors, heat detectors, and multi-sensor detectors provide early warning of fire. These
are connected to an addressable fire alarm system that identifies the exact location of any
incident. Automatic sprinkler systems, foam suppression systems in specific areas, and portable

fire extinguishers are essential components. Emergency lighting, illuminated exit signs, and an
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integrated public address system guide occupants to safety.

v. Security Systems
Electronic key card systems, biometric scanners, and secure entry points tocontrol access to guest
rooms and restricted areas. High-definition CCTV cameras cover all public areas, entry points, and
critical infrastructure. Monitoring stations enable real-time surveillance and recording. Alarm
systems with motion detectors and glass break sensors protect against unauthorized e%

vi. Lifts QQ
Six High-speed, high-capacity lift are provided for efficient vertical transg%t te for guests and
staff. While 4 Service lift handle housekeeping and deliveries separat

viii. Waste Management Systems Q

A chute was provided for there by collecting waste at @oasement floor to ensure proper

disposal of waste materials. gb
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Chapter 5

Conclusion and Recommendations

5.1 Project Appraisal

Because buildings are designed using renewable and clean technology, local climate andmaterials,
and natural ventilation, climate-responsive and sustainable design concepts are advantageous
from the very beginning of the design process. The concept of Sustainable des@thereby
promotes healthier living and working environments. This includes improved iir quality,
natural lighting, and the use of non-toxic materials, which can enhanw ant health and
comfort. In this study, an adaptive strategy was employed to assess %@cooling strategies for
building occupants. Early on in the design process, building er@ calculations are particularly
helpful since they help designers make decisions about howgh energy will be used when the
structures are actually in use. In addition to preventi@r building performance brought on by

energy outages, this would also help building% Nigeria's unreliable power system.

5.2 Conclusion X ’&
%)

A comprehensive evaluation of \@s passive design strategies has been conducted and their
application to Luxury I—@ughlighting their potential to significantly enhance energy
efficiency while mqi@g occupant comfort. The findings underscored the significance of
passive designsin (ggtlng high-performing, eco- friendly office spaces that can reduce energy

consumpti«é@eenhouse gas emissions, and operational costs over the building's lifetime.

The unique climatic conditions and specific challenges faced in Lagos State provided an essential
context for the research. By identifying and analyzing various climatic data, local building codes,
and regulations, the project aimed to develop contextually appropriate passive design strategies
that would maximize energy efficiency and promote sustainability in the proposed Dangote

Hotels.

The incorporation of passive design principles and sustainable practices into the design of
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Dangote Hotels has the potential to set a precedent for sustainable development in Lagos. By
utilizing natural ventilation, solar shading, thermal mass, and daylight optimization, the Dangote
Hotels can serve as a flagship example of energy-efficient and Sustainable design conscious

architecture in the region.

However, it is crucial to acknowledge that passive design is just one component of the broader
sustainable design framework. The implementation of these strategies requires a multid{ciplinary
approach involving architects, engineers, urban planners, and policymakers won@tandem to

achieve the highest levels of energy efficiency and sustainability. QJ

In addition to the design phase, the post-occupancy performance ev%@of the Dangote Hotels
will be equally critical. Continuous monitoring and analysis o ilding's energy performance,
indoor environmental quality, and user satisfaction will@v e valuable feedback for further

refinements and optimization of passive design strateé’b

Generally, methods wused by the sel&ct@ case studies can be applied in the

ildings in Nigeria to reduce the negative

construction and design of Hospi@b

impacts of building design con@on, and operation on the environment.

N}
5.3 Recommendations g

Based on our eva@ passive design strategies for energy efficiency through sustainable

practices, the f(@wing recommendations are projected:

1) Gm%&nt should develop and enforce Building Codes that incorporate passive design
strategies and also ensure that these set of codes encourage energy efficiency, insulation and
sustainable building practices.

2) Government should offer financial incentives or tax breaks to developers and building owners

who implement passive design strategies such as tax credits for energy-efficient buildings

3) Building professionals such as Architects, Engineers, Contractors and other professionals in
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the built environment should foster collaboration among each other from early design stages.
Integrated design teams can better incorporate passive design strategies into projects.

4) Research on innovative passive design research on innovative passive design strategies,
materials, and technologies should be encouraged by the government. This should be further
shared with the building industry to promote continuous improvement.

5) Building professionals should stay updated on the latest developments in passive design
strategies through workshops, courses and certifications related to susta'@@uﬂding
practices. QJ

6) Architects and others should ensure that construction practice@fgn with the design’s
intent. Proper installation of insulation, sealing, and Ventila'@ stems is crucial for passive
design success. Q

7) Builders should be an advocate for passive desig styﬁ%s in project discussions with clients.
Highlight the long-term energy and cost sa\%{b these strategies.

\

ifi %ly improve the energy efficiency of a building
while enhancing occupant comfort @rel -

Overall, passive design strategies can sign %
being. By adopting a Sustainable and holistic
approach that considers the bui %s unique characteristics and the local climate, building

owners and managers can‘s%&energy consumption, lower operating costs, and contribute to a

more sustainable f@
5.4 Contribt@o Knowledge in Architecture

This st@'scussed evaluating passive design strategies in minimizing energy consumptions
Luxury Hotels through sustainable practices, here are some prospective contributions to

knowledge:

1) Comprehensive Framework for Passive Design in Luxury Hotels: This thesis establishes a
comprehensive framework that integrates various passive design strategies tailored

specifically for luxury hotels. It provides detailed guidelines on implementing these
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2)

3)

4)

strategies, including natural ventilation, daylighting, thermal mass utilization, and shading
devices. This framework serves as a valuable reference for architects and designers

aiming to create energy-efficient luxury hotel environments.

Quantitative Analysis of Energy Savings: By employing advanced simulation tools and
real-world case studies, this research quantitatively analyzes the energy savings achieved
through passive design strategies. The results offer empirical evidence of the e@iveness
of these strategies, providing a robust foundation for advocating their@ion in the
luxury hospitality sector. QJ

Sustainable Practices Integration: The thesis explores the ion of sustainable
practices, such as the use of local and sustainable buildi &[erials, green roofs, and
water conservation techniques, in conjunction with p@e design strategies. This holistic
approach not only minimizes energy consum 'cﬁw%also promotes overall sustainability,
contributing to the broader discourse on% able architecture.

saQ.ﬂﬁu«ury: One of the critical contributions of this

thesis is demonstrating how pa{gy\design strategies can be innovatively adapted to meet

Design Innovations for Comfort
[ ]

the comfort and luxury %ations of high-end hotel guests. By incorporating elements
like aesthetically b%%g shading devices, strategic placement of thermal mass, and
seamless i %?&&%{ of natural ventilation, the research shows that sustainability and

luxury @ot mutually exclusive but can complement each other.

5) % udies and Best Practices: The inclusion of detailed case studies of luxury hotels

that have successfully implemented passive design strategies provides practical insights
and best practices for the industry. These case studies highlight the challenges faced,
solutions employed, and the resultant benefits, serving as a valuable resource for

architects, designers, and hotel operators.
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5.5 Areas of Further Research.
While this project has evaluated the effectiveness of passive design strategies for minimizing the
consumption of energy in Luxury Hotels through sustainable practices, there is still room for

further research in this area. Some areas that could benefit from further investigation include:

1) The impact of passive design strategies on indoor air quality and occupant health and well-

being. \

2) The evaluation of Sustainable design practices in different types of Hot(s‘;@c imates.

3) The integration of passive and sustainable design Practice ergy efficiency and
occupant comfort. Q é

4) The development of innovative materials a gnologles that can enhance the

effectiveness of passive and sustainable desi %\&uces

109



References
Abbakyari M. (2017). Passive Design Strategies for Energy Efficient Housing in Nigeria.

Passive Design Strategies for Energy Efficient Housing in Nigeria.

Abdulmajid K et al.,, (2015) Journal of Facade Design and Engineering 3 185-221 DOI
10.3233/FDE-150040
Aboulnaga, M. M. (2014). Sustainable building design: The case of Rosewood &u Dhabi.

Renewable Energy and Sustainable Buildings, 2(1), 31-45. QQ

Adedeji, Y. M. D. (2017). Sustainable architecture and building desig&%fgerla: Case study

of Lagos Continental Hotel. Nigerian Journal of Environmenta ces, 10(1), 12-22.

Adejumo, T. A., & Ajayi, M. A. (2015). Energy efﬁm%@hotels Case study of Lagos
Continental ~ Hotel.  Journal  of Sust Tourism,  23(6),  909-925.
doi:10.1080/09669582.2015.1021584 b

Adenikinju A. (2023). Energy and N1geﬁ§‘ onomic Development. Energy and Nigeria's

Economic Development: A Trm&%‘b

Indispensable Marriage.

Adeyemi, A. (2022). The inte B’\tkn of art and hospitality: A study of The Art Hotel, Lagos.

Journal of AfrlcanXBnd Culture, 18(2), 67-81. doi:10.1080/14452669.2022.1034678

Adeyemi, E., Si O (2016). Sustainable urban development in Lagos: Case study of Eko
Atlan ity. Journal of Urban Planning and Development, 142(2), 05015003.

&1061/{ASCE)UP 1943- 5444.0000300

Afolabi, A. O., & Ojelabi, R. A. (2017). Facility management practices in Nigerian hotels: A case
study of Transcorp Hilton Hotel, Abuja. Journal of Facility Management, 15(3), 295-310.

doi:10.1108/JFM-01- 2016-0002

Agbo S. A. (2016). Analysis of Nigeria Research Reactor-1 Thermal Power Calibration Methods.

Analysis of Nigeria Research Reactor-1 Thermal Power Calibration Methods.

110



Aina, T. A., & Babajide, E. (2019). Environmental management practices in Nigerian hotels:
Case study of Lagos Continental Hotel. Journal of Environmental Management, 50, 45-53.

doi:10.1016/j.jenvman.2019.03.015

Ajayi, A., & Ebohon, J. O. (2018). Energy-efficient building practices in Nigeria: Case study of
Eko Atlantic City. Journal of Construction Engineering and Management, 144(7),

04018063. doi:10.1061/(ASCE)C0.1943-7862.0001512 \

Akande, O. K. (2010). Evaluation of energy efficiency in hotels: A case s Transcorp
Hilon  Hotel,  Abuja.  Energy  and  Buildings, zgfﬁ, 654-660.

do0i:10.1016/j.enbuild.2009.11.011 %Q

Akande, O. K., & Ogunlana, S. O. (2017). Evaluating the @ility of hotel design: A case

study of Lagos Continental Hotel. International ‘}8@&1 of Hospitality Management, 28(3),

\Q’b

Akintoye, A. S., & Maina, J. J. (2018). & city development in Africa: Case study of Eko

477-487.

Atlantic City, Lagos. Smaﬁ\(a Sustainable Built Environment, 7(2), 101-120.

doi:10.1 108/SASBE-0g3@§-0005

Aksamija, A. (2019). Intégrating innovation in architecture: Design, methods, and technology for

progres?v&r}tice and research. Wiley.

Alabi, M. %,IQ Omotayo, T. O. (2016). Sustainable practices in the Nigerian hotel industry: A

case study of Lagos Continental Hotel. Journal of Tourism Research, 8(1), 35-50.

Alam, M., Singh, H., Limbachiya, M. C., & Waldmann, D. (2020). Development of novel high-
performance aerogel-based thermal insulation panels for building energy efficiency.

Construction and Building Materials, 246, 118460.

Al-Hosani, A., & Ayyash, A. (2015). Energy performance of luxury hotels in the UAE: A case

study of Rosewood Abu Dhabi.  Energy  Procedia, 75, 370-375.
111



doi:10.1016/j.egypro.2015.07.356

Almansoori, A., & Al-Hosani, A. (2019). The impact of sustainable practices on guest
satisfaction in luxury hotels: A case study of Rosewood Abu Dhabi. Journal of Hospitality

and Tourism Management, 39, 42-49. doi:10.1016/j.jhtm.2018.12.002

Al-Oweidy, M. (2015). The impact of architectural design on energy performance: A case study

of Burj Al Arab. Journal of Architectural Engineering Technology 1), 1-7.

(O

Al-Tamimi N. (2021). Passive Design Strategies for Energy Efﬁcienté%'mgs in the Arabian

doi:10.4172/2168-9717.1000148

Desert. Passive Design Strategies for Energy Efficient Build@n the Arabian Desert.

O

Al-Tamimi N. (2022). Building Envelope Retrofitting S@gies for Energy-Efficient Office

Buildings. Building Envelope Retrofitting St%ac&for Energy-Efficient Office Buildings

in Saudi Arabia. @%

Alwetaishi, M. (2019). Impact of glazin all ratio in various climatic regions: A case study.

%

Journal of King Saud Univers'n(f—‘Bngineering Sciences, 31(1), 24-32.

2

Attia, S., Hensen, J. L. Itran, L., & De Herde, A. (2021). Designing sustainable

buildings and c%nunities: Climate-responsive energy-efficient architecture. Springer.

Awbi, H. B. (2(@. entilation of buildings. Routledge.
Balogun, (%IQZD. Evaluating the sustainability practices of boutique hotels: Case study of The
Art  Hotel, Lagos. Journal of Sustainable Tourism, 29(9), 1531-1545.

doi:10.1080/09669582.2021.1871058

Balogun, O. L., & Fadare, D. A. (2014). Energy performance and management in luxury hotels:
A case study of Transcorp Hilton Hotel, Abuja. Journal of Energy in Southern Africa,

25(2), 39-48.

Becerik-Gerber, B., & Kensek, K. (2010). Building information modeling in architecture,
112



engineering, and construction: Emerging research directions and trends. Journal of

Professional Issues in Engineering Education and Practice, 136(3), 139-147.

Berardi, U., & GhaffarianHoseini, A. (2014). Improving the sustainability of building projects in
developing countries through the integration of green building standards. In Sustainable

Construction and Building Materials (pp. 131-143). Springer.
Berkovic, S., Yezioro, A., & Bitan, A. (2019). The effect of window shadir@energy

C

Bonjar M. R. (2020). Passive system optimization in office buildings. Aé&maﬁonal Journal,6

performance and thermal comfort. Renewable Energy, 134, 1136-1144

Cataldo, R., Cannistraro, G., & Sapienza, V. (2021). Advanced a ches for improving the
energy efficiency of HVAC systems: A review. le and Sustainable Energy

Reviews, 137, 110493.
2

Chafe 1. Y. (2017). Harnessing Passive C@Strategies to Enhance Thermal Comfort.
Zamfara, Nigeria: Ibrahim Yusuf .
Chan, A. L. S., Chow, T. T., @g, K. F., & Lin, Z. (2009). Investigation on energy

performance of dc%@m facade in Hong Kong. Energy and Buildings, 41(11), 1135-

1142. .@

Chan, et al. 20%" Advanced glazing systems and fagade design for energy efficiency in
bui@ Renewable and Sustainable Energy Reviews, 130, 109964.
Cheung, H. D., Fuller, R. J., & Luther, M. B. (2019). Energy-efficient envelope design for high-rise

residential buildings in Hong Kong. Journal of Building Engineering, 21, 135-146.

Chukwu, O. (2023). Hospitality design and local aesthetics: The Art Hotel in Lagos. International

Journal of Hospitality Management, 45, 112-122. doi:10.1016/j.ijhm.2022.103254

Company L. D. (2021). Heritage place. Retrieved from heritageolaceikoyi.com:

http://www .heritageplaceikoyi.com/building.php
113


http://www.heritageplaceikoyi.com/building.php

Davenport C. (2018). Major Climate Report Describes a Strong Risk of Crisis as Early as 2040.

Major Climate Report Describes a Strong Risk of Crisis as Early as 2040.

Di Perna, C., & Buratti, C. (2011). Thermal behaviour of radiant heating systems in an office

building. In Energy Procedia (Vol. 1, pp. 118-125). Elsevier.

Doukas, H., & Patlitzianas, K. D. (2012). Sustainable design and operations in luxury hotels: The

case of Rosewood Abu Dhabi. Journal of Cleaner Production, ﬁk 18-24.

(O

Ebohon, O. J., & Rwelamila, P. D. (2001). Sustainable constructioé&ub—Saharan Africa:

doi:10.1016/j.jclepro.2011.11.036

Relevance, rhetoric, and reality. A case study of Transcorp $ Hotel, Abuja. Building

Research & Information, 29(3), 195-203. Q

Ede, A. N., & Ajayi, A. (2017). Green building initiafi @agos: The case of Eko Atlantic City.
Journal of Environmental Q@ment and Sustainable
Development, 6(1), 45.—%&: 10.5296/jemdsd.v611.11170

Egbewole, Z. T., & Akinola, A. (2GK§‘D\3reen building design in Nigeria: The case of Lagos

Continental Hotel. Jou@Building Performance, 9(1), 24-36.

Elgendy, K. (2013). (s}&building design and the challenges of implementation in the UAE: A

case study ewood Abu Dhabi. Middle East Journal of Management, 1(2), 123-136.

O

Erebor E@ (2021). Energy Efficiency Design Strategies in Office Buildings. Energy

Efficiency Design Strategies in Office Buildings: A Literature Review.

Etiosa, O. (2018). Environmental sustainability in the Nigerian hotel industry: Case study of

Transcorp Hilton Hotel, Abuja. Hospitality and Tourism Management, 9(1), 55-70.

Eze, C. (2021). The role of art in enhancing the guest experience: Insights from The Art Hotel,
Lagos. Tourism and Hospitality Research, 21(3), 278-290.

doi:10.1177/14673584211009503
114



Ezeokoli, F. O. (2015). Sustainable development and corporate social responsibility in the
hospitality industry: A case study of Transcorp Hilton Hotel, Abuja. Journal of

Sustainable Tourism, 23(6), 888-905. doi:10.1080/09669582.2015.1021580

Fikry, M. (2018). Energy efficiency measures in luxury hotels: Case study of Rosewood Abu

Dhabi. Procedia Environmental Sciences, 34, 389-395. doi:10.1016/j.proenv.2018.10.060
Garcia-Sanz-Calcedo, J., & Jimenez-Gonzalez, 1. (2022). Thermal performance o&&roﬁtted

(O

Givoni, B. (1991). Impact of planted areas on urban environm@quality: A review.

heritage buildings: A review. Building and Environment, 208, 108506.

Atmospheric Environment. Part B. Urban Atmosphere, 25(3),%299.

Givoni, B. (1998). Climate considerations in building and ur@esign. John Wiley & Sons.
Gokarakonda S. A. (2016). Passive Architectural % Index Applied to Vernacular and
Passive Buildings Passive Architectura%(bi Index Applied to Vernacular and Passive
Buildings. International Journal Qf@'ronmemal Science, 563 — 572.
o

Goldstein, N. J., & Cialdini, R. B@». The spyglass self: A model of vicarious self-perception.

Journal of Personali%@ocial Psychology, 92(3), 402-417.
Heinzerling, D., S h{‘{)’ S., Webster, T., & Arens, E. (2013). Indoor environmental quality
assessment ;Tﬁdels: A literature review and a proposed weighting and classification

sch%(aBuilding and Environment, 70, 210-222.

Hou L. (2017). The Impacts of Energy Efficiency Design Parameters on Office Buildings. The
Impacts of Energy Efficiency Design Parameters on Office Buildings Energy

Consumption in Different Climate Zones in China.

Hwang, T., Kang, S., & Kim, J. T. (2019). Optimization of the building energy performance by
adopting a double skin facade and high-performance glazing. Energy Procedia, 159, 248-

253.
115



Hyde R. (2017 ) Refining the Principles of Passive Design. . Refining the Principles of
Passive Design. Architectural Science Review, 357 — 359.
Ibrahim N. N. (2023). Amazing Architecture. Retrieved from amazingarchitecture.com:

https://amazingarchitecture.com/mixed-use-buildings/kingsway-tower-in-lagos-nigeria-

designed-by-saota
Idowu, O. S., & Onifade, T. O. (2018). Enhancing energy efficiency in Nigerian hotels: A case

study of Lagos Continental Hotel. Journal of Energy and Environmental @qabmty,

4(1), 22-33. (/

Idris M. (2021). Integration of Passive Energy Efficient Design Ele % T Ofﬁce Integration

of Passive Energy Efficient Design Elements for Office Abuja, Nigeria.

Ilesanmi, A. O. (2014). Urban sustainability in Nigeria: C@dy of Eko Atlantic City. Journal

of Urban Regeneration and Renewal, 8(1), 62&

Imran R, et al. (2019) International Journal o gmeerlng Research and Reviews ISSN 2348-
& Month: October - December 2019, Available at:

697X (Online) Vol. 7, Issue 4, Q_)%‘l
www.researchpublish. cqn“%

Izonfuo, L. W., & Dejene, . (2020). Energy conservation in Nigerian hotels: Case study of
Transcorp (Il} tel, Abuja. International Journal of Hospitality Management, 50, 96-

102. do@l016/j.ijhm.2020.03.014

Jamalutﬁ&!hamad H. A. (2019). A Comprehensive Approach To Passive Design Strategies For
Public Hospital. A Comprehensive Approach To Passive Design Strategies For Public

Hospital.

Jankovic, L. (2012). Designing zero carbon buildings using dynamic simulation methods.
Routledge.

Jenkins, D. P., & Peacock, A. D. (2020). The impact of daylighting design on the energy

116


https://amazingarchitecture.com/mixed-use-buildings/kingsway-tower-in-lagos-nigeria-
https://amazingarchitecture.com/mixed-use-buildings/kingsway-tower-in-lagos-nigeria-
http://www.researchpublish.com/

performance of buildings. Energy and Buildings, 216, 109956.

Jones, P. (2016). The role of innovative technologies in enhancing energy performance in hotels:
A case study of Rosewood Abu Dhabi. Sustainable Cities and Society, 22, 85-91.

doi:10.1016/j.5¢s.2016.02.010

Kamel, E., & Memari, A. M. (2017). Analysis of energy-efficient strategies for building retrofits:

Case study of Rosewood Abu Dhabi. Journal of Building Performance, 8(1), 14%.

Khaleej Times. (2019). Burj Al Arab: A marvel of modern architecture. Khale<§ Qs. Retrieved

from https://www khaleejtimes.com 6\

Kim, J., & Kim, J. T. (2019). Impact of window size on the @&msumption and thermal

comfort of residential buildings. Applied Sciences, 9( 2072.

N\

Kolokotroni, M., & Aronis, A. (1999). Cooling-en eduction in air-conditioned offices by

using night ventilation. Applied Energ m), 241-253.

Kumar, R., & Maiti, R. (2018). Eval s\h sustainability practices in luxury hotels: A case

study of Rosewood Ab@oi. Sustainable Hospitality and Tourism as Motors for

N\
Development, 3, 45 Q

Kylili, A., Fokaid@& Ioannou, 1. (2019). Sustainable building materials: A review on the
impa@ renewable and recyclable materials on the building's environmental

p&nance. Materials, 12(21), 3516.

La Gennusa, M., Lascari, E., & Rizzo, G. (2005). The control of indoor thermal comfort

conditions: Introducing a fuzzy adaptive controller. Energy and Buildings, 37(5), 787-793.

Ladipo, O. L., & Obadiora, A. (2019). Energy conservation strategies in the Nigerian hospitality
industry: Case study of Lagos Continental Hotel. Journal of Hospitality Management and

Tourism, 10(2), 32-42.

117


http://www.khaleejtimes.com/

Lee, K., Kim, J., & Park, C. (2022). Performance evaluation of adjustable solar shading devices

for Energy efficient buildings. Building and Environment, 207, 108402.

Lin, Z., & Deng, S. (2005). A study on the thermal comfort in sleeping environments in the
subtropics— Developing a thermal comfort model for sleeping environments. In Indoor Air

(Vol. 1, pp. 123-129).
Loftness, V., & Hartkopf, V. (2003). A post-occupancy evaluation of innovative ofﬁwﬂdings,

(O

Mahar W. A. (2020). Sensitivity Analysis of Passive Design Strategies idential Buildings.

Building Research & Information, 31(3-4), 226-237.

Sensitivity Analysis of Passive Design Strategies for Resic@ Buildings, Cold Semi-

Arid Climates. QQ

Mainasara A. T. (2019). Enhancing Energy Efficienc "%Qgh Passive Design Principles in Hot-

Humid Climate. Enhancing Energy Efﬁ\@l‘ hrough Passive Design Principles in Hot-

Humid Climate, North Cyprus. . ,\%

Manso, M., Castro-Gomes, J., & @sh, S. (2021). Green roof and green wall benefits and

impacts on buildi%@y performance: A review. Building and Environment, 200,

107952 .@

Mardookhy, M, nnan, M. S. (2019). A risk-informed sustainability-based decision analysis
frar@@rk for the energy efficient building design. Journal of Cleaner Production, 225,

1013-1024.

Mastropietro, L., Rodilla, P., Batlle, C., & Barroso, L. A. (2019). Smart grid technologies for
enabling energy- efficient buildings. Renewable and Sustainable Energy Reviews, 109,

526-534.

118



Mathews, M. (2014). Engineering the world's tallest hotel: Burj Al Arab. International Journal of
High-Rise Buildings, 3(4), 263-270.
McGinley, J. (2014). Sustainable hospitality: Implementing green initiatives in luxury hotels:

Case study of Rosewood Abu Dhabi. Journal of Tourism Research, 6(2), 89-101.

Meng, Q. Y., & Tam, V. W. (2021). Adaptive thermal comfort models for passive buildings in

tropical regions: A review. Building and Environment, 206, 108329. \

Mirrahimi, S., Mohamed, M. F., Haw, L. C., & Ibrahim, N. L. N. (2020). Th of building

orientation on energy consumption in tropical climates: A r@v enewable and

Sustainable Energy Reviews, 108, 86-98. %

Mohseni, K., & Mohseni, A. (2020). A review of resem@hemal comfort of naturally

ventilated buildings. Journal of Building Engise% >27, 100956.

Nawari, N. O., & Khoury, R. (2013). Perfom@ed design: Case study of the Burj Al Arab

Hotel.  Journal of Perform@ of Constructed Facilities, 27(1), 18-27.

doi: 10. 1061/(ASCE)CF.1943-6{(@.0000300

R\

Nedhal A. T. (2022). Bu \Envelope Retrofitting Strategies for Energy-Efficient Office
Buildings. Bgi@ Envelope Retrofitting Strategies for Energy-Efficient Office Buildings
in Saud%@

Ngutor Eli&ﬁ@. (2018). Passive Architectural Design Strategies for Reducing Cooling Load
Mn ICT Facilities. Passive Architectural Design Strategies for Reducing Cooling Load

Within ICT Facilities in Tropical Hot and Dry Climate .

Nguyen, A. T., et al. (2019). An investigation on climate-responsive design strategies of

vernacular houses in Vietnam. Building and Environment, 154, 188-206..

Nicol, J. F., & Humphreys, M. A. (2002). Adaptive thermal comfort and sustainable thermal

standards for buildings. Energy and Buildings, 34(6), 563-572.
119



Nikolaidou, E., & Nikolopoulos, N. (2022). A review on building optimization and genetic
algorithms: Towards holistic optimization of building design. Renewable and Sustainable

Energy Reviews, 153, 111773.

Nilsson, L. J. (2010). Energy efficiency trends in the Middle East: A case study of the Burj Al
Arab Hotel. Energy Policy, 38(12), 7917-7925. doi:10.1016/j.enpo01.2010.09.011
O A Alagbe M. A. (2019). Enhancing energy efficiency through passive design. Enhancing

energy efficiency through passive design: a case study of halls of reside@Q Covenant

,\(/

Ochedi D. E (2021) A framework Approach to the Design of Efficient Residential

University, Ogun State.

Buildings. framework Approach to the Design of Er@ﬁcient Residential Buildings

in Nigeria. Q
O'Connor, T. C., & De Wilde, P. (2014). A st to minimize energy consumption and

maximize thermal comfort in natura ly\‘gtilated buildings. Energy and Buildings, 84,

R
167-182. (9\
)

Odebiyi, S. O., & Ogunleye, o) @201 1). The influence of passive design on energy efficiency

in hotels: A casegly of Transcorp Hilton Hotel, Abuja. International Journal of

Architectu(} lanning, 8(1), 12-25.

Oduwaye, L.@). Urban regeneration in Nigeria: The case of Eko Atlantic City. Urban Design

Mational, 18(4), 336-345. doi:10.1057/ud1.2013.14

Ogunsola, B. O., & Bamidele, R. (2020). Sustainable building practices in luxury hotels: Case

study of Lagos Continental Hotel. Journal of Environmental Sustainability, 5(1), 48-57.

Ojo, T. (2020). Sustainable architectural practices in Nigeria: The case of The Art Hotel, Lagos.

Journal of Building Performance, 11(1), 45-57.

120



Olanrewaju, O. 1. (2017). Passive design strategies for energy efficiency in Nigerian hotels: Case
study of Lagos Continental Hotel. Journal of Architectural Engineering Technology, 8(1),

101-112.

Olayiwola, L. M., & Ojo, T. O. (2019). Evaluating sustainable practices in Nigerian urban

development: A case study of Eko Atlantic City. Journal of Urban Development Studies,

»

6(2), 121-135.

Omer, A. M. (2019). Renewable building energy systems and passive human rt solutions.
Renewable and Sustainable Energy Reviews, 39, 461-476. ’\QJ
Onifade, M. (2018). The role of green infrastructure in urban dev t: A case study of Eko

Atlantic City. Journal of Environmental Sciences and M

>ment, 21(1), 44-56.

Cl @
e thermal comfort in a sustainable

Ortiz, M. A., & Bluyssen, P. M. (2018). How occupants p@i

office building: A field study. In Procee& of Healthy Buildings Europe 2017

Conference (Vol. 1, pp. 1-6). @

Osayomi, T., & Adetunji, S. (2017). C@c&r sponsive urban planning in Nigeria: Case study of
Eko Atlantic City. Joum\ak% Urban Planning and Development, 143(3), 05017006.

doi:10.1061/(ASC %43- 5444.0000370

Osuoha, O. L., & @, E. E. (2019). Energy auditing and management in hotels: A case

study éxanscorp Hilton Hotel, Abuja. Journal of Energy and Environmental Sciences,

7%%7-84.

Oyewole, P. (2013). Sustainability practices in Nigerian hotels: The case of Transcorp Hilton
Hotel, Abuja. African Journal of Hospitality, Tourism and Leisure, 2(3), 55-72.
Oyewunmi T. A. (2016) as Supply to Power Markets in Nigeria. Gas Supply to Power Markets in

Nigeria: A Regulatory and Economic Assessment. Available at SSRN.

Park, M. H., & Lee, H. Y. (2017). Assessing the impact of building orientation on energy
121



performance in the Korean residential sector. Journal of Building Engineering, 10, 162-

171.

Pisello, A. L., & Castaldo, V. L. (2017). Impact of climate change on thermal-energy
performance of green roofs. In Proceedings of the 15th International Conference on

Environmental Science and Technology (Vol. 1, pp. 1-8).

Radhi, H. (2009). Evaluating the potential impact of global warming on the UAE {sidential

buildings: A contribution to reduce the CO2 emissions. Building and Env@m, 44(12),

2451-2462. ’\QJ

Rajagopalan, P., & Fuller, R. (2020). Performance of green roo% itigating heat stress in
urban areas. Urban Climate, 34, 100693.
Raji, B., et al. (2021). Natural ventilation in high-rise buﬁ{n;s The challenges of stack effect.

Sustainable Cities and Society, 68, 102780. b(b

Reardon C. (May, 2020) Austrahan % rnment. Retrieved from yourhome.gov.au:
e

https://www.yourhome.gov.au/ sign/passive-cooling

Reinhart, C. F., & Davila, C. @1 6). Urban building energy modeling—A review of a nascent

field. Building an Qronment 97, 196-202.

Rizvanda Rya Q;}E (2020). Review on Design Strategies of Energy Saving Office Building
Wlt@ orative Cooling in Tropical Region. Review on Design Strategies of Energy

g Office Building with Evaporative Cooling.

Rizwan, S. M., Saleem, M., & Tiwari, G. N. (2019). Performance analysis of building integrated
photovoltaic thermal (BIPVT) system with nano fluid (Al203) under cold climatic

condition of India. Solar Energy, 178, 190-203.

Sadineni, S. B., et al.. (2021). Passive building energy savings: A review of building

orientation strategies. Renewable and Sustainable Energy Reviews, 148, 111275
122


http://www.yourhome.gov.au/passive-design/passive-cooling

Salawu, R. O., & Ajayi, M. T. (2020). Assessing the sustainability of mega city projects in
Nigeria: The case of Eko Atlantic City. International Journal of Urban Sustainable

Development, 12(1), 1-15. doi:10.1080/19463138.2020.1722061

Santamouris (2016). Cooling the buildings — past, present and future. Energy and Buildings.

Seppdnen, O. (2006). Thermal comfort and productivity in offices under heat stress conditions.

ASHRAE Transactions.

Seppinen, O., & Fisk, W. J. (2006). Some quantitative relations between iVironmental

quality and work performance or health. HVAC&R Research, 12?4&57— 73.

Shambalid Ahady N. D. (2019). Toward Zero Energy: Active_an ssive design strategies to
achieve net zero. Q

Toward Zero Energy: Active and passive design strat ipb%chieve net zero energy building.

Sharif, A. N. (2021) The Application of Passive Strategies as Sustainable Operation and
Maintenance in a Model Confere ﬁntres. The Application of Passive Design
Strategies as Sustainable Oper’(&n Maintenance in a Model Conference Centres (A

Case Study of Aminu Ka&ﬁre for Democratic Research and Training (Akcdr&T))./

O

Smith, B. S. (2017). Lux wsustainability, and the Burj Al Arab. Journal of Sustainable Tourism,
25(3), 321 3’;\\6.

Sobek, W., &@ﬁiCh, J. (2004). Structural design of Burj Al Arab Hotel. Structural Engineering

10.1080/09669582.2016.1195862

N{e/gdtional, 14(1), 54-58. doi:10.2749/101686604777963490

Steemers, K. (2003). Energy and the city: Density, buildings and transport. Energy and Buildings,
35(1), 3-14.

Taleghani, M., Heidarinejad, M., & Brown, S. (2019). Building energy performance and
occupant thermal comfort: Effects of window shading control strategies. Building and

Environment, 159, 106159.

123



Taylor, G., & Turner, J. (2012). Environmental performance of the Burj Al Arab. Sustainable

Cities and Society, 4, 52-59. d0i:10.1016/j.s¢s.2012.05.007

Wang, Z., Xiong, Y., & Zhang, X. (2019). A review of researches on thermal comfort criteria

for naturally ventilated buildings. Energy and Buildings, 185, 206-217.

Wayii Serekara Kennedy F. D. (2022). Exploring Passive Design Techniques to Achieve Energy

Efficiency. Exploring Passive Design Techniques to Achieve Energy E%ncy in

Regional Shopping Mall Design. QQ

Weng, Y. C., etal. (2011). A decision-making model for energy savings ifi‘effice buildings using

a knowledge-based system. Energy and Buildings, 43(12), 7.

Wong, L. (2006). The Burj Al Arab: An architectural icon. B@Design, 17(3), 45-49.

Wong, N. H., & Chen, Y. (2009). Tropical urban h‘ea@ds: Climate, buildings and greenery.

Energy and Buildings, 41(12), 1328-1335. fb

N0

Wright, E. (2009). Innovative design s.tm& s for sustainable high-rise buildings: The Burj Al

Arab case study. Journal of ‘%Qciactural and Planning Research, 26(2), 95-109.

Xu, W., et al. (2019). Im%i@ window size on the energy consumption and thermal comfort

of high-rise ge& tial buildings in cold regions of China. Sustainability, 11(4), 986.

Yanmeng Che%a . (2020) Performance of passive design strategies in hot and humid regions.

@nce of passive design strategies in hot and humid regions, Case study:

Tangerang, Indonesia.

Zhang, Y., Li, X., & Tan, Y. (2022). Impact of thermal mass on energy performance of residential

buildings: A review. Energy and Buildings, 260, 111919.

Zuo, J., & Zhao, Z. Y. (2014). Green building research—current status and future agenda: A review.

Renewable and Sustainable Energy Reviews, 30, 271-281.

124



Appendices — Appendix 1 - Presentation drawings

pgggogod

I0cooBBEE

@@egpoons

popoogEEEEROEOOEEERE

ogB8EE

Bgooge

125




B GROUND FLOOR PLAN - ]

o} ® @ © ® @ ® @ ® 80 © 2 @ ® @ @ @ ® @ @

® ®
® ©
@ 3 — —@
L e ==&
. e
@ ®
® -®
@ @
@ 0]
@ o]
& ©

@
®

; ouq 0
\ 5 STAR LIXURY HOTEL (
. A\\® M |
l 157 FLOOR PLAN : ]

o) @ ® ® ® ® ® G ® ® ® @ > ® ® ® ‘

€
®
@
G

0] @ @ © ® @ @® D A @ O ® ® @ @ @ ® 2 ®

MATIC Now LCorPoro0ttns F 45 S STAR LUNURY HOTEL (
MATRIC NO: LCU/PG/004098 DATE: 23/24

126




B 7YPICAL 3RD 7O 117H FLOOR PLAN [ ]

® ®
® ®
= © -
& ey
o—— AR T g ety e oSS S ®
R e B i e T A e o e B B o A (iR (e DA m o S O ®
@-—-— )

[ ] DELUXE SUITE
® ® ® ® ® ® ® ® ® ® ® @ ® & [_] TWIN DELUXE SUITE
[] execumve suIte
& [ ] DELUXE KING SUITE
[ ] SERVICE MOVEMENT

MATRIC NO» LCOIPOIO0%8 il S STAR LUNURY HOTEL (&)
MATRIC NO: LCU/PG/004098 DATE: 23/24

® ® o] © o] ®© e © © ® ® ® ® © [ ] HONEYMOON SUITE
[_] FAMILY RETREAT SUITE
5 [ ] EXECUTIVE PLUS SUITE

[ ] GRAND PREMIERE SUITE
[ ] SERVICE MOVEMENT

FEll 5 STAR LUXURY HOTEL (@)

NAME: LAWAL FAROUQ AYOMIDE
MATRIC NO: LCU/PG/004098




I 201+ FLOOR PLAN

[ ] PRESIDENTIAL SUITE
=Y [ ] CONCIERGE OFFICE
[ ] SERVICE MOVEMENT

NAME: LAWAL FAROUQ AYOMIDE
MATRIC NO: LCU/PG/004098

MATRIC NO LCOIPO0040%8 =il S STAR LUNURY HOTEL
MATRIC NO: LCU/PG/004098 DATE: 23/24

128




l 30 viEws

APPROACH VIEW

B RDS EYE VIEW ettt VIEW

MATRIC NO: LCU/PG/004098 : DATE: 23/24 ey

VIEWS

L

AERIAL VIEW OF DANGOTE HOTELS

&

il 4 & LTl S STAR LUXURY HOTEL (@)
MATRIC NO: LCU/PG/004098 DATE: 23/24



B 30 viEws

INFINITY POOL / L

OUNGE AREA
" 4 P '

\pi—MAIN SWIMMING POOL AREA
) \ b L5 .

MATRIC NO: LCU/PG/004098 DATE: 23/24

B 30 viEWS

: ; . - f
HONEYMOON SUITg o
NAME: LAWAL FAROUQ AYOMIDE o
5 STAR LUXURV HOTEL
130




Appendices — Appendix 2 — Working Drawings
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