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ABSTRACT

Mixed-use buildings are characterized by their live-work-play concept ensuring that
most activities are achieved within a particular site. Despite their numerous benefits,
they experience a wide range of problems including high energy consumption, it is
therefore vital that energy conservation measures are employed in such buildings. This
study investigated the integration of energy conservation measures in mixed-use
building design in Akure, Ondo state. Data was collected through the exploration of
academic research repositories using the key terms: energy conservation, sustainable
design and mixed-use buildings, this data formed a part of the variables that the
researcher termed as “general measures of energy conservation”, the researcher then
employed the use of energy calculation software; Climate consultant, to generate
specific measures for energy conservation in the study area and termed the data
“specific measures of energy conservation”, these two data types formed the variables
that were used in this research. Data was also collected with the use of observation
schedule, checklist, and audio-visual aids by the researcher from the field after a sample
size of 5 mixed-use buildings were carefully selected in Akure, Ondo state. The data
was analysed using content analysis after careful documentation. The findings of the
research showed that 100% of the samples observed integrated energy conservation measures
in some degree in their building design, however, specific energy conservation measures were
only integrated in 1/5 (20%) of the buildings at a moderate level of adoption (55%), general
energy conservation measures were more predominant and were adopted by 4/5 (80%) of the
samples on an average of 30%. Therefore, it was evident that even though the structures had
some degree of energy conservation measures integrated, they were minimal and not specific for
the climate the buildings were located. The paper suggests the use of energy calculation
software by architects to aid in the design of energy conservative buildings and the
establishment of laws and standards on the sustainable design of buildings to aid in
promoting the construction of more buildings integrated with energy conservation
measures.
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CHAPTER ONE
1.0 INTRODUCTION
1.1 Background to the Study
A mixed-use building combines multiple facilities, either in a single building (vertically
or horizontally) or various buildings of varying uses within a designated site (Niemira,
2007). It is also referred to as developing a modern city block or building structure that
functionally and physically combines varying services in the exact location (Narvaez &
Penn, 2016). Mixed-used buildings were the norm in early development days before the
onset of zoning brought about a break in the facilities for several functions in 1910-
1950. However, in the 1960s, a need for urban revitalisation came up, and mixed-use
development was the tool used to achieve it. Mixed-used buildings are identified by two
or more revenue-generating facilities, Functional interaction of its components, Physical

integration, and Conformance to a wholistic plan (Narvaez & Penn, 2016).

Energy conservation is the act of reducing the rate of energy consumption by the
reduction in the usage of an energy source or service (Ramya, 2015). Energy-sage
(2021), says that energy conservation is the practice of using less energy in order to
lower costs and reduce environmental impact. There are basic measures that have been
established to conserve energy in all building forms and varying climates. However, for
efficiency, energy conservative practices must be streamlined to building types, use and
regions. 40% of the global energy use comes from buildings, and this is mainly
generated by fossil fuels and comes from the residential sector, closely followed by the
commercial sector. Therefore, if the energy requirement and use in buildings are not

reduced, the implications will be disastrous (Kujur, 2016).



Mixed-use buildings are often characterised with a live-work-play model, having a
combination of residential apartments and shopping complexes as one of the primary
functions, with others serving as additional facilities (Anunobi et al., 2015). Mixed-use
buildings, therefore, consume more energy than single-use buildings as it integrates the
leading facilities responsible for the bulk of energy consumed in the building sector.
Thus, there is a need to reduce the amount of energy consumed by them. The potential
conservation of energy within the built-up industry will substantially add to a decrease

in the amount of energy consumed worldwide (Kujur, 2016).

1.2 Justification of Research

The Organization for Economic Cooperation and Development (OECD) (2007), states
that, unless the present movements in the world are not transformed, by 2030, the rate
of the world’s energy Use will undoubtedly surge by 53%, having 80% of this energy
been generated by fossil fuels, which will, in turn, increase CO? productions. Nigeria, a
developing country, uses more energy than developed countries that already have
checks to ensure proper energy use. The current scene in Nigeria sees not up to half of
the population (45%) having access to electricity which has been singled out as the
primary source of energy consumption in residential units; 80% of this energy is
produced through fossil fuels while the remaining part (20%) is gotten via
hydroelectricity. However, 45% of the population with access to electricity constitutes

the group that uses the most energy in the county (Index-mundi, 2018).

The importance of communal facilities within a neighbourhood cannot be
overemphasised. Apart from meeting several needs, it helps to reduce the need to travel

for residents living within such communities that have been integrated with these



facilities. There is a need for communal facilities to be an integral part of urban
developments. Additionally, a mixed-use building design seeks to integrate several
functions within one building to achieve a live, work and play balance. This balance
brings about the communal facilities necessary for neighbourhoods; however, these
facilities combine various sectors responsible for significant energy consumption in a
single facility, leading to high energy consumption. As the urbanisation of the country
calls for the promotion of mixed-use facilities to promote maximisation of resources
and comfort, there is also a need to ensure these facilities conserve energy to ensure that

they do not create problems while trying to provide solutions (Fakere & Ayeni, 2013).

1.3 Statement of the Research Problem

The residential sector in Nigeria uses the most energy produced through fossil fuels,
which is closely followed by the commercial sector (Energypedia, 2012). However,
mixed-use buildings combine these facilities with other uses, thereby increasing their
energy consumption rate. Pahuja (2017), confirms this by stating that mixed-used
facilities increase the pressure on the infrastructure such as water, electricity, and
sewage, thereby using large amounts of energy. Therefore because of this level of
energy consumption, it is necessary to develop sustainable energy conservation
practices in mixed-use buildings to ensure a comfortable life for the inhabitants of those

buildings and a sustainable environment.



1.4 Aim and Objectives
1.4.1 Aim
This research aims at integrating energy conservation measures in the design of a

mixed-use building for sustainable development.

1.4.2 Objectives
The objective of this study is to:
i. Identify various energy conservation measures that can be used to achieve
energy efficiency.
ii.  Identify appropriate energy conservation measures to be used in the selected
study area.
iii.  Evaluate the use of energy conservation measures in existing mixed-use
buildings.
iv.  Propose an appropriate design in Akure that applies the established energy

conservation measures needed in the study area.

1.5 Study Area

The city of Akure is recognised as the capital of Ondo state, a state in the southwestern
part of the country. It has a population of 691,000 people (Macro-trends, 2021). It lies in
the tropical rainforest zone of the country, and it is known as a trade centre for several
farm produce, the layout of the state is shown in Figure 1.1. Varying densities
characterise the city; some areas have over 200 persons per hectare while others have
between 60-100 people. The city is a commercial hub with several people flocking in to

trade daily.



Figure 1.1 Map of Ondo State showing Akure shaded
Source: Olugbamila (2018)
The population of Akure has tripled over the years owing to several factors like it
becoming the state's administrative headquarters in 1976, development of
establishments such as ministries and multiple building estates, and so much more. Due
to the influx of people into the state, several construction projects commenced
randomly, rendering the master plan created in 1980 useless. To prevent this, vertical
building types, i.e., story buildings and skyscrapers, compact cities and the adoption of
smart growth, should be adopted as they aid in reducing indiscriminate land uses and

increase the aesthetic appeal of the built environment (Owoeye & Ibitoye, 2016).

1.6 Scope of Research Work
The research emphasises the study of energy conservation through space and form
related to the design of a mixed-use building for Akure, Ondo state. Other building

forms would have been considered, but the researcher believes the current need for



compact designs will demand more Mixed-use buildings. All three types of mixed-use
building design were considered during this research to allow for easy adaptability. The
research work carefully analyses several ways energy conservation can be achieved
through various ways. The ones regarding the use of space and form were carefully
selected because they relate directly to the researcher's field of study, architecture. Other
methods such as using modern technology to produce Smart buildings were not
considered. The researcher felt a seasoned researcher in that field could further expand
on them. The space and form selection of energy conservation measures was only made

with secondary data from previous academic repositories.

The qualitative method was used alone for the research due to the nature of data that
was to be obtained which was majorly existing data that can be physically observed in
the building structure. The design will be based on research carried out, and political
and economic constraints are omitted. The type of facilities will be limited to

Residential, Recreational, and commercial.



CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Mixed-use Buildings

Mixed-use buildings have dated back to market squares in medieval times and the
Greek agora; the building type is not an invention brought about by modernity. In
medieval times walking was the primary mode of transportation, and so people had to
"live, work and play" within a vicinity. Also, the concept of mixed-use development has
been ascribed as a critical influence in several planning theories such as smart growth
and compact cities, transit-oriented facilities and new urbanism (Huston & Mateo,

2013).

The concept of mixed-use design is commonly referred to as the development of an
urban block, a street, or a building, which functionally and physically integrates
different uses in the exact location, thereby enabling a space to connect individuals,
living, working and moving together. The concept of mixed-use buildings has been
promoted as a tool to achieve sustainable growth in neighbourhoods; strict zoning
regulations are now passed over in favour of mixed-use urban spaces, allowing the

integration of several social and cultural qualities (Narvaez & Penn, 2016).

2.2 Types of Mixed-use Buildings

A mixed-use building may have multiple uses in a single structure or exist as a mixed-
use complex having separate individual entities. There must, however, be a clear
distinction in facilities and public and private spaces with the use of passive and active
elements; no facility is expected to overshadow the other, as this will defeat the whole

aim of mixed-use development and the process by which the mixing of uses occurs is



essential. Therefore, entrances, mutual collaboration, and integration of public and

private spaces should be focused on (Narvaez & Penn, 2016).

2.2.1 Vertical mixed-use buildings

These are structures that combine various facilities in one structure. The lower-level
floors are generally used for general/public functions and the higher-level floors for
exclusive/ private functions. In city centres, to achieve compact designs, vertical mixed-
use buildings are often used. They can support the lack of urban lands, encourage
efficient land use, diversify services, and reduce automobile traffic congestion and

commuting (Huston & Mateo, 2013).

There are several vertical mixed-use buildings, including the SAPETRO tower in Lagos
state. It is a 13-story building belonging to South Atlantic Petroleum (SAPETRO), an
oil and gas production and exploration company located in Nigeria and aimed at
creating value in Africa. The building is located on Victoria Island, Lagos, at number 7,
Adeola Odeku Street. The building has been home to many firms and companies in
Nigeria; after it was completed in an astonishing two years, it became a landmark in
Lagos State in 2002. It offers office and residential spaces: 24, 3-bedroom flats and
office spaces of 9452m? floor area, an open office design with curtain walls (double
glazed) and exterior cladding. The residential units are done in concrete and finished
with emulsion paint internally and textured paint externally. The ground floor is a
parking structure that accommodates 190 cars. The ground floor also holds a sewage
and water treatment plant, generator house and an underground water tank. The facade

of the structure is shown in Figure 2.1.



Y

Figure 2.1 Exterior view of SAPETRO Towers
Source: Akinjole and Orji (2020)
2.2.2 Horizontal mixed-use sites
Horizontal mixed-use sites include a collection of single facilities within a development
project spread out horizontally on the site. They are sited to spaces that can give some
degree of severance amongst the varying facilities. It has several rewards, including
easy access to several facilities and segregation of incompatible uses within minimum

distances.

An example of horizontal mixed-use buildings is the Jakarta central park project. This
park is also known as Pomodoro city, and it is named after a lead developer. It sits
adjacent to several notable apartment towers such as the Royal Garden Residences. The
total park area is 720,000 square meters, and it sits on land with 9 hectares dedicated to

green spaces and landscaping. It comprises 42 office towers, 420 guest rooms, 50

9



apartment towers, 12 floors for parking, 13 floors for hotels, 2 basements and a large
garden on the ground floor (Wijanto et al., 2011). A side elevation of the facade is

shown in Figure 2.2.

Figure 2.2 Exterior view of central park Jakarta
Source: Wijanto et al. (2011)

2.2.3 Mixed-use walkable areas

This mixed-use building combines horizontal and vertical mixes in an area or space
within 10-minute walking to core activities or facilities. It provides more efficient use of
land and infrastructure and encourages shared parking; additionally, residential
apartments can help reduce drastically or stop the vandalism of the commercial areas. It
has also been defined as a pedestrian-friendly development that blends two or more

services to create a compact/wholistic environment. in essence; a mixed-use walkable

10



area makes a mini-community where most or all of the occupant's basic needs are met
(Kujur, 2016).

According to Douglas-County (2019), mixed-use walkable areas are currently in low
supply, causing an increase in the prices of the existing few; their demand stems from
the several health and commercial benefits they bring. The health department is of the
notion that the neighbourhood's design can go a long way in positively affecting the

lives and livelihood of individuals.

The Urban Sustainability Directors Network (USDN) (2020), believes that the provision
of mixed-use walkable areas allows users to access services or purchase goods they
want or need while eliminating the need for automobile transportation. In turn, this
reduces greenhouse gas emissions (GHGs), facilitates more interactions among
neighbours aiding the cultivation of social relationships, leads to more housing
variations with the inclusion of low-cost residential homes that reduce the overall

lifecycle emissions of greenhouse gasses.

2.3 Characteristics of Mixed-use Buildings

Mixed-use buildings have been characterised by having three important core qualities:
multiple significant revenue-generating facilities that are mutually supporting, a
practical and physical mixing of their Facilities (producing a tight and exhaustive
utilisation of the site), continual walkways, it is developed using a plan that shows the
type of uses, scale, densities, and other essential details (Hoskere, 2016). Mixing uses
requires an appropriate combination of multiple functions inside a single building or

within a neighbourhood with a reasonable walkable distance from each facility. The

11



concept of mixing facilities and functions includes providing various living activities

that support each other near residents (Narvaez & Penn, 2016).

Hoskere (2016), believes that mixed-use buildings can be viewed from different
perspectives by several stakeholders of the building industry, as seen in Figure 2.3. And
that it's the architect's role to strongly advocate for functional, social and ecologic
benefits of mixed-use developments as cities are gradually moving from being viewed

as mechanisms to being viewed as organisms.
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Figure 2.3 Attributes of mixed-use developments
Source: Hoskere (2016)

Niemira (2007), defined mixed-use building as an adequately organised development

project integrated with other facilities such as shops, offices, residents, restaurants etc.

12



He also said it is concerned with people and has features of a live-play-work area.
Therefore, it increases the supreme use of the site provided, reduces road traffic, and
provides infrastructures. Because of this, it has become widely adopted in urban centres
as these characteristics ensure residents' comfort. It is, however, worthy of note that the
various facilities combined have to be harmonising with one another, operate

individually while existing as an individual unit.

According to Anunobi et al. (2015), Massive development has recently occurred in
urban areas because of the increased migration and, in return, increased urban growth.
As a result, many people now prefer and desire a Cohesive experience in a single
location, and mixed-use buildings provide that. Mixed-use buildings existed as far back
as in ancient times, but the current change in the needs of people has seen them
resurface and become relevant once more. They have gained wide acceptance because
they provide efficient land usage while providing comfort to the occupants and reducing
over-dependence on automobiles. Thus, to achieve the live-work-play model. Some of
its other advantages over the single building type model include effective utilisation of
scarce land resources, optimisation of parking spaces, fostering neighbourhood

relationships, and creating a comfortable environment for its users.

According to Carswell (2012), diverse transit options are available and attainable when
mixing land uses. Also, the compactness created by proximity reduces sprawl and
benefits the environment. Previously, in the 20" century, segregated land uses
connected by highways and freeways were the norm. Zoning became popular in major
cities, but the development of multiuse buildings came about in the 21% century because

of constant complaints of traffic congestion, housing affordability and loss of natural

13



resources. As a result, compact communities were formed, and mixed-use buildings
became the order of the day. The idea of smart growth became common and was
translated through planning and design efforts. It aimed to reduce environmental
degradation, social isolation, and automobile dependency. It became necessary to
reduce zoning and segregation of land uses to achieve this, which brought about the

"new urbanist" movement, which incorporated mixed-use buildings.

Hoppenbrouwer and Louw (2005), agree that the main ideas of mixed-use buildings
should be advocated for, particularly in city centres, to bring additional variability and
vivacity into modern living. Residential and office units and other harmonious facilities
ought to be placed within the same spaces to reduce pollution and the need for transit

while conserving energy.

Pahuja (2017), states that the basics of mixed-use developments include a higher density
than single-use developments and creating pedestrian-friendly environments with
various uses to promote living in one place. It was further stated that three variations of
mixed-use buildings exist: mixed-use walkable areas, horizontal mixed-use sites, and

vertical mixed-use buildings.

2.4 Benefits of Mixed-use Buildings

Mixed-use buildings are chosen for several reasons; while some developers use them to
aid them in integrating several housing types and building types, others might use them
to enhance the urban development of a city and use it to revitalise poor areas and cause
economic spurge. But, regardless of the reason for the choice of mixed-use buildings,

their numerous benefits are glaring.

14



Sanya (2018), states that mixed-use buildings serve as facilitators for maximum
utilisation of spaces and compact designs. They further lessen the use of automobiles
reducing several harmful environmental factors such as air pollution and energy use.
The compact nature of the design also shortens trips and reduces land consumption.
They also facilitate the optimum utilisation of services by using existing public facilities
and eliminating or reducing the need for new ones such as streets, water lines and
sewers. In addition, they provide more opportunities and housing choices for the
steadily increasing population. Also, they encourage the green environment movement

and reduces carbon emissions and pollution.

Pahuja (2017), also agrees with some of Sanya (2018), views by stating that some of the
benefits of mixed-use buildings are greater housing variety and density, more affordable
housing, creating an efficient blend of compatible land use, better access to services.
Some others include crime reduction, earning opportunities for disabled and older
people, efficient use of the land, stable environment for small businesses, stronger
neighbourhood character, reduction in the cost of transportation, low cost of operation

for businesses and reduction in travel distances.

2.5 Problems Associated with Mixed-use Buildings

Like all other forms of development, mixed-use facilities have several problems
associated with them. Narvaez and Penn (2016), highlighted the issue of zoning of
facilities and seamless transition between public and private spaces and the need for

separate entities to exist as a whole and part of a whole.

15



Anunobi et al. (2015), also state that one of the issues associated with mixed-use
developments is parking. Parking is essential in mixed-use developments, but it is also
highly costly because of the number of parking spaces required by individual facilities.
This can present a challenge to the designer as the need to fulfil and meet specific
design standards is there, but that will create rows of parking lots. To prevent this, there
is usually a shortage of available parking spaces in mixed-use facilities. They provided
a solution to this by suggesting the use of shared parking facilities; this principle
involves using one parking facility by multiple people by leveraging their distinct peak
periods in different times and seasons. Therefore, functions with the same peak periods

should be avoided when providing mixed-use facilities.

Sanya (2018), while stating that mixed-use building has been able to achieve several
incredible feats, also said that they come with adverse effects. Which include the fact
that they are isolated and offer few choices, and because of the way they operate, they
have no relationship with their environment, which is dangerous to human health. Also,
the lack of versatility can affect social relationships. They are highly energy-dependent
buildings that consume a lot of energy for their numerous activities. As a result, they

lack sustainability and lack informal social interaction.

Pahuja (2017), also states that despite the benefits of mixed-use buildings, they have
some disadvantages. They include traffic congestion around the facility, noise pollution
and environmental pollution, high density, lack of parking areas for residential owners
if they do not have designated parking lots, construction costs and pressure on the

infrastructure like water, sewage, and electricity.
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Another issue associated with mixed-use developments is energy consumption. A
mixed-use building is typically designed to suit the live-work-play model, and this
involves the provision of primarily residential and commercial buildings. And according
to Urge-Vorsatz et al. (2012), residential buildings contribute 23% to the final energy
demand, and commercial buildings contribute 8%. Still, in Africa, residential buildings
contribute 54% to the final energy demand. In comparison, commercial buildings
contribute 3%; however, this is set to increase exponentially over the years, with most
of the energy being obtained from non-renewable sources. There is, therefore, a need to

conserve the energy used in buildings.

2.6 Benefits of Energy Conservation

According to Urge-Vorsatz et al. (2012), Energy conservation in buildings has been
championed over the years as a viable means for achieving sustainable projects and, in
the long run aiding the achievement of sustainable development goals. Although they
believe that the achievement of energy conservation in buildings comes with extra
added benefits such as health benefits, research has been done on the existing links
between human health and energy use in buildings. These researches have established
the need for access to clean energy sources by producing energy-efficient equipment for
services within the building. The mortality rate, especially in developing countries, can

be reduced drastically by proper energy conservation measures.

They also believe that it produces social effects. For example, improvement in the rate
of energy efficiency in buildings increases thermal comfort and reduces cost leading to
a reduction in spending and an indirect decrease in poverty. Improved energy reduces

energy costs giving users more money to be used for other needs. Additionally, Families
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can improve their life quality. Kids in schools can study and learn faster. Hospitals can
heal more quickly. Data centres can reduce energy costs, and other feats can be

achieved.

Ugreen (2021), also states that adopting energy conservation measures in buildings
ensures some benefits, such as Energy conservation can change the economic
landscape. Increased adoption of energy conservation measures will increase real estate
value while lowering the cost of energy prices. In developing countries, countries with
better energy sources will reduce the dependency on imported energy sources. The
thermal comfort of buildings interior spaces directly affects the output of the occupants
in a variety of ways, including the sick building syndrome, which may directly or
indirectly affect the company's economic growth. Energy efficiency also ensures that

comfort standards are achieved with fewer resources.

Also, energy conservation causes an increase in productivity. According Wargocki et al.
(2006), a building where employees operate above the designated comfort range will
have less productivity. The use of energy conservation measures affects the acoustics,
lighting, heating, cooling, and overall operation of a building leading to better thermal
comfort and improved productivity. It also reduces operational costs; it is a well-known
fact in the built industry that the cost of a project is majorly determined by operation
and maintenance costs. Energy conservation produces sustainable designs that reduce
the cost of operation in the long term, and if applied adequately, it can also reduce short
term costs. Heating and cooling facilities can be reduced during the design phase

leading to less energy use. Also, building simulations can be used to foresee possible
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money consuming services in the building, and they can be adequately worked on

before construction.

Energy conservation also has an ecological effect. The reduction of energy use in
buildings causes a decrease in pollutants that cause harm to the ecosystem and reduces
negative climatic phenomena like acid rain, noise pollution and ozone depletion. The
choice to retrofit buildings rather than destroy them also reduces construction and
demolition wastes. And cause a reduction in construction waste. Furthermore, the
adoption of energy conservation measures will ensure sustainable design, which also
causes project optimisation through building lifecycle design which promotes
reusability and recyclability of materials. All these benefits aid in attracting investors

and creates a constant influx of income (Urge-Vorsatz et al., 2012).

2.7 Ways to Achieve Energy Conservation in Buildings

Thapa and Panda (2015), states that the reduction of energy usage in buildings is the
reduction in the overall energy used for erecting the structure, maintenance of facilities
post-construction, the use of adequate design and the adaptation to the climate to
produce passive and active features, the installation of more efficient equipment and the

addition of renewable elements.

The United Nations (UN) (2015), recognised the need for energy conservation and came
up with sustainable development goals, including establishing affordable and clean
energy, sustainable cities and communities and others. However, energy conservation is

a global problem that can only be handled if drastic life-changing measures are taken.
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Over time several methods have been proposed to aid in achieving energy conservation
both generally and specifically to buildings. The researcher examines some of these
established measures, selecting those who are only related to architecture and can be

achieved through careful planning of the space and form of building structure.

2.7.1 Mixed mode building design

A few people have also suggested Mixed-mode buildings; it is a building that is a
combined method to the acclimatising of space. It utilises the merging of artificial and
natural means of achieving thermal comfort. An adequately designed mixed-mode
structure allows buildings to be ventilated naturally on occasions where it is desirable
and only uses mechanical ventilation as a supplement when the natural ventilation is
inefficient. This model may not suit all scenarios and buildings, especially in areas with
high humidity or high levels of noise or air pollution. However, that does not dampen its
effectiveness in suitable systems. Some mixed-mode models have both types of
ventilation co-occurring, but this will sufficiently decrease the amount of energy used
by mechanical means if it were to be used solely. The decision on which model to adopt
in a building will affect the envelope design, energy use, lighting options, thermal
comfort, and ventilation. However, it is best to analyse how to strike a balance between
comfort optimisation and energy conservation. Some of the benefits of mixed-mode
buildings include ensuring the adaptability of a building, futureproofing, user comfort,
energy-saving and conservation, reducing the environmental impact, and saving cost

(Brager et al.,2007).

Deuble and Dear (2012), state that mixed-mode buildings have great energy-saving

potential if used correctly and that mixed-mode combines Naturally ventilated (NV)
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designs and Air-conditioned (AC) designs, creating a state of equilibrium and offering
the best of both worlds. It also caters for the future needs of the building; in the advent
of climate change or shortage of electricity, the building can function effectively and

provide its occupants with a comfortable environment.

2.7.2 Contemporary design options

Oginni et al. (2012), suggest that contemporary design options are necessary for
achieving thermal comfort for buildings. It was argued that the fitting of buildings into
their natural environments creates a model for less energy usage and maximum thermal
comfort. They proposed some options that can be taken during the design phase to
achieve this phenomenon; they include Adequate lighting and ventilation, the creation
of a microclimate and the adaptation of sun shading techniques/devices. In addition,
they strongly proposed the notion that buildings could exist without the inclusion of
artificial means of cooling or heating if designed well. However, in their research, they
focused on Arid climates, left out the frigid zones, and did not propose a solution for

existing structures.

Garima (2016), argues that the primary use of a building is to give thermal comfort to
its users. He is also of the notion that energy conservation is primarily about reducing
the use of mechanical devices to produce thermal comfort while ensuring that the
minimum standard of comfort levels is still delivered. He states that the energy use of
most buildings depends on the climate the facility is located, the usage of the building
and the rate of the quality of life of its users. The analysis of different energy usage
rates in varying seasons was conducted in his research to produce relevant data that will

aid the achievement of thermal comfort in all seasons. However, he also analysed
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possible solutions to existing structures and focused on the future buildings that will be
constructed. He concluded that the type of building form that will always exist is the
mixed-mode method where passive and active elements work hand in hand to provide
comfort. However, he believes the use of functional elements could be reduced

drastically.

There are several ways contemporary design and planning can be adapted to achieve
sustainable buildings; the goal is to ensure possible sources of unsustainability are pre-
empted and accounted for by counter-intuitive design rather than waiting for errors t
occur in the future trying to resolve them. Some of these principles are discussed by the

researcher.

2.7.2.1 Proper orientation and zoning of buildings

Adebisi et al. (2019), state that the positioning of building forms on a site is the act of
orientation. The orientation of buildings is a passive method that, when adopted, aids in
thermal comfort realisation. In the tropical regions, good orientation is obtained when
the east-western axis houses the length of the building; the principle is simply the
reduction of exposed surfaces to direct sunlight, thereby minimising heat gain and

radiation and reducing or eliminating the use of energy to combat that effect.

Oginni et al. (2012), also say that the excellent orientation of structures reduces bad
climatic occurrences such as thunderstorms and solar radiation. They propose the
alignment of rooms in order of frequency of use such that the most frequented ones
should be positioned on the east-western axis to reduce heat gain. They believe that

positioning features within a building structure are also important in the passive way of
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energy conservation. They also agree with Adebisi et al. (2019), that the proper building
orientation in the topics is placing the longest side on the east-western axis, as seen in
Figure 2.4. However, areas with the most glass should face the sun to capture maximum
lighting, and kitchens should face east, openings should be southward, sleeping quarters
to the north to reduce the filtration of light and living quarters to the west or south.
Houses can be zoned to ensure different spaces receive sunlight at other times of the

day.

Figure 2.4 Proper building orientation
Source: Oginni et al. (2012)

2.7.2.2 Use of shading devices on buildings

Raeisi and Taheri (1999), state that the precise use of overhangs on window openings
made by accurate calculations could aid reductions of the cooling loads in structures.
Also, the use of trees is also an excellent passive option, but they should be carefully
packed to avoid bare trees during dry months of the year. Adebisi et al. (2019), states
that shading is the most effective technique in reducing solar radiation in tropical
regions. As such, it should be considered primarily when designing buildings and their
sites. The use of trees and the vegetative matter is effective in this passive means of

reduction only when they are strategically located on the site and not just randomly
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inserted. Trees and vegetative matter have several effects when used around building
structures, such as evapotranspiration and shade to reduce the temperature of the

surrounding air by about 9 degrees.

Additionally, large, crowned trees protect parts of the building from heat gain. The use
of overhangs and fins in structures is necessary because when properly utilised, they
serve as blockades from the sun's radiation reducing the solar gain in structures. Their
design should be made in consideration of the orientation of the building on the site and
the movement of the sun. There are several types of fins such as, egg crate, vertical and
horizontal, proper analysis should be done to determine the most effective per building
area. The use of textured walls can also aid in cooling buildings because of the reduced

parts of the wall directly exposed to the sun.

After extensive research, it was discovered that shading is more effective in
incrementing thermal comfort within buildings. The use of external shading devices for
windows such as horizontal fins or overhangs and internal measures such as binds and
curtains of light colours and semi-loose fabric (Oginni et al., 2012). Also, a simulation
run by Bataineh and Alrabee (2018), showed that the use of Shading devices had shown
high viability with its overall low cost and high annual saving; the use of overhangs

achieved maximum results.

2.7.2.3 Use of local building materials
Godwin (2011), postulate that the material used during construction is significant to
energy conservation. Using local materials that are already adapted to the climate is the

best bet for achieving sustainable designs. The use of imported materials is inefficient
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as they harbour a lot of embodied energy due to maintenance, installation and even
transportation. Akande et al. (2015), also states that local building materials have lower
internal energy and little environmental effect compared to most modern construction
materials. However, caution needs to be practised when using them as they must be

treated well to stand the loads that will be carried.

2.7.2.4 Appropriate building colours

The colours used on surfaces have an essential effect on the building form; they can
reduce or increase heat gain. Bright colours should be used on walls as they reflect heat,
while dark colours that absorb heat can be used on rigid landscape forms and perimeter
walls, the adoption of this principle will aid the reduction of solar gain in tropical

buildings (Adebisi et al., 2019).

Oginni et al. (2012), also agree, stating that Paint colours also are climate responsive.
The type of colour used can affect the amount of heat generated into the indoor space of
buildings. Light coloured roofs and walls aid in the reduction of glare and heat gain; this
is a phenomenon known as whitewashing. Godwin (2011), also state that colours are an
essential defence line in preventing heat gain in buildings; materials like reflective tiles,
limestone, and light-coloured marble can reflect solar heat, and generally, light should

be given preference over dark colours.

2.7.3 Designing with the climate
Thapa and Panda (2015), suggests the design of climate-responsive buildings,

calculation of the thermal load in buildings to enable accurate suggestions, design of
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zero energy buildings and thermal comfort. According to energy informative, energy-
saving techniques are simple measures that, when implemented, can reduce the amount
of energy used drastically. Some of the methods include: Getting rid of incandescent
bulbs, sealing air leaks in buildings to conserve energy used in heating, turning off
electrical devices when they are not in use, use of energy-efficient windows and doors
and use of energy audit. There are several ways a building can be designed to fit the
climate it will be used in, and the researcher examines some of these methods.

2.7.3.1 Passive cooling and solar techniques

Techniques like proper lighting will aid in the reduction of cooling loads; this is because
daylight contains the least amount of heat. Incandescent bulbs and other light sources
should be exchanged for Compact Fluorescent Lamps (CFL), which do not give out

heat into the lighting area. (Oginni et al., 2012).

Kumar and Mahalle (2016), also suggests the use of green roofs. They are considered a
passive cooling technique and a part of sustainable architecture. However, its
effectiveness depends on the type of plants used and climatic and geographic
conditions. Still, it has the benefits of reducing energy consumption by reducing
dependence on artificial means of cooling, and it also reduces stormwater runoff, CO2,
and noise levels. Akande et al. (2015), also advises that the adoption of natural

ventilation will significantly reduce cooling loads in buildings.

2.7.3.2 Energy efficient materials
Garima (2016), states that the dependence on electromechanical devices that are not
energy efficient increase the rate of energy consumption in buildings, efficient

equipment's should be installed for essential functions that are inevitable such as
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heating, cooling and ventilation, also, renewable energy sources should be incorporated

into the design.

2.7.3.3 Location of trees and vegetation

A microclimate is usually created with trees and vegetative matter; they make a calm
and serene environment both within the building and on the site in the tropics.
Therefore, frequently used spaces in buildings should be positioned close to such

climates to maximise their comfort levels for extended periods (Oginni et al., 2012).

2.7.3.4 Insulation of buildings

Building performance can be affected by several things, including air leakage. The
indoor air quality, thermal comfort, artificial cool and heating and other functions can
be affected by infiltration. Infiltration is the exchange of air between the indoor and
outdoor environment through unplanned channels. It is an uncontrolled flow of air in
and out of the building through cracks and openings in the roof, wall, floors and around
the house, which can be prevented using primarily good builders, proper maintenance,

weatherising and caulking (Oginni et al., 2012).

2.7.4 Other methods used to achieve energy conservation

Faggal (2007), argues that the fields of architecture and engineering are the major
contributors to the recent climate change by the construction and design of harmful
projects which cause energy degradation. He, therefore, suggests that they cooperate
with other fields to create living spaces with minimal impacts on the environment. One
of the concepts proposed is applying biomimicry, which is the imitation of nature to

solve human problems. It has been divided into three levels: organism, behaviour, and
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ecosystem, any or a combination of this can be adopted. It applies to other disciplines
like medicine, structures, and form, one of its earliest applications was the adaptation of
birds forms in the designs of aeroplanes. In architecture, biomimicry has been used in
several ways to produce energy-efficient and self-reliant buildings, from the production
of cutting-edge materials and technology like self-healing cement and self-cleaning
paint to the enhancing of building forms and structures using photovoltaic cells, phase
change materials, smart shading devices, building envelope design and a functional
recycling system. According to Faggal (2007), Biomimicry has come a long way in

affecting the forms of buildings and thereby creating more sustainable environments.

Buildings energy use is essential to the functionality of the entire building. When it isn't
monitored or regulated, it causes loss to the building occupants and the earth via the
release of harmful gasses directly or indirectly, causing drastic climatic changes. The
correction of erected buildings to make them more sustainable is achievable and should

be advocated for to improve thermal comfort and reduce waste (Akande et al., 2015).

It was noted by, Ganhdo (2012), that in designing structures, their lifecycle should be
paid close attention to and considered to aid the erection of a fully sustainable structure
from inception to demolition. Also, the level of comfort criteria and standard of living
of a building's user determines the amount of energy consumed as the need for more
thermal comfort produces more energy usage. He also suggests using simulation and
building assessment tools to project the possible amounts of energy that will be

consumed by building before their construction.
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Okorieimoh (2019), believes that the amount of provided energy also determines the
rate of energy usage. He thinks a lower energy supply leads to increased amounts of
energy use. He proposes that energy must be used daily should spur the production of
large quantities of energy from the source provider to ensure efficiency. He believes
that energy conservation is not the total elimination of energy use, but it is a continuous
effort of reduction in the rate of energy required for comfort. He also postulates two
principles that can be adopted to aid energy efficiency: the behavioural approach that
focuses on changing the culture and the technological approach, which focuses on
changing the devices used. He proposes that the first step towards the technological

approach is swapping energy-guzzling bulbs with energy-efficient ones.

The techniques adopted for the conservation of energy in buildings will be more
efficient if they are tailored to suit the climatic conditions the building will be
experiencing, like Thapa and Panda (2015), suggested, climate-responsive buildings is
the proactive way of tackling energy conservation in buildings amongst other
techniques. Akande et al. (2015), also suggests that building retrofits should be done to

suit the prevailing climate to ensure the thermal comfort of the occupants.

2.8 ldentification of Appropriate Energy Conservation Measures to be Adopted in
the Study Area

The American Society for Heating, Refrigerating and Air Conditioning Engineers
(ASHRAE) defines thermal comfort as "that condition of mind which expresses
satisfaction with the thermal environment” (Brager and Dear 2001). The researcher used
the computer software; Climate consultant, whose primary purpose is to give graphic

representations of hourly climate data of a specified location and aid the user in visually
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seeing the unique patterns and subtle details that characterise different climates. Its main
aim is to assist the achievement of indoor thermal comfort. It uses weather data in
Energy plus Weather (EPW) format, which can be downloaded from within the
software, to give data projections for the specified location. It also has four comfort
definitions integrated into it. However, the researcher uses the ASHRAE 55 standard to
simulate the study area. After the simulations are run, the climate consultant then gives
the best strategies to be adopted in the specified location that will lead to more
comfortable hours and a reduction in heating and cooling loads, as seen in Figure 2.5. in
Figure 2.6, we see detailed steps that can be taken via the modification of shapes and
building forms to achieve the measures specified. Because of the lack of Energy plus
Weather (EPW) data in Nigeria, the researcher used the closest data, Lagos EPW data,
to run simulations for the study area, which is 315km away from Lagos and shares a

similar climate.
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