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ABSTRACT

Energy utilisation has recently become a highly sought-after commodity on a global scale. 
This situation is not limited to Nigeria, where the national grid’s supply of electricity has been 
severely inadequate. This has hampered the country’s ability to meet the mounting needs of its 
large population and expanding economy. Aside from the global challenges of rising energy 
costs and environmental disasters, a number of factors such as a lack of interest in indigenous
building technologies and materials have contributed to the Nigerian construction industry’s 
slow pace of meeting energy demand and achieving energy efficiency. This study investigates 
the possibility of achieving energy conservation through innovative materials, methods, and 
technology to increase energy efficiency and minimise energy demand in Nigeria’s residential 
housing. The objective is to determine the variables that influence energy usage in residential 
house design, select methods and technologies to reduce energy demand, and assess the best 
materials and processes. A quantitative approach to data collection was used by distributing 
questionnaires to respondents in the Minna metropolis. A hundred and forty (140) question-
naires were distributed, and 117 of them were returned. Secondary data were obtained from 
literature reviews, journal articles, and conference papers. According to the findings, the most 
energy efficient residential buildings would result from the appropriate use of innovative ma-
terials, methods, and technology to reduce the energy demand of the building. In order to 
decrease energy demand, the study suggests that built environment professionals should focus 
largely on changing energy-consuming devices and their end uses for energy efficiency. It 
concluded that, in order to reduce overlap between the applications of these elements and bet-
ter meet the needs of building occupants in terms of energy usage in Nigeria, energy demand 
should be considered from the design stage.
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1. INTRODUCTION

Globally, due to rising population and income, energy 

consumption will increase by 15% from 2021 to nearly 660 

quadrillion Btu in 2050 [1]. The Global Energy Review 
evaluates the trajectory of carbon dioxide emissions and 
energy consumption in recent years, and almost 55% of 
all electricity consumed worldwide is used for building 
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operations [2]. The building and construction sectors 
combined form the highest CO2 emissions recorded, 
accounting for 30% of total global final energy consump-
tion and 38% of total global energy sector CO2 emissions 
[3]. Energy demand from buildings and building con-
struction continues to rise, driven by improved access to 
energy in developing countries, growing demand for air 
conditioning in tropical countries, greater ownership and 
use of energy-consuming appliances, and rapid growth in 
global building floor area [4].

Several studies [5-8] conducted in several regions of 
Africa, Europe, and Asia suggest that successful energy 
demand reduction is possible when approached from the 
correct angles. Buildings are responsible for significant 
energy use because individuals spend most of their waking 
hours indoors [9]. An energy-efficient design and techni-
cal characteristics that allow for good living standards and 
comfort with little energy use define a low-energy building 
[10]. In Africa, millions lack primary access to electricity 
due to rising energy demand, which challenges nations to 
maintain GDP development, forcing them to use polluted 
fuels to cook and light their houses. Estimate by [11] shows 
that 770 million people worldwide lack access to electricity, 
with 75% residing in sub-Saharan Africa. The majority of 
businesses in this area rely on fossil fuels, which are expen-
sive and exacerbate climate change. 

In Nigeria, population growth has rapidly increased reli-
ance on fossil fuels due to a massive energy crisis that has 
plagued the country for over 20 years. In addition, indus-
trial and commercial activity has been severely restricted, 
significantly increasing energy poverty. Based on the report 
by Nigerian Council for Renewable Energy, power dis-
ruptions cost Nigeria 126 billion naira ($984.38 million) 
yearly [12]. Nigeria experienced severe energy poverty due 
to the country’s high demand and absence of a well-estab-
lished energy supply network. Nearly 90 million Nigerians, 
according to [13] will not have access to grid energy in the 
coming years beyond 2020; while those that do will only 
have it for fewer than 12 hours each day. Despite the coun-
try’s abundance of conventional energy resources, the lead-
ing cause of Nigeria’s energy crisis is an insufficient supply 
of distribution to match the country’s growing population. 
Additionally, due to unemployment and the inability to pay 
energy bills, literature has demonstrated the considerable 
effects of energy poverty on vulnerable households [14]. 

Energy poverty is a problem caused by the increasing 
energy demand and has become increasingly challenging 
to assess and characterize precisely. According to [15] the 
accepted definition of energy poverty is defined as the situ-
ation in which a household finds it difficult or impossible to 
secure adequate heating in the home at an affordable price. 
Similarly, it is when a household is unable to ensure a suf-
ficient level and quality of domestic energy services for its 
social and material needs [16]. Against this backdrop, this 
paper investigates the possibility of achieving energy con-
servation in residential housing estates through innovative 

materials, methods, and technology with a view to increase 
residential housing energy efficiency and minimise energy 
demand in Nigeria housing stock. Its objectives are to: (i) 
identify factors influencing energy consumption in resi-
dential housing design. (ii) determine energy conservation 
strategies for energy use reduction in residential housing 
and (iii) assess suitable materials, methods, and technol-
ogies for reducing energy demand in residential housing 
provision.

2. LITERATURE REVIEW

Nigeria is projected to have a population of 195.87 
million people and a GDP of $397.27 billion in 2021 
[17]; however, its average annual energy consumption is 
only 144 kWh per person. The energy demand required 
for proper economic growth is lacking when taking into 
account the 16 GW installation capacity (which is made up 
of 75% gas and 13.5% hydro), at production of about 33%, 
with a transmission capacity of 2.9 GW and transmission 
losses of 22% from generation to distribution, and with 
only about 55% of the population known to have access to 
electricity [18 -19]. The assumption for the size of Nigeria’s 
energy demand is that it is based on the country’s high 
population, an annual GDP growth rate of about 2.2%, a 
high rate of power shortages, an energy consumption that 
is roughly twice to thirty times lower than that of its peers 
on the continent, and a World Bank ranking of 131 for ease 
of doing business [19-22]. Therefore, it is estimated that 
Nigeria requires more than 63,000 MW to address the gap 
in energy demand. This is based on estimations, assertions, 
and available data. 

The demand for grid-powered energy distribution in 
Nigeria is estimated to be around 3200 MW [22-23]. There 
is a general view that many families in the nation have insuf-
ficient access to electricity since several elements, including 
a home’s energy access, location in relation to electricity 
infrastructure, and administrative capability, have been 
neglected [24]. An average Nigerian household spends 27% 
of its income on energy, primarily on cooking, lighting, and 
cooling (91% of energy is used for cooking, 6% for lighting, 
and 3% for other electrical appliances); 72% of homes use 
fossil fuel because it is readily available; 69% do so out of 
convenience; 58% do so out of efficiency; and 52% do so 
out of cost [25].

Furthermore, Nigeria’s energy poverty is extremely of 
concern [26] with some reports describing the electricity’s 
performance records as abhorrent [27]. Hence, it is essential 
to conduct ongoing research on the energy situation in order
to identify potential solutions to the issue. Additionally, 
several Nigerians lack access to the national grid, creating a 
very worrisome scenario that impacts the nation’s residents 
and economic development. Various forms of research have 
been carried out to investigate Nigeria’s potential for clean 
and dependable energy. According to [28] cited by [29] 
clean energy is the solution to Nigeria’s severe energy crisis, 
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particularly in rural areas. Ajayi and Ajayi [30] pointed out 
that by-products from fossil fuels are dangerous for both 
the environment and people. Aliyu et al. [31] posited that 
renewable energy technology must be aggressively pursued 
to address Nigeria’s ongoing energy shortage and advance. 
Hence, considerable possibilities for sustainable electricity 
production in Nigeria should include renewable resources 
like clean energy.

Migration from the country’s rural parts, where only 
34% of people have access to power, to the nation’s already 
highly energy-demanding urban centres, where 86% do, 
has also contributed to Nigeria’s rising population and 
energy consumption [17, 32]. To ensure energy efficiency 
in Nigeria’s building industry, deliberate efforts are required 
to halt the grid’s energy supply which is insufficient, unsta-
ble and unbalanced [33]. Although, the decline over time 
has been due to the dominance of fossil fuels, which are 
well-known to be non-sustainable, non-renewable, and 
unfriendly to the environment.

Energy Efficiency Evaluation and Adoption Strategies
Reducing the use of energy-intensive building materi-

als and technology is one of the sustainable methods for 
improving energy efficiency in residential buildings in 
Nigeria [34]. Any residential buildings that consume less 
energy than a typical one is energy efficient. It is gener-
ally accepted that low-energy buildings should use much 
less energy to deliver the same service [35]. Energy con-
sumption optimization and making the most use of the 
energy that is available are not novel concepts. For instance, 
humans in ancient times struggled to build structures with 
adequate thermal comfort. The critical issue was keeping 
a house cool in the summer and warm in the winter [36]. 
There is no universally accepted definition of a low-energy 
house due to the vast disparity between national regula-
tions; “low-energy” developments in one nation might not 
comply with “normal practice” in another. One primary 
federal and worldwide initiative to reduce greenhouse gas 
emissions with reasonable economic costs is improving 
energy efficiency [37].

Between 2000 and 2016, Germany’s total energy con-
sumption (or primary energy, not temperature-corrected) 
fell by 6%, from around 344 to 322 million or mega tonnes 
of oil equivalent (MTOE) in 2016 [38]. To a considerable 
extent, heat gains from occupants, equipment, lighting, 
and solar radiation are employed in low-energy buildings 
to maintain a comfortable indoor climate [39]. Low-energy 
buildings typically use high insulation, energy-efficient 
windows, low levels of air infiltration, and heat recovery 
ventilation to reduce the energy required for heating and 
cooling. They may also use passive solar building design 
methods or active solar technologies [36]. There are two 
key approaches to ensuring that buildings are using energy 
efficiently. The technological approach is the first, and the 
behavioral method is the second [40].

Adopting sustainable technologies is the technologi-
cal strategy for increased energy efficiency to help meet 
growing energy demands without harming the environ-
ment [41]. Any technology that reduces energy more 
efficiently than conventional systems can be considered 
sustainable [42]. Therefore, Smith [43] offers a variety 
of sustainable methods. They comprise solar thermal 
energy, low-energy cooling methods, geothermal energy, 
wind energy, photovoltaics, and bioenergy. Green roofs 
and renewable technologies like solar panels and solar
hot water systems are examples of further sustainable 
technologies [44-45].

Green roof technology is generally considered a 
passive strategy for lowering building energy demand 
[41]. The following are some examples of technological 
approaches: (i) Introduction of solar architecture and 
solar passive systems, which include energy-efficient light 
bulbs, refrigerators, water pumps, fans, and other devices. 
(ii) The utilization of contemporary, energy-efficient heat-
ing and cooling systems. (iii) Incentives for buying ener-
gy-efficient items have been used to influence customer 
behavior to advance energy efficiency. (iv) Reducing the 
amount of electrical energy used to heat water in the home 
through Renewable Energy Technologies (RETs), such as 
a solar heater.

Energy efficiency is all about performance and product 
improvements that reduce the energy needed for service 
delivery and other activities like lighting, cooling, heating, 
manufacturing, and cooking. Activities like indiscriminate 
electricity use by urban dwellers, gas flaring, inefficient,
traditional three-stone fuel wood stoves, buying reason-
ably used appliances, and low fuel efficiency vehicles fall 
under this category [46]. Devices that ensure little energy is
wasted are created and constructed to help achieve energy 
efficiency in electrical systems.

Automatic power factor controllers, electronic bal-
lasts, energy-efficient lighting controls, energy-efficient 
motors, energy-efficient transformers, maximum demand 
controllers, occupancy sensors, soft starters with energy 
savers, and variable speed drivers are some gadgets that 
help with energy efficiency. Energy efficiency appliances, 
sensor-based modeling, and thermal insulators on panels, 
walls, and floors to help regulate the indoor thermal envi-
ronment are a few technologies that can reduce overall
energy use and achieve energy conservation [47-48]. 

Innovative Materials, Methods and Technologies
When it comes to the envelope performance, the ele-

ments of the materials, thermal mass, geometrical sur-
face-to-volume ratio, shading devices, and the building 
orientation, the usage of the OTTV idea in place of glass 
has been quite established [49]. Innovative approaches to 
reducing energy demand include the use of programmable 
thermostats in homes with settings that are appropriate for 
the local weather at any given time, the use of renewable 
energy sources, and the intentional use of CFL bulbs [50]. 



J Sustain Const Mater Technol, Vol. 8, Issue. 3, pp. 1−17, September 20234

Adjusting external shading devices to control interior light-
ing and thermal comfort, using wireless sensors through 
automated control panels to reduce energy usage, and using 
reflective roofing materials and modern building insulation 
[51]. 

It has been shown that using bioclimatic design to 
insulate a building’s mass appropriately is the first step in 
improving energy efficiency [52]. This is accomplished 
by starting with a compact building shape, appropriate 
orientation, applying passive shading techniques, using 
high thermal resistant insulators for external walls within 
acceptable dimensions, and reducing air leakages through 
an airtight design through proper detailing [53-54]. 
Additionally, to save energy, it has been found that using 
earthen walls, insulating concrete forms, Low-e windows, 
plant-based polyurethane foam (the fiberglass insulation), 
plastic composite lumber, recycled steel, straw bales, struc-
tural insulation panels in structural systems, and vacuum 
insulation panels can all help create low energy buildings 
[48]. A design that closely connects to the heating influence 
of the sun on the house and effective insulation of the ther-
mal mass is credited with contributing to energy conserva-
tion in the built environment.

Solar Energy Technologies
Solar energy is an excellent prospective option for pro-

ducing clean electricity because it is unrenewable and pol-
lutant-free. Several developing nations, including Nigeria, 
experience trouble utilizing the resources despite the enor-
mous amount of solar energy that strikes the globe’s sur-
face. Mohammed [55] claims that several industrialized 
nations experienced electrical stability after investing in 
solar. Investing in solar energy collection technologies can 
assist developing countries in ending energy poverty and 
reducing greenhouse gas emissions (GHG). Solar photo-
voltaic, solar thermal, and concentrated solar power con-
version are the three main processes that turn solar energy 
into electricity [3]. These innovations are machines that 
transform solar energy into usable energy. In the following 
section, these technologies are briefly discussed, focusing 
on photovoltaic technology because it is the most widely 
used solar technology in Nigeria and the rest of the world.

Solar Photovoltaic
This device uses photovoltaic effects when exposed to 

solar radiation to produce energy. When exposed to solar 
radiation, photons become stimulated and release electrons 
that are then captured by wires to produce direct electricity 
that must be converted to alternating current using con-
verters [56]. The generated energy can be delivered to a 
load or stored using a storage device like a battery. As long 
as the device is exposed to sunlight, it will continue to pro-
duce energy.

Hydro 
The process of releasing energy to turn mechanical 

turbines and produce electricity is known as hydropower 

energy generating [57]. The water’s volume and descent 
velocity affect how much power is made. Hydropower is the 
first and only renewable energy source supplying electricity 
to Nigeria’s national utility grid [3].

Energy Demand Reduction Conceptual Framework
A conceptual framework (Figure 1) was developed to 

study the concepts derived from the theoretical framework 
found in the literature in connection to energy demand
reduction. This is to accomplish demand reduction in 
energy consumption in housing provision in Nigeria. The 
approach implies that climatic conditions, building design,
and building operations impact the energy demand in 
housing. These three factors could worsen and increase the 
demand for energy in housing if they are not adequately 
considered while designing housing provisions. This would 
unavoidably call for innovative techniques (Figure 1) that 
might lower housing energy use. The framework is built 
on a model that illustrates several strategies for reducing 
energy usage.

Figure 1 depicts the study’s hypothesis that energy 
reduction strategies center on technological, building-spe-
cific, and behavioral methods that, when integrated and
sufficiently considered, would call for an innovative strat-
egy to reduce energy consumption in buildings. Sustainable 
construction, which includes eco-friendly methods and 
integration of renewable energy, is a component of the tech-
nological approach. The building attributes had bioclimatic 
designs, year of construction, window type, and building
materials. The behavioral method focuses on the occu-
pant’s behavior, which includes comfort-seeking, perceived 
norms, mixed habits, and conscious and unconscious driv-
ers. Using smart home hubs, LED lighting, smart thermo-
stats, energy-efficient insulation, smart plugs, and power 
strips, cool roofing, high-efficiency heat pumps, and smart 
HVAC systems are all part of the innovative and green 
energy reduction strategy. 

3. RESEARCH METHODOLOGY 

The research methodology used in this study is a 
quantitative method that specifies the investigation into a 
social or human problem regarding the responses to spe-
cific questions. A cross-sectional survey approach using a 
questionnaire’s respondents’ statistical data as the primary 
instrument. The respondents who live in Minna City com-
prise the sample population of users. Data collected from 
pertinent literature and published articles from journals, 
conferences, and national newspapers were combined
using the qualitative technique.

Study Area
The research is conducted in Minna, Nigeria’s 

north-central geopolitical zone. Minna connects Abuja,
Kano, Ibadan, and Lagos and covers an area of 76,363 
square kilometers. It is geographically located between the 
Latitude and Longitude coordinates of 9.58 and 6.54 east 
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of the Greenwich Meridian, respectively (Figures 2 and 3). 
Minna is emerging as one of Nigeria’s fastest-growing cities, 
with a population density of 56 people per square kilometer. 
Minna’s residential land use exhibits three characteristics: 

high, medium, and low densities, with a combination of 
these densities except for the low density, which is delim-
ited. Several densely populated communities can be found 
in the inner city. It has an estimated land area of 1,000 

Figure 1. Conceptual framework of energy demand reduction approach in housing.
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square kilometers [58]. Minna’s population has increased 
dramatically, from 192,437 in 1991 to almost 300,000 in 
2006 [59]. Sulyman et al. [60] stated that there is a lack 
of energy supply in the Minna metropolis, and electricity 
usage accounts for 25.0% of total energy consumption in 
the city, typically used for lighting and cooking.

The Survey 
The study used a quantitative survey approach using 

a questionnaire as an instrument is considered efficient 
and effective by [61] in sampling a wide population. The 
questionnaire was recognized as the most appropriate 
instrument the respondents could easily reach in the most 
inexpensive, efficient, and popular way to obtain essential 
information. Within the study area, it was reported by [58] 
that domestic energy increased by 72.6% in 2012, result-
ing in a significant demand for energy supply. The ques-
tionnaire was distributed to the residents in the study area. 
Before administering the questionnaire, a pilot study was 
conducted in which some respondents were interviewed 
using the intended, structured questionnaire to check that 
the respondents comprehended the questions.

Sample size
The sample size is determined by the study’s need for 

reliable and authentic findings to establish conclusions 
[62]. According to [63], the size of the sample is more a 
question of convenience and a compromise among various 
criteria (e.g., expenses and precision) as supported by [64]. 
The sample size for this study was determined using the 
formulas from [65] and [66], which are as follows:

Where:

 Z = Z value (e.g., 1.96 for 95% confidence level)
 P = percentage picking a choice, expressed as decimal
 (.5 used for sample size needed)
 C = confidence interval, expressed as decimal 
In surveys, it is a common practice to aim for a 95% 

confidence level or a precision level of 5%. As a result, a 
95% confidence level was assumed, as is customary in other 
research [65] while z = 1.96 for a 95% confidence level (i.e., 
significance threshold of = 0.05). Based on the requirement 
to balance precision, available resources, and the utility 
of the research findings, a confidence interval (c) of 10% 
was deemed sufficient for this investigation. To calculate 
the sample size for a particular degree of accuracy, Czaja 
and Blair [66] proposed that the worst-case percentage of 
picking a choice (p) be assumed, which is 50% or 0.5. The 
sample size was estimated using the following assumptions:

The sample size for the questionnaire survey will be 96 
respondents. However, the calculated value requires further 
modification for limited populations. As a result, the for-
mula for calculating finite populations was taken from [66] 
as follows:

Where: Pop = population 

This formula can be used to determine the finite pop-
ulations, and it can be seen that 96 samples are the bare 
minimum needed. The nonresponse rate, typical with ques-
tionnaire surveys, was nevertheless considered vital when 
determining the sample size. Therefore, it was crucial to 
modify the sample size to consider nonresponse. The suit-
able sample size to be surveyed was consequently deter-
mined using the method adapted from [67] based on the 
assumption of a cautious response rate of 85% as proposed 
by [68] for in-person (i.e., Face to Face) surveys:

In order to conduct the survey, a minimum of 113 
respondents with an 85% response rate were required.

4. RESULTS AND DISCUSSION

One hundred and forty (140) questionnaires were sent 
out in total, and 117 of them were returned giving an 83% 
response rate. A reliability score of 0.826 and a frequency 
of 85 male and 36 female respondents were recorded. The 
reliability value of 0.826 and the response rate percentage 
were deemed satisfactory for the study. Most respondents 
are 25-34 years old, while others are 55 years and above. 
Half (50.4%) of the respondents live in rented houses, while 
49.6 % live in owned houses, as shown in Table 1. 
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The majority (27.4%) of the respondents receive a 
monthly income of N100,000 ($131.18) and above, closely 
followed by 25.6% having an income of N20,000 ($26.24) - 
N50,000 ($65.59). About 22.2% earned N81,000 ($106.26) 
- N100,000 ($131.18) while just 10.25% earned N51,000 
($57.06) - N80,000 ($105.19) while 17.95% earned below 
N20,000 ($26.30) (see Figure 2 recorded according to the 
number of the respondents in each category). This shows 
that the majority of the users battle with poor income to 
meet up with the energy demand.

It has been observed that there is a lot of energy con-
sumption on use of 2 out of 6 appliances: Refrigerators and 
fans. Figure 3 illustrates that most respondents constantly 

leave their refrigerators, ceiling, and standing fans on. This 
is due to the importance of both devices 

Figure 3.Showing human behavior on ways of energy conservation in the household.

Table 1. Demography information of the Respondents

Characteristics Frequency Percentage Characteristics Frequency Percentage
Gender
Male
Female

85
36

70.2
29.8

Number of bedrooms 
1
2
3
4

36
32
28
25

29.8
26.4
23.1
20.7

Age
15-24
25-34
35-44
44-54
55 and above

23
45
31
14
8

19
37.2
25.8
11.6
6.6

Number of occupants 
1
2
3
4

17
23
17
64

14
19
14
52.9

Do you own or rent the building 
Rent
Own

61
60

50.4
49.6

Occupation
Self-employed
Regular salary
Casual/daily wage
Student
Unemployed 
Retired

33
62
10
11
3
2

27.3
51.2
8.3
9.1
2.5
1.7

Figure 2. Shows the Monthly income of the Respondents.
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For sustaining the occupants’ comfort. This finding 
reflects the opinion of [10] on the overreliance on more 
mechanical and electrical devices to produce thermal heat-
ing, which results in more energy consumption and acts 
as a barrier to low energy—the respondents’ solutions for 
reducing energy waste while in use are presented in Figure 
4. According to the figure, 88%, 85%, and 88% of the users 
of appliances such as phones, laptops, and rechargeable fans 
responded to switching off their gadgets when fully charged. 
In comparison, 33%, 36%, and 33% of phones, laptops, and 
rechargeable fans do not switch off when fully charged. 
This result corroborates the views of [69], who opined that 
a sharp growth in the number of electrical appliances has 
been one of the main factors driving rising electricity con-
sumption in homes, especially when they are not turned off 
when they are ultimately charged or not in use. 

Figure 5 reveals the year of construction of the build-
ing. Forty-five percent of the respondents’ facilities were 
constructed between 2000 and 2010, while the fewest were 
dwellings completed in 1990 or earlier. Structures built in 
the 1990s typically combine local and modern elements, 
whereas buildings constructed in the 20th century have a 

preponderance of modern materials. In the view of [70] 
occupants of buildings built in earlier years relied signifi-
cantly on wood and coal to keep them warm, cook their 
food, and light their homes, which results in using less 
energy. However, in the modern age, the discovery of elec-
tricity ushered in a new age of technology that claims to 
provide comfort in any building by invariably incorporat-
ing high energy-consuming technologies. Though the new 
age technology has significantly impacted how people live, 
it has increased fossil fuel-based energy prices over the past 
two decades. This has created more awareness of the need 
to preserve energy and practice energy efficiency in mod-
ern buildings.

According to Table 2, 84.3% of respondents utilize hol-
low sandcrete blocks for their building’s walls, compared to 
8.3% who use stone and 7.4% who use mud blocks. This 
demonstrates that sandcrete hollow blocks are the material 
most frequently used for wall construction in residential 
constructions. This finding aligns with [71] who indicated 
that most residential buildings in Nigeria’s hot-dry climate 
rely on sandcrete hollow blocks to build respective of their 
climatic environment. Meanwhile, only a small number of 

Figure 5. Showing the year of construction of the building.

Figure 4. Showing human behavior on switching off devices when fully charged.
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houses employ mud and stone blocks. While [72] and [73] 
argued that sustainable residential building construction 
in Nigeria is the goal of the low-energy architecture idea. 
Lembi et al. [74] further emphasize that traditional build-
ing materials are a significant resource for architecture 
which could take the form of clay bricks, compressed earth 
blocks, rammed earth, and other types of earthen construc-
tion. Thus, it could be argued that utilizing these materials, 
which are readily and naturally available, would lower the 
amount of fossil fuel energy used.

Figure 6 and Table 3 show the usage of the window 
types by the respondents. Casement windows are used in 
31.4% of residences, sliding windows in 38.5%, louvers in 
17.4%, and projecting windows in 12.4%. This result shows 
that the majority of residences utilized sliding windows 
more than any other type of windows. It could be argued 
that inappropriate window types in residential houses, such 
as sliding windows and projected windows in the tropics, 
could result in more energy use for adequate ventilation as 
these would limit the extent of the openings required for 

a more significant percentage of airflow needed for nat-
ural ventilation. Although [75] argued that up to 25% of
a home’s total heat loss through windows can come from 
window units and frames, losses from heat conduction and 
convection airflows between the panes, and heat loss from 
heat radiation. In contrast to this argument, this view only
applies to buildings in temperate regions or climates where 
residential buildings need window types to limit the rate of 
heat loss. 

Figure 7 illustrates the type of ventilation in the sampled 
household. The data shows that the household uses 33% 
natural, 27% mechanical, and 61% of the available venti-
lation types. This shows the household depends mainly on
mechanical ventilation for adequate comfort due to poor 
designs. Knowing that the study location records high tem-
peratures and hot seasons will result in the use of more 
energy by the household to seek adequate comfort, thereby 
causing an increase in energy demand. Wargocki [76] spec-
ulated that health risks may occur when ventilation rates in 
residential properties fall below 0.4 air changes per hour. 

Table 2. External materials (walls) used in construction

Variable Frequency Percentage
What building material was used for the wall of your 
building

Stone 10 8.3
Sandcrete hollow blocks 102 84.3
Mud blocks 9 7.4
Wood 0 0
Others 0 0

Table 3. Energy conservation strategies suitable for energy use reduction for appliances

Variable Frequency Percentage
Window types Double casement 38 31.4

Sliding 47 38.5
Projected 15 12.4
Louvers 21 17.4

Figure 6. Chart showing window types used in the households.
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Sherman and Matson [77] proposed that energy use is a 
factor of building attributes. According to the study, a typ-
ical residence’s average yearly ventilation energy demand 
is approximately 61 GJ (almost 50% of total space condi-
tioning energy usage); the cost-effective savings potential is 
approximately 38 GJ. This means that housing requires a lot 
of energy to offer acceptable comfort for the residents, and 
adequate measures to ensure proper ventilation must be in 
place from the design stage to minimize energy use.

Energy Conservation Strategies
Regarding energy conservation strategy, 49.4% of the 

respondents use ceiling fans in their bedrooms, 31.6% use 
air conditioning, and 19% use standing fans. As for sitting 
rooms, 49% of the respondents use ceiling fans in their liv-
ing rooms, while 28.9% use air conditioning and 22.1% use 
standing fans. Lastly, 73.6% of respondents use energy-sav-
ing bulbs, 18.1% use incandescent light bulbs, and 8.3% 
use standard fluorescent tubes in their houses (Table 4). 
From the findings, it is instructive that most respondents 

use energy-saving bulbs for lighting. However, the use of 
air-conditioning would result in higher consumption of 
energy for cooling, as opined by [78], who expressed that 
air conditioners use the most electricity excluding lighting. 
In addition to the energy conservation strategies employed 
by the respondents, 80% unplugged their refrigerators, 
while only 19.8% never unplugged their refrigerators.

Meanwhile, 72.7% of the respondents switched off their 
phones when they were fully charged, while only 27.3% 
did not switch off their phones. 70.2% of the respondents 
switched off their laptops when fully charged, while only 
29.8% did not switch off their computers. 72.7% of the 
respondents switched off their rechargeable lamps when 
fully charged, while only 27.3 did not switch off their 
rechargeable lights (See Table 5). To adequately use energy 
in buildings, Monacchi et al. [79] recommended prepaid 
billing as an easy technique to raise energy awareness and 
convert appliances into pay-as-you-go devices which could 
result in average savings of 11% regardless of grid discon-
nections. This step could regulate household behavior 

Table 4. Energy conservation strategies suitable for energy use reduction for appliances

Variable Frequency Percentage
What cooling devices are used in the bedroom Air condition 50 31.6

Ceiling fan 78 49.4
Stand fan 30 19

What cooling devices are used in the living room Air condition 43 28.9
Ceiling fan 73 49
Standing fan 33 22.1

Types of lighting devices/systems used in the house Standard uorescent tubes 12 8.3
Energy saving bulbs 106 73.6
Incandescent light bulbs 26 18.1

Figure 7. Chart showing ventilation types in the households.
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regarding unnecessary energy consumption arising from 
users’ behavior, and it would prompt users to turn off appli-
ances to avoid racking up large utility bills.

Table 6 shows some design parameters that aid in 
reducing energy demand in residential housing. 39.7% 
of the respondents admitted having high airflow in their 
bedrooms, while 9.9% and 12.4% recorded very low and 
low airflow, respectively. 38% of the respondents admit-
ted having high airflow in their living rooms, while 3.1% 
and 4.2% recorded very low and low airflow, respectively. 

27.3% of the respondents attest to using more natural ven-
tilation, while 22.3% use mechanical ventilation. 38.5% of 
the respondents use sliding windows, while 12.4% use pro-
jected windows. Adequate ventilation is a key measure to 
reducing energy demand in buildings. As suggested by [80] 
several strategies for reducing energy consumption include 
features in buildings such as appropriate design strategies, 
proper placement of fresh air intakes, efficient air distribu-
tion in rooms through improved ventilation efficiency, and 
using ventilation for night cooling.

Table 5. Strategies of household energy conservation in residential housing design

Variable Frequency Percentage
How oen do you unplug your refrigerator Never 24 19.8

Rarely 23 19
Sometimes 24 19.8
Oen 25 20.7
Always 25 20.7

How oen do you unplug your television Never 6 5
Rarely 5 4.1
Sometimes 10 8.3
Oen 43 35.5
Always 57 47.1

How oen do you unplug your AC Never 11 9.1
Rarely 11 9.1
Sometimes 8 6.6
Oen 30 24.8
Always 60 49.6

How oen do you unplug your Pressing iron Never 5 4.1
Rarely 3 2.5
Sometimes 1 0.8
Oen 33 27.3
Always 66 54.5

How oen do you unplug your light bulbs Never 11 9.1
Rarely 11 9.1
Sometimes 26 21.5
Oen 36 29.8
Always 37 30.6

How oen do you unplug your fans Never 21 7.4
Rarely 20 16.5
Sometimes 21 17.4
Oen 36 29.8
Always 23 19.0

Do you switch o your phones when it fully charged Yes 88 72.7
No 33 27.3

Do you switch o your laptops when it is fully charged Yes 85 70.2
No 36 29.8

Do you switch o your rechargeable lamp when it is fully charged Yes 88 72.7
No 33 27.3
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The amount of space in the bedroom and living room 
is shown in Table 7, along with its impact on natural light-
ing, thermal comfort, light brightness, and natural venti-
lation. Natural ventilation in living rooms stands at 38% 
moderate and 35.5% high, while natural lighting in living 
rooms moves to be moderate and high with a 38% reduc-
tion in energy use. Living rooms have intermediate thermal 
comfort (40.5%) and high thermal comfort (23.1%). The 

bedroom had extremely high natural ventilation (9.1) and 
low natural ventilation (5.8% airflow).

The living room’s light brightness was 6.6% extremely 
high and 19.8% extremely poor conservation. These are the 
frequencies and percentages of the Minna, Nigeria, housing 
stock sampled for energy efficiency.

From Table 8, saving monthly costs and reducing 
greenhouse gas emissions appear to be the most important 

Table 6. Design parameters for reducing energy demand in residential housing

Variable Frequency Percentage
Quality of airow in the bedroom Very low 12 9.9

Low 15 12.4
Moderate 40 33.1
High 48 39.7
Very high 6 5

Quality of airow in the living room Very low 5 4.1
Low 16 3.2
Moderate 45 37.2
High 46 38
Very high 9 7.4

Quality of airow in the kitchen Very low 12 9.9
Low 20 16.5
Moderate 57 47.1
High 28 23.1
Very high 4 3.3

Types of ventilation in the bedroom Natural ventilation 33 27.3
Mechanical ventilation 27 22.3
Both 61 50.4

Window types Double casement 38 31.4
Sliding 47 38.5
Projected 15 12.4
Louvers 21 17.4

Table 7. Contributing factors to energy reduction/conservation strategy

Questions relative to the 
contributing elements to 
energy conservation tactic 

Very low
(1)

Low
(2)

Moderate
(3)

High
(4)

Very high
(5)

Frequency % Frequency % Frequency % Frequency % Frequency %
Level of space in the living 
room (Natural lighting)

12 9.9 9 7.4 46 38.0 46 38.0 8 6.6

Level of space in the living 
room (ermal comfort)

9 7.4 27 22.3 49 40.5 28 23.1 8 6.6

Level of space in the living 
room (Light brightness) 

24 19.8 36 29.8 37 30.6 16 13.2 8 6.6

Level of space in the bedroom 
(Natural ventilation)

7 5.8 14 11.6 46 38.0 43 35.5 11 9.1

Level of space in the living 
room (Natural ventilation)

7 5.8 10 8.3 50 41.3 50 41.3 4 3.3
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aspects of energy reduction benefits, with less negative 
impact being the least important overall.

Recommendations
1. Energy use demand should be considered right from the 

design stage in helping to reduce the synergy between 
applying these elements and even more innovation to 
bridging the gap of building occupants’ need for energy 
in Nigeria.  

2. Professionals and researchers in the field can focus pri-
marily on directly influencing the demand by modify-
ing the energy-using devices or their end use for energy 
efficiency. 

3. To help reduce the energy demand load, there is a need 
to employ both the energy efficient and energy conser-
vative approach of saving monthly costs and minimizing 

the effect of climate change with a definite action on 
innovative materials, methods, and technology. 

4. There should be more clay bricks for wall construction 
to reduce thermal heat in housing interiors, double 
casements for windows to allow maximum free air flow 
and practical applications of energy-saving appliances.

5. There should be a constitutional amendment in Nigeria 
by laws of power generation to allow the individual state 
to generate its power and consume with the prospect of
selling out to another neighboring state. 

Contribution to knowledge
The study advances knowledge by encouraging the 

reduction of energy demand through energy-efficient 
building strategies to enhance energy performance in hous-
ing provision and innovative building design to address 

Table 8. Perception of energy use reduction in the residential buildings 

Questions relative to
the perception of energy use 
reduction in the residential 
buildings

Not important
(1)

Least important
(2)

Neutral

(3)

Important

(4)

Very important
(5)

Frequency % Frequency % Frequency % Frequency % Frequency %
Response to having a less negative 
impact on the environment

14 11.6 18 14.9 24 19.8 35 28.9 30 24.8

Response to saving monthly 
operating cost

12 9.9 10 8.3 14 11.6 38 31.4 47 38.8

Response to adding value to the 
house

11 9.1 11 9.1 23 19.0 36 29.8 40 33.1

Response to minimizing the eect 
of climate change

13 10.7 9 7.4 25 20.7 39 32.2 35 28.9

Answer to reducing greenhouse 
gases

12 9.9 8 6.6 17 14.0 51 42.1 33 27.3

Figure 8. Chart showing perception of energy use reduction in the residential building.
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energy consumption in housing design, especially in mass 
housing provision in Nigeria. 

5. CONCLUSION 

Reducing energy demand in Nigeria’s housing stock is 
essential. The demand for energy in the country, though, 
cannot be particularly articulated, but it can be ascertained 
that it is high, and the need for a measure of meeting those 
needs is expedient. Therefore, design parameters with indi-
cations of energy conservation must be implemented on 
various building codes and requirements to achieve the 
desired reduction in household energy demand. Energy 
efficiency and energy conservation are vital in driving a 
reduction in Nigeria’s energy demand. In line with this, the 
professionals and researchers in the field can focus primar-
ily on directly influencing the demand by modifying the 
energy-using devices or their end use for energy efficiency. 
Or focus more on the indirect influences of “what causes 
users to need energy.” The various elements discussed in 
this study would guide homeowners, designers, and builders 
on how to be innovative with materials, technologies, and 
methods to reduce energy demand. The study’s findings will 
aid in the economic improvement of the users by reducing 
energy demand and ensuring adequate energy supply. This 
will significantly help in energy savings in residential build-
ings. This can be achieved using cost-effective technologies 
and an innovative and behavioral approach. Energy use in 
the residential sector can be significantly reduced.

Areas of Future Research
This study is an ongoing contribution to the body of 

knowledge rather than a final answer. As a result, future 
research should focus on the following: 
• To improve more on the technological approach to 

reduce energy demand and make the supply more 
sustainable,

• To develop passive design features and to promote an 
adequate environment that will be comfortable for the 
users and reduce energy demand,

• To alert the users on the occupants’ behaviour regard-
ing energy use to achieve energy reduction,

• To sensitize the users on the benefits of the Innovative 
approach of using renewable energy in households to 
conserve energy. 
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