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Occupants’ Perceptions on Indoor Comfort as a Key
Factor in Residential Energy Use.
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Abstract
Ensuring that Ghana accomplishes an appropriate level of energy efficiency is an inevitably urgent issue considering the recurrent
energy challenges since the 1990s, the continuous energy crisis since 2010, as well as the rapid rate of deterioration in global
warming. Notwithstanding the major role building occupants play in energy consumption, assessing energy efficiency in Ghanaian
buildings has mostly been by computer simulations and calculations without factoring their perceptions. This study examined the
extent to which the perceptions of residential building occupants on indoor comfort, could impact their electric energy-related
behaviours in the homes they live in. An energy conscious “occupants factor” alone could result in between 20% and 50% energy
savings. An extensive literature review was conducted on the key concepts and relevant items. The concepts of Perception
on Indoor Comfort Based on Building Design (POICBOBD) and Perception on Energy Efficiency Behaviors (POEEB) were
used for the study. Residential occupants selected purposively responded to 112 questionnaires. The frequencies and means
of the responses were analyzed with Microsoft Excel. Relative Importance Index was used to rank the selected items. SPSS
Spearson’s rank correlation was also used to establish the relationship between the two concepts and the results showed a strong
positive correlation (r=1.000, p=0.01). POICBOBD, therefore, has a significant impact on POEEB and hence likely to affect
electric-energy usage in residential homes. This study concludes that since residential homes could act as strong stimuli for
electric energy-related behaviours, building occupants must consult architects to design and retrofit their homes, who must also
continuously update their knowledge on contemporary systems. Finally, there is the need to develop a comprehensive sensitization
of building occupants on energy efficiency measures in order to ensure sustainable behavioural patterns in Ghanaian residential
homes.
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1. Introduction
Buildings globally are accountable for about 40% of energy
consumption [1], responsible for significant wastewater
generation in the world and exhausting the world’s water
resources [2] as well as a major factor causing climate

change. Buildings and their demand for energy are ma-
jor factors deteriorating the environment and hence the
need for an immediate downward review of occupants’
consumption of electric energy in buildings. At the cen-
tre of residential energy consumption are humans who
require energy to be able to perform the majority of their
activities within buildings in contemporary times. From
research works conducted by [4] and [5], about 90% of
the time of the modern person is spent indoors.

From the foregoing, building designers and all built
environment professionals must ensure that buildings
offer occupants the required indoor environmental quality
through natural ventilation and lighting [6], [7]. This
is critical in that, building occupants are the key end
users of buildings and hence their needs, dependent on
electric energy, in the indoor space must be met [8, 9, 10].
This is in the light of the fact that humans in buildings
will adopt all possible means of achieving comfort with
a higher indoor air quality, which ultimately influences
the energy consumption levels of buildings. It was also
emphasized that these situations lead to an increment in
electric energy consumption levels due to the dependence
on electric energy [9]. The role of residential building
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designs cannot, therefore, be overemphasized considering
their major impact on energy usage of buildings.

The incredible deteriorating nature of energy consump-
tion on the environment makes it very urgent to ensure
electric energy efficiency in the world. The extensive neg-
ative effects of buildings on the environment worldwide
in recent years have caused critical issues like EE and
climate change (CC) to be given much prominence [11].
When an energy product is able to reduce the amount of
energy consumed per unit of its output, whiles maintain-
ing as well as improving the service it provides to users, it
is considered as being an efficient product [12]. Thus, the
ultimate goal of energy efficiency in buildings is not an
attempt to punish or deprive occupants of their comfort
but rather to ensure that the energy used by buildings
and its systems are worth being exhausted. This point
was further emphasized by [13] who argued that energy
efficiency is maintained in a building when all measures
used in controlling the amount of energy the building
consumes does not end up compromising the designed
performance of the building. This is very important in
that, as the energy buildings use to keep on increasing,
there will be a corresponding increase in the greenhouse
gas (GHG) emissions levels globally, which will ultimately
worsen the already existing global warming [14].

Considering the major impact of energy consumption
on the environment globally, efforts must be put in place
to facilitate a reduction in the number of energy buildings
consume. For this process to be successful, there is the
need to clearly identify the key factors that determine
energy usage in buildings and tackle them. Existing stud-
ies have isolated the following three factors, which need
major focus in reducing energy consumption in buildings;
i) design of buildings; ii) building services and energy
systems, and iii) occupants behaviour [15,16]. They ar-
gued that the integration of passive design with active
design and behavioural patterns of building occupants
were significant in ensuring efficient use of electric energy
in buildings through the building services and energy
systems.

This study, therefore, examined the extent to which the
perceptions of residential building occupants on indoor
comfort, impact their electric energy related behavioural
patterns in residential homes. The interaction between
building occupants and the buildings they live in, with
regards to indoor environmental quality, was, therefore,
the focus of the study.

1.1 Residential sector energy situation in Ghana
This section focused on the current state of the Ghanaian
residential energy sector. The residential sector in Ghana
is accountable for 32% of the total electric energy sup-
plied. However, the residential sector experiences 30%
of end-use wastage and this worsens the existing energy

supply deficit [17]. Coupled with this is the fact that
Ghana has an annual housing deficit of 170,000 units [18].
The consequence of these on energy is that, whilst de-
veloping solutions to address the energy deficit, meeting
the demand for housing will increase the energy demand
and may further deepen the country’s electric energy
deficits. One way of meeting these challenges with energy
consumption is to move away from energy conservation
to the efficient use of energy in our homes in order to
ensure energy sustainability. In research works done by
[19, 20], they maintained that energy usage in buildings is
significantly dependent on the electric energy based tech-
nologies, systems and services that have been installed
in them. There have been recent rising trends in elec-
tric energy demand with the residential sector in Ghana.
For instance, the residential demand for electricity rose
from 24% to 40% from 2005 to 2010 [17]. From 2005 to
2014 the demand for electricity in the residential sector
had a 60-percentage increment [21]. This is a probable
case of a rapid increase in the demand of electric energy
from the residential sector and considering the rate of
urbanization and changes in a modern lifestyle where
building occupants are becoming increasingly sophisti-
cated and educated leading to an increase in the number
and types of household appliances they acquire for their
homes. This trend is expected to increase within the
next decade and hence requires comprehensive strategies
targeted at reducing electric energy wastage in residential
homes. Thus, whiles improvements in appliances energy
efficiency are advancing significantly, occupants are also
wasting the energy.

1.2 Building design and building energy usage
Considering the significant impact of building the design
on energy usage in homes, there is a redirection in the
way architects process building designs towards having
buildings that are EE. This is in the light of the rising
awareness and advocacy on the devastating impact of
global energy use on climate change with global warming
being a major worry [9, 10]. They indicated that this
paradigm shift in building design and construction is a
step in the right direction towards EE and energy security
(ES). An energy efficient building is achieved through a
combination of the complexities of the entire processes of
building by the team of professionals handling the project.
This is done bearing in mind the fact that; a diligent
execution of the processes can ensure buildings that use
30% less of energy [22]. He further maintained that a
major step to energy efficiency in buildings is to have an
envelope that prevents heat buildup and hence reduce
the need for mechanical means of ensuring wellbeing in
the building.

The rising demand for electric energy in buildings,
therefore, calls for sustainable buildings which satisfy the
present needs as well as maintaining an environment for
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future occupants that is of the same or better quality.
However, in a study on students’ perceptions of sustain-
ability, he argued that there are minimum awareness
levels and appreciation of sustainable buildings for build-
ing users and hence one of the major reasons why the
concept has not been well embraced by occupants [23].
In another research where a basic school, which had been
certified by Leadership in Energy and Environmental De-
sign (LEED), was assessed, he concluded that occupants
of the building had misconceptions about sustainable
buildings as being cold and not visually appealing. These
misunderstandings about energy efficiency in buildings
are a worrying situation. This is because the occupant
is the end user of the building product and hence their
consciousness about energy efficiency will go a long way in
ensuring that electric energy wastage in residential homes
is reduced. This could be achieved through their decisions
on who design their homes (architect) and type of electric
energy based appliances and systems they acquire and
use in their homes.

The indoor environmental conditions of a building are
most affected by the adoption of strategies in relation to
energy efficiency [25] and this according to [26] when well
implemented can offer occupants of the buildings with an
improved comfortable environment. Notwithstanding the
positive aspects of energy efficient buildings, they could
equally be responsible for thermal distress in building
[27]. This according to [28] and [29] is due to the fact
that, energy-efficient buildings are usually predominantly
ventilated through natural means and hence the indoor
air temperature is mostly influenced by the outdoor air
temperature. They further argued that this would make
the indoor environment very hot in summer, which could
make occupants thermally uncomfortable within the in-
door space. From research works conducted by [30, 31,
10] they argued that, even though these challenges exist
with sustainable building designs, considerable number
of research works also confirm that sustainable buildings
rather offer a higher level of comfort for building occu-
pants by providing them generally with a better indoor
environmental quality as compared with the conservative
building concepts. It is, therefore, the right direction
for developing countries including Ghana to adopt in the
attempt to reduce the level of energy buildings consume.
The energy consumption rate of buildings is highly depen-
dent on how the building is designed and constructed as
well as the integration of its systems [32]. This means that
one of the most initial and essential measures for tackling
the increasing nature of energy consumption in the resi-
dential sector is to focus on the building and its systems,
and Ghana is no exception. Additionally, this calls for a
critical look at buildings that exist now, through improve-
ments in the areas of repairs, maintenance and making
upgrades in EE (energy retrofitting), as well as new con-
structions if any success is to be achieved in reducing

energy wastage.

Interconnected elements like; (i) the building’s purpose
and usage; (ii) weather type and position; (iii) design and
materials used for construction; (iv) energy source and
demand and supply level of the energy; and (v) building
occupants behaviors and financial status; are some of the
major factors that influence how much energy a building
consumes during the running of the facility [13]. The
design of buildings, therefore, plays a major role in the
perceived energy efficiency habits of residential occupants
in Ghana. Other research works also emphasizes the role
of i) design of buildings; ii) occupant habits in buildings;
and iii) the building systems and services, as major drivers
of electric energy usage in buildings and hence the energy
efficiency level of buildings [16, 33].

Building designs of residential homes, therefore, affect
the comfort levels as well as the electric energy related
habits of occupants, which eventually influence how ef-
ficiently they use electric energy in the buildings. A
research conducted by [34] supports the need to assess
the perceptions of building occupants with regards to
their experience within the design. The trend of the
questions should focus the consciousness of the building
occupants on the drivers of residential energy use and
inculcate in them the effect of the building design on their
energy-related habits within the indoor space.

1.3 Energy Efficient building design and perception
theories

A study into occupants’ energy-related behaviours main-
tained that there was the need for explicit analysis on the
relationship between energy efficiency and values as well
as occupants’ behaviour since there are still significant
grey areas. Such works will enhance better energy-related
attitudes in users of buildings [35]. Considering the major
role building occupants play in energy usage of buildings,
there is the urgent need for building industry professionals
advocating for energy efficiency to identify and appreci-
ate the perceptions of occupants with regards to energy
efficiency since that will go a long way in ensuring energy
security globally [36, 37]. Though significant literature ex-
ists in user perceptions in the area of product marketing,
not much has been conducted with regards to design-
ing of buildings as well as its construction [5, 38]. Even
though they agree that some works in the area of user per-
ceptions in buildings have been done on post-occupancy
assessment of well-being, these were different from what
occupants perceive as an energy efficient design based on
how the building design influenced their energy-related
habits in an attempt to achieve environmental comfort
indoors. In that direction, such research works should
have the following three key themes on human comfort
in a given space; i) subjectivity nature of comfort; ii)
the existence of desirable and non-desirable emotions of
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occupants, and iii) judgment of comfort being a global
concept [39, 40].

The level of perception, either negative or positive, on
energy efficiency in residential homes, plays a major role
in the acceptability of building occupants with energy
efficiency measures as well as their commitment in en-
suring that buildings meet their designed and expected
energy performance levels. The theories of “Schema Con-
gruity; Stimulus Organism Response (S-O-R model); and
Confidence and Compromise” as used to assess green
(energy efficient) building occupant habit for marketing
purposes further emphasizes the need to factor the per-
ceptions of occupants on EE. Studies conducted by [41,
42], argue that S-O-R model usage indicated that the
behavioural patterns of users were significantly affected
by their environmental conditions, which was a stimulus
to the occupants who have to decide on how to respond
to the locational setting.

From the viewpoint of [43], the theories of Confidence
and Compromise were very fundamental in ensuring the
patronage of end users to a sustainable product. Thus,
opting for an energy efficient design means making a com-
promise not to go for a conventional building design and
that becomes more emphatic when the level of confidence
by the building occupant about the concept is high. This
is very important considering the recurrent energy crisis
with the associated load management programs as well
as the need to ensure energy security in Ghana [44]. The
aim of this study was to examine the extent to which the
perceptions of residential building occupants on indoor
comfort impacts their electric energy related behavioural
patterns in residential homes in Ghana.

2. Methodology
The study used the quantitative method of inquiries in
examining the effect of building occupants’ perceptions
with regards to indoor environmental comfort on energy
efficient behaviours in Ghanaian residential homes. Struc-
tured questionnaires surveys were used in collecting data
on the viewpoints of 112 residential occupants who were
purposively selected. This was to evaluate their level of
consciousness on how the design of the buildings they live
in affects their electric-energy related behaviours regard-
ing their personal experiences. Extensive literature was
also reviewed on all the related issues to establish the
current situation as well as develop the items to be used
for the two key selected concepts namely; i) Perception on
Energy Efficiency Behaviors (POEEB) and Perception of
Indoor Comfort Based on Building Design (POICBOBD).
The questionnaire was structured into three parts: part
one consisted of the demographic data, part two was on
the Perception on Energy Efficiency Behaviors (POEEB),
and part three focused on the Perception on Indoor Com-
fort Based on Building Design (POICBOBD).

The research used these concepts for assessing how
the perception of indoor comfort influence the EE be-
haviours of building occupants in residential homes based
on the building designs. The construct of POEEB con-
sidered the actions of residential occupants, due to com-
fort conditions indoors, with regards to being efficient
with electric-energy. The concept of POICBOBD also
focused on residential occupants being able to identify
their immediate indoor environment as stimuli on their
electric-energy related behaviours.

The measurements of the concepts were weighed based
on the Likert scale of Strongly Agree, Agree, Moderate/
Neutral, Disagree and Strongly Disagree. They were ana-
lyzed based on the means and frequencies of the answers
from respondents with Microsoft Excel software and SPSS.
It ranged from 1 representing strongly disagree and mean-
ing a lower user perception, with 5 representing strongly
agree and meaning a higher user perception. Likert-type
or frequency scales used fixed choice response formats
and were designed to measure attitudes or opinions of the
users [46, 47]. The values were then scored as indicated in
Table 1. Determination of these values was based on the
formula of Gap width = Range/ group number. The Gap
width was therefore determined as = 4/5= 0.8. The re-
search developed the score range in Table 1, to determine
whether a variable meets the mean score of the study
or not. The research further used Relative Importance
Index (RII) method to analyze the data received in-terms
of their relative importance of; i) the factors that deter-
mine perceptions of energy efficiency (POEEB); and ii)
perception of building design POICBOBD).

RII = Σ(W1 +W2 +W3....Wh)/A x N. Where W =
weights given to each variable by the respondents and
ranged from 1 to 5; where ‘1’ strongly disagrees and ‘5’
is strongly agree; and A = the highest weight (that is 5
in this research), and N = total number of respondents.

Table 1. Gap widths of Likert scale/ score for POEE
and POBD

ITEM ITEM DESCRIPTION SCORE
1 Strongly acceptable 4.21-5.00
2 Acceptable 3.41-4.20
3 Moderate/ Neutral 2.61-3.40
4 Unacceptable 1.81-2.60
5 Strongly unacceptable 1.00-1.8
When the mean value is ≤ 2.61 the quality is

“unacceptable”; if the value is › 3.40 the quality is
“acceptable”.

3. Findings
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3.1 Demographic results of respondents
The type of respondents offers the opportunity to contex-
tualize the findings from the study. Knowing the general
information of the respondents of a study is very critical
in order to fully understand a research [48]. This research,
therefore, used sex, age group, educational background,
marital status as well as the occupational status of the
respondents as the key variables. The survey consisted of
112 questionnaires completed by purposively selected res-
idential building occupants located in the three climatic
belts of Ghana. Accra (coastal belt) with 42 respondents,
Kumasi (forest belt) with 47 respondents and Tamale (sa-
vannah belt) with 23 respondents was the selected cities
for the study. Out of the total respondents, 17.9% were
female with 82.1% being male. 60.7% of the respondents
were in the 30 to 39 years range, 14.3% in the 40 to 49 age
group. The 20 to 29 age group also had 14.3, whereas the
50-59 age groups had 7.1%. 3.6% of the respondents were
in the 60 years and above category. This is very critical
in that, the majority of the respondents were matured
who are more likely to ensure and facilitate a positive
impact on guaranteeing energy efficiency in their homes.
83.4% of the respondents were tertiary level graduates
whereas the remaining 16.6% from the vocational/ tech-
nical category. 35.7% of the respondents were single with
the remaining 64.3% of the respondents being married.
82.9% of the respondents were employed whereas 7.1%
were students. With regards to their occupation, 89.3%
of the respondents were in the built environment profes-
sion with 10.7% being in the others category. In that
regards, their high consciousness levels offer the potential
for effective implementation of EE options in the building
industry in Ghana as posited by [43]. Impliedly, this will
make them opt for EE in the design and construction of
buildings.

3.2 Discussions of POEEB
Perceptions of residential building occupants on energy
efficiency behaviours play a major role in ensuring efficient
use of electric-energy in households as argued by [36, 37].
The occupants’ perceptions were therefore examined on
EE behaviours, primarily in terms of the general view
as well as sensorial impacts on them and findings have
been presented in Table 2 as proposed with regards to
the key components of such an inquiry [39, 40]. The
first column in Table 2 focused on the key variables used
under the concept. The second column was the analysis
of the Likert weights chosen by the respondents. The next
column had the sum of the various weights score. This
was followed by the fourth column, which considered the
frequencies of respondents for each of the variables. The
next column dealt with the mean values of the responses
for the variables. Next to that is the column for the
Relative Importance Index (RII), which presented the
values for the importance of the variables whiles the last
column presented the rankings (positions) of the variables

based on the results from the RII.

The results of the overall computation of the mean value
of the respondents for POEEB was 4.1381 as shown in
Table 2 and hence the construct of POEEB was considered
as acceptable, based on the gap width score shown in
Table 1. From the five-point Likert responses, the Relative
Importance Index (RII) produced values ranging from
0.56 to 1, as shown in Table 2. This range, therefore,
indicates a strong level of importance for all the variables
used under the category as well as a positive sign of
high consciousness levels of the building occupants on EE
based on the criteria indicated by [51]. He emphasized
that when the figure is above 0.50 it indicates a significant
relationship and rating of the construct. Within the
POEEB category, (item no. 2.4) “I am aware that the use
of air-conditioning systems in the rooms require airtight
windows” recorded the highest mean score of 5.0 with
RII value of 1.0, implying a 100% consciousness level
of the respondents on the use of air conditioners. This
suggests a positive attitude of occupants in the area of
air-conditioning usage.

Even though the mean score for POEEB was accept-
able, within the category (item no. 2.6), “the children
(5-17 years) in my home are very observant towards energy
consumption at home” recorded 2.82 as the mean score
value. This mean value was just above the lowest score
value of 2.61, in the “moderate category” based on Table
1 and this confirms the findings from a study on students’
awareness levels by [23]. This study suggested the urgent
need for curriculum change to factor EE education for
students. Impliedly, this study also recommends the need
for more education (formal and informal) of children (5-17
years), on using energy efficiently. This could be part of
the academic curriculum for schools targeted at improving
EE awareness levels in students. There is also the need
to continue the general sensitization of all occupants to
ensure higher-level energy efficiency in residential homes.
This will ultimately reduce Residential Homes Electric
Energy Wastage (RHEEW) in Ghana.



Occupants’ Perceptions on Indoor Comfort as a Key Factor in Residential Energy Use. — 54/58

Ta
bl
e
2.

A
ss
es
sm

en
t
of

PO
EE

B

PE
R
C
EP

T
IO

N
O
N

EN
ER

G
Y

EF
FI

C
IE

N
C
Y

W
ei
gh

tin
g
of

fa
ct
or
s

∑ (W
)

∑ (F
)

M
ea
n

R
II

R
an

k
5

n
4

n
3

n
2

n
1

n
2.
1
I
sw

itc
h
off

al
lt

he
lig

ht
s
in

m
y
ho

m
e
w
he

n
th
er
e
is

da
yl
ig
ht
.

68
34
0

16
64

20
60

4
8

4
4

47
6

11
2

4.
25

0.
85

7th

2.
2
I
am

th
e
pe

rs
on

w
ho

en
su
re
s
th
at

th
e
lig

ht
s
in

m
y
ho

m
e
ar
e
sw

itc
he

d
off

w
he

n
no

on
e
is

us
in
g
th
em

.
76

38
0

12
48

8
24

12
24

4
4

48
0

11
2

4.
28
57

0.
86

6th

2.
3
I
am

th
e
pe

rs
on

w
ho

en
su
re
s
th
at

th
e
fa
ns

in
m
y
ho

m
e
ar
e
sw

itc
he

d
off

w
he

n
no

on
e
is

us
in
g
th
em

.
88

44
0

12
48

0
0

8
16

4
4

50
8

11
2

4.
53
57

0.
91

4th

2.
4
I
am

aw
ar
e
th
at

th
e
us
e
of

ai
r-
co
nd

iti
on

in
g
sy
st
em

s
in

th
e
ro
om

s
re
qu

ire
s
ai
rt
ig
ht

w
in
do

w
s.

11
2

56
0

0
0

0
0

0
0

0
0

56
0

11
2

5
1

1s
t

2.
5
I
am

aw
ar
e
th
at

w
ith

ou
t
us
er

aw
ar
en

es
s
on

el
ec
tr
ic
al

en
er
gy

co
ns
um

pt
io
n,

th
er
e
w
ill

be
el
ec
tr
ic
ity

w
as
ta
ge

in
m
y
ho

m
e.

88
44
0

20
80

4
12

0
0

0
0

53
2

11
2

4.
75

0.
95

2n
d

2.
6
T
he

ch
ild

re
n
(5
-1
7
ye
ar
s)

in
m
y
ho

m
e
ar
e
ve
ry

ob
se
rv
an

t
to
w
ar
ds

en
er
gy

co
ns
um

pt
io
n
at

ho
m
e.

12
60

24
96

24
72

36
72

16
16

31
6

11
2

2.
82
14

0.
56

12
th

2.
7
T
he

el
de
rly

(1
8
ye
ar
s
an

d
ab

ov
e)

in
m
y
ho

m
e
ar
e
ob

se
rv
an

t
to
w
ar
ds

en
er
gy

co
ns
um

pt
io
n
at

ho
m
e.

32
16
0

48
19
2

8
24

20
40

4
4

42
0

11
2

3.
75

0.
75

9th

2.
8
W
e
sh
ou

ld
no

t
us
e
el
ec
tr
ic

lig
ht
in
g
in

ou
r
ho

m
e
w
he

n
w
e
ca
n
se
e
w
el
li
n
th
e
da

yl
ig
ht
.

10
0

50
0

4
16

4
12

0
0

4
4

53
2

11
2

4.
75

0.
95

2n
d

2.
9
W
e
sh
ou

ld
no

t
sw

itc
h
on

el
ec
tr
ic

fa
ns

in
ou

r
ho

m
e
w
he

n
w
e
ar
e
ou

td
oo

rs
.

92
46
0

8
32

4
12

4
8

4
4

51
6

11
2

4.
60
71

0.
92

3r
d

2.
10

W
e
sh
ou

ld
no

t
iro

n
ou

r
cl
ot
he

s
w
hi
le
s
w
at
ch
in
g
te
le
vi
sio

n
pr
og
ra
m
s.

28
14
0

24
96

28
84

12
24

20
20

36
4

11
2

3.
25

0.
65

11
th

2.
11

I
fe
el

th
at

fa
ns

sh
ou

ld
no

t
be

sw
itc

he
d
on

an
yt
im

e
I
en
te
r
m
y
ro
om

fr
om

ou
ts
id
e
an

d
m
y
w
in
do

w
s
ar
e
op

en
ed

w
ith

fr
es
h
ai
r
co
m
in
g
in
.

44
22
0

28
11
2

20
60

12
24

8
8

42
4

11
2

3.
78
57

0.
76

8th

2.
12

I
fe
el

th
at

ai
r-
co
nd

iti
on

in
g
sy
st
em

s
sh
ou

ld
on

ly
be

us
ed

in
m
y
ho

m
e
w
he

n
I
fe
el

ve
ry

ho
t
an

d
un

co
m
fo
rt
ab

le
.

72
36
0

28
11
2

8
24

0
0

4
4

50
0

11
2

4.
46
43

0.
89

5th

2.
13

A
ny

tim
e
I
ke
ep

m
y
fr
id
ge
/
fr
ee
ze
r
do

or
op

en
ed

,I
am

w
as
tin

g
en

er
gy
.

92
46
0

12
48

0
0

0
0

8
8

51
6

11
2

4.
60
71

0.
92

3r
d

2.
14

A
ny

tim
e
I
do

no
t
sw

itc
h
off

ap
pl
ia
nc

es
at

th
e
so
ck
et
,b

ut
w
ith

a
re
m
ot
e
co
nt
ro
l,
I
am

w
as
tin

g
en

er
gy
.

32
16
0

28
11
2

36
10
8

8
16

8
8

40
4

11
2

3.
60
71

0.
72

10
th

2.
15

A
ny

tim
e
I
pu

t
w
at
er

in
m
y
ke
tt
le

be
yo
nd

th
e
m
ax

im
um

lim
it
I
am

w
as
tin

g
en

er
gy
.

36
18
0

32
12
8

16
48

20
40

8
8

40
4

11
2

3.
60
71

0.
72

10
th

Av
er
ag
e
m
ea
n

4.
13
81

3.3 Discussions of POICBOBD
Occupant’s perceptions of comfort levels in their homes
significantly affect their commitment to ensuring that
buildings energy usage does not deviate from the de-
signed performance as averred by [32, 34]. There was,
therefore, the need to evaluate the perceptions of build-
ing occupants with regards to their comfort experiences
within their residential homes. This is based on the fact
that, how buildings are designed, with regards to the
following factors; i) natural air flow through the build-
ing; ii) admission of daylighting into the building during
daytime; iii) heat loads in the building; and iv) noise
admission into the building, affect the comfort levels of
occupants and subsequent usage of electric energy as con-
tended strongly by [22, 26]. They indicated probable
significant reductions in energy use with the implemen-
tation of EE strategies in buildings. The columns used
in Table 2 were also adopted for Table 3. As shown in
Table 3, the questions were asked on how the building
occupant perceives the interaction between their homes
and themselves. The results of the computation of the
mean value of the respondents on their perceptions on
building design were 3.757 with RII ranging from 0.61 to
0.93 which suggest a higher awareness level of occupants
on the effects of building design on their energy-related
behavioural patterns as posited by [51]. Based on the
overall mean score value of POICBOBD, it was consid-
ered as acceptable with reference to the gap width score
in Table 1.

Even though the category scored a higher average value,
within the category, the issue concerning occupants ex-
periencing external noise indoor was ranked last (13th
position) with RII of 0.61. Though the score is within
the moderate category, with regards to Table 1, there
is still need for building designers to comprehensively
look at how to reduce the extent of admissible noise into
residential homes as indicated by [13]. They maintained
that buildings are put up for clear purposes and when
they are compromised, energy usage could be significantly
affected and hence residential areas should be kept as
such and not mixed with other noise generating activities
(land uses). This will prevent occupants from closing
their windows with the aim of cutting off external noise
from entering their homes. If not, such actions will ul-
timately affect natural ventilation in the homes, which
will make the occupants adopt mechanical means for com-
fort. This is a major challenge especially now that a lot
of religious centres are springing up drastically within
residential enclaves in Ghana. It is worth noting that,
the variables in Table 3, from the tenth to twelfth posi-
tions in the rankings (3.3, 3.11 and 3.15 respectively in
a descending order) were all issues that directly affect
the thermal comfort of occupants indoors and hence the
need for built environment professionals and architects
to ensure that sustainable building designs are built for
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residential occupants as proposed by [30, 31, 10]. These
authors vigorously argued that when occupants experi-
ence thermal distress indoors, it significantly causes a rise
in household energy usage, through electric energy based
actions to maintain thermal comfort.

3.4 Rank relationship between POEEB and POICBOBD
The research further examined the relationship that ex-
isted between POEEB and POICBOBD to provide the
degree of how closely the two sets of rankings agree with
each other as affirmed by [51]. To do this, the research
used Spearman’s rank correlation (rho) to assess the first
to tenth positions on both rankings and the results have
been presented in Table 4. Within Table 4, the first col-
umn indicated the type of correlation that was conducted.
The next column defined the two concepts that were used
for the correlation. The next column captured the nature
of the analysis that was conducted and under this circum-
stance being a 2-tailed test. The fourth column showed
results of the correlation between the two variables and
POEEB whereas the last column presented results of the
correlation between the two concepts and POICBOBD.
The findings suggest a strong positive correlation between
the two concepts. The results show that there is evidence
to suggest that when occupant’s perceptions of indoor
comfort are higher it positively fosters a higher adoption
of energy efficiency behaviours in residential homes in
Ghana.

Figure 1. Spearman’s rank correlation results between
POEEB and POICBOBD

From fig 1, with r = 1.000 and ρ = 0.01, it can be
concluded that there is a very strong positive relationship
between the two variables and this confirms the work
of [50]. They emphasized that when the perceptions
of indoor comfort by occupants were high, there was a
higher probability of exhibiting EE behaviours indoors.
The correlation is further indicative of both constructs
having average mean scores in the category of “accept-
able” as defined in Table 1. The implication of this is
that occupants’ perceptions of indoor comfort are very
relevant in ensuring EE behaviours in homes and this
further confirms the findings of [11]. They posited that
the perceptions of building occupants were significantly
relevant in assessing a building’s level of EE.
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4. Conclusions and recommendations
The design of residential homes plays an integral role
in achieving energy efficiency in buildings, which ulti-
mately leads to a significant reduction in electric energy
consumption. This is critical, especially for developing
countries such as Ghana where energy supply has been a
major challenge in recent times. Studies into achieving
energy efficiency in buildings have typically been a simu-
lation and calculation-based research with little attention
focused on occupant behaviours. This study, therefore,
examined the extent to which the perceptions of residen-
tial building occupants on indoor comfort impact their
electric energy related behavioural patterns in Ghanaian
residential homes.

Findings show that notwithstanding the fact that POEEB
had an acceptable average score of 4.138, within the cate-
gory (Table 2), item 2.6, the issue of “the children (5-17
years) in my home are very observant towards energy con-
sumption” (12th position) recorded the lowest RII of 0.56.
This was followed by, item 2.10, the issue of ironing whiles
watching TV in the (11th position) and with RII of 0.65.
Item 2.14, the issue of switching off appliances with the
remote control wasting energy and item 2.15, the issue of
overfilling kettle wasting energy all had RII of 0.72. These
results suggest that majority of occupants are not aware
of the habits that cause them to waste significant energy
in their home. This calls for a comprehensive program
in educating occupants on energy efficient measures and
behaviours, probably in the education curriculum as well.

The POICBOBD (Table 3) category scored an accept-
able mean score value of 3.757, within the category, item
3.3, the issue concerning occupants experiencing external
noise indoors was ranked last (13th position) with RII of
0.61. The issue of noise entering residential homes is very
critical considering the new trends in the Ghana where
churches are springing up across most residential enclaves.
There is, therefore, the need for firmer building codes that
will ensure that such developments would not discomfort
occupants leading them to adopt all mechanical means
possible to achieve comfort indoors. This variable was
then followed by item 3.3, the issue concerning occupants
feeling hot between 6 pm to 11 pm (12th position) with
RII of 0.63. Item 3.11, the issue of occupants feeling
comfortable within the various spaces in their homes,
then followed (11th position) with RII of 0.64. The issue
of occupants not feeling effective natural ventilation in
their homes (item 3.15) was in the 10th position with
RII of 0.65. All these three variables directly affect the
thermal comfort levels of occupants and hence the results
suggest that the building designs of the respondents were
not fully responsive to the thermal comfort needs of oc-
cupants. The implication of this is that they are more
likely to adopt all available mechanical means for cooling
purposes.

Findings for the relationship between POICBOBD on
POEEB also showed that POICBOBD by occupants with
r = 1.000, has a significant impact on occupant’s POEEB
and hence can affect how much electric-energy is used
in residential homes. The research, therefore, maintains
that beyond simulations and calculations are done to
predict buildings’ energy performance, the perceptions of
occupants play a significant role in measuring EE in resi-
dential homes. This research critically reveals to building
occupants that, their homes could act as strong stimuli
for their electric-energy related behaviours and hence the
need to consult professional architects for designing and
retrofitting their homes. This calls for buildings with
passive design measures and efficient building envelop
materials and calls for architects and other built environ-
ment professionals to continuously update their knowledge
about the ever-changing energy efficiency measures that
can be employed in contemporary times. Thus, it reiter-
ates the need for developing comprehensive sensitization
of building occupants on energy efficiency measures in
order to ensure energy efficient behavioural patterns of
occupants in residential homes in Ghana.
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