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Abstract

This study investigates the use of Smart Energy Monitors (SEMs) technology
which has been introduced to help electricity consumers conserve energy and
to ensure energy efficiency among residents in Ashongman, a suburb of Ac-
cra. Ghana as a developing country has gone through an energy crisis recent-
ly. There has been a shortfall of electricity generation capacity where demand
has exceeded supply, which resulted in load shedding management. This
study seeks to find out the energy conservation habits among Ghanaian resi-
dents at Ashongman and also to investigate the use of SEMs for energy con-
servation. The findings of the study showed 16% of respondents were aware
of the benefits of SEMs in electricity conservation whilst 84% did not know.
72.7% of the respondents who were aware of SMEs have used it whilst 27.3%
of respondents who aware of SEMs have not used it for energy conservation
purposes. The findings also further indicated the challenges respondents face
in conserving energy in their homes and the measures that need to be put in
place to ensure energy efficiency. On the basis of the findings, it is recom-
mended for the Energy Commission and Electricity Company of Ghana that,
there should be effective policy to educate consumers on adapting SEMs
technology for energy conservation.
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1. Introduction

Energy plays a key role in achieving the desired economic growth of a country.
The entire fabric of developmental goals is webbed around a successful energy
strategy. Energy is vital for the creation of wealth and improvement of social

welfare; this means that adequate and reliable supply of energy is required to
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ensure sustainable development. However, the use of primary energy, most of
the time results in waste; they are harnessed from limited resources which are
considered environmentally unsustainable. The increasing rate of environmental
problems related to energy use has led to a growing interest in issues of sustain-
able development thereby leading to a challenge of decoupling of economic
growth and energy use. According to Chakarvarti (2011) [1] the prudent use of
energy to ensure energy which is conserved can be grouped into two (2) con-
cepts namely; energy efficiency and energy management. There is a need for
energy conservation all over the world because of the increasing cost of electric-
ity and also getting emission down to acceptable levels. Dai, Wu et al. (2009) [2]
explain that a properly constructed system must be adopted by governments and
regulators of energy to regulate and address energy conservation. The electricity,
gas and oil market for some time now have provided significant benefits to in-
dustry and for local consumption. “Electricity is having a difficult time—or, ra-
ther, making it has never been tricky. Oil and gas are rapidly running out, coal is
dirty, wind power and solar panels still aren’t completely competitive, nuclear
worries people” [3]. The idea of energy conservation is not new and thus the
need for electricity consumers to cut down the expenditure on energy in order to
reduce cost of consumption in their daily activities.

Ghana as a lower-middle income country has had its energy challenges in re-
cent times from 2013 to 2015. The country has gone through a load schedule
management locally known as “dumsor” in a native language. Ghana’s total
electricity generation capacity as at 2014, stood at 2831 Megawatts, which consist
of 64.7% hydro, 34.75% thermal and 0.05% solar power [4]. According to
GRIDCO, Ghana’s peak energy demand ranged between 1980 - 2300 MW, the
total load from the transmission grid was 2061 MW in 2014, which is 6% more
than in 2013 [5]. It is expected that Ghana needs about 5% - 7% additional gen-
eration capacity for it to attain the full middle-income status with energy suffi-
ciency. The need for energy conservation among Ghanaians, particularly in the
wake of the worsening energy crisis cannot be over emphasized. The Energy
Commission (EC) is the mandated body to ensure energy efficiency in the coun-
try and as well educate electricity consumers on energy conservation and the use
of sustainable renewal energy. Electricity is one of the major current energy
forms boosting the economy of Ghana; it is mainly used in the industrial sector,
followed by the residential and commercial (non-residential) sectors. In 2010,
the industrial, residential and commercial sectors accounted for 46%, 40% and
14% respectively of the total electricity end-use in Ghana. The electricity distri-
bution infrastructure is extensive and provides access to about 66% of Ghana’s
population (Ministry of Energy Ghana, 2010) [6] with a large proportion in ur-
ban areas. Despite the huge consumption of electricity by industries, residents
and commercial sectors, it can be suggested that the large consumption of elec-
tricity by the various sectors can be a contributory factor to the power crisis that

the country experienced between 2013 to 2015 which threatened Ghana’s
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economy. Thus a load shedding management was implemented to rationalize
electricity for consumers in the industry and residential users. The load schedule
management by the electricity provider (Electricity Company of Ghana) has had
serious effects on the country’s GDP due to the energy crisis where demand out-
strips supply. The need for energy conservation among Ghanaians, particularly
in the wake of the worsening energy crises in 2015 cannot be over emphasized.
The Energy Commission (E.C), the mandated body is to ensure energy efficiency
in the country as well educate electricity consumers on energy conservation and
the use of sustainable renewal energy. It has played some significant role in edu-
cating consumers on energy conservation tips. Some modern technology has
been introduced to help create energy conservation habits among consumers.
Smart Energy Monitors (SEM) is a technology that has been introduced in re-
cent times as a way to help consumers conserve energy and to use electricity effi-
ciently when needed. With the emergence of modern technology that is ubi-
quitous in our daily life activities, SEM is being proposed and adopted across
several countries around the globe as a way to reduce electricity consumption

and ensure energy efficiency for the future generation.

2. Background

Smart Energy Monitors (SEM) is a technology that has been introduced as a way
to help consumers conserve energy and to use electricity efficiently when
needed. Smart Energy Monitors (SEM) help individuals to identify their home’s
energy-hungry habits, where you can have an automated device that allows you
to see how much energy you are consuming whenever appliances are switched
on in real time. It gives the cost of the energy consumed by each electronic ap-
pliance in a household and as well also gives you some energy-saving tips. An
example of SME is the Current Cost-Envi.

The Envi device is type of smart energy monitor that measures the electricity
consumptions of electrical appliance connected to it. The device has a sensor
coding recognition inbuilt in it that measures the electricity consumption and
displays it on a bar graph on a viewable screen. It then calculates the cost of
consumption for the electric appliance connected to it. The Envi device is man-
ufactured by Current Cost (HK) Ltd.

Current cost-Envi [7]
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This study investigates how the use of smart energy monitors can help con-
serve energy electricity in our homes. In line with this the study goes further to
examine conservation among Ghanaian residents, challenges of energy conser-
vation among Ghanaians in the catchment area (Ashongman) and how policy
makers in Ghana can encourage the use of SEM technology in our homes. Some
publications have suggested that, lack of policy frameworks by government on
energy conservation methods and management has led to the power crisis which
Ghana had experienced in 2015. This support the assertion made by (UNIDO,
2011) [8] that citizens and industries in Ghana are far behind in the adoption of
energy efficiency and management measures and as such, missing the benefits of
implementation in order to conserve energy. It can also be suggested that there
is lack of a policy framework on energy conservation in the energy sector or no
energy conservation habits by electricity consumers in Ashongman. This is one
of the reasons the study seeks to find out. Another reason for conducting the
study is to investigate electricity consumers’ use of Smart Energy Monitors
(SEM), its applications in homes, which can help shape up their energy conser-
vation habits. One of the key objectives of this study is to investigate the use of
SEM technology for energy conservation among people residing in Accra. This is
because the city has a high population of electricity consumers on the national
grid. We selected the Ashongman community in the Ga East municipality of
Greater Accra. The main reason why Ashongma was selected purposely for the
survey is that we wanted a cosmopolitan area in Accra that has middle-income,
lower and elite people living in the same community. Another reason is that
Ashongman is easily accessible within the heart of Accra with a growing popula-
tion in the capital.

The significance of the study is that we seek to find out energy conservation
among Ghanaian residents in Accra and also investigate how the use of SEM
technology can help users conservation energy. This study is quite novel because
not much research has been done in the area of using smart energy monitors
technology for energy conserve in Ghana. There is also little literature on energy
efficiency in Ghana whilst other studies done only examine energy production
capacity in Ghana. The results from this study will be unique because it can lead
to a policy formulation on the use of SEM technologies for energy conservation
from the ECG and the Energy commission. This will be a key step in making the
country energy efficient through the smart SEM technology.

2.1. Problem Statement

Ghana has experienced severe energy crisis in the past year of 2013 to 2015. The
load schedule management by the Electricity Company of Ghana (ECG) has had
serious effects on the economy due to electricity shortfall where demand ex-
ceeded supply. The issue of energy conservation among electricity consumers
according to the ECG is a contributing factor to the problem where the electrici-

ty provider is not able to meet the demand of consumers. The problem state-
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ment of this study is to investigate energy conservation among residents of
Ashongman in Accra and the use of Smart Energy Monitors technology to aid in

electricity conservation.

2.2. Objectives of the Study

The motivation of this research study is to investigate the energy conservation
and the use of Smart Energy Monitor Technology for energy conservation
among residents in Ashongman in the Ga East Municipal Assembly in Greater
Accra. The objectives have been designed as; to find out the energy saving habits
among residence in Ashongman and to investigate the awareness and use of
Smart Energy Monitor Technology among residence. We selected Ashongman
community in the Ga East Municipality of Greater Accra. The main reason why
Ashongman was selected purposely for the survey is that we wanted a cosmopo-
litan area within Accra that has different kinds of people from the mid-
dle-income, lower and elite living in the same community. Another reason why
Ashongman was selected for the study is because it is located close to central
Accra and easily accessible. The other objective of the study is to find out from
the Energy Commission and the Electricity Company of Ghana on the effective-

ness of using of SEMs for energy conservation for consumers.

3. Related Works

The use of electric power is a major prerequisite for the economic growth of a
country. Economic systems operate based on the energy produced and the abili-
ty to get access to it that is determined by the level of energy production and the
level of energy consumption for industries. [9] The need for electricity conserva-
tion is very essential in order to reduce the consumption of electric power and to
ensure less energy used for services. Electricity conservation is very essential due
to the increase cost of energy production. Electricity consumption in
sub-Saharan countries is relatively low where in sub-Saharan Africa (that ex-
cludes South Africa) the average electricity consumption per capital in the year
2000 is 112.8 kwh. [10] Although electricity consumption is quite low where
some countries in sub-Saharan Africa consume only a small fraction of electric
power, the increase in urbanization will result in higher electricity consumption.
Therefore electric power consumption is projected to go up increase as the ur-
ban dwellers increase and as many factories come on stream. The use of smart
metering or energy monitors as a form of smart metering has been adopted by
some governments in Europe, for instance the “The UK government has an-
nounced a national roll-out of smart meters in the coming decade and is, to-
gether with major energy supply companies, trialling various smart meter and
display technologies via its Energy Demand Research Project (EDRP) which in-
volves over 50,000 UK households (Ofgem, 2009)” [11] The goal of that project
was to deploy smart metering among households in UK to help consumers be-
come more energy efficient. A study was done in the Netherlands over a
15-month period by indigenous energy monitors in that country. The study car-
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ried out by HEMS in the Netherlands examined the energy saving habits among
consumers where there was a focus on energy saving habits which showed there
was a 7.8% savings of electricity consumption among consumers after 4 months.
[12] This study presented the enormous benefits of smart meters to assist elec-
tricity consumers to conserve energy and save the cost. Countries across the
globe continue to outline policies and programme to help their citizens conserve

and use energy more efficiently.

Energy Conservation in Ghana

The Energy Commission of Ghana through partnership with the UNDP has
started a programme to campaign among consumers on the need to use energy
efficient electrical appliances. One of the core aims of the programme is to create
the awareness among Ghanaians about the high consumption of old appliances
such as refrigerators. The campaign, therefore encourage electricity consumers
to exchange their old electric appliance (refrigerators) in exchange for new re-
frigerators which are more energy efficient. [13] The program has achieved sig-
nificant success with some citizens replacing their high-energy demand ap-
pliances. The UNDP programme continues to collaborate with the Government
of Ghana so as to promote Ghana’s journey towards achieving a green economy
with low-carbon. “As part of the UN’s Sustainable Energy for All (SE4All) initia-
tive, Ghana has embarked on a UNDP-supported action plan to provide univer-
sal energy access, improve energy efficiency and increase renewable energy for
all Ghanaians by 2030.” [14] The government of Ghana still works with other
state agencies to encourage its citizens on the need for energy conservation. It is
therefore significant that this study looks at energy conservation among Gha-
naian citizens living Ashongman and how the use of SEM technology will play a

significant role in Ghana’s desire to achieve energy efficiency among its citizens.

4. Methodology

The main instrument used to collect the needed data was postal questionnaire.
Questionnaires were used in this study because it is the most appropriate tech-
nique to achieve the objectives of the study, in the sample area at Ashongman in
the Ga East Municipal Assembly. In gathering our data for the study we adopted
a purpose survey to address the key research questions of the paper. The main
research question for this study is how the SEM technology can be used to
conserve energy among the residents of Ashongman. By using postal ques-
tionnaire, the research questions were administered among residents of
Ashongman and some technical staff of both the ECG and the Energy Com-
mission. The data analysis from the response of the survey was done using
SPSS software package to analyze the responses. The sample size for the study
was 69, comprising 50 residents of Ashongman and 19 technical staff from

both the E.C.G and the Energy Commission. The sample size was estimated
2 2

o .
based on the formula nzT where ¢ = confidence interval confidence
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interval 95% and o = approximated standard deviation(Zl) and
E = error rate(S%)n = sample size.
1.96* x21* _ 3.9x441
n= >
5 25
Thus, the total sample size of the study was 69 participants. The study consid-

=68.7 ~69 participants with a 5% margin of error.

ered a total of 50 residents in Ashongman estates and 19 technicians (staff) of
both the Electricity Company of Ghana (E.C.G) and the Energy Commission
(E.C). This was to ensure good sample views of residents on the smart energy
monitors with emphasis on energy conservation.

5. Empirical Findings and Analysis

The data presentation, analysis and discussion of results of the fieldwork carried
out in the research study. The data collected is analysed and the results are pre-
sented in tables, pie charts and graphs supported with description and explana-
tions. The analysis and description of the results for the study is illustrated be-
low;

Does your utility provider give you any tips on energy conservation?

Figure 1 illustrates whether the electricity provider (E.C.G) gives any energy
conservation tips to electricity consumers in Ashongma. The pie chart shows
that 11 (16%) answered Yes, the utility provider gives them energy conservation
tips whilst 39 (84%) said No, E.C.G does not give them energy saving tips.

Table 1 illustrates the respondents on their knowledge or awareness of smart
energy monitor technology for energy conservation.

Figure 2 and Table 2 indicates that 8 of the respondents that have used smart
energy have attested to the fact that it has helped them conserve energy in their
homes.

Factors that makes it challenging in conserving energy at home

Figure 3, The respondents indicate the factors that make it difficult to con-
serve energy at home were, using gadgets whose voltage are high is 9 (18%) res-
pondents; using too many electric gadgets is 7 (14%); lack of education on ener-
gy conservation 24 (48%). The respondents are of the view that lack of public
education on energy conservation is a major challenge in conserving energy at
homes whilst 4 (8%) of respondents said electricity bills still remain high irres-
pective of conserving energy. Finally, 6 (12%) of respondents said inexperience
in energy conservation is a contributing factor.

Ways to conserve energy among electricity consumers

The figure below describes the ways by which consumers can conserve energy.

Figure 4, the respondents indicate the ways in conserving energy is by putting
gadgets off when leaving the house. This is suggested by 23 (46%) respondents. 7
(14%) respondents suggested that electricity consumers should avoid using gad-
gets with high voltage consumption. 12 (24%) of respondents said educating
people on energy conservation will help conserve energy. 5 (10%) of respondents

suggested that electricity consumers should avoid using old gadgets that con-
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sume a lot electricity, while a little as 3 (6%) of respondents said electricity can
be conserve if technologies that will put gadgets off automatically if not in use

are introduced in homes.

Table 1. Awareness of electricity consumers (respondents) on Smart Energy Monitors.

Responses Frequency Percentage (%)
Yes 11 16.0
No 39 84.0
Total 50 100.0

Source: Field Survey, 2016.

Table 2. Have respondents used SEM?

Responses Frequency Percentage (%)
Yes 8 72.7
No 3 27.3
Total 11 100.0

Source: Field Survey, 2016.

Does your utility providers (E.C.G) gives you any tips on energy
conservation

Yes; 16%; 11

M Yes
B No
[ ]
M Total
Figure 1. Source; field work (2016).
Has the use of SEM aided in conserving energy

HYes

[ ]

 Total

Figure 2. Source: Field Survey (2016).
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Results obtained from E.C.G and the Energy Commission

The second part of the analysis is from the Electricity Company of Ghana and

the Energy Commission of Ghana. Below is an analysis of the responses from

technicians (staff) of ECG and Energy Commission.

Behavioral issues with electricity conservation among Ghanaians

Figure 5, illustrates the behavior issues of electricity consumers on energy

conservation form the perspective of the technical staff of E.C.G and the Energy

Commission.

Table 3 indicates responses from both the ECG and Energy Commission if

they have Smart Energy Monitors to monitor the use of electricity. As little as 5
(26.3%) of respondents said No, they do not know about SEMs to monitor their
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electricity consumption. As many as 14 (73.7%) of respondents answered in the
affirmative and are aware of SEM for energy conservation. It can be concluded
that majority of technical staff at both ECG and Energy Commission are aware
of the SEM technology and its benefits for electricity consumers to conserve
energy.

Can the use of SEMs help Ghana manage it energy demands

The graph below describes how the use of smart energy monitors can help
electricity consumers in Ghana to conserve energy.

Figure 6 The response reveals that 10 (52.6%) of respondents said the use of
SEM can help Ghana manage it electricity demands, 3 (15.8%) of respondents
said may be, installing SEMs can help, 5 (26.3%) of respondents said yes, instal-
ling SEM can help but it will come with a huge cost which may not be cost effec-
tive for both the electricity provider and the consumer. The remaining 1 (5.3%)
did not provide an answer. It can be deduced that majority of respondents said
that the use of SEM can help manage Ghana’s electricity demands and in the
long term help electricity consumers to conserve energy. It also indicates that
even though some of the technical staff agree on the benefits of SEM for energy
conservation, the cost associated with it may not make worth considering.

Table 4 the respondents reveal some challenges electricity consumers face in
conserving energy. 4 (21.0%) of respondents said lack of advertisement makes it
difficult for consumers to be educated on the need of conserving energy among
consumers. 5 (31.6%) of respondents said the lack of using SEMs, is also a chal-
lenge electricity consumers face in conserving energy. 9 (47.4%) of respondents
said the lack of an energy conservation policy makes it difficult for consumers to
conserve energy. There is therefore the need for a comprehensive policy frame-
work to allow both ECG and the Energy Commission to ensure energy conser-

vation for electricity consumers to energy efficient.

Table 3. Does the E.C.G or Energy Commission (E.C) have SEM to monitor the use of
energy.

Responses Frequency Percentage (%)
No 5 26.3
Yes 14 73.7
Total 19 100.0

Source; field work (2016).

Table 4. Challenges of electricity consumers face in conserving energy.

Frequency Percentage (%)
Lack of advertisement in conserving energy 4 21.0
Lack of using SEM in conserving energy 6 31.6
Lack of energy conservation policy 9 47.4
Total 19 100
Source; field work (2016).
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Figure 6. Can the use of SEMs help Ghana manage it energy demands.

6. Conclusion

A detailed analysis of the study findings indicates there is the need for a policy
framework on energy conservation among electricity consumers. Some of the
respondents in the study are of the view that putting lights outs and turning off
electrical gadgets can help conserve electricity. A few respondents have used
SEM and it has helped them conserver energy. It is clear the majority of respon-
dents are not aware of SEMs and have not used it before. Respondents admit
that they have not used the SEMs before because, they have not heard about it
and thus do not know the benefits of using SEMs. The response from the study
also indicates that some factors that make it difficult in conserving energy at
home are, using gadgets whose voltage is high, using too many gadgets, lack of
education on energy conservation. Energy conservation is vital for the develop-
ment of every nation. In order to help conserve energy, the Electricity providers
(E.C.G) and the Energy Commission should educate energy consumers on
energy conservation tips. In the final analysis, it is estimated that Ghana will be

able to save approximately 3% to 5% of power per annum if the use of the SEMs
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technology is adopted with the combination of other energy saving habits being
adopted by consumers. Policy makers need to consider deploying the SEMs
technology to individual households and educating consumers on the benefits of
using it. Finally, Ghana, a lower-middle income country needs to be more ener-
gy efficient if it is to boost its economic growth and become the hub of energy
export in the sub-region. There should be an effective campaign to educate elec-
tricity consumers to use SEMs as a technology for energy conservation and an

effective policy to support it.
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