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ARTICLE INFO  ABSTRACT 

Most developing countries, including Ghana, continue to use the conventional meter 
system to check energy consumption. However, increased electricity coverage to remote 
areas, low revenue generation, high electricity loss and high meter tampering have 
necessitated that a more advanced metering system be adopted to salvage the huge 
debts confronting energy providing companies. As part of the process of improving the 
metering system, the Electricity Company of Ghana (ECG) introduced prepaid meters to 
avoid manual reading of energy consumption. Nevertheless, the problems of meter 
tampering, energy loss and low revenue generation still persist. Considering the 
numerous advantages associated with the Global System for Mobile communications 
(GSM) based meter systems, it is envisaged that the Automatic Meter Reading (AMR) 
system could help address most of the operational challenges encountered by the ECG in 
the distribution of energy to consumers. This study explored the technical challenges of 
adopting the smart metering system in the Juaben Municipality in Ghana. Some of the 
reasons given for the feasibility of installation of GSM-based metres in houses in the 
Municipality were changing existing metres for the AMRs, having spaces for such metres, 
and having good telecommunication reception to use GSM-based metres. On the other 
hand, reasons for the less or least feasibility of installing GSM-based metres in houses 
included not having money to change metres, not having time to chase ECG employees 
for such metres, not having space for new metre, poor telecommunication reception for 
GSM-based metres, and difficulty in using such metres in compound houses. This 
research revealed that the majority (61.5%) of the respondents agreed for the adoption 
of a GSM-based metre by ECG, whereas 38.5% disagreed.  
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1. INTRODUCTION 

The onset of electrification provides opportunities for new 
and more efficient metering technologies to be 
implemented and the future residential development 
needs [1]. Kwang-il [2] defines energy meter as a device 
which is used to measure the consumption of energy of 
any residence or industrial establishments. In 
conventional metering system energy provider companies 
hire persons who visit houses to manually record their 
meters to measure their electricity consumption. These 
meter readings are used for electricity bill calculations 
which are sent to the consumers by post. Traditional 
metering method for retrieving energy data is less 
convenient and the cost of the data logging systems is high 
[3]. In cases of consumer bill default payments 
disconnections have to be done manually which mostly 
result in infractions between workers of electricity 
companies and consumers. 

 

 

 It is vital to examine consumers’ perception and the 
technical implications of adopting a GSM-based metering 
system that will enable energy providing companies to 
ascertain the challenges they could likely encounter in the 
implementation process. It is in this vein that the study 
assesses the feasibility of adopting a GSM-based AMR 
system in Ghana, with the New Juaben Municipality as a 
case.  

2. LITERATURE REVIEW 

Rodney et al. [4] emphasized that the conventional 
metering system was an inefficient way for measuring 
power consumption. Kwang-il [2] also indicated that 
power line communication and Zigbee technology mostly 
used for meter reading in the conventional metering 
system were less reliable.  
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According to the California Energy Commission (CEC) [5], 
the stability and reliability of meter reading data are low of 
power line communication because the carrier wave signal 
(power/telephone line) is very easily disturbed by noise. 
The ZigBee devices are also extremely limited in resources 
including processing, memory, and power, short operating 
range [6]. Graeme [7] reported that people try to 
manipulate meter reading by adopting various corrupt 
practices such as current reversal or CT reverse tampers, 
partial earth fault condition, bypass meter, magnetic 
interference etc in the conventionally metering system. 
The implication is that there is a stark amount of revenue 
loss incurred by electrical energy providers. According to 
Liting et al. [8], such losses sometimes discourage further 
public and private investments into electrical energy 
providing companies stuck in conventional metering 
system.  

GSM-based Automatic Meter Reading (AMR) system is 
considered as succor in measuring electrical energy 
consumption. It is the technology for remote monitoring 
and to control domestic energy meter and reduces 
pilfering. According to Bharath et al. [9] GSM-based AMR 
system is an effective way of data collection that allows 
substantial saving through the reduction of meter reading, 
greater accuracy, allows frequent reading, improves 
billing, reduces tampering, and eliminates possibilities of 
electricity theft. It also provides better customer services, 
by sending alert of power cuts and consummation updates 
[8]. In addition, GSM-based meter system presents a 
network communication technology that enables energy 
providing companies to read meters regularly without 
visiting each homes. AMR system is very useful for remote 
area or small villages which are not connected by any 
means of transport such as an island or remote precinct. 
Liting et al. [8] concluded that GSM-based data collection 
system was very swift, accurate and more efficient than 
the conventional meter system. Amer et al. [10] also 
argued that GSM-based energy meter was easy to install 
and highly beneficial to both energy providers and 
consumers. In other words, GSM-based meter system did 
not only solve the problem of manual meter reading but 
also provided additional feature such as power disconnect 
due to outstanding dues, power reconnect after payment 
of dues, power cut alert, and tampering alert. AMR also 
gave the information of total load used in a house on 
request at any time through an SMS alert to energy 
providing companies when a consumer was using more 
than specified limit of load. The statistical load used and 
profile in a GSM-based meter could help consumers to 
manage their energy consumption.  

Nevertheless, Syed et al. [11] posited that in transiting 
from conventional electrical energy meter system to a 
GSM-based AMR first requires feasibility analysis on the 
knowledge, readiness and possible level of acceptance of 
consumers about the new technology. This enables energy 
providing companies to ascertain the challenges they are 
likely to encounter and content of sensitization 
programmes that need to be organized to enhance the 
transition process. According to Huibin et al. [6], a change 
in technology is mostly associated with resistance from 
people because of the acculturation of existing 
technologies. As a result Yong et al. [3] recommend that 
public sensitization about impending change in existing 

technology is critical for a successful change process. 
Kwang-il [2] indicated that consumers’ perception about 
the GSM-based meter system energy consumption was 
essential in guaranteeing smooth transition. However, 
Nayan and Primicanta [1] argued that consumer 
preference for GSM-based meter system largely could 
depend on their level of sophistication and education. As 
part of the feasibility appraisal process for the adoption of 
a GSM-based AMR, Amer et al. [10] suggested that 
technical assessment should be central. Thus, the coverage 
and reliability of telecommunication services over the 
operation area of an energy providing company should 
critically be examined to assess the effectiveness of the 
automated and remote meter monitoring system in a GSM-
based meter.  Bharath et al. [9] recommended that the 
challenges should be disaggregated into cultural, economic 
and technical to enable stakeholders in the energy 
industry to clearly get control of the issues and fashion-out 
strategies to address them to enhance the transition 
process in adopting a GSM-based meter system.   

3. METHODOLOGY 

3.1 Description of the study area 

The study population constituted the management of the 
Municipal branch of the Electricity Company of Ghana and 
household heads in the New Juaben Municipality. This was 
because household heads were responsible for the 
payment of electricity bills for the households and as a 
result, their perception and acceptance of a GSM-based 
meter system were essential. The New Juaben Municipal 
Assembly estimated that there were 48,076 households in 
the Municipality. The implication was that the total 
population for the study area was 48,076. 
 
3.2 Sample and sampling procedure 

The procedure was based on a sampling method proposed 
in Krejcie & Morgan. [12] Sample size determination table 
was adopted, in which a population of 48,076 may require 
a sample size of 381 to ensure statistical 
representativeness.  
However, due to time and resource constraints, a total of 
201 respondents were captured for this study. This 
constituted 52.8% of the actual sample size. The 201 
sample size was made up of 200 household heads and a 
management representative from the Municipal branch of 
the Electricity Company of Ghana. Purposive sampling was 
used to sample the Municipal branch Head of the ECG, 
whereas simple random sampling was used for the 
household heads. Purposive sampling was used for 
Municipal branch head of the ECG because of his position, 
technical experience and appreciation in the measurement 
of energy consumption as well as the challenges associated 
with the conventional meter system.  

4. RESULTS AND DISCUSSION 

This section presents the background characteristics of 
respondents. The section was necessary to examine how 
differences in the background of respondents influenced 
their perceptions about the adoption of a GSM-based 
meter system. Some of the issues considered under the 
section were gender, level of education, and type of 
occupation. The majority (68.5%) of the respondents were 
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males, while 31.5% were females. The finding was in 
consonance with the socio-cultural roles and 
characteristics of the Ghanaian society that accord males 
as leaders or heads of their families. The female 
respondents were mainly singles, divorcees, widows, and 
those whose husbands were not present at the time of the 
study. The mean age of the respondents was 43.8 years 
with a standard deviation of 6.73. The implication was that 
the majority of the respondents were within the active 
working age group of 30 – 45 years. 

The levels of education of the respondents were also 
examined. This was essential because it is perceived that 
household heads with different levels of education may 
have different levels of understanding and perceptions 
about the adoption of a GSM-based meter system. The 
results are presented in Figure 1. 
 

 
 

Figure 1: Level of education of respondents 
 
Figure 1, shows that 10.5% of the respondents had not 
acquired any formal education, 29.5% had completed basic 
education, 36% had Senior High School (SHS) level of 
education and 24% had attained tertiary level of 
education. The results showed that the majority (89.5%) of 
the respondents had received various levels of formal 
education. This is likely to improve the level of 
understanding of the majority of respondents on the 
adoption of a GSM-based metre system. 
Another issue considered under the section was the type of 
occupation of the respondents. The results are presented 
in Table 1. 

Table 1: Occupation of respondents 

Occupation Frequency Per cent 

Artisanry  66 33.0 
Trading  33 16.5 
Public service 41 20.5 
Farming  9 4.5 
Banking  7 3.5 
Pension 10 5.0 
Unemployed  23 11.5 
Others  11 5.5 
Total  200 100.0 

  
Table 1 shows that 33% of the respondents were artisans, 
16.5% were traders, 20.5% were into public service, 4.5% 

were farmers, while 3.5% worked with banks. In addition, 
five per cent of the respondents were pensioners, 11.5% 
were unemployed, and 5.5% were engaged in other 
economic activities such as driving, private teaching and 
private businesses. The results showed that the majority 
(88.5%) of the respondents were employed.  

4.1 Perception on the adoption of GSM-based meter 
system 

The considered issues under the section were ability to 
monitor and control household energy consumption, 
elimination of confusion surrounding energy billing, 
reduction in illegal electrical connections and power theft, 
and feasibility of installing GSM-based metre in houses. 

The respondents were requested to indicate their 
perception about the ability of a GSM-based metre to 
monitor and control household energy consumption. The 
results are presented in Figure 2. 
 

 

Figure 2: Ability of a GSM-based metre to monitor and 
control household energy consumption 

In Figure 2, it is shown that 19.5% of the respondents 
strongly agreed that the GSM-based metre has the ability 
to monitor and control household energy consumption, 
28% agreed, 24% did not know, while 18.5% and 10% 
disagreed and strongly disagreed, respectively. Based on 
the results, it can be concluded that (47.5%) household 
heads understood the operations of a GSM-based metre as 
having the ability to monitor and control household energy 
consumption. This perception affirmed the assertion of 
Bharath et al. [9] that GSM-based AMR is a technology for 
remote monitoring and to control domestic energy 
consumption. The 24% who did not know about the ability 
of an AMR to monitor and control household energy 
consumption represented people who did not understand 
the operations of a GSM-based metre. Further, those who 
disagreed and strongly disagreed may show that such 
people doubt the ability of a GSM-based metre to monitor 
and control household energy consumption. The 
implication was that intensive public education will be 
required before the adoption of a GSM-based metre system 
in the Municipality. 

The respondents were further asked to indicate how they 
perceived the capacity of a GSM-based metre to eliminate 
the confusion mostly surrounding energy billing. This was 
essential because Graeme [7] reports that readings or 
measurements on electromechanical metres are highly 
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susceptible to errors due to manual processes in billing. 
The results are presented in Table 2. 
 
Table 2: AMR eliminating confusion surrounding 
energy billing 

Response  Frequency Per cent 

Strongly agree 38 19.0 

Agree 45 22.5 

Don’t know 56 28.0 

Disagree 40 20.0 

Strongly disagree 21 10.5 

Total  200 100.0 

Source: Field survey, 2015 
 
Table 2 depicts that 19% of the respondents strongly 
agreed that GSM-based metres could eliminate the 
confusion surrounding energy billing, 22.5% agreed, while 
28% did not know. On the other hand, 20% of the 
respondents disagreed the AMR could eliminate the 
confusion surrounding energy billing, whereas 10.5% 
strongly disagreed. The results showed that more (41.5%) 
respondents perceived AMR as capable of eliminating the 
confusion surrounding energy billing. This corroborates 
the assertion of Bharath et al. [9] that GSM-based AMR 
system is an effective way measuring energy consumption 
and eliminates errors and confusion surrounding the 
billing of electric energy. Nevertheless, quite a significant 
proportion (30.5%) of the respondents did not have 
confidence in the ability of AMR to eliminate such 
confusion. The proportion of the respondents who 
disagreed coupled with those who did not know show that 
large numbers (58.5%) of household heads in the 
Municipality have low level of knowledge in GSM-based 
AMR system for electrical energy. Another issue 
considered was reduction in illegal electrical connections 
and power theft. This was important because of the 
tampering sensors and alarms built into GSM-based AMRs. 
The results are presented in Figure 3. 
 

 

Figure 3: Ability of a GSM-based metre to reduce illegal 
connections and power theft 

 

Figure 3 illustrates that 17.5% of the respondents strongly 
agreed that GSM-based AMR has the ability to reduce 
illegal connections and power theft, 29.5% agreed, 
whereas 20% did not know. However, 18.5% of the 
respondents disagreed that a GSM-based metre has the 
ability to reduce illegal connections and power theft, and 
14.5% strongly disagreed. The results showed that many 
(47%) of the respondents had confidence in the tampering 
and alarm systems of a GSM-based metre to reduce illegal 
connections and power theft in the Municipality. 

The study further examined the perception of the 
respondents about increasing revenue generation in 
energy usage. According to Liting et al. [8], reduction in 
illegal connections and improved accuracy in the 
measurement of energy consumption would help to 
increase revenue generation to electricity providing 
companies. From this study, it can be concluded that the 
majority (54%) of the respondents strongly agreed and 
agreed that a GSM-based metre would help increase 
revenue generation in energy usage to energy providing 
companies, 16.5% did not know, while 27.5% disagreed 
and strongly disagreed. The respondents were further 
asked to indicate the extent to which they agree for the 
adoption of a GSM-based metre system by the ECG in the 
Municipality. From the analysis, the majority (61.5%) of 
the respondents strongly agreed and agreed for the 
adoption of a GSM-based metre system by the ECG, 
whereas 38.5% disagreed and strongly disagreed. The 
results showed that the majority of the respondents have 
accepted the adoption of a GSM-based metre system in the 
Municipality.  The results are presented in Table 3.  
 
Table 3: Feasibility of installing GSM-based metres in 
houses 

Feasibility  Frequency Per cent 

Very feasible 57 28.5 

Feasible 85 42.5 

Less feasible 38 19.0 

Least feasible 20 10.0 

Total  200 100.0 

  
Table 3 shows 28.5% of the respondents admitted that 
installing GSM based metres was very feasible in their 
houses, 42.5% indicated that they were feasible, while 
19% and 10% indicated that they were less feasible and 
least feasible, respectively. The results showed that the 
majority (71%) of the respondents perceived the 
installation of GSM-based metres in their houses as 
possible. This could encourage the adoption of GSM-based 
metres in houses in the Municipality. Some of the reasons 
given for the feasibility of installation of GSM-based metres 
in houses in the Municipality were changing existing 
metres for the AMRs, having spaces for such metres, and 
having good telecommunication reception to use GSM-
based metres. On the other hand, reasons for the less or 
least feasibility of installing GSM-based metres in houses 
included not having money to change metres, not having 
time to chase ECG employees for such metres, not having 
space for new metre, poor telecommunication reception 
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for GSM-based metres, and difficulty in using such metres 
in compound houses.  

The respondents were also asked to indicate their 
readiness for the adoption of GSM-based metre systems 
for energy consumption. The results are presented in 
Figure 4.  

 

Figure 4: Readiness for the adoption of GSM-based 
metres for energy consumption   
 
Figure 4 shows that 24.5% of the respondents were very 
much ready for the adoption of GSM-based metres for 
energy consumption, 39.5% were ready, while 23.5% and 
12.5% were less ready and least ready, respectively. The 
results showed that the majority (64%) of the respondents 
were ready for the adoption of GSM-based metre system 
for energy consumption.  

4.2 Technical implications in the adoption of a GSM-
based metering system 

Some of the issues considered under this section were; 
understanding of a GSM-based metre reading, mobile 
phone penetration among consumers, reliability of mobile 
network services, and security of the central monitoring 
system over hacking.  

From the interview guide, the Head of the Municipal 
branch of ECG described the capacity of staff to handle 
GSM-based metre system as moderate. He further 
indicated that the capacity of staff of the company has to 
be built in the operation and maintenance of GSM-based 
metres. The Municipal Branch Head Manager of the 
Company added, “This would enable the Company to 
better monitor tampering and illegal connections as well 
as servicing the metres in times of fault”. The Municipal 
Branch Head of the ECG further indicated that “the cost 
will be very high on the company since it would have to 
bear the cost of changing all existing metres in the system. 
Such large scale change of metres mostly requires the 
support of the Central Government”.  

The Municipal Branch Head of the Electricity Company of 
Ghana also stated that “the GSM-based metering system 
will easily fit or be made compatible with the Company’s 
installations”. The implication was that the adoption of the 
GSM-based metre would not pose much technical problem 
with respect to the compatibility of the Company’s already 
installations. He added that “the main issue would be the 

establishment of the central monitoring system to check 
the usage and handling of individual metres of consumers”. 

Table 4: Mobile phone penetration among consumers 
posing technical issues in the adoption of AMR 

Response Frequency Per cent 

Strongly agree 27 13.5 

Agree 45 22.5 

Don’t know 29 14.5 

Disagree  67 33.5 

Strongly disagree 32 16.0 

Total  200 100.0 

  
A consumer’s understanding of a GSM-based metre 
reading was critical for the acceptance and successful 
adoption of AMR. As a result, the consumer respondents 
were requested to indicate how people’s understanding of 
a GSM-based metre system could pose technical issues in 
the adoption of AMR for energy consumption in the 
Municipality. According to this study, all the respondents 
admitted that a consumer’s understanding of a GSM-based 
metre reading system was critical to eliminate technical 
constraints to be encountered in the acceptance, 
installation and maintenance of the AMRs. This is in 
agreement with the finding of Amin et al. [13] that 
consumers’ understanding of a GSM-based metre reading 
helps to reduce confrontations during installations and 
post installation technical complaints received from 
consumers.  

The respondents were also requested to indicate how 
mobile phone penetration among consumers could pose 
technical problems in the adoption of GSM-based metres in 
the Municipality. The results are presented in Table 4.  

Table 4 shows that 13.5% of the respondents strongly 
agreed that mobile phone penetration among consumers 
pose technical issues in the adoption of a GSM-based metre 
system, 22.5% agreed, 14.5% did not know, whereas 
33.5% and 16% disagreed and strongly disagreed, 
respectively. The results showed that almost about half 
(49.5%) of the respondents rejected the claim that mobile 
phone penetration among consumers pose technical issues 
in the adoption of a GSM-based metre system. The 
implication was that consumers without mobile phones 
could use GSB-based metres in their houses.  

5. CONCLUSION 

This study explored the technical challenges in adopting 
the smart metering systems in the Juaben Municipality, a 
community in Ghana. The implication was that consumers’ 
understanding of GSM-based metre reading system would 
help to enhance the feasibility of adopting AMR system for 
energy consumption. The analysis revealed that the 
majority (61.5%) of the respondents strongly agreed and 
agreed for the adoption of a GSM-based metre system by 
the ECG, whereas 38.5% disagreed and strongly disagreed. 
Furthermore 13.5% of the respondents strongly agreed 
that mobile phone penetration among consumers may 
pose technical issues in the adoption of a GSM-based metre 
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system, 22.5% agreed, 14.5% did not know, whereas 
33.5% and 16% disagreed and strongly disagreed, 
respectively. These results indicated that almost about half 
(49.5%) of the respondents rejected the claim that mobile 
phone penetration among consumers may pose technical 
issues in the adoption of a GSM-based metre system. 
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