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ABSTRACT 
 The current high energy demand and the urge to 

fight climate change, in accordance with the United 
Nations Sustainable Development Goals, have promoted 
the utilisation of digital tools that contribute to more 
efficient and sustainable energy systems. Thus, an 
Internet of Things (IoT) application in the energy sector 
can be the implementation of Advanced Metering 
Infrastructure (AMI) which has a great potential to 
contribute to more reliable energy grids and the 
introduction of renewable energies. AMI is a three-
component technology composed of smart meters, a 
complex communication network and a data 
management system which combined enable a two-way 
communication. This study discusses the multiple 
benefits that AMI deployment can offer, including real-
time data readings reported to the customer and the 
utility operator – supporting better decision making as 
well as energy and costs savings –, better O&M of the 
grid, automated billing with better accuracy, and less 
greenhouse gases emissions. Likewise, the risks and 
challenges derived from this technology are explored, 
considering data privacy and security, investment 
required, social acceptance and inclusion, among others. 
Finally, the minimum requirements for AMI proper 
functioning and opportunities for future improvement 
are covered to achieve greater efficiency in a sustainable 
and trustable energy system that involves stakeholders. 
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NONMENCLATURE 

Abbreviations  

AMI Adavanced Metering Infrastructure  
EPRI Electric Power Research Institute 
HAN Home Area Network 
IoT Internet of Things 
LPWAN Long Power Wide Area Network 
MDMS Meter Data Management System 
NB-IoT Narrow Band Internet of Things 
NAN Neighbouring Area Network 
RE Renewable Energy 
SM Smart Meters  
SDGs Sustainable Development Goals 
3GPP 3rd Generation Partnership Project 
WAN Wide Area Network 

 

1. INTRODUCTION 
In 2015, the United Nations proposed the 

Sustainable Development Goals (SDGs) to act in different 
areas with the objective to balance social, economic, and 
environmental sustainability worldwide. Amongst the 17 
SDGs is the aim to ensure access to affordable and clean 
energy, which is closely related to the need of expanding 
the share of renewable energy alternatives, as well as the 
urgency of implementing more efficient energy systems 
that can cope with the increasing global energy demand. 
Thus, energy sustainability can be promoted with the 
inclusion of Industry 4.0 – which concerns digitalisation 
and automation. Digital transformation can be applied 
through different technologies such as digital twins, 
blockchain, Internet of Things (IoT) and more. One of the 
possible applications is the Advanced Metering 
Infrastructure (AMI), a technology that contributes to 
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moving towards more sustainable and efficient energy 
systems. 

AMI is a key element in smart grids [14], which plays an 
important role towards sustainable energy as it 
promotes the participation of renewable energies, 
support a more efficient utilisation and consumption in 
the electricity system [6]. AMI integrates hardware and 
software elements as it is composed of smart meters, 
communication networks and data management 
systems that facilitate two-way communication between 
customers and utilities, supporting instantaneous data 
recording and transmitting [4][7][9][10]. In consequence, 
it enables customer participation in energy consumption 
management [5], and allows remote reading, shorter 
interval measurements, real-time decision-making, more 
efficient operation, and maintenance [9], and a better 
accuracy in the billing [2][5][13]. Thus, a more 
sustainable approach for the energy sector can be 
enhanced, also considering transparency, reliability, and 
efficiency for stakeholders. 
 

2. ADVANCED METERING INFRASTRUCTURE (AMI) 
TECHNOLOGY 

There are three main components in the AMI 
technology. Firstly, Smart Meters (SM) allow the data 
collection of different parameters (e.g., customer 
electricity consumption, functioning parameters as 
temperature or voltage levels, and more) with a 
frequency of less than 1 hour [4][13]. Besides, SM can 
contribute to tamper detection, outage monitoring and 
remote connection/disconnection. On the other hand, 
the communication network required for the 
information transmission is a major constituent of AMI 
considering the large amount of data involved. In 
addition, the communication network to be chosen in 
the AMI system shall be based on its technical suitability 
in terms of reliability and coverage, latency, bandwidth, 
and security, as well as the deployment costs [14]. 
Thirdly, a data management system that stores, 
processes, and integrates the collected data with other 
key information and control systems is required [4]. 

The two-way communication characteristic allows the 
AMI system to collect information for asset monitoring 
and management, while simultaneously enabling the 
smart devices (or SM) to receive command signals from 
the controlling office to take the optimal actions. There 
are various technologies that can deliver the outcomes 
required as: Zigbee, Bluetooth, Wi-Fi, Narrow-band 

Internet of Things (NB-IoT), and more. Communication 
flows considering three major layers, the wide area 
network (WAN), the neighbouring area network (NAN) 
and the home area network (HAN). WAN represents the 
backbone of the system, interconnecting all the 
distributed smaller areas data; NAN is the bridge 
between the collected data from different HANs and the 
WAN; HAN composed by multiple sensor-based 
controllers. 

One of the communication technologies that could 
potentially boost the AMI communication is NB-IoT as it 
can provide multiple advantages to the overall 
functioning as: low-latency – for quicker data collection 
and transmission, and timely decision-making [5], less 
power consumption with longer lifetime batteries, lower 
delay sensitivity, and massive capacity; it is cost-effective 
[14]. This technology works based on cellular networks 
and can provide significant coverage; thus, this is a 
suitable alternative to implement in the AMI 
communication being capable of supporting large-scale 
connectivity. It is one of the Long Power Wide Area 
Network (LPWAN) technologies which utilises the NB of 
existing Third Generation Partnership Project (3GPP) 
telecommunications networks. 

2.1 Overall Benefits 

The introduction of AMI in the energy grid can boost 
an extensive variety of benefits to customers, as well as 
utilities administrators and operators. Regarding 
customers, AMI provides feedback on energy use in a 
real-time basis which has a significant impact on usage 
allowing them to monitor their consumption patterns 
and optimise them, generating savings in energy and 
costs – 1% to 8% of the total annual electricity use [4]; 
also it enables consumers to receive a potential income 
from selling energy back to the grid [8]. As for the utilities 
administrators, AMI enables opportunities for better 
measurement and verification of energy savings which 
assists project managers to assess the system 
performance and take the corrective actions in a timely 
manner. Finally, the utilities operators benefit from AMI 
as it facilitates conservation voltage reduction (CVR) on 
distribution networks, decreasing demand, energy use 
and line losses in both ends – customer and utilities sides 
–, related to more sustainable and efficient utilisation 
[4]. 

From an overall point of view, reduction in peak demand, 
and decreases of O&M costs as a more efficient asset 
management can be achieved from the data collection 
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promoting preventive maintenance, quicker leak 
detection and repairs. The latter implies that additional 
advantages are achieved like better service provision – 
since outage restoration can be done more precisely and 
quicker, and increased accuracy in customer billing [13]. 
Besides, it enhances theft and tampering detection 
which result in a better asset management, preventing 
misuse of electricity and non-technical losses [7]. 
Regarding the communication network itself, NB-IoT can 
provide cost savings, minimise power consumption, can 
easily integrate with the existing cellular network, offers 
a long range and deep penetration, as well as billions of 
connections per cell [11]. 

2.2 Social and Environmental Impacts 

AMI offers diverse benefits regarding the 
environment and consumer perspective. In terms of 
environmental impact, this technology facilitates a faster 
and more efficient integration of Renewable Energies 
(RE) [8]. This is translated in emissions reductions in 
about 0,635 tonnes-CO2/MWh per RE produced, as well 
as other GHG emissions. Besides, this system supports 
the reduction of oil usage, specifically regarding SM and 
WAN [1]. On the other hand, in terms of social impact, 
AMI supports an increased satisfaction of consumers 
from personal improvement and better well-being 
because of changing their energy behaviour and 
consumption [2]. Likewise, as the energy supply is more 
efficient and reliable, when outages occur the system 
operation will be restored very quickly, minimising 
disruptions to users and boosting trust. 

However, there are some negative social impacts linked 
to the deployment of AMI. The introduction of smart 
grids may contribute to social exclusion as a lack of 
targeted inclusion of energy poor households from the 
socio-spatial characteristics [12]. Moreover, lack of 
access to ordinary groups into the renewable energy grid 
contribution can occur [12]. Thus, it was observed that 
instead of promoting stakeholders’ inclusion and the 
prosumers concept, the scheme was favouring the 
retailers at sub-distributor levels. On the other hand, the 
implementation of automated and remote reading may 
result in job loss as the manual readings will not be 
required, and the manual control can be done by less 
personnel. Finally, a new set of skills should be 
developed by the workforce, to match the requirements 
of Industry 4.0 [13]. 
 
 

2.3 Costs 

Since it is a three-main component technology there 
are various elements to consider when analysing its 
capital expenditure (CAPEX) as hardware, software, 
installation labour, software integration and others. 
Figure 1 indicates the average cost breakdown based on 
different AMI deployment in energy systems in the US. It 
should be noted that the total cost represents the 
procurement and installation for the overall system. 
Furthermore, the Electric Power Research Institute 
(EPRI) in the US indicates that smart meters represent 
the 45% of the AMI total costs, whereas the 
communication network accounts for the 20% [13][14]. 

 
Fig. 1. AMI average total costs breakdown – Based on 56 AMI 

deployment case studies in the U.S.  
 

According to a case study in Saudi Arabia’s electricity 
infrastructure, AMI deployment costs $ 1,53 billion USD 
distributed as shown in Figure 2. In addition, operational 
costs (OPEX) are expected to be around $ 0,45 billion 
USD. On the other hand, the financial benefits offered by 
this technology are derived from the replacement of 
manual meters with SM, the minimisation of technical 
and non-technical losses improving reliability, upgrading 
metering system and having better billing accuracy; 
translate into $ 3,80 billion USD. Therefore, the B/C Ratio 
equals 2,50 which indicates that the project could 
proceed [1]. 
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Fig. 2. AMI average total costs breakdown – Based on 56 AMI 

deployment case studies in the U.S.  

 

2.4 Section of theory/calculation 

Considering AMI’s complexity, there are risks and 
challenges related to it, which are explored below. 

• Data privacy and security concerns from 
customers [4][9].  

• Higher dependency on Information and 
Communication Technologies (ICT). For instance, 
the communication networks that are cellular-
based (e.g., NB-IoT) are weaker against natural 
disasters or terrorist attacks; hence, if one of 
these events occur there might be a massive 
power failure. 

• Transition towards digitalisation might be 
challenging in terms of maintaining technical 
interoperability and compatibility between 
Industry 4.0 tools and previous ones.  

• Utility Investment. Some utility operators worry 
about the way to transfer these additional and 
new costs to users.  

• Public might be distrustful of the technology 
deployment as it offers savings for the customers 
as well as the possibility of additional income, 
which seems suspicious as it goes against the 
utility’s benefits. 

2.5 Performance and Opportunities for Future AMI 
Improvement 

AMI should be able to provide the collected data 
directly to the user, thus the user can take advantage of 
the real-time feedback and optimise his consumption 
patterns. Likewise, the system shall have this 
characteristic towards the metering operator to enable 
efficient and effective O&M and promoting better 
planning. As for the commercial aspects, it should be able 
to conduct automated billing and allow remote control 

supply. Hence, with the aim to achieve the previous 
minimum requirements, some opportunities could be 
explored for future implementation: 

• Introduction of next generation SM with larger 
memory, faster processing, and longer lasting 
batteries. 

• Inclusion of 5G technology for communication 
network in AMI. 

• Increase customers’ participation to promote 
engagement with AMI technology. 

3. CONCLUSIONS 
AMI can highly contribute to smart grid, with a two-

way communication the real-time remote reading is 
enabled for better asset management by the utility 
operator, while also providing consumption feedback to 
customers. Thus, better decision making can be 
enhanced which is translated into energy and costs 
savings. AMI requires proper technology that allow the 
quick and reliable communication. One option for a 
reliable and efficient is the NB-IoT as it has low-latency, 
lower power consumption and massive capacity; this is a 
form of LPWAN. It should be noted that the average cost 
of AMI deployment is between $130 and $600 USD/SM 
in the U.S. or ranging from $195 to $218 USD/SM in the 
European Union; it includes the three main components 
of the system. However, it is not possible to define the 
average percentage for each component’s price; 
important differences were found regarding the cost 
distribution. 

AMI supports customers decision making to modify their 
consumption patterns or even to act as prosumers selling 
energy back to the grid. On the other hand, the real-time 
measurements and quick communication allow the 
identification of leakages and theft in a timely manner; 
also, preventive maintenance can occur as forecasting 
improves from this vast data collection. Hence, AMI 
allows a better management of outages and a quicker 
repair to supply the service as quickly as possible, 
minimising disruptions for users. Besides, this technology 
promotes the inclusion of renewable energies, and GHG 
emissions and oil usage reductions. According to a case 
study, the implementation of AMI in the electricity 
infrastructure of Saudi Arabia reported a total of $ 1,52 
bn USD of costs and $ 3,80 bn USD from benefits; the CBA 
ratio was of 2,50, meaning that the project could 
proceed. 

Withal, this technology has some risks and challenges 
attached as the data security and privacy concerns – and 
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derived regulatory issues –, a high dependence on ICT 
systems subject to failure, a significant investment 
required – in terms of money, time, and new skillset from 
staff –, and finally, the public perception of this 
technology should be improved. There are some 
opportunities for better delivery of the service such as: 
inclusion of new generation of metering devices, 
upgrading the communication system to enable better 
data protection and security, coverage and trust. 
Promoting transparency and clear information diffusion 
to promote customers’ engagement and trust. 
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