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Abstract: In order to ensure continuous energy supply, Distribution System Operators (DSOs) have
to monitor and analyze the condition of the power grid, especially checking for random events, such
as breakdowns or other disturbances. Still, relatively little information is available on the operation
of the Low Voltage (LV) grid. This can be improved thanks to digital tools, offering online processing
of data, which ultimately increases effectiveness of the power grid. Among those tools, the use of the
Advanced Metering Infrastructure (AMI) is especially conducive for improving reliability. AMI is
one of the elements of the system Supervisory Control and Data Acquisition (SCADA) for the LV grid.
Exact knowledge of the reliability conditions of a power grid is also indispensable for optimizing
investment. AMI is also key in providing operational capacity for carrying out energy balance in
virtual power plants (VPPs). This paper deals with methodology of identification and location of
faults in the AMI-supervised LV grid and with calculating the System Average Interruption Duration
Index (SAIDI) and System Average Interruption Frequency Index (SAIFI) on the basis of the recorded
events. The results presented in the paper are based on data obtained from seven MV/LV transformer
stations that supply over 2000 customers.

Keywords: reliability; smart grid; AMI; SAIDI; SAIFI; KDE

1. Introduction

Electricity should be delivered to consumers without interruptions. The Act “Prawo
Energetyczne” [1] obligates energy providers to maintain the capacity of devices, installa-
tions and grids ensuring continuous and reliable delivery. Nowadays, the power industry
has to take into account a number of new challenges, such as distributed generation, the evo-
lution of the power mix, and increase in demand accompanied by relatively low efficiency.

In recent years Electricity Power System (EPS) has shifted from a centralized model
to a fully competitive market model, from fossil fuels to distributed generation, from the
well-established EPS model to Smart Grid and Virtual Power Plants (VPPs) [2–5]. It should
be noted, however, that even though distributed generation based on Renewable Energy
Sources (RESs) is becoming increasingly attractive for investors, its wide implementation
and smooth integration with EPS requires further analysis based on data obtained from
real grid systems [6–8].

The power grid in Poland operates on partly outdated infrastructure and is not flexible
enough to react to fast changes in the demand and supply of energy [9,10]. For instance, on
17 May 2021 due to a fault at the power station Rogowiec, the protection system switched
off 10 units in the power plant Bełchatów, which resulted in the loss of 3640 MW in EPS.
This was immediately compensated for by power obtained from pumped hydroelectric
energy storage, spinning reserve and importation from the Czech Republic, Slovakia and
Germany. In any case, the faultless operation of EPS requires strict coordination between
power companies operating in the whole country and the balancing of energy flow by
means of AMI. It is certainly advisable to develop and implement Smart Grid on a massive
scale in the domestic power grid to ensure the desired flexibility and responsiveness to
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changes in the demand for power or to breakdowns. The massive implementation of AMI
will contribute to better monitoring of the LV grid and to its integration with the system
SCADA [11].

At present, DSOs have effective methods of localizing faults in the MV and HV grids.
The system SCADA communicates with devices in the grid, informing the personnel about
potential faults. However, the SCADA system has not yet been implemented in the LV
grid, neither have the SG solutions been fully tested in the LV grid.

The aging infrastructure, the intensively growing use of renewable sources, as well
as the development of electromobility, are challenges to the wider use of data from smart
meters in order to increase the grid visibility and reliability.

The aim of the article is to show that transparent data from smart meters allows one
to obtain information about an LV network, which allows them to obtain multifaceted
knowledge about the network and improve its reliability. The first part of the article
presents selected issues and implemented projects related to the Smart Grid (SG) and Smart
Metering (SM) technology in terms of the reliability of a distribution network. The second
part presents the methodology of determining SAIDI/SAIFI indicators based on the events
recorded by smart meters in an actual LV network in Poland. The last part of the paper
addresses selected AMI implementations in Poland.

2. Reliability and Smart Grid

The term “Smart Grid” was introduced in 2005 by Armin and Wollenberberg in
their paper "Toward a Smart Grid - power delivery for the 21st century”, but naturally
the idea itself emerged as a result of many years of research and analyses conducted by
experts dealing with the modernization and development of EPS. The term SG denotes
a technologically advanced EPS, in which communication takes place between all the
parties in the market (producers, distributors and consumers), and which aims to deliver
top quality power services at the lowest cost possible, with the use of Distributed Energy
Sources (DESs), including Renewable Energy Sources. Smart Grid can also be defined as a
power system characterized by a harmonious integration of all the parties’ actions in order
to ensure faultless, reliable and environment-friendly delivery of electricity. One of the key
elements of the SG system is consumers and prosumers.

Smart Grid includes the following elements:

• Integrated actions of all the EPS users;
• Monitoring of the EPS and a fast response to an unpredicted event;
• Online diagnostics and reconfiguration;
• Constant pressure towards lowering the cost of energy generated mainly at DES;
• Promoting effective consumption.

Smart Grid solutions have been implemented in the MV grid for a few years, including
reclosers, radio-controlled switches, or short-circuit detectors in overhead lines. The system
SCADA provides visualization and video-signaling of these components, and also, crucially,
their control. The remote control function for switching devices effectively shortens the
time of re-connecting the network after a fault has been located.

SG also facilitates the automatic operation of MV/LV transformer stations, network
switchboards, feed points or cable connectors. Using control and measuring devices, it is
possible to identify and localize faults fully automatically, and then to isolate the faulty
section and restore energy supply, which is known as self-healing network [12,13].

SG contributes to minimizing losses resulting from the necessity to optimize location
and to dynamically change the dividing points of the MV grid, and to control the MV/LV
transformer voltage on the basis of ongoing measurements.

For the sake of modernization, it is essential to know the real power flow in the grid
and to verify the transformer and line load on the basis of the data obtained from AMI. This
knowledge is indispensable for connecting new DES without deteriorating the conditions
and quality of energy supply. This problem has been extensively dealt with in a number
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of publications, e.g., [14], in which the impact of DES on the reliability of the distribution
network has been discussed.

Another important element of SG in MV networks is the detection of short circuits.
Systems for detecting shorts in the grid, together with bidirectional communication between
the devices and the dispatcher, as well as remote switches, detect such faults very quickly,
which makes for a quick restoration of energy supply. This naturally contributes to the
better quality of supply and lowers the value of indices SAIDI and SAIFI.

There are a number of such indices used for assessing the continuity of energy supply
in a distribution network. The two used in Poland are SAIDI (System Average Interruption
Duration Index) and SAIFI (System Average Interruption Frequency Index). SAIDI denotes
an average duration of the system’s long or very long interruption, expressed in minutes
per year. It is equal to the sum of the products of the interruption duration multiplied
by a number of consumers deprived of energy due to a fault, which is then divided by a
total number of consumers. By analogy, SAIFI refers to an average frequency of long and
very long interruptions in energy supply, equal to the number of interruptions per year,
divided by the total number of consumers. For many DSO the SAIDI/SAIFI indices are
main criteria in terms of monitoring the power distribution quality. It has to be emphasized
that SAIDI/SAIFI are obtained separately for scheduled and unscheduled interruptions. It
should also be noted that catastrophic interruptions are defined as those lasting over 24 h,
whereas short interruptions lasting less than 3 min are not taken into account.

Smart Grid and Smart Metering conceptions are related to the technology known as
Demand Response (DR) and Demand-Side Management (DSM) for managing the supply
and distribution of load in EPS. This technology serves to match the power demand with
supply. With bidirectional communication, energy consumption can be reduced directly by
DSO. Examples of the application of this technology include controlling heating, lighting,
and managing the generation process. Methods of load control by alterations in the supply
voltage or by managing the frequency of supply voltage in receivers are also part of the
DR technology [15]. DSM on the other hand focuses on reducing the cost of energy by
matching the profiles of consumers to the profiles of producers. DSM promotes a lifestyle
based on energy saving, bringing about financial gains for energy consumers [16].

DSM and DR are an integral part of the VPP technology and energy storage. Virtual
plants have become incorporated into the development strategies of international power
companies, such as Enel, E.ON, EDF, Centrica, TEPCO, carrying out a number of projects,
including Enel X, AutoGrid, Voltus, REstore, Sonnen, Stem, Enbala, Tesla, Itron [17].

The company Polskie Sieci Elektroenergetyczne (PSE) has introduced DSR services
for industrial consumers, who benefit from their readiness to temporarily reduce power
consumption at PSE’s request. Such a situation took place in Poland in the summer of
2015, a day before the threat of a blackout, when PSE imposed reductions on energy supply
for industrial customers and large buildings. The readiness to reduce consumption can
be complemented by the flexibility on the part of large commercial buildings, such as
shopping malls, offices, sports facilities. Inspiration in this respect can be drawn from the
Australian VPP project named Energy Response, subsequently followed by the American
company EnerNOC (currently Enel X) in 2011 [18].

3. Advanced Metering Infrastructure (AMI) as a Factor Increasing the Reliability of
the LV Grid

The issues related to the AMI are currently generating great interest all over the world.
Many works, both theoretical and experimental, have been devoted to this subject. In the
subject literature, very interesting papers [19,20] should be mentioned. Many of the current
works focus on issues related to the integration of SM with building integrated photovoltaic
in various climatic and environmental conditions [21,22] or to remote monitoring of the
operation of a rural network [19]. Much importance is placed in the literature on research
on the cooperation of the AMI with microgrids [23] but also on their operation in large
rural/urban areas [24].
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The claim advanced here is that Advanced Metering Infrastructure, enabling bidirec-
tional communication with energy meters, is indispensable for the reliable operation of the
LV grid. It consists of a number of components, such as modules, communication systems,
energy meters, recorders and concetrators for bidirectional communication between the
central system and the meters. AMI also includes software for managing measuring data
known as Meter Data Management (MDM). The solutions offered by AMI are not only
intended to satisfy the current needs of DSO and customers, but they can also be suitable
for such recent challenges for the power industry as providing charging points for electric
cars, the increasing number of RES, or increasing interest of providers and consumers
in Demand Response programs. It is crucial to note that by providing information on
breakdowns and faults, AMI can positively affect network reliability, by contributing to a
smaller number of interruptions, faster repair and better communication [25–27].

AMI meters offered by a number of producers integrate SG with a Smart Home.
Smart meters belonging to consumers are equipped with communication ports providing
interfaces between various devices. It is possible to connect various external devices to
them, such as communication modems, or to use them for controlling household appliances
or to read data from other meters. The use of the Smart Home will largely depend on
DSO. In a broader perspective, smart meters can also be seen as part of Industrial Internet
of Things (IIoT), with a number of functionalities and methods for data analysis and
processing, such as Deep Learning [19,28–30]. Some of them can operate on the traditional
meter infrastructure, whereas others require a new generation of meters. Their advantage
for DSO is the rational management of resources, which brings about real savings.

Smart meters are not only devices for remote reading of energy consumption. Modern
meters are equipped with functions for recording events. In the reliability analysis, it is
important to record such events as, for example: Primary Power Down, Primary Power Up
as well as Voltage Sag. Additionally, the functionality known as last gasp can only prove
very useful. It consists in sending the short message to the grid, informing DSO about
supply interruption. For this functionality to work, all the communication devices between
the meter and the operator have to function properly. The availability of precise information
about the occurrence of an interruption is vital for the operator, who can respond fast to
such situations. It is also useful that the exact time of the onset of the interruption is
recorded, together with the time when energy supply is restored. Sometimes, however,
the device can send excess information in the case of highly extensive breakdowns, or
misleading information, if the interruption was only momentary.

Online diagnostics of the power network cannot exist without an effective teletechni-
cal communication network. Using the range area of AMI communication as a criterion, it
can be divided into: local network used by concentrators or other devices for direct reading
of meters, Home Area Network (HAN) used to send control signals and other information
to the home network using smart meters, and the essential wide-area network used to
exchange data among selected servers intended for collecting information and concen-
trators [31,32]. Thanks to the connection of smart meters with HAN, the customer gains
the ability to remotely control devices located in the home or office through authorized
access via the Internet. Communication within HAN networks is provided by means of
standard technological solutions. Utilities are deploying advanced distribution manage-
ment systems (ADMSs) to operate and control the complex grid. Applications like energy
management system, fault location, isolation, and self-restoration, outage management
system (OMS) helps utilities to make complex decisions in case of high DER. The Utilities
implementing or considering Advanced Distribution Management Systems (ADMS) need
to look at the communication networks that support their smart meters (AMI). Utilities
must also look at the ability of smart meters to be edge-of-grid sensors reporting power
outage notifications as well as voltage and power quality data in some cases [33,34]. The
looming challenge is the integration of increasing Distributed Energy Resources (DER),
which includes grid-linked PV, electric vehicles, microgrids, and demand management.
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4. Analysis of the Identification of Events by Means of AMI/SCADA/OMS Case Study

The methodology of calculating the SAIDI/SAIFI indicators on the basis of the AMI
and SCADA/OMS systems is a multi-path process, dependent on many factors (e.g., on the
systems owned by the DSO, parameterization of smart meters)—it is difficult to provide
one universal algorithm. The main steps and issues that were carried out during the
implementation of the above project are presented in the further part of the work.

The following part presents the reliability analysis of a network fragment based on
data from AMI meters. The calculations were made for the actual supply network serving
2000 energy consumers supplied from seven MV/LV transformer stations. The whole
network had a complete AMI infrastructure, both for the consumers and the metering
of MV/LV transformer stations. The analysis covered a period of 1 year, including over
100,000 events registered by PoC as well as more than 400 events registered by BM. In this
period, the OMS of the MV network in the area under scrutiny registered over 140 events.

Let us consider a fragment of a distribution grid covering the area marked as Area_id,
including MV and LV lines, transformers Tr_MV/LV_id, suppling network tracks NS_id, to
which consumers’ meters were connected at energy consumption points (PoC_id). Figure 1
presents a fragment of the network under analysis.

Figure 1. The analyzed simplified network structure with installed balancing meters (BM) and
customer meters (PoC) (the designations are described in the text).

There were also balancing meters (BM_id), installed at transformer stations Tr_MV/
LV_id and other points, as well as telecommunication infrastructure including concentra-
tors (C_id), sending the data to the Central Database System and the MDM system.

4.1. Registration of Events in the Analyzed Network Based on Data from Smart Meters
(Balancing/Customer)

• The balancing meters (BMs) installed in the MV/LV transformer station had wide
capabilities of making measurements and recording events, such as voltage drops,
voltage increases or power interruptions in individual phases. The algorithm of the
procedure for determining the actual interruption times that occurred in the power
grid located in the Area_id based on the events recorded by the PoC_id customer
meters and the BM_id balancing meters required a consistent data structure and
non-ambiguously defined relations;

• An important issue was the connection of events recorded in the BM_id balancing
meters with events from PoC_id meters. It was a necessary condition for the correct
determination of SAIDI and SAIFI values for particular levels of their granulation,
i.e., for the level of PoS consumer meters, BM balancing meters, NS network lines,
Tr_MV/LV transformer stations or the entire area. It should be noted that the balancing
meters (BM) installed in the MV/LV transformer station usually have different event
registration options as compared to PoC customers’ meters.
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4.2. Correlation of Events from the AMI System with Events Recorded in the Systems of the
Distribution Network Operator (e.g., SCADA/OMS)

• Another important issue is the unification (standardization) of the database structures
located in the Central Database System with the event logs of specific dispatch offices,
carried out within the Outage Management System (OMS). Attention should be paid
to the necessity to introduce a uniform event dictionary for the whole area or system;

• It cannot be ignored that the OMS records events differently from the AMI system.
The events recorded in AMI meters are consistent with the parameterization of the
meters (which can be changed by the AMI system operator within the functionality
of the meters themselves during their exploitation). On the other hand, OMS obtains
information about events automatically through various teletechnical devices, from
power protection automatics or circuit breakers. Some of the system events are the
scheduled board manipulations of the operator. The events recorded in the OMS
provide information whether the interruption that occurred was a scheduled inter-
ruption or an unscheduled one. OMS also provides information about the cause of
the interruption;

• Moreover, the AMI system may have a different resolution of event recording, e.g., it
may not record micro-interruptions. Therefore, the number of events recorded re-
spectively by customer meters in PoC and BM balancing meters installed in MV/LV
transformer stations may be different from OMS. The largest amount of information
about events is registered at the consumer meters;

• The assignment of a given PoC to the network track and the MV/LV transformer
provides information that cannot be obtained from the balancing meter;

• It is suggested that each elementary event is a separate item in the event log and is
uniquely identified by the “id” of the objects involved in the event. A fragment of the
event register for one balancing meter is presented in Table 1;

Table 1. Initial steps of the event record of a balancing meter.

BM_id SED SET EED EET N_CUSTOMERS CAUSE_id

1234567 2019-02-10 12:15:50 2019-02-10 12:28:01 45 n12

1234567 2019-02-13 15:59:03 2019-02-13 16:03:27 45 p30

1234567 2019-02-13 16:19:06 2019-02-13 17:06:20 45 p30

1234567 2019-02-13 17:07:18 2019-02-13 17:18:07 45 p10

1234567 2019-02-19 20:16:07 2019-02-19 20:18:07 45 n12

Where: BM_id–uniquely identifies a balancing meter in the system MDM; SED and
SET–onset of an event, EED and EET–end of an event, the attribute N_CUSTOMER deter-
mines the number PoC assigned to every BM, CAUSE_ID contains a code of the cause of
an event based on a vocabulary of scheduled and unscheduled events, as in OMS.

4.3. Calculation of SAIDI / SAIFI Indicators Broken down into for Particular Consumers, Network
Tracks, Transformer Stations

• During the procedure of determining SAIDI / SAIFI, it is necessary to correlate the
times of the events registered by balancing meters with the times of events registered
by customers’ meters assigned to a given network track, since their coincidence in
time is significant for the analysis;

• In order to correctly calculate reliability indices, it is key to take into account the
replacements of balancing and customer’s meters and changes in the network structure.
Modern fault location, isolation, and self-restoration systems are usually linked to
a Geographic Information System (GIS), which is capable of locating faults with
high precision and identifying objects affected by them. In the AMI system, it is the
customers’ meters and balancing meters that have specific physical attributes, such as
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geographical position, address, name, recorded events and, of course, measurement
data. Thus, PoC and BM link the actual measurement system and its parameters with
the measurement site. Thanks to this, each event registered by PoC and/or BM, which
is saved in the database environment, enables quick correlation analysis of events, and,
consequently, the identification and location of events;

• The use of modern database technologies that process data by means of a multidimen-
sional database—Online Analytical Processing ensures a fast response to failures in
the power grid. Figure 2 shows an example of using data from various systems: AMI,
SCADA, OMS, GIS and others, for the ongoing monitoring and management of events
as well as for ongoing data analysis with respect to the reliability and efficiency of the
power grid.

Figure 2. Model of data processing concerning the events recorded in the meters of the AMI system
integrated with other systems (e.g., OMS, SCADA, GIS) in order to obtain knowledge about the
condition of the power system.

5. Analysis and Presentation of Reliability of a Distribution Grid on the Basis of Data
Obtained from the System AMI in a Friendly Way for DSO Employees

The obtained results of calculations of SAIDI/SAIFI indicators for individual groups
of customers, LV network lines and MV/LV stations are saved to the database. The
tabular presentation of the obtained results is illegible, does not provide information about
the surveyed population and, moreover, their analysis is time-consuming. Graphical
presentation on charts, e.g., of the vioplot type, enables the transfer of information in an
efficient and fast manner, showing the distribution of the estimated statistical reliability
measures. Examples of suggestions for graphic presentation of the calculated distributions
of the SAIDI and SAIFI index values are presented in the further part of the work in
Figures 3 and 4.

According to the previously described procedure, the event times from the entire
AMI infrastructure were correlated. All events registered in BM were linked with events
from customer meters in PoC. In the next step of the procedure, events from AMI were
correlated with events from the OMS system (including events recorded by the SCADA
system). Determining the relations between events from different sources was necessary in
order to determine the actual values of the SAIDI and SAIFI of particular MV/LV stations
and individual consumers for scheduled and unscheduled interruptions. For the sake of
further analyses, it was also necessary to assign an event cause code in accordance with the
event dictionary, both for scheduled and unscheduled events, according to the OMS. The
research also supported an important practical conclusion, namely, that it was necessary to
synchronize the BM and PoC clocks with the SCADA system time (for practical purposes,
it could be assumed that the accuracy of the clock synchronization should not be below
0.1 s).

On the basis of the research, a statistical analysis was made of the calculated reliability
indices for scheduled interruptions (SAIDI_p, SAIFI_p) and for unscheduled interruptions
(SAIDI_np, SAIFI_np) for the MV/LV stations under test. The results of the calculations
were presented in the convenient form of a number of charts. This study used nonpara-
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metric estimation methods for the analysis of network reliability, so that the distribution of
estimated statistical measures was presented in a lucid way. One of the basic methods of
nonparametric estimation was the concept of kernel estimators, proposed at the turn of the
1950s and 1960s independently by Rosenblatt and Parzen, with their basic concept being
derived from the problem of estimating the density function of probability distribution.
Since then, many researchers have dealt with this subject, for example Silverman [35].

A typical problem to be dealt with by means of kernel density estimation (KDE) is
the determination of the probability density function of a random variable on the basis of
a sample. A practical application of KDE is illustrated in Figure 3, showing plots of the
SAIDI and SAIFI density functions of scheduled (left) and unscheduled (right) interruptions
obtained using the ks library kde function in the R environment [36].

Figure 3. Graphical presentation of reliability indicators for planned (SAIDI_p, SAIFI_p) and un-
planned (SAIDI_np, SAIFI_np) interruptions for MV/LV stations obtained using the kde function.

It should be noted that the reliability indices were obtained from various data sources,
i.e., PoC, BM and OMS. Figure 4 presents vioplot functions representing the results of
calculations of SAIDI_np for unscheduled interruptions obtained from PoC, BM and OMS,
performed in the R environment with the use of nonparametric methods.

Figure 4. Vioplots of SAIDI_np for unscheduled events in the MV/LV transformer stations obtained
on the basis of data from PoC, BM and OMS.

The differences visible in Figure 4 both resulted from the fact that the data from the
PoC meters contained all detailed information on individual outages of consumers. Some
of these events were not registered in the balancing meters or in the OMS. An important
issue was also the method of parameterization of consumers’ and balancing meters, as
well as a different method of event registration by the SCADA system. On the basis of the
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research, it was recommended that the reliability level should be analyzed by taking into
account jointly the information from the OMS system and the balancing meters. For the
identification and localization of local events (individual consumers), it was necessary to
correlate events from PoC that were not registered in the BM and/or OMS.

6. Selected AMI Projects Implemented by DSOs in Poland

In Poland, the first implementation of the AMI system began in 2010. First, extensive
technical and economic analyses were carried out, which indicated the benefits of implement-
ing such a system. In this section, two selected AMI projects implemented by distribution
network operators in Poland—Enea Operator and Tauron Dystrybucja are presented.

Enea Operator implemented the AMI system in its area, the purpose of which was
to dynamically determine the path of power supply to the Points of Consumption (PoC).
This system constantly monitors the normal network operation and its SAIDI/SAIFI. The
main goals of this project were to standardize the nomenclature for all data, implement a
common service bus and develop a notification application [37].

The final outcome of the project is dynamic determination of the power path for
the LV network. Ultimately, the project is to end with the full implementation of the
SCADA system at LV. The block diagram of dynamic data exchange for the AMI system
implemented at Enea Operator is shown in Figure 5.

Figure 5. PoC data flow in the target solution—dynamic data update [37].

The implementation of the project required Enea Operator to obtain and verify the
geographic coordinates of each PoC, unify the nomenclature in system databases-GIS,
SCADA, AMI, as well as to carry out physical verification in the field. Following the
initial assumptions, the entire process of determining the power path for each new point
of consumption is carried out automatically. The number of consumers in OMS is also
updated dynamically. SAIDI/SAIFI are calculated on the basis of constantly updated
data. In addition, the smartphone notification application for customer enables them to
report power failures in their households along with information on the failure/scheduled
shutdown status [37].

Tauron Dystrybucja has completed the AMIplus Smart City Wrocław project, the
aim of which was to develop an innovative platform application for advanced analysis of
large data sets from the AMI measurement infrastructure based on innovative models and
mathematical tools. The scope of the project included the installation of the measurement
infrastructure as part of the AMIplus Smart City Wrocław Project, currently with over
370,000 m. AMIplus provides to its customers current information on energy consumption.
The system is supplemented with the MDM platform shown in Figure 6. The functional
areas of the above-mentioned project include analytics of data from AMI electricity meters
installed at customers, analytics of data from balancing meters installed at MV/LV stations,
determination of SAIDI/SAIFI, determination of standard load profiles, and the identifi-
cation of illegal electricity consumption. Due to the requirement of flexible processing of
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large amounts of data, this research uses the cloud computing technology, and specifically
the Microsoft Azure solution in the Platform as a Service model.

Figure 6. The general conception of the MDM Platform. Own study based on [38].

AMIplus Smart City Wrocław is currently analyzing measurement data and events
from over 405,000 remote-reading meters. These meters send information about electricity
consumption in 15-min intervals, making about 1.1 million readings per month, which
amount to the data growth at the level of nearly 1 TB per month [38].

7. Conclusions

The analyses carried out in this study allow for the following conclusions:

• AMI is the basic element of Smart Grid, enabling the transmission of transparent infor-
mation about events occurring inside the LV grid and a key component of the system
SCADA_LV, which is a tool for the visualization of events on the LV grid schema;

• AMI provides the most reliable data for the precise location of disturbances in the grid,
and also for determining reliability indices for particular consumers, network tracks,
transformer stations etc.;

• AMI offers the following advantages for increasing reliability: identification and
location of faults; automatic sending of a message about a breakdown; lower cost of
restoring the energy supply; tracing transient states; knowledge on faults and better
consumer satisfaction as well as obtaining information on all anomalous events in the
grid, including theft, and effective control;

• Using the presented methodology we can obtain the values of the SAIDI and SAIFI.
Thanks to automated alerts from the AMI we get information on the occurrence of a
failure sooner, which will allow the DSO more efficient reduction of power outages.

Recommendations for future research:

• The current challenge for the AMI, apart from identifying and locating faults in the LV
network during disturbances, is also to supervise the quality of energy supplied to
a customer during its normal operation. It is the challenge of particular importance in
the areas of networks with high saturation of distributed generation in electricity storage
and charging stations for electric cars (e.g., voltage level regulation, network switching);

• It is advisable to carry out further research so that the AMI would provide fuller and
more reliable information that can be used it to obtain multifaceted knowledge about
the network;

• It is advisable to present the calculated values of the AIDI and SAIFI indicators in a
user-friendly manner. It is suggested to visualize the results of the reliability calculation
on the diagram of a LV distribution network together with the geographic map as
the background;

• IIoT solutions based on a combination of devices, including smart meters and clouds,
appear to be especially promising for future projects conducted by the DSO;

• The added value of the IIoT solutions lies in the possibility of exploiting available data
for fulfilling the DSM and DR tasks.
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Abbreviations

ADMS Advanced Distribution Management System
AMI Advanced Metering Infrastructure
BM balancing meter
DES Distributed Energy Sources
DR Demand Response
DSM Demand-Side Management
DSO Distribution System Operator
EPS Electricity Power System
GIS Geographic Information System
HAN Home Area Network
IIoT Industrial Internet of Things
KDE Kernel Density Estimation
LV Low Voltage
MDM Meter Data Management
MV Medium Voltage
OMS Outage Management System
PoC Points of Consumption
SAIDI System Average Interruption Duration Index
SAIDI_p SAIDI for scheduled interruptions
SAIDI_np SAIDI for for unscheduled interruptions
SAIFI System Average Interruption Frequency Index
SAIFI_p SAIFI for scheduled interruptions
SAIFI_np SAIFI for unscheduled interruptions
SCADA Supervisory Control and Data Acquisition
SG Smart Grid
SM Smart Metering
VPP Virtual Power Plants
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