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Abstract: Due to the deeper digitalization context in which Romania
is engaged, Distributie Energie Oltenia has proposed and developed a
digitalization strategy of which an important component is the smart
metering field, and with a broader horizon, smart metering solutions. As a
result of the development of the digitalization strategy, Distributie Energie
Oltenia has set itself to establish from the multitude of technical solutions,
both hardware and software, those that are suitable for the existing
network environment and ensure a considerable success rate. Thus, given
the implementation of the smart metering concept, within Distributie
Energie Oltenia, there were pilots that tested the available PLC (Power
Line Communication) technologies in the smart metering field. Also as part
of the smart metering concept, Distributie Energie Oltenia intends to
implement a series of sofiware applications that ensure both the acquisition
of data from smart meters and the management of large amounts of
information obtained as a result of the implementation of smart metering
systems.
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Rezumat: Datorita contextului de digitalizare tot mai profund in
care Romdnia este angrenata, Distributie Energie Oltenia si-a propus si a
realizat o strategie de digitalizare din care o componentd importantd este
domeniul contorizarii inteligente si cu un orizont mai deschis, solutii de
contorizare inteligentda. Ca urmare a dezvoltarii strategiei de digitalizare,
Distributie Energie Oltenia si-a propus sa stabileasca din multitudinea de
solutii tehnice, atat hardware cat si software pe cele care se preteazd
mediului de retea existent §i asigurd o rata de success considerabild intr-un
mediu de retea existent. Ca urmare a implementarii conceptului de smart
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metering (contorizare inteligenta), in cadrul Distributie Energie Oltenia,
au fost realizati piloti de testare a tehnologiilor de comunicatii disponibile
in domeniul contorizarii inteligente si bazate pe comunicatii de tip PLC
(Powe Line Communication). Tot ca parte a conceptului de smart metering,
Distributie Energie Oltenia si-a propus sa implementeze o serie de aplicatii
software care sa asigure atdt achizitia datelor de la contoarele inteligente
cdt si managementul cantitatilor mari de informatii obtinute ca urmare a
implementarii sistemelor de contorizare inteligenta.

Cuvinte cheie: smart, metering, inteligent, distributie, energie, oltenia, PLC,
solutii, contorizare, digitalizare, tehnologii, avansate

1. Introduction

In 2012, the European Bank for Reconstruction and Development
(EBRD) requested a feasibility and market study on smart meters, including
a cost-benefit analysis, to evaluate the possibilities of introducing smart
meters on the electricity, natural gas and thermal energy markets of
Romania. A.T. Kearney conducted this study stating that the implementation
of smart metering in the electricity sector has the potential to be a profitable
investment due to the benefits resulting from reducing network losses and
utility operating costs.

Based on this study by A.T. Kearney, ANRE published in 2013 the
Order 91/2013, an order that was subsequently supplemented with the Order
145/2014, normative acts regulating the conditions for the implementation of
smart metering systems.

As a result of these normative acts, Distributie Energie Oltenia, has
implemented since 2013 three Pilot projects on smart metering systems.

2. Pilot projects

The first step in the implementation of pilot projects for electricity
smart metering was to choose an existing solution on the market, one that
would have proven its maturity and results in the electricity field. A solution
based on PLC (Power Line Communication) type with S-FSK signal
modulation was chosen, one of the most viable at that moment in the
electricity market both in terms of implementation costs and of the results
and the degree of adoption existing at that time.

It should also be taken into account that the smart metering system
field had not yet known the technological advance that it is being reached
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and due to this aspect, the variety of solutions that the operator could choose
was not very large.

Therefore, in 2013 Distributie Energie Oltenia, realized the first Pilot
for the implementation of a smart metering system, for a number of about
1,000 consumers placed in Craiova municipality, Dolj county, in a
disadvantaged area as urban area, and Sétic locality from Arges County as
well as the localities Carceni and Cordun from Mehedinti County as rural
areas.

The implementation of the smart metering system continued in 2014
when a new pilot project aimed at expanding the system implemented a year
before by adding about 12,000 smart meters in different areas (houses and
apartment buildings) in Craiova, Dolj County as urban area and also the
localities Carcea and Podari from Dolj County, as rural areas.

In 2015, Distributie Energie Oltenia made the last pilot project that
approached as a technical solution the implementation of a smart metering
system using the PLC technology with S-FSK modulation. This time the
number of meters implemented was about 20,000 and the project was carried
out in mixed areas of houses and apartment buildings in Craiova and in
Carcea locality in Dolj County.
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Figure 1. The architecture of a smart metering system implemented within Distributie
Energie Oltenia

In 2016, as a result of the technological advancement registered by the
smart metering systems market, but also in order to find a solution that can
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cope with the different types of problems identified in the transmission of
data within the system, Distributie Energie Oltenia makes a Pilot project in
Mogosesti, Olt county, project incorporating approximately 65 smart meters
that use BroadBandPLC for data transmission. A new technology on the
market, with good results in the tests carried out by different manufacturers.

Due to the very rapid technological advancement registered by the
smart metering systems, the need to reduce the costs with the maintenance
of the smart metering systems and at the same time the desire to implement
an open, interoperable and interchangeable system, for Distributie Energie
Oltenia it occurred the need to test alternative PLC technologies other than
S-FSK PLC.

In view of these aspects, in 2017, Distributie Energia Oltenia started a
project to test new technologies, in which it set out to analyze the response
of the new PLC technologies available to the problems raised by the
electricity distribution network. Two technologies were chosen for testing,
which had shown their maturity in development, namely G3-PLC and PLC
PRIME. The project involved 5 manufacturers of data concentrators and
smart meters in Europe, some of them offering both G3-PLC and PLC
PRIME equipment.

In carrying out the project, an important step was the choice of the test
areas for the field testing stage of the equipment, as the purpose was to
capture various cases in the distribution network. At the same time,
Distributie Energie Oltenia wanted to capture areas similar to those in which
it intends to perform the roll-out stage of the smart metering system.
Therefore, when choosing the areas, a number of technical factors were
taken into account (the existence of disturbances in the distribution network
in which the tests are carried out, adjacent substations for testing the effect
of "cross-talk", transformer stations with long-distance between the data
concentrator and the first smart meter for high signal attenuation, etc.) but
also for a number of administrative or geographical factors such as (high-
density consumer in apartment building areas, substation areas with more
than 200 clients assigned to the respective substation, etc.).

The project was carried out in two stages, a testing stage of the
equipment in laboratory and a testing stage of the equipment in the field,
with the monitoring of some performance indicators established from the
beginning of the project.

In the laboratory testing phase, it was mainly considered to perform
local tests on equipment by direct and not remote connection to equipment,
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and at the same time to test the interoperability and interchangeability for the
available equipment.

= 182 contoare ADD (151 instalate) masurarea consumului
= 127 (126 instalate) conteare Elster , masurarea consumului

= 16 (16 instalate) contoare ZIV, plasate in cutii mari (contoare 4 X 4 )

l

= 16 (16 instalate) contoare Sagemcom, plasate in cutii mari (contoare
4X4)
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Figure 2. Choosing the implementation areas for smart metering pilots using the G3-PLC
and PLC PRIME technologies
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The field testing phase aimed to observe the response of the
technologies to the particularities of each part of the network (disturbances,
attenuations, etc.) and, at the same time, to monitor some parameters of
availability of the communication of the meters with the data concentrator
and Head-End-System.

The most important parameters monitored within the project were the
following:

PLC PRIME:

* The total time of registration of the meters in DC

ADD: Very good (> 99%) of meters registered under 30 seconds

ZIV: Low (88.5%) of meters registered under 30 seconds. This
percentage is also significantly influenced by the presence of disturbances in
the installation area

e Instability of topology

ADD: Average (16%) Percentage of communication nodes. No filters
installed
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ZIV: High (30%) percentage of communication nodes. PLC network
instability. Two signal filters installed.

e Availability of communication

ADD: Communication availability> 95.5% for all installed meters.

ZIV: About 90% communication availability.

e Application data

ADD: 99.94% in the first 24 hours, and 100% in 48 hours.

ZIV: 100% success rate for 15-minute load curves and indices.

NOTES:

Even though the KPIs for both providers are approximately equal,
around 100%, it should not be neglected that ZIV equipment was installed in
a network area with considerable disturbances;

In order to avoid the disturbance problems identified in the project, it
is recommended to use PRIME v.1.4 with the possibility of accessing the
FCC band.
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Figure 3. Successful data exchange Figure 4. KPI Charts over a period of time
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time interval (operational tests)

:: a “,‘I“._, (N | Ails - m i?’\- il /
100 Wit .‘.fn v [y "VLL j -1»"' u,.!l‘ W ‘:‘ﬁwa‘ # \f

40

N T P SV STV I RV WY S

Figure 5. Number of nodes connected in 10 min.
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Figure 6. Hierarchical structure of the communication nodes
in the ZIV project

PLC PRIME INTEROPERABILITY TESTS:

e Field-tested interoperability:

Interoperability in PLC - PRIME succeeded 100% in the laboratory for
the following configurations (which use the same data model):

ZIV DC and ZIV and Sagemcom meters

Circuitor DC and ZIV and Sagemcom meters

¢ Field-tested interoperability:

Interoperability in PLC - PRIME has succeeded in the field in the
following configurations of meters, having the following data models
(Spanish T5 and Polish Data Model):

ZIV DC with ZIV, Sagemcom and ADD meters;

ADD meters were authenticated in the data concentrator only at the
DLMS level because the data models were different. It is necessary to
customize data models so that interoperability can be achieved;

¢ Conclusions:

It was tested the interoperability for four equipment manufacturers
(ADD, ZIV, Circuitor and Sagemcom)

In the laboratory tests it was necessary to know the security criteria
(equipment management passwords, reading passwords, etc.) for the
achievement of interoperability.
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Figure 7. Mounting equipment and performing interoperability tests in the laboratory
G3-PLC:

e Average daily time for data availability

Elster: 99.88% (95.12%) (March 2-8)

Sagemcom 100% (March 21 to 28)

e The average hourly time of data availability

Elster: 97.65% (7 days)

Sagemcom 95% (5 days)

e Average daily time of communication availability

Elster: 98.22% (7 days)

Sagemcom 94.55% (5 days)

e PLC network topology

It is complete and stable even under noise conditions;

No filters were used;

For roll-out, it is estimated 1% of the filters from the no. of meters;

The Sagemcom solution was tested in the noise area and worked with
a single filter installed;

* source @ route W destin
ation

Figure 8. Topology of the communications network for the two implementations
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G3-PLC INTEROPERABILITY TESTS:

- OK: PLC connectivity
» Sagemcom meters registered in the Elster concentrator after
configuring the PSK keys;
- OK: Connectivity to the public client
» Sagemcom meters were read by the Elster concentrator without
the need for Security criteria;
- OK: Connectivity of the reading and association client
» The reading was executed with the DLMS application, property
of Elster
-FAILED: Management of readings in HES
» Registering Sagemcom meters in the HES application, property
of Elster requires modification of the data model.

NOTES:
- Interoperability was only partially achieved due to different data
models (IDIS for Elster and Linky for Sagemcom);
- Before starting the roll-out it is necessary to define a data model
and test the interoperability;

Figure 9. Testing G3-PLC equipment in the laboratory
3. Future implementation strategy

With the publication of Order no. 177/2018 but also due to the
experience gained in the implementation and use of different smart metering
systems, but also as a result of the digitalization objective, Distributie
Energie Oltenia intends to implement in the next period an open smart
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metering system in order to respond positively to most of the challenges that
the electricity distribution grid has in such a system. Therefore, in the future
period, Distributie Energie Oltenia intends to implement a number of
approximately 600,000 smart meters, out of all the clients that Distributie
Energie Oltenia serves.

The previous experience gained by Distributie Energie Oltenia in the
implementation of smart metering systems has shown that beyond the
installation of smart meters and communication equipment, there are a
number of factors that must be taken into account when implementing smart
metering, as follows:

» Selection of high priority areas for implementation based on the
analysis of multiple criteria for the planned implementation during
2019-2028;

» In order to build an open system that allows interoperability and
interchangeability, it is necessary to define a unique data model for
the equipment, integral part of the smart metering system, to
observe;

» Defining modus operandi (procedures, organization, logistics, etc.)
pre-installation, installation and post-installation of the smart
metering system;

» Preparation of customer involvement strategy before, during and
after installation;

» Defining the risk register and mitigation actions proposed;

4. Software applications as part of the smart metering system

As a result of the implementation of the smart metering systems on a
large scale, Distributie Energie Oltenia saw the perspective and the need to
take an additional step in what the concept of digitalization means. This step
represents the realization of software applications that ensure the transfer of
data from the smart meters and management of these very large amounts of
data.

In this sense, as a result of a project funded from European funds,
Distributie Energie Oltenia has acquired and is going to implement a data
acquisition application from smart meters, an MMDC (Multi-Meter Data
Collector) application and a smart meters data management application, the
MDMS (Meter Data Management System) application.

The MMDC (Multi-Meter Data Collector) application is a universal
head-end-system that Distributie Energie Oltenia intends to use to collect
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data from all the smart meters installed in the distribution network, whether
we are talking about existing or future meters, whether we are talking about
PLC communication meters or GSM / GPRS meters, or talking about
Advanced Meter Reading (AMR) meters or talking about Advanced Meter
Management (AMM) meters. As basic functionalities, the MMDC
application stands out by:

» Data acquisition (readings, load curves, events, etc.) from smart
meters;

Management of smart equipment integrated in the communications
network;

Remote parameterization of smart meters;

Management of data regarding communication with smart meters;
Ensuring the functions of remote disconnection / reconnection;
Updating the firmware for smart meters;

Given the scalability of the smart metering system and its development
perspective, Distributie Energie Oltenia aims at developing an MDMS type
application with the following functionalities:

» Validation, estimation and editing consumption data;

» Management of orders related to the activity of electricity metering;

» Managing events transmitted by smart meters;

» Calculation of electricity loss indicators;
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