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Agenda

• Situación del Smart Metering eléctrico 
en los países de la Unión Europea

• Calendario de implantación de los 
contadores inteligentes en España

• Tecnologías aplicadas: PRIME & DLMS

15:29:5
6

2



Visibility of the Grid 

Medium
Voltage

Low Voltage

C

15:29:5
6

3



# Primary Substations
~380

~38.000

~3.800.000
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The focus is on MV and LV level
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Legend
1. Generation 
2. Transport 
3. Electrical Substation 
4. Transformer 
5. Low Voltage Distribution 
6. Network Operation Center

MV and LV level

Extension of the monitoring and 
control of the distribution network.

Innovation in new equipment and 
services is required.
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EU progress on Smart Metering

Jun. 2014, EC

CBA Positive CBA Positive
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16 Member States with Wide-Scale Roll-out by 2020.
72% EU electricity consumers with a smart meter by 2020
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Sweden 2003 2009 Completed

Italy 2001 2011 Completed (ENEL: 2001-2006)

Finland Mandated 2009 2013

Malta Mandated 2009 2013

Spain Mandated 2011 2018

Austria Mandated 2012 2019

Poland Under Discussion 2012 2020

Estonia Mandated 2013 2017

Romania Under Discussion 2013 2020

Greece Mandated 2014 2020

UK Mandated 2014 2020

France Mandated (timetable TBC) 2014 2020

Netherlands Mandated (timetable TBC) 2014 2020

Denmark Mandated (1.5mn SM already installed) ? 2020

Luxembourg Mandated 2015 2018

Ireland Mandated 2016 2019

Overview on national roll-out plans
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European Distribution EDSO
70% coverage Supply Points
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EDSO for Smart Grids
Smart Grids projects
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Replacement of Electric Meters
Regulatory Environment

All smart meters as power supplies with a contracte d up to 15 kW
must be replaced by new equipment that enables remo te 
management time discrimination and before December 31, 2018.

ITC/3860/2007 
Ministerial Order 
of 28 December

Royal Decree 
1110/2007, of 

August 24

Orden 
IET/290/2012, 

de 16 de febrero

The Ministry of Industry, Tourism and Trade decided ...

By establishing the unified measurement points of the electrical system 
regulation defines the functions of the new measuring equipment (smart 
meter).

By amending the ITC/3860/2007 of 28 December, the electricity tariffs 
from 1 January 2008 as regards the meter replacement plan.

EC recommendations on preparations for the deployment of smart meters (March 2012)
European Directive on Energy Efficiency (Oct 2012)
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Metering equipment
Regulation of Metering Points

Nº
Metering 

Points

Nº
Metering 

Points

PowerPower

EnergyEnergy

1.0001.000 21.00021.000 140.000140.000
700.000700.000

27.700.00027.700.000

> 10 MW> 10 MW > 450 
kW

> 450 
kW > 50 kW> 50 kW > 15 kW> 15 kW < 15 kW< 15 kW

20 %20 % 20 %20 %
10 %10 % 10 %10 %

40 %40 %

1 2 3 4 5
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Deployed Solution
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Deployed Solution
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Modular Substation Manager (MSM)
Communication Router

Modular Station Manager : Modular and 
comprehensive solution in which the data 
concentrator is integrated with other devices.MeterMeter

MV Fault
Location
MV Fault
Location

Battery
+ Charger

Battery
+ Charger

IEC-60870-104Web Services & FTPXML

HEAD-END Multiprotocol Connectors

MV Remote 
Terminal Unit
MV Remote 

Terminal Unit

Alarms

1 Gestor de Centros de Transformación: Secondary Substation Manager

Functional Scheme

MV
Monitoring

MV
Monitoring

RouterRouter

LV  Data
Concentrator

Base Node

LV  Data
Concentrator

Base Node

11

MV Analyzer33

44

Voltage & Current Sensors

Current 
Sensors

LV Analyzer
Service Node
LV Analyzer

Service Node

MeterMeterMeterMeter
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Some real installations
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Some real installations
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Some real installations
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Sensors are needed
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Sensors are needed
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Sensors are needed
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Sensors are needed
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Sensors for Digital Inputs
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Deployed Solution

27

Private 
Communications 

Network

Private 
Communications 

Network

Public
Communications 

Network

Public
Communications 

Network

MV line

MT/BT
Primary

Substation

# 1
Smart
Meters

# 2

Transformer

DSO Information Hub

3G/GPRS
Optical
Fiber

PLC MV

Secondary
Substation

MV

LV

Stakeholders

Home

Smart Meters
(Residential)

E-Box

15:29:5
6

27



Technology Deployed
Residential remote metering

IET/290/2012 Order of 16 February amending 
Order ITC/3860/200728 December Replacing 
3.7million meters (Union Fenosa Distribution)

Plan Milestones

1 We have installed > 1.250.000 meters
The main solution adopted is based on PLC 
technology (using technology communications 
protocol PRIME under DLMS / COSEM, which 
guarantees public access and open, and 
therefore the possibility to have multiple 
suppliers

1 Updated at December 2014
15:29:5
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December 2014: 35%
December 2016: 35%
December 2018: 30%



Technology Deployed
Residential remote metering
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PRIME technology is 
beginning to spread 
worldwide



PRIME Technology
Iberdrola, Gas Natural Fenosa, EDP, etc

PRIME (PoweRline Intelligent Metering 
Evolution) today is a mature, consolidated and 
worldwide PLC standard for Advanced 
Metering, Grid Control and Asset Monitoring 
applications and the objective to establish a 
set of open international PLC standards has 
been met.

More than 14 million consumers in Spain 
share the same smart meter.
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• Common specification of Smart Meter.
• DLMS Companion.
• PLC-PRIME
• Approval Process (Lab External)
• Open Protocol between MSM 

(Concentrator) and MDC (Meter Data 
Collector)



Smart Meters
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MDC, Meter Data Collection
DLMS COSEM 

15:29:5
6

32

DLMS Device 
Language 
Message 
Specification 

COSEM 
COmpanion 
Specification for 
Energy Metering



Smart Meters

Billing Profile
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The billing profile structure for residential 
meters is based on contracts . Contracts 
are the parameters needed for calculation on 
the measure values in order to apply for a 
singular tariff.

The groups of parameters of each contract 
are:

- Seasons: period of time during the 
year when billing conditions are always 
the same.

- Week profiles and special days : 
period of time during the week when 
billing conditions are always the same.

- Day profiles : discrimination of time 
along the day

- Tariff periods : blocks of time when 
the same billing is applied

There must be at least three contracts.

Daily billing information collect an 
array of total and rated values for 
energy magnitudes A+, A-, QI, QII, 
QIII and QIV. 

Every day, it is stored at 00:00:00 
the absolute measure if the six 
magnitudes. The array has a 
maximum of 10 registers (10 days). 
The units are kWh for active energy 
and kvarh for reactive energy. 



Smart Meters
Load Profiles
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Load Profiles structure residential 
meters . 

Hourly load profile : The meter must store 
six incremental energy values measured 
each hour during at least 3 months. These 
measures are:

• Active energy A+
• Active energy A-

• Reactive energy QI
• Reactive energy QII
• Reactive energy QIII
• Reactive energy QIV

Daily load profile: The meter must store 
every day at 00:00:00 the absolute energy 
value of six measures.

Incremental energy value means that the 
stored value is the energy measured in 
one period time. In hourly load profile, 
period time is 60 min by default. 

The date-time stamp for the values stored 
is the date-time at the end of a period 
time.



Type 5 Meters (<15KW)
Smart Meters Features

1. Instantaneous measurement of voltage, current and 
power factor per phase, as well as instantaneous network 
frequency.

2. Load profile recording. 6 energy values (imported and 
exported active energy and reactive in the 4 quadrants) 
either total or by the corresponding tariff.

3. Versatile Time of Use (TOU) module , providing up to 
three complete and independent contracts, each with an 
independent tariff configuration, 6 tariff periods per day, 10 
types of ordinary days, 12 types of special days, up to 12 
seasons, and a maximum of 30 special days.

4. Maximum Demand Recording (MDR) for each of the 
programmed tariffs. 

5. Time synchronization
6. Event recording . Event and alarm recording with broad set 

of manageable events
7. Power Quality recording . Voltage variations outside the 

established thresholds and long term voltage interruptions.
8. Breaking and reconnection elements for remote switching 

operations, power control and demand side management..
9. Self-diagnostics and monitoring.
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Smart Meters
Load Profiles
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Daily billing 
information is the same 
for all the consumers , 
but now it is important 
when the energy is 
consumed. 

This information is 
provided by smart 
meters



Smart Meters, Event Codes
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Six groups which cover 
up to 200 events



Event Codes, Examples
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Event Codes, Examples
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Event Codes, Examples
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The information could provide the meter is diverse and complete. The meter is a sensor  of the 
LV network and can report its status



Event Codes, Examples
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Event Codes, Examples
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Event Codes, Examples
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The smart meter 
is prepared for 
demand 
management



PRIME Technology

PRIME Specification Version 1.4
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https://www.youtube.com/watch?v=HyiVPdU-Jpw#t=30



Contadores Inteligentes
Beneficios para los Usuarios

Tarifas

Lecturas

Incidencias

Gestión

• Permitirán contabilizar la energía consumida por tramos horarios y 
facilitarán la liberalización del mercado. 

• El consumidor podrá optar a un mayor número de tarifas y decidir cuál es 
la que más le conviene, además de trasladar su consumo a los tramos 
en los que la electricidad sea más barata.

• Ajuste de mejor potencia contratada 

• Las facturas serán siempre reales, no estimadas.

• Las incidencias se detectarán y se resolverán de manera más rápida.
• Mejora de la calidad del suministro eléctrico

• Los usuarios podrán activar o modificar numerosos servicios 
rápidamente y desde su ordenador: altas y bajas de nuevos suministros, 
cambios en la potencia contratada, etc. 

1

2

3

4

Eficiencia 
Energética

• Existe un potencial de ahorro significativo independientemente de los 
nuevos contadores

45



Los hábitos de eficiencia energética que aparecen más extendidos son los siguientes:
•Precaución de despejar las ranuras de ventilación de electrodomésticos y no tapar la superficie de 
los radiadores.
•No introducir comida caliente en el frigorífico.
•Revisar el estado de las luces y los equipos antes de acostarse.
•Uso eficiente de la lavadora y el lavavajillas (esperar siempre a llenarla lavadora para ponerla-Lavar 
en frío y esperar siempre a llenar el lavavajillas para ponerlo).
•Utilizar adecuadamente la calefacción cuando no hay nadie en el hogar y/o por la noche (apagarla o 
bajarla).

Loshábitos poco eficientes 
más extendidos entre la 
población son los siguientes: 
:
•Poca frecuencia con la que 
se cambia la goma de la 
puerta del frigorífico.
•Desconocimiento o uso 
inadecuado de los sistemas 
de reducción del caudal de 
agua en los grifos.
•Desconocimiento de tarifas 
y potencia energética de sus 
hogares.

Pero podemos mejorar la eficiencia 
sin contadores inteligentes
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Eficiencia Energética



MDC, Meter Data Collector
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Meter Data 
Collector, MDC

FTP
Web Services

The information flux between the MDC 
System and MSM (Modular Substation 
Manager) will be in both Directions

1.The MDC can send an order or 
request a report  to de MSM will proceed  
to the corresponding actions or answer 
with the requested values

2.The MSM will be able to send to the 
MDC information such as:

- Data programmed to be sent to 
the MDC in MSM internal task.

- Events occurred in a meter or in 
the concentrator itself

Modular 
Substation 
Manager, MSM



• B02 - Power modification 
• B03 - Cut-off / Reconnection 
• B04 - Contract modifications 
• B05 - Meter firmware update 
• B06 - Meter Activation Control
• B07 - Modification of the concentrator
• B08 - Concentrator firmware update
• B09 - Meter parameters modification 

Information exchanged
MDC, Meter Data Collection 
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Orders from MDC (System) to MSM 
(Concentrator)
Orders from MDC (System) to MSM 
(Concentrator)

Reports from MSM (Concentrator) to MDC 
(System)
Reports from MSM (Concentrator) to MDC 
(System)

• S01 - Instant data values 
• S02 - Load Profile – Daily Incremental 
• S04 - Monthly billing profile
• S05 - Daily billing values profile 
• S06 - Meter Parameters 

• S07 - Voltage Failure report 
• S08 - Quality Power report 
• S09 - Meter Events 
• S10 - Intruder equipment in PLC
• S11 - Base Node PLC Information
• S12 - Concentrator parameters
• S13 - Meter spontaneous event 
• S14 - Voltage and current profile 
• S15 - Spontaneous concentrator events
• S17 - Concentrator Events
• S18 - Cut-Off & Reconnection
• S19 - Meter Firmware update
• S21 - Advanced Instant data values
• S23 - Contract definition 
• S26 - Instant data values on demand
• S27 - Current billing values on demand 



Communication Statistics related messages
• G01 - Report of hourly communication 

statistic with meters.
• G02 - Report of daily communication statistic 

with meters.

Supervision meters related messages
• G03 - Report of average curve (MED) of 

voltages, currents and powers.
• G04 - Report of maximum curve (MAX) of 

voltages, currents and powers.
• G05 - Report of minimum curve (MIN) of 

voltages, currents and powers.
• G06 - Report of instant value curve (MOM) 

of voltages, currents and powers.
• G07 - Report of average curve (MED) of 

unbalance and harmonics.
• G08 - Report of extended meter parameters

Information exchanged
MDC, Meter Data Collection 
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Reports from MSM (Concentrator) to MDC 
(System)
Reports from MSM (Concentrator) to MDC 
(System)

DC Configuration Messages
• G09 - Report of digital I/O parameters

• G10  Work in progress 
• G11  Requests and tasks log 
• G12  DC’s performance log
• G13  FTP transferred file log
• G14  Meter’s firmware update
• G21  Report of instantaneous values (INS) 

of voltages, currents and powers



MDC, Meter Data Collection
How Does it works?
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OperationsOperations

ReadingsReadings

EventsEvents

• Smart Meters are 
programmed to send their 
Daily Billing Profile and 
Load Profile every 
midnight to the System.

• Furthermore, a Monthly 
billing profile is sending 
the first day of each 
month.

• Events and additional 
information is sent 
spontaneously or on 
request depending on the 
configuration.

11

22
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Reports: Daily Billing and
Load curve
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All curves are stored and are 
working to make them available 
to different agents.

One day

Two Weeks



Meter parameters, 
Definition of contract
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All information on contracts and meter data is automatically 
filled in the MDC.



Why load curve is necessary?
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More information to the consumer could help to 
improve energy use and energy efficiency

The PVPC (Voluntary Price for Small 
Consumer) new method designed  for 
the Government around smart meters, 
which for calculate the price for 
consumers takes into account the cost 
of generating electricity, access fee and 
the corresponding retailing costs. 
It Is calculated on the basis of the 
hourly price of the daily and intraday 
markets. 

Non regulated 
market

Regulated 
Market & < 10 kW 
(14,4 Millions 
Costumers)

Retailer

11
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http://www.omie.es/en/home/markets-and-products/electricity-market/pvpc



Why load curve is necessary?
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More information to the consumer could help to 
improve energy use and energy efficiency

En la actualidad, sobre un total de
27,6 millones de consumidores 
existentes en España, 25,5 millones 
(92%) tienen derecho al PVPC. Del total 
de éstos, 14,4 millones (57%) están 
acogidos al PVPC y el resto (43%) tiene 
un contrato con un comercializador libre. 
En la tarifa 2.0 A, la más numerosa 
dentro del PVPC (13,7 millones de 
consumidores)

Non regulated 
market

Regulated 
Market & < 10 kW 
(14,4Millions 
Costumers)

Retailer

11

22

http://www.omie.es/en/home/markets-and-products/electricity-market/pvpc



Why load curve is necessary?
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Why load curve is necessary?
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Same energy but 
different amount to pay
31 days x 24 Hourly 
Measure x Hourly price

∑Ei 
x Pi
∑Ei 
x Pi



Grid Integration Laboratory 
Equipment outside the building

COR
SSE

E

Training 
Building

LINTER

Gas 
Taller

Parking

Security
Control

The substation is located within a plot, on the southern edge of Manzanares River, close to the 30 
Street , in Madrid, and it shares the facilities of the University  Corporate Company and offices of the 
high-voltage network operation.
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(LINTER) 
Smart Secondary Substation I 

Battery + 
charger

RTU

LV Advanced
Supervisor

Schneider

Advanced Supervisor

Data Concentrator

DPF

Router

LV Board

MV/LV 
Transformer

MV Board

Schneider
Transformer 
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Interoperability Laboratory 

• There are currently 6cabinets 
with 48 meters, so you have 
almost 300 smart meters. 

• Each cabinet is made up of 
blocks of 12 meters, which can 
simulate real situations using 
variable impedances.

• All cabinets and meters with 
different architectures can be 
connected in series, parallel, 
etc, the MSM to provide the 
highest possible casuistic.
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One step beyond: Index of the Certificate of 
Homologation

1. Equipment identification
2. Reference documents
3. Documentation submitted by the manufacturer
4. Reason Certification / Re-Certification

1. Changes FW MID.
2. DLMS Changes FW.

PRIME FW changes.
3. Changes FW CEM.

5. Essays
1. Functional tests

1. Tariff change with auxiliary relay Essays
2. Cutting element Essays.

2. Hardware Analysis Essays
3. TESTS

1. First firmware update test
2. General tests with Data Concentrator 1
3. Specific Tests  with Data Concentrator 1
4. General tests with Data Concentrator 2

15:29:5
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Moltes gràcies

mgaudo@gasnatural.com



MDC, Meter Data Collection 
15:29:56
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The information is transmitted in 
non-readable format to the 
MDC.



1. Loss of control over grid 
devices.

2. Tampering with data 
communications among 
control equipment and 
central offices.

3. Power fraud.
4. Loss of communication 

between grid entities or 
control centres.

5. Blackouts.
6. Power routing infrastructure 

attacks.
7. Denial-of-service attacks.
8. Cascading failures.
9. Corporate espionage.
10. Privacy-related incidents.
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Esta presentación es propiedad de Gas Natural Fenos a. 
Tanto su contenido temático como diseño gráfico es para 
uso exclusivo de su personal.

©Copyright Gas Natural SDG, S.A.
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