
Power Line Communications 
(PLC) is often considered as the 
most adequate communications 

technology for Smart Grid deployments. 
More recently, interest is being renewed 
in deploying of PLC for its originally 
intended use: utility operational purposes 
(data transmission) for substation 
remote control services. Today, PLC 
technologies are part of the core of the 
telecommunications architecture for 
an increasing number of Smart Grid 
deployments across the world. However, 
there is still a lack of architectural 
references and on-field results.

The Smart Grid is making electric 
utilities move from traditional grids to new 
structures that improve their services, 
mainly in terms of customer involvement. 
Smart Grids are possible thanks to the 
network deployment of Information and 
Communications Technology (ICT). 
For this purpose, telecommunications 
technologies play a fundamental role in 
ongoing rollouts, as millions of end-points 
need to communicate amongst them and 
with central systems.

Smart Grids make considerable use 
of existing technologies and systems. 
Utilities deploy a mix of public and 
private telecommunication services 
that is dependent on balance of capital 
and operational expenditures, and in 
accordance with required service levels 
for each of the operational needs (control, 
supervision, metering, etc.). It is generally 
accepted that no unique solution fits all 
utilities’ Smart Grid needs. Private PLC 
telecommunication solutions will always 
suit a great percentage of utilities’ needs.

Technical literature has extensively 
addressed the use of PLC for Smart 
Grids, but there are no global references 
and design guidelines. This article 
focuses on the application of PLC 
for the design and deployment of the 
telecommunications architecture at 
Iberdrola based on real deployment 
experiences in Spain. A pilot was 

implemented at a municipality in Spain 
with 100,679 electricity customers 
181,439 inhabitants, and 531 private 
Secondary Substations (SS’s). 
Deployment to cover the rest of the area 
in Spain is in process, and reached over 
6,200 data concentrators in SS’s and  
2.5 million Smart Meters. 

SMART GRID AND SMART METERING
Smart Metering is often referred to as a 
component or phase of Smart Grid

A meter is an electric device which 
can be found at Points of electricity Supply 
(PoS), where customers are located, 
totalising the electric energy consumed 
by users over a given time period. Since 
the advent of Smart Grids there is a trend 
towards massive deployment of electronic 
meters that allows for central systems 
remote access. Telecommunications 
networks are needed for this purpose.

PLC COMMUNICATIONS 
ARCHITECTURE FOR SMART 
METERING AND SMART GRID 
DEPLOYMENTS
A major characteristic of the Smart 
Grid is the number of devices that 

need communication services. 
Additionally, to access millions of PoS, 
telecommunications services must be 
delivered to every premise that is part of 
the infrastructure for electricity service 
provision.

It is therefore necessary to combine 
multiple telecommunications technologies. 
PLC allows utilities to cost effectively 
deploy its own private network. At the 
same time, PLC is inherently integrated 
with the electricity infrastructure; MV 
and LV lines can be used to transport 
telecommunications signals.

BPL extended domain Local Area 
Networks (LANs) to interconnect SS’s 
is proposed. These LANs will rely on a 
certain number of backbone connections 
towards central systems (various non 
PLC technologies), and NB (Narrow 
Band) communications towards meters 
by means of gateways in the SS’s.

The architecture (Figure 1) is based 
on BPL, for the telecommunications 
networks that connect SS’s among them. 
BPL over MV networks enables the 
creation of layer-2 networks with speeds 
in tens of Mbps, and is able to overcome 
hostile electricity grid conditions.

NB PLC is also part of the 
architecture, for smart meter (PoS) 

Smart meter  
applications in Iberdrola –  
A Spanish case study

Figure 1. PLC technology 
architecture for Smart Grid
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access. PLC over LV grids enables the 
connection of all meters to their SS’s 
for meter remote control and reading 
purposes. In the case of Iberdrola, the 
chosen technology is PRIME.

MEDIUM VOLTAGE ELECTRICITY 
GRID
SS’s are the natural locations in which 
Smart Grid information is concentrated. A 
main challenge for Smart Grid is for SS’s 
to effectively communicate with central 
utility systems. This can be achieved 
through individual connectivity or the 
connectivity of groups of SS’s among 
them, and from one of them towards the 
central systems.

SS’s are usually placed in close 
proximity to the LV networks they 
serve. This implies a broad SS range of 
different types and sizes depending on 
the area (urban, suburban or rural) and 
consumption levels. 

There is a well-known range of 
devices available for broadband MV 
PLC injection that allows for the safe and 
stable injection of PLC signals on electric 
conductors. These solutions need to be 
well integrated into the existing electricity 
infrastructure. MV network information 
is fundamental to design PLC networks 
using MV feeders that connect SS’s, so 
that the performance obtained by this 
network is predictable and reliable.

FACTORS AFFECTING THE 
PERFORMANCE OF MV PLC 
COMMUNICATIONS NETWORKS
Two main factors impact the performance 
of MV PLC networks. The first one is 
attenuation. This parameter increases 
with frequency and distance, and as 
a consequence, larger MV links have 
to use frequencies in lower bands to 
guarantee a minimum performance.

The second factor is associated 
with medium access control (MAC) 
techniques. Time Division Multiple 
Access (TDMA) makes network planning 
and configuration a viable process. One 
of the most common ways of planning 
MV PLC networks is to define TDMA 
domains that use a certain frequency 
band and are able to co-exist with 
adjacent TDMA domains in a different 
band. Bands can be reused further away 
if provisions for guard distance over MV 
cables, or MV cables duct sharing, are 
taken to avoid interferences.

The materials of the MV cables are 
also relevant in this analysis. Attenuation 
and interference aspects must consider 
that there are different cable types in MV 

grids, with different construction materials 
and internal configuration. Not only 
overhead and underground cables must 
be considered separately, but aspects 
referred to inner design must be studied.

Extensive studies, including real 
MV infrastructure have tried to ease 
PLC systems design, but they lack the 
real-world guidelines for a utility to deploy 
those systems over its infrastructure.

MV PLC COMMUNICATION, 
PLANNING AND RESULTS
Technology and Standards
Two international standards are relevant. 
The IEEE 1901 ‘Standard for Broadband 
over Power Line Networks: Medium 
Access Control and Physical Layer 
Specifications’, which defines two possible 
PHY protocol options and a beacon-
based MAC layer. Also ITU-T G.9960 and 
G.9961 (known as G.hn) that specify PHY 
and MAC layers for home networking 
using phone line, coaxial or power lines.

A system complying with these 
standards for Smart Grid purposes does 
not exist since thoroughly tested IEEE 
or ITU-T compliant BPL system has 
not been available so far. Therefore, 
the Iberdrola network uses the existing 
pre-standard solutions developed by 
the OPERA project with state-of-the-art 
products available, covering the basic 
aspects needed to define the deployment 
rules. Some manufacturers claim to offer 
MV-adapted PLC systems based on the 
two standards above.

Planning Methodology for MV Grids
For Smart Grid, telecommunication 
systems need to be as simple as 
possible. This is the reason for 
configuring a TDMA based system 
with two frequency bands (2 to 7 MHz 
-Mode 1-, and 8 to 18 MHz -Mode 2-). 
After the successful Iberdrola project 
implementation, planning rules used 
in the design of MV PLC networks 
can be set. The rules use a simple 
classification of MV cables attending to 
PLC performance results obtained, and 
classifies them in two broad groups as 
oil-filled paper insulated cables (‘old’ 
type, which normally exhibit higher 
attenuations), and cables employing 
XLPE, EPR or PVC insulation (‘new’ 
type, which allow for higher distance PLC 
links). The performance requirement 
for an MV network is bi-directional 
transmission of at least 100 kbps. The 
planning criteria for MV PLC deployment 
proposed by this article are described as 
follows:

• Parameter 1: Maximum number of 
SS’s per cell (a cell is a group of 
connected SS’s, which use the same 
frequency Mode in a single time 
domain). It is defined to control the 
minimum throughput requirement.

• Parameter 2: Maximum number of 
hops between Master and Slave. In 
order to guarantee reasonable delays, 
every SS in the TDMA cell must be 
within a certain distance (MV hops 
and/or meters) of the Master SS.

• Parameter 3: Maximum number of 
consecutive substations. The distance 
between any two SS’s is to be kept 
under a certain maximum number of 
hops.

• Parameter 4: Distance criterion. 
Depending on the cable type and 
used frequency band, certain 
maximum distances must be 
respected for each hop to be 
considered viable. For underground 
MV links, 1,000 meters is the 
maximum distance limit, assuming 
Mode 1 and a ‘new’ good quality 
cable.

• Parameter 5: Guard distance criterion. 
Minimum guard distances are defined 
to avoid two disjoint TDMA cells using 
the same frequency Mode to interfere 
between them. Normally two Mode 1 
cells must be 2,000 meters away, 
measured over the MV lines.

• Parameter 6: Maximum number 
of third party SS’s (e.g. customer 
owned). The objective is to avoid third 
parties’ SS’s; not to build a private 
network upon a third parties’ asset.

• Parameter 7: Minimum number of 
SS’s per cell. For efficiency and cost 
reasons, TDMA cells must have a 
minimum relevant size.

Based on the above, there are 
multiple possible BPL planning 
configurations for a certain area, all of it 
complying to the requirements, but with 
different values for a set of figures of 
merit defined for this purpose:
• Technical viability: shorter MV links 

show a better performance, so these 
are favoured.

• Covered SS’s and necessary cells: a 
planning configuration, which gives 
service to a higher number of SS’s 
is better, and the one that uses less 
average SS’s per cell too.

• Backbone: consider the availability 
of various backbone options for each 
planned cell.

• Total number of customers: the larger 
the number, the better.
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A scoring algorithm is defined to 
evaluate each planning with weighed 
considerations for BPL – MV over 
PLC technical viability, covered 
SS’s, telecommunications backbone 
availability, and total number of 
customers covered.

BPL network results
Automatic planning software tools have 
been developed in order to facilitate 
the work of applying the criteria and 
calculating the scores of each possible 
planning.

Figure 2 shows the aggregated 
results of the 3,490 MVBPL links in Smart 
Grid deployment in Iberdrola. This shows 
the instantaneous results on the links the 
moment the information was requested 
from the network. Only 2% of the 
links were performing below 10 Mbps, 
and 56% of the links achieved 20-40 
Mbps. The latency of these links, when 
measured connected to ADSL backbones 
is in the range of 66-200 ms (latency 
in pure ADSL segment varies in these 
cases from 62-112 ms; the rest may be 
attributed to the transit inside BPL links 
–in the range of 10 to 20 ms per hop-).

LOW  VOLTAGE  (LV) ELECTRICITY  
GRID
Iberdrola is deploying smart meter 
access through a NB PLC capable 
system. This PLC system follows ITU-T 
G.9904 recommendation, commonly 
known as PRIME.

Iberdrola’s Smart Metering 

deployment with PLC technology in LV 
grid access segment has been widely 
covered in literature; it contains the 
description of G.9904 PLC technology, 
together with some initial small-scale 
validation test results. It includes how 
a multi-vendor environment has been 
achieved, ‘availability’ concept is 
introduced and some of the first field 
deployment availability results are shown. 

Iberdrola has implanted this 
methodology in its smart metering 
delivery processes, and executes it 
prior to the production phase of PRIME 
enabled concentrators and smart meters. 
Iberdrola, before a PRIME sub-network 
is delivered to normal production 
stage (connected to the Meter Data 
Management –MDM- system), performs 
a one-week detailed monitoring process 
to assess the performance of each smart 
meter provisioned in the system. This 
means that Iberdrola has detailed low 
level information of over 5,000 secondary 
substations, covering millions of smart 
meters.

An outstanding result of this 
collection of data is that for the 1,828 
sub-networks analysed during the 
first nine months of 2013, the average 
availability of the 345,344 smart meters 
covered is 91.5. In order to understand 
the previous figure, the availability result 
is a gross result prior to any post-
analysis action. Aspects that are worth 
mentioning, and that make it be lower 
than the ones reflected by MDM final 
results affect this figure:

• Damaged smart meters or smart 
meters that have wrong parameters or 
firmware are detected and corrected 
after the monitoring stage. 

• The deployment of Iberdrola makes 
use of as many as nine different smart 
meter vendors. 

• The databases of the LV grid in 
Iberdrola contain smart meter 
connectivity errors, and as a 
consequence, those smart meters that 
are supposedly connected to specific 
SS’s, are in reality connected to others. 
These errors are naturally detected 
during the deployment, helping to 
improve the integrity of the data stored 
in the information systems.

• Due to the logistic aspect involved in 
the Smart Grid rollout, and in order to 
separate smart meters deployment 
(millions) from data concentrators 
deployment (hundreds of thousands), 
Iberdrola intentionally installs smart 
meters in grid position where it is 
known that no concentrator is installed 
in the corresponding SS. 
Availability figures at this pre-

production stage suffer from all of these 
aspects. After field and central system 
corrective actions are performed on the 
smart meters, all smart meters become 
fully operational, and end-to-end system 
performances increases.

CONCLUSIONS
PLC is a suitable and very advantageous 
telecommunication access solution 
for utilities engaged with Smart Grid 
deployments. Both MV and LV grids can 
be used to deploy a telecommunications 
network capable of providing a future 
proof communications network for Smart 
Metering and Smart Grid deployments.

This article has presented the 
reference architecture used by Iberdrola 
in its Smart Grid deployment in Spain, 
accompanied by the set of BPL 
planning rules, and the summary of 
the performance results for both BPL 
and PRIME technology used. These 
results provide the framework of the 
design architecture, concepts, rules 
and results, needed to proceed with the 
proper development of BPL and NB PLC 
products that could be deployed by utilities 
according to the needs of Smart Grids. ESI

Courtesy: Iberdrola, Spain

AUTC is a regular feature in ESI 
Africa delivering information on 
telecommunication challenges and 
solutions.

Parameter 1 2 3 4 5 6 7

Proposed Value 20 9 15 1000 2000 0 4

Unit SS SS SS m m SS SS

Table 1. Proposed parameter values for PLC over MV planning.

Figure 2. BPL links 
throughput performance 
(Uplink –UL- and DL - 
downlink-)
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