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Rezumat: Deschiderea pietei de energie a fortat firmele furnizoare de
utilitati sa exploreze si ale piete in cautarea unor noi oportunitdti de
afaceri, fapt ce a marcat in ultimii zece ani evolutia cercetarilor
privind comunicatiile pe liniile de alimentare cu energie electricd
(PLC). Cercetarile au fost orientate in primd faza pe oferirea de
servicii legate direct de distributia de energie electricd, cu ar fi
controlul puterii absorbite, citirea de la distanta a contoarelor,
controlului tarifului si automatizarea locuintelor. Aceste servicii cu
valoare adaugata §i cu necesitati de viteza modeste au deschis noi
piete pentru companiile de electricitate. In primul rind, viteza de co-
municatie este micd, in al doilea rdnd, nu este necesara comunicatia
in timp real. In contrast, comunicatiile dintre retelele de calculatoare
necesita viteze de transmisie mai mari gi, in anumite cazuri, raspuns
in timp real (pentru aplicatiile video sau TV). De-a lungul ultimilor
ani §i rata de utilizare a Internet-ului a crescut foarte mult. Aceste
cerinte complica mult proiectarea unui sistem de comunicatii, dar
cercetarile din ultimii ani sau axat foarte mult pe acest domeniu.
Daca va fi posibila furnizarea acestui serviciu pe liniile de alimentare
cu energie electrica, companiile de electricitate ar putea deveni un
furnizor de servicii de comunicatii pe o piata aflatd in plina
expansiune. In acest moment existd in stadiul de testare sisteme care
ofera mai mult de 10 Mbps, dar sistemele exploatate comercial nu
ofera mai mult de 100-768 kbps si asigurd in cea mai mare parte
servicii de citire a contoarelor. Acest articol prezintd pe scurt o
descriere a sistemelor si echipamentelor de comunicatie folosite
astdzi in majoritatea companiilor de electricitate si oferd o analiza
a extraordinarului potential de piatd pe care il oferd transmisiile de
date de mare vitezd pe liniile de alimentare cu energie electricd..
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1. Introducere

Companiile de distributie a energiei electrice sunt un
nou competitor pe piata de telecomunicatii. De-a lungul
ultimilor ani, rolul lor principal a fost de consumator de
astfel de servicii de transmisii de voce si de date [1]. Datorita
ariei mari de acoperite de retelele de 1naltd, medie si de
joasa tensiune, aproximativ intreg teritoriul statelor dez-
voltate face parte din aceasta retea electrica. Retele electrice
impun prezenta unor automatizari si relee de protectie.

Retelele de joasa tensiune nu au fost niciodata utilizate
pentru transmiterea informatiilor (cu exceptia catorva teste
desfasurate in anii '90). Retelele de medie tensiune utilizeaza
asa-numitele sisteme de automatizare a distributiei (SAD)
care implicd comunicatia cu dispecerul energetic. Caile de
comunicatie utilizate in prezent sunt asigurate de retele
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1. Introduction

Power utilities companies are a new key-player on the
telecommunications market. For the latest years, their main
role was as a large consumer of data and voice transmission
services [1]. Due to large areas covered by high, medium
and low voltage power lines, approximately the entire
territory of any developed country is part of the big electrical
network. Electric power networks mandatory involve a
number of automation relays and protections.

Low voltage distribution network was never used for
data transmissions (with the exception of some trials made in
the nineties). Medium voltage networks use a so-called
Automation Distribution Network (ADN) which involves
data communications between the dispatcher and the remote
protection relays. The communication path used now is only
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radio (in banda radio sau chiar microunde). Liniile de inalta
tensiune sunt utilizate pentru transmisii de date de mica
viteza (9.6 kbps) si de voce de mai bine de 40 de ani. Pretul
echipamentelor este ridicat, dar cdile de comunicatie sunt
suficient de sigure pentru a justifica astfel aceste costuri.

2. Transmisiile de date in companiile de electricitate

O diagrama a sistemului actual de comunicatii utilizat de
companiile de distributie a energiei electrice este prezentata
in Figura 1. Majoritatea legaturilor sunt pe linii inchiriate
si sisteme PLC de mica viteza.

over radio link (in the high frequency band or microwave).
High voltage power lines where used for low speed (9.6 kbps)
data and voice transmissions for over forty years now. The
cost of the equipments where considerably high but the
communication paths where safe enough for the money paid.

2. Data transmission in power companies

A diagram showing today communication paths used
by a large power distribution company is shown in Figure 1.
Most of the links are over leased line and low speed PLCs.
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Fig. 1. Structura actuala clasica a sistemului de comunicatii a companiilor de electricitate
Fig. 1. The actual standard layout of the telecommunication network of power distribution companies

Necesitatile de comunicatie dintre dispecer si reteaua
de automatizare de medie tensiune este asigurata in parte
de o retea radio, cu viteze de 1200 bps si In cel mai bun
caz de 9600 bps. Liniile inchiriate nu sunt o alternativa
din cauza costurilor mari. Comunicatiile de mare viteza
pe distante lungi sunt acoperite in exclusivitate de legaturi

Communications needs between the dispatcher and
the medium voltage automation are only in part satisfied
by an old radio communications network, with only 1200
bps or in the best case 9600 bps. Leased lines in this field
are not an alternative due to highly cost of the solution.

Long distance high speed communications are exclusively
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radio inchiriate. In acest moment nu existi transfer de
informatie intre dispecer si consumator (cu cateva exceptii
- pentru anumiti mari consumatori exista linii inchiriate).

Comunicatiile de voce sunt asigurate de companiile
publice sau private de telefonie prin intermediul liniilor
inchiriate sau a terminalelor mobile. Politicile tarifare ale
acestor companii au determinat o scadere a costurilor
pentru comunicatiile de mare distantd la companiile de
telefonie mobild comparativ cu cele de telefonie fixa.

Aplicatii ca citirea automata a contoarelor sunt asigurate
prin intermediul modem-urilor GSM integrate intr-o retea
nationald. Din nou, costurile asociate acestui tip de
transmisie sunt prohibitive.

Cablurile de fibra optica care se instaleaza in acest
moment pe reteaua de naltd tensiune va asigura necesitatile
de comunicatie dintre dispecer §i transmisiile de voce si
date dintre statiile de transformare. In aceastd arhitectura
clientul nu face parte din proiect.

3. Noile tehnologii de comunicatie - 0 noua legatura cu
clientii

Fibra optica instalata in conductorul de protectie te liniile
de inaltd tensiune ofera oportunitatea realizarii de comu-
nicatii de foarte mare viteza. Topologia prezentatd in Figura
2 prezintd o posibild solutie pentru un sistem integrat care
combina reteaua de fibra optica si comunicatiile pe reteaua
de energie electrica. In acest sistem ciile de comunicatie
intre dispecer si statiile de transformare si centralele de
productie sunt asigurate pe cai de foarte mare viteza optice.
Este necesara instalarea de legaturi radio de rezerva. Lega-
tura intre statiile de transformare si clienti, prin intermediul
transformatorului, este asigurata de un sistem de comunicatii
PLC de mare viteza. Atat clientii rezidentiali cat si cei
industriali au acces la aceasta retea.

In ciuda numeroaselor progrese inregistrate in domeniul
comunicatiilor PLC 1nca mai persista cateva dificultati si
anume: atenuarea variaza in timp si cu frecventa; configu-
ratia retelei se schimba frecvent din cauza sarcinilor care
se comuta aleator; tipurile de modulatie standard nu pot fi
utilizate din cauza propagdrilor multiple; lipsa ecrandrii
determina comportarea conductoarelor ca si antene; din
cauza problemelor de compatibilitate electromagnetica
nivelul semnalului nu poate fi crescut [3,4,5].

In acelasi timp, avantajele oferite de sistemule PLC
comparativ cu alte sisteme de transmisie sunt numeroase:
este mediul cel mai raspandit, cu mai multe prize in fiecare
camera din locuintd; este disponibil in Intreaga lume; este
usor de adoptat de clienti, cu costuri minime; este foarte
usor de instalat; ofera viteze de comunicatie comparabile
cu retele Ethernet.

Implementand un asemenea sistem, companiile de elec-
tricitate pot sigura clientilor mai multe servicii, printre care
amintim: acces la Internet, telefonie, citirea automata a contoa-
relor, video la cerere, monitorizarea sistemului de alarma,
aparatura inteligentd. Servicii suplimentare sunt asigurate
si companiilor de utilitati: managementul sarcinii, comutarea
si echilibrarea incarcérilor in retea, localizarea defectelor,
monitorizarea calitatii energiei livrate, tarifare in timp real.

Multe companii au fost interesate de aceasta noud tehno-
logie, cateva realizand implementéri de test in anul 2001
- Tabelul 1 [2].

assured by leased radio links. In this moment, there are no
links and no information transfer between the dispatcher
and the customers (with some exceptions - for very large
industrial customers there are leased lines installed).

Voice communications needs are assured by public or
private phone companies via fixed or mobile terminals.
Due to tariff policies, the long distance costs associated to
voice call are much lower on mobile networks than on
fixed ones.

Applications like Automatic Meter Reading are assured
by a GSM modems integrated in a national system. Again,
the associated costs of this type of transmission are
prohibitive.

Fiber optic cables are to be installed on the high voltage
transmission power network, will assure the communications
needs for power system regulatory center, voice and data
transmission for power stations. In this architecture the
customer is not part of the project.

3. New communication technologies - a new link to
customers

The newly installed optical fiber in the protection wire
over transmission lines, offer a great opportunity to have
very high speed for the electricity companies. The topology
presented in Figure 2 shows a possible integrated solution
to combine optical fiber network and power line carrier
communications. In this system communication paths
between the dispatcher and the power plants and power
stations are assured via very high speed fiber optic links.
There are also installed backup high speed radio network.
The link between the power station and the customers via
the power transformer are assured by digital power line
communication systems. Both residential and industrial
customer may have access to this big network.

Despite the progresses in implementing power line
communications there are some difficulties associated to
this type of transmission: attenuation varies with time,
place and frequency; network configuration often changes
because of switching loads; ordinary modulation cannot
be used due to multiple propagation paths; lack of shielding
as wires acts as antennas; due to EMC, the transmission
level cannot be increased [3,4,5].

Also, power line communications have some advantages
over other transmission medium: it is the most pervasive
medium with multiple outlets in every room in the house;
it is available worldwide; easy to adopt by customers, with
the minimum cost; very easy to install; offer high-speed
connectivity at Ethernet-class data rates.

Implementing such a system, the electricity companies
may assure to the end customers many services, like:
broadband Internet, internet telephony, automatic meter
reading, video on demand, alarm monitoring, smart
appliances. Supplementary services are assured for the
utility company too. We can mention some of them:
intelligent demand side management, load switching and
balancing, fault location, peak saving, power quality
monitoring, real/time pricing.

Many utility companies where interested by this new
technology, some of them have implemented test networks
in 2001 - Table 1 [2].
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Fig. 2. Topologia viitoare a retelei de comunicatii a companiilor de electricitate
Fig. 2. The future topology of the communication network of power distribution companies

Tabelul 1. Primele companii care au furnizat servicii de date de mare viteza
pe liniile de alimentare cu energie electrica incepand cu anul 2001
Table 1. The first companies who deliver data broadband services over power lines starting from 2001

Existing Speed
networks / Country Region Technology P Users Services
(Mbps)
Company
Zaragosa Ascom, DS2 2..12 3000 Internet, VoIP
ENDESA Spain Barcelona Ascom 2.3 25 Internet, VoIP
Sevilla DS2 6..12 25 Internet, VoIP
MAnet Germany Mannheim Ascom 2.3 2800 Internet, VoIP
Innsbruck n/a 1.2 10...25 Internet
TIWAG Austria Vienna n/a 1..2 n/a Internet, VoIP
Axams n/a 2.3 50 ... 100 Internet
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Importante progrese au inregistrat in ultimii ani si la
companiile producatoare de circuite integrate destinate
comu-nicatiilor digitale pe reteaua de alimentare cu energie
electricd. Cele mai importante caracteristici tehnice ale
acestor retele de transmitere a datelor in sistem PLC sunt
prezentate n Tabelul 2.

Important developments where made by semiconductor
companies from all continents. The most significant
technical data of these networks that utilizes the PLC
system to transmit data over power lines are presented in
Table 2.

Tabelul 2. Cei mai importanti producatori de circuite integrate destinate comunicatiei PLC
Table 2. Top companies producing integrated circuits for PLC use

PLC s:(r)r(llis::iuctor (i’l[)l(;:)(sl) Physical Layer MAC Layer Bl;l:(;]l(l;/}lﬁ);) Internet address
Adaptive Networks 0.1 DS/SS n/a 0.14...0.45 www.adaptivenetworks.com
Ascom 3.0 OFDM/GMSK n/a 15.0...25.0 www.ascom.ch
Cogency 14 OFDM/DQPSK CSMA/CA 4.5..21.0 Www.cogency.com
DS2 45 OFDM/DQPSK n/a 1.0...38.0 www.ds2.es
Inari 12 OFDM n/a 2.5..18.0 www.inari.com
Intellon 14 OFDM/DQPSK CSMA/CA 43..209 www.intellon.com

ITRAN 24 DS/SS CSMA/CA 4.0 ...20.0 www.itrancomm.com
Mitsubishi 2.0 n/a n/a 1.7 ... 30.0 www.mitsubishielectric.co.jp
nSine 10 OOK/GFSK nCODE 8.0...32.0 www.nsine.com
Primenet 24 DS/SS CSMA/CA 4.0...20.0 www.preminet.co.jp
Siemens 1.2 OFDM n/a 1.0...5.0 Www.siemens.com
Xeline 32 n/a n/a n/a www.xeline.com

4. Topologia unei retele PLC

Dupa cum se observa in Figura 3, componenta cheie
al acestei tehnologii este elementul de cuplaj dintre
primarul si secundarul transformatorului si care este parte
din calea de semnal. in America de nord un transformator
deserveste un numar de 5 pana la 10 clienti, iar in Europa
in jur de 150. in Roménia acest numir este considerabil
mai mare. Semnalele asociate transmisiei PLC nu pot
trece prin transformator.
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4. Low level PLC network topology

As shown in Figure 3, the key element of this
technology is the coupler between the primary and the
secondary of the transformer witch is the path for data
signal. In North America, a transformer serves from 5 to
10 households while in Europe a transformer serves mare
than 150 households. In Romania this number is

considerably larger. Digital Power line signals cannot
pass through a transformer.
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Fig. 3. Structura de baza a unei retele de comunicatii digitale PLC
Fig. 3. The low level topology of the digital PLC network
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De aceea, fiecare statie si fiecare post de transformare
are nevoie de un asemenea echipament, acesta fiind si cea
mai scumpa componentd a sistemului. Cu cat sunt mai
putine locuinte racordate la un transformator, cu atat costu-
rile sunt mai mari. Cu toate acestea, concluziile au fost
trase, analizele aratand ca rata de abonati ar putea ajunge
la aproape 100% in SUA, facand sistemul profitabil [1].

5. Concluzii

Teste cu sisteme de comunicatii PLC au fost facute in
peste 25 de tari si sistemul a fost instalat Tn aproximativ
30000 de locuinte. Rezultatele obtinute au fost extreme de
incurajatoare, prognozele aratand o crestere a cererii in
acest domeniu. Piata de dispozitive de comunicatie care
integreaza retelele din locuinte este estimata la mai mult
de 3 miliarde de dolari pentru 2005 [8,10].

Transmisia digitala pe liniile de electricitate se constituie
intr-o alternativa atractiva de conectare la Internet fata de cla-
sicul modem si linia telefonica. O investitie in tehnologia PLC
va face din companiile de electricitate a furnizor de servicii
de transmisii de date de banda largd, asigurand transmisii de
date, voce si semnal video. Companiile de electricitate sunt
capabile sa asigure o cale directd pentru comunicatii de
banda larga direct care locuintele sau birourile clientilor.

Liniile electrice ajung in fiecare si fiecare cladire. Exista
o experientd indelungatd in exploatarea si intretinerea
cablurilor si sistemelor de distributie. Serviciile pe distante
lungi pot fi asigurate pe liniile de energie existe prin
integrarea sistemului de comunicatii pe fibra optica. Este
sigur cd prin integrarea dintre sistemul de comunicatii pe
reteaua electrica si sistemul de comunicatii pe fibra optica
companiile de electricitate pot sd concureze in cativa ani
companiile furnizoare de servicii telefonice si sa castige.

Este momentul ca si companiile de electricitate sa
accepte provocarea si sa facd investitii in acest domeniu
deoarece vitezele mari de acces pot asigura Internet, video la
cerere, telefonie locald si telefonie la distanta pentru toti
abonatii, profiturile obtinute putand fi considerabile.
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Therefore, all electrical substation equipment needed for
Digital Power line has to be located after the transformer, this
element being the most expensive in the system. If there are
fewer households per transformer predicted equipment costs
would be prohibitive. However, this conclusion has been de-
bated. Analysts suggest that 100% subscription rates are pos-
sible in US and at such rates Digital Power line is profitable.

5. Conclusions

Tests with Power line Communication have been carried
out in around 25 countries, where the system has been
installed in approximately 30000 residences. The mapping
of results has been extremely positive, and forecasts a
great demand for the system. The market for communication
devices integrating home networking technologies is
estimated at more than $ 3 billion in 2005 [8,10].

Digital Power line technology is definitely an exciting
alternative to connecting to the Internet via phone and
modem. An investment in power line technology will
make the power utility companies a high bandwidth carrier,
providing data, voice, and video transmission. The electrical
utility companies will be able to provide a direct route for
high-speed broadband communications directly to the home
or office of their customers. Their lines are already entering
every house and office building. These same companies have
plenty of expertise in running and maintaining distribution
cables and systems. Long distance service can be provided
over the existing power transmission lines, by integrating
and the optical fiber cables that many communications
companies already have in place, with the power grid. It
is sure that by integration of power line and fiber optic line
technologies the electrical companies could challenge the
local telephone companies in a few years and win.

It is the moment for power distribution companies to
accept the challenge and make an investment in these
technologies as its high speed will provide Internet
access, video on demand, local phone, and long distance
phone services to all customers, resulting in profit rising.
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