
Broadband over powerline is being hailed as the next major Internet pipeline —
and perhaps the key to developing an advanced power delivery system for the
21st century. It works and holds promise, and electric utilities are beginning to
test whether it is a viable business in commercial-scale deployments. Some
believe that with a careful implementation approach, BPL can be a winner. This
White Paper summarizes the status of BPL development and lays out some of the
issues confronting the electric utility industry as it considers BPL deployment.
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EExxeeccuuttiivvee  SSuummmmaarryy

After years of development, technology to deliver high-speed

data over the existing electric power delivery network has

emerged in the marketplace. Called broadband over powerline

(BPL), this technology offers an alternative means of providing

high-speed Internet access, voice over Internet Protocol

(VoIP), and other broadband services, using medium- and

low-voltage lines to reach customers' homes and businesses. 

Thanks largely to advances in signal processing, BPL works —

or can be made to work. Technical feasibility has been demon-

strated in more than a dozen limited field tests, and BPL as a

business is about to be tested for the first time in Manassas,

Virginia and Cincinnati, Ohio, where BPL networks are being

built to reach thousands of customers. The City of Manassas

Electric Department network will make BPL available to the

city's 35,000 residents by late 2004. In Cincinnati, Cinergy's

Current Broadband is creating a network that will pass 55,000

customers by the end of 2004, ultimately extending to 260,000

customers. PPL Telcom is also deploying an "advanced market

trial," which is relatively large in scope, with a network that

has passed about 16,000 homes, 1,200 of them having sub-

scribed as of September 2004. This may lead to a wider-scale

commercial operation.

TThhee  FFeeddss  PPrroommoottee  BBPPLL  aass  tthhee  ""TThhiirrdd  WWiirree""

A federal policy push is furthering the potential for BPL

deployment, as well as fueling media coverage. The

Telecommunications Act of 1996 mandated wide availability of

broadband service, but the U.S. languishes behind countries

such as South Korea, Canada, Belgium, and many others in the

percentage of homes thus served. In South Korea, for instance,

60 - 70% of households have broadband service, compared to

about 25% of U.S. households. Since high-speed communica-

tions are an obvious economic driver, President George W.

Bush declared in March 2004 that broadband access should be

made affordable to all Americans by 2007. He also stated in

April 2004 that America needs "technical standards to make

possible new broadband technologies, such as use of high-

speed communication directly over powerlines."

To that end, the Federal Communications Commission (FCC)

has proposed rulemaking to help overcome BPL's potential to

cause interference with radio and telecommunications sig-

nals. The FCC has proposed measures to mitigate interference,

and rules are slated for release by late 2004.   

The FCC and others have hailed BPL as a potential "third wire"

that may help increase the availability and the affordability of

broadband services in a market dominated by just two

options: digital subscriber line (DSL) and cable. According to

FCC Chairman Michael Powell, "Magic things happen when

you have three competitors: three forms of technology, better

choice, better innovation, and better prices for consumers."1

CCoonnssiiddeerraabbllee  CChhaalllleennggeess  FFaaccee  BBPPLL  DDeevveellooppmmeenntt  

The availability of technology that works, the development of

guidelines for mitigating interference, and the announce-

ments of the first commercial-scale tests of BPL have engen-

dered considerable interest in BPL among electric utilities,

with dozens now evaluating whether they should deploy BPL. 
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Can electric utilities be winners in the competitive broadband

environment envisioned by the FCC? Several questions need

to be answered first. Chief among them is how to obtain suf-

ficient revenue from a BPL service to offset deployment costs

in the face of falling Internet access prices. Also of consider-

able interest is the potential to leverage BPL for utility appli-

cations, such as automatic meter reading, load control, and

demand response measures such as critical peak period or

dynamic pricing. There is also interest in BPL’s potential to

serve as a communications system that can support the net-

work management of the power delivery system. Could the

combined benefits of a system allowing for consumer telecom

services, other consumer services, and core utility network

communications help make the business case for BPL? For

example, would the ability to read meters remotely, along

with advanced diagnostics, direct load control, and outage

management offer a sufficiently robust business model for

utilities when combined with BPL consumer services? 

As part of assessing these issues, utilities are exploring 

several key questions:

CCaann  BBPPLL  ccoonnssuummeerr  sseerrvviicceess  bbee  pprrooffiittaabbllee??

Network costs for widescale BPL deployment have not yet been

demonstrated. Equipment suppliers have typically been reluc-

tant to publish specific figures about costs, because they can

vary depending on the density of the area to be served, the dis-

tribution network topol-

ogy, and other factors.

Costs also vary by ven-

dor. However, cost esti-

mates cited by equip-

ment suppliers for an

urban or suburban set-

ting typically range from

$50 to $150 per home

passed, and another 

$30 - $200 per home for

consumer premises

equipment (modems).2

Costs per broadband

subscriber, rather than

just costs per home

passed, will ultimately

determine profitability — and will depend on the percentage of 

customers passed that sign up for BPL Internet access and

other services.

Making the business case by selling just fast Internet access

may be difficult. Bundling of broadband consumer services —

and perhaps utility-related applications like direct load con-

trol — will likely be needed. For example, Internet service

provider Earthlink advises utilities that BPL will need to reach

a cost of less than $20 per home passed and less than $100 for

consumer premises equipment to make large-scale BPL

deployment price competitive and profitable, if Internet

access is the only service offered.3

Earthlink's estimates are based on assumptions of revenue of

$20 per month from subscribers and a 10% market penetration

rate. Many in the BPL industry consider these assumptions of

revenue and market penetration low. For instance, commercial

BPL deployments now underway assume market penetrations

of 20% rather than 10%. But even with higher revenue and

higher penetration rates than Earthlink assumes, BPL prof-

itability will likely require revenue from other services such as

voice over IP and video on demand — and cost reductions or

savings related to meter reading, direct load control, increased

reliability, or other utility applications.

Earthlink's cost threshold estimates are based largely on fore-

casts of falling Internet access prices. Indeed, the first commer-

cial BPL deployments are competing on price, and have set

their fees to be competitive or below cable and DSL prices. The

City of Manassas charges $27 per month, and Cinergy's Current

Broadband service ranges from $29 to $39 per month, depend-

ing on speed. At these prices, both organizations believe they

can realize positive cash flow within a few years. Cinergy's

Current Broadband estimates it will be "cash flow neutral" by

the end of 2007.4 However, DSL providers have already started

lowering their prices to be more competitive with cable.

And as BPL becomes a serious threat, both cable and DSL

providers are likely to compete aggressively. Although faced with

their own funding limitations and debt, these companies are not

likely to be complacent about losing market share. Any company

offering BPL in the consumer market, and competing only on the

basis of price of Internet access could find profitability elusive.
Source: Greg Gilbert/The Seattle Times
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WWiillll  aalltteerrnnaattiivvee  tteecchhnnoollooggiieess,,  mmoosstt  nnoottaabbllyy  ffiibbeerr  aanndd  
wwiirreelleessss,,  eemmeerrggee  aass  tthhee  mmaajjoorr  bbrrooaaddbbaanndd  pprroovviiddeerrss??  

Verizon announced plans to launch broadband over fiber in

2004 in selected U.S. markets, and other "Bells" could look to

fiber as a means to boost network speeds and offer bundles of

services now beyond the capability of DSL lines. In addition

to fiber, wireless broadband service providers may become

larger players in the broadband mix. Today's wireless broad-

band systems are relatively slow at 200 - 300 kilobytes per sec-

ond (kbps) — compared to speeds of 1 megabyte per second

(Mbps) or more from most DSL, cable, and BPL providers —

but deployment of this technology is underway or planned in

some cities and towns, the largest to date being Philadelphia.

Such wireless service, albeit not at the performance levels or

speeds of BPL, can be less expensive to build and can mean

relatively inexpensive Internet access in some locations.

In addition, although still nascent, long-distance fixed wire-

less, known as WiMax, enjoys support from major companies

such as Intel and has potential to become a major broadband

technology in coming years, especially for rural locations and

other areas underserved or unserved by DSL and cable.

Another possible alternative is a satellite-based Internet access

system, although satellite systems are typically expensive and

do not have the performance quality and speed of BPL.

WWhheenn  aanndd  hhooww  wwiillll  rreegguullaattoorryy  qquueessttiioonnss  bbee  rreessoollvveedd??  

A number of regulatory questions must be addressed pertain-

ing to BPL. The outcome of final guidelines on methods of mit-

igating interference from the FCC (Part 15.109[f ]) is awaited in

2004. And how state regulators will address cross subsidization

and revenue, rights of way, and access to poles is of particular

importance. In commercial deployments to date, regulators

have been cooperative and supportive of creating BPL net-

works, however, regulatory action or inaction could have a sig-

nificant impact on the business case for BPL, pointing to the

need for a proactive approach with regulators on this issue.

WWiillll  BBPPLL  eennaabbllee  ccoosstt--eeffffeeccttiivvee  uuttiilliittyy  aapppplliiccaattiioonnss??  

A BPL network could serve as a communication system for

utilities, allowing for many applications related to grid man-

agement and utility services such as demand response or

automated equipment monitoring and management. Utility

applications are viewed by many as an important part of the

bundle of services that could make the business case for BPL

in the near- or mid-term. Others, such as the Consolidated

Edison Company, which is an investor in equipment supplier

Ambient, are taking a long-term view and see BPL technology

as a potential key to developing the IntelliGridTM, an advanced

network capable of near real-time, two-way monitoring, sens-

ing, and control of the power delivery system to provide

enhanced asset management and system optimization.

EPRI's analysis of the business case for the EnergyPortTM — a

digital control and communications hub that would enable a

number of utility applications — indicates that a communica-

tions network such as BPL could enable a compelling return

on investment based on the value of energy and network

management. However, the value of BPL for core applications

will likely vary considerably from utility to utility depending

on multiple factors including deployment costs and potential

for integration with existing communication systems. Some

BPL developers are looking first to consumer broadband serv-

ices, with energy-related applications such as outage detec-

tion to follow for areas served by BPL.

WWhhoo  wwiillll  iinnvveesstt  iinn  BBPPLL??  

The strategy of leveraging infrastructure investment for both

a consumer communications service and for utility applica-

tions has appeal. But it also has considerable risk. Many fac-

tors key to the business case — regulations, technology costs,

revenue per subscriber, and the advent of alternative tech-

nologies — are all areas in which electric utilities have little

ability to exert control. This has been reflected in the modest

investments seen so far in BPL. A few utilities have invested in

BPL technology development companies, and those engaged

in deployment have taken a measured approach so far, with a

phased implementation to ensure risk mitigation.

BBrrooaaddbbaanndd  oovveerr  ppoowweerrlliinnee  tteecchhnnoollooggyy  wwoorrkkss  ——  oorr
ccaann  bbee  mmaaddee  ttoo  wwoorrkk..  TThhee  ttaasskk  ooff  tthhee  iinndduussttrryy  nnooww
iiss  ttoo  ddeetteerrmmiinnee  tthhee  bbuussiinneessss  ccaassee  ffoorr  ooffffeerriinngg
bbrrooaaddbbaanndd  sseerrvviicceess  ttoo  ccuussttoommeerrss,,  wwhhiillee  aaddddrreessssiinngg
tthhee  ppootteennttiiaall  vvaalluuee  aanndd  pprraaccttiiccaalliittyy  ooff  BBPPLL  ppoowweerr
ddeelliivveerryy  ssyysstteemm  aapppplliiccaattiioonnss..



Powerlines, like phone lines and cable lines, have sufficient

capacity to carry signals other than those they typically carry.

In fact, powerlines have been used to carry data for many

years using available carrier current technology that enables

delivery of low-speed data over both short and long distances

— and high-speed data over short distances. But high-speed,

long-distance data transmission over powerlines has been

hampered until recently by characteristics of the electric

environment and electromagnetic compatibility issues, as

described in "Overcoming technical challenges" on page 5.

These include the presence and variability of electric noise,

attenuation of data signals, and the complexity of sending

data through or around distribution system transformers.

EEnnaabblliinngg  TTeecchhnnoollooggyy  

Prior to recent developments and innovations, technical

obstacles made high-speed, long-distance data transmission

over powerlines unreliable and uneconomic. But digital cir-

cuits are now available that can help manage noise, attenua-

tion, and help circumvent and/or bypass the transformer.

Sending broadband signals over the high-voltage, long-haul

lines is still too difficult, but equipment can be placed at crit-

ical locations along medium-voltage distribution powerlines

to create a communications connection to the utility cus-

tomer. This communications network is, in turn, connected

to fiber or T-1 lines — the so-called "backhaul" that connects

the BPL network to the Internet. 

IInnnnoovvaattiioonnss  tthhaatt  mmaakkee  BBPPLL  ppoossssiibbllee::

Advanced methods for modulating data signals. Foremost

among the technical advances that enable BPL is how data

signals are coded and modulated. These methods rely on

adaptive algorithms to counter noise on the system and

reduce radio interference. For instance, orthogonal frequency

division multiplexing (OFDM) methods separate data signals,

spreading them over a very wide bandwidth, with each of the

data streams modulated at a different frequency and phase.

These data are transmitted over powerlines to a receiver with

multiple and parallel receiver paths that extracts and recon-

stitutes the original data signals.

Faster chip sets. In effect, these are computers — not the gener-

al purpose computers we use every day, but highly optimized,

dedicated computers. These digital signal processors enable

high-speed transfer of data through a noisy path by performing

mathematical operations that encode the data into a signal and

send it, then receive the signal and decode it for extraction — all

the while adjusting the encoding process to adapt to the com-

munications environment. This requires elaborate equations

and calculations that, if performed at the speed of computers of

ten years ago, would not be fast enough to support broadband

data transfer. The high speeds of the latest integrated circuits

are essential to the high data-transfer rates.

Digital equipment to amplify signals. Repeaters or other

amplification equipment are available that can boost and sta-

bilize data signals. Placed at intervals of about 1000 feet to

one mile, these signal boosters minimize signal deterioration. 

Equipment to bypass or send signals through the 

transformer. Various methods are used to avoid attenuation

at the distribution transformer. Usually this involves going

around the transformer instead of through it. For example,

one system can extract incoming data signals, converting

them to a radio signal, which is sent to the customer premis-

es. Amperion is one vendor using this approach. Or signals

can be extracted from the medium-voltage side and convert-

ed to a different pow-

erline signal and sent

into the customer

site over the second-

ary line. This method

is employed by

Current Technologies.

Alternatively, the signal

can be moved through

the transformer, as

equipment supplier

Main.net does.
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Powerlines were not designed for data transmission; they
were created to deliver power at 50 to 60 Hz. Broadband
data are transmitted at different frequencies, so the data
and the electricity can travel in the same wires; however,
several obstacles have to be overcome to enable 
high-speed and long-distance transmission of data on
powerlines: 

High-frequency data signals encounter considerable and
unpredictable electrical noise levels on powerlines. Noise
consists of undesirable signals that potentially affect the
data signal. Noise is generated on the power delivery sys-
tem by energy consuming devices and appliances when
the equipment is used — or by atmospheric conditions
such as sunspots, by arcing and discharge at dirty insula-
tors or faulty connections, by switching, by other nearby
powerlines, and often by power sources as well. Other
noise can be induced on the line — the line serves as a
receiving antenna — by radio sources such as broadcast
radio stations and other fixed and mobile radio sources. 

Attenuation, or reduction of signal strength, occurs
either on longer lengths of the distribution feeder, or when
a given feeder changes configuration several times — such
as from overhead to underground or from cross arm to a
more compact configuration. Attenuation must be over-
come to enable long-distance data transmission. Higher-
frequency data signals are typically attenuated much more
seriously than lower-frequency signals. Signals lose ener-
gy as they propagate for several reasons, including the
change in impedance on the line at every connection,
splice, tap, standoff, or even a location where the line is
close to something else. On a common U.S. electric distri-
bution line, a BPL signal will travel less than a mile, and
typically much less than a mile before it must be amplified.
Feeders may require use of signal repeaters at intervals of
1000 feet to a mile or so to accomplish this amplification.

Attenuation problems at the distribution trans-
former closest to the customer have previously been a
major barrier for BPL. Low-frequency signals, obviously
including electricity at 60 Hz, can easily pass through the
distribution step-down transformer as it reduces line volt-

age from medium-voltage (typically 4,000 to 13,000 volts)
to the low, service-level voltage (120 to 240 volts) for the
customer premises. But high-frequency signals, which for
BPL are typically in the 2 MHz to 80 MHz range, are
obstructed or severely attenuated by the transformer.
Although some of the signals get through, signal compo-
nents can be so weak that they are difficult to detect and
reconstruct. Accordingly, many BPL technology suppliers
simply bypass the transformer. At least one supplier has
also developed a system with the ability to get enough sig-
nal through the transformer to operate effectively. 

Potentially harmful radio frequency interference
(RFI) has been one of the most serious potential obstacles
to BPL. BPL systems have been shown to produce RF inter-
ference with nearby radio receivers, within up to 75 meters
for mobile radios and 150 meters for fixed radios, accord-
ing to the American Radio Relay League (ARRL). Also, var-
ious elements or structures in or near the powerlines read-
ily become radiators or antennas at the high frequencies at
which BPL data are transmitted. This presents a problem of
interference with a variety of radio services. Many in the
utility industry probably recall that when Nor.web intro-
duced a now defunct BPL system in the United Kingdom,
street lamp poles located within the system turned into
antennas, broadcasting the data signal as radio waves.
Unfortunately, this interfered with the BBC's broadcast, a
major problem that helped lead to the venture's demise.

However, many of today's BPL systems can adjust operat-
ing frequencies, “notching out” frequencies that are inter-
fering, and using other adaptive techniques. Vendors claim
that harmful radio interference will not be a problem in
commercial deployments and FCC tests at pilot sites in
2004 are encouraging. But the potential for radio interfer-
ence has engendered considerable and vigorous opposi-
tion to BPL by amateur radio operators, as well as concern
from the National Telecommunications and Information
Administration (NTIA), which has called for rigorous tech-
nical solutions to address interference. Wider-scale deploy-
ment and the upcoming FCC guidelines will likely help
address this issue.

Overcoming technical challenges
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An example of a broadband over powerline system

Source: Amperion. Property of Amperion and used with permission

Today's broadband over powerline systems have three primary parts: 

1) Internet access at the substation (or another location) connected via "backhaul," which can be fiber, fixed wireless, or other com-
munication systems. In this scheme, a wireless fidelity (Wi-Fi) system carries the signal between the network access cabinet and
the injector at the medium-voltage line.

2) Devices on the medium-voltage lines that enable digitized data to be conveyed through the lines (extractor/repeater)

3) Devices to enable the data to bypass or go through the transformer to connect to the consumer premises equipment (modem).
In the system shown, Wi-Fi equipment is used to connect to the customer site. Other systems may rely on devices such as cou-
plers and extractors to move the data around or through the transformer as shown in the figure on p. 7.

Extractor/repeaterExtractor/repeater InjectorInjector

WiFiWiFi

TransformerTransformer

Network 
access 
cabinet

Transformer

Underground BPL-enabled medium-voltage lines

Overhead BPL-enabled medium-voltage lines

Underground transformers

Wireless "hop"

Extractor/repeater — takes BPL signal to the user,  
then back to the Internet

Injector — translates and introduces BPL signal  
to the grid

Fiber/copper

Internet
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Basic BPL with different system architectures

Repeater

Injector

Substation
with modem

Coupler

Router

Coupler

Wi-Fi receiver

Wi-Fi transmitter

 

 

Extractor

Wi-Fi connection
Option 1Option 1

Option 2Option 2
Transformer bypass system

Option 3Option 3
Through transformer

BPL vendors offer different system architectures, which
feature various signal modulation schemes and modes for
bypassing or going through the transformer. In Option 1,
orthogonal frequency division multiplexing (OFDM) is
used for distributing data, and at the customer site, a wire-
less fidelity (Wi-Fi) system is used to transmit data
between the medium-voltage line and the customer prem-
ises, avoiding the transformer. Another approach, as
shown in Option 2, also involves use of OFDM, but relies
on BPL extractors that route and convert data between the
medium-voltage line and the low-voltage lines. 

Option 3 involves a different modulation method, direct
sequence spread spectrum, to transmit data through the
transformer, with a coupler and an extractor (repeater) 
to make up for signal losses through the distribution
transformer. 



SSttaannddaarrddss  aanndd  SSppeecciiffiiccaattiioonnss

Development of standards for safety and reliability of BPL

installations are a natural part of wide-scale adoption of the

technology, as are standards for interoperability and for inte-

gration with Internet service providers. As of October 2004 the

following initiatives are underway relating to BPL standards

and specifications:

IEEE P1675TM, A Standard for Broadband Over Power Line

Hardware — The Institute of Electrical and Electronics

Engineers (IEEE) recently initiated development of standard

P1675, which will address installation and safety of BPL. IEEE

P1675 is intended as a comprehensive standard for installing

the required hardware on distribution lines, both under-

ground and overhead. It also will include installation require-

ments for the protection of those who work on BPL 

equipment and requirements to ensure such systems do not

place the public at risk. The standard is targeted for comple-

tion in mid-2006. 

According to Terrence Burns, Chair of the IEEE Standards

Working Group, "Power companies face a number of issues in

doing this, for example, how to assess the performance and

safety of repeaters/routers, medium- and low-voltage cou-

pling hardware, and other equipment before buying. Other

issues include how best to put this equipment in place and

how to keep the overall system operating well and prevent it

from interfering with power delivery. The new standard will

help with these concerns."5

HomePlugTM BPL — The industry consortium HomePlug

Alliance6 is engaged in creating harmonized specifications

that will allow to-the-home and in-the-home technologies to

work together. As part of this, the HomePlug Alliance is devel-

oping an access BPL specification. "Plug and play" units such

as the one pictured can double as both a home networking

node and as the customer premises equipment (modem) for

Internet access. Note that BPL is not a necessary element to

allow for in-home powerline networking using HomePlug

modems. In fact, they can be used independent of how the

Internet signal reaches the home, for example with cable or

other Internet access services. 

Such off-the-shelf units, which are being used in the Current

Broadband deployment, were not built for BPL. Hence, speci-

fications that will aid the connection with the to-the-home

BPL system are considered important to enhance use of

HomePlug modems with any BPL system. To that end, the

HomePlug Alliance is inviting utilities to work with the manu-

facturers, Internet service providers, network operators, and

others in the group to create a market requirements docu-

ment leading to specifications. As part of the process, utilities

are asked to participate in working group meetings. Interested

parties should contact Brian Wenger of Earthlink at

brianw@corp.earthlink.net, tel 626.351.7169. 

Informal working groups — Trade/professional groups have

fostered user groups that are exchanging experiences,

addressing development activities, and providing information

and education to policy makers and the public. These include

the United Powerline Council, a part of the United Telecom

Council (UTC, www.uplc.utc.org) and the Power Line

Communications Association (PLCA, www.plca.net).
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Source: Current Broadband with permission

HomePlug Modem



At the "big picture" or federal level, policy makers are support-

ing BPL. It has potential to help meet the goals of the

Telecommunications Act of 1996, which promotes universal

access to broadband services. Affordability is also being promot-

ed, and in a speech on March 26, 2004 President George W. Bush

called for universal and affordable broadband access by 2007. 

At present, the choice available to most customers is limited

to digital subscriber line (DSL) from the local exchange carri-

er (ILEC) or cable modem access from the local cable televi-

sion provider. Many customers, particularly those in isolated

rural areas, have no access to broadband, except perhaps by

expensive satellite service.

Since the power delivery system provides nearly universal

reach, BPL has considerable appeal as a means to accomplish

federal policy goals. In fact, in April 2004 President Bush

called for technical standards that specifically encourage

broadband over powerline. 

As part of the federal effort to remove barriers to BPL imple-

mentation, the Federal Communications Commission (FCC),

which regulates use of the communications spectrum, issued

a proposed rule under Part 15 of current rules for measures to

mitigate radio interference caused by broadband over power-

line. Comments have been received on this proposal, and a

final rule is scheduled for release in late 2004. FCC Chairman

Michael Powell has also used his position to help encourage

BPL development, issuing statements during visits to BPL test

sites in support of BPL as the "third wire" that will increase

competition, availability, and affordability.  

CCoommppeettiittiioonn  aanndd  CCllaassssiiffiiccaattiioonn

A number of jurisdictional and classification issues remain to

be resolved that will influence the business case for BPL (as

well as for its competitors). For example, are the broadband

services offered via BPL considered an information service or
a telecommunications service? This has implications since

telecommunications services are subject to regulations under

the Telecommunications Act of 1934, most notably common

carrier requirements. 

As of October 2004, the FCC has two proceedings that address

the issue of broadband regulatory classification: one dealing

with cable modem services and another dealing with all wire-

line broadband Internet access services generally. In the

cable modem proceeding, the FCC has already declared cable

modem to be an information service, but that declaratory rul-

ing has been appealed and vacated by the U.S. Court of

Appeals for the 9th Circuit. The Circuit Court decision has

been appealed to the Supreme Court. In the wireline broad-

band proceeding, the Commission tentatively concluded that

all such services are information services. A decision on this

tentative conclusion is still pending in 2004.  

If considered an information service, BPL service would be free

from many if not all common carrier regulations. Even if BPL is

classified as an information service, the Commission may

decide to require that it contribute to the universal service fund
(USF), based upon a percentage of its gross revenues. The fund

is designed to ensure that rural and low-income customers

receive a similar level of telecommunications service as those in

non-rural areas. USF contributions are typically passed onto

customers by carriers and appear on phone bills as USF charges. 

Regulations related to voice over Internet Protocol, a service

that will likely be bundled with BPL Internet access, may also be

imposed on BPL providers. The FCC is considering requiring

VoIP to comply with 9-1-1 requirements and the

Communications Assistance for Law Enforcement Act (CALEA).

Compliance with these requirements raises challenging techni-

cal issues and the cost of compliance could be significant.7

Rights of way rules, often established decades ago, may also

affect BPL deployment. For instance, some municipalities

may seek to charge fees for BPL rights of way. Pole attach-
ment rules may also need to be addressed because of poten-

tial interference problems.  

Reliability and safety of the power delivery system and provi-

sion of quality of service are the main concerns for state com-

missions. In addition, affiliate transaction policies and cross
subsidization issues loom large. Commissions are obligated

to prevent the unfair use of an asset developed with ratepay-

er funds for the benefit of shareholders. They are also obligat-

ed to ensure that electric utilities do not have an unfair
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advantage over competitors. Thus they may require creation

of unregulated BPL subsidiaries or implementation of

accounting rules that guard against cross subsidization. How

cross subsidization should be prevented is open to interpre-

tation, and states may vary in their assessment of what is a

proper way to compensate ratepayers for asset transfer. 

The National Association of Regulatory Commissions

(NARUC) has formed a BPL Task Force to explore the poten-

tial for BPL and investigate what individual states may do to

complement the FCC and others engaged in this area.

Although the tenor of regulator comments in public state-

ments is supportive of the technology and encouraging of a

"light handed and fair" approach to regulation, many issues

must be addressed by the states. To date, trials in

Pennsylvania and the commercial deployment in Ohio have

been supported by state commissions, but these approvals

are contingent on subsequent reviews. 

As for municipalities, though they do not have to deal with

state commissions, restrictions on offering telecommunica-

tions services may be an obstacle for BPL deployment.

Restrictions apply in about a dozen states.

Utilities interested in developing BPL are well advised to com-

municate with their regulators and governing bodies to gauge

their level of knowledge and support for BPL. Some utilities,

PPL Telcom, for example, initiated a demonstration of BPL for

regulators to educate them about the technology, and the com-

pany is managing its development program so that regulatory

issues are addressed at appropriate points in the process.
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AAlltteerrnnaattiivvee  BBrrooaaddbbaanndd  TTeecchhnnoollooggiieess

Initial commercial deployments will help reveal how well

BPL can compete with established DSL and cable services.

But considering what the technology picture may be in a few

years is also important, because BPL will need to be compet-

itive as new networks are built and other alternative tech-

nologies emerge. (See Table 1 at the end of this White Paper

for an overview of existing and emerging Internet access

technologies.)

Fiber and advanced wireless broadband are the new alterna-

tive broadband access systems most likely to emerge in the

next few years. 

Fiber — Verizon announced that it would use a fiber network

— in which an optical fiber runs from the telephone switch

to the customer's premises — to offer bundled broadband

services in selected U.S. markets in 2004. The first service

will be offered in Keller, Texas, with plans to expand into

Tampa, Florida; Dallas, Texas; and Huntington Beach,

California. This fiber-to-the-home network promises very

fast speeds, reported to be 30 Mbps, compared to 1.5 Mbps

DSL lines.8 This will enable the company to offer multiple

bundled services that include video on demand, telephone,

and Internet access at a discounted price. Cable TV over the

network is planned for 2005. Video services are a cornerstone

of the revenue base for the service.

Besides Verizon, other companies that offer DSL, as well as

others in the telecommunications industry, are looking to the

potential of new fiber networks that offer high-speed per-

formance. The high cost of building such a network has

impeded development of this broadband alternative, but



according to Xilinx, a manufacturer of programmable logic

devices, advances in resource sharing circuits (passive optic

networks), fiber, chipsets that compress digital video, and

other components are lowering costs.9 At least one BPL

equipment supplier considers fiber networks to be the lead-

ing competition for BPL in the long term, with costs of fiber

networks being reduced to $800 - 900 per home passed.

Wireless broadband, provided by cell carriers such as mobile

phone providers, offers lower performance than BPL, but sys-

tems are relatively inexpensive to build. Relying on what are

essentially cell tower build-outs, cost of deployment ranges

from about $10 to $20 per home passed, depending on

whether the system relies on unlicensed or licensed spec-

trum.10 Data rates are predicted to reach 200 - 300 kbps by

2005.11 The city of

Philadelphia, which is build-

ing a citywide Wi-Fi network

to provide Internet access to

its 1.5 million residents,

estimates the network cost

will be about $10 million,

much less than other 

broadband networks would

require.12 If more such net-

works are built in coming

years, and prices charged to

customers are low, wireless

networks could be a lure for

dial-up customers. 

WiMax, which stands for Worldwide Interoperability for

Microwave Access, is the latest generation of fixed wireless

technology. Backers claim it can deliver high-speed Internet

access at point-to-point ranges of 25 miles or more. The high

speeds promised by this technology (75 - 100 Mbps) offer not

only fast Internet access but will also enable other broadband

services requiring high bandwidth, such as streaming video.

The critical factor in development of WiMax is standardiza-

tion. Standards developed by IEEE (802.16) will encourage

vendors and chipset makers to produce interoperable plug-

and-play products, leading to scale production and ultimate-

ly lower prices. WiMax is only in test stages, and applications

have yet to be proven, but the technology has been widely

publicized and has spurred considerable enthusiasm —

although perhaps some overly high expectations.

This broadband alternative does enjoy support from major

companies, most notably from Intel, which recently

announced a deal with Proxim to co-develop WiMax equip-

ment. The WiMax Forum, a multi-vendor industry association,

expects the first WiMax products to be available in 2005, but

deployment, per most telecommunications analysts, is not

likely until 2006 at the earliest. WiMax is likely to be expensive

at first, since customer premises equipment needed to use the

system is now quoted at about $300 per unit, and monthly

costs to customers would therefore need to be relatively high.

BPL vendors believe their next-generation technology can

compete on performance against WiMax and can beat WiMax

on price. However, cost reductions are widely expected, so this

technology is one to watch — and is a potential contender for

the future broadband market, particularly in rural areas. 

Satellite broadband is another alternative, particularly for

areas that do not have DSL and cable, although its adoption

has been limited by performance and price. Direct satellite

broadcast systems have been adapted from one-way to two-

way communications systems for high-speed Internet access.

Speeds of satellite broadband are about 500 kbps for down-

load; speeds for upload are slower. Contracts have required

an initial purchase of apparatus including the satellite dish,

antenna, and separate modems for uplink and downlink.

Satellite Internet access has tended to be used where some

form of broadband access is required, where no other options

exist, and where the installation and monthly costs

(>$50/month) are acceptable. These installations have not

been competitive on a cost or performance basis with other

broadband offers. Satellite broadband service does not sup-

port voice over IP, another drawback of this technology.

WildBlue Communications, in partnership with the National

Rural Telecommunications Cooperative (NRTC), is a broad-

band satellite system slated for activation in 2005 that prom-

ises faster speeds. Service packages with up to 1.5 Mbps

download speed and 256 kbps upload data rates are being

promoted by the NRTC. No specific prices are yet publicized,

although a WildBlue representative says it is likely to be about

$50/month.13 Bundling of Internet access and DIRECT TV,

using one satellite dish, is also planned as a means of making

the service more financially attractive for providers and users. 
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Several companies offer BPL technology. In the U.S., the most

vigorous testing and marketing is being done by Ambient,

Amperion, Current Technologies, and Main.net. Other players,

some relatively new to the market, are also involved. Table 2 at

the end of this White Paper profiles several of these companies. 

To date, both laboratory tests and more than two dozen field

tests or trials of BPL have been conducted. These tests, main-

ly focused on technical performance, show that the technolo-

gy works. Typically, they have been small in size, ranging from

4 to 100 participants, who get the broadband service free for

participating in most cases. Many tests have also entailed

evaluation of utility applications such as remote monitoring

or energy management. Two utilities in particular are focus-

ing on these grid management applications, Consolidated

Edison Company and Hawaiian Electric Company. Table 3

profiles selected utility tests and pilots underway in 2004.

SSppeeeedd
Speeds comparable to DSL and cable, 1 - 3 Mbps, have been

achieved in BPL systems. Speeds in the commercial BPL

deployments now underway range by system and vendor. In

Manassas, Virginia, which is using first generation Main.Net

equipment, user speeds range from 286 kbps to 800 kbps. In

Cincinnati, Ohio, Current Broadband is selling Internet

access at 1 - 3 Mbps. At PPL Telcom, speeds of 1.5 Mbps are

advertised. Speeds are symmetrical, meaning that upload and

download are at the same rate, a selling feature for BPL, since

DSL and cable typically have much lower upload speeds.

Vendors report that second-generation BPL equipment will

enable providing 5 Mbps or more to the home.
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BBPPLL  TTeessttss  aanndd  DDeeppllooyymmeennttss

BBPPLL  tteecchhnnoollooggyy  ffrroomm  aa  vvaarriieettyy  ooff  pprroovviiddeerrss  hhaass
bbeeeenn  ddeemmoonnssttrraatteedd  ttoo  bbee  tteecchhnniiccaallllyy  ssoouunndd..  TThhee
tteecchhnniiccaall  cchhaalllleennggee  aappppeeaarrss  ttoo  bbee  iinnccrreeaassiinngg  lleevveellss
ooff  ppeerrffoorrmmaannccee,,  aass  aalltteerrnnaattiivvee  tteecchhnnoollooggiieess  ooffffeerr
iinnccrreeaassiinnggllyy  hhiigghheerr  ssppeeeeddss..  TThhee  eeccoonnoommiicc  cchhaall--
lleennggee  iiss  ttoo  ddoo  ssoo  aatt  aa  ccoommppeettiittiivvee  ccoosstt..

BBPPLL  EEnntteerrss  tthhee  MMaarrkkeettppllaaccee
Announcements of the first commercial deployments of

broadband over powerline for consumers occurred in 2004.

The City of Manassas, Virginia municipal electric utility is in

the process of making BPL available to customers within the

10-square-mile city limits by the end of 2004. The city has

15,000 meters and a population of 35,000.  

For a small municipality to be among the first movers in BPL

commercialization is not a surprise. In this case, the com-

bined factors of a fairly small territory, an existing 60-mile

fiber network, and market conditions that offer potential for

broadband growth have helped create a reasonable business

case. Moreover, the municipality needs not be concerned

with the level of uncertainty in regulatory oversight that

investor-owned utilities must resolve. 

PPL Telcom is also doing a commercial deployment in eastern

Pennsylvania in Emmaus and in Hanover and Whitehall

Townships. Customers are charged from $34 to $40 per month

for the service, with price differences based on features such

as web hosting and email. The company's BPL network has

passed about 16,000 homes as of October 2004. According to

PPL Telcom, the system is an "advanced market trial," and the

company plans to decide by the end of 2004 whether to pro-

ceed with a widescale deployment in PPL Electric's service

district, which has 1.4 million customers.14

Cinergy and partner Current Communications, through an

unregulated unit, Current Broadband, are building out a net-

work that will make powerline broadband services available to

55,000 customers in Cincinnati, Ohio by the end of 2004, with



plans to extend the network to 260,000 homes in its territory.

Cinergy has also formed a joint venture with Current

Technologies, called ACcess Broadband, to provide broadband

systems and services to municipalities and electric cooperatives. 

As an investor in BPL, Cinergy has a vested interest in a large-

scale BPL network build-out, not only on its own merits, but

also as a model for potential clients. The status of commercial

BPL deployments as of 2004 is provided in Table 4. 

Utilities can consider wholesale or retail approaches to BPL,

applying three basic simplified models:

• A landlord arrangement, leasing the wires to a third party,

probably with a maintenance arrangement

• A partnership or contract with an Internet service provider

(ISP); the utility builds and owns the infrastructure, and the

ISP handles all aspects of selling to and servicing the customer

• The utility handles all aspects of the system, including serving

as the Internet service provider

Each of these options offers varying degrees of risk and

reward, but based on interviews with managers of BPL proj-

ects, consensus favors a wholesale approach, entering part-

nerships with those who already have experience. The figure

below is a business model that is illustrative of a wholesale

approach for a large investor-owned utility in which a sub-

sidiary is involved, showing the various parties and the flow

of services and payments between them. 
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Source: Current Broadband with permission
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BPL equipment BPL equipment 
vendorsvendors

Internet Internet 
connectivityconnectivity

Operating Operating 
CompanyCompany

Wholesale business model



Each organization will assess BPL according to its own eco-

nomic objectives, risk tolerance, and procedures. Several fac-

tors to consider in this analysis are:

CCoosstt  
Cost per home passed and estimated cost per subscriber will

include costs of equipment and installation — as well as cost

over time, including maintenance and equipment replace-

ment and upgrades.  Telecommunications equipment typical-

ly has a life cycle of less than eight years,15 but according to

vendor Current Technologies, the life cycle of BPL equipment

is expected to be 10 - 15 years to meet utility requirements.

Cost of backhaul, the communications link to the Internet

such as fiber or fixed wireless systems, is also a critical factor. 

Network cost data for wide-scale BPL deployment are not yet

demonstrated. Main.net, the provider for the Manassas,

Virginia deployment cites costs of $75 per home passed, and

up to $300 for consumer premises equipment. Amperion

reports a cost per home passed of $50 - $150.16 Some equip-

ment suppliers promise cost reductions as scale of produc-

tion increases and as anticipated improvements in digital

technology take place. Some companies have predicted

reductions of about 30% from higher-volume production, but

these have not yet manifested. 

For its planning purposes, Earthlink advises that BPL costs

need to drop below $20 per home passed and $100 per con-

sumer premises for equipment if a utility is looking at offering

only broadband Internet access. Eathlink's fast-Internet-only

business case assumes offering a service that can survive in

an environment of prices as low as $20 per month and a mod-

est 10% market penetration.17 However, as previously noted,

many utilities and BPL developers believe a 20% market pen-

etration is achievable, and bundling services such as voice

over IP and video on demand will enable revenue higher than

$20 per customer per month.

MMaarrkkeett  SSiizzee  aanndd  PPrriiccee
Revenue from broadband services will depend on both the mar-

ket penetration of the service and its price. The number of

broadband customers is growing and this sector constitutes a

huge market, but one that will vary over time. Growth in the

U.S. broadband market is universally expected. Individual mar-

kets vary widely, but nationwide, the total percentage of house-

holds with Internet access is at about 60%, and about 25% of

households have broadband. By 2008, the percentage with

broadband is expected to double to about  50% of households.

Pricing naturally affects market size. Prices for residential

broadband service have already dropped in some cases, as DSL

providers compete for market share against cable companies,

lowering the price from over $40 per month to as low as $27 in

select markets. Nationwide, DSL and cable broadband services

range from about $26.95 to $49.95 per month. And slower

speed dial-up services are typically $15 to $20 per month. 

BPL networks will be built first in areas that offer the most

cost-effective installation — most likely suburban areas, par-

ticularly those that may be underserved by DSL or cable.

However, competition with DSL and cable in areas where BPL

is deployed is likely. For instance, in the areas targeted by

Current Broadband, a considerable proportion of customers

already has access to DSL and cable. Therefore, a factor to

consider is the price at which cable and DSL customers would

switch to BPL — and the relative importance of various serv-

ice features and value propositions. What combination of

price and features will promote switching? And what hurdles

might need to be overcome, such as the need for customers to

change their email addresses?

It remains to be seen whether $28 to $40 per month BPL prices

will lure dial-up customers, persuade cable or DSL customers

to switch, or make much of a dent in the market that has not

opted for Internet access at all. However, conventional wisdom

among telecommunications analysts is that the monthly price

point at which broadband becomes appealing to the mass mar-

ket — those with dial-up or no service — is about $25 - 30.

Availability of bundled services that include Internet access as

well as items such as telephone and video, at a lower aggregate

price than buying each service separately, may also influence

customer buying behavior. (See Building Services and Average

Revenue per User, page 15.)

Current Broadband representatives report that they anticipate

their market will come largely from dial-up customers wishing

to upgrade their service. They also see some potential for cus-

tomers who want to switch from cable, citing dissatisfaction

with cable company customer service. Current Broadband is in

the early stages of marketing in 2004, but is encouraged by the

fact that of those who responded to the venture's initial mailing,

nearly half are cable company switchers.  
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Of the initial 55,000 homes passed in 2004, Current

Broadband hopes for about 20% penetration, or about 10,000

to 15,000 actual subscribers. Bill Grealis, a Cinergy Vice

President of Current Broadband, reports that as of July 2004,

the company achieved a response rate of 15 - 20% from the

initial 2,000 households targeted with direct mail marketing

pieces.18 Both Current Broadband and the City of Manassas

view a 20% market share as an achievable target and the basis

for a reasonable business case. 

Current Broadband is offering its service to consumers at dif-

ferent prices, depending on connection speed. Monthly

prices range from $29.95 for 1 Mbps to $39.99 for 3 Mbps. The

announced prices are just under the local competition's

monthly fees, creating an opportunity for Current Broadband

to compete on price to gain market share. Time Warner Cable

charges $44.95 per month, and Cincinnati Bell comes in

slightly lower at $41.95.  At these prices, Current Broadband

anticipates "having a positive cash flow in three years, and

our target is 260,000 homes passed by that time."19

Likewise, the City of Manassas is basing its business case on a

20% market share in its 15,000-meter municipality. Price will

be $26.95 per month. Although the number of existing pilot

project users is at only 200 as of mid-2004, over 1,300 people

are on the waiting list, and little marketing has yet been done.

A marketing campaign will be initiated when the network is

completed later in 2004. 

TThhee  DDiiffffeerreennttiiaattiinngg  FFeeaattuurreess  ooff  BBPPLL

Current Broadband is touting lower monthly costs, high-

speed (1 - 3 Mbps), always-on service, and "true plug and

play" as major selling points. An existing in-home network

using the electrical wiring of the home is another feature pro-

moted, as well as the fact that customers will be able to get

the same speed both ways (upload speed is slower than down-

load speed for other broadband services).

PPL Telcom is also touting fast speed, which is advertised at 1.5

Mbps, as well as symmetrical speed for upload and download.

Prices at $34 to $40 are competitive with local cable service.

Likewise, the Manassas service will be competing on price and

speed. The Manassas system is significantly faster than dial-up

(which only achieves 56 kbps) and approaching DSL, although

it does not reach cable speeds. The first generation Main.net

technology in Manassas performs at 286 kbps to 800 kbps,

depending on the number of users on the system. As with other

BPL systems, speeds are symmetrical for upload and download.

BBuunnddlleedd  SSeerrvviicceess  aanndd  AAvveerraaggee  RReevveennuuee  ppeerr  UUsseerr

One potential drawback of BPL compared to cable is that it

does not yet bundle services offered by the competition —

Internet access and TV for example, making it potentially less

appealing to customers. As a result, Current Broadband and

other BPL providers are planning or investigating services to

add to their mix. Additional services can translate not only

into greater market share, but also the ability to boost average

revenue per user.

The first additional service planned for bundling with BPL

Internet access is voice-over-IP (VoIP) — telephone service

over the broadband network. Current Broadband is planning

to provide VoIP in coming months. The City of Manassas is

testing voice-over-IP as a potential service offer as well,

although issues of address identification for 9-1-1 calls and

some billing issues need resolution before it makes a deci-

sion. PPL Telcom is also testing VoIP. Video on demand is

another potential service to bundle for competitive advan-

tage and is expected as part of the Current Broadband offer

sometime in 2005. 

The need to keep up with the competition's offerings — and

offer multiple services — is one of the main reasons that BPL

developers are enthusiastic about the high performance and

speed they anticipate with second-generation BPL equip-

ment. Speeds are predicted by one vendor to be able to reach

5 Mbps or more in next-generation BPL networks. Digital pro-

cessing speed is the main reason for the improved speed; for

instance, a new chip to be released by Spanish company DS2

should be able to process 200 Mbps. 
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TThhee  ssiinnggllee  mmoosstt  iimmppoorrttaanntt  iissssuuee  iinn  aa  BBPPLL  ddeeppllooyy--
mmeenntt  wwiillll  bbee  ttoo  mmaaxxiimmiizzee  rreevveennuuee  ttoo  ddeeaall  wwiitthh  tthhee
aannttiicciippaatteedd  ffaalllliinngg  IInntteerrnneett  aacccceessss  pprriicceess..  TThhiiss  wwiillll
aallmmoosstt  cceerrttaaiinnllyy  iinnvvoollvvee  ooffffeerriinngg  bbuunnddlleedd  sseerrvviicceess,,
nnoott  jjuusstt  IInntteerrnneett  aacccceessss..



While broadband Internet access may be the "killer app" that

is the impetus for deployment of BPL networks, the range of

potential applications using such a communications network

is enormous and needs to be considered as the business case

is developed. 

For instance, value-added services ranging from the entertain-

ment and VoIP already planned for some BPL networks to

home management functions such as security and energy

management could be offered. Several of these services are

listed in the sidebar. BPL could serve as the network between

customers and the utility, and it could also serve as the basis of

a system that performs a variety of functions on the customers'

behalf. This system could relay information to the end user

(energy prices, bill and energy use data, weather forecasts, etc.)

and could make preauthorized, automatic decisions for cus-

tomers as well (load shedding, thermostat settings, etc.).

Customers could modify and interact to the extent they desire.

Utility-based functions are promising. Using BPL networks to

meet existing internal utility communication needs could

improve the business case for BPL consumer services, foster-

ing greater broadband deployment and use. 

The first commercial systems plan to include utility applications

as networks are built out. For instance, the City of Manassas

municipal electric utility has integrated data from the BPL net-

work management system to help locate outages. At present,

when a repeater at a transformer is out, it shows up as an alarm

on a monitor at the operations center. When calls come in

reporting an outage, staff at the operations center can check the

status of BPL devices in the area and help pinpoint outage loca-

tions. The City says integration with outage mapping systems is

down the road, but believes this will be of considerable value,

along with functions such as distribution switching, fault detec-

tion, automated meter reading, and others.

Likewise, Cinergy's Current Broadband is investigating out-

age detection and restoration confirmation, along with auto-

mated meter reading, as initial utility applications of its BPL

network. Enhanced power distribution services including

remote switching, power quality monitoring, direct load con-

trol, and peak-shaving options are also factors in the compa-

ny's business case.

Planned BPL development at Hawaiian Electric Company

(HECO) will feature utility applications as the company under-

takes a phased approach to testing and commercial deploy-

ment. HECO is actively considering both at-the-premises and

on-the-grid applications. On-premises functions being evalu-

ated include direct load control and advanced meter applica-

tions such as time-of-use rates and remote data collection.

Potential on-the-grid applications range from outage detection

to distributed generation monitoring and control to distribu-

tion automation (opening switches and breakers).
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AArree  MMuullttiippllee  SSeerrvviicceess  ——  IInncclluuddiinngg  UUttiilliittyy  AApppplliiccaattiioonnss  ——  tthhee  KKeeyy??

BPL customer services and applications

VVaalluuee--aaddddeedd  ccuussttoommeerr  sseerrvviicceess

• Voice over Internet telephony 

• Automated monitoring and control of end-use
equipment, including demand response and
load shedding 

• Billing data and energy consumption data

• Real-time building security monitoring/reporting

• Automated inventory tracking of various goods
such as fuel stocks

• Dynamic price information

• Video on demand

• Streaming audio delivered through a stereo or
computer

• Real-time, interconnected Internet-based games

• Transmission of data/telephone/fax without mul-
tiple fixed lines

UUttiilliittyy  nneettwwoorrkk  mmaannaaggeemmeenntt
• Automated meter reading
• Automated connect/disconnect
• Recloser operations
• Power quality monitoring
• Distribution system data monitoring
• Load control/demand-side management
• Outage detection
• Lightning detection and notification
• Fault location
• Voltage control
• Dynamic pricing communication
• Staging area command center
• Distributed resource control and dispatch
• Crew management
• Security monitoring



""TThhee  hhuummbbllee  eelleeccttrriiccaall  oouuttlleett  iiss  ggeettttiinngg  aann  uuppggrraaddee..""  
— San Jose Mercury News

""NNeeww  iinntteerreesstt  iinn  aann  oobbvviioouuss  iiddeeaa..""    — New York Times 

""TThhee  IInntteerrnneett  tthhrroouugghh  eelleeccttrriicc  wwiirreess??  IItt''ss  aallmmoosstt  hheerree..""  
— The Wall Street Journal

""TTiimmee  ttoo  bbiidd  ggooooddbbyyee  ttoo  ffaatt  ccaabbllee  mmaarrggiinnss""  
— Financial Times

Real progress has been made in BPL technology, which has

fed a press eager for stories about innovation. But the busi-

ness merit of wide-scale broadband over powerline is still to

be proven as the first commercial networks are being built.

EPRI believes this technology could succeed commercially,

but utilities will need a measured approach to development

to mitigate risk and address the issues touched on in this

paper, whether they be regulatory approvals, attracting a con-

sumer market of sufficient size with bundled services, or

meeting cost thresholds that enable competition with other

broadband providers. 

Since deployments are still in early stages, it is unknown

whether extending BPL system-wide for utility applications

will be cost effective. It is certainly an area of considerable

promise, however, as a preliminary assessment by EPRI 

indicates offering multiple services and using BPL for utility

applications could have considerable impact on the business

case. For instance, BPL could be the communications system

that supports the EnergyPortTM, a meter, device, or a set of

devices that serves as the communications and control 

hub for the customer. As envisioned by EPRI, the EnergyPort,

also referred to as the Consumer Portal, is part "portal," 

part "gateway," and part smart electric meter. It would 

facilitate the communication enabled by the BPL network and

the services based on that communication. (See

www.e2i.org/e2i/ceids for more information and an online

demo of the functions that the EnergyPort [Consumer Portal]

supports.)

EPRI's Consortium for Electric Infrastructure to Support a

Digital Society (CEIDS) evaluated the business case for appli-

cations of the EnergyPort, and found that the case can be com-

pelling. The assessment showed that a dozen or so applica-

tions are the most promising opportunities. In particular, the

economics of demand response, avoided costs of new genera-

tion and T&D, and other energy optimization features make a

strong basis for deployment. The CEIDS analysis showed that

investment in a communications system that enables energy

and network management could be worth roughly seven times

the initial expenditure. This preliminary assessment could

apply to BPL as well if utility-related applications are part of

the services enabled with a BPL network. 

BPL represents one of the potential communications media

that can facilitate the convergence of communication and

electricity delivery, what EPRI refers to as the IntelliGrid.

Primarily focusing on a system for functions such as once-a-

month meter reading or other applications that do not require

high bandwidth, however, is a limited vision of BPL for power

delivery system applications. Rather, BPL has potential to

enable more uses of existing infrastructure and offers a possi-

ble platform for new utility-specific applications. Although

utility applications can have near-term impact on the busi-

ness case for consumer broadband services, a longer-term

view may reveal that the biggest benefit of BPL is for functions

such as distribution system optimization. Benefits include

condition-based maintenance versus schedule-based mainte-

nance, potential prediction of failures, reduced energy losses,

and increased capacity using existing assets.
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EEPPRRII  IInniittiiaattiivveess

By its nature, BPL is an obvious area for greater examination

and development. 

EPRI's primary role to date has been through work related to

the EnergyPort, a key to providing energy-related, value-

added services that could be part of a BPL network. 

EPRI's CEIDS has taken on the technical challenge of devel-

oping robust designs that can effectively integrate two infra-

structures, the external electric power delivery system and

the in-building environment. CEID's work has centered on

the standardizing of "object models" for EnergyPort func-

tions. These functions include demand response, real-time

pricing, load monitoring, energy management, distributed

energy resource interfaces and control, power quality appli-

cations, preventative maintenance, and condition-based

maintenance.  

EPRI is also creating a detailed, comprehensive research plan

for its highest technology development imperative, the intel-

ligent grid. This research plan, which accounts for technical,

business, and regulatory issues, will examine the role BPL

may play in actualizing the IntelliGrid. Other research needs

related to BPL are also being explored, with input from indus-

try stakeholders.

In addition, on the retail side, Primen, which is part of the

EPRI Family of Companies, is developing research projects

related to BPL, designed to address market issues in the con-

text of communications-enabled customer services provided

or desired by utilities. 

To be a part of the EPRI initiatives related to BPL,

the Energ yPort, and the IntelliGrid, please contact 

Clark Gellings at cgelling@epri.com. For information on

market issues related to BPL, please contact Karen George

at kgeorge@primen.com.
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Broadband 
competitors by 
technology type

Reach and 
limitations Speed

Typical prices, 
residential 
customers, 2004 U.S. market

Status/
comments

BPL — broadband over
powerline, defined as
long-distance, high-
speed transmission of
data over the power
delivery system. 

The appeal of BPL is that it
can be applied to the ubiq-
uitous electric distribution
network. In practice, the
reach of the technology
will depend largely on
costs of deployment.

Utility communications for
meter reading, direct load
control, distribution man-
agement, power quality
monitoring, and other
applications can be con-
ducted using BPL.

Up to 3 Mbps  in
commercial
deployment.
Faster speeds 
(5 Mbps to home
or higher) 
anticipated by
vendors.

Speeds are sym-
metrical (same
for upload as
download). Like
cable, the num-
ber of users
affects the speed.

Range from 
$28 - $39, 
depending on
speed and 
features

The first com-
mercial deploy-
ments in the
U.S. were start-
ed in 2004.

BPL is offered to
thousands of cus-
tomers in Europe,
where it is less
costly to deploy
because of struc-
tural differences in
the electrical 
system. 

Dial up — use of exist-
ing phone lines for
Internet access. Data
transmission speeds are
limited with this option,
so it cannot provide
high-speed Internet
access. However, it does
provide low-speed
access, which many 
customers find an 
adequate alternative to
the higher-priced 
broadband services. 

Dial-up services provide
wide reach since the
phone service network
reaches almost all homes. 

Up to 56 kbps $10 - $22/mo 38 milliona

Table 1. A profile of Internet access

Cable — use of cable
TV providers’ coaxial 
or fiber-coaxial 
systems to transmit broad-
band signals. 

Cable has a considerable
amount of unused capacity
and affords bandwidth for
high-speed Internet access.
Any premises with cable TV
wiring can be provided
broadband services.

Only available where cable
has been installed, so some
areas, especially in rural and
suburban locations, do not
have access.

The speed of the signal
varies by the number of
users on the neighborhood
network loop, so perform-
ance (speed) degrades with
high numbers of users.

~1 - 3 Mbpsc

This speed is
available
through a single
channel, which
other users
share. Multiple
users may
degrade 
performance,
although the
cable company
can add another
channel or split
the users into
small groups. 

Range of 
~$39 - $60/mo

17.7 milliona 



October 2004 Page 21

Broadband Over Powerline 2004: Technology and Prospects 

AAnn  EEPPRRII  WWhhiittee  PPaappeerr

Broadband 
competitors by 
technology type

Reach and 
limitations Speed

Typical prices, 
residential 
customers, 2004 U.S. market

Status/
comments

Satellite — direct satel-
lite broadcast systems
have been adapted from
one-way to  two-way
communications systems
for high-speed Internet
access. Internet access
service requires a dish,
an uplink modem and a
downlink modem, and
coaxial cable between the
dish and modem.

Installation requires a clear
view to the south (in the
Northern Hemisphere), since
satellites orbit over the equa-
tor area. Trees and even heavy
rain may affect reception 
of Internet data.

500 kbpsc $50 - $60/mo; 
plus ~$600 for
equipment 
installation

Cost and perform-
ance have made
satellite Internet
access a small
niche market.

Some analysts are
promoting develop-
ment of a combina-
tion satellite- wire-
less system to
increase the market.

Fiber (FTTx) — use of
optical fiber lines to
home (FTTH) or business
(FTTB) to deliver broad-
band services 

Fiber to the premises is avail-
able in some locations, but its
deployment has been limited
by high cost. However, cost
reductions enabled by passive
optical networks and advances
in other components are
bringing costs down. 

30 Mbps - 1
Gbps+

$28 - 65/mo,
depending on
locale, service
features, and
speed

~600,000d Verizon has begun
deploying fiber in
some U.S. locations,
and other "Bells" and
telecom companies
may follow suit. 

a. Bruce Leichtman, personal communication (September 30, 2004), Leichtman Research Group, Durham, New Hampshire, tel. 603.397.5400,
www.leichtmanresearch.com.

b. “Current Analysis Finds Average Consumer DSL Prices Have Dropped Below Those of Cable Modem Service for the First Time Ever,” Current Analysis,
September 15, 2003,  downloaded from www.currentanalysis.com.

c. Speeds for cable and satellite Internet access are based on the download speed, which is assumed to require the greatest bandwidth. Uploading speeds are slower.
d. Federal Communications Commission Industry Analysis and Technology Division, Wireline Competition Bureau, "High Speed Services for Internet Access:

Status as of December 31, 2003," (June 2004) www.fcc.gov/wcb/stats.
e. “WiMax Making Strides,” and “WiMax Primed for Growth,” Planet, October 10, 2003 and October 22, 2003, downloaded from www.wi-fiplanet.com.

For more information on how satellite Internet access, cable modems, DSL, and dial-up services work, see www.howstuffworks.com.
For more information on WiMax, visit www.wimaxforum.org, an organization created to promote deployment of broadband wireless access networks by using a
global standard and certifying interoperability of products and technologies.

Table 1. A profile of Internet access (continued)

DSL (digital subscriber
line) — use of existing 
copper telephone wires
for broadband transmis-
sion. Employs data
encoding techniques to
transmit data at frequen-
cies different than voice
transmissions. 

A residence must be with-
in about 18,000 ft. of the
DSL central equipment
office to be able to use this
option, limiting availability.
Also, not all circuits in this
proximity are DSL capable.

1.5 Mbps $27 - $49/mo 

Average of
$43/mob

11 milliona Although it can pro-
vide Internet access
and voice signals,
DSL is not capable
of transmitting tele-
vision signals.

WiMax — a name 
referring to the next 
generation of fixed and
long-range wireless net-
works. Worldwide inter-
operability for microwave
access, based on a
January 2003 IEEE stan-
dard  (802.16), supports
development.

has a 
range of only about 
300 - 500 feet. This
technology has a predicted
point-to-point range of 25
miles or more. 

Up to 75 - 100
Mbps 

Not yet known,
although predict-
ed to be higher
than cable and
DSL; consumer
premises equip-
ment (modems) 
are expected to
cost $300 when 
introduced

NA — 
Not yet a
product

WiMax has received
media buzz, but is
not yet a product. 
Telecom industry
analysts predict
products will be
introduced in 2005
and first deploy-
ments by perhaps
2006.e 

~225,000a
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Company Category Products and services Utility tests/comments

Ambient Corp

79 Chapel Street
Newton, MA 02458

contact: John Joyce, CEO

tel: 617.332.0004

email:
John.Joyce@ambient
corp.com

website:
www.ambientcorp.com

BPL system
design and 
integrator

PLC hardware and embedded software. Uses
integrated circuits from DS2 to send signals
on medium-voltage lines, and couples signal
to low-voltage lines. Uses repeaters as neces-
sary. Has patented inductive coupler that cou-
ples the customer voltage system (240 V) to
the distribution primary voltage system 
(~4 kV to 24 kV)

System analysis and design

Installation support, maintenance 
services, and system upgrades

Consolidated Edison has an
interest in Ambient. Earthlink
also an investor.

Ambient technology is being
tested by: 

• Consolidated Edison 
• IdaComm
• Others not publicly 

discussed

Amperion, Inc.

Two Tech Drive
Andover, MA  01810

contact: 
Jeff Tolnar, Vice President of
Marketing and Sales

tel: 978.824.2000

website: www.amperion.com

Medium-voltage
line BPL system 

Uses chipsets from DS2, 45Mbps raw data rate.
Uses  to deliver signal to the premises.
Customers can choose either one or two 802.11
a/b/g radios, with an optional amplifier and an
optional fiber port. Offers equipment for both
overhead and underground powerlines.

Three types of hardware provided:

1) signal injector — interface between network
access connection (e.g., fiber ring, DS3, DS1)
and an MV feeder

2) extractor device that connects the network
to bandwidth destination

3) repeater/extractor that corrects for noise and
retransmits down the MV feeder

Investors include American
Electric Power (AEP), Cisco
Systems, and Redleaf Group, Inc. 

Amperion technology is being
deployed at:

• AEP
• PPL Telcom
• Progress Energy
• Southern Telecom
• IdaComm
• Penn Yan
• PUC Telcom (Ontario)
• Dacor
• D-Tel 
• Others not publicly disclosed

or outside North America

Current Technologies

12800 Middlebrook Rd., 
Suite 201
Germantown, MD  20874

contact: Terry Bernstein,
Director of Marketing

email: Terry.Bernstein@
currenttechnologies.com

tel: 301.515.7617

website: 
www.currenttechnologies.com

Turnkey service
of system hard-
ware & software,
with installation,
operation, and
maintenance of
system and full
ISP services.

Proprietary data transfer system for medium-
voltage lines; uses CT Bridge device to con-
vert signal to HomePlug format for low-volt-
age line communications; CT Coupler used
to couple medium-voltage and low-voltage
signals.

Funded by venture fund
Liberty Associated Partners,
with minority investment by
employees and Enertech
Capital Partners

Current has conducted pilots
with:

• Pepco
• Cinergy
• Hawaiian Electric

Table 2. Selected BPL Vendors/Technology Companies

BBPPLL  VVeennddoorrss//TTeecchhnnoollooggyy  CCoommppaanniieess

Several companies offer BPL technology. In the U.S., the most vigorous testing and marketing is being done by Ambient, Amperion,

Current Technologies, and Main.net. Other players are also involved. Table 2 profiles several of these companies.
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Company Category Products and services Utility tests/comments

Main.net Powerline
Communications, Inc.

12355 Sunrise Valley Dr.
Suite 650
Reston, VA  20190

contact: Joe Marsilii, CEO

tel: 703.476.4700

website: 
www.powerline-plc.com

System
designer/integrator

BPL network
designer/
operator

Adapted "last mile" solution from European
low-voltage line applications to medium volt-
age; incorporating repeaters for higher-volt-
age distribution system communications.
Deployable on both low- and 
medium-voltage grids.

Parent company is located in
Israel. Outside of U.S., has 50
deployments, serving about
10,000 sites. 

• AmerenUE
• Southern Telecom
• City of Manassas, Virginia
• Rochester Public Utilities
• Pacific Gas & Electric 

Has formed a partnership with
Hometown Connections to
offer BPL equipment to
American Public Power
Association (APPA) members

GridStream Systems
(formerly PowerComm)

55 Spray Road
Fayetteville, TN 37334

contact: 
Wayne Sanderson, President,
CEO

tel: 931.438.3331

email: wsanderson@ 
gridstreamtech.com

website: 
www.gridstreamtech.com

System design,
especially for serv-
ing rural areas

System that imposes signal between the
phase line and neutral line of 
distribution primary circuits. Patented protec-
tion of modulation method over circuits as
well as use of lightning arresters as coupling
devices over medium- and high-voltage
power lines. Uses HomePlug alliance compli-
ant hardware for access over medium-voltage
powerlines and from the transformer into the
home. Can create  hot spots with access point
routers on repeaters.

Technology is being tested by:

• Cullman Electric
Cooperative, AL

• Fayetteville Public Utilities,
TN

• Chelan County, WA

• Winchester, TN

PowerWan, Inc.

400 Channing Ave.
Palo Alto, CA  94301

contact: 
Cliff Davidow, 
Founder & CTO

tel: 650.960.3215

website:
www.powerwan.com

System design and 
support services

System that eliminates need for 
coupling between medium- and low-voltage
domains. Signal processing technique
detects signal after passing through trans-
former. Requires high-capacity backhaul 
such as fiber.

Investors include Anila Group,
a venture capital firm, employ-
ees, and unnamed utility.

Technology is being tested by:

• “Unnamed utilities” 
serving more than a dozen
homes

Recently announced a com-
mercial deployment in China.

Table 2. Selected BPL Vendors/Technology Companies (continued)
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Company
name Location

Equipment
vendor Phase

Number of 
participants

Installation
types When began Comments

AEP Dublin, OH Amperion Field test NA Residential
Commercial

AmerenUE Cape Girardeau,
MO

Main.net Field test 55 (300
homes
passed)

Residential Mid-2002

Arizona
Public
Service

Cottonwood, AZ Not publicly
disclosed

Field test 10 (~50
homes
passed)

Residential
Commercial

2004

Central
Virginia
Electric
Cooperative

Lovingston, VA IBEC Pilot NA (4,000
homes
passed)

Residential 2004 Being installed in
2004; will offer for
$29.95/month as
market trial

Chelan
County PUD

Wenatchee, WA GridStream
Technologies
and Main.net

Field test 30 homes
passed for
each 
technology

Residential 2004 Chelan County
PUD owns fiber
optic 
network

Consolidated
Edison

Westchester, NY

New York City

Ambient Field test 15 

(expanding
to multi-
family unit 
in NYC)

Residential
Commercial

May 2002 Funding assistance
provided for utility
applications testing
by New York State
Energy Research
and Development
Authority 
(NYSERDA)

Cullman
Electric Co-op

Cullman, AL GridStream
Technologies

Field test 13 (78 homes
passed)

Residential Fall 2002

Fayetteville
Public
Utilities

Fayetteville, TN GridStream
Technologies

Field test 250 Residential August 1997 Has 30-mile fiber
network

Hawaiian
Electric Co.

Oahu, Maui,
Hawaii

Current
Technologies

Field test 8 by end of
2004 Planning
pilot of 500 -
1000 homes
passed in
2005

Residential Focusing on utility
applications as
well as consumer
broadband 
services

Table 3. Selected BPL utility field tests and pilots

TTeessttss  aanndd  DDeeppllooyymmeennttss

To date, both laboratory tests and more than a dozen field tests or trials of BPL have been conducted, focused on technical perform-

ance. These tests have typically been small in size, ranging from 4 to 100 participants, who generally get the broadband service for

free for participating. Many tests have also entailed evaluation of utility applications such as remote monitoring or energy manage-

ment. Two utilities in particular are focusing on these grid management applications, Consolidated Edison Company and Hawaiian

Electric Company. Table 3 profiles selected utility tests and pilots underway in 2004. Table 4 covers commercial deployments.
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Company
name Location

Equipment
vendor Phase

Number of 
participants

Installation
types When began Comments

PEPCO Maryland Current
Technologies

Field test 115 Residential June 2003

Progress
Energy

Raleigh, NC Amperion Field test

Phase 1 -
technology
test

Phase 2 -
market test

23 (45 homes
passed)

NA (420
homes
passed)

Residential
Commercial

January 2003
(to July 2003)

January 2004
(to August 2004)

Evaluating future
trial or commercial
deployment

Rochester
Public
Utilities

Rochester, MN Main.net Field test 20 (may
expand to
100)

Residential
Commercial

July 2004

Southern
Telecom

Birmingham, AL Main.net and
Amperion

Field test 100 (1200
homes
passed)

August 2002

Pacific Gas &
Electric

Menlo Park, CA Main.net Field test 300 homes
passed

Residential 

Penn Yan
Municipal
Utility

Penn Yan, NY Amperion Field test 60 Residential
Commercial

Table 3. Selected BPL utility field tests and pilots (continued)

IdaComm Boise, ID Amperion Field test 37 (320
homes
passed)

Residential September
2003

Underground,
suburban with
fixed wireless
fiber extension

IdaComm Boise, ID Amperion Field test 25 (150
homes
passed)

Residential Aerial, rural/
suburban, direct
fiber fed

IdaComm Boise, ID Ambient Field test 6 offices,
expanding to 30

Commercial Multi-tenant and
campus. Testing VOIP
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Company
name/
location

Number of
participants,
current
(mid-2004)
and forecast

Prices/
speeds

Services
offered

Network
build-out System Business model Comments

Cinergy’s
Current
Broadband 

Cincinnati,
Ohio, extend-
ing into
Northern
Kentucky and
Indiana

Current: 
~400

Forecast: 
20% of homes
passed

$29.95/mo.
for 1 Mbps

$34.95/mo.
for 2 Mbps

$39.95 for
3 Mbps

Internet
access;
Voice-over-IP
planned in
late 2004;
video on
demand in
2005

Plan to pass
55,000
homes by
end of 2004;
extending
network to
260,000
homes in
2005

Current
Technologies
system with
HomePlug
modems

Current Broadband
is a joint venture of
Cinergy
Corporation and
Current
Communications. 

Cinergy is an
investor in
Current
Communications
and has created
an additional
company, Access
Broadband, to
provide BPL serv-
ices to electric
cooperative and
municipalities. 

City of
Manassas
municipal
electric 
utility

Manassas,
Virginia (in
Washington,
DC area)

Current: 
200 from pilot

Forecast: 
20% of homes
passed

$26.95/mo.
for 286 -
800 kbps

Internet
access and
home page

Plan to pass
about 15,000
homes and
businesses
by end of
2004

Main.net
system tied
to 60-mile
fiber 
network

Works with third-
party franchisee. City
handles installation
of equipment 
external to building;
franchisee provides
equipment, Internet
access service, and
back-office con-
sumer services. City
obtains 10% of rev-
enue from BPL serv-
ice; covers installa-
tion costs only. City
and initial franchisee
cancelled contract in
2004 and City seek-
ing new partner.

Estimates cost
per subscriber of
$630 at 20% 
market 
penetration rate.

Marketing
planned after 
network build-out
in late 2004.

Table 4. Commercial deployment status, 2004

PPL Telcom

Headquarters:
Allentown, PA. 

BPL service
offered in
Emmaus,PA
and Whitehall
and Hanover
Townships

Current: 1,200

Forecast:NA

$34 - 40
(depend-
ing on fea-
tures)

1.5 Mbps

Internet
access and
home page

~16,000
homes
passed

Amperion
and
Main.Net

PPL Telcom is a sub-
sidiary of PPL
Corporation

Although market-
ing to consumers,
this deployment is
still considered a
market trial. A
decision on
whether to offer
BPL in the PPL
Electric territory,
which services 1.5
million customers,
is expected by the
end of 2004. 

2004 witnessed the first commercial deployments of BPL. This table summarizes the status of these ventures.


