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INTRODUCTION
BPL is an exciting new variation of an
old idea that proposes to use the wires
of electric power systems through
neighborhoods and in buildings to
transport high speed Internet
(broadband) data signals for public
customers and utility applications. These
modern power line carrier current
system variants are in the process of
undergoing technical trials and limited
implementation in Canada and the USA.
Concerns have been raised as to
possible interference to users of the
radio spectrum between 1.7 and 80
MHz. This document will attempt to give
some technical information concerning
the systems being proposed, the user
applications, the nature of the possible
interference, control measures being
proposed, the testing activities underway
to evaluate possible interference and the
state of BPL deployments in Canada and
the USA.

SYSTEM TECHNICAL DESCRIPTION
A basic understanding of how BPL
systems are created and the differences
between them is necessary to
understand the technical issues
associated with interference. The
differences lead to significant changes
between system characteristics as they
are implemented and consequently will
greatly vary the potential impact on the
Radio Amateur.

From a world perspective BPL is not
new, and has been widely deployed in
the United Kingdom for at least a
decade. The reasons for early
deployment there are not obvious, but
one should consider that the heavily
populated centres of Europe have
already been “wired” for telephones. To
rewire to deliver new or additional
telecommunication services based on
coaxial or fibre optic cable would be a
very costly undertaking and
consequently unlikely to occur. The
electric power system is, of course,
already in place and any technology that
could make use of existing wires to
deliver new services to customers is
going to be a desirable option. This was
also the motivation for the deployment of
Digital Subscriber Line (DSL) modems
on conventional telephone lines by the
telephone companies.

European BPL
The electric systems of Europe are
different than in North America and this
goes beyond the standard use of 220
Volts at 50 Hz, but rather in the basic

configuration. For each distribution
transformer that converts the medium
voltage (MV) line voltage (4 to 40 kV)
down to the low voltage (LV) 220 Volts,
there are 200 to 250 customers that are
connected to the LV side through
coaxial supply cables. The distribution
transformer is a significant obstacle in
the use of BPL, as the transformer
which is intended to pass low
frequencies near 50 Hz, appears as an
open circuit to the passage of higher
frequency signals. Thus, in order to
provide telecommunications services to
a large number of electricity system
customers, a means of bypassing the
transformer is necessary. This bypass
operation is costly as there are large
voltages to deal with on the MV side of
the transformer and there are concerns
with the transient voltages that are
produced by lightning hits on the MV
lines. The fact that 200 to 250
customers can be reached from the LV
side of each transformer is the main
reason for its early deployment in
Europe. The source of broadband data
only needs to be delivered to each
transformer by fibre optic cable, DSL
lines or even broadband microwave
radio. This made the economics and
practicality of BPL very attractive to
reach European customers from the
onset.

North American BPL
In North America (NA) the situation is
different, with a
maximum of
about 20
customers
being served by
a single
distribution
transformer,
and in most
cases the
number of
customers
typically will
vary from 1 to
8. Therefore,
providing BPL
service to a
large number of
customers in
NA will be a
significantly
higher cost
than in Europe
because of the
need to attach
to the LV side
of a
proportionately
larger number
of transformers
at a much
higher cost per

customer. Otherwise the transformer
barrier needs to be crossed in order to
get a better utilization of the high speed
data line. The NA BPL manufacturers
have had to concentrate on transformer
bypassing and have a number of options
to choose from, and this ultimately
defines the major differences in their
systems. Each approach has its strengths
and weaknesses. Without getting specific
to the different manufacturers
approaches, let’s consider the options as
follows:

All Wireline BPL Implementation
From an electric utility perspective it
would be important to keep the facilities
provided by other entities to a minimum
by using BPL throughout. In the figure
below, the configuration of a typical
distribution network can be seen. There
are one or more high voltage lines
(typically 66 to 230 kV) which transport
electricity to a substation. The substation
will have large transformer banks to
reduce the voltage to something in the
range of 4 to 25 kV for connection to the
many medium voltage lines that distribute
the electricity out to the MV-LV
transformers that are located near the
customers.

Substations in an electric system will vary
in their sophistication depending on the
age and significance of the station to the
electric grid. Significant stations will often
be served by utility-owned microwave
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radio or fibre optic cables. These
telecommunications systems are
necessary for the operation of the
electricity system but often are capable
of supplying higher data bandwidths
than required by the station itself, and
thus can provide surplus bandwidth to a
BPL system. The BPL data system will
require the installation of data
processing equipment at the station to
interface to the high speed data network
(and ultimately the Internet) and to
launch or inject BPL signals into the MV
lines. The connection to an MV line is
made by some form of coupling device,
a capacitor based network in its
simplistic form, or realistically some form
of a wideband transformer. The coupler
has to isolate the high MV voltages (4 to
25 kV) from the station’s BPL data
equipment. There are choices to be
made as to how many conductors to
couple to on the MV line. A single
conductor is the minimum required of
course, but there are usually three
phase conductors associated with an
MV line and better BPL transmission
distances can be achieved by coupling
to two phases.

The BPL signal will then propagate down
the wires to the
distribution
transformer location
and the issue of
bypassing the
transformer has to be
dealt with. In the
simplistic situation,
the bridge to the LV
side is performed by
a capacitor or
wideband transformer
network similar to the
coupler used to inject
the BPL signals onto
the MV line at the
station. Thus the
same BPL signal that
is carried on the MV
lines is coupled onto
the LV lines. In a
practical BPL
implementation,
however, there will be
a need to periodically
regenerate the digital
BPL signals and, of
course, this must
happen somewhere
along the length of a
contiguous MV line.
The LV side of the
transformer will have
more complexity in
the frequency domain
and it may be
advantageous to
translate the BPL
signal to a different
lower spectrum range
before connecting to
the LV side. This
allows the
regeneration of the

BPL signal for both the MV and LV lines
and eliminates any interference between
these signals provided by cross-coupling
of the MV and LV wires. The degree of
cross-coupling will depend on the
physical configuration of the lines on the
distribution system. In Europe and North
America there is a BPL product available
for LV use that follows the “Homeplug”
standard. The Homeplug products are
available for home networking using the
local power system wires, so obviously
there is an advantage to use these in the
customer interface of a BPL
implementation and to use a completely
different product that uses a different
spectrum range and potentially different
techniques to deal with MV line issues.

The need for regeneration and possible
frequency changing equipment makes
implementation of BPL much more
difficult, with a lot of complex equipment
mounted outside on poles or in
underground equipment cabinets.

Hybrid BPL Implementations
Other techniques involve the use of
wireless technology but still make use of
BPL to avoid having to tackle the
transformer bypass issue. The first

hybrid configuration shown below
incorporates the same arrangements to
inject the BPL signal into the MV lines at
the substation, but at the distribution
point the signal is sent to the customer
using one of the data industry standard
802.11a/b/g format wireless products.
This has the advantage of being able to
avoid the transformer entirely and even
creates the freedom to locate signal
distribution points at technically
convenient locations which are
independent of the actual transformer
and customer locations. It provides
separation of the MV and customer
interface (LV side) signals and permits
the MV side equipment to use the entire
spectrum for only MV side BPL. It, of
course, has all of the wireless issues of
potential interference from other
unlicensed wireless products sharing the
same spectrum and needing a clear
“view” of the radio access node. It could
permit customers to receive service in a
cellular type manner and connect to
more than one wireless node. This
technique offers the potential for mobile/
portable computer networking with
higher bandwidths than offered by the
present wireless data service providers.

The second hybrid
technique reverses the
usage of the MV/ LV
lines and only uses
BPL connected only to
the LV line. The BPL
equipment would
receive the high speed
data connection from a
wireless connection.
This wireless
connection could be
provided by the
standard 802.11a/b/g
format wireless links or
could use licensed
microwave multipoint
distribution (MMDS)
systems. This last
option has the
advantage of not being
susceptible to
interference from other
systems but would lack
the cellular like
portable coverage. It
would use BPL
modems which could
be the Homeplug
standard or other
proprietary models.

WHY BOTHER WITH
BPL?

Broadband Access
Approximately 75% of
Canadians have
Internet access and of
those about 48% have
a high speed
(Broadband)
connection at home.
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This compares very favorably with 21%
in the USA and 5% in Europe. Thus only
about 30% of all Canadians have a
broadband home Internet connection
and the question comes up as to why?
Certainly some Canadians cannot justify
or afford the added cost of a high speed
connection, but most are denied access
because high speed service is not
provided in the area of their homes.

Providing service requires a significant
capital expenditure by the service
provider and unless there is the future
prospect for a sufficient number of
customers, service will not be extended
to an area. The same is true for almost
all of the delivery technologies including
DSL, cable modems, wireless and even
BPL. Only satellite service offers the
potential to spread the required number
of customers over a large territory. The
case for BPL is that the power system
wires are already there and only the BPL
equipment needs to be added, and thus
the opportunity exists to provide service
where service cannot be economically
delivered by other means. In areas that
are already served by high speed cable
or DSL providers, the prospect is that
BPL can provide a lower cost option for
consumers and the added competition
will force the cost of broadband Internet
services lower.

All governments — provincial and
Federal — look at broadband Internet
availability as being a key ingredient to
the providing a high standard of living for
all Canadians. It holds the promise of
being an enabler of advanced health
care and education in rural areas and
potentially even a new source of
employment opportunities where few
others exist. This is hoped to help stop
the migration of people from the rural
areas to the cities and towns. As a
country it should help lower the cost of
doing business in a global marketplace.
Governments fully support any initiative
which can help fulfill the goal of getting
broadband Internet to most Canadians.

Utility Applications
The equipment used by Canadian
electric utilities to generate, transmit and
distribute electrical energy has a long
economic life and because the electrical
systems expanded greatly after the end
of World War II, much of that equipment
is 50 years old. It is in need of
replacement and the modern
replacements offer the promise of
features that can enhance utility
operations and improve customer
service. These features require the
remote retrieval of information through
communications facilities. Until recently,
utilities relied on narrowband data
channels (and often dial-up service) to
retrieve information from major stations.
Smaller stations often had no means of
data retrieval other than dial-up. Many
utilities have been able to construct
microwave radio and fibre optic-based

networks that now provide high speed
data access to the larger stations, but
the smaller (distribution or customer
service) stations have not yet received
these services. With extensive
equipment replacement programs going
forward in the near future, the expansion
of utility data networks is necessary to
facilitate use and provision of advanced
services. BPL can help provide the
missing link to the smaller stations and
to utility equipment that is located out on
the lines.

BPL MODEM TECHNICAL
PROPERTIES
Much of the information concerning BPL
modems is commercially confidential
and it seems especially well protected
due to the controversy concerning radio
interference. There are certainly many
ways to create high speed modems and
the technologies used were certainly
developed in response to similar needs
for high speed data transmission in the
wireless world. The main modem
modulation techniques are:

• DSSS: Direct Sequence Spread
Spectrum

• FHSS: Frequency Hopping Spread
Spectrum

• OFDM: Orthogonal Frequency Domain
Modulation

All of these techniques are capable of
delivering such a service, but since
public information exists for OFDM BPL
modems, that will be the subject of this
discussion. The OFDM chip sets in use
by at least two BPL manufacturers are
manufactured in Spain by DS2. The
modem characteristics are:

• 45 Mbps using 1,280 Distinct Carriers
• Adaptive Bit Rate per Carrier

Depending on Channel S/N Conditions

• Spectrum Usable from 1.7 to 80 MHz
• Only 10 MHz of Bandwidth used per

Modem

The 1280 individual carriers are
effectively independent and can adapt
dynamically to S/N conditions being
experienced, so that if the frequency
response for a particular modem carrier
is poor, the modem will adapt its
modulation scheme to suit the
circumstances and obtain the best data
transmission possible to contribute to the
aggregate output of the modem. It is
possible that a particular frequency may
be totally unsuitable for transmission and
not contribute at all to the output. The
modem chip sets are capable of
operating up to 80 MHz, but the
expectation is that the frequency
response will be best and the losses will
be lowest at the lower frequencies, but
this is subject to the spectrum being
available for use. The 10 MHz bandwidth
requirement is for one particular modem,
so depending on how the transmit/
receive functions are handled in the
modem set, there may be two or three
times the 10 MHz required to handle all
the data transmission requirements.

Typical BPL modem spectral
characteristics are shown in the figure
on the next page. This particular modem
is of European origin, but the important
thing to note is the closely spaced
carriers and the absence of carriers at
certain frequencies which just happen to
coincide with many of the Amateur
Radio allocations!

The next generation of BPL modems
that are reported to be capable of 100
Mbps are currently undergoing test and
are expected to be available for
commercial service later in 2004. The
spectral characteristics are unknown, but
since the manufacturers were attempting
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to obtain authority to
operate at higher signal
levels, one can imagine
that higher S/N ratios
are required to support
operation of modems
that provide higher data
rates. It is possible that
this was desired to
preserve the existing
use of only 10 MHz of
spectrum while
providing higher data
speeds.

BPL Interference
BPL Interference is a
very controversial
subject and recently it
has been the subject of
much lobbying (read
politics) by both sides
in the argument. As
with all political debates
you have to listen
carefully and ask
informed questions and
hope that you get a
straight answer.

The ARRL in the USA
has been strong in its
lobbying efforts and has
put a lot of information
on its webpage
<www.arrl.org>, but
unfortunately some of the information
needs to be qualified for its relevance to
the North American situation. As
discussed earlier, the configuration of
the power distribution grids differ greatly
between Europe and North America,
combined with the fact that many of the
tests are old (3-5 years) and reflect old
BPL technology, and thus the results
cannot be taken as conclusive proof that
BPL will result in severe interference.
BPL proponents cite many examples of
BPL systems (Hong Kong, Spain and
France for example) where no
interference has been reported, however
the details of the deployment are often
not known.

Considering that BPL is a wideband
digital service, it is certainly reasonable
to expect that BPL will generate
wideband “noise”. If you have ever tried
to use a portable radio next to a modern
digital computer then the influence of
digital system noise can be appreciated.
Fortunately, computer noise largely
disappears with a short distance
separation. Unlike narrowband analog
systems any BPL signals will tend to be
wideband in nature and not generate
discrete signal spurs.

The BPL signal will propagate down the
wires by conduction but due to the fact
that the wires are not solidly shielded or
adequately balanced with close
conductor spacing (in the case of
2 phase coupling), the signal will tend to
radiate. Of course the nature of the

distribution system will greatly influence
the situation. Many modern distribution
systems are buried and use what are
effectively shielded cables. The overhead
drop wires from the transformer to the
customer are severely twisted and will
certainly offer some shielding effect. Last
but not least, the power level used at the
injection points on BPL systems will
have a direct influence on interference.

With all of these variables combined with
the differences between the different
possible methods of implementing BPL,
it becomes very difficult to predict
interference levels. Thus it is not
reasonable to say that all BPL systems
will generate interference — but certainly
the potential exists. An example of
European BPL interference tests shows
the possible impact of BPL signals on
HF Amateur operations.

The test results on the next page show
the short wave signals (narrow spikes)
underneath the two undulating lines that
represent the envelope of BPL signals
that were measured in close proximity to
the BPL carrying cable. It is clear that if
the receiver’s antenna is close enough to
the BPL carrying conductor, interference
may result.

With all of the speculation and
incomplete testing, it is fortunate that
some good science is currently being
performed by the National
Telecommunications and Information
Administration (NTIA). Their work to date

has provided many answers (see below)
but further work is required to answer
the lingering questions.

FCC BPL PROPOSALS
The FCC, in its February 2004 Notice of
Proposed Rule Making (NOPRM) on
BPL, has made it clear that it intends to
make regulations that will allow BPL
deployment to proceed, but
acknowledged that the potential for local
interference may exist. It has, however,
refused to increase to permitted
emission limits defined under Part 15
Carrier Current System regulations and
has asked that measures be put in place
to ensure that interference can be
managed. The FCC interference
mitigation proposals include:

• Cessation of Operations Altogether: If
required to resolve interference!

• Dynamic Reduction of Transmit Power:
This is the ability to remotely reduce
the power of a transmitter. This is
certainly possible but is undesirable
once a system is installed since the
repeater spacing will be expected to
be spaced as far as possible to
minimize the installation cost.

• Avoid Operating on Specific
Frequencies to Prevent Harmful
Interference: This is practical with
OFDM & Frequency Hopping Modems
(see the notches in the modem
spectra discussed earlier). This is
potentially limiting of the modem’s
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bandwidth capability but as long as
the avoided spectrum is not wideband
it can be tolerated.

If the avoided spectra are wideband
such as the Amateur or short wave
broadcast bands, this can probably be
overcome by using additional
spectrum elsewhere. Careful planning
of spectrum use will be required so
that BPL implementations can be
smooth and simple. This type of
planning was successfully
demonstrated with the creation of the
Homeplug standard in Europe & USA.
In fact, the ARRL participated in the
interference tests and approved of
these products.

Similar work has recently occurred
between one BPL OFDM Modem User/
Manufacturer and the ARRL, and
although the ARRL is guarded in its
approval of these test results, there
should be some optimism that the
technology can be made to work around
the interference problems. Another
recent trial system received interference
complaints from four Amateur Radio
operators. Apparently, the interference
was resolved and, in fact, three of the
Amateurs have subscribed to the
service!

National Telecommunications and
Information Administration (NTIA)
Interference Tests
On April 27, 2004 the NTIA issued its
Phase I report “Potential Interference
from Broadband Over Power Line (BPL)
Systems to Federal Government
Radiocommunications at 1.7 – 80 MHz”.
This report defines the interference risks
to radio reception in the immediate

vicinity of overhead power lines. The
report looked at interference to various
receiving systems including:

• a land vehicular receiver

• a shipborne receiver

• a fixed service system using a rooftop-
based antenna

• an aircraft in flight

The tests indicate that high field
intensities were encountered at locations
well removed from the BPL devices due
to discontinuities in the distribution lines.

The tests indicate that interference may
occur at low to moderate level signals at
significant distances (75m to 460m) from
lines and there is a frequency
dependence. For a BPL implementation
with a density of one system per square
kilometre, there will be interference to
aircraft reception of moderate to strong
radio signals at an altitude of less than
6 km within 12 km of the centre of the
BPL deployment.

The results indicate that the
measurement procedures for BPL
systems need to be refined to use
measurement antenna heights near the
heights of the power line and that BPL
emission limits not be relaxed from
existing Part 15 rules.

The report further recommends that the
measures identified in the FCC NOPR
be applied as needed to avoid
interference (selective frequency
avoidance and power reduction).

The NTIA further recommends to
prospective BPL developers:

• routinely use the lowest power
necessary from each BPL device

• avoidance of locally used radio
frequencies

• balanced (multi-wire) injection oriented
to minimize radiation

• use of filters and terminations to
extinguish BPL signals where not
needed

• judicious choice of frequencies to
decrease radiation

A future Phase II report will address the
potential interference via ionospheric
propagation of BPL emissions from
mature large scale deployments of BPL
networks.

Is BPL in Your Future?
As discussed earlier all levels of
government in the US and Canada are
supporting BPL deployment as another
means to get service to underserved
areas. BPL systems are now being
deployed in many US states including
Missouri, Virginia, North Carolina,
Pennsylvania, Alabama and New York.

In Canada, the first deployment was
announced in February 2004 by PUC
Telecom in Sault Ste.Marie, Ontario.
Other Canadian utilities are conducting
trials to evaluate the technologies and to
get a firsthand knowledge of the costs
and issues associated with implementing
BPL. For more on the Sault Ste. Marie
installation see page 46.

Industry Canada is monitoring the
situation intensely and working with the
utilities and manufacturers and will be
creating its own BPL standards.


