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As Ontario sets new records for electricity consump-
tion and smog this past summer, provincial Liberal
leader Dalton McGuinty unveiled an ambitious

plan for cleaning up the air. 
Anyone who dared ventured outside on any +30°C day,

was astonished at how bad the air in Southern Ontario has
become. Global warming from greenhouse gases? Only U.S.
President George Bush would disagree. 

McGuinty didn’t need to be convinced how serious our air
pollution problem has become in southern Ontario and politics
being what it is, the air we breathe has breathed new life into the
Ontario Liberals’ hopes for the upcoming election. McGuinty
has some statistics to bolster his argument and his election plan:
doctors say smog causes 1,900 premature deaths annually in
Ontario; it necessitates 13,000 additional emergency room vis-
its; and costs the province $1.1 billion in health care and lost
productivity. 

He claims that Ontario Power Generation’s five coal-fired
plants are the biggest source of pollution in the province —
casting them as “Enemy Number 1”, and has promised that (if
elected) he will shut them all down by 2007. There is some
merit to his argument. However, more than half of Ontario’s air
pollution comes from U.S. power plants and other sources and
no amount of retooling here would eliminate crossborder pollu-
tion. 

With that laudable goal the centrepiece of the Liberal strat-
egy — closing OPG’s coal-fired plants would cut emissions of
four of the worst pollutants by 20 per cent— McGuinty’s crit-
ics are quick to condemn his clean-air plan. They claim
McGuinty’s proposed clean-power initiatives could not begin to
bring sufficient replacement power on stream in such a tight
time frame. And pointing to the province’s inability to generate
enough power this summer to keep up with demand, they warn
that Ontario would suffer blackouts and huge price spikes if
McGuinty were to follow through on his promise to close the
dirty coal plants. 

However, the McGuinty plan makes a convincing case that
enough new power generation can be brought on stream to
make up for the 7,500 megawatts (MW) of power now generat-
ed at OPG’s coal-fired plants. Citing information from the
Independent Market Operator, which oversees Ontario’s elec-
tricity supplies, McGuinty notes that 4,500 MW of clean new
power will come on stream in the next two years as a result of
repairs to nuclear facilities and construction of natural gas
plants already underway. In addition, the IMO has identified
another 5,400 MW of new capacity from private sector natural
gas plants that are now in the planning stage.

The fastest way, McGuinty
says, to get these proposed
plants up and running would be
for Queen’s Park to announce
the closure of the coal plants. 

Finally, the new govern-
ment sponsored initiatives in
McGuinty’s plan — the addition
of a third turbine at Niagara
Falls, and the investment of
more than $150 million a year in
new renewable energy genera-
tors — would contribute another
1,750 MW, bringing total new
capacity to 11,600 MW of
power. 

That, together with a new
conservation plan designed to reduce Ontario’s power con-
sumption by 5 per cent, would appear to be more than sufficient
to maintain a balance in supply and demand without the capac-
ity of the coal-fired plants. 

But, McGuinty’s clean-air plan goes well beyond the elim-
ination of coal. 

In a welcome move, McGuinty would double Queen’s
Park’s current contribution to public transit by dedicating 2
cents per litre of the provincial gasoline tax to municipal bus,
trolley and subway investment. 

And he would promote cleaner fuel by requiring the oil
companies to introduce clean-burning Ethanol into gasoline —
starting at 5 per cent in 2007 and rising to 10 per cent by 2010. 

In this overall plan, there is a breath of fresh air in more
ways than one. 

Not only would the plan improve our air quality, but it
would take Ontario three-fourths of the way to meeting the
province’s share of the country’s obligations to cut greenhouse
gases under the Kyoto protocol on climate change. 

On the subject of Kyoto, this November, The Electricity
Forum is sponsoring a forum titled: “Innovative Opportunities:
Implementing Renewable Generation Technologies” where we
will examine the political, economic and technical application
of emerging small scale generation options into the current
Canadian energy mix. For more information, visit: 

http://www.electricityforum.com/forums/courses.htm

Randy Hurst
Publisher
rwh@istar.ca
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Canada could lose its leadership
position in fuel cell innovation
unless a national strategic partner-

ship between government and the indus-
try is quickly implemented, according to
a report released today by Fuel Cells
Canada and PricewaterhouseCoopers. 

Governments across Canada helped
the fuel cell industry become a global
leader by investing approximately $150
million over the past 20 years. However,
the level of support has not kept pace
with the needs of the industry or the
investments being made by other coun-
tries such as the U.S. 

PricewaterhouseCoopers managing
partner for British Columbia and study
leader, John Webster, says partnerships
between government and the fuel cell
industry are critical to sustain Canada’s
leadership position. 

“The industry needs to work with
government so that the policies and
resources are put in place to keep Canada
at the leading edge of fuel cell develop-
ment. In particular, the industry must
capitalize on its competitive advantage in
innovation and commercialization.” 

The report is the most comprehen-
sive review ever of the potential long-
term economic benefits for Canada of the
fuel cell industry. It was commissioned
by Fuel Cells Canada, an association rep-
resenting 46 companies in the fuel cell
sector. 

Fuel Cells Canada chairman, Ron
Britton, says countries like the U.S. and
Japan are investing heavily to help their
fuel cell sectors overtake Canada. The
U.S. in particular has become strongly
focused on the potential economic bene-
fits of fuel cells and the hydrogen econo-
my. 

“From the federal administration in
Washington D.C. down to state govern-
ments, substantial incentives are being
offered to the fuel cell sector. Almost
every day new initiatives are announced
and U.S. state officials are actively
encouraging Canadian companies to relo-
cate south of the border.” 

Britton says a strong fuel cell sector
is good for Canada because it creates
high-paying jobs and generates economic
growth in a technology sector that
PricewaterhouseCoopers forecasts will

be worth $46 billion worldwide by 2011. 
He adds that a national strategy for

the development of the fuel cell industry
will help government achieve its goal of
elevating Canada to one of the world’s
top five countries for technology innova-
tion by 2010, and make it easier to meet
the country’s targets for reducing green
house gas emissions. 

He says Fuel Cells Canada would
like government to consider four areas of
partnership in a national fuel cell strate-
gy: 
- Regulation and policy 
- Funding programs
- Fiscal policy 
- Procurement policies 

According to the Pricewaterhouse-
Coopers report, the North American fuel
cell industry is expected to provide
108,000 direct and indirect jobs in the
stationary sector, and 33,000 direct and
indirect jobs in the transportation sector
by 2011. 

It says the impact fuel cells will have
on the world is comparable to other glob-
al “change technologies” such as electric-

ity, the telephone, television, personal
computers and the Internet. 

PricewaterhouseCoopers is the
world’s largest professional services
organization. In Canada, Pricewater-
houseCoopers LLP and its related entities
have more than 5,900 partners and staff
and offices in 26 locations.
PricewaterhouseCoopers refers to the
Canadian firm of Pricewaterhouse-
Coopers LLP and other members of the
worldwide PricewaterhouseCoopers
organization. 

Headquartered in Vancouver, British
Columbia at the National Research
Council Innovation Centre, Fuel Cells
Canada is a non-profit, national industry
association. It is the prime source of ser-
vices and support to Canadian corpora-
tions, educational institutions and busi-
ness alliances promoting, developing,
demonstrating, and deploying fuel cell
and related products and services in
Canada. Its mission is to advance
Canada’s world-leading fuel cell indus-
try. For more information visit their web-
site at www.fuelcellscanada.com.
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RENEWABLE GENERATION TECHNOLOGIES

Understanding Fuel Cell Technology and Applications

What is a fuel cell?

A fuel cell is an electrochemical device that produces electricity without com-
bustion by combining hydrogen and oxygen to produce water and heat.

What are the different types of fuel cells and how do they work?
A fuel cell chemically combines hydrogen and oxygen to produce water, heat,

and electricity. There are many different types of fuel cells each with their own
specific operating principles. A few of the different types of fuel cells include:

1) Alkaline fuel cells (AFC);
2) Direct methanol fuel cells (DMFC);
3) Phosphoric acid fuel cells (PAFC);
4) Proton/polymer exchange membrane fuel cells (PEMFC);
5) Molten carbonate fuel cells (MCFC); and
6) Solid oxide fuel cells (SOFC).
For more information on the specific operating principles of these fuel cells,

please visit any of the following Fuel Cells Canada member companies’ web sites:
Direct Methanol: 
www.methanex.com
Proton/Polymer Exchange Membrane
www.ballard.com
www.hpower.com
www.hydrogenics.com
www.palcan.com

Continued on page 9



s. A simple philosophy, perhaps.

Transformer oils from Nynas never come in from the cold. 
They don’t have to.

Our TFOs have excellent low temperature characteristics
while also offering high solubility.

That’s only half the story, though.
We immodestly think of ourselves as a pretty talented

newcomer in Canada – refining and distributing our own
naphthenic oils instead of relying on third parties.

This amounts to a guarantee that Nynas can provide 
reliable and consistent supplies whenever.

Not for nothing has Nynas become the global market 
leader for power industries.

We got there by helping customers get the very best out of 
our naphtheni

It works.

Nynas Canada Inc., Suite 610, 201 City Centre Drive, Mississauga, Ontario, Canada L5B 2T4
Tel.:+1 905 804-8540. Fax:+ 1 905 804-8543
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Solid Oxide 
www.fuelcelltechnologies.ca
www.globalte.com

What is the history of fuel cells
The Fuel Cell was first developed by

William Grove, a Welsh judge with
intense scientific curiosity. In 1839
Grove was experimenting with electroly-
sis (the process by which water is split
into hydrogen and oxygen by an electric
current), when he observed that combin-
ing the same elements could also produce
an electric current. Other scientists paid
sporadic attention to fuel cells through-
out the 19th century. From the 1930s
through 1950s Francis Thomas Bacon, a
British scientist, worked on developing
alkali fuel cells. He demonstrated a
working stack in 1958. This technology
was licensed to Pratt and Whitney where
it was utilized for the Apollo spacecraft
fuel cells.

In Canada, early research into the
development of fuel cells was carried out
at the University of Toronto, the Defense
Research Establishment in Ottawa, and
at the National Research Council — also
in Ottawa. Most of this early work con-
centrated on alkaline and phosphoric acid
fuel cells. In 1983, Ballard Research
began development of a Polymer
Electrolyte Membrane fuel cell under a
contract with the Defense Research
Establishment in Ottawa. Over the past
twenty years Canadian companies, with
some government support, have devel-
oped a world-leading position in the
development and commercialization of
fuel cells and related products.

What is the difference between a
fuel cell and a battery?

Fuel cells and batteries are both elec-
trochemical devices that produce elec-
tricity, however the fundamental distinc-
tion between them is that batteries store
“fuel” (the chemicals that react to pro-
duce electricity) internally, whereas fuel
cells use external fuel storage. The impli-
cation of this difference is that when a
battery’s “fuel” is spent, the battery must
either be disposed or recharged whereas
with a fuel cell, one can simply refill its
storage tank and go, without having to
replace the entire cell or wait for it to
“recharge” (i.e. restore the chemicals to
their original state).

What are the possible uses of fuel
cells?

The possible uses for fuel cells are

boundless. A fuel cell is simply a device
that takes a fuel and, in combining it with
oxygen (air), produces electricity.
Therefore it can be used in virtually any
application requiring electrical power.
Fuel cells can be used instead of internal
combustion engines or batteries to power
vehicles ranging in size from small
mopeds to large transit buses and trans-
port vehicles, or in small consumer
devices such as laptops and wireless
phones. Large fuel cells can replace
existing power plants to provide electric-
ity for a large number of users, or in
smaller, distributed power generation
plants to supply the electrical needs of a
factory, a neighbourhood, or an individ-
ual home. Basically, a fuel cell can sup-
ply clean (low or no emissions), quiet,
vibration-free electricity without the
need to frequently dispose of the cell
when its fuel is spent or wait long periods
of time for recharging.

What fuels can be used in a fuel
cell?

A variety of fuels may potentially be
used with fuel cells since a fuel cell oper-
ates on the simple reaction of hydrogen
(H2) and oxygen (O2) to produce water
(H2O). The oxygen may be taken direct-
ly from air, while the hydrogen may be
delivered either in pure form, from liquid
or gaseous storage tanks, or extracted
from hydrocarbon fuels including
methanol (CH3OH), gasoline (a mix of
various hydrocarbons), natural gas
(CH4), propane (C3H8), and others
through the use of a reformer. Much
research and development is currently
focused on developing either standalone
or integrated reformers for extracting
hydrogen from hydrocarbon fuels or fuel
cells that can be powered directly by
fuels such as methanol.

Can landfill or biogas be used to
power fuel cells?

Yes. Landfill or biogas (among other
fuels - see previous question) may poten-
tially be used either directly or indirectly
(after undergoing reformation) in fuel
cells.

How does a fuel cell generate
heat?

In any process, there are inefficien-
cies and/or losses. In a fuel cell, the use-
ful work is electricity; however, not all of
the energy contained in the hydrogen and
oxygen can be turned into electricity.
Inefficiencies in the fuel cell turn some of
the available energy into heat. In a fuel

The illustration above shows the detail
of a Ballard® fuel cell stack showing the
flow field plates which supply the bodies
of fuel and air to either side of the proton
exchange membrane. Stacking together
more cells increases the voltage pro-
duced; increasing the cell’s surface area
increases the current produced. 

In July 2002, Ballard introduced the
Ecostar#8482; ES080-42N-S Genset
(shown below), based on the 4.2L Ford
V6 natural gas engine, capable of pro-
ducing 80 kW for standby and back-up
power applications. The first high-speed
natural gas fueled generator set
(Ecostar#8482; genset) operates at dou-
ble the speed of conventional gensets to
produce nearly twice the power. As a
result, the Ecostar#8482; Genset also
has the lowest cost per kilowatt of any
genset at this power level. 

(Photos: Ballard Power Systems)
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Liberalization and deregulation of
the electrical energy markets are
rapidly changing the rules of

power distribution, increasing cost pres-
sure on utilities and network operators
the world over. This, in turn, is putting
pressure on companies — ie, operators
and substation suppliers — to find suit-
able means of reducing costs without
sacrificing quality. One way is to simpli-
fy the processes involved in engineering,
constructing and operating substations.
Another is to move away from the huge
variety of traditional configurations and
technologies and focus only on those that
best fit the functions substations perform.
The definition of their main function is
simple: to connect different networks and
transfer electrical energy within and/or
between networks with a good margin of
safety. If, now, the technical realization
of the functions is not defined in too
much detail, and a ‘functional specifica-
tion’ is provided instead, a considerable
potential for cutting costs is freed up. 

Analyze and define
The general functional requirements

of typical substations remain unaffected
by the market changes now taking place.
An analysis of these requirements by a
multinational team put together by ABB,
and interviews with customers to validate
the results, showed that for certain typi-
cal subtransmission and distribution
applications, the substation can be
depicted as a ‘black box’ in which volt-
age is transformed and power from an
incoming network is distributed to a
number of outgoing feeders. Based on
the analysis that was carried out, ABB
has developed a totally new substation
concept, called PS-1. PS-1 solutions
define complete, pre-engineered trans-
former  substations which are quick to
install and commission, and which fea-
ture clear technical functionality, opti-
mized for the specific task. From the
evaluation of the functional configura-
tions of typical substations, ABB was
able to define substations with the fol-
lowing basic technical functionality
which could be realized:
- Connection to the HV network with

up to two lines (110–145 kV)

- Transformation with up to two
power transformers (each 10–40
MVA)

- Connection to the MV network with
up to 20 feeders (12/24 kV)
Additional requirements are possi-

ble; for example, requirements related to
the substation site or environment that
make it necessary to choose between air-
insulated switchgear (AIS) and gas-insu-
lated switchgear (GIS), or which dictate
the basic insulation level (BIL) or the
short-circuit current. A factor that is
always of relevance is the availability
required of the substation. This is an
essential parameter when evaluating the
functions and, in turn, the economy of a
substation, and therefore played a key
role in the choice of configurations that
are now part of the PS-1 substation port-
folio.

Pre-design and optimize 
What the functional analysis showed

was that it was possible to focus on a lim-
ited number of substation layouts. It was
seen that this clear definition and limita-
tion has advantages that span an entire
substation project – from the initial plan-
ning to the detailed interface engineer-
ing, production, assembly and testing,
right through to the civil works, trans-
port, installation and commissioning. 

By standardizing all the process
stages, material flows and transport
paths, the entire process can be simpli-
fied, and thus optimized.

Operators, too, benefit from the
process optimization, since it enables
them to reduce their efforts in the areas of
planning, supervision and maintenance.

Top priority was given to developing
a clear definition, and underlay the entire
approach to the PS-1 project. For
instance, all the substation equipment is
identified at the conceptual stage. And
with the exception of some residual
adaptation of external interfaces, for
example for integrating the substation
into the protection and control system of
the connected grid, the project engineer-
ing is also finalized during the concept
development phase. The internal design
is based entirely on IEC/ANSI standards.
Also defined in detail are the supply
management, production processes,
logistics and installation, significantly
shortening the project cycle times usual-
ly needed for traditional substations. 

Substation configurations 
A comprehensive availability analy-

sis was carried out to determine the typi-
cal substation types and connections, and
so allow a definition of the functional
substation configurations for the PS-1
portfolio. The comprehensive study cov-
ered high-voltage AIS as well as high-
voltage GIS technology (for the sake of
simplicity only the results for GIS are
considered in the following).

Based on this analysis, two types of
substation were defined:
- Main substations, which have either
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Figure 1: Basic functionality of PS-1 substation solutions



an infeed from the transmission net-
work or more than two connections
to the sub-transmission network.

- Transformer substations, which are
connected to the sub-transmission
network on the HV side via one or
two circuits. These fulfill mainly
local supply functions, eg by acting
as an infeed to the distribution level
at medium voltage (MV). They typi-
cally have one or two HV/MV trans-
formers rated between 10 MVA and
80 MVA.
Of these two types, the transformer

substations were identified for the PS-1
GIS and AIS portfolio. In the next step,
the substations were divided according to
their main function in the network,
which, in turn, defines the type of con-
nection:
- Single-circuit or double-circuit radi-

al connection: These substations
have only a supply function, ie they
serve only to feed the network.

- Loop connection: Such substations
interconnect other transformer or
main substations. Apart from the
supply function, they also have a
transfer function. 
In each case, the substation avail-

ability was determined using the widely
accepted and internationally validated
probabilistic calculation method. This
systematically considers the failure
behavior of specific equipment parts and
all relevant failure scenarios.  On the
basis of the quantitative availability
analysis and the cost of the respective
equipment, four of the ten investigated
configurations were chosen for a PS-1
GIS portfolio [1].

Taking shape...
While availability is key, there are

also other parameters which are relevant
when choosing a substation configura-
tion. These, in turn, are affected by fac-
tors such as the operation of the substa-
tion or its maintenance strategy. A solu-
tion was developed for the HV parts of
PS-1 substations — for AIS as well as for
GIS — to allow a flexible response to the
requirements of different application
areas. For AIS, eight configurations were

chosen, including the one shown in
Figure 2; for GIS, four configurations
were picked. 

...with state-of-the-art equipment
An important factor in the AIS as

well as the GIS PS-1 substation is the
role played by state-of-the-art equipment.
For example, ABB’s latest circuit-break-
er equipment finds use in the AIS solu-
tion, while in the GIS solution, ABB’s
compact gas-insulated HV switchgear
reduces the space required to a minimum.

To extend the application area, poly-
mer insulators are used throughout PS-1.
Low sensitivity to pollution is just one of
this component’s material-specific char-
acteristics. 

PS-1 is also the first integrated sub-
station concept to encompass extensive
standardization and optimization of the
power transformers. The medium-volt-
age switchgear that is used is equipped
with advanced bay computers that per-
form safety, control, measurement and
communications functions. In addition,
all cubicles have active safety features
such as an arc fault protection. Worth
mentioning, too, is the overall protection
and control equipment. This is based on
digital relay systems to allow easy inte-
gration of the substation into the sur-
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rounding networks.
With all these advanced features, the PS-1 substation is

well equipped to benefit from ABB’s IndustrialIT initiative
which has been developed to help companies achieve integrat-
ed, real-time solutions for automation and information across
their enterprises. Seamless linking of substation automation,
substation asset management and collaborative business sys-
tems in real time is the key to ensuring a more reliable and
more efficient energy supply in the future.

‘Start-to-finish’ logistics
Everything about PS-1, from the definition of the project

to final commissioning of the substation, has been optimized
with that one ambitious goal in mind – ‘to cut in half the typi-
cal delivery time for turnkey substations’. For example, the
project specifications are reduced to a functional description of
the station and clarification of external interfaces. The PS-1
configurator (a software tool) can be used to quickly collect
functional parameters and convert them into a system layout
— including the selection of suitable equipment and compre-
hensive documentation.

Planning is the next process to benefit: integration of the
substation into the local network is limited to final adjust-
ments, which are made simple by the standardized equipment
interfaces.

Production, assembly and preliminary testing all proceed
faster with PS-1. To save time on the actual site, important
substation components are pre-assembled and have their func-
tionality thoroughly checked before leaving our factories. 

Pre-preparation of the equipment for site installation also

has the advantage that it considerably shortens the time
required for the civil works. The PS-1 components arrive on
the site together and on time. Installation is completed much
faster than with traditional projects. Commissioning, too, pro-
gresses faster as a result of the pre-testing of parts in our fac-
tories. Planning and supervision of the installation by the cus-
tomer is also minimized thanks to the process optimization
achieved with PS-1.

Success breeds success
With the PS-1, ABB offers network operators and indus-

try in general a substation concept designed especially for
today’s market environment. PS-1 is the successful answer to
market demand for innovative substation solutions that cut
costs without compromising quality or reliability. The success
of the concept is already turning into a market success.

These substations have been delivered to very different
customers for various applications in many parts of the world.
Utilities in Brazil, Romania and Sweden, for instance, have
installed them in their subtransmission and distribution net-
works. 

But not only utilities appreciate the benefits of PS-1: cus-
tomers in industry whose strategic goal is to have their own
network access are also choosing PS-1. For example, PS-1
substations are already supplying electrical energy to oil
exploration facilities, a paper mill and a large car factory.
Walgreens, the US drugstore retailer, has also chosen a PS-1
substation to supply the power for its new product distribution
warehouse in Ohio. The substation will convert electricity at
115 kV to the required facility distribution voltage of 12.47 kV.
More recently, an independent power producer in Germany
has decided in favor of PS-1 to feed energy from its new wind
farm into the network of the local utility.

All of these customers have chosen PS-1 not only to take
advantage of the speed with which the substations can be con-
structed and energized, but also in recognition of the fact that
it sets new standards for the future. And, just as importantly,
PS-1 does this without compromises, providing the same func-
tionality and guaranteeing the same high reliability as tradi-
tional substations.

Article reprinted from ABB Review, Number 1, 2002. ET
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Figure 2: Example of a PS-1 substation layout (AIS solution).
Configuration for a substation which feeds into a medium-voltage
network and has to maintain a moderate level of load transfer
between the connecting substations.
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useful in the ignition system of an automobile, but hardly an
event to be witnessed during testing of the windings in the
transformer.

The energy stored in an inductor with a circulating current
can be represented by the formula:

w (t) = 1/2 I2L where,
w(t) = Energy as a function of time
I = Current in amperes
L = Inductance in Henries
Before the desired current will flow (for testing purposes),

this energy requirement must be met and implies that some
time requirement will also be necessary before the measure-
ment can be made. This time requirement applies only to the
charging time. Additional time must be allowed to stabilize the
current before a measurement can be made.

The ultimate time required to make a reading is limited by
an inherent time lag between the application of a steady cur-
rent and the time the magnetization of the core becomes sta-
ble. Depending on the size and the construction of the trans-
former, testing times could be very short for small transform-
ers or very long for the larger, highly inductive transformers.

13

Winding resistance measurements in transformers are
of fundamental importance for the following pur-
poses:

- Calculations of the I2R component of conductor losses.
- Calculation of winding temperature at the end of a tem-

perature test cycle.
- As a base for assessing possible damage in the field.

Transformers are subject to vibration. Problems or faults
occur due to poor design, assembly, handing, poor environ-
ments, overloading or poor maintenance. Measuring the resis-
tance of the windings assures that the connections are correct
and the resistance measurements indicates that there are no
severe mismatches or opens. Many transformers have taps
built into them. These taps allow ratio to be increased or
decreased by fractions of a percent. Any of the ratio changes
involve a mechanical movement of a contact from one position
to another. These tap changes will also be checked during a
winding resistance test. 

Regardless of the configuration either wye or delta, the
measurements are made phase to phase and comparisons are
made to determine if the readings are comparable. If all read-
ings are within one percent of each other, then they are accept-
able. Keep in mind that the purpose of the test is to check for
gross differences between the windings and for opens in the
connections. The tests are not made to duplicate the readings
of the manufactured device which was tested in the factory
under controlled conditions and perhaps at other temperatures. 

Transformer Characteristics
A transformer is considered a passive device capable of

storing and delivering finite amounts of energy. Practically all
transformers utilize magnetic material for shaping the magnet-
ic fields which act as the medium for transferring energy. The
relationship between the magnetic-field quantities and the
electric circuits with which they interact plays an important
part in describing the operation of the device. The magnetic
material determines the size of the equipment, its capability,
and introduces limitations because of saturation and loss on the
performance.

Essentially, a transformer consists of two or more windings
interlinked by a mutual magnetic field. These windings are
simply coils of wires, inductors. Transformer characteristics
can now be analyzed using some simple formulas.

The voltage across an inductor is proportional to the time
rate of change of the current through it.

v = L di
dt

It should also be noted that an abrupt change in inductor
current also requires an abrupt change in the energy stored in
the inductor, and this sudden change in energy requires infinite
power at that instant; infinite power is not part of the real
world. The inductor current must not be allowed to jump
instantaneously from one value to another. If an attempt is
made to open-circuit a physical inductor through which a finite
current is flowing, an arc will appear across the switch. This is

Transformer Winding Resistance
Testing of Fundamental Importance

TRANSFORMER AND SUBSTATION REPORT
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Testing Equipment
Prior to modern digital electronic equipment, the Kelvin

Bridge was used. Batteries, switches, galvanometers, ammeters
and slidewire adjustments were used to obtain resistance mea-
surements. Current regulators were constructed and inserted
between the battery and the bridge. Input voltage to the regula-
tor of 12 volts dc from an automobile storage battery provided
output currents variable in steps which matched the maximum
current rating of the bridge on the ranges most used on trans-
formers. The current regulator increased both speed and accu-
racy of the bridge readings. The approximate 11 volt availabil-
ity was used to speed up the initial current buildup and tapered
off to about 5 volts just before the selected current was reached
and regulation started. 

When the regulation began, the current was essentially con-
stant in spite of the inductance of the windings and fluctuation
of the battery voltage or lead resistance.

The testing times have been greatly reduced using modern
microprocessor based test equipment. Direct readings are avail-
able from digital meters with automatic indications telling
when a good measurement is available. On some testers, two
meters are available allowing two resistance measurements at
the same time.

Caution: Because of the enormous amount of energy that
can be stored in a magnetic field, precautions should be taken
before disconnecting the test leads from the transformer that is
under test. Never remove the leads during the testing process
and always allow for enough time to completely discharge the
transformer being tested. Large transformers can require sever-
al minutes to discharge.

Most newer winding resistance testers today have indicators
telling when it is safe to remove the leads.

Principles of Operation
The basic idea is to inject a DC current through the winding

to be measured, and then read the voltage drop across that
winding.

Electrical testing instruments apply the dc current through
the winding and an internal standard current shunt. After both
DC voltage drops are measured they are ratioed and the display
is read as resistance on the front panel meter. This method
allows for the lead resistance to be omitted since the reading is
independent of the current. In addition, no multiplication fac-
tors will be needed when changing current ranges.

The DC current source must be extremely stable. Refer to
formula for DC voltage across a transformer below:

v = I * R + (L di/dt)  
where,

vdc = voltage across transformer winding
I = DC current through transformer winding
R = resistance of the transformer winding
L = inductance of the transformer winding
di/dt = changing value of current  (ripple) 

Assume that the tester has a very stable current source (i.e.,
no ripple), then di/dt is zero and the term L di/dt becomes zero.

Tap Changers
Tap changers are divided into two types: On-load and Off-

load. The on-load tap changer allows section of ratio change
while the transformer is in service. This would mean the ratio
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of a transformer can be changed while power is
still passing through it. The most common example
of this type of on-load tap changer is a Voltage
Regulator.

On-Load Tap Changer
The Adwel International Ltd. (ETI) Model

WRT-100 resistance tester is ideally suited to test
on-load tap changers because the instrument can
be left on while changing from tap to tap. This
allows the operator to take measurements very
quickly without discharging, then re-charging the
transformer for every tap. The winding resistance
tester will rebalance after every tap change. 

If the tap is defective (open) or if there is even
a fraction of time when the circuit is open, the
winding resistance tester will automatically go into
its discharge cycle. This gives the operator a clear
indication by a panel light of a possible fault with-
in the tap changer. For this open condition, no
damage will be done to the transformer by the test
set.  

Off-Load Tap Changer
This style tap changer requires that the tap

changer must be discharged between tap changes.
In order to change taps, the transformer has to be
taken out of service or at least disconnected from
the load. This type of tap changer may typically go
bad faster than an on-load because of inadvertent
changing of the taps while still in service. 

The resistance tester will still work on this
changer but it must be discharged between tap
changes. 

Safety
Although some items of inspection may be

accomplished without de-energizing the trans-
former, the winding resistance measurement is not
one of them. To provide maximum safety to the
worker, both the high-voltage and low-voltage
leads should be disconnected from the transformer.
Preferably, there should be a visible break between
the transformer terminals and the high- and low-
voltage lines. 

Conclusion
Transformers are very reliable devices and can

provide service for a long time if maintained and
serviced regularly. Transformer failures, when they
occur, are usually of a very serious nature, which
may require costly repairs and long downtime. The
best insurance against transformer failure is to
ensure that they are properly installed and main-
tained. 

Make sure that the winding resistance test is
included when a transformer is tested. Modern
self-contained instruments make testing easy and
accurate. 

Keep good records on the values of resistance
found and compare them with previous readings
for deviations. 

From Adwel International Ltd. For more infor-
mation visit www.adwel.com. ET
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Case History: Overheated Joints

This case history involves a 17.9/22.4 MVA – 34.5 – 13.8 kV auto-
transformer with all aluminum windings. 

Unfit for Service
Abnormal D.C. resistance measurements were obtained between high

voltage terminals during routine maintenance testing. All other routine
test results were normal.

This utility checks D.C. resistance as a routine maintenance test on
all transformers with tap changers to determine if contact problems exist.

Dara Collection
The following measurements were recorded:
Terminals D.C. Resistance
H1 – H2 0.142
H2 – H3 0.153
H3 – H1 0.153
H1 – H0X0 0.072
H2 – H0X0 0.072
H3 – H0X0 0.084
Similar measurements were recorded on all tap changer positions.

All tap changer contacts were inspected and found to be in good condi-
tion. It was then determined that a bad connection in the H3 winding was
the problem.

The transformer manufacturer was consulted to determine possible
locations for the bad connection. The manufacturer sent an Internal
Assembly drawing for the specific transformer and indicated which con-
nections to check. 

A defective crimped joint was found at the connection of the H3
winding neutral-to-neutral bus lead. The joint had overheated to the
extent that the conductors and connector fell apart when the insulating
tape was removed.

Analysis
The electrical tests indicated that the H3 winding had a high resis-

tance connection. This was confirmed by the internal inspection.
Repairs were done. The damaged conductors were removed and new

conductor spliced in place to remake the connection. The conductors
were reinsulated with paper tape. 

The following measurements were recorded:
Terminals D.C. Resistance
H1 – H2 0.1410
H2 – H3 0.1406
H3 – H1 0.1433
H1 – H0X0 0.0714
H2 – H0X0 0.0712
H3 – H0X0 0.0716
The transformer was cleaned, refilled, retested and returned to ser-

vice.
Case History Source: IEEE C57.125-1991.

H0X0

H3
H1

H2



Dissolved gas analysis (DGA) is
widely used to monitor the condi-
tion of transformers and other

pieces of oil-filled equipment in service.
Wrong diagnoses may be drawn, howev-
er, if the DGA results coming from the
lab are not accurate. For instance, an
electrical fault may be mistaken as a ther-
mal fault, which may have serious conse-
quences for the equipment. Several
CIGRE and IEC round robin tests (RRTs)
have shown that the repeatability (preci-
sion) of DGA labs is generally good, but
that their accuracy (deviation from true
value) is often poor.

The only way to reliably determine
accuracy is to run gas-in-oil standards.
The procedure for preparing gas-in-oil
standards consists in dissolving known
amounts of gases in degassed oil [1]. This
procedure has been incorporated in IEC
and ASTM  Standards [2,3]. The most
recent RRTs organized by CIGRE using
gas-in-oil standards are summarized in
[4] and in a more complete form on the
CIGRE website (www.cigre.org). The
results obtained from these RRTs indicate
an average accuracy of ± 15 per cent at
medium gas concentration levels (10-100
ppm), for the 25 international participat-
ing laboratories. The corresponding
(intra-laboratory) repeatability of partici-
pating labs was ± 7 per cent on average at
these gas levels. A typical example of
CIGRE-RRT results using DGA gas-in-
oil standards is indicated in Table 1. Only
gas extraction methods used in North
America are indicated in this Table. Head
space and Partial Degassing methods cor-
respond to Methods C and A of ASTM
D3612-01, respectively. The Shake Test
method is described in [5].

Some laboratories are, of course,
more accurate than average and others
worse, as is well known in the industry.
Laboratories which did not participate in
the RRTs can determine their own accu-
racy, and eventually work to improve it,
by running gas-in-oil standards. For most
routine labs, however, preparing gas-in-
oil standards is time-consuming and cost-
ly, and requires highly skilled personnel
dedicated to this preparation.

Fortunately, gas-in-oil standards for
DGA are now available commercially
from Morgan Schaffer Inc. in Montreal,

Canada [6]. These gas-in-oil standards
are prepared following the specifications
and basic concepts of ASTM and IEC
Standards and contain certified amounts
of dissolved gases. They have been rec-
ognized and used successfully during
several CIGRE and IEC-RRTs.

These commercial DGA oil stan-
dards are currently provided in glass
syringes of 30 ml. The shelf life of
batches of gas-in-oil standards has been
tested thoroughly and no significant
changes in gas concentrations were
observed over a period of several months.
Figure 1, for example, indicates the DGA
analyses performed over a six month
period on a batch of gas-in-oil standards
containing a prepared value of C2H4 of
97 ppm. The small, oscillating variations
in gas content are related to the intra-lab
reproducability of DGA analyses on the
batch of oil standards over this long peri-
od of time. Similar results are observed
for the other DGA gases.

Gas-in-oil standards are most useful
for laboratories to determine the accuracy
of their DGA results, and to improve it by

detecting their hard-to-find biases.
Accuracy should be checked each time a
significant lab condition has changed
(new operator, new equipment or a major
piece of equipment like a gas extractor)
and ideally at regular, frequent intervals.
When outsourcing DGA analyses, gas-in-
oil standards can also be used to verify if
accuracy specifications are met by sup-
pliers. This will ensure more accurate and
reliable DGA and diagnoses.
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Table 1: typical CIGRE-RRT results (inppm)

Figure 1: Evolution of gas content of a commercial gas-in-oil standard with time (only C2H4
indicated here as an example)



The Ontario electricity market opened on May 1, 2002.
While it is possible to participate directly in the physical
electricity market (which entails registration with

Ontario’s Independent Electricity Market Operator (“IMO”))
many parties negotiate privately to enter into financial deriva-
tive contracts, such as swaps or contracts for differences that
have the effect of reducing or eliminating price volatility for the
parties. Derivatives arrangements are usually associated with
the wholesale electricity markets. This article examines the
forms of agreement that are commonly used by parties entering
into financial arrangements to fix the price of wholesale elec-
tricity in the Ontario market.

Swaps
Swaps (or “contracts for differences”) are individually

negotiated transactions in which each counterparty to the swap
agrees to exchange periodic cash flows based on differences
over time in the state of one or more specified underlying refer-
ence price. In the case of swaps in the Ontario electricity mar-
ket, the reference price is the IMO’s Hourly Ontario Electricity
Price. A swap agreement is conceptually the same as a series of
forward contracts, the primary difference between the two prod-
ucts being that a swap features less credit risk because there are
more frequent settlements of cash flows between the parties
during the life of the agreement.

Hedging Electricity Prices
A hedger in the Ontario electricity market is a party, such

as a wholesaler or retailer of electricity, who desires to reduce
or eliminate risks associated with changes to the spot price of
electricity in Ontario.

For example, a retailer will enter into a fixed price contract
with a customer. The price risk associated with this contract can
be off-loaded by entering into a wholesale swap arrangement
with an electricity wholesaler that fixes the price that the retail-
er will pay for electricity. The retailer thus makes money only
on the spread between the price the retail customer pays for a

given quantity of electricity and
the price it “pays” (or at least has
fixed for itself) to the wholesaler.
The actual mechanics of the
wholesale relationship are differ-
ent than those at the retail level;
if the spot market price drops
during a particular period with
reference to a certain quantity of
electricity, the retailer pays the
wholesaler the difference
between the fixed price and the
floating price. If the spot market
price rises, the wholesaler pays
the retailer the difference.

However, often the quantities arranged in the wholesale
market may not match those sold at the retail level. Thus, while
price risk may be eliminated, a retailer may still be subject to
volume risk for a particular quantity of electricity. Speculators,
on the other hand, may take a position in the financial markets
and make money by taking a view on whether electricity prices
will rise or fall. In the process, speculators assume the risk that
hedgers are trying to avoid.

Forms
Ontario wholesale electricity arrangements that are purely

financial can be referred to as over-the-counter (“OTC”) trans-
actions. Many OTC derivative contracts that fix the price of
electricity use the International Swaps and Derivatives
Association (“ISDA”) form of contract.  Even where the ISDA
form is not used, the concepts used in the ISDA form still
appear in the contract. The ISDA contract consists of a master
agreement, a schedule and a confirmation for the various trans-
actions. 

Changes to the master agreement, elected options, and
additional provisions are all contained within the schedule to
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the master agreement. The current ISDA
form is the 1992 Master Agreement. For
Canadian purposes there are two master
agreement forms; namely, the multicur-
rency-cross border and the local single
currency form. While the local single
currency form is somewhat simpler, the
multicurrency-cross border version is
generally used for Canadian transactions.

The ISDA master agreement features
the following provisions; general condi-
tions relating to the various transactions;
withholding tax provision; provision for
default interest; representations by both
parties; specifications of the events of
default and termination; calculation of
damages; assignment provisions; curren-
cy provisions; allocation and expenses;
governing law; notification addresses and
miscellaneous interpretation provision

Netting and Set-off
The master agreement provides that

when, in respect of the same transaction
and the same currency, both parties owe
each other money, then the person owing
the higher amount pays the other the dif-
ference. If the parties desire to net
amounts in respect of more than one
transaction, then they need to so specify
in the schedule or in a specific confirma-
tion. 

Netting is distinguished from set-
ting-off. Setting-off is generally contem-
plated in a default situation and is affect-
ed against amounts payable under other
contracts. Such contracts may include
only those between the two parties, or
those between the two parties and any of
their affiliates.

Taxes
If a Canadian party enters into an

ISDA master agreement with a foreign
counterparty, the Canadian party may be
faced with tax withholding obligations in
respect of interest. Since derivative
instruments are priced without considera-
tion of taxes, the ISDA master agreement
contains a mechanism by which the
applicable party must gross-up its pay-
ments to put the counterparty in the same
position as if there was no tax withheld. 

Events of Default and Termination
Section 5 of the ISDA master agree-

ment specifies certain default and termi-
nation events, while section 6 deals with
the parties’ rights and remedies in the
event of early termination. Much of the
schedule is dedicated to options and clar-
ifications relating to these two sections,
and the schedule can also be amended to

customize these terms. Significant time
and effort will likely be spent by each
party ensuring that it is satisfied with the
credit worthiness of the other party to the
transaction. Credit risk may be sufficient-
ly reduced through a parental guarantee
or other credit support device.

The ISDA master agreement allows
the parties to identify specific entities and
transactions where a default will be
deemed to be a default of the agreement
as a whole. Such specified transactions or
parties would likely be those with which
the counterparty has dealt, or parties who
have provided credit support. Events of

default in the agreement include normal
and expected events of default such as:
the failure to pay or deliver when
required pursuant to a transaction; any
other breach of the agreement; a failure
in a credit support document; a misrepre-
sentation; a bankruptcy or other insolven-
cy event; or a merger that obstructs any
one of the merged party’s obligations,
including credit support obligations.

The parties can also choose to
include a cross-default provision. The
cross-default provision must be elected in
the schedule to be effective. This provi-
sion merely specifies a cross-default as
between the parties to the contract if any
default occurs in respect of borrowed
money, provided that the amount of the

borrowed money is in excess of a thresh-
old amount. The threshold amount is
negotiated and then specified in the
schedule as either a dollar amount, or a
percentage of a party’s equity.

In addition to “events of default”,
there are “termination events”, which
trigger different remedies. Termination
events are essentially “no fault” events
that include the following: illegality (i.e.,
where a law changes, rendering any
transaction unlawful or preventing a
credit supporter from performing its
obligation); a tax event which results in a
gross-up amount having to be paid or a
new withholding tax to be withheld (as
mentioned earlier in this article); and a
tax event which arises upon the merger of
either of the parties. In addition, if so
elected by the parties to the agreement, a
merger of a credit support provider can
be treated by the other party as a termi-
nation event if the creditworthiness of the
resulting entity is materially weakened
by the merger. The parties are also free to
specify additional termination events in
the schedule.

Remedies
In the event that only one party is

affected by a termination event, the unaf-
fected party must calculate its resulting
losses or gains on the basis of either (1)
market quotes, if that method was elected
and is feasible, or (2) the loss of bargain
or cost to replace the unaffected transac-
tion, adjusted for any amounts owing by
one party to the other.

If the termination arose as the result
of an event of default, the applicable rem-
edy will depend on the elections of the
party as set forth in the schedule to the
master agreement. The parties can elect
that the “first method” or the “second
method” will apply and that either the
“loss” method or the “market quotation”
method will apply. The “loss” method
requires the non-defaulting party to cal-
culate its losses and costs (or gain, in the
event of a negative loss) resulting from
termination of the transactions which
includes “any loss of bargain, cost of
funding or, at the election of such party
both without duplication, loss or cost
incurred as a result of its terminating, liq-
uidating, obtaining or re-establishing any
hedge or elating trading position (or gain
resulting from any of them)”. The “mar-
ket quotation” method requires the non-
defaulting party to obtain a market quote
for the terminated transaction if one is
available, and to calculate the loss if a
market quote is not available for the ter-
minated transaction.
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...A retailer will enter into a fixed
price contract with a customer. The

price risk associated with this contract
can be off-loaded by entering into a
wholesale swap arrangement with an

electricity wholesaler that fixes the
price that the retailer will pay for
electricity. The retailer thus makes

money only on the spread between
the price the retail customer pays it

for a given quantity of electricity and
the price it “pays” (or at least has
fixed for itself) to the wholesaler. 

The actual mechanics of the wholesale
relationship are different then those at

the retail level; if the spot market
price drops during a particular period
with reference to a certain quantity of
electricity, the retailer pays the whole-

saler the difference in between the
fixed price and the floating price. If

the spot market price rises, the whole-
saler pays the retailer the difference.



The “second method” requires the
non-defaulting party to pay to the
defaulting party any gain it might
achieve as a result of the early termina-
tion, contrary to the “first method”,
which does not require such gain to be
disgorged. Unless the parties specify oth-
erwise, the “market quotation” and the
“second method” apply by default. Any
resulting amount payable by one party to
the other is subject to any set-off that is
specified in the schedule or otherwise
permitted by law.

Confirmations
The master agreement provides that

confirmation in respect of each transac-
tion may be made orally, by fax, or by
exchange of electronic messages on an
electronic messaging system. Many par-
ties amend this provision because enforc-
ing or approving a transaction that has
only been agreed to by a telephone call
between the traders may be difficult for
evidentiary reasons, particularly because
of the Statute of Frauds which requires
that an agreement over a term of one year
be in writing. 

Parties may also provide that a con-
firmation supplied by one side may
become binding if the other side takes no
action within a certain period of time. Or,
the preference may be that the transac-
tion lapses if the confirmation is not
responded to.

Locational Marginal Pricing
For the first 18 months after May 1,

2002, the Hourly Ontario Electricity
Price or HOEP will be a uniform market-
clearing price within Ontario calculated
on a congestion-free basis. Settlements
for generators and consumers will be
based on metered energy. During this ini-
tial 18-month period, the IMO will col-
lect and publish locational pricing data to
determine the extent of congestion in the
Ontario market and will recommend
whether to move to some form of con-
gestion pricing after this initial period.
This change could result in locational
marginal pricing, in which individual
market clearing prices would be estab-
lished for various locations in Ontario.
Because wholesale electricity arrange-
ments generally refer to the HOEP as the
reference price, they must account for
the possibility that HOEP will be
replaced by differential pricing at differ-
ent locations in Ontario. 

Credit Support 
The ISDA Credit Support Annex is a

standard form document that provides

for credit support between parties to the
ISDA master agreement.  The Annex
provides for the levels at which calls
may be made for specified security. Such
security may not be required so long as,
for example, the contracting party or its
“credit support provider” (usually a cor-
porate parent) has a specified credit rat-
ing. The credit support provider may be
bound to support the credit of the con-
tracting party by guarantee. 

The Annex provides that failure to

post the agreed to collateral will consti-
tute an event of default. The Annex also
sets out certain rights and remedies with
regard to posted security and contains
representations and warranties relating
to the security.

Just as the master agreement is a
form to which changes can be made in a
schedule, the Annex is a form containing
12 sections, referred to as “paragraphs”.
Changes to and customization of the

Issue 6, 2002 19

Continued on page 20



ern their contracts and will choose
Ontario as the forum in which to litigate
their disputes. 

However, where the wholesaler is,
for example, a Delaware corporation
operating in Michigan, and its guarantor
is located in New York, the situation is
less clear cut. The parties may have to
negotiate which law will apply and
where any disputes may be tried.
Furthermore, the law or forum chosen
for the contracting parties may be differ-
ent from those applicable to the guaran-
tees.

Market Disruption Events and
Disruption Fallbacks

Standard ISDA Definitions (includ-
ing the 2000 ISDA Definitions, the 1993
ISDA Commodity Derivatives Defini-
tions, and their respective supplements)
may be used to provide for alternative
approaches in the event that the HOEP or
other agreed to reference price is
unavailable. These include postpone-
ment until a reference price is once again
available, prices offered by alternative
internationally recognized dealers, or a
negotiated fallback price. Parties may
choose one or a combination of these
alternatives. However, in the context of
the Ontario electricity market, parties
may also wish to make reference to the
IMO-determined administrative pricing
provisions contained in the IMO’s mar-
ket rules.

Conclusion
Financial derivatives in the form of

the ISDA master agreement and associ-
ated documents are somewhat complex
to practitioners not familiar with them.
However, they provide a standardized
yet flexible instrument for wholesale
counterparties to allocate risks associat-
ed with the price of electricity in the
Ontario market. 

Although many of these provisions
are still the subject of intense negotia-
tion, it is expected that, as the market
matures, they will become more stan-
dardized and the costs, time and effort
necessary to negotiate these types of
transactions will be reduced.

Ron W. Clark is a lawyer in the cor-
porate/commercial and energy practice
areas of Power Budd LLP in association
with CMS Cameron McKenna in
Toronto, Canada. 

Ron advises numerous electric utili-
ties, retailers, corporations and munici-
palities, domestically and international-
ly, on corporate and regulatory issues
relating to the electricity industry. ET
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collateral in its possession. These provi-
sions may conflict with certain contrac-
tual provisions in the Annex that allow
the secured party to deal with the collat-
eral freely. Specific provisions should be
added in the case of an Ontario secured
party to deal with this issue.

Choice of Law and Choice of Forum
Where the wholesaler and the retail-

er are both Ontario corporations, they
will naturally choose Ontario law to gov-

Annex can be made in “Paragraph 13”,
which is a separate document in which
parties can fill in blanks and alter word-
ing.  The parties can specify, for exam-
ple, acceptable types of security, e.g.
cash, letter of credit, etc., valuation and
timing issues, conditions precedent and
other specific items.

Ontario personal property security
law imposes certain non-waivable oblig-
ations on a secured party with respect to

Continued from page 19



Hydro One (a successor company
of Ontario Hydro) is one of the
largest transmission and distribu-

tion companies in North America with
about 17,500 miles of transmission lines
and 72,000 miles of distribution lines
throughout the province of Ontario. The
transmission lines are supported by vari-
ous types of steel and wood structures
and cross terrain ranging from farmland
to extremely rugged territory often in
remote or environmentally sensitive
areas.

For more than 50 years, Hydro One
(and its predecessor Ontario Hydro) uti-
lized its own fleet of helicopters to main-
tain and provide access to these corridors
for all sorts of work applications. In the
early 1960’s, the company had two
Sikorsky S-58T helicopters which were
used to hoist powerline maintainers onto
the structures for large maintenance pro-
jects. This helped reduce the need for
corridor access roads and increased the
efficiency of the crews. In the late 1980’s,
these two helicopters were replaced with
a single AS 332 Super Puma which per-
formed the same functions. But, in the
mid 1990’s, the helicopter was sold. 

Realizing a continuing need to be
able to maximize staff productivity and
access structures efficiently in hard-to-
reach locations, one of the veteran pilots,
John Bosomworth, conceived a design
which could be used on the remaining
fleet of helicopters for line maintenance
work.

The concept was named ‘AirStair’
and is attached to a Eurocopter AS
350B2, AStar helicopter. 

This multi use design can be utilized
as a delivery and pick up device for trans-
porting powerline maintainers as well as
some limited work station applications.
With a small crew, productivity improve-
ments with the AirStair have proven to be
significant. There is no need for ground
travel from one structure to the other;
climb up the structure, perform the work,
then climb down. This eliminates fatigue
on line maintainers and the necessity to
belt and unbelt numerous times while
climbing.

The device was structurally engi-
neered by an aircraft engineering compa-
ny and has stringent weight limitations
and weather conditions must be strictly
adhered to. The company has a very
strict, in-depth training program for pilots
and linemaintainers on use of the

AirStair. The training program — which
includes detailed documentation of the
procedure along with the use of specialty
tools which were designed specifically
for the ‘AirStair’ — must be completed
by both pilots and line maintainers. This
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The concept was named ‘AirStair’ and was attached to a Eurocopter AS 350B2, AStar heli-
copter. 

With a small crew, productivity improvements with the AirStair have proven to be signifi-
cant. There is no need for ground travel from one structure to the other, climb up the struc-
ture, perform the work, then climb down (Photo: Graeme Oxby/www.goxby.com)
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Multi-Use “AirStair” Improves Line
Crew Productivity Significantly
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makes everyone’s role easier to accom-
plish, with the highest level of safety.

“In my experience, having worked
on transmission poles and towers, I enjoy
the ‘AirStair’ as it eliminates the fatigue
from climbing,” explained Derrick
Brydges, a Hydro One powerline main-
tainer who worked with Bosomworth in
the development of the equipment. “You
are delivered right to your work location.
Other applications, such as climbing
inspections, one only has to climb from
the top down.”

Late in 2001 there was a need iden-
tified to install marking devices on the
skywire of a multi-circuit transmission
line in Burlington adjacent to Lake
Ontario. This line is located in the flight
path of the Trumpeter Swan, an endan-
gered species nearing extinction in
Ontario.  A few of the birds had struck
the nearly invisible skywire, and were
injured or killed after falling to the beach
below. The conventional method of
installing these markers would have been
very time consuming and extremely cost-
ly. 

As a result the Helicopter section
agreed to perform the task with the
‘AirStair’. The bird diverters were suc-

cessfully installed in a very short time-
frame at a much reduced cost. 

Since this spring, the ‘AirStair’ has
been utilized on two skywire replace-
ment jobs — a 115 KV on H-Frame dou-
ble wood pole structures with the circuit
alive and, more recently, on a 115 KV

double circuit steel tower structures.
Both jobs were completed on schedule
with positive feedback from both crew
and supervisors.

Hydro One continues to look at
other applications for the ‘AirStair’.

See ad on page 11.
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Late in 2001 there was a need identified to install marking devices on the skywire of a multi
circuit transmission line in Burlington adjacent to Lake Ontario. The conventional method
of installing these markers would have been very time-consuming and extremely costly. 
As a result, the Helicopter section agreed to perform the task with the ‘AirStair’. 
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Ontario’s wholesale electricity mar-
ket has been open to competition
for three months and the lights are

still on. So, it’s working. But is it work-
ing well? How do we know? Most con-
sumers who have checked market energy
prices posted by the Ontario’s
Independent Market Operator (IMO)
(www.theimo.com), as shown in Figures
1 and 2 probably feel the market is oper-
ating well, because prices have on aver-
age, been relatively soft. 

SIGNS OF MARKET PERFORMANCE [1]
Given the characteristics of whole-

sale electricity markets in general and the
unique structure of Ontario’s market in
particular, standard economic tests to
evaluate the performance of markets may
be unreliable. However, there are mea-
sures that can be applied to electricity
markets as indicators of market perfor-
mance. Here we will examine three of
these: apparent bidding behaviour, price
differentials between Ontario and its
competitive interconnected markets, and
timing and volumes of imports and
exports across the interconnections.

Bidding Behaviour
In an ideal, fully competitive elec-

tricity market with 1) an abundance of
capacity, 2) many suppliers, 3) open
transmission access, and 4) an uncongest-
ed transmission system, baseload genera-
tors would offer energy at their incre-
mental cost of production. In a competi-
tive market, generators will assume that
they will not be setting the market-clear-
ing price that is paid to all suppliers. To
bid more than their incremental cost of
production reduces the chance that the
baseload generator will be dispatched,
but would not be expected to increase the
dispatch price. Generators with peaking
resources, on the other hand, will be like-
ly to mark up their marginal cost based
bids to ensure that they are able to cover
their fixed costs over the limited number
of hours that they run. Hydro-electric
generators with storage capacity have a
more complex decision. At any point in
time, their offer would need to reflect the
future value of the energy stored in the

reservoir — they can use it now (if their
bid is accepted) or use it later when prices
might be higher — and their expectations
of additional flow into their reservoir. 

Given a good understanding of the
Ontario supply stack (each generating
unit’s size and marginal cost), the
planned outage schedule (which units
will not be available and when), and
monitoring other dynamic variables such
as forced outages and hydroelectric stor-
age levels and expected rainfall, one can
attempt to ‘predict’ the market clearing
price for any given system demand. This
market-clearing price is simply the point
of intersection between the supply and
demand curves. A comparison of this pre-

dicted market-clearing price can then be
made with actual demand-price pairs
experienced in the marketplace.
Demand-price pairs for each hour from
May 1 to July 23 relative to our illustra-
tive supply stack are shown in Figure
3.[2]

Based on our market analysis, it
appears that actual prices have closely
tracked the expected marginal costs of
generation for demand levels up to
approximately 18,000 MW (these are pri-
marily off-peak hours). This suggests that
generators have been offering energy at
prices quite close to their marginal costs,
an indication that the market is perform-
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Figure 1: IMO Ontario Daily System Dispatch and Pre-Dispatch Demand

Figure 2: IMO Ontario Daily Dispatch and Pre-Dispatch HOEP



ing as one would expect under workable
competition. When market demand
exceeds 18,000 MW or so, the price-
demand pairs exhibit much lower corre-
lation with our predicted supply curve.
This can be attributed to the storage
hydroelectric generation offer strategies
that are priced on the basis of opportuni-
ty costs and are likely to be reflective of
prices in interconnected markets. In addi-
tion, at these higher demand levels forced
outages of generators can result in sud-
den increases in the need for available
generation. This can produce dramatical-
ly higher market prices for short time
intervals and results from generator
ramping rate restrictions and the relative-
ly short time interval over which dispatch
is optimized. Therefore, when there is a
shortfall in generation as a result of an
unscheduled generator outage or higher
demand than forecast, significantly high-
er cost generation must be called on to
provide energy while lower cost
resources are ramping up.  

Influence of Interconnected
Markets 

Two additional indicators one can
use to test a market’s functionality are:
the relationship between the local market
price and prices in interconnected mar-
kets, and power flows across interties in
relation to the prices. In an ‘ideal’ region-
al electricity market with unlimited trans-
fer capabilities between regions, there
would be one price throughout the mar-
ket. This is in fact how economists define
markets, i.e., based on the absence or
presence of significant price differentials.
In reality however, there are always some
physical limits to the transmission capac-
ity between regions and, to the degree
that these constraints are significant, they
are likely to define the market. Although
Ontario is physically connected to
Minnesota, Manitoba, Michigan, and
Quebec, we look to the New York ISO,
because it is the most transparent of
Ontario’s interconnected markets and a
market with which Ontario has signifi-
cant transfer capability such that price
differentials should be minimized.
Ontario is connected to New York at two
locations. The larger is at Niagara Falls
which connects Ontario with the New
York West or NY Zone-A market. This
interconnect has an export capacity of
approximately 2100 MW (to New York)
and an import capacity of approximately
1500 MW (into Ontario). The other inter-
connection with New York is near
Cornwall, but the capacity of this inter-

connect is only 400 MW. Figure 4 shows
the Ontario and New York West hourly
energy prices for the period from May 1
to July 23. For most hours, the Ontario
hourly energy price (HOEP) closely
tracks that in New York West. During
price excursions (spikes), differentials
are seen for various reasons including the
inability to change import and export
schedules within the hour and the fact
that these price excursions are often the
result of unplanned generator outages
and thus are short-lived, i.e., until addi-
tional low-cost generating capacity can
be scheduled to fill the deficit. 

Initially, interties were developed
primarily for system reliability purposes.
In competitive markets, interties continue
to play an important role in system relia-
bility, but serve another important pur-
pose. Interties allow trading between
markets, which enables traders within
interconnected markets to arbitrage price
differentials. With sufficient transmission

and flexible market rules, the net effect is
that the lowest cost generation is avail-
able to serve load in these markets. One
would expect that in a workably compet-
itive market, New York would be import-
ing power when the prices in New York
are higher than those in Ontario, and vice
versa. Figure 5 shows pricing differen-
tials and transmission flows between
Ontario and New York West for May.

Because the power flows shown in
the figure include flows to and from New
York Zone A and Zone D (the IMO does-
n’t publish data for transmission flows
from New York Zone A and Zone D sep-
arately), the results shown in Figure 5 are
more difficult to interpret. Overall, how-
ever, the chart suggests that power gener-
ally flows from New York to Ontario
whenever the Ontario price is lower than
the New York price and vice versa, as one
would expect in an effective regional
market. 
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Figure 3: Ontario Demand-Price Pairs, May 1 to July 16

Figure 4: Ontario Demand-Price Pairs, May 1 to July 23

Hourly Energy Prices for Ontario and NY-West (Zone A)



Market Issues
Probably the most contentious mar-

ket design issue that has arisen thus far is
from the market rule pertaining to intertie
transactions. 

Once import offers are accepted by
the IMO based on a similar offer process
as is used for internal Ontario generation
,the quantity and minimum price of these
imports are set and remain constant for
the hour. This is because intertie sched-
ules cannot change within the hour. This

is called the import offer guarantee
(IOG). Simply, if the IMO expects that
imported energy will be required to meet
Ontario demand for the next hour, the
importer is guaranteed of being paid at
least his offer price regardless of what
actually happens during the hour. Thus,
importers are guaranteed their accepted
offer for the full hour, even if demand
drops off or increased amounts of supply
are available at lower offer prices and as
a result their energy is not needed. In

contrast, Ontario-based generators must
offer energy into the five-minute energy
market [3] and the IMO can respond
dynamically to their offers based on actu-
al system demand and supply. 

In a simplified example of how this
rule would work, if the IMO needs
25,000 MW of supply to meet demand on
a hot day and Ontario-based generation
can supply 23,000 MW, the IMO would
need to import 2,000 MW from outside
Ontario. If the offer for this imported
power is higher than the most expensive
power from among the various Ontario-
based generators comprising the 23,000
MW of ‘native supply’, the IMO would
set the five-minute price based on the
most expensive of the Ontario offers, not
on the 2,000 MW of imports needed to
match demand. The IMO would still
have to pay for the 2,000 MW of imports,
but the cost of this power would not be
reflected in the market-clearing price. 

The cost of any imported power,
subject these rules, is borne by all con-
sumers through the IMO uplift charges,
not through spot prices. Although uplift
charges have typically been in the range
of $1-$5/MWh, during periods of high
demand, hourly uplift charges have
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Figure  5: May 2002 Ontario-New York West Transmission Flows
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exceeded $100/MWh, largely as a result
of these two rules. What is important to
bear in mind is that during these infre-
quent periods when uplift charges are
high, market-clearing prices could have
been much higher in the absence of these
market rules. 

From a consumer perspective, these
rules have helped to dampen the volatili-
ty of spot prices. From an Ontario gener-
ator’s perspective, these rules have
reduced revenues and could ultimately
deter new generators from entering the
Ontario market.

Lower price volatility and less
extreme price spikes should be good
news for most consumers. However, con-
sumers that locked into a fixed price con-
tract in an effort to mitigate their price
risk may be disappointed to learn that
they are still exposed to volatility in
uplift charges, which (to our knowledge)
are not covered in any electricity con-
tracts. Thus, while these market rules
dampen spot price volatility, they create
new risks which suppliers have not yet
been able to offer consumers protection
from. It is probably only a matter of time
before someone offers ‘uplift charge’
guarantees.

Summary 
The Ontario electricity market,

although just three months old, appears
to be working reasonably well. Prices in
many hours have been closely related to
the underlying marginal costs of genera-
tion, prices in Ontario and New York
have tracked well most of the time, and
power flows between New York and
Ontario are generally responding to any
price differentials between the markets. 

The primary market performance
issues appear to be related to market
rules and how imports are integrated into
the market. Changes to these rules could
have a significant impact on the volatili-
ty of spot prices, particularly during peri-
ods of high demand, as well as on the rel-
ative attractiveness of the Ontario market
for new generators.
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The question is: Can a small genera-
tor furnish full magnetizing current
to a large transformer during a

black start, without being tripped?

Black Start 
A new power plant built by

SaskPower was designated as ‘a black
start capable’. The most recent blackout
occurred about 5 years ago when a large
part of the provincial power system col-
lapsed due to a severe winter storm.
During such situations, the power plant
relies on its own emergency power
sources to initiate power restoration. The
new plant included a 500kW diesel to
enable power system restoration follow-
ing a blackout. The unit is capable of run-
ning the station service load and starting
up one gas turbine generator. 

Typically, the emergency lighting
fed from the plant batteries comes on
immediately. This is followed by an auto-
matic start of the diesel engine within 15
seconds from the onset of a power out-
age. The delay is necessary in order to
ascertain validity of the outage. 

Having restored power to the station
services, one gas turbine generator is
started up and connected to the main
transformer. This critical phase, if suc-
cessful, is followed by adding load to the
transformer and the transmission system
to complete the power restoration.

Plant Configuration 
The new plant as shown in Fig.1

comprises six relatively small gas turbine
generators connected to the low voltage
windings of a large step-up transformer.
Each unit is connected through its own
breaker. During a black start the trans-
former is energized from its low voltage
side instead of high voltage side as is the
case during normal power plant operation
and synchronization. Black start is gener-
ally not a big concern for power plants.
However, in this case, since the MVA
ratio of generator to transformer
(26.9/102MVA) is relatively low, there
was a concern that the generator may not
be able to provide the full magnetizing
current to the transformer in order to
establish the nominal voltage at its termi-

nals. Consequently, the generator may
overexcite at the instant of breaker clos-
ing and trip by its voltage restraint over-
current relay. 

Transformer Magnetizing Current
Pauwels, the transformer manufac-

turer was contacted to provide details on
the expected magnetizing current, for the
condition of 100 per cent and 20 per cent
voltage applied to the Y winding while
the windings X and Z were held open.
The transformer is of the core form type.
The expected magnetizing currents
(Peak, RMS and Average) were calculat-
ed based on the known formulae (1,2)

and are shown on Graphs 1 and 2. While
the steady state magnetizing current is
small, the peak inrush current is large
even at 20 per cent voltage and can cause
problems with the generator protection. 

The flux required by a transformer is
equal to the normal steady state flux plus
a DC transient component. The initial
transient current depends upon the mag-
nitude of the supply voltage at the instant
the transformer is energized, the residual
flux in the core, and the impedance of the
supply circuit. If the unit is energized as
the voltage passes through zero, the tran-
sient is at its maximum. The current is
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further magnified by the residual flux,
which is estimated to be in the order of 70
to 80 per cent of the nominal flux. 

In the worst case scenario, a value of
flux approaching 300 per cent of nominal
can be attained, thus causing appreciable
saturation of the magnetic core and a
massive inrush magnetizing current in
the order of 8 to 10 times full load cur-
rent. The transient component decays
rapidly during the first few cycles and
more slowly thereafter. The damping is
caused by the R/L factor, which is initial-
ly high due to the core saturation (L low)
and decreases as the core becomes less
saturated. Finally, the inrush current is
limited by the source impedance, the gen-
erator impedance in this case, according
to the equation;

Ii = Iio / (1+Iio*Xs), where;

Iio is the inrush current neglecting the
supply source impedance. 

Xs is the effective source supply imped-
ance in per unit on the transformer
kVA base.

Results
In order to limit the inrush current, it

was decided to close the field breaker
with a 20 per cent voltage. The voltage
was gradually increased to 100 per cent
over a period of 120 seconds. The value
of the remnant flux in the core was not
known. Furthermore, there were no
means available of knowing and/or con-
trolling the timing of the field breaker
closure with respect to the magnitude of
the supply voltage on its sine curve.

Graph 3 captured by a PML, model
7600 meter, shows the results of the test.
The meter samples 128 samples/cycle
and calculates various RMS values every
1/2 cycle.

The black start test and the proce-
dures implemented were successful. The
inrush current, dictated mainly by the
transformer remnant flux, was not exces-
sive and was limited by the generator
source impedance. The generator GTG 4
successfully energized the main step-up
transformer to its full voltage without
tripping and proved that the new plant in
present configuration is ‘black start capa-
ble’. 
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high-cost customers and
the bulk of the utility
infrastructure. Multi-
service territories pro-
vide multi-site cus-
tomers better service
and pricing options.
These customers now
know they can secure
better rates by aggregat-
ing their load and out-
sourcing their power
requirements, resulting
in competitive long-
term energy procure-
ment contracts.

- New generation lead time: Planning new energy genera-
tion construction to alleviate anticipated energy shortages
makes for lengthy and costly deliberation processes with
environmentalists and politically volatile consumer advo-
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Anumber of recent industry events — such as energy
shortages, deregulation and competition, and customer
demands for more choice and control of energy bills —

has caused utilities to think again about where their Automatic
Meter Reading (AMR) dollars should be invested. Utilities
now focus on an entirely different customer segment than what
historically has been viewed as the prime target for AMR: res-
idential full-scale deployments. 

Because of increasingly urgent energy supply issues and
dropping profit margins, utility managers are turning their
efforts and actions toward the acquisition and implementation
of AMR systems that address the C&I (Commercial and
Industrial) sector. The data acquisition may be expensive, but
capital investment provides more bang for the buck by deliv-
ering instantly recognized, valuable information in the form of
interval data for individual customer load profiling.

Today’s leading utilities deal with load forecasting issues,
potential energy shortages, customers’ rage at high energy
prices and the imminent threat that valuable large customers
(base load) ultimately may leave their system. Utilities are also
faced with the grim realization that they know little or nothing
about: 
- Customers’ individual load profiles 
- Specific customer pattern of use 
- Associating information with their current ‘one size fits

all’ rate schedules
- Resulting impact of each customer’s use on the overall 

load factor and peak demand
- Utility’s bottom line

Recently utilities have readily invested in acquiring the
above type of customer information — and major meter man-
ufacturers see exponential growth and profits in solid-state
meter sales. Most new meter purchases include a modem under
glass or some type of transmitter connected to the digital out-
put from the solid-state meter. 

Many American PUCs are making laws that require 15-
minute reads with daily downloads for billing settlements in
deregulating states. Information acquisition for the purpose of
managing demand, pricing and billing is evident in deregulat-
ed states and has spilled over into other states beginning to deal
with demands for more information from enlightened cus-
tomers.

Utilities Are Learning More About Their Customers
Using customer information is credited largely to the ini-

tial forays of alternate power suppliers presenting graphical
information to customers on a secure web site. From all fronts,
utilities are being forced to learn more about their customers.
Some immediate discoveries resulting from using customer
information include:
- Rate class discrepancies: customers in the same rate class

easily can vary in profitability to the utility — from more
than 50 percent to below 38 percent.

- Need for new pricing structures: customers at the high end
of a rate class understand that they are subsidizing the
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cacy groups. Shifting of load and
managing demand augments exist-
ing power supply and delivery
resulting in postponing or eliminat-
ing the need for intensive long-term
capital investment. AMR informa-
tion offers nearly immediate load
and capacity relief for minimal
investment when considering cost
and time spent to incorporate new
generation facilities.
As the need for customer informa-

tion grows stronger in the C&I sector,
residential AMR systems appear to have
no need to initiate the purchase of this
high-tech metering equipment, software
and telecommunications lines. But the
groundswell of steady commitment in
utility budgets for the capital investment
necessary to purchase C&I AMR tech-
nology continues to increase. Why?
Because utilities can no longer ignore the
value of the timely interval data provided
by AMR. 

For the first time utilities can: 
- Determine individual customer prof-

itability.
- Provide information to build more

comprehensive pricing for customer
retention, maintaining valuable base
load.

- Provide information that lets cus-
tomers consolidate their energy pur-
chases and modify patterns of use.

Survey Results
A survey conducted by Automated

Communication Links Inc. in 2001
showed that more than 24 Southern elec-
tric utilities implemented an Automatic
Meter Reading system solution mainly to
address the acquisition of increased inter-
val data. 

Though many respondents differed
in the frequency in which the data must
be delivered to the utility head-end for
presentation and/or billing, the majority
stated that they needed the information
available in the format and granularity
specified by the Public Utilities
Commission. 

Survey results also showed that
large, important C&I customers wanted
information provided at the level of detail
meaningful to their procurement, budget-
ing and management requirements. 

In all cases, utilities expressed con-
cern for acquiring accurate data that
could be validated, estimated and edited
to a standard that could be converted into
a bill settlement, and accurate for passing
on to the Alternate Energy Providers.  

C&I AMR Requires More Than
Turnkey Solutions

The value proposition and cost
analysis is less strenuous for the purchase
of C&I AMR. However, few utilities
truly appreciate the technical require-
ments, system solutions and service
delivery options for C&I AMR when
compared with the simplistic, turnkey
solution options generally reviewed in
residential AMR. 

System solutions used in C&I AMR
for small utilities (under 20 three-phase
meters) historically has consisted of
selecting the meter vendor, using that
vendor’s software and connecting the
meters using dedicated telephone lines.
For utilities automating more than 20
three-phase meters, the choice generally
includes the purchase of MV-90 software
(a somewhat defacto utility software
standard), providing the utility with sev-
eral meter types and access to various
meter protocols. 

This software maintains a level of
flexibility and competitiveness in pur-
chasing multivendor meters. Through the
years, MV-90 software has offered a cer-
tain amount of flexibility in using shared
phone and cellular lines for connecting
the meter to the utility head-end. 

With growth of deregulation, compe-
tition and customer demands for more
data, utilities that appreciate the value of
the data in these early installations now
want to automate more C&I meters. Here
lies the rub. The cost per meter with the
communications link now becomes a fac-
tor as utilities drill below the 750 kW
range. The cost of the software and its
ability to manage the interrogation
process as is, or with customer or
enhanced modifications, also becomes a
major factor moving forward. 

Complex Choices
What is the utility to do? Choices are

complex to say the least: 

1. Should the utility just expand the
existing system? 

- Is it possible to expand it?
- When does the cost of dedicated

lines and line-sharing devices make
this option no longer viable?

2. Should the utility search for a new
vendor system solution?

- Who are these new vendors?
- What do they do about the required

protocols they need to read the vari-
ous meters in their service territory?

- What is the risk of making a break
from the defacto standard?

- Is it worth it?
- Can standards such as ANSI 12.19

make a difference and will they be
beneficial in the long term?

3. Looking at choice no. 1 or 2, can
the telecommunication aspect of
the puzzle be more effective with a
choice other than emulating a tele-
phone link?

- What about public RF networks?
- Can packet data serve the purpose,

cut costs and add stability to the data
transfer process?

- Will meter manufacturers incorpo-
rate the transceiver or modems into
their solid state meters?

4. Should the utility relinquish con-
trol of the meters to an outsource
service bureau?

- If significant expertise in data and
telecommunications is required, out-
sourcing might be the answer.

- Are there companies that do this?
- Can utilities still retain control over

the data and the customer?
- Does this start a process that will

cause utilities concern later as dereg-
ulation and competition unfold?

Tip of the Iceberg
This is the tip of the C&I iceberg.

Politics play a heavy role in C&I meter-
ing today. Unlike residential AMR, big
money and big players already are estab-
lished and making money in this industry
segment. Newcomers also are investing
heavily. And why not? They see C&I as
the segue to ultimately gain utilities’ res-
idential AMR business as well

Carolyn Kinsman is president of
Automated Communication Links Inc.,
based in Oakville, Ontario, Canada.
Contact Kinsman at aclinc@aol.com.

This article originally appeared the
July/August 2002 issue of AMRA News,
the official publication of AMRA. AMRA
is an international nonprofit membership
organization founded to address stan-
dardization, justification and deployment
practices in the application and advance-
ment of enhanced customer-service and
resource-management technologies. 

The association’s mission is to pro-
vide AMR information and educational
resources worldwide by advocating stan-
dards and the use of advanced metering
technologies. Members receive numerous
benefits including publications, market
reports and discounted registration fees
to AMRA’s annual symposium. 

For more information, visit
www.amra-intl.org.  ET
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The internet has allowed utilities to offer a variety of new
products and services to their customers, among them
online bill payment, remote monitoring, and load pro-

filing and analysis. While all of these services might fall under
the heading of “energy information services” (EIS), the focus
of this article is on those online services that provide energy
customers with access to usage data and analytic tools with
which to evaluate it. Different EIS offerings come with their
own value propositions, but for energy customers to truly
understand their usage — and in turn control their costs —
they must first have access to consumption data in a form that
allows them to act in a timely manner. That implies an online
service.

Of course, utilities have provided usage data for years in
paper reports or files on diskette. Web-based services, howev-
er, have given customers their first chance to really work with
that data and have an immediate impact on their bottom line.
Given the rate at which businesses are adopting internet-based
tools, it seems safe to say that traditional delivery methods for
energy usage data are on the way out — they simply cannot
compete with the economics or the level of service offered by
web-based solutions.

Is There a Market for This?
EIS, as a force in the utility industry, is still in its infancy

and perhaps, as a result, there is relatively little data available
with which to gauge the level of adoption of various types of
EIS among utilities and their customers. Two studies conduct-
ed by E Source, however, offer an encouraging baseline. The
first, published in June 2000, looks at what end-users want —
and are willing to pay for — in EIS. (E Source plans to release
a second edition by the end of 2002.) The second study, pub-
lished in December 2001, looks specifically at meter data
analysis services. 

The business case for energy customers’ use of EIS essen-
tially comes down to saving money. Be it in the form of a bet-
ter rate schedule, participation in load curtailment programs or
any number of efficiency improvements, any energy cost
reduction strategy starts with understanding energy usage.
According to the December 2001 E Source study, 30 per cent
of the customers surveyed currently get some form of EIS
either from their utility or internally. 

However, almost all of these customers view the service
as “free” in that they do not pay for it directly. This may
explain why, as shown in Figure 2, users of meter data analy-
sis services in the other E Source study rated them compara-
tively lower than did users of other types of EIS. As Exhibit 3
indicates, however, there is a significant number of major
energy customers who view energy usage data and analysis as
something worth paying for.

Things to Consider
There are a few things important for utilities to keep in
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Figure 1: Price Points for Energy Usage Analysis Services Source:
Energy Information Services: What Do Customers Really Want? (E
Source, June 2000)
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mind when setting out to offer EIS to
their customers that will have a decisive
impact on the program’s success.

Advanced Metering
Automated meter reading, or at the

very least interval metering, is a prereq-
uisite for offering EIS to customers.
Obviously, you can’t deliver interval
meter data over the internet if you’re not
collecting it in the first place. In many
cases, customers may not be prepared to
pay for the equipment needed to deliver
the service, though they may be ready to
pay for the service itself. Utilities should
consider sharing the cost of advanced
meters, or offering financing to cus-
tomers so they can mitigate the up-front
costs associated with EIS. Some of the
most successful EIS programs have
included assistance for customers to
swap out old meters.

Pricing the Service
As noted in the 2001 E Source study,

nearly all of the current EIS users were
receiving the service without explicit
cost, either from an internal department
or from their utility. A word of caution is
warranted here because, if customers
become accustomed to receiving EIS for
free, they may tend to discount the value
of the service. 

Experience has shown, though, that
a modest per-meter-per-month fee is usu-
ally enough to preserve the perception of
value in the customer’s mind while serv-
ing to offset the cost of EIS for the utili-
ty, if not generate a profit. 

In addition, as the EIS field evolves
and different types of services become
available, utilities may find that they can
offer a “base” service for little or no cost

and charge an additional fee for “premi-
um” services, much like the pricing
model adopted by the cable TV industry.

Why Outsource?
Probably every utility IT department

will be tempted to build an EIS in-house.
There are, however, several compelling
reasons why an outside solution is a bet-
ter choice:

Shorter implementation time
Vendors can have their EIS product

installed and running much sooner than
an internal IT department can develop
and deploy a similar application.

Access to the latest technology 
Working with an outside vendor,

utilities can reap the benefits of the sup-
plier’s ongoing development efforts. For
example, a few vendors frequently intro-
duce product enhancements to their
entire customer bases at no additional
cost as part of their monthly service fees.

ASP
Application Service Providers

(ASPs) provide EIS over the Internet
from a remote location — the utility does
not need to maintain software on-site,
buy additional hardware, or devote IT
resources for running the service.

Service Level Agreements
Outside vendors can offer a guaran-

tee on system uptime, performance, secu-
rity and reliability that internal IT depart-
ments cannot.

Freeing up internal resources
Utility IT departments have many

competing priorities. By outsourcing
EIS, IT staff can focus on supporting the
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Figure 2: Perceived Usefulness of EIS Among Users and Non-Users Source: Energy
Information Services: What Do Customers Really Want? (E Source, June 2000)
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core business and leave the application
development to a vendor whose only job
is application development.

Perhaps the best reason to work with
an EIS vendor rather than pursuing in-
house development lies in avoiding re-
invention of the wheel. Vendors have
already gone through the process of
developing, testing and implementing
EIS applications, and so they bring a
level of experience to the process that a
utility IT department simply cannot
match. And why should it? 

The utility enterprise has a host of
critical IT functions that must be support-
ed by internal staff. EIS represents
uncharted territory for most utility IT
professionals and as such it is extremely
difficult for these groups to implement an
EIS program that will continue to serve
the needs of top customers. 

As new technologies and processes
are developed, a vendor is in a much bet-
ter position to make enhancements avail-
able as the utility’s users become more
sophisticated.

Keys to Successful EIS
Implementation

As time goes by,
the cost of provid-
ing EIS will con-
tinue to go down.
As utilities and
their customers
become more
savvy with regard
to such services, it
will likely be-
come easier for
energy providers
to deliver energy
information ser-
vices to their

major customers. For the time being,
however, there are several important ele-
ments to consider.

Data is a Burden, Information is an
Asset

Many commercial and industrial
customers, even large companies, do not
have a dedicated energy manager on
staff. More often, the responsibility for
monitoring the organization’s energy
usage falls to a facilities manager, or per-
haps even a group of people. Cutting util-
ity costs, for example, often begins in the
finance department. With that in mind,
it’s a good idea for utilities to consider
offering a service that places ease of use
above bells and whistles. 

Figure 3 shows the percentage of
customers surveyed who rated the given
attributes a ‘6’ or ‘7’ on a seven-point
scale in E Source’s study. As the data
shows, most energy customers rank user
friendliness as an important considera-
tion in choosing an EIS vendor. The util-
ity offering the service should too.

A good rule of thumb is to ask your-
self what the training requirements are
for the service you are considering. If it
takes more than 15 minutes for a cus-
tomer to learn, or more than one to two
minutes a day to use, chances are that
most customers will not be willing to put
in the time required to get value out of
the service. And they certainly won’t be
willing to pay for something they don’t
use.

Focus on Usage Analysis
Energy customers are most likely to

glean value (i.e. cost savings) from EIS if
the service allows them to understand
their energy usage. Other services are
certainly worth investigating, but the
core of any EIS should include usage
analysis. EIS users and non-users alike
indicate this service is valuable to them,
and they are willing to pay a reasonable
fee to receive this information.

Outsource or Die
As discussed earlier, there are

numerous advantages associated with
choosing an EIS vendor over in-house
development. EIS vendors, who spend all
day every day developing and improving
EIS applications, are simply better able
to deliver a working, saleable product
than are internal IT departments. Save
your IT staff for what they are best at and
leave the EIS development to those who
do it for a living.

Promote the Service
A utility can do everything right —

find a great EIS vendor, find the right
price point, offer an easy-to-use product
— and still have their EIS program fail.
Customers need to be educated, not only
about what to do with the service once
they have it, but about the service itself.
And if the utility’s own account man-
agers have not bought-in to the value of
EIS, there is little chance that the cus-
tomers they serve will see its value either.

If you are committed to delivering
value-added EIS, then marketing those
services — both internally and externally
— has to be part of the commitment. 

Start with account managers. These
are the people who must understand what
EIS offers and really believe in the prod-
uct. They may find value in using the ser-
vice themselves in order to understand
their customers’ usage patterns. Once the
main customer contacts are on board, you
can begin promoting the service to end
users. Again, it is important to remember
that many customers have never had
access to the detailed, timely information
that EIS provides and they may not
immediately see how it will help them in
their day-to-day work. 

Many customers who might make
use of EIS are apprehensive about paying
for such services when they aren’t really
sure how it will help their bottom line. A
savings guarantee is a way utilities can
address those fears and make customers
more willing to sign up for EIS pro-
grams. 

EIS is, ultimately, about partnership.
The utility shares information with its
customers that helps them save money by
operating more efficiently. In this way,
EIS has the potential to transform utility
customer relationships. Gone are the
days when all the customer ever saw of
their energy provider was a monthly bill
— today utilities have an unprecedented
opportunity to become partners in their
customers’ success.

Bob Fesmire is with ABB Inc. ET
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Figure 3: Key Factors in Customer
Acceptance of EIS Source: Meter Data
Analysis Services: Making the Most of
Interval Data (E Source, December 2001)



Question:
We are specifying a drive system that will have a process

loop to control drive speed. We are being asked if we want a 4-
20 mA or 0-10 VDC signal input. What is the difference?

Answer:
The choice for your application is dependent primarily on

the type of control you are looking for, wiring distance, and the
susceptibility to noise.

For many years, the typical production line has used 0-10
volts VDC as the primary control voltage. It provides an easily
measured signal that can be modified by ratio, adding, subtract-
ing, offsetting or other arithmetic function. This is very useful
for complex tensioning and torque control. However, since it is
dependent on a steady voltage level, transients, sags, swells and
electrical noise can modify the signal giving undesirable varia-
tion in the signal and the drive system.

The process industry has used 4-20 mA for many years
because it is a current controlled variable. A steady current is
required for control and the voltage varies to maintain it. 

Hence, voltage drop or fluctuations have little or no effect
in normal applications. The signal is zeroed at 4 mA instead of
0 mA to distinguish between a true zero and a faulty transmitter
or wiring.

A basic rule of thumb is to use a 0-10 VDC voltage signal
for short distances where the control requires complex interac-
tion with other devices. This is typically a factory line applica-
tion.

In process applications, where single loop controls extend
over long distances or where electrical noise is a factor, the 4-
20 mA signal is the preferred choice.

Either type of signal should be isolated from power con-
ductors in its own conduit from a safety standpoint and for elec-
trical noise considerations. 

Preferably, the signal would be carried on a shielded, twist-
ed pair cable. The rules for grounding the shield are the same.
Usually this means grounding the source end and isolating the
cable shield from ground everywhere else. 

Always minimize the number of cable breaks or termina-
tions.

Question:
A while ago, we had a problem with a drive generating

transients that affected other sensitive loads. What can we do to
avoid this in the future?

Answer:
Normally, drives and other electronic equipment are pretty

much maintenance free and don’t get much attention until
something isn’t working correctly. I have seen a case where the
drive was still performing its required function and yet was
sending damaging transients into the power system. The only
symptom was the periodic failure of an electronic board in
equipment on the other side of the plant.

The best preventative maintenance (or in this case, predic-
tive) is to use an oscilloscope or other instrument to periodical-
ly look at the voltage and current waveforms of the drive or
electronic device. Use a constant load so that the waveform can
be compared from time to time. In fact, when the equipment is
first commissioned take a snapshot to establish a base condi-
tion. You now can compare the output waveform with what is
expected from the equipment manual. 

Generally, there should be symmetry. If not, a problem may
be present. This may result in a catastrophic drive failure in the
near future. A heads-up in this regard may save a couple of days
production.

The other way to head off problems of this sort is to peri-
odically monitor the power system looking for transients and
other unusual phenomena. This can be accomplished with a per-
manent or portable instrument that is capable of measuring and
capturing very fast transients. Some equipment has built-in
analysis tools such as the ITIC curve to evaluate whether the
transients are of a concern or not. You should be able to store
and upload the data into a PC for analysis. In this way, you can
begin to look for the problem before it starts to cause significant
damage to sensitive electronic components.

David is the President of Wintek Engineering. You can for-
ward your questions or comments to him at wintek@wintek-
eng.com. ET
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Our Expert Offers Answers to Frequently
Asked Questions About Power Quality
By David Windley, P.Eng., C.I.M.
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The electrical utility industry is
faced with many challenges with
regards to transmission line corri-

dors. For example, the connection of
generation stations and substations to the
end user requires an extensive network of
transmission lines that travel through a
variety of terrain and varying landuse.
Electrical utility companies managing
linear power corridors are faced with
asset management and the physical main-
tenance of the hardware network itself.
Issues for the industry include:
- Design — route and hardware
- Asset management — towers, insu-

lators, wire (position, type, condi-
tion)

- Maintenance — corridor ROW and
hardware

- Liability Issues — danger trees and
cultural encroachment

- Upgrading and rating - line voltage
and modeling of catenary sag

- Refurbishment — lifespan of towers
and hardware replacement
Assessment of these and other issues

is ongoing. Ignoring any one of these
issues can be very costly. 

LIDAR has become a valuable tool
to the electrical utility sector in that it
replaces many traditional survey meth-
ods with a single data source. Processed
LIDAR data enables the measurement of
catenary clearances and ground DEMs
and the classification of vegetation,
tower and wire distributions. When cou-
pled with video and photos acquired
from the same airborne platform, a com-
plete inventory of terrain types, hardware
conditions and corridor access points can

be constructed to create a comprehensive
dataset which can be integrated into
CAD, GIS and PLS-CAD packages for
mapping, modeling and reference data-
bases. 

The technologies utilized to acquire
this detailed dataset require an integrated
instrument suite flown from an airborne
platform. These technologies are briefly
explained below.

LIDAR Technologies
To master the task of collecting vast

corridors of terrain data, airborne LIDAR
“LIght Detection And Ranging” systems
have been developed for acquiring data
for route selection and for asset manage-
ment of existing transmission networks.
This technology utilizes a laser to accu-
rately measure distances. The laser is

only one element of the LIDAR system,
however. LIDAR requires a suite of sup-
port instruments, most of which are used
to establish position and orientation of
the laser with the point being sampled on
the ground. 

The main components used in
LIDAR systems include:
- Positioning system (GPS/IMU)
- Laser ranging system

Position information is vital to the
definition of accurate X, Y and Z attrib-
utes of the terrain and transmission corri-
dor data. Typically, LIDAR is flown from
either a fixed wing aircraft or helicopter.
Differential GPS is used to obtain aircraft

By Robert Iantria

LIDAR/Image Solutions for the
Electrical Utility Industry

OVERHEAD TRANSMISSION & DISTRIBUTION

Configuration of LIDAR mounted to Bell
helicopter

When coupled with video and photos
acquired from the same airborne platform,
a complete inventory of terrain types, hard-
ware conditions and corridor access points
can be constructed to create a comprehen-
sive dataset which can be integrated into
CAD, GIS and PLS-CAD packages for
mapping, modeling and reference data-
bases. 

Orthomosaic image of transmission lines created from digital stills



positional accuracies ranging from 0.05 -
0.2m. This defines the platform position.
The platform is, however, experiencing
pitch, roll and yaw due to aircraft
motion. This motion affects the orienta-
tion of the laser pulse. These angular
translations are measured by an Inertial
Measurement Unit (IMU). Also encoded
into the data is a time stamp from a high
precision clock. 

The laser used in many LIDAR sys-
tems sweeps through an angle range
acquiring a swath scan of data points.
Typical sample intervals for the laser
pulses range from 5-30KHz.

Imagery Technologies
As LIDAR records only reflected

hits of the terrain and transmission lines,
imagery is essential to fill in the visual
detail of the surveyed area. This visual
data can be used by repair crews, for
example, to determine what kinds of
equipment to take to a site, the scale of
the repair and the nearest access point to
the site. 

During the acquisition of LIDAR
data, low-cost high-quality imagery
sources such as video and digital stills
can be logged and encoded with position
and time stamps common to the acquired
LIDAR data. 

Apart from having a visual record of
the entire survey line on tape, video
imagery can be captured by computer
and displayed onto a PC. By running a
calibration routine the display’s co-ordi-
nate system can be geometrically cor-

rected and transposed into a mapping
coordinate system thereby enabling the
position of attachment points or any
number of attributes about the lines, the
vegetation and the land use of the sur-
veyed corridor to be mapped.

Digital stills afford much higher res-
olution of the surveyed corridor and can
be rectified and stitched together to cre-
ate orthomosaics of areas of interest.
These images often serve as base maps
for the layering of GIS data.

Integrated LIDAR and imagery sys-
tems offer cost-saving, comprehensive
surveys and flexibility of data use for the
electrical utility sector. The hard copy
maps, digital data and video generated
from a single pass provide accurate
detail to populate GIS and CAD systems
and provide the information needed by
those responsible for managing trans-
mission networks.

Robert Iantria is with Terra Remote
Sensing Inc. ET
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Examples of transmission lines rendered
from LIDAR data
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Electricity travels in closed circuits,
and its normal route is through a
conductor. Electric shock occurs

when the body becomes a part of the
electric circuit. The current must enter
the body at one point and leave at anoth-
er. Electric shock normally occurs in one
of three ways. Individuals — while in
contact with the ground — must come in
contact with both wires of the electric
circuit, one wire of an energized circuit
and the ground, or a metallic part that has
become “hot” by contact with an ener-
gized conductor. The metal parts of elec-
tric tools and machines may become
energized if there is a break in the insula-
tion of the tool or machine wiring. The
worker using these tools and machines is
made less vulnerable to electric shock
when there is a low-resistance path from
the metallic case of the tool or machine
to the ground. This is done through the
use of an equipment grounding conduc-
tor — a low-resistance wire that causes

the unwanted current to pass directly to
the ground, thereby greatly reducing the
amount of current passing through the
body of the person in contact with the
tool or machine. If the equipment
grounding conductor has been properly
installed, it has a low resistance to
ground, and the worker is protected. 

The severity of the shock received
when a person becomes a part of an elec-
tric circuit is affected by three primary
factors: the amount of current flowing
through the body (measured in amperes),
the path of the current through the body,
and the length of time the body is in the
circuit. Other factors that may affect the
severity of shock are the frequency of the
current, the phase of the heart cycle when
shock occurs, and the general health of
the person.

The effects of electric shock depend
upon the type of circuit, its voltage, resis-
tance, current, pathway through the
body, and duration of the contact. Effects

can range from a barely perceptible tin-
gle to immediate cardiac arrest. A differ-
ence of less than 100 milliamperes exists
between a current that is barely percepti-
ble and one that can kill. Muscular con-
traction caused by stimulation may not
allow the victim to free himself or herself
from the circuit, and the increased dura-
tion of exposure increases the dangers to
the shock victim. 

For example, a current of 100 mil-
liamperes for 3 seconds is equivalent to a
current of 900 milliamperes applied for
.03 seconds in causing ventricular fibril-
lation. The so-called low voltages can be
extremely dangerous because, all other
factors being equal, the degree of injury
is proportional to the length of time the
body is in the circuit.

Severity of the Shock
The most common shock-related

injury is a burn. Burns suffered in elec-
trical accidents may be of three types:

Controlling Electrical Hazards
ELECTRICAL SAFETY
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electrical burns, arc burns, and thermal
contact burns. Electrical burns are the
result of the electric current flowing
through tissues or bone. Tissue damage is
caused by the heat generated by the cur-
rent flow through the body. 

Electrical burns are one of the most
serious injuries you can receive and
should be given immediate attention. Arc
or flash burns, on the other hand, are the
result of high temperatures near the body
and are produced by an electric arc or
explosion. They should also be attended
to promptly. Finally, thermal contact
burns are those normally experienced
when the skin comes in contact with hot
surfaces of overheated electric conduc-
tors, conduits, or other energized equip-
ment. Additionally, clothing may be
ignited in an electrical accident and a
thermal burn will result. All three types
of burns may be produced simultaneous-
ly. 

Electric shock can also cause injuries
of an indirect or secondary nature in
which involuntary muscle reaction from
the electric shock can cause bruises, bone
fractures, and even death resulting from
collisions or falls. In some cases, injuries
caused by electric shock can be a contrib-
utory cause of delayed fatalities. In addi-
tion to shock and burn hazards, electrici-
ty poses other dangers. For example,
when a short circuit occurs, hazards are
created from the resulting arcs. If high
current is involved, these arcs can cause
injury or start a fire. Extremely high-
energy arcs can damage equipment, caus-
ing fragmented metal to fly in all direc-
tions. Even low-energy arcs can cause
violent explosions in atmospheres that
contain flammable gases, vapors, or com-
bustible dusts.

Burns and Other Injuries
Electrical accidents appear to be

caused by a combination of three possible
factors: unsafe equipment and/or installa-
tion, workplaces made unsafe by the
environment, and unsafe work practices.
There are various ways of protecting peo-
ple from the hazards caused by electrici-
ty. These include: insulation, guarding,
grounding, electrical protective devices,
and safe work practices.

Preventing Electrical Hazards
Insulation

One way to safeguard individuals
from electrically energized wires and
parts is through insulation. An insulator is
any material with high resistance to elec-
tric current. Insulators — such as glass,
mica, rubber, and plastic — are put on

conductors to prevent shock, fires, and
short circuits. Before employees prepare
to work with electric equipment, it is
always a good idea for them to check the
insulation before making a connection to
a power source to be sure there are no
exposed wires. The insulation of flexible
cords, such as extension cords, is particu-
larly vulnerable to damage. It is general-
ly required that circuit conductors (the
material through which current flows) be
insulated to prevent people from coming
into accidental contact with the current.
Also, the insulation should be suitable for
the voltage and existing conditions, such
as temperature, moisture, oil, gasoline, or
corrosive fumes. All these factors must
be evaluated before the proper choice of
insulation can be made.

Guarding
Live parts of electric equipment

operating at 50 volts or more must be
guarded against accidental contact.
Guarding of live parts may be accom-
plished by:
- location in a room, vault, or similar

enclosure accessible only to quali-
fied persons;

- use of permanent, substantial parti-
tions or screens to exclude unquali-
fied persons;

- location on a suitable balcony,
gallery, or platform elevated and
arranged to exclude unqualified per-
sons; or

- elevation of 8 feet (2.44 meters) or
more above the floor. Entrances to
rooms and other guarded locations
containing exposed live parts must
be marked with conspicuous warn-
ing signs forbidding unqualified per-
sons to enter. Indoor electric wiring
more than 600 volts and that is open
to unqualified persons must be made
with metal-enclosed equipment or
enclosed in a vault or area controlled
by a lock. In addition, equipment
must be marked with appropriate
caution signs.

Grounding
Grounding is another method of pro-

tecting employees from electric shock;
however, it is normally a secondary pro-
tective measure. The term “ground”
refers to a conductive body, usually the
earth, and means a conductive connec-
tion, whether intentional or accidental, by
which an electric circuit or equipment is
connected to earth or the ground plane.
By “grounding” a tool or electrical sys-
tem, a low-resistance path to the earth is
intentionally created. When properly
done, this path offers sufficiently low
resistance and has sufficient current car-
rying capacity to prevent the buildup of
voltages that may result in a personal
hazard. This does not guarantee that no
one will receive a shock, be injured, or be
killed. It will, however, substantially
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A worker with an electrical injury may have any number of signs and symptoms



reduce the possibility of such accidents
— especially when used in combination
with other safety measures.

Circuit Protection Devices
Circuit protection devices are

designed to automatically limit or shut
off the flow of electricity in the event of
a ground-fault, overload, or short circuit
in the wiring system. Fuses, circuit
breakers, and ground-fault circuit inter-
rupters are three well-known examples of
such devices. Fuses and circuit-breakers
are over-current devices that are placed
in circuits to monitor the amount of cur-
rent that the circuit will carry. They auto-
matically open or break the circuit when
the amount of current flow becomes
excessive and therefore unsafe. Fuses are
designed to melt when too much current
flows through them. Circuit breakers, on
the other hand, are designed to trip open
the circuit by electro-mechanical means.
Fuses and circuit breakers are intended
primarily for the protection of conductors
and equipment. They prevent over-heat-
ing of wires and components that might
otherwise create hazards for operators.
They also open the circuit under certain
hazardous ground-fault conditions. 

The ground-fault circuit interrupter,
or GFCI, is designed to shut off electric
power within as little as 1/40 of a second.
It works by comparing the amount of
current going to electric equipment
against the amount of current returning
from the equipment along the circuit con-
ductors. If the current difference exceeds
6 milliamperes, the GFCI interrupts the
current quickly enough to prevent elec-
trocution. The GFCI is used in high-risk
areas such as wet locations and construc-
tion sites.

Safe Work Practices
Employees and others working with

electric equipment need to use safe work
practices. These include: de-energizing
electric equipment before inspecting or
making repairs, using electric tools that
are in good repair, using good judgment
when working near energized lines, and
using appropriate protective equipment.

Training
To ensure that they use safe work

practices, employees must be aware of
the electrical hazards to which they will
be exposed. Employees must be trained
in safety-related work practices as well
as any other procedures necessary for
safety from electrical hazards. 

De-energizing Electrical Equipment
The accidental or unexpected sud-

den starting of electrical equipment can
cause severe injury or death. Before
ANY inspections or repairs are made —
even on the so-called low-voltage cir-
cuits — the current must be turned off at
the switch box and the switch padlocked
in the OFF position. At the same time,
the switch or controls of the machine or
other equipment being locked out of ser-
vice must be securely tagged to show
which equipment or circuits are being
worked on. Maintenance employees
should be qualified electricians who have

been well instructed in lockout proce-
dures. No two locks should be alike; each
key should fit only one lock, and only
one key should be issued to each mainte-
nance employee. If more than one
employee is repairing a piece of equip-
ment, each should lock out the switch
with his or her own lock and never permit
anyone else to remove it. The mainte-
nance worker should at all times be cer-
tain that he or she is not exposing other
employees to danger.

Overhead Lines
If work is to be performed near over-
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Apply a lock to the electrical disconnect switches before working on the equipment.

Use approved portable meters and leads, not an improvised lamp test



head power lines, the lines must be deen-
ergized and grounded by the owner or
operator of the lines, or other protective
measures must be provided before work
is started. Protective measures (such as
guarding or insulating the lines) must be
designed to prevent employees from con-
tacting the lines. Unqualified employees
and mechanical equipment must stay at
least 10 feet (3.05 meters) away from
overhead power lines. If the voltage is
more than 50,000 volts, the clearance
must be increased by 4 inches (10 cen-
timeters) for each additional 10,000
volts. When mechanical equipment is
being operated near over-head lines,
employees standing on the ground may
not contact the equipment unless it is
located so that the required clearance
cannot be violated even at the maximum
reach of the equipment. 

Protective Equipment
Employees whose occupations re-

quire them to work directly with electric-
ity must use the personal protective
equipment required for the jobs they per-
form. This equipment may consist of
rubber insulating gloves, hoods, sleeves,
matting, blankets, line hose, and industri-
al protective helmets. 

Tools
To maximize his or her own safety,

an employee should always use tools that
work properly. Tools must be inspected
before use, and those found questionable,
removed from service and properly
tagged. Tools and other equipment
should be regularly maintained.
Inadequate maintenance can cause
equipment to deteriorate, resulting in an
unsafe condition. Tools that are used by
employees to handle energized conduc-
tors must be designed and constructed to
withstand the voltages and stresses to
which they are exposed. 

Good Judgment
Perhaps the single most successful

defense against electrical accidents is the
continuous exercising of good judgment
or common sense. All employees should
be thoroughly familiar with the safety
procedures for their particular jobs.
When work is performed on electrical
equipment, for example, some basic pro-
cedures are:
1. Have the equipment de-energized.
2. Ensure that the equipment remains

de-1energized by using some type of
lockout and tag procedure.

3. Use insulating protective equip-
ment.

4. Keep a safe distance from energized
parts.

Summary
The control of electrical hazards is

an important part of every safety and
health program. The measures suggested
in this article should be of help in estab-
lishing such a program of control. The
responsibility for this program should be
delegated to individuals who have a
complete knowledge of electricity, elec-

trical work practices, and the appropriate
standards for installation and perfor-
mance. Everyone has the right to work in
a safe environment. 

Through cooperative efforts,
employers and employees can learn to
identify and eliminate or control electri-
cal hazards.

Material from the Workers
Compensation Board of British
Columbia and the U.S. Department of
Labor . ET
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In the mid 1960s when power semiconductors were only
available in limited ratings, twelve-pulse drives provided a
simpler and more cost effective approach to achieving

higher current ratings than direct paralleling of power semi-
conductors. This technique is still employed today in very
large drive applications. A typical diagram of a large twelve-
pulse drive appears in Figure 1. The drive’s input circuit con-
sists of two six-pulse rectifiers, displaced by 30 electrical
degrees, operating in parallel. The 30-degree phase shift is
obtained by using a phase shifting transformer. The circuit in
figure 1 simply uses an isolation transformer with a delta pri-
mary, a delta connected secondary, and a second wye con-
nected secondary to obtain the necessary phase shift. Because
the instantaneous outputs of each rectifier are not equal, an
interphase reactor is used to support the difference in instanta-
neous rectifier output voltages and permit each rectifier to
operate independently. The primary current in the transformer
is the sum of each six-pulse rectifier or a twelve-pulse wave
form.

Theoretical input current harmonics for rectifier circuits
are a function of pulse number and can be expressed as: 

h = (np + 1) where n= 1, 2, 3,... and p = pulse number
For a six-pulse rectifier, the input current will have har-

monic components at the following multiples of the funda-
mental frequency.

5, 7, 11, 13, 17, 19, 23, 25, 29, 31, etc.
For the twelve-pulse system shown in figure 1, the input

current will have theoretical harmonic components at the fol-
lowing multiples of the fundamental frequency:

11, 13, 23, 25, 35, 37, etc.
Note that the 5th and 7th harmonics are absent in the

twelve-pulse system. Since the magnitude of each harmonic is

By Karl M. Hink

Harmonic Mitigation of 12-Pulse Drives
with Unbalanced Input Line Voltages

POWER QUALITY

Figure 1

Figure 2

Figure 3

In transformer cooling fans

Krenz IS Cool!
“Fast Delivery”

For over 70 years Krenz Transformer Cooling Fans have been designed, tested
and built with industry-leading quality to give you maximum durability, lowest
noise levels and long-time service. When summer loads are highest, you can
depend on Krenz..

•  Hot dip galvanized fan guards for corrosion resistance.
•  One-piece cast aluminum blades for durability.
•  Fully-enclosed weather-proof motors with sealed ball bearings        

for low maintenance.
Choose from a complete range of mounting hardware, top oil thermometers and fan
controls. Call 262-255-2310 to get the complete story.

Visit our web site at: www.krenzvent.com
Krenz & Company

Incorporated
Phone: 262-255-2310 • Fax: 262-255-2904  

E-Mail: krenz@krenzvent.com • Germantown, WI 53022-0187



Issue 6, 2002

gests that this assumption is not valid for many industrial and
commercial power systems, particularly systems with nonlin-
ear loads. As we traveled around the United States working
primarily with drive applications, our impression was that
most power systems were operating with 1 per cent to 3 per
cent unbalance at the point of utilization.

ANSI C84.1 - 1995 defines percent voltage unbalance as:
100 X (max. deviation from average voltage)

(Average Voltage)
This same standard also reports that based on field sur-

veys, 98 per cent of power systems are within 0 - 3.0 per cent
voltage unbalance range and 66 per cent are within 0 - 1.0 per
cent unbalance at the point of common coupling. The standard
recommends that electric supply systems be designed and
operated to the limit of a maximum voltage unbalance to 3 per
cent when measured at the electric utility revenue meter under
no-load conditions. Load unbalance within the building power
distribution system adds to the utility unbalance at the point of
utilization.

To determine how a twelve-pulse drive system operates
under unbalanced line voltage conditions, we constructed a 30
HP twelve-pulse drive from a standard delta delta-wye isola-
tion transformer and standard six-pulse drive using the series
bridge connection shown in figure 3. An auto transformer
could have been used in place of the isolation transformer. The
auto transformer costs less and requires less mounting space,
but the isolation transformer was selected because it provides
better performance and is readily available from stock. The
system was tested with line voltage unbalance ranging from 0
per cent to 3 per cent and with loads ranging from 5 per cent
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proportional to the reciprocal of the harmonic number, the
twelve-pulse system has a lower theoretical harmonic current
distortion.

The problem with the circuit shown in figure 1 is that the
two rectifiers must share current exactly to achieve the theo-
retical reduction in harmonics. This requires that the output
voltage of both transformer secondary windings match exact-
ly. Because of differences in the transformer secondary imped-
ances and open circuit output voltages, this can be practically
accomplished for a given load (typically rated load) but not
over a range in loads. This is a very significant problem of the
parallel twelve-pulse configuration. 

A twelve-pulse system can also be constructed from two
six-pulse rectifiers connected in series. In this configuration,
two six-pulse rectifiers, each generating one half of the DC
link voltage, are series connected. Refer to figure 2. In this
connection, problems associated with current sharing are
avoided and an interphase reactor is not required. For applica-
tions where harmonics rather than high current ratings are the
issue, this solution is much simpler to implement than the par-
allel connection. 

Using the series rectifier connection, it is very easy to con-
struct a twelve-pulse drive from a standard six-pulse drive if
the six-pulse drive has its DC bus terminals available or per-
mits access to one side of the DC bus. Many standard AC dri-
ves provide terminals in the DC bus to accommodate an exter-
nal DC link choke. These same terminals can be used to add an
external rectifier converting the drive to twelve-pulse opera-
tion. Refer to figure 3. In this case there is no need for extra
circuitry to control inrush current for the second rectifier. The
net result is a system solution well within the means of many
system integrators.

There are many fine textbooks and articles in which recti-
fier circuits are examined and analyzed in detail. However,
most of the analysis is performed under the assumption of bal-
anced three-phase line voltages. Our practical experience sug-

Figure 4

Figure 5
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tion, THID, is shown in figure 5. THID
varied from 29 per cent at full load with
balanced line voltage to 95 per cent at 5
per cent load with a 3 per cent line volt-
age unbalance. The harmonic perfor-
mance of the twelve-pulse drive is sig-
nificantly superior to a six-pulse drive
under all conditions of line unbalance.

It is interesting to compare the per-
formance of the twelve-pulse drive with
a standard six-pulse drive fitted with an
MTE Matrix Harmonic Filter under sim-
ilar conditions of unbalanced line volt-
ages. This filter is a type of low pass har-
monic filter designed to work with stan-
dard six-pulse drives. A Matrix
Harmonic Filter was tested feeding a 30
HP six-pulse drive. This system was test-
ed with line voltage unbalance ranging
from 0 per cent to 3 per cent and with
loads ranging from 5 per cent to 110 per
cent. The input total harmonic current
distortion, THID, is shown in figure 6.
THID varied from 4.7 per cent at full
load with balanced line voltage to 9 per
cent at 25 per cent load with a 3 per cent
line voltage unbalance. The low pass fil-
ter provides better harmonic perfor-
mance than the twelve-pulse system
throughout the load range and is signifi-
cantly less sensitive to voltage unbal-
ance. At 25 per cent load with a 1 per
cent line voltage unbalance, the twelve-
pulse drive has an input total harmonic
current distortion of 29 per cent while
the six-pulse drive fed from a low pass
Matrix Harmonic Filter has a THID of 7
per cent under the same operating condi-
tions.

Conclusion
Drives are applied in heating, venti-

lating, and air conditioning applications
because loads are variable and users
demand energy efficiency and comfort.
Varying loads result in load unbalances
within building power distribution sys-
tems which add to the utility line voltage
unbalance at the point of common cou-
pling. 

Harmonic mitigation techniques
which are not effective with line voltage
unbalances of 1 per cent to 3 per cent at
the point of utilization will not as a prac-
tical matter achieve useful results. The
data in this report show that a standard
six-pulse drive fed from a low pass
Matrix Filter provides superior harmonic
performance to a twelve-pulse drive in
applications with variable loads and line
voltage unbalances ranging from 0 per
cent to 3 per cent.

Karl Mink is with MTE
Corporation. www. mtecorp.com ET
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twelve-pulse drives is very much a func-
tion of load. Good performance also
requires balanced line voltages. 

To determine how a six-pulse drive
system operates under unbalanced line
voltage conditions, we tested a 30 HP
drive with a 5 per cent line reactor oper-
ating from a power source with a 1 per
cent impedance. This system was tested
with line voltage unbalance ranging
from 0 per cent to 3 per cent and with
loads ranging from 5 per cent to 110 per
cent. The total harmonic current distor-

to 110 per cent. The input total harmon-
ic current distortion, THID, is shown in
figure 4. THID varied from 12 per cent
at full load with balanced line voltages
to 65 per cent at 17 per cent load with a
3 per cent unbalance. The data show that
the harmonic performance of twelve-
pulse drives degrades rapidly with
increasing line voltage unbalance. Many
users expect that THID should not
exceed specified limits from no load to
full load. The graph reveals that THID in

Continued from page 45
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The rapid adoption of information
technology (“IT”) and increasing
dependency on sophisticated pro-

duction processes has dramatically
increased the importance that organiza-
tions attach to highly reliable supplies of
electrical energy. Enterprises such as
large data and communications centers,
Internet hosting facilities, online retail-
ers, and manufacturers with sensitive
processes (such as computer chip plants)
find even brief interruptions to be disrup-
tive and expensive.

These “digital economy” operations
require near 100% uptime, and the aggre-
gate load that these businesses represent
is growing at a phenomenal rate. By the
year 2010 the digital economy is expect-
ed to consume between 40 to 50 percent
of the energy used in the United States1.
Even “old economy” enterprises are
increasingly dependent on automation
equipment and Internet-enabled solutions
for manufacturing, procurement and 24-
hour customer service call centers.

Unfortunately, there is a large dis-
parity between the reliability that the
power grid can provide and what these
organizations require. Thus, nearly all
organizations that require high nines
power incorporate an array of specialized
equipment to help ride through power
interruptions. However, each component
often operates independently. An enter-
prise energy management (“EEM”) sys-
tem offers the distributed information
and control capabilities that can help bet-
ter integrate these components, ensure
their performance and, in turn, guarantee
maximum uptime.

Power Reliability Components
The power grid was developed to

deliver “three nines” of clean, reliable
power; that is, it provides a constant flow
of energy 99.9% of the time. This trans-
lates to less than nine hours of downtime
a year. This is sufficient for lighting sys-
tems and motor loads, but new digital
assets and processes require very precise
streams of electrons at highly regulated
voltages, translating to power reliability

as high as “six nines” (99.9999%, or less
than 30 seconds of downtime a year) or
higher2. 

Typical loads found within power
sensitive businesses can include banks of
computer-based data servers, communi-
cations switches, or manufacturing
processes run by automation equipment.
To ensure these loads are kept fed with
clean energy, these businesses normally
deploy a variety of specialized power
reliability equipment to make up the dif-
ference between what they need and what
the power grid can supply [see Figure 1].

Transfer Switch 
A transfer switch is responsible for

connecting one or more power-sensitive
loads to one of several possible power

sources, ideally making the transition
between sources as transparent as possi-
ble. A transfer switch may be used to
switch from one utility feed to another, or
from a utility feed to an on-site generator.

Generator
On-site generation is responsible for

supplying power to critical loads when
the utility supply is not available. In
deregulated markets, a company’s energy
manager may also elect to turn on an
onsite generator when it becomes more
economical to run than the price of ener-
gy available from the power grid3. Diesel
generators have traditionally been used
to provide on-site generation, but new
power sources such as microturbines and
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Figure 1: Typical assets in a high-reliability power system

Figure 2: EEM system “layer” on top of power reliability system



fuel cells are increasingly being used.

Uninterruptible Power Supply (UPS)
A UPS acts as the short-term buffer

between the continuity and quality of
energy supplied by the power grid and
that required by critical loads. The UPS
will draw from a temporary power source
(such as batteries or a flywheel) as need-
ed to maintain stability until on-site gen-
eration can be brought online to provide
power.

Power Distribution Unit (PDU)
A PDU is the interface between the

power reliability system and critical
loads, normally accepting power from
this system and distributing it to the loads
on separate circuits. To increase reliabili-
ty, the PDU may also include a static
transfer switch (STS) that can transpar-
ently switch between a primary and back-
up power source.

Each of the components described
above must interact seamlessly with the
others to provide high-nines reliability.
However, components often come from
several different manufacturers and are
not typically integrated tightly together.

A transfer switch, for example, may
receive a signal indicating an outage on
the main utility service and switch over
to a feed from on-site generation without
knowing the complete status of that on-
site power source. A UPS may know that
the primary utility service has failed and
draw power from temporary power stor-
age equipment (such as batteries or a fly-
wheel) without knowing the status of on-
site power generation.

This lack of comprehensive manage-
ment over this collection of components
has an impact on the highest level of reli-
ability that can be achieved. Without an
infrastructure for system management,
failures can leave facility personnel in the
dark as to exactly what happened. An
outage lasting several hours can, depend-
ing on the customer affected, be very
expensive. Personnel at SEH America (a
semiconductor manufacturer) estimate
that a plant shutdown for several hours
would mean revenue and productivity
losses of $1 million US.4

How can long-term reliability be
improved? 

What is needed is an information
system that can monitor the electrical and
physical characteristics of power reliabil-
ity components and provide facility per-
sonnel with the tools they need to achieve
the highest uptime possible.

A Layer of “Energy IT”
An enterprise energy

management system is com-
posed of intelligent devices,
communication links and
software that combine to
form a layer of “energy IT”
that rides on top of key
power reliability system
components and critical
loads [Figure 2]. The EEM
system monitors the key
electrical and physical char-
acteristics of each power reli-
ability component and critical circuit,
within a single facility or across multiple
facilities, and provides operations per-
sonnel with the information they need to
extract the highest possible reliability
from the system as a whole.

Intelligent devices
Microprocessor-based devices with-

in an EEM system are permanently
installed at key power distribution points,
or on critical equipment, turning electri-
cal and other physical measurements into
digital data [Figure 3]. These devices are
considered “intelligent” because they
provide much more functionality than
simple transducers. Often included are a
variety of data manipulation features
such as local data archival, power quality
analysis, and alarming on critical condi-
tions. Some devices also include manual
and automated control capabilities over
external equipment. Multi-port, multi-
protocol communications allow each
device to share its information with a
variety of systems and users simultane-
ously.

Communication links
A variety of communications tech-

nologies may be used to move data cap-
tured by intelligent devices back to head-
end EEM software. Traditional methods
include dialup telephone lines and dedi-
cated copper cabling, while newer sys-
tems make increasing use of existing cor-
porate infrastructures and standard net-
works such as Ethernet LANs, public
digital wireless and the Internet.

Software
The head-end EEM software

retrieves data from the network of intelli-
gent devices for further display and
analysis, as well as permanent archival.
From the important data gathered from
each device “node” the EEM software
delivers the useful information in a form
that operators require to properly manage
their digital assets. The software can also

aggregate and archive data in an indus-
try-standard format, and provide access
to real-time and logged information to
multiple users simultaneously through
customized graphical screens [Figure 4].

The EEM system also makes use of
Internet and wireless technology to make
critical reliability information and condi-
tion alerts more widely available
(through web browsers, pagers, cell
phones and PDAs).

Maximizing Uptime with EEM
With an enterprise energy manage-

ment system in place, the important steps
can be taken to ensure that a business
achieves the level of “nines” of reliabili-
ty they are targeting.

Benchmark performance
The performance of the power relia-

bility system as a whole as well as the
performance of individual components
can be benchmarked against design spec-
ifications and industry standards. 

For best results, the power reliability
system should be monitored continuous-
ly, or what is termed “24/7”, so that its
performance can be reviewed over time
and to ensure that no relevant data is
missed. When configured to provide per-
formance benchmarks, the EEM system
can be used to help answer several ques-
tions:
- When the electrical output of UPS

equipment is compared to the electri-
cal input, is this equipment perform-
ing to specifications in its ability to
mitigate disturbances?

- When critical loads are subjected to
electrical disturbances that are
judged acceptable by industry stan-
dards (such as SEMI F47 and ITIC)
do they “ride through” the distur-
bance and continue to operate as
expected? 

- Are increasing loads on facility elec-
trical circuits stressing the capacity
of certain power reliability system
components?
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Figure 3: Typical EEM intelligent devices



Test key system functions
Critical system functions are tested

whenever possible to ensure correct
operation, and the EEM system can play
an important role in the verification and
documentation of these tests:
- Streamline system commissioning.

During the construction of a data
center the EEM system is used to
verify and document the proper
operation of the reliability equip-
ment as it is commissioned. This
helps provide consistency and
decreases the overall cost and time
necessary for the testing process.

- Perform start-up tests with on-site
generation and document the results
of the test. The EEM system can
provide high-speed trending of rele-
vant electrical and physical data
(such as voltage and frequency sta-
bility, power output, and various
generator pressures and tempera-
tures).

- Monitor automatic transfer switch
tests, such as transfers from the util-
ity feed to on-site generation.
Intelligent devices in the EEM sys-
tem can capture the data required to
assess the performance of transfer
switches (including voltage and cur-
rent waveforms as well as time-
stamps for switch operations).

- Verify UPS switching operation. It
is important to test the ability of
UPS equipment to switch between
the primary energy source (normal-
ly the utility) and a secondary ener-
gy source (often a bank of battery
cells). An EEM system can be used
to verify that the output of UPS
equipment remains within specifica-
tions during switching tests and that
the batteries are recharged correctly
after a generator has switched in as
the primary UPS source.

- Verify static transfer switch (STS)
operation. In the event of a primary
UPS failure the EEM system can

verify that the static transfer
switch inside a PDU success-
fully switched over to a
backup power source.

Capture and analyze 
system failures
Power reliability systems are
complex systems, and equip-
ment or system failures can
affect the supply of energy to
critical loads. Intelligent
devices in an EEM system
can perform the same job as

the “black box” flight recorders used on
aircraft, providing the data needed to
analyze failures and quickly identify
what corrective actions are required.
Consider the following scenarios:
- Backup systems fail to keep critical

loads energized during a utility out-
age. Where in the normal sequence
of events did the power reliability
system fail? Is one piece of equip-
ment responsible for the failure, or
is a more complex interaction
involved? The information provided
by an EEM system can help in find-
ing the answer.

- Several servers in a data center
occasionally reboot for no apparent
reason, and the electrical circuits
feeding these servers are under sus-
picion. What did the electrical out-
put of the UPS equipment look like
at the time the servers rebooted?
What about the quality of energy
received from the utility?
Disturbance data captured by an
EEM system can help answer these
questions.

Conclusion
The energy needs of the digital

economy pose a great challenge: this
sector is expected to consume a signifi-
cant portion of the energy generated in
the near future, and the quality of this
energy must be exceptionally high. Yet
the existing power grid infrastructure
was never designed to support the relia-
bility required by these new power-sen-
sitive businesses.

Why do these organizations consid-
er this greater reliability so valuable?
Consider the following quote from Jeff
Byron, former energy director for Oracle
Corporation: “What’s the self-sufficien-
cy worth to us? Millions of dollars per
hour. It is so important, you almost can’t
calculate the value to us and our cus-
tomers… The digital economy depends
on uninterrupted supplies of the highest
quality electricity.”5

Although it is common practice to
increase uptime by deploying power reli-
ability equipment, it is difficult to
achieve the highest reliability possible
when components are loosely integrated
and the information required to manage
a system of this complexity is missing.

The solution is an enterprise energy
management system that acts as a “digi-
tal nervous system”, pulling together all
power reliability components into a sin-
gle, coordinated system and providing
the information required to maximize
uptime.

Given the cost that companies like
Oracle assign to downtime, many digital
economy firms will find the increased
reliability made possible by an enterprise
energy management system to be invalu-
able.
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Figure 4: Typical EEM software screens
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‘Standing guard’ may be the best
description of what surge arresters do,
but it says nothing about the qualities

they need to perform and survive.
Designed to protect power grid compo-
nents against lightning and switching
transients, the arresters themselves are
exposed to hazards such as earthquakes
and vandalism. Traditional porcelain
doesn’t therefore sound like the best kind
of material for their housing, and it isn’t. 

Surge arresters are safety devices
which quickly and effectively limit the
overvoltages that can arise in transmis-
sion networks following lightning,
switching and other transient events.
Without them, these surges could damage
valuable equipment in the high-voltage
grid. Utilities therefore install them rou-
tinely as a precaution. 

Evolution of the surge arrester
The earliest form of overvoltage pro-

tection was a simple air gap between
electrodes but, inevitably, its breakdown
voltage varied with the weather. It was
followed by a ‘conventional’ arrester
with series-connected spark gap and volt-
age-dependent silicon carbide resistor, all
enclosed in a porcelain housing.

These early devices have long since
been superseded by a new generation of
gapless arresters with series-connected,
highly non-linear zinc oxide (ZnO) varis-
tors. Each varistor block is a dense
ceramic body made up of ZnO and small
amounts of other metal oxides. ZnO, and
the technology behind it, is proven in the
field, and it serves its purpose well.
Traditionally, the housing of the arrester
has been made of porcelain. For various
reasons – porcelain arresters may shatter
and have become a target for vandals –
manufacturers have long sought a
replacement material, one that is safer
and easier to handle.

Now, ABB has introduced a new
surge arrester to replace the porcelain
type. Called PEXLIM (Polymeric
EXcellent LIMiter), it has a very special

housing made from a polymer, silicone
rubber. The blocks of zinc oxide used in
it are exactly the same as those used in
the ceramic arresters. 

Designed to break down
The varistors, which are stacked on

top of each other, protect the high-volt-
age grid from overvoltages through a
combination of semiconducting and insu-
lating properties. During continuous
high-voltage operation, the varistors
draw a current of around 1 mA. At this
voltage level the current is almost purely
capacitive. The resistive component of
the current is just a few tens of
microamps. The surge arrest sequence is
normally as follows: in the event of an
overvoltage the arrester draws a higher
current and limits the overvoltage to a
value that is determined by its current-
voltage characteristic. When the over-
voltage disappears, the current drops
immediately. Choosing an arrester is
always a compromise — a trade-off
between the required protection level and

50 Electricity Today

Changing the Guard:
Polymer Replaces Porcelain 
for Surge Arresters

OVERHEAD TRANSMISSION & DISTRIBUTION

By Torbjörn Skytt and Hans E.G. Gleimar

Installing polymer-housed surge arresters
on a transmission line – now a safer and
simpler task

Water droplets on a polymer arrester hous-
ing. Current is not conducted as easily as on
a porcelain housing, where the water
spreads out to form a uniform layer.

Earthquake-resistant surge arrester with
polymer housing 



the transient overvoltages that can be tolerated. The arrester is
deliberately intended to be the ‘weakest link’ in the power grid,
ie it is deliberately designed to break down in the event of an
overload in order to protect other, more expensive equipment.

New ‘packaging material’ has better characteristics
The new, lightweight insulation material retains the effec-

tive basic function of the arrester while at the same time
improving a number of other properties and considerably
enhancing product safety and ease of handling. It was devel-
oped in collaboration with ABB Corporate Research and lead-
ing polymer manufacturers.

The advantages of silicone rubber over ceramic include: 
- Considerably better durability. Silicone rubber is resilient,

yet solid and compact. Since its housing is not fragile, this
arrester can even be placed in unfenced areas without any
risk to people or animals.

- Water-repellent. Silicone has a hydrophobic surface, which
repels water droplets. These join together and then run off,
so the current is not conducted as easily as it is on surfaces
where the water spreads out to form a smooth layer.

- Large reduction in weight. Silicone rubber is much lighter
than porcelain, which reduces the overall weight of the
arrester. In fact, ABB has succeeded in reducing the weight
by a full 50 per cent, making the arresters easier to trans-
port and handle. Mounting these arresters on transmission
pylons or hanging them on transmission lines is also safer
and easier. Another advantage of these arresters over heav-
ier arresters is that they permit alternative locations and
methods of installation 2 .

- Better for the environment. Silicone rubber does not con-
tain any environmentally harmful substances, and once it
has reached the end of its useful life it can be used as fill-
ing material (eg, for construction work), or it may be incin-
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base is offering global 
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voltage products. Prior to

joining ALSTOM in January 2002, Mr. Schmid has
spent numerous years servicing utilities not only in
Canada but also in Europe and Asia. He will be
based in Calgary, Alberta.

Philippe Bilodeau is 
appointed Director,
Customer Service Medium
Voltage Equipment of the
Service business unit. This
new T&D Unit assumes
responsibility for the entire
T&D sector of developing
service activities and 
capabilities, this by 
promoting an after-sales

global offering. An Electrical engineer, Mr.
Bilodeau acquired a great experience of 
industrial business in the last ten years, not only in
Canada but also in France and Germany. He will
be based in ALSTOM’s Medium Voltage plant in St
Leonard, Quebec.
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AND DISTRIBUTION OF ELECTRICITY, AS WELL AS IN THE MANUFAC-

TURING, REHABILITATION AND MAINTENANCE OF RAILWAY

ROLLING STOCK. WITH ALMOST 1550 EMPLOYEES IN FIVE

PROVINCES, ALSTOM CANADA RECORDED, IN 2001-2002, CON-

SOLIDATED SALES OF $587 MILLION.

ALSTOM Canada Inc
T&D Service 
11012 Macleod Trail S.E., Suite 850
Calgary, Alberta, Canada T2J 6A5
Tel: (403) 278-8498
Fax:  (403) 278-9483
Email: TDS.Canada@tde.alstom.com
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Result of installing surge arresters along a section of transmis-
sion line with high tower footing impedance (TFI). It can also
be seen that arresters are needed at the low TFI towers at the
ends of the section.
V Voltage across insulators 
Red Arresters in towers 3-7 
Yellow Arresters in all 9 towers
Green Normal line insulation strength (BIL)
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erated (400–500°C), leaving only
harmless sand.

- Good resistance to aging and harsh
weather conditions. During develop-
ment of the arrester ABB improved
the manufacturing process as well as
the properties of the housing materi-
al. these arresters show good resis-
tance to aging and high operational
reliability, even in harsh weather
conditions.

- Repels dirt and contaminants. The
silicone rubber surface repels dirt
and contaminants, enabling them to
be washed away by rain.

- Good electrical properties, resistance
to light, UV radiation and fire. The
silicone rubber used by ABB con-
tains components that improve its
fire retardance and resistance to light
and UV radiation, reduce salt-
induced erosion and ensure good
electrical properties. Silicone rubber
also copes well with leakage cur-
rents due to good electrical load
bearing ability and insulation prop-
erties.

New applications
The properties of this type of arrester

make it highly suitable for use in earth-
quake-prone areas. Its low weight and
excellent ability to absorb earthquake
stresses ensure that the arrester is not
shattered by tremors. Where extra-long
arresters are used, any harmonic oscilla-
tions can be controlled by suitable brac-
ing arrangements  .

In addition, the new, lighter arresters
can replace more expensive and mainte-

nance-intensive equipment. They
can be hung from transmission
pylons and at various points along
the line to further safeguard the
availability of the grid . Porcelain-
housed arresters are too heavy for
most applications of this kind and
could be a hazard should they
become damaged.

ABB is also collaborating with
others in the development of ‘com-
pact’ transmission lines. These are
lower and narrower and have weak-
er magnetic fields, and the lighter
PEXLIM arrester is of vital impor-
tance to their performance.

And for transmission grids
where grounding, and therefore
availability, has been a problem in
the past, the polymer arrester also
offers an attractive solution.
Because of the risk of falling porce-
lain this would not be a feasible
option without the shatter-proof
PEXLIM arrester.

Continued from page 51

The polymer housings of PEXLIM surge arresters
have fewer components than the previous gener-
ation of arresters with porcelain housings.

Technical data for PEXLIM arresters         

System voltage 52–170 kV 52–420 kV 52–420 kV  
Rated voltage* 30–162 kV 30–360 kV 30–360 kV  
Nominal discharge current 10 kA 10 kA 20 kA  
Line discharge class Class 2 Class 3 Class 4  

*The rated voltage is the parameter on which operational and safety characteristics are
based. The choice of rated voltage for an arrester is a compromise between the desired
degree of protection and the tolerance vis-à-vis the transient overvoltage. Selection of a
higher rated voltage increases the ability of the arrester to cope with transient overvolt-
ages, but reduces the safety margin for the specific insulation level.
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new arresters offer benefits for the environment throughout
their life cycle, from production to disposal. The lower weight
itself means that transport and handling have less impact on
the environment, while also permitting installation close to the
protected equipment, saving space and cost. In addition,
ABB’s integrated production process is emission-free.

Growing market share
After achieving a successful breakthrough in the lower

voltage systems, these arresters are now rapidly gaining
ground at the higher voltage levels. ABB has already supplied
these arresters to North America for use in an 800-kV grid.

When ABB began selling polymer arresters the technolo-
gy was still relatively expensive but, in the meantime, it has
become very competitive. Delivery times are short and the
product has gained a reputation for excellent technical perfor-
mance.

Utilities are changing from porcelain to polymer insula-
tion at a fast rate, and ABB has doubled production capacity
for PEXLIM to meet growing market demand. The lead times
have been considerably shortened by fine-tuning the process
parameters and by introducing statistical methods and leaner
logistics. Some countries now ask only for polymers. Last
year, PEXLIM constituted over half of arrester production for
applications up to and including 245 kV. This dramatic suc-
cess is fueled by a growing market share and by replacement
of ABB EXLIM porcelain arresters.

Torbjörn Skytt and Hans Gleimar are with ABB Power
Technology Products. ET
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New material — 
integrated production

Silicone rubber is a highly reactive substance and its pro-
duction requires special expertise, clean manufacturing condi-
tions and constant climate conditions. All of this makes the
production process relatively complex.

The silicone rubber is cast in a single piece around the
stack of zinc oxide blocks forming the active component. The
adhesion properties of silicone rubber are very important, as
there are not allowed to be any holes in the finished product.
The injection-molding process for the polymer housing has
been tested in collaboration with key suppliers and now meets
high standards of reliability and productivity.

ABB Switchgear is currently manufacturing the third gen-
eration of these products by means of a proprietary production
process, specially designed tools and a silicone rubber com-
pound that has to meet very strict manufacturing requirements.

Tests on finished arresters are carried out using special test
equipment and are the same as those for arresters with porce-
lain insulation.

Spin-off benefits for ABB include a much better under-
standing of polymer technology and the properties of silicone
rubber. This knowledge will also be valuable in many other
areas of the power transmission field. 

An investment in the environment
Installing arresters to protect other, usually more expen-

sive, equipment lets utilities transmit heavier loads over their
power grids, reducing the need to invest in new lines and
avoiding all the problems associated with them. In fact, the

Regulatory Compliance Services

RCS provides specialized regulatory services 
to clients involved in electricity distribution, 

transmission and power generation.

OUR team of multidisciplinary energy 
professionals provide technical, commercial, 

and strategic expertise in all relevant regulatory
areas including finance, administration, 

operations, engineering, and law.

WE have proven capabilities, knowledge and 
experience in restructured energy markets in 

North America and internationally.

Let us be your “regulatory affairs and government
relations office” and put our trusted reliable 

expertise to work for you.

CALL us to help you get the job done right

Regulatory Compliance Services
156 DUNCAN MILL ROAD, SUITE #18

TORONTO, ONTARIO, CANADA M3B 3N2
Phone: 416.386.0299 Fax: 416.386.0620

email: admin@rcscanada.ca

PEXLIM arresters installed on transmission lines in a 400-kV grid.
The hollow insulator is also made of polymer.



cell, the inefficiencies are associated
with four distinct processes: 

- Activation Losses; 
- Fuel Crossover Losses; 
- Ohmic or Resistance Losses; 
- Mass Transport Losses.
Activation losses are associated with

the activity of the fuel cell — i.e. its abil-
ity to dissociate hydrogen and drive the
chemical reaction at low temperatures.
Activation losses are governed by the
temperature and pressure of the reac-
tants, the construction of the cell, and the
type and amount of catalyst used.

Fuel crossover losses are caused by
leakage or diffusion of fuel between the
fuel cell anode and cathode. Essentially
the fuel is “short-circuiting” its normal
reaction path and reacting with oxygen
directly at the cathode. As the electrons
participating in the reaction have not
been forced to travel through an electri-
cal circuit to complete this reaction (and
do useful work), the only energy pro-
duced is in the form of heat.

Ohmic or resistance losses are the
result of the electrical resistance of the
cell to current.

Mass transport losses occur when
the ability to maintain adequate concen-
trations of hydrogen and oxygen in the
fuel cell is limited by high demand.

All of these losses combine to pro-
duce heat in the fuel cell.

How big can a fuel cell be?
Fuel cells can be manufactured as

large or small as necessary for the partic-

ular power application. Presently, there
are micro fuel cells that are the size of a
pencil eraser and generate only a few
milliwatts of power while there are oth-
ers large enough to provide the electrical
needs of hundreds of homes. Since an
individual fuel cell may theoretically
produce an open circuit voltage of
approximately 1 V, their power output is
fully scalable by varying the cross-sec-
tional area of each cell to obtain the
desired current and by stacking multiple
cells in series to obtain desired voltage.

What are the advantages of using
fuel cells?

Fuel cells are clean, highly efficient,
scalable power generators that are com-
patible with a variety of fuel feed stocks
and can therefore be used in an assort-
ment of power generation applications.
In particular, they offer several advan-
tages over other technologies:

Fuel cells produce electricity with-
out combustion, which means that,
unlike internal combustion engines, they
generate little (if any) noise, vibration,
air pollution, or greenhouse gases and
operate at high efficiencies over a wide
range of loads. 

In small consumer devices and for
powering zero emission vehicles, fuel
cells, unlike batteries, avoid the need to
replace the cell or undergo a lengthy
recharging cycle when its fuel is “spent”.
Additionally, since fuel cells store their
fuel in external storage tanks, the maxi-
mum operating range of a fuel cell-pow-
ered device is limited only by the amount
of fuel that can be carried. 

In distributed power generation
applications, fuel cells reduce the load on
the grid and also eliminate (or reduce)
the need for overhead or underground
transmission lines, which are expensive
to install and maintain, and result in
power losses/efficiency reductions.
Since fuel cells are scalable and can be
installed on site, they reduce the need for
large power generation plants (and the
environmental impacts of such large
scale plants). 

Are there any safety issues with
fuel cells or their fuels?

Fuel cells are equally safe as existing
technologies. For a discussion of the
safety aspects related to fuels for fuel
cells please refer to any of the following
web sites:

Canadian Hydrogen Association 
www.h2.ca
International Association 
for Hydrogen Energy 
www.iahe.org
Natural Resources Canada
www.nrcan.ca

When will fuel cell-powered 
products be available?

Fuel cells will be available in com-
mercial quantities in the very near future.
While several companies do currently
sell fuel cell power generation units, they
are primarily used in pre-commercial
field trial and demonstration installa-
tions.

From Fuel Cells Canada’s “Fuel Cell
Technology: FAQ”. www.fuelcellscana-
da.ca  ET
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CLASSIFIEDS

Understanding Fuel Cells
Continued from page 9

Looking for T&D or
Generation Product
Information? Then
make sure to visit

www.electricityforum.com

For 21 years we’ve specialized in placing people who
test, repair, maintain or sell electrical apparatus, elec-
tronic or electric power equipment. Nationwide. All fees
company paid. Call or send confidential resume to
LISA LINEAL:

46 Copper Kettle Road, Trumbull,CT 06611
TOLL FREE 877-386-1091 • Fax: 203-386-9788
Email: lisalineal@lineal.com • www.lineal.com

RecruitingLINEAL Services

Power • UPS • NETA Certified

Field Service Engs • Techs • Mgrs

Sales • Design • Vibration, Motor Repair,

Pred/Prev Maintenance
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PRODUCT SHOWCASE

LIZCO SALES
Electrical Power Equipment

Specialists
BUY-SELL-LEASE-RENT

New Oilfilled Transformers — IN STOCK!
New “TLO” Unit Substations 

13.8kV and 27.6kV
New Station Class Transformers

44kV and 27.6kV 
New Padmount Transformers

27.6kV / 13.8kV / 4.16kV 
Large “in stock” inventory on website

- New/New surplus/refurbished
- Oilfilled and dry type transformers
- High and low voltage switchgear

For more information contact:
Toll Free #877-842-9021
Tel: (519)842-9021 Fax: (519)842-3775
24 hr. Emergency Page #(519) 675-7005
Email:xfmr@lizcosales.com
www.lizcosales.com

SCHWEITZER ENGINEERING 
LABORATORIES, INC.

SEL-547 Distributed Generator
Interconnection Relay

Schweitzer Engineering Laboratories, Inc.
introduces the NEW SEL-547 Distributed
Generator Interconnection Relay, designed
to provide utility-grade protection of distrib-
uted generation (DG)/utility system connec-
tions.Although distributed generator systems
have a built-in control system for normal
operation, the efficient, low-cost SEL-547
Relay protects against abnormal conditions
when using the distributed generator in all
operating modes including peak shaving,
base loading, islanding, and emergency
backup.

For more information contact:
Schweitzer Engineering Laboratories, Inc.
Tel: 615-507-2184
Fax: 615-507-2188
Email: marketing@selindustrial.com
www.selindustrial.com or
www.selinc.com

AEROTEC
Airborne Remote Sensing

Aerotec is an airborne remote sens-
ing company providing value-added,
application-specific (facilities engineer-
ing, maintenance, operations, manage-
ment, and planning) path and area map-
ping, spatial data navigation, presenta-
tion, modeling/mapping, and analysis
(engineering and spatial analysis) prod-
ucts and services using state-of-the-art
airborne (fixed- and rotary-wing delivery
platforms) remote sensing (LIDAR and
digital imaging) and computing/network-
ing technologies to acquire and process
quantitative three-dimensional data.

For more information contact:
Aerotec
560 Mitchell Field Road
Bessemer, AL 35022
Tel: 204-428-6444
www.aerotecusa.com

M.G.B. ELECTRIC INC.
Electrical Equipment

Low, Medium & High Voltage
- New switchgear to 125kV BIL
- Liquid filled power transformers 
- Dry type transformers
- Switchgear 600V to 36kV
- Medium voltage starters
- New busducts to 95kV BIL, 4000A
- Substations to 120 kV
- New or refurbished & guaranteed

Sell • Rent • Repair • Buy
M.G.B. Electric Inc.
1-800-265-5608 (Canada)
(450) 772-5608 
Fax (450) 772-6150
24H service (514) 854-1766
51 St.Pierre, 
St.Pie, QC, J0H 1W0
E-Mail: mgb@mgbelectric.com
www.mgbelectric.com

SEIDEL INC.
PERCEPTION 5.0

Diagnostic software, to assist you in main-
taining your oil filled transformer.

Evaluation of the following data:
DG, physical properties of oil, water con-

tent in paper, furan, inhibitor and oil oxyda-
tion, electrical tests such as capacitance,
power factor, insulation resistance, winding
resistance, transformer turn ratio, visual
inspection.

Detection of latent fault by tendency and
level analysis of results.

Diagnosis suggest the possible cause of
failure, evaluate the fault severity, recommend
sampling frequency and treatment.

Data can be visualized as a spreadsheet or
graph. Date map of each test performed on a
specific equipment.

Visit our web site or contact us 
www.seidel.ca
Michel Belanger, SEIDEL Inc.
tel (418) 822-3561
belanger@seidel.ca

HUBBELL CANADA INC.
BPF Fused By-Pass Switch

The BPF Switch is a specialty switch
designed specifically for bypassing sub-
station reclosers. It combines a cutout
fuse tube in series with a disconnect
switchblade on a common mounting
channel. Operated in proper sequence,
the recloser can be de-energized and
isolated from the system for periodic
maintenance, testing, repair or removal
without interrupting service and with
protection provided to the circuit via the
fuse.

For more information contact:
Hubbell Canada Inc.
Tel: (905) 839-1138
Fax: (905) 831-6353
Email: InfoHPS@Hubbellonline.com
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NYNAS CANADA INC.
Naphthenic Transformer Oil

Nynas Canada Inc. is the Canadian arm of
Nynas Naphthenics AB which is a world
leader in the production and distribution of
naphthenic transformer insulating oil. For
Canada, we refine our oil from Venezuelan
naphthenic crude and distribute it via our
expanding network or strategically located
depots.

Nynas Nytro 10 C and Nytro 10 CX
respectively exceed the CSA-C 50 Class A
Type I and Type II specifications while Nytro
10 GBN  and Nytro 10 GBXT respectively
exceed the CSA C-50 Class B Type I and II
specification.

For more information contact our sales
office at:

Nynas Canada Inc.
201 City Centre Drive, Suite 610
Mississauga, ON L5B 2T4
Tel: (905) 804-8540
Fax: (905) 804-8543
www.nynas.com/naphthenics

WINTEK ENGINEERING LTD.
Electrical Engineering Solutions
Senior Electrical Engineers providing

practical, cost-effective solutions to
your power quality  and safety issues.

- System Analysis
- PQ Audits
- Design
- Documentation
- Plant Support
- Safety Audits
- PHSR’s
For more information contact:
Tel: (519) 884-7999
Fax: (519) 884-5333
e-mail:wintek@wintek-eng.com
www.wintek-eng.com
Toll Free: 1-866-WINTEK-1 

(946-8351)

PRODUCT SHOWCASE

A.F.WHITE
Transformer Oil Services

A.F. White offers a full range of ser-
vices that will help you not only save
money but save your transformer oil as
well. Services include:
- New quality recycled transformer oil

sales
- Exhange program
- Onsite oil services including Fullers

earth treatment, degasifications, 
vacuum filling and retrofilling.
For more information contact:
A.F. White
Tel: (519) 752-7646
Tel: (Emergency & afterhours) 
(519) 866-5885
Fax: (519) 752-5235
Email: transformer@afwhite.com
www.afwhite.on.ca

K-LINE GROUP
Electrical Maintenance and

Construction
K-Line Maintenance and Construction

specializes in the design, construction
and maintenance of utility and commer-
cial substations up to 230 kV. Packages
range from turnkey to supply only, or
anything in between.

Tamperproof, low profile, outdoor sub-
stations are available from 4.16 kV to 44
kV, with ratings up to 5000 kVA.

We are your complete substation
solution provider.

For more information contact:
K-Line Group
12731 Hwy #48
Stouffville, ON L4A 7X5
Tel: 905-640-2002
Fax: 905-640-8566
Email: cmossman@k-line.ca
www.k-Line.ca

SEIDEL INC.
Dedicated to the Study of Electrical

Power Distribution Systems
Seidel is an service firm dedicated to

the study of electrical power distribution
systems. Services offered include
power system diagnostic, modeling and
transformer rehabilitation.

Products that have been develop so
far are:

Perception: transformer diagnostic
software

TOD: Live transformer dehydrator
InsulProbe: dissolved water in oil and

moisture content in transformer paper
Visit our web site or contact us 
www.seidel.ca
Michel Belanger
SEIDEL Inc.
tel (418) 822-3561
belanger@seidel.ca

CABLE MASTER INC.
3M/AEMC/HDWt Regional Distributor

We specialize in Training and Sales of a
full range of 3M/HDW/AEMC equipment
• 3M Dynatel Cable/Pipe/Fault Locators
• 3M EMS Markers and Locators
• 3M Confined Space Monitors
• HDW Fault Locating Equipment and

TDRs.
• New, Demo or refurbished units
• Lightweight, compact and rugged
• ISO 9002 Registered
• We have 35+ years experience
• Complete line of AEMC instruments
• Hi-Pot testing 0-130kv DC
• Fault locate all types of cables

For Sales/Training/Contract Locates:
Toll Free: 877-715-7303
Tel: (416) 804-8799
Fax: (905) 715-7305
Email: cablemaster@home.com
Web: www.cablemasterinc.com



Irving Oil submits permit application for proposed
cogeneration facility at Irving Oil Refinery 

Irving Oil announced that it plans, along with TransCanada
Energy Ltd, a wholly owned subsidiary of TransCanada
PipeLines Limited, to develop a cogeneration facility at the
Irving Oil Refinery in Saint John, New Brunswick. The pro-
posed facility would use natural gas as a fuel to produce power
and steam. The project would cost an estimated $80 million
(CDN), and would create approximately 200 jobs over the
course of construction. 

“We have always said - perhaps to the point of being bor-
ing about it - that being part of the process to bring natural gas
to this region and making the recent investment in our refinery
would make these types of additional projects possible, and
would attract other companies to invest in this region,” said
Kenneth Irving. “We’re very excited about this project’s poten-
tial to add yet another building block to the regional energy
infrastructure, and to broaden the foundation for future invest-
ments.”

The proposed project supports New Brunswick’s Energy
Policy, and would further enhance energy efficiency and opera-
tional reliability at the Irving Oil refinery. The White Paper on
New Brunswick Energy Policy (January 2001) states, “The
province will promote cogeneration as the most energy efficient
electricity generation option.” 

An Order in Council was issued from the New Brunswick
government earlier this year, permitting Irving Oil to generate
power at the facility. The current application to the Department
of Environment and Local Government, in accordance with
New Brunswick environmental assessment regulations, is the
next step in the process to build the proposed facility.

Founded in 1924, Irving Oil is a regional energy process-
ing, transporting and marketing company focusing on supply
chain management and customer service. The company serves
customers in Eastern Canada, Quebec, and New England with a
range of finished energy products, including gasoline, diesel,
and home heating fuel, and complementary products and ser-
vices. 

Alberta To Overhaul Deregulated Power Industry 
On August 21st, Alberta announced it plans to make sever-

al changes to the power industry it deregulated two years ago,
including a controversial move to take away major cities’
authority to set consumer electricity rates.

Alberta Energy Minister Murray Smith said the moves,
which also include setting up an independent system operator
and giving more power to the market surveillance body, were
necessary to attract more competition to the industry in the
western Canadian province.

Political and industry critics of Conservative Premier
Ralph Klein’s deregulation initiatives, which came into force
during the California power crisis in early 2001, have com-
plained consumers have never been able to choose between
power providers because too few players participate.

Under the changes, slated to be enacted in the legislature
next spring, the Alberta Energy and Utilities Board will have
final say over the rates charged by the big municipally owned
utilities, Edmonton’s Epcor Utilities Inc. and Enmax Energy
Corp. of Calgary.

Since deregulation, the utilities have expanded operations
beyond their city limits, so they should be subject to the same
regulation as private companies operating elsewhere in the

province, the government said.
Calgary Mayor Dave Bronconnier has already blasted the

idea as an attempt by the provincial government to force a sale
of Enmax to private investors. Bronconnier was elected last
year after promising to put the brakes on previous plans to sell
the utility.

Among other changes to the Electricity Utilities Act is the
establishment of an independent system operator to assume
responsibility for such market operations as the Power Pool,
where spot electricity prices are set, as well as system control
and long-term transmission planning.

In addition, the Market Surveillance Administrator, respon-
sible for making sure the industry is competitive, will report to
the Energy and Utilities Board. It currently reports to the coun-
cil of the Power Pool. — Source, Reuters 

Brascan Power Buys Lake Superior Power Plant
Brascan Power, the energy subsidiary of Brascan Corp. is

buying the remaining 50 per cent of the Lake Superior Power
Generating Facility in northern Ontario from Duke Energy for
$65 million. 

Brascan Power, which already owns 50 per cent of the
power plant, said in a release today that it will pay for the acqui-
sition with $30 million in cash and will assume $35 million in
debt of the partnership. 

The deal is expected to close after Brascan Power gets
required regulatory approvals. 

“The acquisition of the remaining 50 per cent interest in the
Lake Superior Power facility furthers our growth strategy of
investing in high-quality, low-cost generating assets which pro-
vide sustainable and growing cash flows,” said Harry Goldgut,
chief executive officer of Brascan Power. 

“This investment gives us 100 per cent ownership of a
unique cogeneration facility. It also diversifies our power base
while creating significant value through the operating synergies
achieved in our combined, existing assets in northern Ontario,”
Goldgut said in a release today. 

The Lake Superior Power facility, in Sault Ste. Marie, is a
110-megawatt, natural gas-fired cogeneration plant. The plant
operates in conjunction with Brascan Power’s 16 hydroelectric
power plants in northern Ontario, which together produce a
total of over 940 megawatts. 

All of the plant’s energy production is under long-term
contract to the Ontario Electricity Finance Corp. 

“The sale of our interest in the Lake Superior Power pro-
ject is an example of Duke Energy’s ability to capture share-
holder value through active management of our asset portfolio
and allows us to recycle capital across the enterprise,” said
Bruce Williamson, president and chief executive officer of
Duke Energy global business development. 

“Although we are divesting of this asset, we will continue
to be able to serve markets and customers in Canada through
other business interests,” he said. 

Duke Energy, based in Charlotte, N.C., is a diversified
multinational energy company with an integrated network of
energy assets. It has a portfolio of natural gas and electric sup-
ply and a delivery and trading business with customers across
North America and in other key world markets. 

Brascan Corp. is a conglomerate with operations in the real
estate, financial and power generation sectors. Its power divi-
sion, Brascan Power, has hydroelectric power facilities in North
America.  ET
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Examining the political, economic and technical applications 
of emerging small scale generation options into the current 
Canadian energy mix

In a deregulated environment, the challenge is to manage price and reliability risks for
an overall balanced energy portfolio. Increasingly, the idea of developing distributed
generation projects is being considered by more and more large power consumers, and
reducing the environmental impacts of power generation is pushing electric utilities to
examine alternative forms of producing electricity, particularly renewable energy tech-
nologies.

This forum will bring together leading Canadian experts to discuss the various options
available to those considering small scale generation projects, with a strong focus on
the viability of including renewable energy technologies. Other options, such as
cogeneration will also be discussed. As well, the forum will discuss potential benefits
and costs to electric utilities if including renewable energy technologies in their gen-
eration offerings.

Renewable Energy
Renewable energy is helping meet Canada's energy needs in ways that are economical
and environmentally sensitive. Emerging energy sources such as wind and solar ener-
gy can stimulate continued economic growth while reducing the environmental
impact of energy production and consumption. Renewable energy sources, such as
solar, wind, hydroelectricity, earth and biomass energy, produce electricity or thermal
energy without depleting natural resources. The development of these energy sources
is a key element in the Government of Canada's plan to address climate change and
diversify its energy sources.

NEW! Earn Continuing Education Units (CEUs) 

To Register Call (905) 686-1040 or Fax (905) 686-1078
www.electricityforum.com/forums.htm

NOVEMBER 14-15, 2002
TORONTO, ONTARIO • BEST WESTERN CARLTON PLACE HOTEL

Presented By

Implementing
Renewable Generation
Technologies

Innovative Opportunities:

Speakers Include:

Natural Resources Canada

Environment Canada

Ontario Power Generation

The Green Municipal Fund

Kinectrics Inc.

The Toronto Zoo

Enermodal Engineering

Mariah Power

AND MORE
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DRANETZ-BMI
PP 4300 Power Quality Meter 

with New Multi-DAQ TASKCard
The 3.8 lb., handheld PP4300 with the new

TASKCard performs like three instruments for
the price of one:

Inrush/fault recorder — to capture highly
detailed inrush events, such as motor start-
up, transformer energization, breaker and
digital fault recorder trip, and activation of
backup generators;

Data logger — to plot and trend statistical-
ly accurate data over long periods of time,
even under harsh climate conditions;

Power quality monitor — using Dranetz-
BMI’s patented waveshape and transient cap-
ture features to optimize mitigation solutions
and troubleshoot in real time.

For more information, contact:
Dranetz-BMI
Tel: 732-287-3680 Fax: 732-248-1834
E-mail: sales@dranetz-bmi.com
www.dranetz-bmi.com
Toll free: 1-800-372-6832

ICMI
UVR-1 Universal Regulator Control
ICMI’s UVR-1 Universal Regulator Control,

the NEXT GENERATION CONTROL, will
meet your ever expanding requirements for
software upgradeability and communication.

The UVR-1 is a direct upgrade replace-
ment for McGraw/Cooper, Siemens/Allis and
GE single phase 32 step controls. The unit
includes a powerful 32bit Motorola
Microprocessor and provides the latest in
network communications including SCADA,
DNP 3.0 Level2, RS-232, RS-485, and
optional fiber optic and modem connections.
The software is easily upgradeable in the
field and includes the latest in user selectable
data logging and graphic display features.

Please contact us to learn how ICMI can
help you with your control requirements.

Inductive Components Manufacturing Inc.
Tel: 513-752-4731
Fax: 513-752-4738
Email: dwm@ICMIinc.com 
www.ICMIinc.com

MANITOBA HVDC 
RESEARCH CENTRE

PSCAD
PSCAD provides a rich set of tools

and models for complete and accurate
analysis of all types of  power systems
and power electronic controls. PSCAD
is widely used by electric utilities, indus-
trial manufacturers, and research orga-
nizations around the world.

For an evaluation copy of PSCAD,
please contact info@pscad.com or visit
www.pscad.com.

For more information contact:
Manitoba HVDC Research Centre
244 Cree Crescent
Winnipeg, Canada
R3J 3W1
Tel (204) 989-1240
Fax (204) 453-4074

MIDAS METERING SERVICES LTD.
Metering Installation & Data

Acquisition Services
MIDAS Metering Services Ltd. is a

company focused on providing clients
with a full array of electrical metering
system, data management and informa-
tion access services through the practi-
cal application of advancements in
metering, communications and informa-
tion systems technologies.

For more information:
MIDAS Metering Services Ltd.
710, 138 - 4th Avenue S.E.
Calgary, Alberta, Canada  T2G 4Z6
Tel: (403) 301-3314
Fax: (403) 301-3316
Email: info@midasmetering.com
Web: www.midasmetering.com

PHOENIX MANUFACTURING LTD.
Insulating Boots For Indoor And

Outdoor Applications
Phoenix manufactures a comprehen-

sive range of reusable, flexible, form fit-
ting insulating boots for indoor and out-
door applications for service voltages up
to 38 KV. Specialists in the ‘Fluidised
bed’ process to fully or partially encap-
sulate copper and aluminium busbars,
connections and components with high
grade dielectric strength epoxy and vinyl
insulation in the voltage range 600 volts
to 38 KV.
For more information contact:
Phoenix Manufacturing Ltd.
141 Fulton St.
Milton, Ontario L9T 2J8
Tel: (905) 878-2818 
Fax: (905) 878-0051
Email: sales@phnxmfg.com
www.phnxmfg.com

PRODUCT SHOWCASE

MIDAS
Metering
Services

Ltd.

NORTHERN TRANSFORMER INC.
Three Phase Liquid Filled

Power Transformers

- 100% Canadian owned
- 750 kVA up to 30 mVA
- Voltage from 5kV up to 138 kV
- Tamperproof units up to 44 kV
- Unit Subs
- Rewinding & refurbishing

For more information contact:
Northern Transformer Inc.
163 Jardin Drive, 
Concord, Ontario L4K 1X5
Tel: 905-669-1853     
Fax: 905-669-9728
Email:
general@northerntransformer.com
www.northerntransformer.com
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CANADIAN COPPER & BRASS
DEVELOPMENT ASSOCIATION

Copper Wire & Cable
Copper remains the preferred con-

ductor material for electrical wire and
cable especially when reliability and
long service life are important.
Publication No. 33, The Colour of
Trust, outlines copper’s high ampacity,
strength, toughness, resistance to cor-
rosion and ease of connecting.

To obtain a copy, or to request a free
seminar in your office, call The
Canadian Copper & Brass Development
Association at 1-877-640-0946 or e-mail
us at: coppercanada@onramp.ca.

Canadian Copper & Brass
Development Association
1-877-640-0946

G.T. WOOD COMPANY LIMITED
High Voltage Electrical Contractor
- High Voltage Preventative Maintenance
- Transformer and Switchgear Repair
- Infra Red Thermography Inspections
- Engineering Design Studies
- Substation Design and Build
- Harmonic Analysis
- Power Factor Correction
- Cable Locates and Repairs
- Sales of New and Pre-owned Equipment
- Supply of Temporary Substations
- PCB Management
24 HOUR EMERGENCY SERVICE

For additional information contact:
Toll free:1-800-305-2036
Tel: (905) 272-1696
Fax: (905) 272-1425
Email:sales@gtwood.com
www.gtwood.com

ACADEMY OF INFRARED 
THERMOGRAPHY

Infrared Thermography Training
AIRT provides infrared thermography train-
ing to individuals and companies, worldwide.
Academy offers basic operator training to
Level 3 Infrared Certification.

Level I Infrared Training Certification
Oct 7-11 — Charlotte, NC
Oct 21-25 — Kansas City, KS
Oct 28-Nov 1 — New Orleans, LA
Nov 4-8 — San Diego, CA
Dec 2-6 — Orlando, FL
Level II Infrared Training Certification
Nov 18-22 — St. Louis, MO
Level III Infrared Training Certification
Nov 4-7 — Houston, TX

For more information contact:
Academy of Infrared Thermography
Tel: (604) 516-6646 Fax: (604) 516-6674
AIRT@InfraredTraining.NET
www.InfraredTraining.NET

FLEX-CORE
Current Transformers, Transducer &
Accessories — New Catalog 2007
172 page catalog featuring split-core and

solid-core current transformers, potential
transformers, electrical transducers for AC
and DC applications, signal conditioners, sig-
nal converters, analog and digital panel
meters, analog and digital switchboard
meters, digital counters, current probes, cur-
rent relays, current switches, shunts, shunt
switches, selector switches, shorting terminal
blocks, fuse blocks, data loggers, multi-func-
tion power meters, KWH sub-metering sys-
tems and analog to pulse converters.

For more information contact:
Flex-Core
6625 McVey Blvd
Columbus, OH 43235
Tel: (614) 889-6152  Fax: (614) 876-8538  
Email: flexcore@email.msn.com
www.flex-core.com

ATLAS TRANSFORMER INC.
Dry Type and Liquid Filled

Transformers
Atlas Transformer Inc. specializes in the

design and manufacturing of Dry Type and
Liquid Filled Transformers.

Our Products Include:
- Dry Type Power Transformers 
- Dry Type Station Service Transformers
- Liquid Filled Power Transformers 
- Liquid Filled Distribution Transformers
- Large Rectifier Transformers
- Large Motor Starting Auto Transformers
- Large Drive Isolation Transformers
- K-Factor Rated Transformers
- Traction Duty Transformers
- Super Isolation Transformers
- Integrated Outdoor Substations

Contact us today for more information:
Atlas Transformer Inc.
Tel.: (905) 795-0141
Fax: (905) 795-9688
Email: sales@atlastransformer.com
www.atlastransformer.com

ANALOG DEVICES, INC.
Energy Measurement Data Converter

with Digital Integrator
An enhancement of its predecessor, the

ADE7756, the ADE7759 incorporates a digi-
tal integrator in the current channel to allow
direct interface with a di/dt (change-in-current
over change-in-time) sensor such as the
Rogowski coil. The Rogowski coil sensor has
all the benefits of current transformers (CT),
including electrical isolation, high current
measuring capability and low power con-
sumption. In addition, di/dt sensors eliminate
dc saturation and are competitively priced
against shunt resistors. The ADE7759’s built-
in digital integrator eliminates the need for an
external analog integrator and provides long-
term stability and precise phase matching
between the current and voltage channels.
For more information contact:

Tel: 1/800-ANALOGD (1/800-262-5643)
Analog Devices, Inc.
Tel: 781/937-1989
Fax: 781/937-1026 
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FLIR SYSTEMS
Infrared Imaging Systems

FLIR Systems manufactures, sells, rents,
calibrates and services infrared imaging sys-
tems in Canada.

FLIR Systems combines the strengths of
AGEMA and Inframetrics to develop the pre-
mier Thermography Solution. The
ThermaCAM PM 695 captures both thermal
and visual images with autofocus and
editable text messaging. After saving over
800 images, simply “drag-n-drop” file into
Reporter analysis software and report is
complete in seconds.

Please take advantage of our “First Time”
Rental Special. Rent a camera for two weeks
and receive the third week at no charge.

Certification Training is available.

For more information contact:
FLIR Systems
1-800-613-0507 ext. 25 or 30
Email: greg.bork@flir.com
www.flir.com

CANADIAN ELECTRICAL CODE
Understand and Use

The Code Book Like An Expert
The “Canadian Electrical Safety Code”
Course for Apprentices, Journeymen, 

Engineers, Designers and Supervisors.
Available as an:

ON-SITE WORKSHOP
“DO YOUR OWN TRAINING” package

Individual “SELF STUDY” program
on CD ROM, via EMAIL, or in PRINT

Call now for a brochure or visit our 
website for details:

Onsite Electrical Training Inc.
PO Box 1594

South Porcupine, ON P0N 1H0
Tel/Fax: (705) 235-5071

email: onsite@vianet.on.ca
http://maxpages.com/onsitetraining

AVO INTERNATIONAL
PA-9 Plus

Portable Power Quality Analyzer

• On board display; check your set-
up before recording

• Tough plastic, rain proof case
• Trends individual Harmonics, THD

& TDD, and provides real-time
graphical display of harmonic
power

• Includes AVO Metrosoft® soft-
ware

• Remote communications and
alarm capabilities

For information and ordering:
AVO International
1-800-297-9688
www.avointl.com

TRACKFLOW INC.
Web Based Sensor 

to Network Solutions
- Power Revenue meter sales, service and

reading EFM/RTU wireless remote data
collection and control

- Email and Pager Alarms
- Reporting, Graphing, and Trending
- Combines power pricing for load shed-

ding or revenue monitoring
- Multiple party access from anywhere in

the world over the internet.
- Turnkey real time monitoring and or con-

trol Systems.
- Field hardware and software platform

independent.
- Real time multi site energy monitoring,

aggregation and or control.
For more information contact:
John B. Ewen
Tel: 403-949-4411 Fax: 403-949-4442
Email jewen@trackflow.com
Web www.trackflow.com

ANDAX ENVIRONMENTAL CORP.
Insulator Bushing Sac™

The Insulator Bushing Sac™ is used
to completely encapsulate leaking insu-
lator bushings. Whether replacing a
failed bushing or performing normal
maintenance, this Sac is engineered for
100% containment and transportation,
offering a unique open-up, drop-it-in
installation. This simple procedure, com-
bined with its highly absorbent oil-selec-
tive liner, makes the Bushing Sac” ideal
for containing leaking oils and tars. It
comes in two standard sizes (67 or 161
KVA) and is 100% customizable.

For more information on the Insulator
Bushing Sac™ or for a free product cat-
alog, please contact Andax
Environmental Corp. at 1-800-999-
1358, or 785-437-0604, visit our website
at www.andax.com, or send an e-mail to
customerservice@andax.com.

OPTIMUM ENERGY PRODUCTS LTD.
Introductory Special

ETAP PowerStation Software
ETAP PowerStation is a fully integrated electrical

power system analysis tool used by over 50,000
engineers worldwide in the design, analysis, main-
tenance, and operation of electrical power systems.

Now available the ETAP PowerStation 50 Bus
package for a special introductory price of $3649.00
CAD. This 50 Bus package consists of the following
modules:

- Base Modules
- Short-Circuit Analysis
- Panel Systems
- Load Flow Analysis
ETAP PowerStation is fully customizable.

Choose from more than 15 integrated modules for
your study and analysis needs.True 32-Bit Windows
interface, extensive libraries and ease of data entry
make ETAP the leading analysis package. Visit our
website www.ETAP.ca for a complete list of modules
and Bus sizes available.

For specifications, prices, and more visit
www.etap.ca
Optimum Energy Products Ltd.
Toll Free (877) 766-5412
Fax: (403) 256-3431
Email: info@optimumenergy.com
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Detachable LCD 
& remote control 
allow you to view 
images and control 
functions while camera is 
positioned in hard-to-reach areas.

On-screen, pull-down menu
attaches instant labels to images
on the spot.

Laser LocatIRTM relates IR image
with real physical target.

Advanced technology integrates
visual and thermal images.

Ergonomic design weighs 30%
less than other leading cameras.

System status LCD displays 
battery usage, storage 
capacity, communication 
status and more.

Voice annotation feature 
records 30-second 
commentary per image.

High resolution TFT color 
viewfinder can be used
when LCD is left behind.

Wireless IRDA transmits text 
to/from camera and PC/PDA. 
(USB and Firewire standard)

Announcing the ThermaCAM
TM

P60—a lightweight infrared camera with some heavy-duty features.

Put a complete predictive maintenance system in the palm of your hands—with the ThermaCAM P60 for the professional

thermographer. From field to final report, the compact P60 quickly captures, documents and tracks all the data you need

to make informed maintenance decisions. And it couldn’t be easier to use, with

an ergonomic design, simple controls and a detachable LCD to help you shoot

awkward locations. For more information about the latest FLIR standard-setter

or to ask about our free InfraFORUM seminars, call 1-800-613-0507 ext.30

or email us at ircanada@flir.com. www.flirthermography.com/p60canada

Introducing the ultimate handheld for 
those obsessed with what’s hot.
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