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EDITORIAL

Doing More With Less

Electricity's versatility, precision, and ease of use have given rise to a remarkable range of new applications.
Whether it's reheating a dinner with microwaves, energizing the beam of an industrial laser, or powering the
microsecond-by-microsecond opening and closing of computer circuits, electricity can do more things
taster, more easily, and more precisely than any other energy form. Electronic process contro! alone has
revolutionized more than a few industries, improving product guality and enhancing productivity. Indeed,
electricity has become the energy standard for virtually all new technologies across the residential,
commercial, and industrial sectors.

For the most part, we have tended to prize the convenience and expanded capabilities electricity
offers above all other considerations. But the same technical attributes that allow it to be controlled and
applied to such benefit offer us something else just as important: energy efficiency. Over the past decade,
electricity's precision and flexibility have been exploited to improve the end-use efficiency of home
appliances, industrial motor drives, and many other common electricity-based technologies, ensuring that
we make the wisest use of our limited energy resources.,

In addition to boosting the efficiency of existing electrical applications, researchers have
developed a broad range of electric technologies that offer clear efficiency improvements over many
conventional fossil-fuel-based processes. Beyond the scope of wise electricity use, these innovative
replacement technologies form the basis for a corollary that may at first seem counterintuitive: simply put,
the wider use of electricity to replace other, less efficient energy forms can substantially reduce primary
energy consumption and its attendant environmental consequences,

This issue's cover story describes the surprising power behind this concept and outlines a wide
variety of application opportunities: residential and commercial heating and cooling, chemical production,
food processing. wastewater treatment, even transportation. Tapping the energy-saving potential of
electricity is an opportunity custom-made for our time. For the first 100 years of the electric age, we have
explored the seemingly endless potential applications of this remarkable energy form. That exploration
continues unabated today. But as the issues of a sustainable energy future and a clean and safe
environment become more urgent, we may find that the most important value of electricity is not its
unparalleled ability to help us do more, but its ability to help us do more with less.
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Doing More With Less

COVER STORY

Electricity for Increasing Energy
Efficiency

Studies show that increased use of electrici-
ty across a broad range of end-use applica-
tions can actually reduce the country’s
consumption of primary energy resources.
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Taking the Measure of Magnetic
Fields

Researchers and utilities alike are finding
EMDEX Il to be a powerful tool for recording
personal magnetic field exposure and for
mapping indoor and outdoor field distri-
butions.

Advanced Metering: Benefits on
Both Sides

By allowing large businesses to remotely
monitor their energy consumption in real
time, Georgia Power’'s advanced metering
program is producing savings for the utility
and its customers alike.




ELECTRICITY
FOR INCREASING

THE
STORY
_IN BRIEF

The Increasing

| ini_socle_ty has brought
wikth it capabilities and prod-
ucts mat have forever changed our
g(_l_alky of Iife. But while we take for
gran'ped ulbe breadth of electricity’s applica-
tian-and fts implications for productivity and

cpnve;LlencO, other important advantages of this
plghfy}?e?l.r:ied energy form are largely unappreciated:
ene, efficiency, conservation of primary energy re-
solrces, and reduction of environmental problems. Electricity
oﬂeﬁﬁmafched flexibility and efficiency at the point of use. And
stud[ég show that in a growing list of applications, electricity requires
less primary fuel to accomplish tasks than direct use of fossil fuels, even
when the fuel used to generate the electricity is taken into account. This reduc-
tion In| primary energy use, in turn, means lower pollutant emissions. The wider
appli;al‘_icﬁh of electric technologies—including some designed specifically for environ-
mental mhlgaﬂon——-offers new solutions to today’s pressing energy concerns.
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EX EPRI’S DEMONSTRA-
TION DAIRY PLAMT in
Fond du Lac, Wisconsin,
marks its first year of
operation this September, it will repre-
sent more than just a showcase for the
advantages of frerze concentratien over
cenventional evaporation methods for
processing milk praducts. The Wisconsin
plant also =erves a= a working demon-
stration of how the wider uze of electric-
ity can save energy, thanks to the
development of innovativie and highly
efficient new technologiis,

At first glance, the notion of using
electricity to save energy seems parados-
ical. It wasn't long ago, after all, that
Americans were asked to conserve
energy by using less electricity. To be
sure, conservation effortz have played an
important role in promoling the wise
and measured use of primary energy
sources. But by now, many of the most
dramatic benefits of conzervation have
been achieved. Linless =ociety i= pre-
pared to make significant sacrifices in
the quality of life, conservation alone
't the answer.

Fortunately, conservation is only one
part of the larger, more powerful concept
of energy efficiency. “Saving energy isn't

by Peter Jaret

simplv a matter of making do with less
but of finding ways to get more from the
energy we do use,” explains EPRIs Clark
Gellings, vice president for customer
systems. Through the wider use of
electricity to power a growing portfolio
of highly efficient electric technologies,
Gellings believes, the nation and the
world can reduce the consumption of
primary energy resources even as wo
increase our use of electricity and enjoy
more of the benefits it provides.

Tracking resources from
start to finish

To take a true measure of energy effi-
ciency, it is necessary to follow a unit of
energy from the mament it is extracted
as primary fuel to the moment it pro-
vides =ervice in a particular application.
This approach considers the total re-
source requirements for energy pro-
duction and use. Admittedly, in the
early laps of the race for energy efficien-
cy, electricity may seem at a distinct
disadvantage to primary energy sources.
Because energy is lost in converting
primary fuel =ource= like oil or natural
gas= to electricity, one unit of primary
energy vields only about 0.31-0.33 unit
of electric energy from today’s typical
power plant. Add to that an estimated
5% loss in transamis=ion and delivery,
and one unit of primary energy shrinks
to only about 0.29-0.31 unit of electric
energy by the time it &= ready to be used.
The most advanced power plants being
built today—with conversion efficiencies
as high as 53%-—can increase this figure
significantly, but even then, less than

half the original energy is available at
the point of use.

[n cuntrast, oil may lose only about
16% of its primary energy contimt
through refining and delivery. Matural
gas requires no conversion processes at
all; with about 10% typically lost in
transmission and delivery, a unit of
primary energy extracted from a gas
well shill provides 0.9 unit of energy for
end-use application. But at this point,
the race i= only half run. Electricity’s
extremely high end-use efficiency gives
it an advantage that's hard to beat at the
finizh, more than making up for the
energy lost in converting primary fuels
to electricity.

Consider two plants for concentrat-
ing dairy products. One employs the
conventional method of evaporating
water, which typically uses oil or gas
and requires a net of about 700 Btu—

a conservative estimate—to extract a
pound of water from the milk product.
The other emplovs newly developed
freeze concentration technology, which
uses electrically driven vapor compres-
sion to freeze out water and requires
only 114 Btu to extract the same amount
of water. Even taking into account the
energy lost in converting primary fuels
to elictricity, thee electricity-based process
is currently at least twice as energy-
efficient as conventional evaporation in
terms of {otal resource requirements and
may become as much as six times as
efficient when the technology is fully
developed (see case study).

Through the wider use of energy-
efficient electric technologies like thess,
Gellings argues, the nation could reduce
its consumption of primary cnergy—in
some cases, dramatically. If freeze con-
centration were to achieve a 10% market
penetration in the dairy industry alone,
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CASE STUDY

Freeze Concentration

The basics

Freeze concentration uses electricity to
separate and remove a liquid—water, for
example—from a fluid mixture. The
technology is already being used world-
wide for the concentration ef fruit juices
and is also being applied in processing
beer, wine, vinegar, and coffee. One of
the most promising applications for the
technology is in the concentration of
dairy products: water is frozen out of
milk and the ice crystals are skimmed
off, leaving a concentrated milk product
that can be packaged directly or used in
ice cream production. Because freezing
water takes only 15% of the energy that
boiling it off takes, the freeze cencentra-
tion technology is much more efficient
than conventional evaporation proc-
esses. The dairy industry is so large that
even a 10% penetration of the new tech-
nology couid save 3.4 trillion Btu of
primary energy a year. Over twa dozen
other promising applications have been
identified for a number of industries,
including industrial and municipal
wastewater treatment, alcohol refining
and fractionation of benzene-toluene-
xylene mixtures (organic chemicals pro-
duction), and concentration of caustic
soda (chlor-alkali industry).

Potential applications for freeze concentration
technology span a wide variety of industries,
with significant primary energy efficiency
savings projected for each. The total resource
efficiency advantage for one application not
shown here—caustic soda concentration—is

over 40 to 1.
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Beyond the basics

In addition to greater energy efficiency,
freeze concentration offers a number of
side benefits. In dairy applications, for
example, conventional heating processes
often change the taste of mitk products;
the low operating temperatures of freeze
concentration retain volatile flavor and
aroma compounds, increasing overall
product quality. And while evaporation
processes recover only half the solids

Relative Primary Enargy Efficiency:
Freeze Concentration vs, Conventional Methods
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from whey, a by-product of cheese mak-
ing, freeze concentration can reclaim all
the solids and significantly reduce the
bulk of waste liquids for disposal. The
fact that freeze equipment operates at
very low temperatures compared with
evaporation methods can be especially
important for equipment used in
chemical and wastewater treatment
applications, leading to fewer corrosion
problems, lower maintenance and repair
costs, and the opportunity to use less-
expensive construction materials.

Yotal resource efficiency

Following the use and losses of primary
energy frem the wellhead through actual
end use demonstrates why electric
freeze concentration technology is twice
as efficient as conventional gas-fired
evaporation processes in concentrating
milk products. Converting the natural
gas to electricity in a typical power plant
uses over two-thirds of each unit of
primary energy, and transmission losses
account for another 8%. Natural gas
used directly retains about 90% of its
primary energy, losing about 10% in
detivery. But the extremely high effi-
ciency of the electric technology at the
point of use more than makes up for
electricity’s conversion losses, Freeze
cancentration can extract a pound of
water from milk with only about a sixth
of the equivalent energy input required
to extract a pound by evaporation, lead-
ing to a 2-to-1 total resource efficiency
advantage. As advanced generation
technologies raise power plant efficien-
cies, the advantage will become even
more pronounced.




1.0 X 0.32 x 0.92 x
Evaporation: 700 Btu/Ib
i
1.0 X 0.90 X 1.4 1b/1000 Btu

8.8 1b/1000 Btu =

v
2.6 b water extracted per 1000 Btu

= 1.3 Ib water extracted per 1000 Btu
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considered by many analysts to be a rel-
atively conservative estimate, nationwide
energy savings would total a remark-
able 3.4 trillion Btu of fossil fuel per year.
“Thet's jast ane slectric technology 2p-
plied to one industry,” points out Gellings.
In a recent study, EPRI identified nearly
a dozen new and highly efficient electric
technologies that could offer similar en-
ergy savings across a wide range of resi-
dential, commercial, and industrial ap-
plications.

Electric heat pumps, for instance, are
already reducing the amount of primary
energy required to heat and cool homes
and offices. “In essence, heat pumps are
solar machines, drawing heat from either
the air or the ground,” Gellings explains.
“As a result, they can achieve operating
efficiencies far greater than those of con-
ventional heating and cooling systems.”

Taking into account the 10% lost in
gas transmission and distribution, a gas
furnace operating at 96% efficiency {a
highly efficient furnace) achieves an
estimated 86% efficiency—impresssive by
most standards. But by tapping heat
from the environment, commercially
available electric heat pumps can turn
one unit of electricity input into a
remarkable 3.4 units of heat output—
more than enough to compensate for the
energy lost in converting raw fuel to
electricity. Commercially available heat
pumps already offer a total resource
efficiency of 100%. That means that for
every unit of primary fuel consumed in
an electric power plant, a full unit of
useful energy can be used to control
temperature in a building that uses
electric heat pumps—compared with
only 0.86 unit for a gaspowered furnace
{see case study).

Gasdriven heat pumps now under
development are also likely to offer
improvements over furnaces of the
future. But the end-use efficiency of the
Carrier HydroTech 2000' electric heat
pump—already commercially available—
is twice as great for heating and almost
five times as great for cooling as that of
the prototype gas heat pumps now being
tested. The electric technology’s inher-
ently superior cooling capabilities will

8 EPRIJOURNAL Apri/May 1992

allow it to continue to hold a clear
effidency advantage.

Such savings are just the beginning.
“While many applications of primary
eneray sources, such as space and water
heating, are nearing their maximum
technical efficiency,” says Gellings,
“electricity-based technologies are just
beginning to develop their energy-saving
potential”” Technical refinements of
electric heat pump technology, for
instance, could potentially double the
overall energy efficiency of current
models.

A refined energy source

What accounls for the remarkable
efficiency of electricity? In a very real
sense, it is the most “refined” of all
energy sources. It is pure energy without
any cumbersome physical substance and
can be turned effortlessly to the full
range of end-use power needs. Because
electricity has no inertia, its energy input
can be instantly varied in response to
changing requirements. That flexibility
allows electricity to be concentrated and
controlled far more precisely than other
forms of energy. Computers, for instance,
depend on the microsecond-by-microsec-
ond flow of precisely controlled electric
currents to open and close circuit gates.
Lasers and electron beams can be
focused to produce energy densities at
the work surface a million times more
intense than an oxyacetylene torch—
making it possible to heat-treat manu-
factured parts precisely at points of
maximum wear and thus eliminate the
need to heat and cool an entire piece.
Fossil fuels have traditionally been the
preferred energy source for heating, but
even here, electricity’s technical attri-
butes can provide unique advantages.
Combustion processes are limnited by
what physicists call adiabatic flame
temperature, which sets a practical limit
of about 3000°F for fossil fuels burned
in air In contrast, because there is no
inherent thermodynamic limit on electric
heating, temperalures of 10,000°F and
higher are routinely achieved with elee
tric-arc-produced plasmas. Even higher
temperatures are technically feasible.

Unlike fossil fuels, which typically
heat at the surface through radiation and
convection, electricity can generate heat
within a material itself Using micro-
wave or radio-frequency radiation
instead of surface heating methods to
dry moist materials such as paper or
textiles can save significant amounts of
energy by cutting the drying rate and
improving product yield.

Electric arc melting for the manufac-
ture of steel provides another example.
Conventional blast furnace steelmaking
requires 16.6 million Btu per ton of steel
produced, while an electric arc furnace
requires only 7.3 million Btu per ton,
including conversion losses in generating
the electricity. Thus, even taking conver-
sion and transmission losses into account,
electric arc melting is over twice as
energy-efficient as conventional fossil-
fuel-fired technologies.

Because electricity is a refined energy
source, its electrolytic, electrothermal,
and electromotive effects sometimes
combine to create additional. synergistic
advantages. The electricity used in reduc
ing alumina to aluminum, for instance,
keeps the cryolite bath in a molten
state while electrolysis separates out the
aluminum for collection at the cathode.
In a coreless induction melting furnace,
electromagnetic induction heats and melts
the charge while also inducing a strong
electromotive stirring action. The result:
enhanced heat transfer to the solid mate
ria] and greatly improved homogeneity
of the melt.

Electricity also offers crucial economic
advantages. Because combustion-based
processes are usually tied to the avail-
ability of a specific fuel source, they are
vulnerable to changes in the price or
availability of these fuels. Converting to
alternative fuels can be costly. Electricity,
on the other hand, can be produced from
a variety of primary fuels. That means
that electricity-based manufacturing pro
cesses can rely on an unchanging en-
ergy source while utilities are free to
select from among the most economical
primary energy sources to generate
electric power. And with the develop-
ment of renewable energy sources like



Energy/GNP Ratio (Year 1900 = 100}

ELECTRICITY FEEDS PRODUCTIVITY
Electritication has been a potent force for
increasing energy efficiency and productivity
since early in the century. Energy intensity—
the ratio of overall energy consumption to the
gross national product — began to fatl steadily
in the 1920s with the introduction of electric
motor drives for manufacturing. As electricity

was increasingly substituted for other, less etfi-
cient forms of energy, its fraction of the energy

whole increased steadily, and energy use per
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unit of GNP decreased.

wind and solar, an increasing proportion
of electricity can be produced without
tapping any of our limited primary
energy resources.

Saving more than energy

There’s nothing new about the idea that
highly efficient electric technologics help
make moreefficient use of primary
energy resources. During the 1920s, for
instance, productivity soared while
energy use relative to output declined an
average of 4.3% per year. The principal
reason: widespread elcctrification of
industrial processes during the 1920s
transformed the way manufacturing was
done, leading to dramatic improvements
in overall energy efficiency Today, the
United States uses only 7% more primary
energy than it did in 1973, yet the gross
national product has increased some 46%
—in significant part because the wider
use of electricity has allowed us to do
more with farless energy.

It's important to remember such les
sons, says Gellings. “The tendency to
think of electricity as part of the "prob-
lem’ of energy consumption and its
effects on the environment misses an
important point. Efficient electrification
offers ways to reduce our consumption
of primary cnergy without sacrificing
comfort, productivity, or quality of life.
The wider use of electricity can help
reduce environmental emissions. And it
can do all that while providing even

50
1880

better products and services.”

Early resuits indicate that freeze con-
centration, for instance, offers significant
advantages apart from energy efficiency.
Freezeconcentrated products have a
longer shelf life in stores or in home
freezers. And because the process causes
lactose to crystallize for easy separation,
it may be possible to produce milk and
other dairy products for people with
lactose intolerance.

Historically, such practical benefits of
electrification—from improved product
quality to enhanced labor cfficiency—
have been the driving force behind the
wider use of electricity. Offices don’t use
fax services to save energy, after all; they
use them to save time and improve
service quality. Manufacturers have
switched to electric technologies not
because they reduce our consumption of
primary energy resources but because
they improve production and enhance
product quality. Indeed, the ability of
highly efficient electric technologies to
save energy has long been one of the
hidden benefits of electricity. Only now,
as the issues of energy use and environ-
mental impact play an increasingly

Source: Sam H. Schurr et ai.,
Electrictty in the American Economy
(New York: Greenwood Press, 1390).

Electricity Portion of
Total Energy Use (%)
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important role in business decisions and
national policy, have we begun to take a
second look at the potential of beneficial
electrification.

The environmental advantage

Electric transportation offers one of the
best examples of the environmental
advantages of electric technologies.
Unlike gasoline-powered cars and
trucks, electric vehicles (Evs) do not
produce emissions during operation.
Since all emissions are limited to the
electric generating plant, they can be
more efficiently and effectively con-
trolled. The widespread use of electric
vehicles is expected to substantially
reduce nitrogen oxides, carbon monox-
ide, carbon dioxide, and volatile organic
compounds in the urban environment.
Today, electricity-based transportation

EPRI JOURNAL Apri/May 1992 9



CASE STUDY

Heaf Pumpps

The basies

Heat pumps are actually solar energy
devices. Instead of burning natural gas
or oil as furnaces do to provide heat, the
heat pump uses electricity to collect and
concentrate heat from ambient air or the
ground, both of which are warmed by
solar radiation. Since this solar heating
resource is free, the heat pump can
deliver significantly more energy for
heating than it consumes in electric
power—over three times more for the
most advanced units. The device can
also cool a building by reversing the
process, collecting indoor heat and
transferring it outside the structure. In
large office buildings, heat pumps can
be used to optimize temperature distri-
bution, removing heat from the sunny
side of a building or from a room full of
computers, for example, and transfer-
ring it to interior offices or a basement.
Studies indicate that by the year 2010,
the increased use of heat pumps in the
residential sector alone could reduce net
primary energy consumption by 1.13
quads.

Advances in heat pump design have led to
tremendous efficiency gains for the technol-
ogy over the last five years. Market introduc-
tion of the HydroTech 2000 in 1989 boosted
the top seasonal energy efficiency ratio for

available equipment by a full 30%.

Haal Pump Seascnal Enangy Efficiancy Radio
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Beyond the basics

Versatility is another key attribute of heat
pumps. In addition to providing efficient
space-heating and -cooling capability in
a single package, units can be designed
to handle water heating as well. While
gas furnace-electric air conditioner com-
binations still serve the largest share of
the nation’s space-conditioning needs,
heat pumps are being developed to
penetrate particular market niches. An
advanced ground-source heat pump, for
example, shows great promise for homes

Total resource efficiency

How does the most efficient heat pump
stack up against the most efficient gas
furnace? Without the losses inherent in
primary energy conversion, the gas
technology once again takes the lead in
the early going. But by tapping solar
energy from the environment, the Car-
rier HydroTech 2000 heat pump can
provide 3.4 units of heat eutput for each
unit of electricity input. Thus the heat
pump achieves a remarkable 100% total
resource efficiency. By contrast, a pulse

1.0 x

1.0 x 0.90 X

0.96 =

in northern climates, and twe new dual-
fuel heat pumps are being offered as
single-package direct replacements for
furnace-air conditioner cembinations in
the residential and commercial sectors.
To further ensure primary energy and
cost efficiencies, the dual-fuel unit can
be programmed to automatically switch
between electric and gas-fired operation,
depending on the ambient temperature
and relative price of fuels.

combustion furnace—at 96%, the most
efficient gas option available—yields a
total resource efficiency of 86%; if the
energy required to run the indoor fan
were also accounted for, the figure
weuld be reduced another 10%. This
furnace’s performance is just about at its
theoretical efficiency limit; the heat
pump’s coefficient of performance of 3.4,
on the other hand, may be increased to a
practical value of over 7 through further
development.

= 100% efficiency

86% efficiency
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_CASE STUDY

Electric Vehicles

The basics

All major U.S. automobile manufactur-
ers have new made a commitment to the
commercial production of electric vehi-
cles. Regulatory pressure to improve
urban air quality is largely behind this
recent renewal of interest. Unlike gaso-
line-powered vehicles, EVs produce no
pollutant emissions at the point of use,
and since all electricity generation emis-
sions are centralized at power plants,
they can be controlled far more effec-
tively and efficiently than vehicle emis-
sions. In addition, pewer plants are
generally situated outside urban areas,
which are the lecatiens of greatest cen-
cern for automobile emissions. But aside
from environmental issues, electric
transportation also has significant effi-
ciency advantages: calculations of pri-
mary energy efficiency give the next
generation of electric fleet vans about a
60% efficiency advantage over their
gasoline counterparts, Electric buses are
about 85% mere efficient per passenger
mile than diesel-powered buses, and
shipping freight by electrically driven
trains is about 45% more efficient per
ton than shipping by semitrailer truck.

Beyond the basics

While their efficiency and emissions
advantages are impressive, EVs offer
other benefits for the consumer, utilities,
and society. Because EVs are powered by
a motor and batteries rather than an
internal combustion engine, they are
extremely quiet, reducing noise pollu-
tion. And because the whele pewer train
is operationally simpler and has tewer
moving parts, EVs are expected to have
much lower service and maintenance

Total resource efficiency

Electric and gasaline-powered vehicles
can be difficult to compare in overall use
because they have different operational
characteristics—pickup and range, for
example. Still, comparing the electric
TEVan with its gasoline-powered coun-
terpart in the same function—urban
commercial fleet use—shows that the
electric version is more energy-efficient
fer that application. A barrel of oil loses
a lot of its primary energy content in
being converted to electricity. But oil
must be refined into gasoline to burn in
a car, and an internal combustion engine

R

0.32

x 0.90 =

%fﬂma

x 0.95 x

0.16 = 9000 Btu per mite .

5400 Btu per mile -

costs. Vehicle batteries are most likely to
be charged up at night, when the cost of
electricity generation is lowest, improv-
ing utility load shape and potentially
reducing the owner’s cost of operation,
Finally, since power plants can produce
electricity from a wide variety of fuels,
EVs will shift transportation energy use
toward a broader fuel base, reducing sur
national dependence on foreign oil.

is very inefficient—for fleet vehicles, less
than half as efficient as a conventional
electric power plant. The TEVan loses
about 20% of it= electricity input in
charging the batteries and is about 90%
efficient in using the electric energy it
does stere to propel the vehicle. When
all these factors are considered, the
electric van, using advanced nickel-
cadmium or nickel-metal hydride batter-
ies, offers about 60% greater mileage
from the same amount of primary
energy.

1100 miles per barrel

670 miles per barrel
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FLEET MINIVAN EMISSIONS
{grams per mile)

Electric Van
Gasoline-
Powered Current Current Post-1995
Van L.A. Basin u.s. u.s.
Generation Generation Generation
Calitornia U.S. Mix Mix Mix
VOCs 0.7 1.0 0.01 0.01 0.0
NO, 1.1 18 0.08 1.2 0.3
CcO 9.0 10.0 0.01 0.05 0.05
CO, 690 690 195 315 320

I
(I

Electric vehicles can significantly reduce the
emissions that contribute to urban air quality
problems from vehicles—volatile organic
compounds {VOCs), nitrogen oxides (NO,),
and carbon monoxide (CO)—as well as carbon
dioxide (CO,), the emission of primary con-
cern for global warming. The table compares
gasoline-powered van emissions based on
current California and 1989 U.S. emissions
standards with EV emissions under three
different generation mix scenarios. The EV
emissions take into account all emissions
directly or indirectly associated with electric
power production.
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Energy Savings Up, CO, Production Down Substituting efficient electric end-use technologies in applications

traditionally served by fossil fuels can save a greal deal of primary energy and decreass production of carbon dioxide over the

next 20 years.

MNel Primary Energy Savings

Net CU; Emissions Heduction

[quadrilliion Blu) (millions of tons)

Electric Technology Year 2000 Year 2010 Year 2000 Year 2010
Heat pumps 0.69 2.79 8 100
Freeze concentration 0.07 0.35 3 18
Induction heating —0.0510 0.05 -0,1t00.1 -2t08 —410 17
Arc melting 0.1910 0.23 0.39 10 0.48 22to 27 46 to 56
Plasma processing 0.01 0.04 3 7 .
Ultravioletfinfrared technology 0.02 0.14 1 6
Electric vehicles 0.01 0.07 i -]
Electric transit and freight 0.03 0.12 2 10 -

Total 0.7 10 1.11 3.80 to 4.09 38tos53 189 to 220

is going farther and deing more but
using less primary energy than conven-
tional gaseline- or eil-based transporta-
tion technologies. Studies by the Energy
Research Group have shown that for
public transit, electric rail systems are
50% mere energy-efficient per passenger
mile than automobiles, and electric buses
are about 857 more efficient than con-
ventional diesel buses. Electrically pow-
ered trains also do better for shipping
freight: ton for ton, mile for mile, they
require less than 70% of the primary
energy used by semitrailer trucks. And
the less primary fuel consumed, the
lower the tetal emissions.

Of course, gasoline-powered autome-
bilex still own the road. Bul electric
vehicles have already begun to show
their promise. Under the stop-and-go,
short-haul conditions of most urban fleet
driving, one of the most popular gaso-
line-powered vans on the road today
gets about 10 miles per gallon, consum-
ing approximately 14,400 Btu of primary
energy per mile. The electric G-Van, even
though it represents an early stage in the
development of electric vehicles, already
offers a fuel efficiency of 1 mile per kWh,
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or only 10,800 Btu per mile. Chrysler’s
gasoline-powered minivan currently gets
16 miles a gallon, using 9000 Btu per
mile. It electric counterpart, the TEVan,
averages 2 miles per kWh when
equipped with advanced batteries and
uses only 5400 Btu per mile (see case
study).

Comparison of electric and gasoline-
powered passenger cars is difficult, since
there are no EVs in large-scale produc-
tion that are designed for personal use.
Improvements in both types of vehicle
are likely. Certainly gasoline-powered
cars have the potential of achieving
greater energy efficiency than many now
offer, and it is possible that legislation
will set higher minimum mileage
standards. But rapid advances in
batteries and overall vehicle design are
just as likely to improve the efficiency
and range of electric vehicles dramati-
cally. So far, EV design= have been based
almost enlirely on modifications of
existing conventional cars. General
Molors’ electric Impact—admittedly a
“concept” car—i= the first EV to be
specially designed from the ground up.
[t already buasts some impressive

capabilities, being able to travel 120
miles on an S-hour charge at a cosl of
little more than that of a gallon of gas.

Public policies have begun to take into
account the envirenmental advantages of
electric transportation. With an estimated
60% of the air pollution in Los Angeles
blamed on petroleum-burning trans-
portation, the California Air Resources
Board has mandated that by 1994, 2% of
all cars and light trucks sold in the state
—20,000 cars a year—must be powered
by electricity. Five years later, the same
regulations will require that 10% of all
new cars sold, or 100,000 a year, run on
electricity.

Carbon dioxide, as it relates to con-
cerns about pogsible global climate
change, is another environmental
concern that i= fast becoming a public
policy issue. And as with olher combus-
tion products, the less fossil fuel the
world burns, the less CO, will be
released into the atmosphere. There is
growing evidence that the resource
efficiencivs offered by the wider use of
electricity could play an important role
in this issue. Even using censervative
estimates of potential market penetra-



tion, studies suggest that eight key
elictric technologies available today
could reduce CO, emissions by 38
million tons by the year 2100 and 154
million tons by 201i0. If electrification
meets pstimates of its highest potential,
0, emissions could be reduced by a=
much as 53 million tons at the end of the
century and 220 million tons in 2010.

Many industrial-zcale electrie technolo-
givs offer inherent advantages that will
heip mitigate other potential environ-
mental problems at the point of usi
Electric infrared paint curing, for #xam-
ple, provides more than just a smoother,
shinier, more durable autimabile finish;
because it eliminates the need for gas-
fired hot air, the new technology also
eases the problem of volatile organic
compounds that “flash off” from solvent-
based paints during conventional gas-
powered curing, Direct-current plasma
arc furnace techniques used in metals
fabrication promise to provide a method
of recovering valuable aluminum tvpi-
cally lost during resmelting—saving an
estimated 700 million kWh per yaar even
as it provides an easv way to scparate
out potentially hazardous heavy metals
for dispusal, By neducing the amount of
cinke required in steelmaking, electricity-
based plasma torches have already basen
shawn ta reduce emissions associatied
with its use

Meanwhile, innovative electricity-
based technologies are proving their
ability to directly control emissicins and
treat environmental waste products.
Freeze concentration, for inslance, shows
promi=e as a way to treat wastewater,
and electroacoustic methods are being
investigated as a means uf increasing the
remival of water from waste sludge.
Electmin bisam irradiation is being dem-
onstratied as a way of disinfecting both
municipal wastewater and medical
wastes, And an inngvative process
combining uitraviolet radiation and
pzonation has been developed that can
destroy vrganic pollutants in groundwa-
ter without creating harmful by-prud-
uits. [n salid-waste beneficiation, an
infrared-hweated fluidized-bed sand
reclaimer under development maw soim

allow metal-casting foundries to reuse
thie millions of tans of sand that would
otherrwise be discarded in landfill= each
year,

From small steps
to great leaps

Electric wehicles, electric heat pumps,
and plasma torches represemt incrimien-
tal improvements in traditional ways of
doing things. Somitimes, however, in-
novative technologies come along that
complitely alter the way work is per-
formid, leading to dramatic leaps in
energy efficiency.

Information technolagy provides a
case in point. Mot long ago, the speed of
air travel determined hisw long it would
take—and how much energy would be
riquired—to send a document from San
Franciaci to ®ew York. Taday, that same
document can be sent instantaneously in
a radically different way, via electronic
fac=imile, or fax. Recent studies have
shown that fax machines use only one-
seventh to vne-half the energy required
to send a document via overnight
delivery services. That means the energy
derived from a =ingle barrel of oil can
be used to send and deliver more than
175,000 pages by fax, compared with
ruughly 25,000 pages by courier.

Information technology har also made
telecommuting a reality—an alternative
to traditional commuting that would
have been unimaginable 50 years ago. [n
18990, a Congressional Research Service
reputt estimated that telecommuting
could zave 95 billion barrels of oil a year
in direct fuel savings and, by relieving
traffic congestion, an additional 3 billion
in indinect fuel =avings. Telecomferencing,
the same report noted, could save the
nation the eguivalent of 7.4 million
barrels of ail a year.

Mo doubt the wider use of such
technological advances will increase
clectricity usz. EPRY bas estimated that
by 2000, informatiom technologies alone
could increase demand by K0,000 Gwh;
the merease could be az much as 95,0K1
Gwh by 2010. But as the application of
beneficial electric end uses expands,
primary energy tse will fall. Estimates

suggisst that infermation technologiies
alone could yield net energy sawings of
a= much as= 1.6 quad= by 2000 and
betwien 2 and 4 quads by 2010.

The widis range of such a pridiction
indicates the uncertaintiez with which
any analysis of primary energy savings
must wrestle, If it is difficult to predict
the market penetration of new technnsli-
gies, it is #ven harder lo anticipatis the
technological advances that could dra-
matically improve efficiencies or provide
radically new ways of performing wurk.
Who, 50 years ago, could have foresgen
the computer revolution? The advent of
thit laser? The development of supercon-
ducting materials? %o doubt revolution-
ary niew technologiss wiil espand the
use of electricity in ways that are im-
possible to predict today.

Still, it's tempting to wonder how
much primary energy could b sived by
the widespread application of advanced
electric technologies. Even conservative
estimates suggest the enormous pioten-
tial. EPRI studies indicate that slectric
technologies already available tesday,
including informatien technology, could
reduce primary energy use by as much
as 3 quads by the end of the century and
7 quads by the year 2010.

“E=timates like these, a= we look fuo-
ward the future, shiuld play a key role
in shaping the way we think abeut elec-
tricity and electrification,” says EPRI’s
Clark Gellings. "It's far too simplistic
to lump all energy use togelher and
see it all simply as part of the problem.
The evidence from the past #0 years—
and from analyzes of future trisnds—
tells us that the widening use of beneti-
cial electrification can help us main-
tain or enhance the quality of life even
as we riduce vur consumption of pri-
mary energi. Far from being part wf the
problem, electrification i= a crucial part
of any =olution to the chailenges of
energy use” .

Backgraund ntormaton for Ihs arhicle was proviged by
Clask Gellings and Phil Hanser of he Cuslomer Systems
Cwision
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NE OF THE MOST DIFFICULT

ASPECTS of research aimed at

determining whether expo-

sure to magnetic fields can
Cause health probiems lhas been measur-
ing the exposure itself. The epidemiologi-
cal studies that first raised questions about
potential health effects, for example, did
not include actual field measurements but
instead used “wire codes”—qualitative
descriptions of utility lines near resi-
dences—as an approximate indicator of
exposure. In order to improve research-
ers’ capabilities to measure exposure to
powerfrequency magnetic fields directly,
EPRI sponsored the development of a
small, highly portable instrument that
would sample and record field levels at
specified time intervals. The EMDEX I, an
improved version of the original instru-
ment, has now been commercialized and

Researchers and utilities alike are finding EMDEX 1]
to be a powerful tool for recording personal magnetic
field exposure and for mapping indoor and

outdoor field distributions.
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by John Douglas

Taking
the
Measure
of
Magnetic
Fields

is proving to be highly popular with util-
ities as well as researchers.

Assessing human exposure to magnetic
fields is complicated by several factors.
Feopie cannot ordinarily dercct thwe pres-
ence of a field. Powerfrequency fields are
so ubiquitous that identifying an unex-
posed control group may be impossible.
Defining suitable exposure surrogates—
such as wire code classifications—is diffi-
cult because the relative importance of
various field sources is not well under
stood. And the intensity of fields to which
average people are exposed changes con-
stantly as they move about their homes

and workplaces.




=

“The EMDEX family of instruments has
provided us with an unprecedented abil-
ity to mteasure a person’s exposure to
fields as he or she goes about daily activ-
ities,” says Stan Sussman, program man-
ager for EMF health effects research in
EPRI’'s Envirenment Divigion. “EMDEX I
can easily be worn on a belt, and the next
version, EMDEX Lite, will fit in a shirt
pocket. A way to use the instrument for
mapping field distributions indoors ar
outdoors has also been developed. Being
able to make such measurements easily
and accurately will greatly imprave our
ability to delermine whether exposure ta
magnetic fields is actually related to health
problems, and under what specific cir-
cumstances.”

Fields in time and space

On the most obvious technical level,
EMDEX I is a state-of-the-art example of
computer and sensor miniaturization. [n-
side a unit about the size of a Walkman,
the instrument packs equipment capable
of measuring magnetic fields from 0.1 mil-
ligauss to 30 gauss, a computer that ana-
lyzes and stores the raw data, and an B-
character liquid crystal display. The com-
puter itzelf features built-in seftware and
156-kilobyte (RAM) data storage. Power is
supplied by a 9-volt battery. Compared
with the privious version, EMDEX It has
about 25% less weight and half the vol-
ume and does not have to be started via
conniiction to a desktop computer.

By itself, EMDEX Li can b used either for
quick surveys, in which magnetic field
data are displayed but not recorded, or for
time-dependent sampling. In the latter

When used with the
LINDA measurement
wheet system, EMDEX il

can conveniently survey

magnetic field patterns
across designated areas
and generate three-dimen-
sional plots of field

strength.

mode, a user chooses a sampling rate be-
tween 1.5 and 327 seconds, and the in-
strument automatically records exposure
litvels at the appropriate times. In addi-
tion, the user can push a button labeled
“Event” to indicate when h# or she
changes location—leaves the office to go
home, for example—so that the exposure
record can be compared against a log of
event sites. Also, by plugging an externaj
sensor into the EMDEX 11 unit, eaxposure to
clectric fields can b measured.

One important new feature of EM-
DEX 1l i5 its ability to measure magnetic
fields in two bandwidths: 40-1000 Iz and
100-1000 Hz. The significance of this ca-
pability is that it allows researchers to de-
termine what part of exposure is being
caused by the fundamental 60-Hz fre-
quency of the line power and what frac-
tion results from higher-frequency har-
monics. Such harmonics are created by the
electronic controts that are increasingly
biing used in a variety of devices—for ex-
ample, in light dimmers for residences
and in adjustable-speed-drive motors for
industry.

The EMDEX Il can also be used in con-
junction with a measurement wheel to
map field strengths along a given path.
Known as the LINDA (Linear Data Acqui-
sition) system, this hand-manipulated
meagurement wheel sends a signal to the
EMDEX Il denoting the distance traveled.
The EMDEX il unit, which is mounied on
the LIMDA support structure, makis field
measturements each time it receives a sig-
nal from the wheel. A magnetic compass
is used to keep track of angular changes
in the motion of LINDA as it crisscrosses
an area. Special software included with
the LINDA system converts these spatially
dependent measurements into a three-
dimensional plat of magnetic field pat-
terna. Another EPRI-developed product,
Field Star 1000), ia also commerciatly avail-
able for making magnetic field surveys.

Research and customer service

Because of their unique combinalion
abilities and small size, the EMDEYX instru-
ments have etfectively become the stan-
dard choige for field measuremenis re-

lated ta research on magnetic field ex-

posure, according to Suisman. Already,
members of the EMDEX family have been
used in landmark health research, such
as the University of Southern California
study of childhood leukemia and the
Johns Hopkins University study of leuke-
mia among telephone workers.

EMDEX units were also used at 55 par-
ticipating electric utility sites to determine
occupational exposure to fields in various
utility environments. In this study, volun-
teers wearing EMDEX units kept logbooks
of their activities at home and at work.
The study produced a total of 50,000 hours
of exposure data, 70% of which came from
the workplace. EMDEX Il i= also being used
in a study of residential exposures, which
is farusing on relationships between wire
codes, magnetic field measurements in the
home, and personal expesurs data.

In addition to research, EMDEX has
found a growing market for more routine
uses by utilities in some dozen countries.
So far, more than 400 EMDEX ii units have
been sold to more than 1Q0 users. Utilities
are employing the instruments both forin-
houst field surveys and for custemer ser-
vice, responding to requests for field mea-
surements in the home.

Florida Power Corporation is oni of the
utilities that have made extensive use
of EMDEX instrumenis. “We originally
bought 10 units for our program to mea-
sure fields in customers’ homes on re-
quest,” says Farry Brown, principal engi-
neer at FPLC. “The program has been very
pleasing to customers, because thewv get to
see how fast field levels fall off with dis-
tance away from appliances or power
lines. [n additiom, | bought an EMDEX 11 to
use with LINDA to make measurements
under transmission lines, which helps
demonstrate compliance with Florida’s
rule on field limits along rights-of-way.
Closer to home, it is helping us solve a
problem that developed in the company’s
office building when fields from trans-
formers on one tlsor began to interfere
with cimputer monitiers on another floor.
EMDEX is a valuable asset
Power.” [ |

to Florida

Backgraund mloimahan lor e arhcle was provided by
Stanlay Sussman of the Environmert Division
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THE STORY IN BRIEF Advanced metering provides a number
of benefits to utilities and their customers, but factors such as cost
and the lack of standards to govern equipment design have cre-
ated barriers fo the widespread implementation of the technol-
ogy. EPRI is working to help level some of these barriers, in part by
sharing insights from successful case studies like Georgia Power’s
advanced metering program, Through this program, large indus-
trial and commercial customers use personal computers to access
real-time information from their electric meters. This allows the
customers to take full advantage of cheaper rates and to monitor
and manage energy consumption at multiple sites. Georgla Power
benefits too, through reduced billing and service expenses, im-
proved cash flow, and simplified accounting procedures. Even
more valuable is the enhanced customer trust that comes with the
opening of this sophisticated communication channel.
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by Marcy Timberman

IX YEARS AG®, COLONIAL PIPE-
LINE COMPANY APPROACHED
GEORGIA POWER COMPANY
with a nagging problem: the util-
ity’s billing cycles, which had different
start and end dates in different locations,
were not synchronized with Colonial’s
monthly pumping cycles. As a result, Co-
lonial had difficulty managing the cost of
the electricity required to move petroleum
products through its vast pipeline net-
work, part of which spans the state of
Georgia. With energy costs representing
40% of the company’s annual operating
expenses, this was no small concern.
Colonial asked Georgia Power for com-
mim-cycle billing for its operations in the
utility’s service territory. As it turned out,
this request was the catalyst for the estab-

lishment of one of the most sophisticated
advanced metering systems in the coun-
try today.

Advanced metering is just one of many
facets of a recently launched EPRI effort

)
\

/C%
s

known as the Customer Interface Initia-/(

tive. As part of the research and develop-
ment planning process for this initiative,
the Institute analyzed several successful
utility projects. The efforts of Georgia
Power represent an especially compelling
case study.

Through Georgia Power’s advanced
muertering program, which is basitd on soft-
ware called ROCS* (Read-Only Central
Station), large commercial and industrial
customers can access, by computer, real-

*Copyright 1989-1991 by HydeCo. All rights reserved.
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time infarmation from their electric me-
ters. With these data, they can take ad-
vantage of cheaper rates while monitoring
and managing energy consumption at
multinle &ites. Georgia  Power  henefitg
from the syatem two, through reduced
billing and service expenses and simpli-
fied accounting procedures. But perhaps
even more significant, the utility has won
improved customer trust by
opening up a valued commu-
nication link.

Advanced metering systems
like RO, which uss state-of-
the-art technology o provide
customers with the lools they
need to read their own meters
and analyze the data, are not
yet widely used in the elictric
utility industry. Although a
number of utilities (including
Mortheast Utilities, Baltimore
Gas & Electric, Consolidated
Edison, and Pacific Gas and
Electric)
capabilities
of RIS,
not provide thi full array of
customer benefits that RIS
dows. Feedback at a récent EP'RI
workshop indicated that barri-

have swstems with
similar to those

these systems= do

ers such as cost, lack of stan-
dards to govern equipment de-
sign and communication pro-
tocols, and risk factors in-
velved in using the developing
technology hawe blocked the
widespread implementation of
advanced melering systems.
EPRI

members overcome theke bar-

intends to help its
riers. The workshop brought
together utilities, metering
vendors, and electric power
regulators to examine the bar-
riers and to identify research
and development effort= EPRI
could undertake to facilitate
wider acceptance of adyanced
metering and customer inter-
face technolagies, In addilion,
the Institute’s Customer Inter-
face Initiative includes a num-

ber of advanced metering proj-
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ects. Part of EPRI’s overall strategy is to il-
lustrate the benefit= of thi= technology by
sharing information and insights from
successful case studies like Georgia Pow-
er’'s ROCS nrngram

How ROCS came to be

Moving petroleum products through a
distribution network that spans 14 states

I we
were really looking
for was exact
calendar monthly
billing. But we
ended up with so
much more than that.”
Mike Richeson

Power Optimization Coordinator
Colonial Pipeline Company

and two time zones is a complex task re-
quiring a lot of electricity. In 1990 alone,
the Celonial Pipeline Company comsumed
LB billion kWh at a cost of nearly $94 mil-
lion  Colanial's cvatem  whicrh ctratches
from Houston, Texas, to the Mew York
harbor, inciudes 5200 miles of pipeline
and 73 mainline beoster stationz. One of
the world’s greatest-volume operators of
pipelines for refinied petroleum
products, Colonial is among
Grorgia Power’s largest indus-
trial customenrs.

But back in 1944 Colonial
wanted more from its utility.
Mot only were its pumping cy-
cles not synchronized with the
utility’s billing cycles, but the
company never knew over
what time period the utility
calculated its demand charges
—monthly fees based on the
load  de-
manded by the company. Since

highest electricity
Colonial’s electricity bill is cal-
culated on the basis of both ac-
tual energy consumption and
demand charges, the time at
which the company’s meters
are read is critical. If Colonial
knew when in a given month
it highist demand charges
would be calculatid, it could
optimize its pumping schedule
to ship more barrels of petro-
teum products for each energy
dollar =pent. For instance, if a
relatively high-demand ship-
ment ended in a low-demand
month, the company couid de-
fer the shipment and defray
the increased cost ta the next
month's bill.

Colonial wanted all its nug-
ters to be read simultaneously;,
at midnight om the last day of
each month. This prezented a
challenge for the utility: be-
cause many of Lolonial’a sta-
tions are in remote  areas,
simultaneous on-site reading
by human meter readers was
not posaible. Coincidentally,
though, Georgia Power was in



How ROCS Works Georgia Power's ROCS program provides participating customers with

access to real-time information from their efectric meters. At Colonial Pipeline Company, load

profile recorders collect data from meters at each of the company’s pumping stations. Colonial

can access this information via a modem and telephone line and downlcad the data to its

personal computers for analysis.

Georgia
Power
central
station

the process of evaluating the use of remote
metering systems for other purposes, and
it appeared that such a system might sat-
isfy Colonial’s needs as well.

Georgia Power agreed to provide the
simultaneous meter reading service to
Lolonial and established a study team to
decide how to accommodate the request.
Representatives trom the utility’s meter-
ing and marketing departments, from
Colonial, and from HydeCo, a local con-
sulting and engineering firm that was in-
volved in the utility’s remote metering
evaluations, met to determine the best
way to provide common-cycle hilling.

Drawing from the findings of Ceorgia
Power’s previous evaluations, the team
recommended the implementation of a

Colonial
Pipeline
Company

A Pumping station
‘ Meter

Y/

metering system that could be read re-
motely. Such technology would certainly
meet Colonial’s demand by enabling the
utility to rnetrieve data simultaneously
from multiple locations. Better yet, as the
studivs had demonstrated, remote meter-
ing systems produced readings that were
more accurate and reliable than those tak-
en manually from the existing cartridge
recorders. Also, remote systems could reg-
ularly monitor meter performance, =o that
any failures could be readily detected. As
an added benefit, the recorders with re-
mote capabilities were about 25% cheaper
than cartridge recorders.

Once the team agreed to go with a re-
mote metering system, Georgia Power
had to

determine the coammunication

medium. Telephone-based systems had al-
ready been field-tested and used success-
fully in the industry. Making this alterna-
tive even more attractive, Colonial offered
to provide the telephone line that would
allow it to access information from the me-
ter. This simplified Georgia Power’s in-
stallation requirements and enabled the
utility to avoid monthly charges for tele-
phone service on the line.

The ROLS system went through two
yeam of development, including a year of
testing at Colenial. After that, Georgia
Power offered ROCS to a targeted group
of large commercial and industrial cus-
tomers, Each customer provided its own
peronal computer and a telephone line to
connect the PC to the meter. Enthusiastic
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Key Benefits of the ROCS Program

Energy Use Management  With cemmon-cycle billing, customers can 80
better manage high-energy-use activities. This diagram shows how the pre-
viously varied billing cycles for Colonial Pipeline's pumping stations resulted < 6 1
in a demand charge for the March bill that was based on 68 MW, even = | | 540 :
though this high demand lasted only briefly during the billing period. E _‘F-“-‘-rm
Coordinated billing cycles provided by common-cycle billing could have E 40 F February billing March billing
alerted Colonial to this situation, allowing the company to reschedule its petro- E' Biled demand = 71 MW Biled dornand = 65 MW
leum shipments to keepthe 68-MW demand within February's billing cycle. -, Charge = $497,000 Charge = $476,000
This change would have saved the company $81,000. 20
0
January 26 February 25
Conventional Billing Cycle
Real-Time Energy Data By providing real-time energy data, 804
the ROCS program allows customers to pinpoint equipment and Lighting control prablem
operating problems readily. This graph shows how a talled relay at ik ]
one Rich's department store caused the parking lot lights to stay 400 | M
on. With access to this information, Rich’s staft members were able g I"'.
to detect and repair the problem swiftly. % 300 | |
]
E |
a 200} /
100
o L i i i
17 18 19 20 21 22
July 1989
&
Cash Flow ROCS customers’ early payment of energy bills E_ B A oA 9%
allows Georgia Power to avoid interest charged on money bor- qﬁ 80,000 L
rowed to cover the revenue lags of conventional collection floats. % 8%
A 25-day reduction in collection float, assuming an interest rate of g 60,000
8%, translates into potenttal savings of about $66,000 for every g ’-
$1 million billed in a given month. E
s 40,000 |
:
£ 20000 |
g 0 1 1 i 1 e |
= 0 5 10 15 20 25

Reduction in Month

ly Billing Cycle {days)
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about the program’s advantages, they also
agreed to pay their bills on an accelerated
schedule, within three days of receipt.
Georgia Power provided the remote me-
tering sustem  the reauired enftware and
the technical support to complete the con-
nection.

Today 43 customers are involved in the
ROCS program, including firms producing
wood products, textiles, indus-
trial fibers, pulp and paper,
poultry, copper cable, fiber op-
tics, and frozen foods. Several
hospitals, a major university, a
military base, two department
store chains, and a regional dis-
tribution center also partici-
pate. The success of the pro-
gram has prompted other util-
ities to follow Georgia Power’s
lead. In 1989 Mississippi Pow-
er and Gulf States Utilities,
among others, allowed Colo-
nial Pipeline lo access its me-
ters via Ceorgia Power’s ROCS
program. And last year, Balti-
more Gas & Electric and Pub-
lic Service Electric & Gas also
offered the company common-
cycle billing.

Making the connection

To query its mecters through
the ROCS program, a customer
needs an IBM-compatible ’C, a
video display monitor, a mo-
dem, and the ROCS software
developed by HydeCo. Geor-
gia Power is hooked up to the
mcters through a similar sys-
tem designed for highvolume
operation. ROCS allows users
to exanine their data privately
at any time, without involving
the utility, Security is main-
tamed through multiple pass-
word protection, hardware se-
curity keys, and the limited
read-onty functions of ROCS,
which ensure the operating in-
legrity of the recorder

Once gathered from the me-
ter, information is stored in the
ROCS database, allowing both

utilities and their customers access to the
same data. Customers can monitor and
audit daily energy use at multiple loca-
tions and even predict their energy bills.
AmaNe ather advantagecs these rap:\hﬂi-
ties can help customers plan their pro
duction schedules and evaluate demand-
side management alternatives.

The benefits to the utility are equally

ustomers
don't understand
thelr rates today.
They need tools to
better understand
what we provide.”’

Tim Leigh

New Business Development
Southern Company Services

significant. Thanks to the ROCS system’s
remote diagnostic capabilities, Georgia
Power not only recaptures revenues pre-
viously lost through underestimated bills
hot adsn rednces maintenance expenses. In
addition, the utility benefits from its cus-
tomers’ accelerated payments. The early
remittance allows Georgia Power to avoid
the interest charges on money it has had
to borrow to cover revenue
lags ranging from 28 to 35
days. Such lags, or collection
float, typically tie up 8-10% of
the company’s annual rewv
enues. This means that the util-
ity has the potential to reduce
interest expenses by approxi-
mately $66,000 per $1 million
billed per month. tmproved in-
vestment and cash forecasting
practices, reduced paperwork,
and more efficient operation
are just some of the other ad-
vantages.

Further benefits of the ROCS
program are just starting to
emerge at Georgia Power The
system’s remote metcr reading
capabilities could enable cus-
tomers to take advantage of
time-ofuse programs, which
offer reduced rates based on
when customers use power
Also, the utility is currently re-
placing its existing paper bill-
ing process with an Electronic
Data Interchange (EDI) system
that promises to eliminate sew
eral manual processing steps to
speed up the billing and col-
lection cycle, eliminate paper-
work and mailing costs, and
reduce customers’ paperwork
and handling costs. The same
hardware and softwarc that
service ROCS can also scrvice
EDI transactions.

First associated with inven
tory and just-in-time manufac-
turing processes, EDI can be
applied to many activities, in-
cluding inquiries, acknowledg
ments, invoices, payments, and
financial reporting. Many view
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it as the business communication tool of
the future. ED1 is supported by utility net-
working specifications recently developed
by EPRI. Key components in EPRI’s Cus-
tomer Interface Initiative, EDI and the sup-
porting specifications enable utilities and
their customers to share information more
effectively.

Accerding to Charles Eldred, manager
of Georgia Power’s cash plan-
ning and operations, ROCS pro-
vides the perfect means to con-
vert Georgia Power to com-
plete EDI fermat. “The trend,”
he says, “is to make it smooth
all the way through. We want
to close the business loop and
develop a frue electronic inter-
face between Georgia Power
and its customers.”

Colonial is the first customer
to use this electronic pipeline,
remitting payment each menth
directly to Georgia Power
through EDI. Until the system
is fully implemented, the utili-
ty is using fax transmission to
bill other ROCS customers.

A customer’s perspective

John Shaw, properties manag-
er of Rich’s Department Stores,
is one of the ROCS program'’s
most enthusiastic participants.
With headquarters in Atlanta,
Rich’s has 24 stores in Georgia
and nearby states. The depart-
ment store chain has been in-
volved in energy management
for almost 20 years, and that ef-
fert has involved much more
than simply turning eff lights.

Since 1973, the Rich’s facili-
ties have reduced their energy
use per square foot by over
44%. That adds up to apprexi-
mately 623 millien kWh and
$33,854,691 over the past two
decades. Before the ROCS pro-
gram was established, energy
management experts at Rich’s
plotied electricity use informa-
tion en graph paper by hand—
and information from the util-
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ity wasn’t always easy to come by. “When
Geergia Power asked us if we would like
to be involved in this project, I thought I
was going to kiss them,” says Shaw. “I had
1o idea the system was available.”

A store in Atlanta was the first Rich’s
facility to participate, joining the program
in 1989. “It’s been a real success story,”
says Shaw. “The information they’ve been

f we participate in
programs like these,
we save on consumption
of power...and
contribute to a better
environment for
everyone. And my
calculator doesn't go
high enough to show
how much that's worth.”’
John Shaw

Properties Manager
Rich's Department Stores

able to furnish me is fantastic.” Shaw likes
having direct access to Georgia Power’s
meter and being able to determine the ex-
act demand for which his company will
be billed. This information helps him au-
dit and verify Rich’s power bills and bet-
ter manage the chain’s energy costs. The
now-synchronized billing cycles make it
easy to compare energy use at the stores’
various locations.

In Shaw’s mind, though, the
best outcome of ROCS is that
other utilities are following
suit. The Rich’s chain now gets
the same kind of service from
Alabama Power and Seuth
Carolina Electric & Gas, among
others. “It's an exciting rela-
tionship, when utilities are try-
ing to help you cut yeur pow-
er bills,” says Shaw. “This is
real-time, on-line energy man-
agement. If we participate in
programs like these, we save
on consumption of power, re-
duce the number of power
plants te be built, and con-
tribute to a better envirenment
for everyone. And my calcula-
tor doesn’t go high enough to
shew how much that’s worth.”

Customer relations

Georgia Power is pleased with
the value that ROCS has added
to its customer relations. Ini-
tially, by focusing on Colonial
Pipeline’s need, the utility was
able to provide the company
with exactly what it had
asked for—cemmon-cycle bill-
ing. Converting this experience
to a formal product useful to
other customers presented a
serics of technical challenges,
but at each stage of the ROCS
program’s development, the
utility tailored its existing tech-
nologies to fit the precise needs
of the customer.

Through the procesz of im-
plementing ROCS, Georgia
Power has developed strong
customer relations baded on
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Program Participation Over the five years of its existence,

the ROCS program has grown to include more than 40 large

industrial and commercial customers, representing nearly 80

individual accounts. Georgia Power has identified nearly 1200

more prospective participants.

trust and confidence. The program has
provided a valuable new customer service
while adding significantly to the utility’s
competitive edge. And with 1200 addi-
tional prospective ROCS participants, the
value of the pregram keeps going up.
EPRI is working hard to make advanced
metering technology more accessible to
other utilities. Having identified the prob-
lems that block the widespread imple-
mentation of this technology, the Institute

launched the Customer Interface Initiative
to help overcome them. Through the ini-
tiative, the Customer Systems and Elec-
trical Systems divisions are werking to-
gether to provide a unified approach to
demand-side management and distribu-
tion automation implementation.

In the first phase of the effort, EPRI has
done the following:

* Demonstrated ROCS and ether inte-

gration and automation technologies at

national conferences and other industry
events

* Made progress toward commercializ-
ing the Customer Cemmunications Gate-
way (CCG), an electronic technology that
will allow utilities and their customers to
tap the full petential of services and op-
portunities offered by advanced metering

¢ Initiated—in a project jointly funded
with Morthern States Power—a forum on
standards through which utilities and
vendors will meet regularly to achieve the
interoperation of different customer inter-
face technologies

¢ Documented—in a report being pro-
duced by Levy Associates—utility case
studies to help assess the business value
of advanced metering

* Begun a demonstratien that uses
price-responding contrel strategies based
on the CCG concept to integrate real-time
pricing into the energy management sys-
tem of a commercial building

Future work under the Customer Inter-
face Initiative will include efforts to ex-
plore the use of fiber optics for automa-
tion and communications, address regula-
tory barriers to the implementation ef
advanced metering and communications
systems, and help develop a consistent
methodology for evaluating the benefits of
beth distribution automation and de-
mand-side management.

Georgia Pewer’s ROCS program is
widely regarded as a model of how bene-
fictal advanced metering systems can be.
As Clark Gellings, EPRI’s vice president
for customer systems, points out, “ROCS
is a prime example of a utility offering
a service completely oriented to a cus-
temer’s need, yet achieving substantial
utility benefit.” EPRI is working to spread
the word about ROCS and other success-
ful advanced metering programs. By en-
couraging other utilities and assisting
them in the development of similar cus-
tomer interface systems, EPRI aims to help
utilities and their customers become cles-
er allies in energy management. ]

Background information for this arlicle was provided by
Larry Carmichael and Wade Malcolm, Custormer Systems
Division
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Bundied Systems Offer

Software Convenience

In order to streamline the transfer of
EPRI software, member utilities are be-

ing offerad the option of buying or leas-

ing computer hardware with selected EPRI
software packages already installed. The
first such “bundled” computer system is
currently available from the Generation
and Storage Division. Similar systems are
expected shortly trom ether Institute divi-
sions, working in collaberation with the
Delivery Systems Office.

Bundling provides several advantages
to users of EPRI software. The systems are
ready for immediate use upon delivery,
preconfigured for a specific application. A
utility does not have to search for a suit-
able computer to run the soffware or
bother with the complexities of software
installation. Delays associated with hard-
ware-software incompatibility are elimi-
nated. The computer itself i= a powerful
(486 /33+-MHz) P clone, sized to accom-
modate a utility’s own programs and
databases in addition to the EPR! software
and offered at below market price.

Two hardware configurations are avail-
able. The basic com-

Model 101,
has a 16-MB memary
and a 337-MB hard
drive, with a super-
VA monitor and a

puter,

modem for
to EPRIMET

built-in

alcess
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and EPRI's temote maintenance system,
RemoteLink. Model 102 is additionally
equipped with CD-ROM to handle multi-
media optical disks.

The Generation and Storage Division
bundled system comes with one of three
software packages installed. These pack-
ages arc designed for power plant appli-
cations and relate to either coal or oil/gas
power generation. The number of codes
per package currently ranges from 10 to
18, depending on the package chezen. Ad-
ditional optical disk products, such as the
PISCES (Pewer Plant Integrated Systems:
Chemical Emissions Studies) Workstation,
are available for use on Model 102.

Each bundled computer system comes
with a variety of support services. As part
of a pilet program, EPRI provides a one-
day set-up and familiarization program
on-site, including a demonstration of each
installed program. Maintenance is pro-
vided through EPRI's Customer Assistance
Center, which can dial into the computer
and use the included RemoteLink soft-
ware to analyze problems. Also, utilities
that purchase or lease a bundled system
are automatically eligibie to take advan-
tage of group training sessions or users
groups associated with the included soft-
ware.

“Bundled systems can help overcome
some of the last front-end barriers to

Bundled system

wider utility use of EPRI seftware by pro-
viding direct access to our products
through a turnkey-type system,” says
Greg Lamb, manager of the Generation
and Storage Divisien’s electronic tech
transfer operations. “Alse, since we antic-
ipate that future software products will
require the type of powerful computer
includied in these systems, we're helping
establish a solid hardware base for new
programs designed to these specifications.
Indeed, bundled computer systems may
become the routine way of delivering
products from varieus EPRI divisions in a
standardized format.” ® EPRI Contacls:
Greg Lamb, (415) 855-2449, and Jane Choi,
Delivery Systems Office, (415) 855-2377

Utilities Test SA*VANT for
Turbine Troubleshooting
ive utilities are gaining firsthand in-
Fsight into the potential—as well as
testing the limits-—of current prototypes
of EPRI's SA*VAMT portable expert system.
They're providing important feedback te
hardware and software developers in the
evolution of an interactive, multimedia
intelligent advisor for gas turbine plant
operators and maintenance technicians.
SA*VAMT gives users technical data and
images on twin computer screens from a
hard disk integrated in a field-portable
system that includes a keyboard and a
modem. The first software developed for
this advanced platform
for hands-on O&M as-
sistance is an intelli-
gent advisor for trou-
bleshooting @ startup
failure. Only the first



of many possible SA-VAWT programs, the
startup advisor could prove to be of grow-
ing value as utilities increasingly tumn to
combustion turbines fer meeting peak de-
mand for electricity.

Personnel at two utility plants—Caro-
lina Power & Light’s Darlington Coun-
ty station and Jersey Central Power &
Light's Sayreville station—are evaluating
SA*VANT and a version of the startup ad-
visor for a popular model of Westing-
house turbine. Meanwhile, engineers and
technicians at Public Service Electric &
Cas's Essex station, Consolidated Edison’s
Ravenswoed plant, and Mortheast Utili-
ties” Con Cob station are using software
npecific for a widely used Pratt & Whitney
turbine model. EPRI's Combustion Tur-
bine Center in Charlotte, ®orth Carolina,
i= coordinating the field testing.
that,
with SA*VANT, novices and seasoned tech-

Informal comparisons suggest
nicians alike can troubleshoot a failure-to-
start in les= time. “SA=VAMT gives a person
who has no experience troubleshooting a
unit the necessary technical =upport to go
through a legical sequence and know that
he's doing it right,” says Richard Brevo-
gel, station engineer at JCP&L. “It can ask
questions and tell you what to look for. It
can tell you the calibration information for
specific valves on different turbine sy=-
tems. Or it can show you in a diagram
where the overspeed trip valve s lorated.
If those aren’t things you work with every
day, it's a real help to have that kind of in-
formation available in one location.”
With its potential for incorporating and
combining extensive databases ol opera-
tienal specifications, plant drawings, and
images with the distilled
knowledge and experience aof a veteran

still-video

turbine expert, SA*VAMT ha= value not
only as an on-the-job O&M tool, but also
in the areas of training and simulation.
Project plans call for testing an interactive
tutor application at CP&[’s Darlington
County piant this summer.

“Especially with new people, we could
u=e SA*VANT to show how different details

about a turbine fit into the bigger picture
and give them an opportunity to really

nderstand th tem hefon
out te a unit,” says plant supervisor Pat
Faircloth. “That's an advantage that
wiould be worth a lot. But the other major
scenario, in our view, is helping an already
experienced technician quickly apply his
experience in fixing a unit by providing
technical data, schemalics, and control set
points at his fingertips.”

Future generations of SA*VAMT hard-
ware are expected to be lighter weight
and will perhaps incorporate hands-free,
voice-command operation. Mext up in
software on SA*VANT is a turbine rotor bal-
ancing advisor, possibly integrating on-
line vibration data from an operating unit;
initial testing is expected to begin later this
year. Researchers believe a commercial
version of SA*VANT and the first software
package= could be available by 1993. ®
EPRI Contact: George Quentin, (415) 855-
2524

HTSC Power System
Consortium Proposed

Q_ n industry working group has pro-

posed the formation of a national

consortium—tapping resources and ex-

Fiexible HTSC 1apa

pertise from both the public and private
sectors—for the development of super-
conduciing conipunents {on the elicli
power system. By building these compo-
nents from =o-called high-temperature su-
perconductors (HTSCs), the consortium
backers hope to leapfrog foreign competi-
tors, whase programs are still generally
focused on superconducting components
that require expensive liguid helium cool-
ing. EPRI has been a leader in this initia-
tivit by helping form the ad hoc Industry
Warking Group on Power Applications
of High-Temperature Superconductors,
which has proposed the consortium. En-
abling legislation is currently being con-
sidered in Congress.

A report issued by the ad hoc working
group concludes that “unless both US. in-
dustry and government mobilize for a
concerted effort in power applications of
the new HTSCs, the ceuntry’s prospect of
a lead position in this field may be irre-
trievably lost.” According to the repart,
the United States increasingly lags behind
its international competitors in efforts to
develop the high-current HTSCs: needed
for power applications. U.S. manpower
devoted to HTSC develepment, for exam-
ple, is about equal to that of China and is
less than that of Japan or Europe. Progress
is also hampered by lack of capital, a slug-
gish domestic market for electrical equip-
ment, and a lack of coordination—bath
within the industrial sector and between
the federal government and industry.

The proposed program would be bazed
on verlically integrated, multidisciplinary
research teams that would concentrate on
specific HTSC lechnologies and include
members from industry, government lab-
oratories, and universities, Each team
would aim at preducing a demonstration
prototype for HTSC technology at a pre-
competitive level. Such prototypes are
likely to include superconducting motors,
generators, tranamission lines, transform-
ers, and magnetic sterage systems. B
EPRI Contact: Thonws Schneider, (415) 855-
2402
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RESEARCH UPDATE

Modular Power Systems

Distributed Generation

by Daniel Rastler, Generation and Storage Division

Distributed generation has been a vi-
sionary idea for many years at EPRI, it
is defined as any modular technology that
can be sited throughout a utility's service
area to maximize the benefits of matching
the characteristics of the generator with the
electricity demand and the economic and
environmental characteristics of the site. Ex-
amples of distrisuted-generation technoio-
gies include small-scale photovaltaics, re-
ciprecating engines, small gas turbines, fuel
cells, and batteries,

In general, the benelits of distributed
generation are driven by its size flexibility
anel its siting advantage over large central
power stations. The ability to site small-scale
generation close to the customer holds po-
tential for improving the reliability of deliv-
ered service and promises new options for
managing impertant industriai anel com-
mercial clients threugh tailored energy ser-
vices. Also, locating small resources near or
on an existing distribution substation could
help defer costly transmission and distribu-
tien {T&D) upgrades; and local generation
could improve the efficiency, operation, and

management of the distribution system by
facilitating load shifting and providing volt-
age anal power quality support. Accounting
for these benefits can provide insights as to
the true cost of delivered service anel can
help determine whether distributed genera-
tion has potential fer lowering the cost of
service at the customer's meter.

EPRI is developing three technologies
that could have a dramatic impact en the
readlization of distributed generation. These
new options are fuel cells, batteries, and
photovoitaics (Table 1). Though each has
unique characteristics, consfraints, and
costg, there are important similarities; they
all come in modular sizes, can be easily
sited, have attractive eperational features,
and are environmentally superior to any of
today's central station power supply op-
tions. Quantifying the value of these char-
acteristics, referred to as the distributed
benefits, holds the key to offsetting the
economy-of-scale advantages that centra!
power stations currently have over distrib-
uted generation.

Resource planning tools used by utilities

ABSTRACT Distributed generation—in the form of modular technologies

featuring size and siting flexibility—holds many potential benefits for utilities

and their customers. Interest in these emerging technologies is being spurred

by recent technical advances, as well as by growing utility investments in trans-

mission and distribution and in emissions control—areas where distributed

generation could offer advantages. Traditional planning tools do not capture

the benefits of distributed-generation options, however; thus EPRI has devel-

oped methods to help utilities quantify these benefits in site-specific studies.
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are unable to accurately assess resources
smaller than 180 MW and are therefore in-
appropriate for quantifying the value of dis-
tributed generatien. Distrisuted resource op-
tions must be evaluated on a site-specific
basis, with consideration given to specific
customers, location, and distribution system
constrainis.

To help utility resource planners evaluate
emerging distributed-generation technolo-
gies, EPR has developed metheds and a
unified framework for explicitly quantifying
their benefits, as well as a process for ider-
tifying high-value applications within a utility
system. A 1990 study by Pacific Gas and
Electric on photovoltaics in the distribution
system provided a starting point for this ef-
fort.

Case studies: fuel cells

Fuel cells are an especially promising cat-
egory of distributed generation. Fuel cells
currently under development have many of
the features desired for medern central
power stations: they are easily slispatch-
able, they can use a variety of fuels, and
they have very high efficiencies (52-60%)
and extremely low emissions.

Case studies involving six utility systems
have identitied high-value applications,
cests, ane benefits of 2-Mw-class molten
carbenate fuel cell power modules. These
studies had the following objectives;

9 Jo develop metheds and a framework for
evaiuating distributed generation

o To define and quantify the potential ben-
efits of distributed generation

8 To determine whether distributed gener-
ation near the point of demand could pro-
vide a lower cost of delivered service

o To help utlities understand the tmplica-
tions of distributed generation

o To develop insights into important re-



quirements for emerging fuel cell power
modules
A bottom-up approach was developed
to define sites and applications where dis-
“““““ &y provice hign value
Methods were first deveioped with the col-
taboration of the Los Angeles Department
of Water & Power (LADWP). They were fur-
ther tested and refined with the help of Cen-
tral and South West Corparation (CSw) and
Oglethorpe Power Caorporation {(OPC). Two
cases were examined at each of CSW's four
operating companies, In the OPC case
study, Ihe methodology was used to assess
the cost-eftectiveness not only of fuel cells
but also of distributed diesels and batteries.
Because distributesl generation is med-
ular, EPRI's approach was to examing site-
specific situations. In each utility study. a
task force of experts established siting cfi-
teria and brainstermed high-value sites for
as wide a range of applications as possi-
ble. Utility members on the task force in-
cludesl generation planners, T&D planners,
power control and dispatch managers, fuel
procurement specialists, and personnel
from large customer accounts, regulatory
affairs, and research and development,
in general, 2-MW molten carbonate fuel
cell power modules were evaluated at four
levels of application: off a primary distribu-
tion circuit, off a subtransmission system, at
an existing generation station, and at large

Table 1
EMERGING DISTRIBUTED-GENERATION TECHNOLOGIES

Battengs Fue! Cells* Photovoltaics
Size 500-10,000 kW 500-5000 kw 1-1000 kW
Foatprinl 2-4 kWh({ft? 0.44 kW/H? 180 kW/acre
Timing of market entry  1992-2000 1997-2000 1995-2000

Cos! per kwi 3600 (1 hour of storage),
$908 (3 hours)
Fuel/energy Ofl-peak electricity at

incramental cosl

*Moften carhanaie tuel cells a1 52 80% etectrical efficiency

$1500 down to $1000  $5000 down to $2500

Natural gas, fiquefied
petrelaum gas, prepane,
landfill gas, shut-in gas

Solar energy

'For batlerios, leatned-oul cesis for Iirsi-generalien 500-kW plants are shown: later-generalian lechnologies and/of larger
planis are sxpactad 1o be less cxpenslye, For luel cele wnd pholovolialcs. cest will decrease as manutaciuring praciuctien

INCradses

customer sites. The voltage at mterconnec-
tion ranged from 4.8 to 345 kV, At each
paint of interconnection, the potential range
of distributed henefits was quantified and
the true cost of delivered service was esti-
mated. The preliminary resuits are shown in
Tables 2 and 3.

The most significant drivers of distributed
benefits for tuel cells were low emissions,
deferral of T&D expenditures, transmission
loss savings, freed-up transmission capac-
ity, and fuel diversity. The fuel diversity ben-
efits stemmed from the epportunity to use
inexpensive refinery offt-gases, coal-seam
methane gases, or shut-in natural gas at

several of the sites considered.

For each site-specific application, the net
cest of delivered power was calculated by
subtracting the value of the fuel cell's po-
tential distributed benefits from its gross
busbar cost. To determine cost-effective-
ness, the net cost of fuel cell power at the
point of delivery was compared with the
avoided cost of new resources and the re-
sult expressed as a benefit/cost ratie (i.e..
the ratie of avoided cost to cost). For
LADWP and OPC, the avoided (deferrable)
resource was a large combined-cycle pow-
er plant. For CSw, the identified deterrable
resources were either repowering projects,

Table 2

DISTRIBUTED BENEFITS FOR 2-MW FUEL CELLS
{$/MWh in 1991 dollars)

Table 3

BENEFIT/COST RATIOS FOR 2-MW FUEL CELLS

LADWF CSwW OPC
Banefit LADWP CSwW OPC :
Gress levelized cost
Spinning reserve 141 18 20 (3/MWh)
Peak operalion 06 Qi 1.4 Market-entry unit* 73 87 109
Reserve margin Nat quantitied 0.9-1.7 1.7-3.4 Commercial unit® 49 64
T&D deferral 1.1-71 1,7-13 1.5-4.8 Range of distributed
Energy loss savings 19-16 41-17.1 36 enefits by site (S/MWh) 14-46 22-85
Improved reliabitity 13 2.7-13 0 Cost of delerrable
b resource ($/MWh) 52-60 54-73
Low emissions” 8.1-21 0.2-58 0.1-38
Benetil/cost ratio
Thermal waste heat 0-58 0-8.4 0-12
Market- 1 9-23 .8-3.4 9-1.6
Fuel diversity 0-8.4 820 0 arket-entry unit 09 0.8-3 0
Commercial unit 17-15 1.6-7 1.2-43

Naole Distribulgd genaralinh cay also after benedits in the areas of load shuling and
minimizing capitai-at-nisk. Although nol Quantied i the anove cisa sludiss, 1hese
poetential benets may be significant and will be constdeatad in the EPRI guidalines
“The CSW and OPC cases considered N®,, SO, and CO,, LABWF, NO, only

Nele Al doltar amounts are 1 193t dallars, Finanoal assuinptions varied by wtility
*HISOOKW: avallable in 1997
' $970/MW. availatle i 2000
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combined-cycle plants, or coal-fired plants,
depending on the year considered.
Results are summarized in Table 3 for
market-entry ($1500/&«W) and commercial
($970/KW) fuel cell units. The principal con-
clusion from each of the case studies was
that, with moderate (685%) availability, mar-
ket-entry 2-MwW fuel cells are likely to be
compelitive at sites where distributed ben-
efits can be realized. As was expected,
the benefit/cos! ratioc was more favorable if
the baseloaded market-entry units could
achieve a 30% capacity factor. In general,
the iower-cost, commercial fuel cell unis
were competitive irrespective of the distrib-
uted benetits For certain cases in the CSW
system, however, low-cest coal-based cen-
tral stations were projected to be more com-

petitive than distributed generation.

The case studies have confirmed that
distributed @eneration can provide new
tools for better management and utilization
of T&D assets and can offer utilities new op-
tions for managing important industnal and
commercial customers. But although distrib-
uted benefits are real and can be potentially
significant, they are very site-specific.

Distributed generation is unlikely to re-
place fulure needs for large-scale central
station generation. However, if cost, perfor-
mance, ane reliability targets are achieved
—through volume production—distributed
generation can have far-reaching implica-
tions with respect to siting future generation
reseurces, ratemaking, and competition.

Utility participation in the detailed case

studies has afforded important market in-
sights about critical technology needs and
product requirements and about areas for
future emphasis in research, development.
and demonstration, Although these studies
focused on fuel cells, the methods devel-
oped by EPRI can be used to evaluate the
cost-effectivenass of other distributed-gen-
eration options. For example, efforts are un-
der way to apply the methods to the evalu-
ation of photovoliaics and battery slorage
on other utility systems.

Future work will be directed at preparing
generic guidelines to enable EPRI members
to evaluate distributed generation. The first
EPRI warkshop on distributed generation 1S
planned for September 29-30, 1992, in New
Orleans,

Commercial Systems

Commercial Building Energy Analysis Tools

by Karl Johnson, Customer Systems Division

T he analysis of energy use in commer-
cial buildings is receiving a major
boost this year with the introduction of a new
water-neating analysis model, HOTCALC™,
and the release of enhanced software for
two existing codes, COMTECH™ (Commer-
cial Technologies Screening Too!) and mi-
Cre-AXCESS. Part of a growing family of
easy-to-use energy analysis tools, these mi-
crocomputer programs help utiliies give
customers euick answers to difficult capital
investment auestions,

Version 3.0 of COMTECH—an interactive
screening ool to evaluate the capital and
operating costs of alternative lighting, heat-
ing, and cooling technologies—will be avail-
able late in the second Quarter of this year.
An enhanced version of micro-AXCESS, a
building energy analysis tocl that performs
detailed simulations of the hourly energy
use of commercial buildings, will also be re-
leased In the second quarter.

EPRI introduced the tirst of its commercial
building analysis models, COOLAID (Com-
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mercial Cool Storage Evaluation Tool), in
1987, As the development effort has pro-
ceeded, EFR members have used the re-
sulting programs with increasing frequency,
finding them to be valuable for a variety of
purposes:
0 Helping customers evaluate allernative
technologies in terms of energy use and
economics
B Performing energy audits
0 Advising customers on energy-efficient
construction methods
o Assessing demand-side management
options, including atternative rate structures
and incentives
9 Analyzing markets
B Trainng staff

In response 1o popular acceptance, EPRI
IS expanding its commercial building analy-
sis portfolic to include more-specialized an-
alytical programs (e.9.. HOTCALC) that work
in conjunction with COMTECH and micro-
AXCESS. As new links between models are
added, the programs are being made in-

creasingly similar in screen design and in
the operation of field-movement keys.

Versatility is a key feature of the EPRI pro-
grams. Each can be used either to de-
velop quick, general answers on the basis
of default parameters or to provide more-
detailed analyses on the basis of in-depth.
site-specific data.

HOTCALC

EPRI andl Empire State Electric Energy Re-
search Corporation (ESEERCQO)} have co-
sponsored the development of BOTCALC to
help utility marketing representatives and
design professionals analyze applications
of commercial water-heating systems. Us-
ing detailed hourly calculations, HOTCALC
models common  water-heating  systems
and provides a full range of results for eval-
vating anel comparing performance.
Thermal, energy, and cost calculations
can be periormed for these sysiem types
conventional gas and electric storage wa-
ter heaters, heat pump water heaters, re-



frigeration heat recovery systems, and
waste heat recovery systems. Unlike exist-
ing scftware for analyzing heat pump water
heaters, HOTCALC examines the complex
intarartinne  hehuorn  water-heatina and
space-cooling loads, as well as the dynamic
influences on unit performance, i also in-
cludes a comprehensive recirculation-loop-
system model.

HOTCALC can ke customized for specif-
ic utilities and individual users through on-
line text files, default values, and data files.
Printed summaries of results are available
in an attractive format suitable for direct use
with clients.

In a typical session, the HOTCALC user
follows four steps. First, via the Common
Data menu, the user describes the water-
heating load, operating costs, and weather
conditions. The user can select and edit
standard houwrly load profiles and weather
data for 74 sites, including at least one site
per state, Many variables, such as energy
cost and hot water use, can be scheduled
on a monthly basis,

Next. via the System Data menu, the user
selects and defines the water-heating sys-
tem. Then the Run option is usesd to simu-
late the system's performance. Finally, via
the Cutput menu, the program displays re-
sults in the form of tables and graphs. Re-
sults can also be written to an ASCII file for
use in word processing, desktop publish-
ing, or spreadsheet software.

HOTCALC's Diagnostics feature offers
sugeestions for fine-tuning and optimizing
water-neating system performance. The
Comparisons feature allows users to exam-
ine differences between alternative sys-
tems.,

HOTCALC runs on any IBM-compatible mi-
crocomputer with a DOS 3.1 (or newer) op-
erating system, 512 kilebytes of available
random-access memory (RAM), and a hard
disk. A graphics card is necessary ta ac-
cess graphing features, and a math ce-
processor significantly improves calculation
speed.

HOTCALC's pull-down menus are select-
ed by a mouse, curser keys, or the key-
board. Context-sensitive help is available at
any time andl includes cross-references to
the forthcoming Commercial Water-Heating

ABSTRACT 7o help utilities give custorers fast and accurate answers

fo difficult capital investment questions, EPR! researchers are developing a

family of easy-to-use tools for analyzing commercial building energy use. By
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ergy model, features greater analysis capabilities in an easier-to-use format.

Applications Handbook, also cosponsered
by EPR! and ESEERCO. H®TCALC also in-
cludes full fle management functions, a
DOS shell, and a pop-up calcutater.

Users can create a HOTCALC water-heat-
ing loads file for use in Version 3.0 of
COMTECH. The link between the two pro-
grams allows users to perform a detailed
analysis of water-neating systems in the
context of a building's overall heating, ven-
tilating, ang air conditioning (HVAC) cpera-
tiens, including an evaluation of utility bills
using COMTECH's rate structures

COOLAID and COMTECH

COOLAI®, the first program in EPRI's portfo-
lio, makes cost evaluations of cool storage
and conventional electric cocling in com-
mercial buildings. The current version,
COOLAID 2.2, was released last year. @ver
300 copies of the software have been dis-
tributed to more than 100 EPRI members
since it first became available in 1987, In
addition, more than 30 engineering firms
have purchased COOLAID.

Initially COOLAID was an economic analy-
sis tool, but recent releases have added en-
gineering elements while keeping the pro-
gram simple enough for nontechnical users.
COOLAID enhancements have expanded
the types of cool storage systems the pro-
gram can analyze and have added cus-
tomized reports 10 the list of available re-

sults, Future plans for COOLAID include the
addition of heat recovery and heat storage
analysis.

The success of COOLAID stimulated the
development of a screening tool with a
broader technology focus— COMTECH—
that builds directly on COOLAID logic, Ver-
sion 1.0 of COMTECH, intreduced in 1989,
focused on evaluating electric alternatives
t® cogeneration. Subseguent improvements
to the program have made it more flexible
and easier to use and have added tech-
nology options. Version 3.0 adds lighting to
the options already available:

a Conventional and high-efficiency cooling,
space-heating, and water-heating systems
8 Heat recovery chillers anel heat pumps
P Heat pump water heaters

o Cool storage systems

@ Gas engine and absorption chillers

o Cegeneration with heat recovery andfor
apsorption cooling

B Ajr-source, dual-fuel, and water-loop heat
pumps

COMTECH 3.0 is one of the first analysis
lools capable of evaluating specific lighting
systems. Users will be able to select from a
default database of lighting options or ta in-
put their own data. This enhancement will
allow marketing representatives to demon-
strate customer savings from high-efficien-
cy lighting systems. It also wlil permit utility
analysts to evaluate the potential impacts of
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Figure 1 This COMTECH graph illustrates the operation of a cool storage system on a typical summer day. The gray shaded area represents the
coaling load, the bars indicate chiller operating status, and the black curve indicates the tank storage capacity (in ton-hours). Both COMTECH and
COCLAID feature graphs that help explain the operation of the technologies being modeled.
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alternative lighting equipment on builéing
operations.

Other Version 3.0 enhancements include
a revised prototype database, which allows
users to apply their own weather data in de-
veloping building profiles; the incorporation
of makeup water costs for water-cooled
chillers; and expanded treatment of rate
structures.

To date, COMTECH has been distributed
te over 250 people at more than 100 utili-
ties and government agencies. The pro-
gram is used primarily by analysts and
engineers who support utility marketing
representatives. For example, a marketing
representative might want to present op-
tions to a customer who is considering the
replacement of an old cooling system. Per-
haps the utility has a special cocl storage
incentive rate that shoulel be considered in
the evaluation. COMTECH can be used to
produce a customized report that includes
tables and graphs tatiored to the custemer’s
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situation (Figure 1).

COMTECH can also help utilities perform
demand-side management analysis and
rate and rebate design. It can be used for
prototypical as well as individual customers,
quickly and easily evaluating alternative rate
or rebate scenarios for each customer or
customer segment.

Compared with other end-use and tech-
nology software packages, COMTECH has
these advantages:

B it includes lighting analysis.

9 It is suitable for both technical and non-
technical analysts.

8 It is comprehensive, providing estimates
of load profiles, monthly energy use, utility
bills, and equipmeni costs.

0 |t offers speed and flexibility. A user can
execute @ COMTECH run in about 1 minute
and can easily make changes to run alier-
native scenarios or perform sensitivity analy-
ses,

o Because of the program’s interactive fea-

tures, results are immediately available in ta-
bles and graphs.

The ideal hardware configuration for
COMTECH is a 386-based personal com-
puter, with at least 640 kilobytes of mem-
ory, 20 megabytes of available hard disk
space, a color VGA menitor. and a math co-
processor. However, COMTECH also runs on
286-based machines, and a math co-
processor and color monitor are not neces-
sary.

COMTECH can be directly linked wiih
HOTCALC, as noted earlier, and can also be
used with other models in EPRI's commer-
cial bulding analysis portfolic. For example,
a link between COMTECH and micro-AXCESS
allows users to import micro-AXCESS load
shapes directly into COMTECH. With these,
users can screen a variety of technology op-
tions, reviewing energy use, utility bills, and
equipment costs. If they need more detail,
they can return to micro-AXCESS and per-
form a mere rigorous technology analysis.



Figure 2 Micro-AXCESS supplies detailed graphs like this one, which shows monthly energy consumption by end use for an office building with
electric air conditioning and space heating. Utility representatives can use such graphs to give customers an instant overview of their energy con-

sumption patterns.
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Micro-AXCESS

Designed specifically for use by utility staff,
micro-AXCESS s the central player in EPRI's
commercial building analysis portfolio. With
a HOTCALC-produced energy use profile tor
commercial water-heating systems and its
own #etailed analysis of other building com-
ponents, micro-AXCESS provides a compre-
hensive analysis of building loads and en-
ergy use.

Micro-AXCESS uses a building descrip-
tion, together with hourly weather data for
the building site, to provide hourly load and
energy use profiles for any period up to one
year. Unlike competing analysis tools, mi-
Cro-AXCESS performs heurly simulations of
each building component on a standard
personal computer with an extremely user-
friendly interface. Hourly analysis aillows ac-
curate estimates of energy use and demand
levels on a monlhly basis (Figure 2), as well
as comparisens of alternative technologes
in all parts ef a building. The easy interface

gives utility staff facing time pressures a fast
and reliable way to answer complex sues-
tions.

Since EPRI introduced micro-AXCESS 10.0
in October 1990, more than 300 copies
have been distributed to utilities across the
country. Marketing staff use the program te
provide customers with energy use infer-
mation for alternative building cenfigura-
tions. Field staff andl auditors use it to esti-
mate the energy impacts of commercial
building retrofits. Ang utility representatives
also use micro-AXCESS to premote rebate
and conservation programs.

Version 10.1, the forthceming release,

features several major enhancements that
add analysis capabiliies and further im-
prove ease of use;
2 A new program unit makes it possible to
apply utility rate schedules to energy use
and demand calculatiens in order te esti-
mate menthly customer costs for specific
energy use items.

a A more unified and flexisle method of de-
scribing building data, which vary by time
of day and season of the year, allows such
items as occupancy and lighting tevels to
be easily scheduled threughout the simula-
tion period.

0 New pop-up windows, incluging scroll
bars, facilitate rapid selection of files and
options.

0 Screen information has been reorganized
to provide a more logical progression
through a building's description.

The operational changes improve the feel
of the program, making the user's job eas-
ier and thus reducing the potential for analy-
sis errors. The new energy cest segment al-
lows easy determination of the economic
bottom line ¢f alternative technologies. Util-
ity staff can describe the full range of en-
ergy rate schedules to provide custemers
with the infermation they need for making
deacisions.

Micro-AXCESS includes full on-line help
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tor each item on every screen, help that is
instantly available through a single key-
stroke. An average utility analyst familiar
with energy analysis can bacome a pro-
ductive program user within a few days.
Micro-AXCESS runs cn any IBM PC-AT or

100%-compatible system with 500 Kilobytes
of available RAM, 10 megabytes of available
hard disk space, and a math coprocessor.
However, use of a 386- or 486-based per-
sonal computer s advisable. To produce
bar charts, a CGA or VGA graphics cardand

compatible celor monitor are aisc neces-
sary.

To obtain any of the programs in EPRl's
commercial building analysis portfolio, con-
tact the Electric Power Software Center at
{214) 655-8883.

Nuclear Safety

Outage Risk Management

by 8. Pal Kalra, Nuclear Power Division

I n planning and overseeing refueling and
other nuclear plant cutages, ulility man-
agers must ensure personnel and plant
salety while also addressing the needl for
maximum efficiency. Such a balanced per-
spective is key to successful outages. To as-
sist in this process, EPRI is developing a
package of outage risk assessment and
management (ORAM) toois. These products
will help utility personnel make sound, In-
lormed risk-based decisions during cutage
planning and control activities. The ORAM
tools include outage safety evaluation meth-
ods, nsk management guidelines, and con-
tingency guidelines. A corresponding soft-
ware package is meing developed 1o facili-
tate implementation of the ®RAM process.

EPRI I1s closely coordinating the ORAM ef-
fort with utilities, the Nuclear Management
and Resources Council, and the Institute of
Nuclear Power Operations to ensure that the

resulting products are useful in outage plan-
ning and control environments, simple (o
use, and consistent with NUMARC and INPO
guidelines

In paratlel with the ORAM work, R&D ef-
forts are being conducted under EPRIS
overall outage management program to
support long-term utility needs. These ef-
forts include RRD in the areas of human
reliability dunng maintenance, testing, and
inspection activites, shutdown database
development; and fire protection and pre-
vention.

Developing risk management
guidelines

The ORAM effort is developing a systemat-
iC process for assessing and managing risk
assaciated with plant outages. Specifically,
the process focuses on seven key safety
functions and eietermines the leve! of sup-

ABSTRACT £PRIis developing risk assessment and management tools

that will support utility efforts ta ensure safely and maximize efficiency during

refueling and other outages at nuclear plants. These tools include compre-
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port provided to each of these functions
during a plant shutdown, The functions are:
@ Reactivity control aned monitoring

@ Shutdown cooling (fuel in vessel)

@ inventory control (fuel in vessel)

9 Fuel pool cooling (fuel in pool)

o Electnc power control (ac ang dc)

© Vital support system control

= Containment integrity and cooling

The first step in the ORAM process is 10
examine outage plans and to divide an out-
age into discrete stages, or plant states,
Each piant state s reviewed relative 10 the
seven safety functions, and the status of
systems that support those functions is de-
termined. Plant state and system avaitabili-
ty data are then input into shutdown safety
function assessment trees (SSFATs), which
are being developed for each safety func-
tion. The relative reliability of a given safety
function during a given pfant state is deter-
mined on the basis of the SSFAT decision
logic.

For each plant state, the SSFAT assigns a
coleor to the safety function under review to
indicate the degree to which it is support-
ed. Green indicates that the function is sup-
ported to the full design and operational ca-
pability of the plant. Yellow indicates that the
function has adequate support. Orange and
red represent reduced and minimum levels
of support. Together these assessments in-
dicate the plants overall defense-in-depth
during the outage.

For each safety function for each plant
state, researchers are developing guide-
lines to support risk-hased decisions for



conducting safe and etficient outages. The
resulting dos and don'ts should help iden-
tify possible rescheduling options. as well
as mitigation and contingency actions that
can eiiher preciude cedtain events ar pie-
vent them from reaching undesirable end
states. In developing the guidelines, the
researchers are drawing on the insights
gained from ORAM safety assessments and
on industry operating experience and util-
ity-specific guidance. The guidelines will be
available both in print and as part of the
ORAM software package to glve utility users
maximum flexibility

Four reports on the ORAM work to date
are forthcoming from EPRI's Nuclear Safety
Analysis Center. Two will document surveys
of BWR and PWR plant personnel on shut-
down safety practices and risk manage-
ment needs, and two will document safety
assessments of BWR and PW® risk during
shutdown operations. NSAC-173 and -175
are the BWR reports; NSAC-174 and -176 are
the corresponding PWR reports,

Key utility uses

The nsk management guidelines are in-
tended for use by utiity outage planners,
operations and outage managers, and safe
ty personnel. These key people can use the
documents in several ways:
G To identify. before an outage, vulnerable
time periods from the perspective of safety
functions
o To monitor these vuinerable time periods
during the outage
o To help assess the effects of schedule
changes during an outage
8 To ensure that adesduate plans for miti-
gation and contingency actions are in place
before an outage
@ To guide postoutage critigques and iden-
tify areas for improvement from a safety
function perspective

The guidelines will describe key accident
scenarios that pose a risk to a given safety
function, including initiating events and po-
tential subsequent faiures found to be of
importance in industry experience or in the
probabilistic shutdown safety assessments
Also addressed will be scenarios that lead
to various undesirable end states, including
bulk boiting, core damage, fuel bundle un-
covery, fuel pool boiling or draindown. and

Figure 1 ORAM-TIP software modules and their output. The software divides an outage into man-
ageable stages, or plant states; determines the level of support afforded to seven key safety func-
tions during each piant state; provides risk management and contingency guidelines for each func-
tion for each state; and generates easy-t o-understand time fines and reports. The user can enter
at the appropriate module for planning, tracking, modifying, or reviewing an outage.

Process initialization
and update module

Plant states
evaluator

SSFAT evaluator

Risk guidance
module

Contingency
actions module

Outage safety
report generator

Effectiveness
monitoring module

cold overpressurization of the vessel.

The guidelines will list cautions, concerns,
recommendations, and considerations per-
tinent to the conditions under review and will
describe the technical basis or other reason
for each guideline element. They will also
offer insights on potential initiating events,
ways to improve safety function reliability
and availability, detection of adverse condi-
tions, and appropriate response actons. In
addition, the guidelines for a given safety
function will consider any factors that might
adversely affect other safety functions

Software package

The ORAM risk management process tends
itself to computerization for efficient appli-

Piantspecific modules
Updates to modutes

® Plant states database
® Time-based risk profite {optional)

Color assigned to each safety function
for each plantstate to indicate level
of support for function

Guidelines, recommendations
Documented user responses

Guidelines, recommendations
Documented user responses

Time lines of plant states, safety function
colors (supportlevels), risk

Daily safety function status reports
Outage reports

® Summaries of outage effectiveness
parameters

caton at a plant. Thus, using a modular
approach, the products developed in this
project are being combined into a software
package that corresponds closely to the
outage risk management framework (Figure
1). One objective of the software, called
ORAM-TIP (for technology integration pack-
age), is to allow users to input information
about outage schedules and equipment
status directly from currently used planning
and scheduling software. Therefore, devel-
opers are seeking the best practical inter-
face between scheduling software and
ORAM-TIP,

The software package includes a report
generator module that will provide several
useful kinds of output, including time lines
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of plant states and safety function colors
(i.e., support levels) for the outage and dai-
ty safety functien status reports. For plants
with probabilistic shutdown safety assess-
ment models linked to @RAM-TIP, the report

generator can also produce a time line of
plant risk for the duration of the outage.
The nitial version of the ORAM-TIP soft-
ware will be demonstrated at a mesting on
oulage risk assessment and management

in Orlando, Florida, on June 25 and 26. For
mere information about this meeting or
about the ORAM effort in general, contact
the EPRI project manager, S. Pal Kalra, al
(415) 855-2414,

Utility Planning

Managing Corporate Assets to Maximize Value

by Lewrs Rubin, Integrated Energy Systems Division

s utility managers seek o make the

best possible use of resources and to
enhance the value of electricity service, they
are growing interested in new methods of
asset management. The concept of asset
management itself is not new—it has always
been fundamental to the running of electric
utilities, In recent years, however, several as-
pects of this traditional concept have begun
to change.

First, value has come to be more broad-
ty defined in the eleciric utility environment.
Value delivery is no longer limited to the min-
imization of revenue requirements. If also in-
ciudes notions of customer service quality,
environmental stewardship, corporate earn-
ings performance, additienal revenues from
the servicing of nonnative load. and the
provision of value-added services to cus-
tomers, In many cases, the values of differ-
ent stakeholders can confiict, requiring that
managers explicitly evaluate trade-ofts be-
tween them. And the values of diferent
stakeholders are frequently measured in
different units, which further complicates
comparisons.

Second. decentralization of decision
making has begun to take hold in the utility
industry in response to a vanety of stimuli,
including cost control, efficiency improve-
ments, a growing customer crientatien, the
popularity of cost and quality management
programs, and reorganization inlo business
units Some of these changes are driven by
real or anficipated competitive pressures,
and some are driven simply by good busi-
ness practices.
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Whatever the root causes, decentralized
decision making brings challenges as well
as benefits. The most imponant challenge
is to ensure that the basis for decision mak-
ing is consistent throughout the decentral-
ized organization—that is, that all parts of
the operation are driven by the same over-
all goals. If this is not true, assets can po-
tentially be managed n suboptimal ways.
Such problems have always existed. but
they become even more acute as decen-
tralization progresses.

in response to fhis situation, EPRI has
been developing a research program in as-
set management, Basically, the research fol-
lows two related but distinct approaches.
The first focuses on exploring, refining, and
applying to utilities the cost and guality tech-
niques most used in American industry. The
second approach involves a formalized as-
set management methodology—a set of

tools that can help managers discover the
bes! use of their assets to deliver the great-
est value to stakeholders,

The EPRI program is broad and spans
several Institute divisions. In the Generation
and Storage Division, ongoing research is
applying these principles to fossil power
plants. In the Customer Systems Division,
simitar technisues are being studied to help
understand customer wants and how to sat-
isfy them. In the Integrated Energy Systems
Division, the principles are being applied to
corporate-level plans and analyses,

Cost and quality management:
doing things right

Initiated in Japan, ¢ost and euality man-
agement—which i1s sometimes called total
quality management—seeks continuous im-
provement in al intracompany processes,
empowers employees to make decisions at

ABSTRACT As the utility industry environment becomes more complex,
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the lowest possible level, and
sets customer needs as the ba-
sis for both short- and long-
range planning. This manage-
philcsophy has helped
businesses as diverse as West-
inghouse Nuclear Fuel, Tandem
Computer, and Federal Express
become leaders in cutting costs
and satistying customers,
Nearly half of all U.S. utilities
have been experimenting with
cost and quality programs,

g

Cost and Quality Management:

Key Characteristics of Successful Organizations

Top management commitment
Cost and guality strategy that supports business objectives
Consistent and broad communication across organization

Cost and guality strategy supported by actionable tasks and
measurement systems

Redefined relationship between manager and employee
Eftectively resourced infrastructure
Improvement viewed as a process, not a program

ning guidebook to heip utility
managers answer two basic
guestions—what do custom-
ers want and how do utilities

e ™

Asset management:
doing the right things

Assel management comple-
ments cost and auality man-
agement by helping man-
agers decide which activities
fo work on—that is, which

sometimes with frustrating re-
sults. In order to shed light on useful cost
and quality techniques as they apply to util-
ities, EFRI's Integrated Energy Systems Di-
vision has just published a five-volume
guidebook, Putting Strategy to Work: Tools
for Cost and Quality Management in the
1990s (TR-100052). Cosponsored by the
American Water Works Association Re-
search Foundaticn, this guide compiles ex-
tensive information about quality programs
from a survey of several hundred utility and
nonutility companies and presents in-depth
case studies of 17 companies. On the ba-
sis of the information gathered, the guide of-
fers readers insights into what techniques
work and what types of management con-
ditions lead to success. Companies that
have effectively implemented cost and quai-
ity management were found to share seven
key characteristics, which are presented in
the accompanying list.

The principles set forth in the quidebook
were tested in a 1991 case study at a mem-
ber utility. EPRI and its contractor worked
with & project team of 12 senior managers
from across the utility to reach consensus
on ebjectives and lay the groundwork for a
companywide quality process. Although
several divisions of the utility had alreagdy
tried certain cost and quality techniques—
such as increasing employee involivement
in decision making—the project team found
that a successful transition needed far
greater commitment from top management.
in its final report, the team recommended
that the utility take the following measures
during the first year of changeover
9 Commit 10-20% of the executive com-
mittee’s time to cost and quality ieadership

a Create a steering team of managers, em-
ployees, and union officials

o Rather than striving for massive change,
focus on pidt initiatives in arder to boost
chances for success

tn related work in EPRI's Generation and
Storage Division, researchers conducted in-
terviews with tossit plant managers at 11
member utllities and engaged in on-site
studies at gas turbine plants owned by Car-
olina Power & Light, Georgia Power, and the
Tennessee Valley Authority (TVA). The inter-
views and site studies revealed these ma-
jor barriers to facilitating cost and quality
management; resistance to change, insuffi-
cient effort on developng employee initia-
tive and self-esteern, a lack of understand-
ing of the importance of internal customers,
and traditional management practices, as
represented by the top-to-bottom organiza-
tion chart. The resulting Phase 1 research
report (TR-100377) highlights these find-
ings and the attitude changes needed to
overcome the barriers, In Phase 2 of the
study—cofunded by EPRI and TVA—the
project team is helping TVA apply cost and
quality management to the planning and
operation of its S00-Mw Allen gas turbine
plant.

Two research efforts in EPRI's Customer
Systems Division are concentrating on cus-
tomer desires. The first has produced the
report Delivering Customner Vaiue: The Ap-
plication of Quality Function Deployment lo
Demand-Side Management (TR-100239),
which offers utility managers techniques for
translating customer needs into appropriate
technical requirements. The second effort
is developing a customer-focused plan-

ones are the most important in
terms of delivering maximum value. Cost
and quality technigues can then be imple-
mented to improve the worth of those ac-
tivities by resucing costs, increasing effi-
ciency, and building customer satistaction.

Asset management techniques can help
utility managers do the following:

B Identify their direct internal and external
customers and learn how they create value
tor those customers

o Make decisions that are compatible with
corporate objectives and that take into ac-
count the often confiicting desires of rate-
payers, stockholders, and society

o Pinpeoint the activities of highest value to
the utility

Asset management is a body of tech-
niques for gathering data and evaluating al-
ternative courses of action. A trained ana-
lyst takes decision makers through a series
of questions about their activities, their cus-
tomers, and what their customers expect of
them, The information is then translated into
what is called an influence diagram—an ex-
plicit representation of all activities, the im-
portant uncertainties affecting them, and
how lhey influence customer value. The
simplified influence diagram in Figure 1, for
instance, illustrates how capital improve-
ments and/or increased preventive mainte-
nance affect value.

The asset management framework can
be used to analyze many variations of the
structure, explore key uncertainties, and ar-
rive at a robust understanding of the activ-
ities that have the highest expected value
and should be pursued. An analysis of this
type can, for example, provide power plant
managers with insights into the value of a
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Figure 1 A key asset management tool is the influence diagram, which shows how decision al-
ternatives (rectangles) and their effects (ovals) create value (octagen). This simplified example

maps how ratepayer value is affected by power plant capital improvements (e.g., buying a new

pump or motor) and/or increased preventive maintenance. The costs of these actions are weighed
against their benefits—improved plant avaitability and reduced corrective maintenance. Associat-
ed software can explore uncertainties and quantify the effects of various levels of investment.

Plant
availability

Capital
improvement

reliability improvement versus the value of a
heat rate improvement.

In 1991, EPRI and its contractor worked
with the steam generation department of
Pacific Gas and Electric (PG&E) to test the
methodology in evaluating the prioritization
of maintenance projects. The analysis sug-
gested that the siuratien and number of out-
ages, both scheduted and forced, were the
key influences on ratepayer value. @ther
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Value lo
ratepayer

Cost of
corrective
maintenance

Capital and
maintenance
cost

Preventive
maintenance

factors, such as the number of human er-
rers made during outages, turned out to be
less important. The analysis further indicat-
ed that spending more money on preven-
tive maintenance precedures—that is, on
training and on upgrading the quality of
maintenance and planning procedures—
seemed to provide the greatest value to ul-
timate stakeholders.

Another important outcome of this case

study was that it demonstrated the ability ot
the asset management methodoclegy to
document and justify decisions in a struc-
tured, logical, and suantitative way. Since
the methodology explicitly captures rela-
tionships, uncertainties, and value mea-
sures andl analyzes them quantitatively, it
has the potential to be very useful for ex-
plaining decision rationales as well as for
providing decision suidance. PG&E steam
generation department staft are continuing
to work with the methodology in 1992, test-
ing it on actual resource allocation deci-
sions.

Next steps

Several activities are in the works to further
advance the technigues discussed above
anel to help managers hone skills at using
fuel, equipment, and personnel in ways that
maximize value. In the cost and quality man-
agement arena, an on-line clearinghouse is
being planned through EPRINET to help
users share research results and retrieve
non-EPRI literature; it will serve as a ques-
tion-and-answer bulletin board for utility
managers who are responsible for cost and
quality programs. In addition, EPRI's Inte-
grated Energy Systems Division sponsors
an annuat conference on cost and quality
management; the next one is scheduled for
this November.

In asset management, a twa-year project
funded by EPRI'S Generation and Storage
Division and Integrated Energy Systems Di-
vision is now gefting under way. Investiga-
tors hope to transform lessens learned from
the PGRE case study and upcoming case
studies into tools useful to managers of fos-
sil plants. The centemplated user-frienaly
workstation will ceme complete with tu-
torials.



New
Contracts

Project

Customer Systems

Demand-Side Managemeni Guidenook
|RP2342-18)

UCA-Cormpatible Customer
Communicalions Gateway (RF2568-19)

Evaluaton of R-22 Low-Temperatura
Retrigeration lor Supermarkels
(RP2569-22)

Consumer ang Trade Research Program
Compact Fluorescent Lighling
{RP2597-31)

Desalination at Florida Power & Light
Power Plants (RP2662-23)

Eflicient Ltilizanon of Elecine Pewer tor
the impulse Drying of Papar
(RP™2782-16)

Vollage Distorlion Caused by High-
Efficiency Adjustable-Speed-Onive
Heat Pumps (RP2935-19)

Mator and Drive Technology and
Apglicalions n the Textile industry
{RP3087-15)

Electrical Systems

System Contral Center Qperaler Traning
Simuiator. Phase 3: UNIE Operaling
System Varsion With Multiple EMS Links
{RP1915-6)

System Controt Centar Ogerator Traring
Simulator Conversion 1o UNIX
{AP1915-8)

Interutiliy Data Exchange: Scoping
Fhase (RP2949-11)

Flexlble AC Transmission System: Ther.
mal Modets for Real-Time Moniforing of
Transmussion Circwls (RP3022-7)

Scoping Study lor Substation Design
Workstalion (RP3183-1}

Environment

Flue Gas Desullurzation Laboralory
Research (RP1031-17)

Figle Swdles ol Fungal Conversion of
Hydracarbons 1n Seils: Quality
Assurance and Control (RP2879-17)

Toxicity Chatacterkhic Leacring
Procedure Analysis of Crankcase Oils
and Qil Residuas (AP2873-18)

Retrofit NO, Guidelines (RP2916-7}

Cebular Respansas la Low-Frequency
Elecire and Magnelic Fields Signal
Transduction Mechamsms (RP2965-20)

SO,-NO,-RO,-B0, Flus Gas Cleanup
Demonstiation Praject (RP3004-40)

Electrostalic Precipitator Technical
Support {(RP3085-2)

Exploratory and Applied Research

Oiamond Synthests al Atmosphenc
Pressure (RP2426-45)

Funding/
Duraton

$86,500
7 months

$249.600
9 manths

$213.800
18 months

$58,500
3 months

$1399,300
8 monihs

$98,000
12 months

$50,000
7 months

$150,000
1B months

$802.700
27 months

$302.300
11 menths

$82,200
13 menths

$1.087,200
34 months

$119.900
6 months

$189 800
11 monthsg

$116,600
8 monthg

$58.600
1 marth

$187.200
13 months

§272,300
34 months

$515,500
9 months

$90.800
15 months

$578.900
38 months

Caontractor/EPRI
Project Manager

Barakal & Chambethn /
P Meagher

Honeywell /L. Carmichaal

Foster-Miller /M. Khattar

Macro Corp. /
J Kesselning

General Atomics
International Services
Corp. /M. Jones

Institule of Paper Science
and Technology /
A Amarnath

Untversily ot Arkansas/
M Samotyj

North Carcling Allernative
Energy Corp.{ 8. Banerjee

National Systems &
Resmarch Co (G Cauley

Empros Systems
International { G, Cautey

Energy & Control
Consultanis /B Blair

Power Technologies/
§ Lindgren

Power Technologies/
B. Damsky

Radian Corp. /0. Owens

Geo Engineers/{ Murarka

Envirpsyslems/
J. Goodrich-Matoney

Wiiam Nesbrit &
Associates (D, Eskinazi
Universily of Kentuchy
Research Foundation/
C Rafterty

Babcock & Wilcos Co.f
fA. Chang

Kilkelly Environmental
Associates /R Aftman

Stantord Universily /
4 Strnger

Project

Evolutton of High-Temperature Growth
Stresses n Metal- or Alloy-Ositle
Systems (RP2426-47}

Fabrication of Nanophase Cetamic/Meatal
Composite Coatings ty Electrochemical
Infittration of Sol-Gel Films (RP8002-32)

Feasibiity ot On-line Monitoning of Stress
Corrosion Cracking in Rotating
Compenents (RPBO02-35}

Whitings: A Potential Model far CO.
Abatement (RP8003-31)

Advanced Model-Basead Control tor
Coal-Fired Boilers (RPBO04-13)

Evalualion of Pressure-Sersing
Concepts {(RP8004-14)

Generation and Storage

Assessment of the Benefis of
Distribuled Fuel Cell and Diesel
Generators in the Oglethorpe Pewer
Corp, System {RP1677-24)

Development of Advanced Control
Strategies lor Combined-Cycle
Geperaton Systems (RP2101-12)

Technical Assessment of Advanced
Agrodenvative Gas Turbine Power Plants
{RP2387-9)

Gas Turbine (nlet Air Coeling by lce
Slorage (RAP2832-10)

Research an Overtopping of Dam
Embankments (RP2217-28)

Japanese Pewer Plant Survey
(RP2923-12}

integrated Energy Syslems

Integration of Gas Supply and Electricity
Generation (AP3201-1)

Interface Belween the Electnc Ullity ana
Natural Gas Indusiries (RP3201-4)

Environmental Exlernalities Clearing-
house (RP3231-1)

Nucleas Power

Microstructural Eftects on the Corrasion
Behavior ef IN7 1B and Relaled
Superatioys (RP2181-9)

Development ol a8 Model for Stress
Corrosion Crack Iniaton in Low-Alioy
Steals (RP2812-9)

Stationary Baltery Mamntenance Guide
{RP2814-46)

Emergency Batiery Lightmg Ui
Maintenance Guide (RP2814-47)

Corrosion and Deapostion Sourcebook
{RP3052-6}

Performance of Electropolished ana
Preoxidized Feedwaler Flow Ventuns
{RP3097-3}

Assessment of the Effectse Dose
Equivalent for Pheton Radiation
{RP3099-10)

Funding/ Contractor/EPRI
Duration Projec! Manager
$389,300 University of Minnesola/
35 momhs  J. Stringer
£50,700 Stevens institute of
& months Technology / T. Schneidet
375,100 CAPCIS Marcn/ B. Syrei
5 months
$186,900 University of South
18 months  Flonda/A. Geldsten
$207.600 Texas Tech University {
41 months M. Divakarum
$98,000 Martin Marietia Energy
9 monihs Syslems {J. Weiss
$80.400 Barringlan-Wellestey
7 months Group{D. Rastler
$174,900 Research Foundation of
6 months  CUNY({G Quentin
$180,700 Sargent & Lundy
iB months  Engmeers/A Cohn
$153,000 Lincoln Electre System/
1§ months M. Schreiber
$130.000 U S. Burmau of
45 months  Reclamation/D Morns
$57.900 University ot Kansas
5 monlhs Canter tor Research/

M. Bianco
$96.300 Putnam, Hayes & Barfieh/
3 months H Muelier
$110,000 Energy Venlures Analysis/
10 months H Muatier
S1R0,200 Batakat 8 Chambarlin
15 months . Williams
$110,500 University of Texas,
20 memhs  Austin{L. Nelson
$67.400 S Levy. Inc {A. Pathamia
8 monthis
361,900 Edan Engineering Cerp /
7 monins W Jonnson
353.800 Edan Engineerng Cors |
7 months W Johnson
$185,000 Puckorius 8 Associstes)
12 months R Edwards
$275.000 GPU Nuctear Corp. /
30 monihs H Ocken
$124,400 Texas Engincenng
13 menths  Exmpenment Stailon/

C Honibrook
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New
Technical
Reports

Requests for copies of reporls should be direcled
to the EPRI Distribution Center, 207 Cogsins O,

P.QO. Box 23205, Pleasant Hill, Calitornia 94523
{510) 934-4212 There is no charge lor reports re-
quested by EPRI member ublities, U.S. universities,
or government agencies. Reperts will be provided
te nonmember U.S. wtilities onty upon purchase of
a license. he price tor which will be equal to the
price of EPRI membership. Others pay the listed
price The Distribution Center will send a catalog of
EPRI reparts on request. To order one-page sum-
maries of teports, call the EPRI Holline (415)
855-2411

ELECTRICAL SYSTEMS

TLWorkstation™ Code, Version 2.0,
Vol. 17: MFAD Manual (Revision 1)
EL-6420 Final Report (RP1493-7); $200
Contractorr GAl Cansultants, Inc

EPRI Projecl Manager. V Longo

Compact DC Link, Parts 1 and 2

EL-7101 Final Report (RP213, RP1536-12). $200
Contractor General Electric Co

EPRI Project Manager 8 Damsky

Electromagnetic Transients Program (EMTP),
Version 2.0: Revised Application Guide
EL-7321 Final Repor! (RP21439-4): $200
Contractor. ABB Syslems Control Co.. Inc

EPRI Project Manager R. Adapa

Advanced Cable Fault Locator, Vols. 1 and 2
EL-7451 Final Report (RF2895-2); $200
Contraclor: BDM International, Inc.

EPRI Project Manager H. Ng

Field Evaluation of Composite Crossarms,
Vel. 1

EL-7461 Final Report (RP796-2), $200
Contracior: Michigan Technological Univarsity
EPRI Project Manager: H Ng

Integrated Distribution Control

and Protection System

EL-7462 Final Report (RP1472-1); $200
Conrractor General Electric Co

EFPR! Project Manager T Kendrew

Proceedings: Water Treeing and Aging

EL-7479 Proceedings (RP2957-78), $200
Cornractor: Natiorral Research Council of Canada
EPRI Project Manager B. Bernstein

Hybrid Transmission Corridor Study,
Vol. 22 Phase 2, Full-Scale Tests
EL-7487 Final Reporl (RP2472-3), $200
Contractor General Electric Co.

EPRI Project Manager J. Hall

Utility Communications Architecture,
Vol. 4: UCA Specification, Version 1.0
EL-7547 Final Report {(RP2949-1); $200
Contracter. Andersen Consulting

EPRI Projecl Manager: W. Malcolm
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Utility Communications Architecture,
Vol. 6: Final Report—Project Summary
EL-7547 Final Repori (RP2949-1); $200
Conlracior: Andersen Consulting

EPRI Prejecl Manager W Malcoim

Development of a Dry-Type Shunt Capacitor
EL-7553 Final Reporl (RP2205-1), $200
Contractor. General Electric Co.

EPRI Project Managers' R. Nakata, V Tahifiani

Improvement ot Current Capacity in Y-Ba-Cu-O
Superconducting Materials Above 200 K
TR-100062 Final Report (RP7911-17); $200
Contractor: Wayne State University

EPRI Project Manager: M. Rabinowitz

Removal of PCBs From Transformer
Qils of Petroleum Origin

TR-100063 Final Repori (RP2028-1) $200
Coniractor General Elaclric Co

EPRI Project Manager: G Addis

Workshop Proceedings: Failed
High-Voltage Instrument Transformers

TR-100205 Proceedings (RP3320); $208
EPRI Project Manager S. Lindgren

ENVIRONMENT

Reproduction, Growth, and Development
of Rats During Exposure to Electric Fields
at Multiple Strengths

EN-8847 Final Report (RP799-1). $2€0
Contractor: Battelle, Pacific Northwesl
Laborateories

EPRI Project Manager R. Black

Exposure to Residential Electric and Magnetic
Fields and Risk of Childhood Leukemia
EN-7464 interm Report (RP2964-1), $200
Contractor: University of Southermn Califorma
EPRI Project Manager. L. Kheifets

Comanagement of Coal Combustion
By-Products and Low-Volume Wastes:

A Southeastern Site

EN-7545 Finaf Report (RP2485-9), $200
Contractors: Radian Corp . GeoTrans, nc
Battelle PNL

EPRI Project Managers § Murarka, J Goodrich-
Mahoney

Electric and Magnetic Field Exposure
Associated With Electric Blankets
TR-100180 Final Reporl (RP2366-3), $200
Contractor: Carnegie Mellon University
EPR! Project Manager: S Sussman

EXPLORATORY AND APPLIED
RESEARCH

Proceedings: International Conference
on Fossil Plant Cycle Chemistry
TR-100185 Proceedings; $200

EPR! Project Manager B Dooley

Advocating investments in Information
Technology, Vol. 1

TR-100233 Interim Report {RPB000-75); $200
Contractor- Competition Technology Corp
EPRI Proect Manager: R. Colley

GENERATION AND STORAGE

Condenser On-Line Leak-Detection

System Development

GS-7350 Final Report {(RP16&3-19): $200
Centractor Stene & Webster Engingering Corp
EPR! Project Manager: J. Tsou

Proceedings: 1992 Joint Symposium

on Stationary Combustion NO_ Control,
Vols. 1 and 2

GS-7447 Proceedings (RP2154); $500 for sai
EPRI Project Manager: A. Kokkinos

Colorado-Ute Nucla Statien Circulating-
Fluidized-Bed Demonstration, Vol. 2:
Test Program Results

GS-7483 Final Report (RP2683-7); $200
Contraclor Bechie! Group, Inc

EPRI Projecl Manager; 7. Boyd

NO, Emissions: Best Available Control Tech-
nology—A Gas Turbine Permitting Guidehook
GS-7486 Final Report {(RP2936-1); $2500
Contracior: Radian Corp

EPRI Project Manager: H Schreiber

Evaluation of a 2-MW Carbonate Fuel Cell
Power Plant Fueled by Landfili Gas
TR-100050 Final Report (RP1677-19). $200
Contractor: Halgor Topsoe. InG

EPRI Project Manager: © Rasller

Proceedings: Workshop on Wear Potential
of Bed Material in Fluidized-Bed
Combustors

TR-100056 Proceedings (RP979-25), $200
Contractor: Argonne National Laboratory
EPRI Projecl Manager: J Stalings

Municipal Waste-to-Energy Technology
Assessment

TR-100058 Final Remort {RP2190-4); $200
Centracior: Batlelle Memerial institute
EPRI Project Manager: C McGowin

EPRI High-Suifur Test Center Report:
Factors in Limestone Reagent Selection
TR-100137 Final Report (RP1877-1), $1000
Contractor Radan Corp.

EPRI Project Manager. D Owens

Condjition-Monitoring Guidelines for
Rolling Element Bearings

TR-100160 Final Report (RP1864-1}. $200
Contractor- Mechanical Technelogy, Inc
EPRI Project Manager: J. Scheibel

Evaluation of Boride Diffusion Coatings to
Alleviate Erasion of Steam Turbine
Components

TR-100208 Final Report (RP1885-2); $200
Contracters: Batteltle, General Eleciric Co
EPRI Projact Manager T McCloskey

Field Measurement ot Soiid Particle
Erosion in Utility Steam Turbines
TR-100215 Final Report (RP1885-2). $200
Contracior. General Eiectne Co.

EPRI Project Manager: T McCloskey

Field Telemetry Testing of Long-Arc,
Low-Pressure Turbine Blading
TR-100216 Final Report (RP1856-3); $200
Contractor: Stress Technology. Inc.

EPRI Proiect Manager: T McCloskey



Technical and Economic Comparison

of Steam-Injected Versus Combined-Cycte
Retrofits on FT-4 Engines

T R100238 Final Reporl (RP2565-1), $200
Contraclor' Burns and Roe Enterprises. Inc
EPRI Project Manager H Schreiber

INTEGRATED ENERGY SYSTEMS

Putting Strategy to Work: Tools for Cost and
Quality Management in the 1990s, Vols. 1-5
TR-100052 Final Report {(RP3026-3); $200 each
volume

Contractors Cresap, a Tiowers Perrin Company,
Armencan Productivity and Quality Center

EPRI Project Maragers: H Muelier. L. Ruoimn

Potential for Reduction in Utility Fuel Oil
Consumption Using Natural Gas
TR-100157 Final Report {RP2369-42); $200
Conlraclors- Energy Venlures Analysis, Inc
Jensen Associates. Ific

EPRI Project Manager: H. Muelier

Availability Cost Optimization
Methodotogy

TR-100225 Final Report (RP24621), $200
Contractor: ARINC Research Corp

EPRI Project Manager J. Weiss

NUCLEAR POWER

Computer-Assisted Drawing Information
Capture

NP-7197 Intenm Reoort (RP3045:1). $200
Contractor. GTX Corp
EPRI Project Manager' R Coliey

Post-Earthquake Analysis and Data
Correlation for the 1/4-Scale Containment
Model of the Lotung Experiment
NP-7305-M Final Report (RP2225-9). $200
Contractor: Bechlet Group. Inc

EPRI Project Manager Y Tang

Analysis of Ground Response Data

at Lotung Large-Scale Soli-Structure
Interaction Experiment Site

NP-7306-M Final Report (RP2225-21. -29)
$200

Contractor: Geomatrix Consuiltants, Inc
EPR{ Project Manager Y, Tang

A Synthesis of Predictions and Correlation
Studies of the L.otung Soil-Structure
Interaction Experiment

NP-7307-M Final Repor! {(RP2225-3}, $200
Contractor. Bechtel Power Corp

EPRI Project Manager: Y 1ang

ARROTTA-01, an Advanced Rapid Reactor
Operational Transient Analysis Computer
Code, Vo!. 1: Theory and Numerics
NP-7375 Final Report (RP1936-€). $200
Contractor. S. Levy Inc

EPRIProjlect Manager L Agee

PWR Fult-Reactor Coolant System
Decontaminalion: Materials Evaluation
After Off-Normal Exposure to the LOMI
Decontaminalion Process

NP:7513M Final Reporl (RP2296-20); $200
Contractor: Westinghouse Elec:tric Corp.
EPR{ Project Manager C Wood

The Qualification of Dilute Chemical
Processes for PWR Full Reactor Coolant
System Decontamination

NP-7514 Final Report (RP2296-20), $200
Conlraclor Westinghouse Electric Corp
EPRI Projecl Manager C Wood

Proceedings: MAAP Thermal-Hydraulic
Qualifications and Guidelines for Plant
Applicatlon Workshop

NP-7515 Proceedirgs (RP3044-1); $200
EPRI Projeci Manager‘ P Kalra

Modification of Atloy Surfaces Using
Pulsed Energy

NP7532 Final Repor| (RP2614-49), $20,000
Contraclor: Faillure Analysis Associates
EPRI Project Manager: J Nelson

Influence of Irradiation and Stress/Strain
on the Behavior of Structural Materials,
Phase 1

NP-7533-M Final Report (RP2181:3); $200
Contractor. Semens AG

EPRI Project Manager J Nelson

Initiation Strain for Chloride-Induced Stress
Corrosion Cracking in Type 316 Slainless
Steel

NP-7542 Final Reporl (RP2812-8), $200
Contractor University of Newcaslie upon Tyne
EPRI Project Manager' D. Cuoicciotti

Heat Exchanger Performance Monitoring
Guidelines

NP-7552 Finat Report (RP3052:1), $200
Contra¢lor Molierus Engineering Corp

EPRI Project Managers N Hirola, A Edwards

Cast Austenitic Stainless Steel Sourcebook

TR-100034 Final Report (AP2643-5), $200
EPR! Prolect Manager M Lapides

Eftectof Surface Treatments on Radiation
Buildup in Steam Generators, Vol. 1:
Manway Seal Plate Tests in the Chinon B1
PWR

TR-100059 Final Report (RP2758-2), $200
Contractor Radiological & Chemical
Technojogy. Inc

EPRI Project Managet H QOcken

Effect of Surface Treatments on Radiation
Buitdup in Steam Generators. Vol. 2: Test
Coupons in the Doel2 PWR

TR-100059 Final Report (RP2758-2); $200
Contraclor: Radiologic:al & Chemical
Technology, Inc

EPRI Project Manager H Qcken

Studsvik Super-Ramp-II: 9>9 Project
TR-100204 Final Report (RP1580-18). $200
Contraclor: Studsvik Nuclear

EPRI Pioject Manager S Yagnik

Natural Versus Artificial Aging of Nuclear
Power Ptant Components

TR-100245 Interim Report (AP170713); $200
Contraclor University of Conneclicut

EPRL ®roject Manager G Stiter

Proceedings: Methodologies, Tools, and
Standards for Cost-Effective, Reliable
Software Verification and Validation
TRY00294 Proceedings; $200

EPRI Project Manager J Naser
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New
Computer
Software

The Electric Power Software Center (EPSC) pro-
vides a single distribution center for computer pre-
grams developed by EPRI. The programs are dis-
tributed under license to users. EPRI member util-
ities, in paying their membership lees, prepay all
royalties. Nonmember organizations licensing
EPRI computer programs are required to pay roy-
allies. For more informalion aboul EPSC and li-
censing arrangements, EPRI member uliities
should contact the Electric Power Soflware Center,
Power Computing Co.. 1930 Hi Line Drive, Dallas,
Texas 75207; (214) 655-8883. Other organizations
shoulg conlact EPRI's Manager of Licensing, P.O.
Box 10412, Palo Ao, California 94303; (415)
855-2866

ACOM: Availability Cost Optimization
Methodology

Version 10 (PC-DOS}

Developer: ARINC Research Corp.
EPRI Project Manager: Jerome Weiss

AWARE'*: Methodology for the Allocation
of Water Resources

Version 1.0 {(PC-DOS)

Develeper: S. Levy. In¢

EPRI Project Manager. Charles Sullivan

CABAMP: Cable Ampacity

Version 1.01 (PC-DOS)
Developer. Power Technologies, Inc.
EPRI Project Manager: Tom Rodenbaugh

CABLPUL: Maximum Pulling Lengths for
Solid Dielectric Insulated Cabile

Version 1.0 (PC-DOS)

Developer: Power Compuling Co.

EPRI Project Manager: Giora Ben-Yaacov

CLASSIFY-Plus (Commercial): Customer
Preference and Behavior

Version 1.0 (PC-DOS)

Developer: National Analysts

EPRI Project Manager: Thom Henneberger

CLASSIFY-Plus {Residential): Customer
Preference and Behavior

Versicn 1.0 {PC-DOS)

Developer' National Analysts

EPRI Project Manager: Tham Henneberger

COOLTA™: Cooling Tower Advisor

Version 1.5 (PC-DOS)
Developer: EPRI {(EPRIGEMS)
EPRI Project Manager: John Bartz
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CORAL™: Control Retrofits Assessment
Library

Version 1.0 {(PC-DOS)

Developer: EPRI {Contro) Simulation and
Diagnostic {Laboratory}

EPRI Project Manager: Murthy Divakaruni

DIRECT: Direct Stability Analysis Program
Version 3.0 (BEC-VMS)

Developer: Ontario Hydro

EPRI Project Manager: Gerry Cauley

DSAS: Distribution System Analysis and
Simulation Program

Version 2.0 (PC-DOS)

Developer: Power Computing Co

EPRI Project Manager: Gicra Ben-Yaacov

FRAMER: H-Frame Design, Analysis, and
Reliability

Version 1.0 (PC-DOS)

Developer: EPRI (Transmission Line Mechanical
Research Center)

EPRI Project Manager: Paul Lyons

HOTCALC™: Commercial Water Heating
Performance Simulation Tool

Version 10 (PC-DOS)

Developer: Abrams & Associates

EPRI Projecl Manager: Karl Johnson

LightCAD™: Lighting Design/Engineering
Efficient Lighting Systems

Version 1.0 {FC-DOS)

Develeper: Hart, McMurphy & Parks & Wesdt
Group

EPRI Project Manager Karl Johnson

MarketTREK™: Market Penetration
Forecasting Tool

Version 1.0 (PC-DQOS)

Developer: Research Trangle (nstilute
EPRI Project Manager: Them Henneberger

QUICKTANKS™: Underground Tank Risk
Management Model

Version 30 (PC-DOS)

Developer- Decision Focus. Inc

EPRI Project Manager: Anthony Thrall

RAM (PRAM/HISRAM): Predictive
Reliability Assessment Model/Historical
Reliability Assessment Model

Version 1.0 (PC-DOS)

Developer: Power Computing Co

EPRI Projecl Manager: Giora Ben-Yaacov

SCALE: Simpfified Calculation of Loss
Equations

Version 1.0 (PC-DOS)

Developer Power Compuling Co.

EPRI Project Manager Giora Ben-Yaacov

SURIS: DSM Survey Information System

Version 3.1 {PC-DOS)
Developer: Piexus Research. Inc.
EPRI Project Manager: Paul Meagher

EPRI Events

JUNE

1-3

Internationat Conference on

Controls and Instrumentation

Kansas City, Missouri

Contact: t.or Adams, (415) 855-8763

1-3

PEAC Training Course on Power Quality
Knoxville, Tennessee

Contact: Marek Samotyj, {415} 855-2980

3-5

International Conference on the
Interaction of Iron-Based Materials With
Water and Steam

Heidelberg, Germany

Contact: Barry Dooley, (415) 855-2458

B-12

High-Voltage Transmission Line Design
Seminar

Lenox, Massachusetts

Contact: Dick Sigley, (518) 385-2222

9-11

Acoustic Leak and Crack Detection
Eddystone, Pennsylvania

Contact: John Niemkiewicz, (215) 595-8871

16-18

Heat Exchanger Performance
Prediction Workshop

Eddystone., Pennsylvania

Contact; John Tsou, (415) 855-2220

25-26

Qutage Risk Assessment and
Management Workshop

Orlando, Florida

Contact: Susan Bisetti, (415) 855-7919

JULY

6-9

international Conference on

Electric Thermal Storage and Thermal
Energy Storage

Minneapolis, Minnesota

Conlact: Linda Nelson, (415) 855-2127

7-9

2d International Conference on
Compressed-Air Energy Storage

San Francisco, California

Contact: Lori Adams, (415) 855-8763

7-9

Workshop on NO, Controls for Utility
Boilers

Boston, Massachusetts

Contact: Pam Turner, (415) 855-2010



14-15

Retaining Ring Life Assessment
Computer Code

Palo Aito, California

Contact: Jan Stein, (415) 855-2390

14-17

Machinery Alignment

Eddystone, Pennsylvania

Contact: John Niemkiewicz, (215) 595-8871

1922

EPRI-ASME Radwaste Workshop

Boulder. Colorado

Contact: Carol Hornibrook, (415) 855-2022

20-21

Demand-Side Management Training
Workshop

Washington, D.C.

Contact: Matt Haakenstad, (612) 473-1303

20-22

COMTECH and COOLAID Training
Workshop

Dallas, Texas

Contact: Karl Johnson, (415) 855-2183

21-23

Predictive Maintenance Program:
Development and Implementation
Eddystone, Pennsyivania

Contact: Mike Robinson, (215) 595-8876

23-24

Low-Level Waste Management Seminar
Boulder, Colorado

Contact: Carol Hornibrook, (415) 855-2022

23-24

Micro-AXCESS Training Workshop
Dallas, Texas

Contact: Karl Johnson, (415) 855-2183

28-29

FGDPRISM Training Workshop
Austin, Texas

Contact: Rob Moser, (415) 855-2277

AUGUST

3-6

Check Valve Applications, Maintenance,
Monitoring, and Diagnostics
Eddystone, Pennsylvania

Contact: Joe Weiss, (415) 855-2751

25-26

Workshop on Optical Sensing in Utility
Applications

Philadelphia, Pennsylvania

Contact: Linda Nelson, (415) 855-2127

25-27

3d International Conference on the
Eftects of Coal Quality on Power Plants
San Diego, California

Contact: Arun Mebhta, (415) 855-2895

SEPTEMBER

2-4

PEAC Training Course on Power Quality
Krexville, Tennessee

Contact; Marek Samotyj, (415) 855-2980

3-4
13th Annual EPRI NDE Information Meeting
Seattle, Washington

Contact: Mike Avioli, (415) 855-2527

13-16

International Conference on Avian
Interactions With Utility Structures

Miami, Flerida

Contact: John Huckabee, (415) 855-2589

17-18

Training Workshop on the Measurement of
Power System Magnetic Fields

Lenex, Massachusetts

Contact: Hazel Mazza, {(413) 494-4356

21-23

5th Incipient Failure Detection Conference
Knoxville, Tennessee

Contact: Lori Adarms, (415) 855-8763

23-25

Application of Fluidized-Bed Combustion
Technology for Power Generation
Cambridee, Massachusetts

Contact: Linda Nelsen, (415) 855-2127

28-30

Power Quality Conference: End-Use
Applications and Perspectives

Atlanta, Georgia

Contact: Marek Samotyj. (415) 855-2980

OCTOBER

14-16

Feedwater Heater Technology Symposium
Birmingham, Alabama

Contact: Jehn Tsou, (415) 855-2220

21-23

Coal Gasification Power Plants

San Francisco, California

Contact: Linda Nelson, (415) 855-2127

21-23

Fuel Supply Seminar

Cambridge, Massachusetts

Contact: Susan Bisetti, (415) 855-7919

21-23

National Electric Vehicle Conference
San Francisco, California

Contact: Pam Turner, (415) 855-2010

29-30

FGDPRISM Training Workshop
Austin, Texas

Contact: Rob Moser, (415) 855-2277

NOVEMBER

4-6

Utility Strategic Asset Management
Cambridge, Massachusetis

Contact: Lori Adams, {415) 855-8763

10-12

PEAC Training Course on Power Quality
Knoxville, Tennessee

Contact: Marek Samety|, (415) 855-2980

17-19

AIRPOL. ’92 International Seminar: Solving
Corrosion Problems in Air Poltution
Control Equipment (call for papers)
Orlando, Florida

Contact: Paul Radcliffe, (415) 855-2720

17-19

Heat Rate improvement Conference
(call for papers)

Birmingham, Alabama

Contact: Pam Turner, (415) 855-2010

17-20

Market Research Symposium

Dallas, Texas

Contact: Susan Bisetti, (415) 855-7919

DECEMBER

2-4
Noncombustion Waste Seminar

Orlando, Florida

Contact: Mary McLearn, (415) 855-2487

9-11

1992 Advanced Computer Technology
Conference (call for papers)
Scotisdale, Arizona

Contact: Pam Turner, (415) 855-2010

MARCH 1993

1-3

International Symposium on Improved
Technology for Fossit Power Plants: New
and Retrofit Apptications (call for papers}
Washington, D.C.

Contact: Stan Pace, (415) 855-2693
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Contributors

F,

A%

Gellings

Maicoim

E lectricity for Increasing Energy
Efficiency {page 4) was written by

science writer Peter Jaret with assis-
tance from twe members of EPRI= Cus-
tomer Syatems Division,

Clark Gellings, vice president for
customer systems, has been with the
Institute since 1982, serving firsl as
manager of a demand and conserva-
tion program, later as =enior program
manager fer demand-side planning,
and from 1989 through 1991 as division
director. He was furmerly with Public
Service Electric & Gas Company for 14
years, holding several positions in the
areas of marketing, rates, and load
management. Gellings has a 85 in el
trical engineering from ™ewark Col-

lege of Engineering, an MS in mechani-
cal engineering from the Mew Jersoy
Institute of Technology, and an MS in
management science from Stevens In-
stitute of Technology.

Phil Hanser is a senior project man-
ager in the Demand-Side Management
Program, with primary responsibility
for DSM evaluation. He joined the Insti-
tute in 146, after five years as a senior
gconomist with the Sacramento Munic-
ipal Utility District. He holds a bache-
lor’s degree in mathematics and eco-
nomics from Fiorida State University
and a master’s in economics and math-
ematical statistica from Celumbia Uni-
versity. ®

Taking the Measure of Magnetic
Fields (page 16) was written by
John Douglas, =ciince writer, with
guidance from Stanley Sussman of
EPRI's Environment Divizion,

Suszman, manager of the EMF tlealth
Studies Program, joined the [nstitute in
1987 as a project manager for EMF ex-
posure assessment studies. A physicist,
Sussman previgusly worked for five
years in instrumentation development
and, earlier, managed research in says-
tems modeling. He holds a BS from
City Cullege of Mew York, an MS from
Stevens [nstitute of Technology, and a
PhD in applied physics from Stanford
University. =

dvanced Metering: Benefits on

Both Sides (page 18) was written
by Marcy Timberman, science writer,
with assistance from two Custemer
=ystems Division staff members.

Larry Carmichael, manager for cus-
interface and controls in the
Power Electronics and Controls Pro-
gram, joined EPRI in 1985. Before that,
ke was a project manager with Science
Applications International Corporation
for two years. His previous experience
includes work as a project manager
with Systems Control, Inc. He has a B4

tomer

in chemical engineering from the Lini-
versity of California at Berkeley and an
MS in mechanical engineering from
Stanford University.

Wade Malcolm has been manager iif
the Power Electronics and Controla
Program since July of last year. Earlier
he was a preject manager in the Distri-
bution Program of the Electrical Sys-
tems Divisien, en loan from Philadel-
phia Electric Company. At Philadelphia
Electric, Malcolm was an engineer in
the Research Division and the Electric
Tranzmissicn and Distribution Depart-
ment. He has BS and MS degrees in
electrical engineering from Drexel Uni-
versity. ®

44 EPA| JOURNAL April/May 1992







ELECTRIC POWER RESEARCH INSTITUTE NONPROFIT ORGANIZATION
Post Otfice Box 10412, Palo Alta, Calitornia 94303 U.S. POSTAGE
PAID
PERMIT NUMBER 89
REDWOOD CITY, CALIFORNIA
ADDRESS CORRECTION REQUESTED

EPRI_JOURNAL




