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p R o D u c Ts EPRI-sponsored defiveroives now available to utilities and their customers

Power Quality Database

Not only are power quality disturbances an annoyance to utility cuslomers, but
they can cost a considerable amount of money in downtime and lost products.
A Microsoft Windows--based CD-ROM, EPRI’s Power Quality Database helps ulility
engineers pinpoint the route of a given problen and resalve it swiftly, regardless
of whether the prablem stems from a utilitys distribution system or from the
equipment within a customer’s facility. PQ Database is a comprehensive resource
that centains data from actual customer case studies, from power quality moni-
toring of utility distribution systems, and from tests of equipment at EPRT's
Power Electronics Applications Center. Users can query the soft-
ware for help in navigating through the data. They can also
customize the database by adding information from their own
utility.
For more information, contact Sid Bhatt, (415) 855-8751.
To order, call the EPRI Distribution Center, (510) 9344212,

GLoco, version 2.0

Many proposals to mitigate climate change involye altering the global carbon cycle—that is, the movement and
storage of carbon among the world’s oceans, terrestrial systems, and atmosphere. But predicting the likely effective-
ness of various mitigation strategies requires complex medeling that typically must be performed on expensive
maintrame computer systems. With the Global Carbon Cycle Model, GLOCO, users can run such simulations on their
disktop computers—bath Macintosh and 1BM-compatible machines. Whether a utility is considering reducing its
carbun emissions, sponsoring reforestation, or employing a combination of mitigation strategies, GLOCO's simulations
indicate how atmospheric levels of carbon will be affected. This enhanced version

contains up-to-date scientific information and computational improvements.

For more information, contact Robert Goldstein, (415) 855-2593.

To order, call the EPRI Distribution Center, (510) 934-4212. o

Bon  Bhdews  (1ilend™ Run limel

2 EPRIJOURNAL MayfJune 1986



Starcom

With industry deregulation comes the inevitable need for the
transmission network to handle an increasing number of electricity
transfers, including significantly more bulk power transactions.
How will the existing network manage the extra load? STATCOM,
a static synchronous compensator developed jointly by EPRJ, the
Tennessee Valley Authority, and Westinghouse, is une system
designed specifically to help. Employing advanced solid-state
electronic switches, STATCOM regulates voltage at subcycle
speed—mucl faster than conventional technologies for voltage
regulation. The system provides continuous control, increases

transmission capacity, and helps miligate power disturbances
beforethey reach sensitive ciistomer equipment. What’s more, installation and maintenance costs are significantly
lower than those associated with conventional equipment; TVA saved $10 million with STATCOM by avoiding the need
to install a new transformer bank.

Formore information, contact Abdel-Aty Edris, (415) 855-2311. To order, call Westinghouse at (407) 2812380

Marketing on the Internet

Many utilities have already tapped the Internet as a resource for disseminating a
variety of information to their customers. But the Inlernet’s true potential lies in
two-way communications. This report, Custoiner Service and Marketing on the
Iuternet (TR-105664), is a good starting point for utilities interested in offering
more-innovative on-line services. It explains, in lay terms, how utilities can use
the information superhighway for valuable customer service and marketing
activities. For example, utilities can use two-way commuinications to gather
valuable mar-ket research data, scheduleservice appointments, and
conduct on-line analyses to demonstrate how a new electrotechnology

(woxaBps-mmm/duy) ouaag % seq ofia|g ues

can meet specific needs.
For more 1nformation, contact Paul Meagher, (415) 855-2420.
To order, call the EPRI Distribution Center, (510) 934-4212.

Radiaiion Handbook

Now there is an easily understandable resource covering the health risks of
radiation for nuclear power plant workers and their families. Radiation at Nuctear
Poroer Plants: What Do We Kiote About Health Risks? (TR-104630) is simple and
concise, with technical terms defined in footnotes. The handbook was designed
specifically to answer a variety of questions frequently asked by nuclear plant
workers and their families. [t is intended to give workers the knowledge they
need to make informed decisions about their work. The text includes an explana-
tion of radiation sources, both natural and man-made; facts about occupational

radiation exposure; and information on the health effects of such exposure.
For wore information, contact Chris Wood, (415) 855-2379.
To order, call the EPRI Distribution Center, (510) 934-4212.
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DISCOVERY

Basic science and innovalive engineering at the cuffing edge

Improving the Diagnosis and Treatment of Electrical Burns

lectrical shock ranks among the most devastating
of all injuries: outright electrocution is a leading
cause of death in some jobs, while survivars of
severe electrical burns may undergo progressive
tissuz loss and often are unable to return to work.
To improve the diagnosis and treatment of electri-
cal burns, EPRI has sponsored research by Dr. Raphael C. Loe
and his colleagues at the University of Chicago for sevicral
vears. Recently, impartant progress has been achieved on
several fronts
Hlistorically it was believed that the main cause of injury
in electrical burns was thit heating of tissue by the passage
of current. The Chicago team first challenged this azaumption
by demonstrating that much of the damage resulted instead
from the opening and enlargement osf pores in cell mem-
branes due to high-intenzity electric fields. This process of
elictroporation allows important ions to flow fricely through
the membrane, eventually resulting in cell death. A paper
presenting evidence that this can occur even in the absence of

thermal damage won the 1995 Lindberg Award of the Ameri-

can Burn Association.

response of electrical burn patients in real Hime. Such munitor-
ing has been made possible by the development of a small
high-resolution camera whose images can track the presence
of a gamma-ray-emitting tracer that accumulates in injured
tissue. Mew software has also been developed that permits
mare-precise, three-dimensional characterization of the injured
area on the basis of visual inspection. In addition, enhanced
techniques using magnetic resonance imaging are being
explored a= a way of identifying the extent of tissue damage.
To determine whethar P-188 could also be used to treat
conventional burns, experiments have bren conducted in
collaboration with Dr. Mehmet Toner at the Shriners Burns
Institute and Massachusetts General Hospital. These cell-
culture experiments showed that P-188 does retard ion
leakage through thermally injured celt membranes and
increases the rate of cell survival observed 24 hours after heat
damage. The results of these studies indicate that P-188 can
promuate both the morphological and the functional viability
of celiz following heat injury. Thi= information is expected to
fead to the development of new therapies for conventional
bums and to help in the design of even more effective surfac-

tants for =ealing membrane pores.

: al‘?‘ o Vo i e Another area of concern has been the
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> . - Ve . \ inability of some patients to return to work
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after receiving electrival burns—especially if
high voltage and loss of ronsciousness were

These cell membrane micrographs show (from left to right)
a healthy surface, damage from pore formation following
electrical trauma, and pore sealing after treatment with
P-188,

On Ihe basis of this new understanding of elictrical
burns, Dr. Lee and his colieagues postulated a fundamentally
new type of treatment in which a surfactant already vsed for
other medical purposes—Poloxamer 188 (P-188)—is adminis-
tered ta injured tissue to seal the membrane pores. The effec-
tiveness of P-185 in this application has now been canfirmed
in both cell-culture and animal studies, and the US. Food and
Drug Administration has given approval to begin clinical
irials of the treatmint.

An important component of these phase 1 trials, which

are expected to begin shortly, will be to monitor the tissue
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involved. In particular, many similarities have
been noted between the problems experienced by these
patients and the problems of blast victims, leading to specula-
tion that the acoustic shock wave associated with an electrical
arc may cause injury to the central nervous system.

Onthe basi= ol prior experience with blast injuries and
head trauma survivors, the Chicago rese¢archers have used
single-photon-emission computed tomography techniques to
look for impaired blood flow in the brains of electrical burn
patients. They found that the majority of patient= studied did
in fact show such abnormalities, particularly in the midbrain
area, which ik related to sensory input, emotion, and long-
term memory. This digcovery both provides new evidence of
a physical cause for the survivors’ psychological svmptoms
and suggests the need for considering blast effects in develop-
ing safe electrical work practices.

“These results are yery ex citing, and we look forward to
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starting clinical trials as soon as funding permits,” says EPRI
project manager Ron Wyzga. “We've had a problem getting
cofunding from private pharmaceutical companies, however,
because P-188 is an ‘orphan drug’—that is, a drug that’s
already available inexpensively for other purposes—which
would make it difficult for a company to recoup its research
investment. On the other hand, if the program is successful,
its entire cost could be recouped through the savings realized
by having a single worker return to work six months earlier
after an electrical injury. And the added potential for revolu-
tionizing the treatment of conventional burns means that this
research could produce very widespread benefits for the
public. | foresee the day when, because of this research, first-
aid kits will contain new medications for treating both electri-
cal and thermal burns.”

® For more information, contact Ron Wyzga, (415) 8552577

Mercury Emissions From Vegetation

basic assumption of efforts to reduce mercury pollution
in the environment has been that, once deposited on
the ground, mercury is unlikely to be reemitted to
the atmosphere. This assumption recently received a setback
when researchers at Oak Ridge National Laboratory discov-
ered that plants and soils emit mercury into the air at rates
that could significantly affect its atmospheric concentration.
Previous EPRI-sponsored research revealed that much of
the mercury contamination found in remote lakes and streams
results from atmospheric deposition and that the residence
time of mercury in the atmosphere is long enough to disperse
it far away from any industrial sources. Now, working with
EPRI funding, Steven Lindberg and his colleagues at ORNL
have measured mercury emissions of up to 100 ng/m? over
forests and up to 7.5 ng/m? over soils. Further work must be
done before these figures can be scaled up to calculate the
global impact, but they are likely to increase current estimates
of terrestrial sources of atmospheric mercury substantially.
The ORNL scientists conducted their original research
with plants grown in laboratory chambers and then con-
firmed their findings through field measurements. Making
such measurements had not been possible before the re-

searchers developed a highly sensitive new sampling technique.

“It appears that plants transpire mercury in amounts that
depend on the ambient concentration in surrounding air,”
says EPRI project manager Don Porcella. “That makes estimat-
ing the overall impact of these emissions very difficult. This
discovery also calls into question the accuracy of current
mercury source calculations and atmospheric transport and
transformation models.”

m For more imformation. contact Don Porcella, (415) 8552723,
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ustom Power:
Optimizing

Distribution Services

by John Doiglas

THE STORY IN BRIEF Power disturbances that once would barely have
been noticed may now produce costly malfunctions in critical customer
equipiment. Fortunately, a new generation of power electronic con-
trollers is becoming available for use on distribution systems, which
will enable utilities to provide premium-quality electricity to customers
with sensitive loads. The first of these controllers, called Custom Power
devices, are now entering utility service, providing a cost-effective
alternative to the power-conditioning equipment previously installed on
customers’ premises. Eventually, the integration of Custom Power con-
trollers with distribution automation equipment will help create dis-
tribution systems that are optimized from both the utility’s and the

customer’s point of view.
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ower line disturbances—such as
voltage spikes, sags, and outages
—cost electric utility customers bil-
lions of dollars each year. A primary
reason is that minor power disruptions,
which once would have been noticed only
as a momentary flickering of the lights,
may now interrupt whole automated fac-
tory assembly lines because of sensitive
electronic controllers or make all the com-
puter screens in an office go blank at once.
Even one cycle of outage or two cycles of a
25% voltage dip can cause unprotected mi-
croprocessors to malfunction.

About 90% of outages affecting custom-
ers originate on the utility distribution sys-
tem and are due to causes such as lightning
and line faults. As a result, the ability to
provide premium-quality power is becom-
ing a distinct competitive advantage as util-
ities face increasing competition through
deregulation of retail markets. Up to now,
many customers with sensitive loads have
installed their own wminterruptible power
supply (UPS) to provide ride-through capa-
bility, but these battery-dependent devices
are often expensive and energy inefficient,
and they require maintenance that may
exceed the owner’s available in-house re-
sources. Installing a UPSmay also be diffi-
cult on some customer premises because of
severe space constraints or changing facil
ity requirements. In addition, a recent EPRI
survey revealed that the majority of in-
dustria} and commercial customers would

SOLID-STATE BREAKER When a fault
occurs on a distribution feeder, conven-
tional circuit breakers cannot react fast
enough to prevent fauit currents from
affecting other lines connected to the
same bus. An SSB quickly isolates the
faulted line and limits fault current, thus
protecting sensitive loads—such as a
semiconductor manufacturing plant—on

adjacent feeders.

8 EPRIJOURNAL  May/June 1996

prefer a utility-provided solution to power
quality problems.

Most of today’s distribution system con-
troller equipment—such as mechanical re-
closers, which require six cycles to react
to a line fault—is not fast enough to pro-
vide the virtually instantaneous switching
needed to keep sensitive equipment oper-
ating properly. Fortunately, a new genera-
tion of power electronic controllers coming
into use on distribution systems will
enable utilities to provide pre- ;
mium-quality electricity to cus-
tomers with sensitive loads.
Tlrough the use of these Cus-
tom Power devices, utilities will
be able to provide their cus-
tomers with a costeffective al-
ternative to installing their own
pow erconditioning equipment.

“First, EPRI pioneered the use of power
electronic controllers to create the Flexible
AC Transmission System, called FACTS,
which enables utilities to maximize the use
of their present high-voltage networks,”
says Karl Stahlkopf, EPRI’s vice president
for power delivery. “Now the cost of pow-
er electronics has declined enough for us to
begin using such controllers to improve
service for individual distribution system
customers. With utility demonstrations just
getting under way, I would say Custom
Power is at about the same stage of de-
velopment that FACTS reached some five
years ago—but [ expect even faster market

= their

penetration because of pressing demand
and the rapid development of the technol-
ogy involved.”

First, the switches

The first Custom Power devices to enter
utility service are two basic kinds of dis-
tribution system switches. The solid-state
breaker (SSB) offers fast isolation of line
fattlts and can be used in conjunction with
other Custom Power devices to provide

a variety of innovative applica-
tions. The solid-state transfer
switch (SSTS) provides uninter-
rupted power to a customer by
quickly transferring a load from
a faulted feeder to an indepen-
dent unfaulted feeder. In addi-
tion to being much faster than
mechanical counterparts,
both of these switches can be used repeat
edly with no degradation of pertormance.
The primary function of the SSB is to in
terrupt fault currents quickly enough to
prevent them from affecting service on
adjacent feeders. Since an ordinary thyris-
tor (sometimes called an SCR, for silicon-
controlled rectifier) does not have the abil-
ity to turn off until the line current goes to
zero, a solid-state breaker requires a gate-
turnoff thyristor (GTO) in orderto stop cur
rent flow at subcycle speed. With EPRI
sponsorship, Westinghouse Electric Cor-
poration has developed a 13.8-kV SSB that
can react to faults in as little as one-quarter




CUSTOM POWER DEVICES A new
generation of power electronic controllers
becoming available for use on distribution

D-STATCOM

of a cyde, using a combination of SCR and
G 10 technology. (For background informa-
tion on thyristor development. see the side-
bar on page 12.)

During ordinary eperation of this SSB,
current fiows through the GTO and out
onto a distribution feeder. When a fault oc-
curs on the line, the GTO shuts off and the
SCR in paralicl with it turns on, sending
the power through a current-limiting reac
tor. This action immediately protects other
feeders upstream on the distribution sys-
tem and allows a preset amount of current
to continue flowing onto the faulted feeder
while protection devices downstream from
the SSB attempt to clear the fault. If the
fault remains after a specified period of
time, usually a few cycles, the SCR also
shuts off, isolating the feeder.

Demonstration of the new Westinghouse
SSB began in 1995 at Public Service Elec
tric and Gas Company, where it is being
tested to control a capacitor bank on a line
that serves a customer with a sensitive

load. Westinghouse envisions eventually

using multiple SSBs to control power flow
throughout a Custom Power park, which
would offer industrial and commercial ten-
ants enhanced levels of electricity service.
A variety of other Custom Power devices
would be incorporated as needed. Some of
these devices are being developed by Sure-
Tech LLC, an R&D alliance formed by EPRI
and Westinghouse.

The electronic solid-state transfer switch
is designed to replace the mechanica! auto-
transfer gear currently used to switch ma
jor industrial and commercial facilities
from one feeder to another—a process that
typically takes 2 to 10 seconds. An SSTS
can also provide large customers with a
cost-effective alternative to in-house unin
terruptible power supply systems, The first
utility demonstration of an SSTS began in
September 1995 at Baltimore Gas and Elec-
tric Company’s Front Street complex, with
EPR! participation. This 13-kV-class switch
is now being marketed under the trade
name PowerDigm by Silicon Power Net
works, a partnership between BGE and Sil-

systems will enhance power delivery.

A distribution static compensator
(D-STATCOM) protects the rest of a
distribution system from voltage irregu-

larities caused by a nonlinear load.

A solid-state breaker (SSB) disconnects a
feeder in a fraction of a cycle, preventing
the spread of power disturbances. Cou-
pling an SSB with a D-STATCOM and

energy storage can provide full voitage

support to a critical load during outages.

A dynamic voltage restorer (DVR) restores
the quality of power delivered to a sensi-
tive load when voltage sags, swells, or

transients occur on a feeder.

A solid-state transfer switch (SSTS)
provides uninterruptible power to a
customer by switching between two

independent feeders.

ticon Power Corporation, which manufac-
tures both the device and the power semi-
conductors used in it.

In its simplest configuration, PowerDigm
consists of two SCR thyristor switches con-
nected back-to-back, which direct power
flow from two feeders to a load. During
normal operation, the switch connected to
the primary feeder is kept closed and the
switch on the secondary feeder is kept
open. If a voltage sag or outage occuts on
the primary line, the switch for the sec-
ondary feeder turns on, immediately fore
ing the first switch to shut off and transfer-
ring the load within a quarter cycle. In the
event of a voltage swell or surge, the trans-
fer takes about half a cycle because the
primary SCR switch must be allowed time
to shut off at the next zero-current point.
A more complex configuration of Power
Digm, one that is designed to handle loads
larger than about 4 MVA, employs three
thyristor switches; these switches normal-
ly draw some power from both feeders
transferring the entire load to one feeder

EPRIJOURNAL May/Jure 1996 O
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only if a problem develops on the other

Four additional utility installations of
PowerDigm are scheduled to begin over
the next year with EPRI funding provided
through tailored collaboration, and several
more are expected. These commercial units
will have a continuous current rating of 600
amperes.

“The availability of solid-state breakers
and transfer switches is fundamental to the
Custom Power effort,” says project man-
ager Dave Richardson. “They are so much
faster than their mechanical counterparts
that fundamentally new ways can be con-
sidered for using them to isolate faults and
to prevent most customers on a distribu-
tion system from being affected by voltage
transients originating on adjacent feeders. I
also expect to see more industrial parks use
some combination of these switches with
dual feeders and other Custom Power de-
vices to offer premium-grade power to cus-
tomers with critical loads.”

DVR: protecting sensitive loads

Another Custom Power device now enter
ing utility service is the dynamic voltage
restorer (DVR), a solid-state controller that
protects acritical load from power line dis

10 EPRIJOURNAL  May/June 1996

turbances other than outages. Connected
in series with the primary distribution
feeder providing power to a sensitive load,
it compensates for momentary voltage
sags, swells, transients, and harmonics by
exchanging real and reactive power with
the line. The first installation of a DVR—a
2-MVA unit manufactured by Westinghouse
—is scheduled to take place this year on
the Duke Power Company system near
Anderson, South Carolina. The unit is be-
ing used to provide pre-
mium-quality service on
a 12kV line to a high-
ly voltage:sensitive cus-
tomer. Another installa-
tion of a 2-MVA unit is
planned for the distribu-  ss7s
tion system of Powercor Australia, Ltd,,
near Stanhope, Victoria. This DVR will
maintain power quality on a 22-kV line
that serves a large dairy food processing
plant with a 6-MVA load.

A DVR consists of a dc-ac power inverter
based on insulated gate bipolar transistor
{IGBT) technology, which is connected in
series to a distribution line through a set of
three single-phase injection transformers.
When a voitage disturbance occurs on the

incoming distribution feeder, the DVR re-
stores the quality of the voltage waveform
to the load by injecting a voltage into the
feeder that compensates for the problem in
real time. The dc side of the inverter is con
nected to a dc link that provides a regu-
lated dc voltage source, which the iGBT
switches convert into a synchronous ac
voltage of controllable amplitude, phase
angle, and frequency. For example, during
a voltage sag, the DVR supplies a compen-
sating voltage in phase with
that on the line to make
up the difference. When a

switching transient some-
where on the distribution

system creates harmonics

in the line voltage, the DVR

can generate complex waveforms in a frac-

tion of a cycle to cancel them out. If de-

sired, the DVR can also limit fault currents

by injecting a voltage that leads the line

current in phase by 90 degrees, increasing

the apparent line impedance.

The Westinghouse DVR is available in
ratings from 2 to 10 MVA for installation
indoors, outdoors, or in a portable trailer. A
rechargeable energy storage system, such
as a large capacitor bank or batteries, can

SOLID-STATE TRANSFER SWITCH To
protect critical loads from power out-
ages, many customers use a battery-
dependent uninterruptible power supply.
In some circumstances, a cost-effective
alternative is to use an SSTS to switch a
load between two independent feeders,
as Baltimore Gas and Electric is doing at
its headquarters building.



DYNAMIC VOLTAGE RESTORER When
voltage disturbances occur on a distri-
bution line, they may cause sensitive
electronic equipment to malifunction. A
DVR can protect a customer with such
equipment—for example, an automobile
manufacturing plant.

also be connected to the dc terminal of the
DVR to provide additional power to ride
through deep sags. The response time to
begin voltage regulation is less than 1 mil-
lisecond. Even without additional energy
storage, a DVR tested at EPRI's Waltz Mill
laboratory has demonstrated its ability to
restore line voltage during a 25% sag for 5
seconds—a far longer duration than would
ordinarily be expected in utility service.
“With EPRIi’s help, we will be able to
increase our customer's productivity as
wellas increase our valuetothe customer,”
says Steven Whisenant, manager of sys-
tem power quality at Duke
Power, speaking of
the utility’s DVR in- -
stallation. And Aus- [ 10 & . §
tralia’s minister for _IJL’R
housing and regional development, Brian
Howe, sees the DVR demonstration there
as part of a long-term effort to improve
the productivity of central Victoria’s food
processing industry. Across the region,
he says, “lost production associated with
short-term power disturbances is estmated

at $10 million a year. If we extrapolate the
benefits of DVR across Australia and to
many other industries, the savings will

be enormous.”

D-STATCOM: cleaning up
power pollution

A technology that provides a function com-
plementary to that of the DVR is the dis-
tribution static compensator (D-STATCOM),
which protects the distribution system
from power “pollution” caused by the dis-
turbing effects of certain customer loads.
e In a typical application,
@ l it would be placed be
tween the feeder and a

heavy, fluctuating load,
whose operation would
otherwise produce vol-
tage sags, swells, and harmonics

that could adversely affect other custom-
ers’ power quality. For this purpose, the
D-STATCOM replaces conventional equip-
ment like load-tap changing transformers,
voltage regulators, and switched capaci-
tors. In addition, the D-STATCOM can be

used with a solidstate breaker and an en

ergy storage subsystem to support the
downstream load during the operation of
a feeder breaker or another upstream pow-
er interruption.

Like the DVR, the D-STATCOM consists
of an IGBT-based d cac power inverter. In
contrast to the DVR, however, the D-STAT:
COM is connected in shunt (rather than in
series) to a distribution feeder through a
coupling transformer that matches the in-
verter ac output voltage to the distribution
system voltage. In this configuration, the
D-STATCOM exchanges only reactive pow-
er with the line and provides voltage regu
lation and power factor correction to the
load by injecting current that is in quadra-
ture with the distribution feeder voltage. If
an energy storage subsystem is added, the
D-STATCOM can also supply real power to
the load once the solidstate breaker has
disconnected the load from the feeder dur-
ing an upstream power disturbance. Har-
monic currents required by nonlinear loads
can also be provided by the D-STATCOM.

The first D-STATCOM to enter utility ser
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Thyristor Evolution

nderlying the development of power electronic con-

trollers for both ransmisslon voltage and distribution volt-

age applications has been the steady development of

thyristor fechnology. New fabrication fechniques have
steadlly lowered the cost and increased the power-cartying co-
pacity of thyristors, But In addition, fundamentally new designs for
these semiconductor swifches keep punctuating such gradual
evolution with sudden revolutionary bursls of activity, Now, ancther
fundamental change appears to be taking place, which may
lead to a new generation of thyristors and further wisdlen the hori-
zon of applications.

By thernselves, the lorge, pure crystals of silicon from which solid-
state electronic devices are created do not conduct electricity
very wel To make silicon conductive, it Is doped with small
amourits of other elements, which either glve or take oway elec-
trors from the crystal lattice. An nfype semiconductor has been
doped with phosphorus or another element that donates free
electrons to the sllicon crystal. A p-type semiconductor has been
doped with boron or some other element that takes electrons
away from silicon atoms in the Crystal, creating poesitively charged
holes that move through the lottice.,

SCR Thyristor

] pn

Anode (+) I n

The junction betweean layesrs of n-type and p-fype materials wilt

Cathode (-)

Gate (=)

conduct electriclty only when the electrons and holes are brought
together from opposite sides, as when a positive voltage is applied
on the p-side of the junction and a negaotive voltage is opplied on
the n-side. A conventional thyristor (a silicon-controlled rectifier, or
SCR) is constructed from four Iayers of deoped slicon in 0 p-n-p-n
configurafion. An SCR con be turned on at ony peint in the
positive cycle of alternating current by iImpesing a positive valtage
on ihe embedded p-loyer (the gate), which forces holes fo the
junctions between the gate and Its neighboring nlayers. ®nce the
SCR is conducting, however, it cannot be turned off unti the cur-
rent goes bielow the holding current—for example at the end of
each half cycle, at the current zero crossing.

in o gate-turnoff (GTO) thyristor, current flow is interrupted by re-
arranging the device configuration so that gate connections are
interdigitated between multiple cathodes at one end of the
device. Eoch cathade is connected to a small n-region embed-

ded in the adjocent player, so that applying a negative voltage
1o the gate connections draws current away from the cothodas,
causing the GTO 1o turn off. The disadvantage of this design is that
it requires a relafively large gafe current. resulting In commensu-
rate powet loss and heat bulldup.

G670 Thyristor

Gatetror )
| Catnoge (-}

Gatelior=)
L Cathode (=}

Getmi=or=)

Anade (+) n

One way to get around this disadvontage is to use aninsulated
gate bipolar transistor (IGBT). The gote for this device Is created
from a thin region of metal oxide sermiconductor (MOS) material
deposited on top of the much larger, three-layer silicon structure
below. By applying a positive voltage to this gate, a temporary n-
channel Is created in the top pHayer of the transistor, allowing cur-
renf to begin flowing through the device. Very little current flows
through the gate itself, giving the IGBT lower losses than the GTO.
However. the three-layer structure of the IGBT does not have the
latching copability of a four-layer thyristor. which limits its current-
cornying copability and power rafing, At present, IGBT stacks are
consicdlered to be competitive with GTOs up to copacities of
about 10 MVA, which Includes Custom Power contfrollers but not
FACTS devices.

For several years, engineers have olso been looking for a way to
use MOS gates to confrol high-power thyristors—combining the

IGAT

;,i Gate(+or-)

{
j Cathooe ()
P

::- Gateteor=|

Anode (*+) n

raptd response of the IGBT with the superlor current-carrying ca-
pabillity of the SCR. At first, attention focused on a design called
the MQOS-controlled thyristor, which provided the low-power gate
for both turnon and turnoff, theoretically giving great flexibility. Re-
cently a new design has been developed that uses o MOS gate
for turmnoft only, providing greater ease of fabrication. Colled the
MOS-tumoff (MTO) thyristor, It is @xpected 1o replace the GTO be-
cause of its low-current gate-tumoff capability ond potentially
lower cost, EPRI is beginning to sponsor development of an ad-
vanced MTO for use In ufility power system controllers, 0
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DISTRIBUTION STATIC COMPENSATOR
Large, nonlinear loads—like those
involved in electric steelmaking pro-
cesses—can cause power surges and
harmonics that propagate along a
distribution line. A D.STATCOM injects
a current at the proper phase angle to
compensate for such disturbances

before they can affect other customers.

vice will be installed this year at the Adams
Lake sawmill of International Forest Prod-
ucts (Interfor) in British Columbia, with
EPRI participation. Manufactured by West-
inghouse, this *2-MVAR D-STATCOM will
prevent what would otherwise be unac-
ceptable levels of flicker affecting more
than 800 other customers along a 30-km,
25-kV distribution feeder of BC Hydro.
This Custom Power demonstration was
prompted by the installation of a large,
whole-log chipper driven by three 400-hp
electric motors. In addition to mitigating
harmonics generated by the sawmill mo-
tor drives, the D-STATCOM
will also provide
real-time voltage
regulation during
sags and swells
that result from
log carriage startup and D-STATCOM
braking operations. The alternative to this
Custom Power solution would have been
either to build a new distribution line into
the area, at a higher capital cost, or to in
stall diesel drives on the chipper, with a
higher operating cost and adverse environ
mental implications.

Westinghouse is now offering the D-

STATCOM product commercially as part of
its new Custom Power SureSine product
line. According to Neil Woodley, market-
ing manager of Custom Power products
for Westinghouse, “These new power elec-
tronic s-based products promise to change
the way power distribution systems are
designed and operated to achieve the high
power quality demanded by today’s so-
phisticated process customers.”

“The demonstrations of DVR and D
STATCOM show that Custom Power offers
a cost-effective way to eliminate power
quality problems affecting distribution sys-
tem customers,” according to
project manager Ashok Sunda-
ram. “Utilities can begin to use
these devices now, in their cur
rent contigurations, and I antici-
pate that future installations ir
volving the addition of energy
storage subsystems will show even more
advantages of the Custom Power approach
over the use of an uninterruptible power
supply onthe customer’s premises.”

IntelliVAr: Jow-cost compensation

For applications requiring smaller amounts
of reactive power compensation (i.e., in the

range of —50 to +750 kVAR), a low-cost

product has been developed under the
sponsorship of EPRI and the National Rural
Electric Cooperative Association (WRECA).
Atypical use would be to provide voltage
support or power factor correction on the
long, heavily loaded distribution lines that
are common in many rural areas. This ad-
vanced static VAR compensator is small
enough tobe mounted on a utility pole and
can be shuntconnected directly to a distri-
bution line without the need fora coupling
transformer. It is manufactured under the
trade name IntelliVAr by Power Quality
Systems, Inc.

IntelliVAr is designed to mitigate fre-
quent, nonoutage power line disturbances
that typically last a few cycles and are not
amenable to correction by ordinary capaci-
tor banks. The compensator responds to
changing load conditions within a single
cycle. Conventional thyristors are used to
control internal capacitors and reactors for
continuously variable compensation in ei-
ther a voltage regulation mode or a power
factor correction mode. A data link is pro-
vided to allow changing of control set
points and remote selection of operating
mode.
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Next Steps

n oddition to the Custom Power controllers now entering util-

ity service, two other dewvices currently under development

ore scheduled for demonstration over the next few yaars. The

fransportable battery energy storage system (TBESS) will con-
fibute fo power quality while adding new distributed resource co-
pabilities. The pole-mounted dynamic voltage restorer (PM-DVR)
will open up new opportunities for applying voltage sag mitigation
technology to utility distribution systems,

During previous EPRI-sponsored work at Southern California Edi-
son Company’s Chino battery energy storage facility, researchers
found that in oddition to supplying on-peak service with energy
stored off-peak, bottery plants offer dynamic operating benefts.
They con provide spinning reserve, emergency VAR supply, and
power quality improvements through fast respense to chang-
ing load conditions or voltage irregularifies. Such advantages
would be multiplied if battery plants could be fransported easily
to locations experiencing rapld locad growth or power qualify
problems,

In response to this need, EPRI has collaborated with the U.S. De-
partment of Energy in a prograom to produce the TBESS—a battery
plant composed of modules that can be fransported on fatbed
frailers. The full TBESS is rated ot 1-2 MW and has a 1-hour dischorge
capability and a ramp rate of less than 4 milliseconds. Individual
modules have ratings of 125-250 kW, with a maximum footprint of
only 700 square feet.The aim of the joint EPRI-DCE project is fo ac-
celerate the commercialization of such fransportable battery sys-
tems and to determine their potential benefits.

The first instalotion of a TBESS is scheduled for June 1997 on the
distribution system of the Salt River Project, and EPRI is seeking host
utilities for additional units, The TBESS is expected to have a mature
cost of about S500/kW. with a payback period of about two years,
assuming & 1¢/kWh premium for power quality improvements for
customers with sensitive loads. In areas of modest load growth,
where use of the TBESS could enable a utility to defer building new
distribution facilities, additional cost deferral and operating bene-
fits of about $75/kW annually would be expected.

Creating a dynamic voltage restorer that could be mounted
on a utility pole head would greatly increase the opporfunities to
use this promising technotogy for selective feeder power quality
improvement. in addition to offering premium power quality ser-
vice 1o customers, the PM-DVR may enable some utilities to defer
capital expenses for capacity exponsion—tor example, the cost
of reconductoring at $25,000 per mile,

The development of a PM-DVR by Westinghouse Electric Cor-
poration is just getting under way, with delivery of the first profo-
type to a host utiity scheduled for 1998. The first PM-DVR is ex-
pected fo have o rating of 300 kVA, for use on a 15-kV-class distri-
bution system, Its primary function wil be to protect sensitive
customer loads from voltage sags, transients, and harmonics; its re-
sponse time will be one-hatf cycle or less, Although the PM-DVR will
be based on technology already proven in other Custom Power
davices, considerable development work will be needed to meet
the weight, size, cost, oand environmental constraints of pole
mounting. (w|
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Utility demonstration of IntelliVAr is
scheduled to begin in mid-1996 at Ogle-
thorpe Power Company, in Georgia, under
EPRI-MRECA sponsorship. The compensa-
tor will be used to mitigate flicker caused
by a sawmill,

“The key reason %RECA wished fo de-
velop an advanced static VAR compensataor
with EPRI was to have a cost-effective way
of compensating long, single-phase rural
feeders with heavy-duty motors connected
to them,” according to Martin Gordon, the
association’s senior program manager for
energy R&D. “We are pleased with the waw
IntelliVAr achieves thig. It can be mounted
on a pole and connected for either single-
phase or three-phase function. It is also vir-
tually maintenance free and easy to install,
and it has an autostart system that requires
no human intervention.”

Toward distribution optimization

Ultimately, the success of any new distri-
bution system technology will be deter-
mined by how well its appliration is inte-
grated with a utility's business strategy to
reduce overall costs and increase customer
satisfaction. The term now frequently used
to describe such broad technological inte-
gration is distribution optimization, as dis-
tinguished from the more narrow concepl
of distribution automation. In the nest few
years, Custom Power technology iz likely

INTELLIVAR A frequent problem on
long rural feeders is the occurrence of
nonoutage veltage disturbances that are
not amenable ta correction by ordinary
capacitor banks. IntefliVAr can mitigate
such disturbances caused by end-of-

feeder loads like sawmills.

to play a major role in facilitating the sys-
tem productivity improvements and ser-
vice enhancements needed for distribution
optimijzation.

Traditionally, distribution automa-
tion has referred to the appli-
cation of new technologies to
convert existing control func-
tions—such as feeder deploy-
ment switching and load bal-
ancing—to automatic operation.
For example, improved system
monitoring and remote control
capability can be used to recon-
figure distribution circuits in real
time to balance load throughout a
svstemn and thus make the best use of avail-
able capacity. By contrast, distribution opti-
mization inherintly involves integrating
a wider range of technologies and devel-
oping fundamentally new strategies for
their uze.

Consider, for example, how a utility
might optimize its responze to the problem
of outages caused by summer storms. To-
day, the first notification of such an outage
often comes az a phone call from a cus-
temer. A “trouble truck” may then be sent
out to the general area of the eutage to lo-
cate its cause and asstss damage. Finally,

performing the actual repairs may necessi-
tate the dispatch of a more fully equipped
maintgnance crew.

tieltiVAr

A far more efficient, cost-effective re-
#ponse could be mounted by combining
several new technologies. Even before thix
storm hits a utility’s service territory, main-

tenance personnel can waltch its ap-
proach by means of EPR{'s National
Lightning Detection Network,
salellite imaging technologies,
and next-generation weather
radar. With this information,

feeders can be resectionalized
remotely, control equipment set-
tings can be readjusted, and re-

pair crews can be dispatched in
anticipation of likely damage.
I'hen, as lightning strikes and wind-
related faults begin to occur, Custom Pow-
er devices can provide a virtually instanta-
neous response to protect sensitive cua-
tomers and limit the spread of disturbances
through the network. Thi= response would
be even more effective if the Custom Power
devices were also used to control energy
storage systems or dispersed generation
units—such a= #mall combustion turbines
or solar photevoltaic units—to supply
power to a distribution system “island” of
critical customers. Advanced monitoring,
tault detection, and communications tech-
nologies also play a key role in facilitating
this optimized reaction (o a common utility
problem.

“For years thir industry has dabbled with
technologies to automate individual func-
tions of the power distribution system,
with only incremental success,” declares
Wade Malcolm, director of EPRI's Distribu-
tion Business Unit. “Mow, this concept of
localized automation has evolved inte a
much more inclusive approach to optimiz-
ing the whole distribution system by inle-
grating multiple technologies and keeping
the customer’s needs foremost in mind.
The Custom Power controllers now under
development are critical to this effort be-
cause of their ability to create new options
for meeting customer needs in a newly
compatitive industry.” »

Background nformation for this ariicle was pravided
Wade Malcolm, Ashok Sunoaram, and Dawid Richardsen of
the Power Oglivery CGroup's Distributicn Buslness Uri
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by Taylor Moore

THE STORY IN BRIEF More than
half a dozen electric utilities are
involved in ongoing efforts to evaluate
and develop the potential for biomass
feedstocks—including wood, wood
waste, and various herbaceous crops
like alfalfa—as a renewable energy re-
source for power generation. The grow-
ing interest in biomass power stems
from its promise for addressing emerg-
ing concerns on several fronts. For ex-
ample, low-cost waste biomass avail-
able from customers can be used as a
supplemental fuel in existing fossil
power plants, reducing fuel costs and
pollutant emissions. Significant use of
biofuels could also help utilities forge
closer relationships with customers that
produce agricultural or wood products.
For the longer term, biomass-fueled
generating systems promise an effective
and economically feasible approach to
reducing the contribution of fossil-fuel-
based generation to emissions of the

greenhouse gas carbon dioxide.

Harvesting the

Switchgrass, a deep-rooted perennial, is
one of several native prairie grasses
that, although grown mainly for animal
feed today, could be grown as feed-

stocks for biomass energy production.

Wayne Gratz, NREL
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ductive in the world, are also harvesting
solar energy from plants for its value as
fuel. Some grow soybeans that are used
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cilities are being evaluated with support
from the U.S. Department of Energy, the
U S. Department of Agriculture, and EPRI.
Studies of praposed projects are helping to
define the characteristics of biomass pro-
duction systems and related infrastructures
in various regions of the country, identify
ways to reduce costs, and validate princi-
ples of landscape ecology and agricultural
economics as promoted by the National
Biofuels Roundtable, a group that EPRI
helped form.

Benefits of biomass

The production of crops for energy on a
significant scale could help revitalize many
parts of rural America by attracting energy
industries. Since transporting crops is ex-
pensive, biomass power plants and fuel
companies are likely to be located within
50 miles of where feedstocks are grown,
bringing new jobs as well as the economic
benefit of increased agricultural produc-
tion. Biomass-fueled generating capacity
totaling 50,000 MW could represent a new
agricultural market worth as much as $12
billion a year in U.S. farm-sector income.
But if even a fraction of the potential for
biomass energy production is to be real-
ized, the unique economics of energy crops
for power generation must be better un-
derstood and strategically developed in
order to compete with cheap, abundant,
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and naturally occurring fossil fuels.

Evaluated strictly as a fuel for generat-
ing electricity, biomass is more costly than
fossil fuels. Moreover, few utilities cur-
rently need additional baseload generat-
ing capacity (which is how most biomass
facilities would operate). Some utilities
have even opted to leave to other compa-
nies the building of such capacity when it
is needed, limiting the near-term market
for new plants fueled by biomass.

With biomass, however, the economics
of agricultural production and waste dis-
posal intersect with the economics of pow-
er generation. As Birk notes, “The current
interest that some major utilities have in
biomass and their vision for it in the longer
term go beyond a simple picture of using
biomass for fuel. Biomass can offer near-
term business advantages as well as more-
strategic, long-term value. The coproducts
and other benefits, such as emissions off
sets, waste reduction, and local economic
growth, that can accrue from biomass proj-
ects are key elements in their overall appeal
to utilities.”

Unlike some renewables-based generat-
ing systems (eg., solar photovoltaics) that

PLANT

require costly advanced technology, bio-
mass fuels can be used to generate elec
tricity with the same type of equipment
and power plants that now burn fossil fu-
els. Thus, there is an opportunity for the
phased introduction of biomass into the
mix of utility generating resources, at first
as a supplemental fuel in existing fossil
power plants and eventually in advanced
generating systems optimized to run per
haps entirely on biomass fuel.

Even at a time when low-cost, natural-
gas-fired combined-cycle generation poses
seemingly unbeatable cost competition
among sources of electricity generation,
biomass power is enjoying a wave of inter-
est among some electric utilities. This is
happening because, although biomass-
fired electricity generation is currently un-
economic, in some cases it is only margii-
ally so. The value of coproducts like animal
feed, ethanol, and pulp—and the potential
ancillary benefits of biomass use, including
its value as a local waste disposal solution,
as a catalyst for economic development,
and in maintaining customer satisfaction
can make specific biomass projects eco
nomically attractive.

“Waste disposal is often a problem for
utility customers, so some utilities have
investigated using biomass fuel as a cus-
tomer service,” notes Turnbull. “If the waste
is solid, rather than the customer’s having
to truck it to a municipal landfill and pay
the disposal costs, the utility will combust
it, offsetting the cost of that heat content
from coal. Tf the waste is liquid, it may be

WOOD FUELS CALIFORNIA POWER

In addition to a few utility-
owned generating plants that are fueled
with wood, some independent power
producers are using wood biomass. The
50-MW plant of Wheelabrator Shasta
Energy at Anderson, California, is an
integrated operation that uses logging
residues, tree chips, and mill wastes
from nearby forest products companies,
along with some agricultural prunings
and urban wastes, to fire three steam

generating units.

Wayne Grefz, NREL



CROPS COULD PROVIDE BIGGER SLICE
OF BIOMASS ENERGY Most of the
energy obtained from biomass today is in
the form of thermal energy and is used
directly by the pulp and paper industry. In
addition, about 5% of the nation's corn
crop is converted into ethanol, which is
used as a gasoline additive. But accord-
ing to the National Biofuels Roundtable,
the percentage of total energy supply
obtained from biomass resources could
be increased substantially if crops like
alfalfa and switchgrass and fast-growing
trees like willows were grown as dedi-
cated biomass feedstocks. The round-
table's projection of potential biomass
use by 2030 assumes energy crop
production on 30 million to 81 million

hectares (74 million to 200 million acres).

used to irrigate and fertilize energy crops
being grown nearby. Often a waste prob-
lem can be turned into a win-win-win sce-
nario for a utility, its customers, and the
community.” (This applies to municipal
and industrial wastes as well, and EPRI 15
waorking with several utilities that are cofir-
ing some of these nanbiomass wastes.)

The key near-term utility benefits of us-
ing biomass fuels as a supplement for cofir-
ing in existing boiler= are that they produce
negligible emissions of sulfur oxides and
may yield a greater-than-proportional {by
energy content) reduction in emissions of
nitrogen oxides. These results are now be-
ing confirmed in a series of EPRI-supported
teat= with several utilities.

Building on a decade of
R&D interest

Reflecting the interest of member utilities
in biomass power, EPRI ha= been involved
in various assessments and studies of
wiwm d-fired generating systems and other
bismass energy technologies for more than
a decade. The Institute expanded its re-
search thrust in 1959, undertaking a survey
of biomass furls and technologies as will
as tests (in the Dakotas, Minnesota, and
Wisconsin) of growing hybrid poplar trees
a enaergy crops. In 1992, EPRI joined the
Tennesscee Valley Authority in a major sys-
tematic enginesring and eronamic evalua-

tion of biomass and waste fuels; this effort
has evolved into a test program for cofiring
wood and wood wastes and now involves
several utilities.

Al=o in the early nineties, a syatematic
biomass resource assessment was launched
to examing the sverall potential far ensrgy
crops as disdicated fendstocks and to assess
the associated environmental impacts and
social and economic benefits. As part of
thi= effort, EPRI and this BMational Audubon
Society collaborated, with support from
DIIE, in establishing the Mational Biofuels
Roundtable in 1492 to help build consensus
on guiding the develspment of a sustain-
able biomass energy resnunce. According to
the roundtable, a transition to a more sus-
lainable energy sconomy that includes the
development of domestic biomass energy
resources woruld reduce both the risks of
dependence on fosail fuels and the poten-
tial risks assoviated with global climate
change mlated to increasing fossil fuel
combustiim,

The raundtable says that energy crops
offer great promise for providing fuels
both for (ransportation and for gencerating
cloctricily. Moreaver, environmental dam-
age from energy crop production ran be
avoided if such crops are included in the
general mix of agricultural produetion in
an informed manner. In fact, according to
the rioundtable, significant envirenmental

and ecological benefits could accrue from

the development of a fully sustainable bio-
mass energy resource. These include im-
proved wildlife habitat, maintenance of
biodiversity, improved =oil qualities, and
reduced erosion. Un the other hand, the
large-sealie conversion of forests, grass-
tands, and wetlands to new energy crop
production could have negative impacts if
not thoughtfully managed.

The roundtable ha= found that there is
plenty of idle or underusd cropland avail-
able to support increased biomass feed-
stock production. Much of the more than
14 million hectares (35 million acres) of
cropland set asidi= under the L5, Depart-
ment of Agriculture’s Conservation Re-
serve Program could be suitable and could
bz made available for energy crops. And
the LSDA’s projections for the vear 2030
suggest that a ttal of 30 million to 81 mil-
lion hectari= (74 million to 200 million acres)
of land in this country could be used to
Pl'l)d tce l"nl;'l'g? i r()P'i

EPRI's prajection of a potential 50,000
kW of bioma=s-fueled generating capacity
assumes the use of at least 20 million hec-
tares (49 million acres) of cropland, yirld-
ing at least 12 dry tons of biomass per
hisctare (abisut 5 tons per acre) per year. The
privjected pruductinn costs for this biomass
winuld b glise to the upper range of rie-
cent natural gas prices, provided that its
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higher-value coproducts can be marketed.
The aszumed yields, although not yet ob-
tained with all types of biomass, are al-
ready being exceeded with certain crops
in some regions.

There appears to be wide agreement
that yields for kity crops of interest as bio-
mass feedstocks could be increased sig-
nificantly. EPRI i= taking a leadership role
in sponsoring research aimed at improv-
ing productivity and lowering costs for
energy crop= and at improving acientific
understanding of the potential environ-
mental and ecological consequences of
using them, notez Turnbull. Recent stud-

4 .
A BOUNTY OF BIOMASS FEEDSTOCKS A wide assoﬂme
grown as:opel:'gy crops for use as hiomass feedstocks. These 2

idliqi'l'mm existing ag
‘nd peach and

 pits (as well 2

like willows to perennial grasses like switchgr:

ns can also be used as a biomass feedstock. And so car
ultural crop production—including ric

ies cofunded with the U.S. Forest Ser-
vice and the forest industry indicate that
the measurement of leaf respiration effi-
ciency makes it possible to select and clon-
ally propagate various species of trees to
achieve vyields three times greater than
those of conventionally selected species. In
a current EPRI projecl, researchers are
learning how to genetically engineer cer-
tain poplar speciet to make them resistant
to pests.

Taking a close look at cofiring

The utility use of biomass resources that
has the best near-term prospects is the co-

Wayne Gretz, NREL

= B
;3 and sugarcane, which yields bagasse. Wood fro rest-th

asse)—thus avoidir

firing of wood wastes or agricultural resi-
dues in existing coal-fired power plants,
Particularly suitable for this application are
cyclone boilers, which require minimal
modificatiens for feeding and mixing the
biomass fuel with coal. In addition, there
are cofiring opportunities with very old
stoker boilers. New York State Electric &
Gas Corporation has cofired waste wood
and other alternative fuels at two of its
stoker plants for nearly a decade. Two
small (15-MW) stoker units of Morthern
States Power Company have been cofired
with up to 200,000 tons of wood a year,
making it the main fuel at these units,

In recent years, EPRI has cosponsored
extensive studies of wood cofiring at TVA
power plants. Results from these studies
and other utility cofiring experiences, com-
piled for EPRI by Foster Wheeler Environ-
mental, address such issues as fuel chem-
istry and the size and dryness of particles
that can be cofired in cyclone and pulver-
ized-coal (PC) boilers. The results cover
sampling and analysis of more than 50
sources of wood in the TVA area, cold flow
tests and storage tests, and full-scale com-
bustion tests at TVA power plants, includ-
ing a series of test runs in a 250-MW cy-
clone boiler. The maximum biomass frac-
tion cefired was 20% by mass (9% by heal
content).

Do the test results indicate good reason
to cofire biomass or waste fuels? “That de-
pends on the motivating factors, a utility’s
wood supply-cost curve, and the specific
power plant being considered,” says EPRI’s
Hughes. “Cofiring options offer very low
capilal costs—$100 to $200 per kilowatt
generated from the cofired wood—com-
pared with the cost of building new capac-
ity that is dedicated to firing wood. Cofir-
ing costs may be even lower for cyclons
boilers if the fuel is already in small parti-
cles and is not too wet, preferably having
a meisture content well below the 45-50%
typical of green wood.”

Continues Hughesz, “If such fuel can b#
delivered to the power plant al a price
that is 25-40¢ per million Btu [approxi-
mately per gigajoule] below the price of
coal, the fuel savings plus a minor credit
for offsetting sulfur dioxide emissions can
be enough to cover the capital cost and



PLANTING PROFITS DOWN ON THE
FIBER FARM In DOE-sponsored work
over the past 15 years, Oak Ridge
National Laboratery ressarchers have
tested more than 100 species of trees to
identify those best suited for use as
energy crops. Today, tree farms using
agricultural production methods yield
three to eight times as much wood per
acre as do natural forests. An example
of such an operation is the James River
Corporation’s Lower Columbia Fiber
Farm In Oregon, where hardwood trees
are grown for pulp and paper production.
Over the next 15 years, improved breed-
ing and genetic engineering could make
it possible to boost biomass yields from
tree farms by an additional 50%.

break even. When combined with other
molivating factors, such as helping cus-
tomers with a waste disposal problem or
preempting potential competitors from us-
ing the waste as generating fuel, there can
be good reason to cofire wood in low-cost
situations.”

EPRI studie= confirm that the lowest-cost
opportunities are to use cyclone boilers to
cofire wood in the range of 1-10% (possi-
bly as high as 15%) by heat content and
to use PC boilers to cofire wood at low lev-
els, in the range of 1-3% by heat, Cofiring
at higher levels in PC boilers can entail not
only higher costs for biomass fuel prepara-
tion, especially if the fuel must be dried,
but the added cost of a separate feed sys-
tem to deliver wood to the boiler. Among
newir coal-fired power plants, fluidized-
bed units are designed with the Aexibility
to fire biomass and waste fuels. Cofiring
biomass in these units entails some addi-
tional costs for biomass storage, handling,
and feeding systems.

An inlriguing prospective benefit of
biomass cofiring is the possible reduction
of NO, emissions at coal-fired plants. Wood
contains less fuel nitrogen than coal does,
and the moisture in wood serves to cool the
coal combustion process, reducing Lhe for-
mation of thermal NO,. Laboralory tests
suggest that cofiring wood as a reburn
fuel—downstream from the primary com-

Wayne Gretz, NREL

Disease- and pest-
resistant hybrid
cottonwoods are

bred in a nursery.

At the Lower Columbia Fiber Farm, a feller-buncher

harvesting machine cuts trees and lays them in bunches

for later chipping.

bustion zone—actually destroys thermal
O,. If this approach proves feasible for
reducing the cost of NO, emissions control
at existing cyclone or PC boilers, the cost
zavings may be several times the fuel =av-
ings from biomass cofiring, bringing the
overall cost to well below the break-even
point.

In laboratory combustion tests con-
ducted for EPRI and DOE at the University
of Litah, wood performed as well as natural
gas and coal as a reburn fuel. The results
suggest that a wood reburn system in a
full-size cyclone boiler might reduce =0,
by 50%; reductions of 30-40% might be
possible in a full-size PC boiler. EPRI and
DOE are now interpreting the test results.
TVA and EPRI, meanwhile, are using com-
puter modeling to investigate whether a
cyclone boiler can be equipped with a
wood injection system that can mix the re-
burn fuel well enough to achieve MO, re-
ductions like those observed in the labora-
tory tests,

“Even if it pans out that wood reburn
gives substantial NO, reduction, whether
=uch an approach really saves mumey will
depend on a case-by-case assessment and
on what else might have to be done at a

o

plant to control NO,,” says Hughes. “If us-
ing wood as a reburn fuel lets you avoid
other capital expense for %O, control, it

could be a big winner.”

Exploring integrated
biomass systems

Some utilities are taking preliminary steps
beyond simple cofiring of waste biomass in
existing power plants. They are exploring
in greater depth the economics and engi-
neering of integrated biomass power sy=-
tems specifically designed to use a dedi-
cated feedslock grown as an energy crop. A
key feature envisioned for these integrated
systems is the reduction of fuel costs, either
by obtaining some valuable coproduct or
other benefit from the primary crops or by
blending the crops with some other readily
available and economical waste biomass.

Some two dozen proposals for project
feasibility studies aimed at demonstrating
integrated biomass power =ystems were
made by utilities and other companies in
1993 in response to a DOE solicitation. Ten
were sitlitctied by DOE for cafunding. EPRI
collaborated with DOE's National Renew-
able Energy Laboratory (NREL) in review-
ing the proposals and in cofunding feasi-
bility studies for the six projects that in-
volved member utifities (ses =idebar). EPRI
staff worked with the project teams as their
priorities and approaches eviilved over the
past couple of years. Three or four of the 10
proposals that were originally selected
may receive additional DOE cofunding this
=pring to advance to detailed design and
permitting,
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Studies Highlight Variety of Feedstocks and Technologies

T'he half dozen recent biomass project
feasibility studies in which EPRI was in-
volved span quite a range of biology, ge-
ography, and technology.

A project in lowa would make low-
cost boiler modifications to IES Utili-
ties” 726-MW coal-fired Ottumwa pow-
er plant to convert about 5% of it= ca-
pacity to the cofiring of switchgrass and
other forage crops. Between 12,000 and
16,000 hectares {30,000 and 40,000 acres)
wottld be used to grow the perennial,
deep-rooted switchgrasa.

In western New York, biomass re-
sources within a 50-mile radius of each
of four power plants were evaluated for
the potential to #upport cofiring. It wa=
found that the waste biomass available

Grass and wood
pyrolysis

Sugarcane bagasse
gasification-combined cycle

May/-une 1996

Altalfa gasification—

from forest-thinning operations is suf-
ficient to cofire at least 165 MW, about
10% of the plants’ total generating ca-
pacity of 1610 MW. The study also in-
vestigated the eventual planting of over
6000 hectares (15,000 acres) of willow
trees—a short-rotation woody crop—to
provide a significant portion of the feed-
stock for cofiring. Niagara Mohawk
Power Corporation and New York State
Electric & Gas Corporation joined re-
searchers at the State University of New
York’s College of Environmental Sci-
ence and Forestry at Syracuse in leading
the willow-cofiring assessment.
Another project would involve build-
ing a fast-pyrolysi= unit in Holton, Kan-
sas, to convert 100 tons per day of

Willow cofiring

combined cycle

A

Wood biomass gasification—
combined cycle
¥ B ] &

warm-season grasses, including switch-
grass, and some wood wastes into a fuel
oil for a 3.5-MW generating unit. In ad-
dition, the pyrolysis unit would pro-
duce a medium-Btu gas that could be
used for procezs heat and in producing
charcoal as a coproduct.

Three of the project proposals fea-
tured biomass gasitication-combined-
cycle (BGCC) generation. One investi-
gated growing a variety of sugarcane or
another crop to feed a proposed 65-MW
BGCC unit at a Hawaii sugar mill. At
least 1600 hectares (4000 acres) other-
wise slated to be removed from produc-
tion would be kept in use to produce
bagasse feedstock for gasification.

A proposed Minnesota project would
organize sufficient additional produc-
tion of alfalfa in the vicinity of Granite
Falls to fuel a 75-MW BGCC system, The
system weuld feature an air-blown gasi-
fication approach (REMLGAS) devel-
oped by the Institute of Gas Technology.
The alfalfa, produced on about 74,000
hectares (183,000 acres), would aldo
yield over 320,000 tons a year of high-
value, high-protein animal feed for sale.
Northern States Power Company, facing
a state legislature mandate to have 125
MW of biomass-fired generation under
contract by 2002, initially led the project,
but the Minnesota Valley Alfalfa Pro-
ducers Cooperative now spearheads it.

In North Carolina, Weyerhaeuser eval-
uated atmospheric and pressurized gas-
ification technologies for use in BGCC
systems at its fslew Bern pulp mill to
generate salable excess electricity from
1000 tons of lignocellulosic biomass per
day. The project also evaluated the inte-
grated coproduction of ethanol using a
simultaneous saccharification and fer-
mentation process being commercial-
ized by Amoco and the National Re-

newable Energy Laboratory. O



Last year, EPRI published a synthesis
of the lessons learned in the feasibility
studies——a synthesis that outlines the vital
business and economic considerations in-
volved in developing integrated biomass
power systems as strategic utility invest
ments. The evaluations show that cofiring
waste wood or energy crops in existing
power plants can be a good way for utili
ties to gain experience in using biomass re-
sources while also reducing both pollutant
emissions and the marginal cost of fuel.

The feasibility studies examined bio-
mass systems proposed in various parts of
the country that would use a broad range
of feedstocks: willow, alfalfa, varieties of
sugarcane, switchgrass and other native
prairie grasses, short-rotation trees (such as
poplar, eucalyptus, and silver maple), and
wood wastes. Conversion technologies that
were assessed included three biomass gasi-
fication—combined-cycle (BGCC) options, a
fast-pyrolysis technology, and cofiring in
existing PC boilers.

BGCC is the advanced technology of
choice, according to DOE and the US. En-
vironmental Protection Agency. DOE has
been particularly interested in developing
the potential for low-cost gasification sys-
tems to produce a low-Btu biogas that can
be fired in combustion turbines in a high-
efficiency combined cycle. This type of
biomass power generation theoretically
promises a heat rate as low as 8500 Btu per
kilowatthour (or a thermal efficiency as
high as 40%). But it requires cleanup of the
alkali saltladen biogas before it enters a
gas turbine.

A project supported by DOE is under
way at the 50-MW wood-fired McNeil gen-
erating station in Burlington, Vermont,
where an indirect wood gasification system
developed by Battelle Memorial Institute is
being demonstrated. After the gasifier and
a gas cleanup system are built and tested,
the biogas will be fired in a small gas tur
bine, adding 15 MW to the plant’s overall
capacity.

Costs of biomass
generating systems

The capital costs of the BGCC systems ex-
amined in the feasibility studies ranged
from $1200 to $1800 per kilowatt of capac-

UTILITY.-CUSTOMER PARTNERSHIPS CAN MAKE BIOMASS A WINNER
Some utilities have found opportunities to use biomass resources as part
of strategic alliances with customers that produce wood, wood waste, or
agricultural residues requiring disposal or with customers that can use
industrial steam from biomass-fired cogeneration. Such alliances can

yield win-win solutions, disposing of industrial or agricultural wastes for

customers while producing electricity and other benefits for utilities.

In Washington state, the Snohomish County Public Utility District pro-
vided the capital for a 38-MW cogeneration unit at Kimberly-Clark
Corporation’s Everett paper plant. The unit burns wood waste from area
lumber mills, producing steam for Kimberly-Clark and electricity for the
utility.

In the mid-1980s, Minnesota Power converted two 30-MW oil-fired units at
its Hibbard plant in Duluth to fire mainly mill wastes to raise steam that
is sold to a paper plant adjacent to the site. The utility is considering

resuming power generation at one of the units.

In Mobile, Alabama, Southern Electric International {(a Southern Company

subsidiary) purchased a 100-MW cogeneration unit that burns wood
waste, coal, and crop residues from the former owner, Scott Paper;
steam from the plant is sold to Kimberly-Clark, which recently acquired
Scott Paper.

EPR JOURNAL  May/June 1996 23



TVA’s Allen plant

ity—comparable to the cost of new coal-
fired capacity with flue gas desulfurization
and particulate emissions control, but up to
three times the cost of new gas-fired com
bined-cycle capacity. The feasibility studies
found, however, that if the capital costs of
BGCC systems can be reduced by 20% as
the technology matures, they could gener
ate electricity at a cost that is within the
range of current system generating costs
for some utilities.

Today’s actual cost of producing bio-
mass fuels from dedicated crops is esti-
mated to be between $1.95 and $3.50 per
million Btu (per gigajoule). The fuel costs
projected in the six member utility feasibil-
ity studies ranged from $1.35 to $2.65 per
million Btu. In comparison, natural gas
currently costs electric utilities $1.25 to
$2.25 per million Btu, and coal, $0.90 to
$1.35.

“Although energy crops grown today
expressly for generating electricity are not
competitive with natural gas or coal,
agronomists and agricultural engineers
agree that crop production costs can be
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NYSEG’s Greenidge station

COFIRING: A TRIED AND TESTED NEAR-
TERM BIOMASS OPTION A few utilities
have cofired wood and wood waste in
coal-fired boilers for several years.
Cofiring waste biomass with fossil fuels
can reduce both marginal fuel costs and
pollutant emissions. EPRI-TVA tests in a
250-MW cyclone boiler at the utility’s
Allen plant produced a wealth of techni-
cal data for optimizing wood cofiring in
fossil plants. These and other cospon-
sored utility tests have identified the
best, lowest-cost cofiring opportunities.
Meanwhile, some utilities are evaluating
cofiring in pulverized-coal plants that are
larger and of more-recent vintage than
the units used up to now. New York
State Electric & Gas is planning to cofire
wood from local mills {at 10-15%, by
heat content} in a 108-MW PC boiler at
its Greenidge plant near Dresden, New

York, beginning later this year.

reduced significantly through increased
yields and improved harvesting and pro-
duction systems,” says EPRI’'s Turnbull.
The use of a mix of energy crops together
with wood or other waste biomass could
also improve the economics of biomass fu-
els, as could higher future fossil fuel prices.

A key lesson from EPRI’s evaluation of
the feasibility studies of proposed biomass
power projects, says Turnbull, is that al-
though much of the existing analysis of
biomass energy is at the aggregate or
macroeconomic level, specific projects are
virtually unique. Thus the feasibility of
each project being considered for invest-
ment will be determined by feedstock and
capital costs ats well as operating character-
istics that are intrinsic to specific systems
and markets.

To help researchers evaluate and com-
pare the economics of specific biomass
power systems, EPRI developed a software
program called the Biomass Energy Sys-
tem Initial Evaluator (BESIE), which was
released in 1995. Used in EPRI's analysis
of the six feasibility studies, BESIE can be

applied to calculate the 20-year levelized
cost of electricity for various biomass sys-
tems. EPRI has also produced a spreadsheet
computer program—BIOPOWER—that in-
cludes comparative data on biomass and
waste fuel conversion technologies.

Not all the feasibility studies took into
account the value of environmental ben-
efits, such as reducing SO, or NO, emis-
sions. Those that did, however, found that
the value of such benefits measurably im-
proved a project’s economics. The same
was true when the value of offsetting fos
sil carbon emissions was considered. A
New York cofiring project took into ac
count a $1 per ton offset for CO,, based on
a valuation by that state’s utility regula-
tors. A proposed alfalfa gasification project
in. Minnesota included the effect of that
state’s CO, offset of $5.99 to $13.60 per ton.
Projects proposed in Hawaii and Iowa in-
cluded consideration of a tax credit for
closedd oop biomass systems—now 1.6¢
per kilowatthour generated from biomass
—as provided under the Energy Policy Act
of 1992. In the case of the lowa study, the
closed-loop biomass credit reduced the ef-
fective cost of the feedstock (switchgrass)
enough to economically justify proceeding
with the project, according to Turnbull.

Coproducts, covalues key
to viability

The value of the coproducts and corollary
benefits associated with biomass power
systems can currently make the differ-
ence in a particular system’s economic
viability, according te EPRI's analysis of
the project feasibility studies. The tangible
coproducts with explicit monetary value
in the studies ranged from animal feed
from alfalfa leaves in Minnesota to ethanol
and pulp in North Carolina, ethanol from
cane in Hawaii, charcoal from pyrolysis
char in Kansas, and willow cuttings in
New York for usc as planting stock. In
some cases, however=-the ethanol copro-
duction schemes in the North Carolina and
Hawaii projects and the charcoal in the
Kansas study-—the coproducts were not
found to have sufficient current market
value to make the overall projects compet
itive without substantial subsidy.
Covalues, although more difficult to cal-



culatis in monetary terms, clear-
ly provide indirect benefits: cre-
ating local jobs (almost 300 in
Mew York and nearly 200 in
Minnesota); providing unique
service to valued customers;
remediating soil (as would be
the case for growing crops in
atrazine-contaminated soils in
Kansaz);, and dispo=ing of or us-
ing green wasty, water effluent,
and sludge=—key factors in the
Hawaii, ™orth Carolina, and
Mew York project studies.

Hedge for a greenhouse
gambit

Unlike systems that burn fossil
forms of carbon and thereby con-
tinually add to the total atmo-
spheric loading of CO,, biomass-
based energy systems in effect recycle car-
bon in a closed loop between its emission
from biomass combustion and its subse-
quent sequestration in new plant material.
Thus the ultimate long-term value of bio-
mass systems may be as a hedge against
potential future, and much higher, costs of
reducing CO, emission= from fossil fuel
combustion.

Since some fossil fuels are inevitably
used in growing crops, it is somewhat sim-
plistic to say that biomass energy systems
are CO, neutral—that they add no net C@,
o the atmosphere. But the recent project
feasibility studies and related EPRI analy=is
indicate that the fossil fuel emissions as-
sociated with biomass production would
amount to only 5-10% of the carbon emis-
sions from fossil fuiel combustion offset by
the biomass.

Scientists and others who are advis-
ing policymakers on the risks of global cli-
mate change say that the use of biomass-
derived fuels for transportation and elec-
tricity generation is potentially the most
promising approach to reducing green-
house gas emissions from energy use. The
displacement of one megawatt of coal-fired
generating capacity by biomass feedstock
offsets about 6000 tons of L0, a year. More-
over, EPRI nesults show that the cost of
avoiding fossil CO, emissions by using bio-
mass, even in a PL bailer firing 15% bio-

mass by heat, would be low: less than 55
per ton of carbon, compared with $50 or
even $100-5200 per ton of carbon for some
other £O, reduction options, such a= fuel
switching or direct emissions control.

Because of this strategic, long-term bene-
fit, biomass is drawing increasing attention
from many electric utilities, despite pres-
sures to focus strictly on the economic bot-
tom line, notes Turnbull. “The 88 utilities
that have signed the Climate Challenge
with DOE to commit to reduce C{l, emis-
sions in the future are considering various
ways to reduce their use of coal. Several
companies see the potential for offsetting
fossil CO, emissions as a key motivation for
thieir interest in biomass,” she adds.

ies taking meaningful steps

As a result of its growing involvirment
with utilities and others in studies of the
potential of biomass resources, EPRI con-
cludes that it makes sense for utilities to
take meaningful steps now to evaluate
biomasa resources and understand better
the related business opportunities. Utility-
diriscted R&D funding for biomass at EPR
has gone up recently relative to funding for
other emerging renewables-based tech-
nologies. “Power producers, responding to
customer interests, environmental con-
cerns, and bottom-line demands, are mow-
ing toward inherently sustainable biomass

VERMONT HOSTS BIOMASS GASIFICA-
TION DEMONSTRATION The gasifica-
tion of hiomass to fuel a combined-cycle
combustion turbine is considered the
advanced technology of choice because
of its potential high efficiency. A DOE
project to demonstrate an indirect
gasification technology developed by
Battelle Memorial Institute is under way
at the 50-MW wood-fired McNeil station
in Burlington, Vermont. The McNeil plant
now burns up to 500,000 tons a year of
wood from local suppliers in an existing
stoker-fired boiler. Once the Battelle
gasification unit and a gas cleanup
system are huilt and tested, low-Btu
biogas will be fired in a 15-MW combus-
tion turbine to be installed for combined-

cycle operation.

energy resources,” save EPRI's Birk. Many
utilities are cofunding biomass cofiring,
and others are cofunding biomass resource
assessments. Concludes Birk, “in a com-
petitive environment, proactive power pro-
ducer= are becoming activeely involved in
assessing biomass rezources and opportu-
nities, despite their general disinclination
toward the development of renewables. it's
simply a prudent business position.” .

Further reading

BESIE: A First-Stage Evalvator for Bromass Enargy Sys-
tems Final repert for RP4062-2, peepared by the Depart-
meapt of Applieo Ecenomics, University ol Minnesola. Be-
camber 1985, EPRI AP-105788

Makung Biogower Work for Utiilies: A Ratonale for Near-
Tern Invesiment in Integrated Biomass Pawer Systems. Fi-
nal remect lar RP3407, Decemer 1995, EPRI TH-105854

Pertormance ang Cost of an v@SDIG Biemass Gasihca-
ton-Combined-Cycle Systern Final report fer RP3407-30,
preparad by Stone & Websler Engineering Cempany. Au-
gust 1995 EPRI TR-1053

Benefits and Oetrimenis of Demioying Genetically Engr-
neeread Woeay Biemass Creps. Final report for RP3407.
prepared by Bruce Haissig Company, April 1995 EPRI TR-
184896

100-MWe Whole Trea Encrgy'™ Power Plant Feasipility
Study. Final repert tor RP3407-11, prepared #y Bechtel
Corporalion Janoary 1985 EPHI TR-104819

Turnoull, J H “Developing an Intagrated Approach to Bio-
mass Enargy Systems in ire Unnes States " Biomass ang
Bioenergy. Vol 6, Ne. 1/2 (1994), pp 151-158

A “How-ie' Prmar for Biomass Resource Development
Final repar! for MP3407-19 December 1993 EFRI TR
183439

Background intermation tor this article was provided my Jim
Bitk. Evan Hughes, and Jane Turcmull of the Gereration
Group's Renewablas & Hydro Business Unit
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Gerry Cauley, Ali Vojdani, Peter Hirsch, Bob lveson,

Dave Becker

Real-Time Information Networks

Under the Federal Energy Regulatory
Commission’s proposed rules on open ac-
cess, transmission service and tariff infor
mation must be publicly posted on real
time information networks, or RINs. These
networks will act as a type of reservation
system that power marketers and whole-
sale transmission customers can consult to

learn about and purchase available trans-
mission services.

This EPRI team is helping facilitate an in-
dustry effort to design and develop RINS in
time for the implementation of open trans-
mission access, cxpected later this ycar
Key to EPRI's assuming this role was a pre-
sentation at a FERC conference last July by



team leader Gerry Cauley, who described
an EPRI-developed communications proto-
col for real-time data exchange between
control centers, power pools, and utility
business centers.

The EPRI team has resolved some very
tough issues of RIN architecture, communi
cations standards, pcrformance, and func-
tionality. In the end, a bold decision was
made to rely on the public Internet as the
basis for RINs in the early implementation
phases.

Hirsch

Mukesh Khattar

All-Electric Space-Conditioning
and Refrigeration System

Working with OG&E Electric Services, Mu-
kesh Khattar helped convince Wal-Mart,
a major national chain, to implement an
innovative combination of electric tech-
nologies at its new environmental demon-
stration SuperCenter in Moore, Oklaho-
ma, which could serve as a model for fu-
ture Wal-Mart stores. The resulting system
features more-comprehensive integration
than conventional systems, coordinating
the store’s space-conditioning, refrigera-
tion, water-heating, dehumidification, ven-
tilation, and indoor air quality needs.

The store’s centerpiece is an electric heat
pump space-conditioning and refrigeration
system that uses a water loop for heat re-
covery and has a novel dualpath design
for controlling and conditioning ventila-
tion air. The system also features a non-
ozone-depleting refrigerant, used in a rela-
tively small amount.

Khattar forged a unique partnership
with Wal-Mart to fast-track the project, in-
duce manufacturers to supply the equip-
ment (with warranties), and keep all objec
tives intact throughout the design process.
The result is an efficient, fully integrated
system that is expected to yield significant
savings in energy costs.
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John Gisclon

Containment Leak Testing
Requirements

In connection with EPRI's nuclear safety
and reliability assessment target, John Gis-
clon successfully led an effort to support
the industry in achieving significant re-
ductions in the frequency ef performing
containment leakage rate tests required by
the Nuclear Regulatory Commission. Gis-
clon used risk analysis techniques W demon-
strate that the incremental risk associated
with lengthening the time between con-

tainment leakage rate tests isvery low. This
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work also supported NRC initiatives to re-
vise regulations in this area.

Less-frequent testing will save a signifi-
cant number of critical-path outage days,
yielding estimated savings of about $600
million across thi industry. The work also
sets an important precedent in demonstrat-
ing that risk-based considerations can be
effectively used to promaote more cost-
effective regulations withoul rompromis-
ing safety. This opens the door for further
risk-based applications te improve the eco-
nomics of nuclear plants.

Carl Hiller

Electric Resistance Space and
Water Heating

Electric resistance space heating and water
heating have traditionally made a signifi-
cant contribution to residential and com-
mercial electricity revenues. However, stan-
dards proposed by the American Society
of Heating, Refrigerating, and Air-Condi-
tioning Engineers and regulations pro-
poscd by the Department of Energy threat-
ened to block the use of these technologies,
whose ability to meet desired encrgy effi-
ciency goals was questioned.

Carl Hiller has been a leader in the in-
dustry’s effort to preserve electric resis-
tance space and water heating as options
for electric utility customers. Hiller studied
the technical issues involved and devel-
oped analyses supporting electric resis-
tance technologies as economical choices
for residential and commercial buildings.
In response to analysis teols, seminars, and
consulting advice presented by EPRI, DOE
has teraporarily withdrawn its proposed
regulatiens, and ASHRAE is revising its
proposed standards in order to reflect
Hiller’s findings.



Stan Pace

SOAPP WorkStation

In EPRI-sponsored work with Sargent &
Lundy, Stan Pace directed the development
of a powerful PC software package for en-
gineers that enables conceptual design and
analysis of advanced power plants from a
dezktop computer.

This award-winning CD-ROM-based, mul-
timedia software—the State-of -the-Art Pow-
er Plant (SOAPP™) WorkStation and its re-
lated technolegy modules—combines the
latest cost and performance data from
equipment vendors with leading-edge de-

Ishwar Murarka

Coburning MGP Site
Remediation Wastes

The disposal of coal tar risidues and con-
tamninated soils from former manufactured
gas plant (MGP) =ites has been a difficult
problem for utilities that inherited those
sites. Ishwar Murarka was instrumental
in providing the Edison Electric Institute
with information to support its develop-
ment of a strategy acceptable to thi Envi-
ronmental Protection Agency [or the co-
burning of MGP site remediation wastes in
utility coal-fired boilers.

sign and engineering knowledge. SOAPP
users, both specialists and nonspecialists,
can quickly screen, analyze, and visualize
alternative plant configurations for specific
projects.

The first series of SOAPP products fo-
cuses on gas turbine and combined-cycle
power plants. A related module on the re-
powering of existing fossil plants is sched-
uled for release the middle of this year.
Future technology modules are expected
to extend coverage to other conventional
and advanced plant options.

The EEl strategy entails blending the con-
taminated solids with coal te render them
nonhazardous. The EPA's endorsement of
coburning has paved the way for utilities
to test this relatively low cost strategy in
their own boilers.

Murarka conceived and managed proj-
ects that demonstrated the technical sound-
ness and cost-effectiveness of coburning.
All R&D results indicate that the destruc-
tion of arganic contaminants is complete
and that use of the coburning process will
pose no significant threat to the environ-
ment.
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New Markets for
Heat Pumps

by John Douglas
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Small enough to fit in a utility closet
and requiring no outdoor components,

the Insider heat pump was chosen for

kel Rale!
Lestale el Be e e

the 275 apartment units in the Dominion

Tower high.rise complex being built
adjacent to Atlanta’s upscale shopping

district,
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The Story in Brief EPRI has worked closely with major equipment manufacturers to help develop residential and
commercial heat pumps with features that allow the units to compete strongly in a growing range of applications and cli-
mates. As efficiency levels for advanced heat pumps continue to increase, EPRI has launched a new initiative to focus on
other concerns—such as reliability, noise, and comfort—that may be even more important in customer purchase deci-
sions. The initiative includes a training and certification program aimed at increasing the skills of installation and mainte-

nance technicians. The Institute is also continuing its leadership in the development of environmentally friendly refriger-

ants and in the design of heat pump units that can use these new materials at high efficiency.

ersalile, efficient, and reliable, the

electric heat pump is a comfort

provider for all seasons. Compared

with the most common alternative—
separate furnace and air conditioner units
—it can also help customers reduce their
energy bills while giving utilities a power-
ful tool for load shaping and strategic load
growth.

Even so, after a period of spectacular
growth during the oil embargo and gas
moratorium era of the 1970s and early
1980s, the heat pump share of the heat
ing market for new homes has dropped
from 29% to 24% over the last decade,
as gas furnaces have again asserted their
dominance. Meanwhile, the use of heat
pumps for commercial buildings has never
gained the acceptance that heat pump use
in the residential market has. Finally, cli-
mate constraints continue to restrict the
popularity of heat pumps in many north-
ern regions of the country.

For each of these market issues, collabo-
rative research involving EPRY, individual
electric utilities, and manufacturers is mak-
ing heat puinps increasingly attractive and
is opening important new residential mar-
kets. Innovative designs are providing
more options to meet the varied needs of
commercial buildings. And improving the
infrastructure to support ground-soutce
units is extending the range of heat pumps
further north, into harsher climates.

Steadily increasing efficiencies have al-

lowed heat pumps to compete more effec-
tively with gas units in terms of energy
costs. But energy costs are only part of the
marketing challenge; customers are often
motivated even more strongly by other
concerns—such as reliability, noise, and
comfort—in making purchase decisions. To
address such customer concerns, EPRI re-
cently launched the Heat Pump Initiative.
This initiative focuses on determining cus-
tomer preferences and translating them
into specific heat pump performance tar-
gets. Another thrust of the initiative is to
develop a national training and certifica-
tion progtam for heat pump technicians,
since many customer complaints about
heat pump performance result from im-
proper installation or maintenance by in-
adequately trained technicians.

“We have been conducting research on
heat pumps for more than 15 years, help-
ing increase their acceptability and achieve
a wider market share,” says Mort Blatt,
manager of EPRI’s Residential and Com-
mercial Business Units. “Initially, we helped
counter claims that heat pumps weren’t
reliable; then we worked with manufac-
turers to develop advanced technologies
to make them more widely competitive.
Now we are placing greater emphasis on
meeting specific customer needs. The re-
sult, I believe, will be a new period of
substantial expansion of the heat pump
market—which today has annual sales of
about 1 million units.”
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Residential market

Heat pumps are already well stablished
in thi* residential market, with more than
8 million installed in American homes.
EPRI helped drive technology advances in
this market by sponsoring the develop-
mient of the Powermiser, an innovative
high-efficiency unit that serves both space-
conditioning and water-heating needs. In-
trieduced on the market by Mordyne in
1992, the Powermiser enabled families to
reducee their energy bills by 20-40% by
combining space heating, air conditioning,
and water heating in a single highly effi-
cient appliance. According tn an analysis
dong for Public Service Electric and Gas
Company, such savings lied to a payback
periad of three to four years for Power-
miser installation,

Although work to increas: the efficiency

of conventional air-=ource units continues,
recent research has concentrated on devel-
oping products for néw residential mar-
kets. One such market is manufactured
homes, whosr sales ame increasing rapidly
as families seek low-cost, flexibie alter-
natives to conventionally built houses. A
leading candidate to meet this demand is
the Insider, a self-contained heat pump that
fits entirely inside the utility closet of a
manufactured home. Because it has no out-
door zection, the Insider can bir installed at
the factory before the home is transported
to a dealership or homesite.

EPRI, the Rural Electric Research Pro-
gram of the Mational Rural Electric Co-
operative Association, and Consolidated
Technology Corporation, which manufac-
tures the I[nsider, have recently collabo-
rated to make the technology more effi-
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EFFICIENCY RISING Steadily increasing
efficiencies have allowed heat pumps

to compete more effectively with
gas-fired units in terms of energy costs.
Shown here are seasonal energy
efficiency ratios {(SEERs) for unitary

air-source heat pumps.
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cient, quieter, and easier to install. Histori-
cally, few heat pumps have been sold for
uze in manufartured homes, and the avail-
ability of the improvid Insider is expected
to accelerate the penetration of heat pumps
into this important niche market. Already,
this product has biren chosen for installa-
tion in the 300 manufactured dwellings

that will be used to house security guards
at the Atlanta Olympic Games in 1996.
And at l#ast one home supply company is
beginning to carry the Insider in its retail
stores as a retrofit option for the conven-
tional heating units that are common in
existing manufactured homes. The Insider
is also being marketed by Carrier Corpo-
ration as the All-In-One unit, sold under
the Bryant brand name.

EPRI is also aponsoring the ongoing
devidlopment of an improved heat pump
water heater 1o replace less-efficient elec-
tric resistance heaters. Compact and light-
weight, this advanced water heater will
automatically switch from heat pump
mode to electric resistance mode when
the ambient air temperature drops below
about 35°F. The unit will have an overall
efficiency much higher than the efficiency

1991 1982 1983 1994 1995

of resistance heating, and it is expected
to b popular in southern climates.
Another major challenge in the residen-
tial market has besn to develop a heat
pump that offers enhanced comfort and
greatar flexibility in system sizing for
northiern climates. Because the ground re-
mains considerably warmer than the air



Frimary Special
Manufactiner Applicstion Features
Powerrmuser Nordyne Residential Ar source Combinea space High-efficiency,
conditioning and mulitiple functicns
water healing
Insider Consolidated Residential Ar source Manufactured homes, Compact, seif-conlained,
Technology multfamily housing factory-installable
All-In-One Carrier (Bryant) Residential Ait source Manufactured homes, Compact, self-contained,
rrultifamily housing faciory-installable
Premier AT WaterFurnace Residenlial Waler/ground Homes in northern Two-speed operatior for
SOUrCE climates efficiency and better
unit s12ing
Water-source Trane Residenhal and Waler icop and Office buildings, schonls, High efiiciency. progran
heat pump commercial ground-coupled homes mable internal heat transfer,
easy to retrofit
L Series Lennox Commergial Alr source High-perforrmance High efficiency. good low-
building space {ermperature performance,
conditioning easy maintenance
ClimaDry ClimateMaster Commercial Water/ground Space conditioning ana Integrated multifunclion urit,
source dehumidification lor large controlable ventilation air
stores, schools, and other tor indoor air quality, “green”
institutions refrigarant
Dual-fuel Lernox, York, Commercial Air source Builaings in mid 10 Single-package rcoftop unit,
heat pump Carrier, Trane northern climates efficient n cold wealher, easy to
retrofit, “green” refrigerant

during winter months, geothermal heat
pumps—which use buried coils te pravide
a heat source—are the preferred choice
The problem has been that most ground-
source heat pumps (GSHPs) are sized to
meet the winter heating load, which can re-
sult in oversizing for the summer cooling
load.

A solution to this problem is provided
by the Premier AT Series two-speed GSHPs,
developed by WaterFurnace International
under the sponsorship of EPRI and Mis-
sissippi Power Company. This product is
designed to vperate at low speed 70-90%
of the time and at high speed anly during
extreme weather. Such a two-speed capa-
bility makes the Premier AT unit 30-50%
more efficient than other GSHPs currently
on the markel. It alse provides greater
precision in sizing, since the high-speed
capacity can be chosen to provide ade-
quate peak heating while the low-speed
capacity provides a better match to the
smaller cooling load typical of northern cli-
mates, The two-speed operation iz aute-
matically controlled by a microprocessor
and a multistage electronic thermostat, The
availability of low-speed nperation also
improves customer comfort by reducing

fluctuations in temperature and humidity.

A continuing challenge that faces sup-
porters of GSHPs is the lack of an exten-
sive infrastructure to support the installa-
tion and maintenance of these pumps. To
solve this problem, EPRI is cooperating
with the Geothermal Heat Pump Consor-
tium, which is promoting field demonstra-
tions, working to lower installation costs,
and developing new training materials for
technicians.

A general difficulty in the residential
heat pump market has been that overall
system performance is only as good as the
integrity of the system’s air distribution as-
sembly. Leaky ductwork, in particular, can
watte about 20% of a typical house’s heat-
ing and cooling energy. Sometimes this is
the result of improper installation, and bet-
ter technician training will eventually help.
In addition, EPRI has developed an aerosel
that deposits particles directly at the site of
a leak and can seal openings up to a quar-
ter-inch wide, Applied with an easily por-
table unit in less than half the time of re-
pairs by traditional methods, the aerosol is
expected to be cemmercialized later this
vear.

“Many wlililies are =eeing rapid growth

TAILORED FOR NEED EPR! has been
involved in the development and
commercialization of a wide variety of
heat pumps tailored to specific

space-conditioning needs.

in their residential heating market, which
provides a new chance to increase heat
pump sales,” says EPRI's Terry Statt, man-
ager for residential systems. “Opportuni-
ties are particularly great in the retrofit
market, as homeowners realize the advan-
tages of replacing their conventional heat-
ing and cooling units with more-efficient
heat pumps.”

Commercial sector

The heating, ventilating, and air conditien-
ing (HVAL) requirements of commercial
buildings pose special problems for engi-
neers. A large office building, for example,
may need simultaneous cooling at its core
and heating around its periphery. Even
when outdoor temperatures dip into the
35-45°F range, 1 IVAL equipment may have
to provide cooling to part of a building.
Occupancy patterns are also very different
from those of homes, with a sharp usage
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peak during work hours. In additien, un-
like residences, commercial buildings re-
quire the intréduction of large amounts
of outdoor air and continuous internal
circulation. This can lead to excess humid-
ity in hot, humid climates and cain result
in unnercessarily high power consumption.
Lomfort can also be a problem with con-
ventional heating systems, which may first
overheat an office and then cycle off, blow-
ing cool air onto the occupants. Finally,
HVAL operators in commercial buildings
must make allowances for widely varying
occupancy rates and for utility bills that
may include demand charge= and tima-of-
day energy rates.

Heat pumps can provide superior solu-
tions to each of these challenges, but select-
ing the right heat pump for a particular
commercial application depend=ona num-
ber of site-=pecific considerations. The most
popular heat pump in commercial build-
ings uses outdoor air as a heat source and
is most efficient in warmer climates. Water-
loop heat pump (WLHFP) systems can re-
cover the heat from the core of a large
building and use it to warm perimeter
offices. And GSHPs provide thir most effi-
cient heating systems available. Meverthe-
les=, only about 100,000 heat pump units
an2 matalled in commercial buildings wach
year, compared with more than 750,000 air
conditioners, Further market penetration
will depend on a number of factors, partic-
ularly the development of new heat pumps
to meet nichee market needs and the avail-
ability of higher-efficiency heat pumps that
will enable commercial customers to lower
peak demand and decrease their overall
H VAL costs.

Already, EPRI has helped develop the
tichnology now used in the most efficient
line of air-source heat pumps available
for commercial buildings. Manufactured
by Lennox Industries and first offered in
lanuary 1995, this L Series line of products
had first-year sales 50 much higher than
expected that demand continues to out-
pace supply. “The L Series heat pump was
engineered by Lennox to provide the high-
est efficiency on the market at a very com-
petitive price,” says EPRI's Wayne Krill,
manager of commercial equipment devel-
opment. “The product has had rapid suc-
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Standard heat pump
{12 SEER)

Condensing gas furnace/air conditioner
{92 AFUE/12 SEER)

Note: SEER = seasonal energy efficiency ratio; AFUE = arnual fuel utilization efficiency.
"Gas water heater.
“The water-heating cost is included in the heating and cooling costs.

aElectric resistance water heater.

ciss with national accounts and other cus

tomers who demand high-performance
heating and cooling.”

In addition to their exceptional effi-
ciency, the L Series heat pumps= offer im-
proved comfort and enhanced defrost and
low-temperature performanoe. They were
also designed for easier maintenance, a
response ta the results of a 1992 survey of
building owners and contractors. A hinged
acces=s panel, for example, makes ¢lectrical
and refrigeration components more readily
aciessible, and onboard diagnostics can
identify over B0 specific servicing needs.

Another commercial HVAC option is the
WLHP, which has lower inslallation costs
than central plant HVAC units and offers
much greater operating flexibility. Several
major office buildings, such as the 76-story
Columbia Seafirst Center in Seattle, use
WLHI systems. Typicaily, individual heat
pumps in each thermal zone (for example,
an office suile) ant connected to a pipe loop
in which water i= circulated throughout the
building. Each heat pump adds heat to or
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POWERMISER: DOING MORE FOR LESS
Special features can give equipment a
distinct advantage in the marketplace.
Because the Powermiser heat pump
combines space conditioning and water
heating in a single high-efficiency unit,
it can offer the homeowner substantial
energy savings over other equipment.
The table compares annual operating
costs for serving the needs of a typical
1800-square-foot home in North Carelina.
The Powermiser has a lower purchase
price than the high-efficiency gas

furnace system.

removes heat from the loop, depending on
whether cooling or heating is required in
that zone. Since the heat pumps do the
heating or cooling and loop temperatures
are held between 60°F and 90°F, it is pos-
sible to use a low-cost two-pipe system
with uninsulated piping. The system also
include= a boiler and a cooling tower to
help maintain loop temperature. The large
amount of heat recovery within a build-
ing contributes to overall efficiency, se that
some WLHIs seldom need to use supple-
mental heating from the boiler. In some
cases, the boiler can be replaced altogether
by using a ground-zource water loop—an
idea successfully employed, for example,
at Gtockton State College in Mew Jersey.
To further increase the attractiveness of
WLHPs in the commercial HVAC market,
EPRI has developed the concept of a “float-
ing loop,” which usez intelligent controls to
optimize energy consumption and reduce
operating costs. [ncorporating such con-
trols into existing heat pump systems is
expected to result in annual energy sav-



ings of 10-30%. These energy savings are
expected to increase market share for elec-
tricity and to influence conversions from
chiller-boiler systems when the chiller
necds replacement.

The commercial development of a stand-
alone control unit ready for retrofit was
recently announced by GC Controls of
Green, New York, under the name Smart-
Loop 2000. This product, which is expected
to cost about the same as typical electro-
mechanical controls, can be used with
WLHP units in both large and small build-
ings. SmartLoop's proprietary control al-
gorithms provide optimum cycling, boiler
and cooling-tower operation, and variable
loop-temperature management. The first
two prototypes are being installed at a
Stamford, Connecticut, office building and
a San Diego Gas & Electric Company cus
tomer site; four to eight more sites are to
be added later this year. SmartLoop 2000
is expected to be commercialized soon by

a major WLHP supplier, through a strategic
alliance with GC Controls.

Where humidity is a problem, a dual-
path heat pump—which handles the ven-
tilation and recirculation airstreams sepa-
rately—may provide the best solution. A
new product of this type, built by Cli-
mateMaster Corporation and based on an
EPRI design concept, has recently been
installed in the Wal-Mart SupcrCenter in
Moore, Oklahoma. Called the ClimaDry
heat pump, this system provides indepen-
dent control of ventilation air and greater
efficiency in handling the higher dehunud-
ification requirements imposed by new air
quality standards designed to ensure the
health and comfort of commercial building
occupants.

Conventional heat pumps and air con-
ditioners increase dehumidification by us-
ing an oversized cooler and then reheating
the air to compensate for the extra cooling,
Undecr part-load conditions, when the com-

SELF-CONTAINED, FACTORY-INSTALLED
Designed specifically for manufactured
homes, the All-In-One heat pump is com-
pact and quiet and requires no outdoor
section. While the units are generally
closet-installed at the factory before
homes are transported to their sites, the
All-In-One is also available as a replace-

ment unit for older manufactured homes.

pressor is off, these units can bring humid

ventilation air into the space. A dual-path
system provides a more cost-effective so-
lution by removing excess moisturc from
the fresh air before mixing it with the re:
turn air. In the Wal-Mart application, the
ClimaDry system provides even greater
efficiency by integrating space condition-
ing with refrigeration and water heating.
As a result, Wal-Mart expects to spend
nearly $60,000 a year less in energy costs
at the Moore SuperCenter than if it used
conventional refrigeration, HVAC, and gas-
fired desiccant dehumidification systems.
In the future, the market for this type of
heat pump will be expanded to include
other types of buildings—such as schools,
theaters, and convention halls—that re-
quire relatively large amounts of ventila-
tion. ClimaDry is also the first heat pump
for commercial applications that uses an
environmentally friendly, or “green,” refrig
erant—one that will not harm the ozone
layer of the earth’s atmosphere.
Supplementing the ClimaDry system,
which serves the SuperCenter’s open sales
area, is another new ClimateMaster water
loop system that will pravide space condi-
tioning for offices and other parts of the
building. The unusual aspect of this latter
system is that its main serviceable compo
nents are located in an easily accessible
rooftop unit. Rooftop units of this type
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would also be attractive for use in schools
and fast-food outlets, which generally
have limited space inside for mechanical
service equipment. This WLHP also uses
nonozone-depleting refrigerants.

The development of a single-package
dual-fuel heat pump (DFHP) designed for
commercial establishments that face long,
cold heating seasons has helped extend
the heat pump market further north. The
DFHP can help customers achieve the low-
est possible winter heating costs by oper
ating as a heat pump, a furnace, or both,
depending on the severity of the weather.
Like any airto-air heat pump, a DFHP has
a specific thermal balance temperature—
the outdoor temperature below which the
unit requires a supplemental heat source
to meet a building’s heating requirement.
While a conventional heat pump uses an
internal electric resistance backup to pro-
vide supplemental heat, the DFHP incor-
porates a gas furnace for this purpose.

When outdoor temperatures are above
the thermal balance point, only the heat
pump section of the DFHP is operated. Be-
low this point, both the heat pump and the
furnace are operated down to a break-even
temperature, below which using the gas
unit alone is more economical. In one typ-
ical application at a restaurant in Portland,
QOregon, the use of a DFHP instead of a con-
ventional gas furnace and air conditioner
saved over $400 a year. Because of such
savings, the DFHP is seen as a particularly
good retrofit option for replacing aging
rooftop gas-electric units, which make up
a large fraction of the commercial sector’s
space-conditioning equipment. In climates
where a DFHP is an appropriate choice, the
heat pump side of the unit can satisfy 75—
80% of the load, boosting growth in elee
tricity sales.

EPRI field-tested the first rooftop DFHP,
manufactured by Lennox Industries, in a
broad range of applications, including
restaurants and retail stores, and helped
refine the design. The technology is now
offered in a full line of products by three
additional companies: York, Carrier, and
Trane. “"EPRI was centrally involved in the
development and commercialization of
the dualfuel concept,” says Blatt. “With-
out our early work, this entire line of sin-

36 EPRIJOURNAL  May/June 1996

WATER LOOPADDS FLEXIBILITY Water-loop heat pumps can provide operating

fiexibility in conditioning large office buildings, such as the Columbia Seafirst Center

in Seattle. With this system, individual heat pumps are connected to a pipe loop in
which water is circulated throughout the building. Each heat pump either adds heat
to or removes heat from the loop, depending on whether cooling or heating is re-
quired in that thermal zone. On a cold day, for example, heat generated by a com-
puter center in the interior of a building would help keep exterior offices comfortably

warm.



ClimaDry dual-path ventilation system

25-ton heat pump

Fresh air

30-ton heat pump

Blower

Recirculation air

gle-package dual-fuel units would not be
on the market today.”

Later thiz year, EPRI will begin work on
improving LSHPs uzed in commiertial
buildings. Part of this effort will forus im
revising heat pump contrisls 50 that a
griund-lunp configuration can be com-
bined with WLHP= in a large buildinyg.
Already, in a separate project, a national
databasi on GSHP experiencit in the com-
mercial sector is being developed. This
database will provide the foundation for
an improved understanding of appropri-
ate system sizing and configuration.

One promising idea now being demon-

Dry, cool air to the store

strated is a hybrid GSHP for general com-

mercial application. In thi= type of unit, the
ground loop is sized to meet winter heat-
ing needs, and a supplemental fluid cooler
is used for the summer cooling load. The
overall installiéd cost of such an arrange-
ment can be luwer than that of a ground
loop sufficient to meet a building’s entire
year-round needs. A hybrid heat pump
of this type has been installed in the Par-
agon Centet of Allentown, Pennsylvania,
through a tailored collaboratitin agreement
bistween EPRI and Pennsylvania Power &
Light Company, and performance monitor-

ing is now in progress

FIGHTING HUMIDITY AT WAL-MART
Wal-Mart dealt with dehumidification
concerns atits new SuperCenter in
Moore, Oklahoma, by installing the
ClimaDry heat pump, an innovative high-
volume, dual-path conditioning unit, The
ClimaDry provides independent control

of the building’s ventilation and recircula-
tion airstreams, allowing excess moisture
to he removed from the fresh air compo-
nent before it is mixed with cycled air.
The system also integrates the space-
conditioning function with refrigeration

and water heating for substantial energy

cost savings.

“Heat pumps available now can nwet
the needs of almost every commercial
client,” declares EPRI's Mukesh Khattar,
manager for HVAL, refrigiration, and ther-
mal storage. “EPRI and its industry part-
ners are taking steps to ensure that heat
pumps becomi a stronger contender in this
critical markat.”

The EPRI Heat Pump Initiative

" electric utilities enter an era of increased
competition and expanding opportuni-
hies, particularly in the residential market,
there is a need to redefine heat pumps
according to customer preferences. The
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EPRI Heat Pump Initiative is responding
to this need by identifying the remaining
barriers lo widespread customer accep-
tance. A planning workshop for the initia-
tive, held in May 1993, istablished three
top research priorities: identification of cus-
tomer needs, development of better equip-
ment for northern climates, and improve-
ment of heat pump installation and main-
tenance.

Focus group research has already begun
to provide a deeper understanding of resi-
dential and commercial customir prefir-
ences. The participants were selected from
the customers of six =ponsaring utilities—
Entergy Corporatien, Hoosier Energy Ru-
ral Electric Cooperative, Nevada Power
Company, Omaha Public Power District,
Southern Company Services, and the
Tennessei= Valley Authority. In the focus
groups, the participants have #ngaged in
lengthy discussions of their hiating and
cooling needs and their likes and dislikes.
The results of these discussions will help
guide further heat pump development
efforts and asaist utilities in planning their
heat pump marketing efforts

Advanced heat pump technology re-
search is currently being directed toward
developing an affordable heat pump that
offers higher comfort levels and lower en-
ergy bills in the harshest northern climates.
In onit key project, EPRI is collaborating
with Duke Power Company, Empire Stat
Electric Energy Ressarch Corporation,
Mortheast Utilities, Southern Company
Services, and Carrier Corporation to intro-
duie in 1998 a new generation of heat
pumps that will deliver warmer air—closer
to the temperature of a furnace—white op-
erating at outdoor temperatures as low as
—10°F. Already, manufacturing cost analy-
ses have verified that comparied with cur-
rent modils, the new heat pumps will en-
tail only a modest first-coat premium.

Slost often, when residential customers
complain of improper heat pump perfor-
mance, high bills, and lack of comfort, the
reason is impraper installation and mainte-
nance—which can cause such problems as
duct lsakage and incorrect equipment siz-
ing. Under current industry practice, the
vast majority of HVAC technicians do not
get formal training in heat pump technol-
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ogy. To overcame this deficiency, a nation-
al heat pump technician training and cer-
tification program has been launched by
a broad group of utilities, manufacturers,
and trade organizations, in cooperation
with EPRL. The program, which is being
launched in a one-year pilot effert, will pro-
duce three certified akill levels for techni-
clans—apprentice, journeyman, and master.
After the pilat project is completed in 1997,
state and local governments will be asked
to include heat pump testing as a licensing
requirement for technicians.

In addition to these three top-priority
research areas, the initiative calls for fund-
ing new projects to improve specific equip-
ment design and features—for example,
the development and testing of heat pumps
that use new, environmentally safe nifriger-
ants. EPRI'a contributions in this area, in-
cluding its pioneering work with the Na-
tienal [nstitute of Standards and Technol-
ogy and others, have helped accelerate the
development of firat-generation refriger-
ants with zero ozone-depletion potential
by more than two years. As part of the
Heat Pump [nitiative, EPRI’s Residential
and Commercial Business Units are work-
ing aggre=siviely to develop heat pumps
that use these refrigerants, while the Strate-
gic R&D Business Unit continues to support
basic research to identify and qualify sec-
ond-gieneration refrigerants with charac-
teristics that will lead to further improve-
ments in electric heat pumps.

Other projects under the initiative will

2000

GROWTH IN THE MARKETPLACE

EPRI estimates that between 1992 and
the year 2000, heat pump sales will
nearly double to 1.4 million units a year,
with particular growth in the replace-
ment and manufactured-housing mar-
kets. The enhancement of customer and
retailer acceptance—a primary goal of
EPRI's Heat Pump Initiative—could
increase the sales in 2000 by an addi-
tional 30%.

focus on conducting an education cam-
paign to inform customers about the bene-
fit= of heat pumps and an developing a
portfoliin of electrical alternatives to resis-
tance water heaters—including both dedi-
cated hirat pump water heaters and inte-
grated heat pumps with year-round water-
heating capability.

“Through this new initiative, EPRI will
continue its teadership role in developing
heat pump concepts that address cus-
tomers’ needs while reflecting the techno-
logiical state of the art,” concludes Blatt. “As
a result, I expect manufacturers ko offer an
increasingly inclusive array of hisal pumps
that can compete effectively with fossil fuel
alternative=, enabling electricity to retain
and expand its share of both the residential
and commercial space-conditioning and
water-heating markets.” ]

Backgreund mteemation tor this articie was provided by
Mort Blatt, Terry Stait, Mukesh Khattar, Cant Hilar, and
Wayne Kriil of the Customer Systams Greup.
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Custom Power: Optimizing Distri-
bution Services (page 6) was writ-
ten by science writer John Douglas with
assistance from members of EPR!'s Bis-
tribution Business Unit.

Wade Malcolm, director of the busi-
ness unit, came to EPRI in 1988 as a loaned
employee from Philadelphia Electric
Company. In 1991, he officially joined
the staff a= manager of the Customer
Systems Division's Power Electronics

CONTRIBUTORS

and Controls Program; he took on his
current responsibilities in the Power De-
livery Group in 1994. At Philadelphia
Electric, Malcolm worked on communi-
catiens systems development, distribu-
tion automation and centrol, and utility
applications of robotics technology.

Ashok Sundaram joined the Institute
in 1993 a= a project manager specializing
in power electronics and power quality.
Earlier he was a senior engincer at Elgar
Corporation, a design engineer at Behl-
man Electronics, and a project engineer
at Crompton Greaves Ltd.

David Richardson is a project man-
ager for dispersed energy systems plan-
ning and Custom Power applications.
Befori* joining EPRI in 1993, he was di-
rector of electrical engineering at U.S.
Windpower; during his seven-year tenure
there, he was involved in electrical sys-
tems design and development for over
4000 wind turbines. Earlier Richardson
was employed by Wulfsburg Electron-
icz, King Radio, and Black & Veatch. =

Harvesling the Benefits of Biomass
(page 16) was written by Taylor
Moore, Journal senior feature writer, with
assistance from three staff members of
the Generation Group’s Renewables &
Hydro Business Unit.

Jim Birk, business unit manager, came
to EPRI in 1973 as a project manager for
advanced battery development. He as-
sumed increasing, levels of responsibility
in energy dtorage, ultimately overseeing
research in hydropower and renewalble
technologies as well. Birk’s earlier expe-
rience includes =¢veral years as a senjor
scientist with Rockwell International.
During that time he spent a year on loan
to Argonne Mational Laboratery, work-
ing on advanced battery technologies.

Evan Hughes, manager for renewable
fuels, joined EPRI in 19738 after serving as
manager of the Geothermal Energy Of-
fice of the California State Energy Com-

Technical sources for Journal feature articles

mission. Earlier he was a senior member
of the technical staff at SRI International,
specializing in the analysis of enexrgy, re-
sources, and the environment.

Jane Turnbull, manager for integrated
biomass systems, joined the EPRI staff in
1993 after 12 years with Pacific Gas and
Electric Company. She had come to the
Institute as a loaned employee the pre-
ceding year. Since 1990, Turnbull ha=
been involved in California and national
research programs to develop sustain-
able biomass energy systems using agri-
cultural and wood wastes and dedicated
energy crops. She participated in the
establishment of the National Biofuels
Roundtable in 1992. =

ew Markets for Heat Pumps (page

30) was written by John Douglas
with technical guidance from members
of the Customer Systems Graup.

Morton Blatt i= manager of the Resi-
dential and Commercial Busines= Unita.
Before joining the Institute in 1985, he
was manager of end-use efficiency pro-
grams at Science Applications [nterna-
tional Corporation. Earlier he worked
for General Dynamics.

Terry Statt is a project manager spe-
cializing in advanced residential heat
pumps and refrigeration equipment. Be-
fore joining EPRI in 1992, he was with
the Department of Energy for nine years,
directing research on non-ozone-deplist-
ing refrigerants. He has also worked as
an engineer for Energy Applications, PRL
Energy Analvsis Company, Automation
Industries, and Hittman Associates.

Mukesh Khattar, manager for HVAC,
refrigeration, and thermal storage, came
to EPRI in 1989 from the Florida Solar
Energy Center in Cape Canaveral, where
he specialized in advanced technologies
for building energy systems. From 19#1
to 1984, he taught mechanical engineer-
ing and solar energy courses at the Flor-

ida Institute of Technology. =

EPRI JOURNAL  MayfJune 1986 39



IN THE FIELD

Demonsiration and application of EPRI technology on utility systems

SCE Evaluates Pulse-Jet Fabric Filter Options for Opacity Compliance

ith EPRI assistance, Southern California Edison

Company evaluated technologies for enabling its

Mohave generating station to further control
particulate emissions for the full range of current and proba-
ble future operating conditions. Two promising options were
identified: replacing the existing electrostatic precipitators
with conventional pulsejet fabric filters (PJFFs) or supple
menting the precipitators with Compact Hybrid Particulate
Collector (COHPAC) PJFFs, which have about four times the
air-tocloth ratio of conventional PJFFs.

TheMohave plant burns a coal-water slurry and had no
prior experience in using baghouses to collect the fly ash pro-
duced by the fuel. Earlier tests with a small filter showed that
the fly ash might be difficult to collect. Since up to 1580 MW
of generating capacity could be affected, it was important to
SCE to ensure that conventional or COHPAC PJFFs would not
present problems—such as short bag life or poorbag clean
ability—that could lead to substantially higher operating and
maintenance (O&M) costs.

To ensure that PJFFs would perform without problems for
the Mohave coals and operating conditions, in 1994 SCE
installed two of EPRI's 1-MW transportable pilot PJFFs in
parallel at the generating station. The units were operated for
12 months to demonstrate conventional and COHPAC PJFF
effectiveness and to provide design data and O&M informa-
tion for full-scale application. Test conditions for the pilot
units were designed to minimize the risk of early bag failure

and potential plant derating associated with improper design
and operation. The pilot results showed that both conven
tional and COHPAC PJFFs can be used effectively to control
particulate emissions at Mohave.

“The testing of EPRI’s pilot pulse-jet fabric filters at the
Mohave generating station helped SCE confirm the ability of
pulse jets to control particulate emissions and minimize the
potential for unforeseen problems during full-scale applica-
tion,” says SCE’s Brian Watts.

w For more inforration, contact Ransay Cliang, (415) 855-2535.

Two transportable pilot-scale pulse-jet fabric filters were

installed at the Mohave station.

Abandoned Lead Mine Helps Heat, Cool Missouri Town’s New City Hall

ater from an abandoned lead mine is helping to

provide low-cost heating and cooling for the new

Park Hills, Missouri, city hall, thanks to a collabo-
rative effort by Union Electric Company, EPRI, and the city.
Each provided a third of the cost of a geothermal heating,
ventilating, and air conditioning (HVAC) system that uses
natural energy stored in the earth to heat or cool the building.
Park Hills, with a population of around 8000, is located about
60 miles southwest of St. Louis.

The 8100-squarefoot building houses the Park Hills city
hall offices as well as the police, water, and sewer depart-
ments. [t sits above an abandoned lead mine that contains
about 70 billion gallons of water. Because the water has a
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temperature of 57-58°F year-round, it is an ideal source of
geothermal heating and cooling. In winter, water pumped
from a 120-foot-deep well circulates through a heat exchanger
inside the building, where heat is transferred to a secondary
water system to which nine water-loop heat pumps are
connected. The heat pumps extract heat from the water to
heat the building; the well water is returned to the mine
through a second well. Whenever cooling is needed, the heat
pump system operates in reverse to transfer heat from the
building to the water in the mine.

“It's an innovative engineering solution to provide low-cost
heating and cooling,” says Milt Murry, a Union Electric
engineer who was involved in the project. “Besides low cost,



another important feature is operating flexibility. For example,
the police department may require air conditioning on a hot
summer evening, since it is open 24 hours a day, while the city
hall offices do not. The system can even provide simultaneous
heating and cooling to different parts of the building.”

The cost of the project was about $30,000 more than the cost
of a conventional HVAC system for a building of the same
size. But the additional cost is expected to be recovered
through savings in energy costs. “The operating-cost savings

of this geothermal system are about $8100 a year, and the
system should pay for itself in a little over three years,” Murry
says. Union Electric engineers are continuing to monitor the
performance of the geothermal system in the now-occupied
building during extreme as well as normal weather conditions
and to track the system’s energy savings. The utility hopes to
market the technology to other customers in the area at

similar favorable sites.

m For more infarmation, contact Mutkesh Khattar, (415) 855-2699

Rochester Gas and Electric Lowers Magnetic Field Levels With EPRI’s Net Current Control Device

customer of Rochester Gas and Electric Corporation
was concerned about higherthan-typical magnetic
fields in her home, especially in her daughter’s
bedroom. The source of the magnetic fields: ground currents
flowing on the home’s water service pipe.

Against the backdrop of continuing public concern about
possible health effects from exposure to electric and magnetic
fields, EPRI is responding to the interest of member utilities
and their customers in the development of field management
and reduction options. Staff at RG&E were looking for an
opportunity to demonstrate a product for managing magnetic
fields when the utility was contacted by the residential cus-
tomer requesting help in reducing indoor fields. Utility engi
neers determined that currents flowing back to the distribu
tion transformer via water pipes were the primary source of
the indoor magnetic fields. EPRI's Nationwide Survey of
Residential
Magnetic Field
Sources, com-
pleted in 1993,
identified such
ground currents
as one of the
major sources of
magnetic fields
in homes.

RG&E was
aware that an
EPRI contractor,
Electric Research

and Manage-

An RG&E line worker installs the

net current control device beneath

ment, had
recently devel-

a distribution transformer. oped a net

current control (NCC) device designed to reduce residential
ground currents. The NCC device employs a simple ferroma g-
netic core that, when installed on the service cable, induces
voltage in each of the conductors. The induced voltage
opposes the flow of net current along an alternative path, such
as a water-pipe ground connection. and instead encourages
the load current to return through the neutral conductor of the
service cable.

RG&E proposed expanding the field testing of the device to
include its residential customer. The device was subsequently
installed on the customer’s service pole, along with test
equipment to monitor results. Current and magnetic field
levels were measured in the customer’s home and in neigh-
boring homes before and after the installation. The customer
also conducted indoor magnetic field surveys with a gauss-
meter provided by the utility

After the NCC device was installed on the customer’s
service pole, current levels on the water pipe were reduced
by 96%, from about 2 amperes to 0.07 ampere. Peak mag:
netic field levels were reduced by 60%, from 12 milligauss to
4.5 milligauss, and average field levels were reduced by half,
to 2 milligauss. RG&E engineers discovered that the remain-
ing magnetic fields were primarily attributable to ground
currents on the water pipes of adjacent homes.

As indicated by the RG&E field installation and other tests
at EPRI’'s Power Delivery Center in Lenox, Massachusetts, the
NCC device can virtually eliminate ground currents as a
source of residential indoor magnetic fields. “The %CC equip-
ment is quicker and a lot easier to install than alternative
techniques for reducing residential magnetic fields,” says Don
Cushman, a retired RG&E engineer who was involved in the
project with EPRI. The %CC device is available from Electric
Research and Management, (412) 8263222,

m For more iirformation, contact Richard Lordan, (415) 855-2435.
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Applied Science and Technology
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Advances in Weld Repair Technology

by Vis Viswanathan, Strategic R&D Business Unit

Al present, nearly half of fossil-fired
plants are over 25 years old, and
more than half of nuclear plants are over
15 years old, Metal components in both
types of units are aging from exposure o
high temperatures and pressures, Corro-
sion, and cycling strain. In today's com-
petilive business climate, utilities prefer to
mantain their el plants rather than build
new ones. By extending component life-
time, utilities can maximize asset utilization
while minimizing the need for new capital
expenditures.

Welding can be a cest-effective way
to repair and refurbish aging or damaged
components and upgrade existing sys-
tems. In some instances, weld repair may
provide the only economic appreach for
aveiding permanent plant shutdown. How-
ever, there are no standare guidelines on
how to identify the mest weld repair tech-
noloeies for aging components or how to
determine the length ef time by which they
will extend a particular component's life,
Neither the procedures used in the past
nor the results of completed repairs have
been fully documented. In addition, ex-
tended outages may be required for prop-
er repairs using conventional welding tech-
nologles: pestweld heat treatment (PWHT)
normally a cose reguirement for piping.
can be parlicularly ime-consuming.

Utilities are interested in weld repair, as
evidenced by the fact that a March 1994
EPRI conference on welding technologies
for fossil plants attracted more than 300
attendees. To advance the ingustry’s weld
repair capabilities, EPRI is directing major
international collaborative efforts aimed at
identitying optimal techniques and proce-
adures for key components and at develop-
ing and qualifying technologies that elimi-
nate the need for PWHT, Projects are being
conducted to address two criticat areas:
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statienary components in fossil plants and
rotating components in both fossil and
nuclear plants. These efforts are being
cofunded by domestic and foreign utilities
—including Electricité de France., ENEL
(italy). and Taiwan Electric Power—and are
being administered throueh the Fossil
Power Plants Business Unit of EPRI's Gen-
eration Group. The Strategic R&D Busi-
ness Unit (SR&D) is providing technical
leadership, with technical support from
EPRI'S Repair and Replacement Applica-
tions Center (RRAC) in Charlotte, North
Carolina.

Complementary projects on advanced
welding technologies are being funded
by SR&D and the Nuclear Power Group
(NPG). The focus of these projects is to
develop and demonstrate automated and
laser welding methods for addressing ma-

jor repair pricrities in fossil and nuclear
plants,

Stationary components

Many staticnary components in fossil
plants operate at high temperatures and
pressures. Examples include header pip-
ing. reheat and main steam piping. and tur-
bine casings, as well as ancillary compo-
nents like lugs, thermowells, radiographic
plugs, drains, ang vents. Common @am-
age mechanisms include creep. low-cycle/
thermal fatigue, embrittlement, softening
and spheroidization, Component failure
can lead to major shutdowns and may in-
jure power plant persennel. To optimize the
weld repair of aging stationary compo-
nents, in 1992 EPRI initiated a tailored col-
laboration effert with 20 demestic and for-
eign ulilities.

ABSTRACT As steam generaling plants age. metal components can be
damaged as a result of temperature and pressure extremes, cycling. radiation,
and many other factors. Ulilities require proven weld repair technologies to ex-
tend the life of aging components, maximize the utilization of generation assets,
and reduce faitures, availability fosses, and operating and maintenance costs.
Decision makers and O&M personnel need to know the welding techniques
best suited for a given situation, the proper procedures for implementing a cost-
effective repair, and the lifetime extension expected to result. EPRI is collaborat-
ing with member utilities, manufacturers, and vendors to meet these needs. The
thrusts of this work are to evaluate fundamentat weldment properties and aging
mechanisms, lest the efficacy of existing weld repair methods for stationary and
rotating components in fossil and nuclear plants, and develop repair guidelines

and advanced welding technologies.



Early work focused on
characterizing the state of
the art in weld repair, EPRI
surveyed manufaclurers, ven-
dors, utilities, R&D organiza-
tions, and indusiry experis to
gather methodological. cost,

Figure 1 Onhe basis of accelerated lests, eslimales of remaining life at de-
sign conditions {1050°F and 5.8 ksi) were made for a 2.25Cr-1Mo base metal
and two weldments removed from header service, (Prior sefvice exposure was
244,000 haurs al 1050°F) Also lested were weld repairs performed on the ex-
service weldments using shielded metal arc welding; the repair on one weld-
ment included conventional posiweld heat treatment (PWHT), whereas the re-
pair on the other used lemperbead {TB) techniques (A service year was as-
sumed lo be 7000 operating hours.)

extension results for PWHT
and temperbead repairs of
two weldments removed
from service.

For 1C~tM0-0.25V turbine
casing materials, SMAW tem-
perbead repair offers belter

and performance data. On
the basis of these data, pre-
liminary guidelines were de-
veloped for performing weld
reparrs of aging piping and
casings and for estimaling
the additional lifetime af
forded by these procedures.
These guidelines, which were
recenlly distributed to the
project's ulility sponsors, in-
clude up-1o-date information
on a range of topies: dam-
age mechanisms, life assess-
ment methods and codes, in-
spection and testling. com-
ponent evaluation, repair de-
cision making, metallurgicai
analyses, damage excava-

500 [~

400 —

300 —

200 —

Tima to Rupture {thiusands aof hours)

100 —

k]

tion, repair methods and tech-

niques, preheating, PWHT,
consumabies. malerials spe-

cifications, welding management, weld-
ability and future R&D priorities.

In ongoing work. the efficacy of cur-
rent weld repair procedures is being test
ed. and the effects of service aging and
weld reparr on malerial integrity are be-
ing quantified. These studies are being
conducled on slightly and severely de-
graded cast 225Cr-1Mo and 1Cr-1Mo-
025V lurbine casing materials and on
wrought or forged 2.25Cr-1Mo and 1.25Cr-
0.5Mo piping/header girth weldments, The
properties of the base metals and of ser
vice-exposed weldmenis have been as-
sessed through a matrix of mechanical
and metallurgical tests. Following its char
acterization, each component material
was repaired by using current industry
practices for manuai shielded metal arc
welding (SMAW), gas-tungsien arc weld-
ing, or gas-meial arc welding. Also tesled
were temperbead techniques. which had
been demonstrated in previous NPG work
and which represent a promising alter-
native to PWHT. In these techniques, heat

Waeld-
ment 1

PWHT
repair

Base

metal ment 2

ireatment (tempering) occurs during—
rather than after—the welding process.
For 2.25Cr-1Mo header malerials, EPR!
work to dale, combined with results from
other worldwide studies, has aiready led
to many significant conclusions, Charac-
lerization studies indicate thal even maie-
rial exposed to 1050°F for 240.000 hours
shows no evidence of creep caviation
damage in the base melal, Also, cavitation
has been observed only in nozzle welds
and girth welds subjected to extraneous
stresses. Both aging base metal and weld
metat can be successfully repaired, with a
projected life extension of 35 to 40 years.
For weldments, successful weld repair re-
quires excavalion of all damaged areas.
elimination of external sources of stress,
and good weld repair practice. In terms
of remaining life, fracture toughness, and
tensile propenies, the temperbead pro-
cess Yyields resuits comparable to and
somelimes exceeding those of SMAW re-
pairs with PWHT-—making a good case for
ihe elimination of PWHT. Figure 1 shows life

Weld- T8

repair

performance than PWHT re-
pair in terms of heataffected-
zone toughness (Charpy im-
pact). Tensile and creep
property test results suggest
that the industry-standard
SMAW fillter metal (E8018-B2)
for this material overmatches
the properties of the base
metal by 20-30%, even at
1050°F. Filler metals with
properties that more closely
malich those of the service
exposed base metalare be
ing tested 1n ongoing efforts.

In an effort 10 encourage
code organizations (o relax
PWHT requirements, temper-
bead tesi results are being
provided 10 such organiza
lions as the American Soci-
ety of Mechanical Engineers
{(which oversees the Boiler and Pressure
Vessel Code), the National Board of Boiler
and Pressure Vessel Inspectors (which
oversees the National Board Inspection
Code), and the American Welding Society.

All materials property dala, test resulls,
recommendations, code changes, and re
vised life assessment melhods will be in-
corporated in an updated version of the
slate-ofthe-art guidelines for weld repairs
of stationary components in fossil plants.
On completion, the updated guidelines will
be made available to all EPRI member util-
ities, providing a tool for cost-effectively ex-
tending the lifetime of key components, re-
ducing ©&M costs, and minimizing down-
time for repairs.

Years

Rotating components

tn both fossil and nuclear plants, rotating
components—rotors, disks, and blades—
in high-, intermediate- and low-pressure
turbines are highly stressed. The causes
of rotor failure in high- and intermediate-
pressure iurbines include creep damage,
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temper embrittlement, and
fatigue. Low-pressure rotors
commonly experience fatgue
and stress corrosion crack-
ing at blade attachments.
Nearly 200 high- and in-
termediate-pressure turbines
will be at the end of their
design life before the year
2000, and hundreds of mil-
lions of dollars in O&M costs
could be saved if 10 to 20
years could be safely added
to their lives. in 1995, EPRI
initiated a three-year tailored
coliaboration project with 10
utilities, including 2 foreign
companies, to identify effec-
tive weld repair procedures
for rotating components.

To prepare guidelines for
the weld repair of rotating
components, researchers are
compiling methodological,
cost, and performance data
from surveys of manufacturers, vendors,
utilities, R&D organizations, and industry
experts. The principal goal of these guide-
lines is to identify safe, reliable, and tech-
nically sound weld repair practices. Topics
being covered include materials specifica-
tions, damage mechanisms and defects,
repair decision evaluations, mechanical re-
pair techniques, defect removal and weld
repair methods. PWHT methods, metallur-
gical and mechanical testing procedures,
inspection methodologies, machining and
rebtading techniques. life assessment
practices, and insurance considerations.

In addition, a case history database is
being compiled from a survey of EPRI
members, other utilities, repair vendors,
and original equipment manufacturers.
The database will document utility experi-
ence from at least 20 nuclear turbine rotor,
20 fossil turbine rotor. and 20 steam path
(blade) case histories. The focus is on re-
pairs at key locations, including blade at-
tachment, shaft, bore, keyway, and journal
repairs. A literature review covering the
past 15 years will also be included. This
rotor repair database will be easy to use,
interactive, and accessible via computer
modem. It will help utilities optimize repair
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Figure 2 This advanced automated pipe-welding system developed by EPRI
and Magnetech combines an orbital tracking mechanism for out-of-position
welding and a commercialty available power supply with a “fuzzy logic” controf
feature that greatly improves arc stabilify.

practices by enabling them to identify trou-
blesome locations on components, evalu-
ate the successes of past repair proce-
dures, and contact utility personnel who
have dealt with similar problems. If suffi-
cient funding is available, information gath-
ered in the development of the guidelines
and the database will be used to create
a repair decision-making framework for
rotating components.

Advanced welding technology

In a collaboration complementary to the
stationary components effort, SR&D and
RRAC have been working with Magnetech
and OTC/Diahen to develop an autormated,
orbital flux-core welding system. The work
has focused on improving existing power
supplies to facilitate out-of-position weld-
ing; coupling those supplies with orbital
tracking mechanisms for carrying the weld-
ing torch and head assembly around a
pipe; enhancing existing filler material, and
developing and testing optimized temper
bead techniques.

The result of these efforts is a fast, easy-
to-use, affordable system that produces
high-quality welds and can perform out-of
position welding (Figure 2). The system in-

corporates a new concept
in welding power supplies
called fuzzy logic, which al-
lows for real-time correction
of welding arc instabilities by
continuously switching be-
tween constant-voltage and
constantcurrent control. The
new system is expected to
be marketed by Magnetech
under license from EPRI.

For steam generator tubes
in nuclear plants, SR&D is
supporting efforts by NPG to
provide a permanent repair
method as an aiternative to
tube plugging, tube sleev-
ing. or replacement of the
entire generator SR&D has
developed a rotating optical
coupler for use with NPG-de-
veloped laser welding tech-
nology The coupler connects
a fixed fiber-optic monofila-
ment cable from the Nd-YAG
(yttrium-aluminum-garnet) laser welding
system to a second cable that rotates
within the laser tube itself. This device al-
lows precise optical alignment of the laser
system and the rotating weld head and ca-
ble assembly Laser energy of over 2400
watts can be transmitted through the cou-
pler. which incorporates a so-called safety
fiber to monitor, and limit damage by, re-
flected light from the welding laser The
coupler may also prove suitable for the re-
pair of heat exchanger tubing, control rod
drive housings, and hard facings. This re-
pair technology has been licensed to ABB
Combustion Engineering.

R&D coordination and
technology transfer

EPRIs welding support team—which con-
sists of staff from SR&D, the Generation
and Nuclear Power Groups, and RRAC—
provides technical review and steering
for all the Institute’'s welding R&D activities,
The team also coordinates work that cuts
across groups, and it addresses priority
utility industry needs. For example, surveys
are under way in two areas: one effort is
quantifying welding costs and identify-
ing welding-related areas where utilities



should larget efforts to reduce costs and
improve productivity; the other is com-
paring U.S. and European welding ap-
proaches in order to omtimize weldment
design for lona-term, high-temperature
performance.

in addition, the team works to enhance
the transfer of EPRI results and products
to member companies, The R&D activities
discussed in this update promise to yield
numerous benefils, The siate-of-the-art
weld repair guidelines for stationary fossil
plant components will help utilities select
and apply proven condition-assessment
and repair methodologies. Already, the use

of weld repair {o extend the life of aging
steel components by 35 to 40 years has
been successfully demonstrated. Proving
the efficacy of temperbead repair methodls
@ code erganizations s expected to lead
to the relaxation of PWHT code require-
ments, thereby increasing the cost-eftec-
tiveness of repair activities.

The state-of-the-art guidelines for rotat-
ing fossil and nuclear plant compaonents
will provide a tool for assessing rotor, disk,
and blade damage in steam turbines and
selecting appropriate repair methodolo-
gies. The guidelines also will provide a one-
stop source tor assessing the capabilities,

facilities, and repair experience of repair
vendors and original equipment manufac-
turers. The cemplementary case history
database will facilitate the evaluation of
alternative approaches to specific repair
problems.

In the area of advanced welding tech-
nologies, automated flux-core welding and
temperbead repair technigues will pro-
vide impreved, cost-effective welding pro-
cesses for piping and headers.

Together, these efforts will enable the life
of aging components to be extended, sub-
stantially reducing repair and maintenance
costs for utilities,

New
Computer
Software

Orders for EPRI-developed software shouid be di
rected to the Electric Power Soflware Cenler, 11025
North Torrey Pines Road, La Jolla, California 92037,
{800) 763-3772. EP®I members can receive. free of
charge, software developed by the business units
to which they subscribe Others should contact
EPRI's Licensing Office at (415) 855-2974

COMMEND: Commercial End-Use
Forecasting Model

Version 4 1 {(FC-DOS)

Contractor: Regional Economics Research
Business Unit. Retail Market Toofs & Services
EFRI Project Manager: Paul Meagher

Desk Book™: Residential End-Use
Technologies

Version 2.0 {PC-DOS/WIindows)

Centraclor: Enetgy International Inc

Business Unit: Residential Technologes & Services
EPRI Project Manager: Jahn Kesselring

DEW: Distribution Engineering Workstation
Version 1.0 {*FC-DOS/Windows)

Coriractors; BSG Alliance/IT, Ing,; Virginia
Pelytechnic Institute

Business Unit: Distribution

EPRI Project Manager Harry Ng

DSManager: Demand-Side Management
Analysis Software

Version 2.5 {(PC-DOS)

Centracior: EPS Solutiens

Business Unit: Retail Market Tools & Services
EPRI Project Manager: Perry Sioshanshi

EMFWorkstation: EPRI Electric and Magnetic
Fields Workstation

Version 2.5 (FC-DOS)

Contraclor: Enertech Consullants

Business Unit: Environmental 8 Health Sciences
EPRI Project Manager Randall Takernolo-
Hambleton

ERCAWS: EPRI Root Cause Advisory
Workstation

Version 2.0 (PC-DOS)

Contractor: FPl International Inc
Business Unil: Nuciear Power

EPRI Project Manager’ Avtar Singh

FAULT: Fault Analysis and Underground
Location Techniques

Versian 1.0 (PC-DOSWindows)

Conitractor: Power Technologies, Inc
Business Unif; Transmissien

EPRI Froject Manager: Don Von Dollen

FUELBURN

Version 2.0 (PC-DOSWindows)
Contractor: Applied Decisien Analysis
Business Unit: Utility Resource Plannina &
Management

EPRI Project Manager: Richarg Goldberg

GLOCO™: Giobal Carban Cycle Modei
Version 2 1 (PC-DOS/Windows™ Maciniosh)
Contractor Tetra Tech, Inc

Business Unit Environmental & Health Sciences
EPRI Project Manager: Robert Geldstein

INTURB: Informational Database for

Gas Turbines

Version 4.8 (PC-DOS/MWindows)

Contractor: Combustion Turbine Technoiogies Co
Business tnit; Gas & New Coal Generalion

EPRI Project Manager: Roberl Frischrmulh

IRP-Manager

Version 1,2 2 {PC-DOS)

Contractor: EPS Solutions

Business Unit: Retail Market Tools § Services
EPRI Project Manager: Perry Sioshans)

Life-Cycle Cost Management System
Version 1.0 (PC-DQGS)

Centractor: Decision Focus Inc,
Business Unit: Environmental Contral
EPRI Preject Manager: Mary MclLearn

LightPAD

Version 2.0 (PC-DOS)

Contractor The Weid! Group

Business Unit: Commercial Technologies &
Services

EPRI Project Manager: Karl Johnson

PMW: Plant Monitoring Worksiation
Version 4,11 (PC-0S/2}

Contractor Pawer Technologies, Inc,
Business Unit: Fessi Power Plants
EPRI Preject Manager: John Bickley

PowerDOE™

Versien Rt 0 (PC-Windows)

Corractor- J_ J. Hirsch & Asseciates
Businass Unit: Commercia! Technologies &
Services

EPRI Project Manager: Karl Johnson

REEPS: Residential End-Use Energy
Planning System

verston 2.2 (PC-D@S)

Contractor: Regional Economics Research
Business Umit, Retail Market Tools & Services
EPR Preject Manager: Paul Meagher

TRELSS: Transmission Reliability Evaluation
for Large-Scale Systems

Version 3.0 (PC-DOS RSE008-AIX)

Centractor: Southern Cornpany Services
Business Unit: Subslations, System Operations &
Storage

EPRI Project Manager. Ram Adapa

WINSQUG

Version R1.2 (PC-Windows)

Contractor: EQE International

Business Unit; Nuclear Power

EPRI Project Manager: Hobert Kassawara
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New
Technical
Reports

Rmequests for copies of reports should be directed
to the EPRI Distribution Center, 207 Coggins Drive,
PO Box 23205, Pleasant Hill, Callfornia 94523
{510) 934-4212. EPRI members that fund the busi-
ness unif issuing a remort can receive the report
free of charge {or. in lhe case ol bulk orders, for a
neminal price). Domestic organizations nol eligible
for EPRI membership pay the listed price. Others
shotild contact the Distripution Center for further
infarmation

Two-page summaries of the reports an-
nounced here are available, free of charge, by
fax. To receive a summary, call EPRI's Fax on
Demand service (800-239-4655) from a touch-
tone phane and follow the recorded instruc-
tions, using the fax identification number given
in the repart listing,

CUSTOMER SYSTEMS

Coaol Storage Open Hydronic Systemns
Design Guide

TH-104906 Final Repart (RP3280-3) $75
Contractors. Gatley & Associates, Inc  Mackie
Associates

Business Unit; Commercial Technologies &
Services

EPRI Project Managers' M, Khattar. R Wendland
Fax 1D: 23386

Assessment of HVAC installations in

New Homes in Nevada Power Company's
Service Territory

TR-105309 Final Report (WQ3841-3); $208
Contactor: Proctor Engineering Group

Business Unil: Mesidential Technologies & Services
EPRI Project Manager: S. Kendepudi

Fax ID; 24091

New Construction HYAC Program
Implementation Pian for Nevada Power
Company

TR-105310 Final Repert (W03841-3); $200
Contraclor: Proctor Engineering Group

Business Lint Residential Technelogies & Services
EPRI Project Manager: S. Kondepud

Fan I0: 24093

Proceedings: Energy-Efficient Office
Technology, 1994 {International Seminar)
TR-185549 Proceedings (WQ28320-18); $200
Contraclor: Policy Research Associates. Inc
Business Unit: Cemmercial Technalsgies &
Services

EPRI Praoject Managers: M. Blatt, J Kesselring
Fax ID: 24413

Proceedings: Efficient Lighting, 1993
{Symposium for Utility Lighting and DSM
Prafessionals)

TR-105963 Proceedings (RP3367-8): $200
Contractor: Policy Research Associates, Inc
Business Unil: Cemmercial Technologies &
Services

EPRI Project Manager: K. Johnson

Fax ID:; 25059
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ENVIRONMENT

Exposure to Electromagnetic Fields During
Pregnancy and Associated Risks for
Intrauterine Growth Retardaticon and
Spontaneous Abortion

TR-105756 Final Report (RP2864-2). $200
Contractor: Department of Epidemiology and
Public Health, Yale University School of Medicine
Business Unit: Environmental & Haalth Sciences
EPRI Project Manager: L. Kheifets

Fax ID 24709

Kauai Endangered Seabird Study,
Vols. 1 and 2

TR-105847-V1 TR-105847-V2 Final Reporl
(W03521-1, -2} $200 each volume

Centractors: Alaska Bislogical Research, Inc. (Vol.
1), Pont Reyes Birg Observatory {(Val. 2)
Business Unit; Environmental & Health Sciences
EPRI Prejecl Manager: M, Fraser

Fax ID 24850

Development of the Residential Case-
Specular Epidemiologic Investigation
Method

TR-105300 Final Report (RP4305-1); $200
Coritractor; Enertech Consultants

Business Unit: Environmental & Health Sciences
EFRI Praject Manager: K. Ebi

Fax ID. 249842

GENERATION

Dis-Gen Advisor: Markel-Based Guidelines for
Evaluating Distributed Generation Investments
for T&D Grid Support and Customer Energy
Service Applications

TR-102532-V2 Final Report (RP1677-20, RP3897)
license required

Business Unit: Gas & New Coal Genetation

EPRI Preject Manager: D. Rastier

Fax |D: 24572

Acoustic Emission Monitoring of High-
Energy Steam Piping, Vol. 1: Guidelines for
Hot Reheat Piping

TR-105265-V1 Final Report (RP1833-20); $10 000
Contractor: Pacific Gas and Eleciric Co

Business Unit: Fossil Power Plants

EPRI Project Manager: R Tilley

Fax D, 24024

Results of 30-Day Petroleum Cofire Test

at the Houston Lighting & Power

W. A. Parish Station

TA-1854%) Final Reporl (RP3920); $10,000
Contractors: Radian Corp,: Houston Lighiing &
Power Ce.

Business Unit: Fossil Power Plants

EPRI Project Manager: D O'Connor

Fax 0. 24331

Making Biopawer Work tor Utilities: A Rationale
for Near-Term Investment in Integrated
Biomass Power Systems

TR-105854 Final Report {RP3407). $10,000
Business Unit: Renewables & Hydro

EP&I Project Manager' J Turnbul!

Fax ID: 24868

Round-Robin Study of Methods for Trace Metal
Analysis: Graphite Furnace Atomic Absorption
Spectroscopy—Aluminum, Beryllium, and
Thallium

TR-105910 Final Report (RP1851-1); $10,000
Contractor: TRW Inc.

Business Unit: Environmental Centrel

EPRI Project Manager: B, Nott

Fax 1D 24958

Coal Supply and Transportation Markets
During Phase One: Change, Risk, and
Opportunity

TR-1059 16 Final Report (RP4125-1): $10,000
Contractor: Fieldston Co,, Inc

Business Unit: Fossil Power Plants

EPRI Project Manager: J. Plart

Fax |D 24988

NUCLEAR POWER

Guidelines and Criteria for Nuclear Piping
and Support Evaluation and Design, Vol. 9:
Guidance on Load Definition and Load
Combinations

TR-101968-V8 Final Report (RP2967-2); $1000
Contractor: Duke Power Co

Business Unit; Nuclear Power

EPRI Project Manager H. Tang

fan ID: 25400

Precipitation Kinetics, Thermal Stability,
and Corrosion Properties of Alloy 718 and
718-Based Superalloys

TR-103971 Finat Report (RP2181-9): $20,000
Contractor, University ot Texas, Austin
Business Urut: Nuclesr Power

EPRI Project Manager . Nelson

Fax B 21299

Effect of Nuclear Power Plant Decommis-
sioning Costs on Plant Life Cycle Decisions
TR-104829 Final Report (R™3343-1): $3000
Contractors: Baltimore Gas and Electric Co
ABZ, inc

Business Unit: Nuclear Power

EPRI Project Manager: J. Carey

Fax 1D 23248

Experience With Elevated pH at the
Milistone Point-3 PWR

TR-105245 Final Remort (RP2648- 1), $20.000
Contractor, Westnghouse Elecinc Corp
Business Unit' Nuclear Power

EPRI Project Manager H Ocken

Fax |D: 23989

EPRI PWR Fuel Cladding Corrosion (PFCC)
Maodel, Vol. 1: Theory and User’'s Manual
TR-105387-V1 Final Repori {(RP1250-25}; license
reguired

Contractor; S. Levy Inc.

Rusiness Unit: Nuclear Power

EPRI Project Manager: B. Cheng

Fax ID: 24206

lnterim On-Site Storage of Low-Level
Waste Facility Design Options: Bulk lon-
Exchange Resin Storage

TR-105784 Final Report (RP3800-1): $10,000
Centractor: Sargent & Lundy

Business Unit; Nuclear Power

EPRI Project Manager: C, Hornibrook

Fax iD: 24750



Monitoring and Inspection of Low-Level Radio-
active Waste Stored at Nuclear Power Plants
TR-105785 Final Report (RP3800- 12); $10.000
Contractors: Sargent & Lundy; ENCORE Technical
Resources Inc.

Business Unit: Nuclear Power

EPRI Project Manager: C Hornibrook

Fax ID- 24752

Waste Forms for Extended Storage

TR-105787 Final Report (WO380020); $500
Contractor: R. Kohout & Associates, Lid,
Bustness Unit: Nuclear Power

EPRI Project Manager: C. Hornlbrook

Fax ID: 24756

An Economic Analysis of BWR Control Rod
Blade Management Strategies

TR- 105812 Final Report (RP4035-1); $20,000
Contractor: Decislon Focus Inc

Business Unit. Nuclear Power

EPRI Project Mariager: H, Ockerr

FaxiD- 24795

Chromium Coatings to Reduce Radiation
Buildup

TR-105813 Final Report (RP27582): $20,000
Contractor: CENTEC XX|

Business Unit: Nuclear Power

EPRI Project Manager: H, Ocken

Fax ID- 24797

NOREM Applications Guidelines: Procedures
for Gas Tungsten Arc and Ptasma Transferred
Arc Welding of NOREM Cobalt-Free Hardfacing
Alloys

TR-105816 Fnal Report (RP1935-19), $10.000
Contractor: EPRI Repair 3nd Replacement
Applications Center

Business Unit: Nuclear Power

EPRI Proect Manager: H. Ocken

Fax ID- 24803

Mixed Waste Treatment Study

TR-105826 Final Report (WO3800-22); $10,000
Contractor: Duke Engineering & Services, Inc.
Business Unit: Nucfear Power

EPRI Preject Manager C Hornibrook

Fax ID: 24817

Cost-Effective Liquid Processing Programs
TR-105859 Final Report (RP2414); $10,000
Contractor CENTEC XX|

Business Unit: Nuclear Power

EPRI Project Manager C. Hornibrook

Fax ID. 24876

Quality Assurance Grading Criteria for Plant
Systems and Components: Results From a
Pilot Plant Project at Grand Gulf Nuclear
Station

TR-105868 Fnal Repor; (RP3719:2); $5000

Contractor: Science Applications tnternationat Corp.

Business Unit' Nuclear Power
EPRI Pioject Manager: F Rahn
Fax ID: 248390

Crack Growth and Microstructural Charac-
terization of Alloy 600 Head Penetration
Materials

TR-105958 Intertm Report (RP32237). $1000
Contractor Westinghouse Electric Corp.
Business Unt: Nuctear Power

EPRI Project Manager: R. Patharia

Fax ID' 25051

Proceedings: 1995 Radiation Field Control
and Decontamination Seminar, Vols. 1 and 2
TR-106009-V1, TR-106009-V2 Proceedings
(RP1935); $1000 for set

Business Unit: Nuclear Power

EPRI Project Manager; H Ocken

Fax ID; 25294

Cured-in-Place Piping for Structural and
Pressure Boundary Integrity: Interim Report
TR-106013 Interim Report (WO3052-13, -14):
$30.000

Contractors: ProtoPower Corp., Energy Interna-
ttonal, Inc

Business Unit Nuclear Power

EPRI Project Manager: N. Hirota

FaxID: 25142

POWER DELIVERY

Active Cancellation of Transformer Noise,
Vots. 1-3

TR 102924 Final Repar; (RP2744-1) $5000
Contractor. Angevine Acoustical Consultants, Inc
Business Unit: Substations, System Operations &
Storage

EPRI Project Managers B. Damsky, G. Addis.

S, Wright

Fax ID- 18503

Reaping the Benefits of RTP: Georgia

Power's RTP Evaluation Case Study,

Vols. 1t and 2

TR-105044 Final Repor: (RP78026 ., -8); $10.000
Contractor Laurits R. Christensen Associates, Inc.
Business Unit; Uity Resource Planning &
Management

EPRI Project Manager- C, Smyser

Fax ID- 23651

DRUMS Dynamic Feeder Rating for Pipe-Type
Cable Systems

TR-105251 Final Report (RP7900 1); $5000
Contractor: Underground Systems, Inc

Business Unit: Transmisson

EPRI Project Managers: T Rodenbaugh, F Garcia
Fax ID- 23988

Effects of Transient Voltages on Power
Semiconductor Devices

TR. 105319 Final Report (RP3389-4); $5000
Business Unit; Distnibution

EPRI Project Manager- A. Sundaram

Fax 1D;24107

Steady-State Voltage Monitoring and

Control

TR-105393 Final Report (RP2473-70) $5000
Contractor Massachuseits Institute of Technology
Business Unit; Substations, System Operations &
Storage

EPRI Preect Manager D. Maratukulam

Fax ID 24214

Underground Cable Fault Location
Reference Manual

TR-105502 Final Repor: (RP7913-3); $5000
Contractor. Power Technoogies, Inc
Business Unit: Transmission

EPRI Project Manager D, Von Dollen

Fax ID: 24350

Superconducting Magnetic Energy Storage in
Trapped Field Magnets of High-Temperature
Superconductors

TR-105751 Final Report (RP7921): $5000
Contractor: University ol Houston

Business Unit: Transmission

EPRI Project Managers: M. Rabinowitz, O Yon
Dolen

Fax ID: 24702

Energy-Based Dynamic Security Assessment
Tools for Maintaining Voltage Stability
TR-105796 Finat Repoit {(RP3103-4); $5000
Contractor: University ol Wisconsin, Madison
Business Unit: Substatons, Systemn Operatons &
Storage

EPRI Project Manager: ® Hirsch

FaxID- 24769

Intercontrol Center Communications Protocol
()CCP) Demonstration

TR-105800 Final Repor: (RP3830-1}); $200
Contractor ECC, Inc

Business Unrt: Substations, System Operations &
Storage

EPRI Project Manager- A. Vo dani

Fax ID: 24777

STRATEGIC R&D

Sensitive Landscape Features for Detecting
Biotic Effects of Global Change

TR-105216 Final Report {RP8020-13). $200
Contractor, Applied Blomathematlcs

Business Unit Strategic R&D

EPR! Project Managers L. Pitelka. J. Maulbetsct
Fax ID: 23946

Control Room Crew Operations Research
Project

TR-105280 Fina Report (RP8013 4) $40.000
Contractors: Halliburton NUS; University of
Maryland

Business Unit: Strategic R&D

EPRI Project Manager; A. Singh

Fax|D: 24050

The Electricity-Society Connection:

A Forum of the Electric Power Research
Institute

TR-105485 Final Report (RP8013-18), $200
Contractors: Walter H Esselman’

Jack M Hollander, Thomas R, Schneider
Business Unit Strategic R&0D

EPRI Project Manager: T Schnelder

Fax ID: 24322

The Origin and Properties of Unburned
Carbon From Pulverized-Coal Combustion
TR-105743 Final Report (RP8005); $200
Contractor: Sandia National Laboratores
Business Unit: Strategic R&D

EPRI Project Manager: A. Mehta

Fax ID: 24690

Power System Control Valuation
Methodology

TR-106031 Final Repor: (RP34369); $200
Contractor: GE Power Systerns

Business Unll; Strategic R&D

EPRI Project Manager: V. Longo

Fax ID: 25174
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EPRI Events

JUNE

24-26

Technology Delivery Workshop

San Francisco, California

Contact: Susan Bisetti, (415) 855-7919

JULY

11-12

EPRI Partnership for Industrial
Competitiveness

Philadelphia, Pennsylvania
Contact; Bill Smith, (415) 855-2415

22-24

1996 International Low-Level-Waste
Conference

New Orieans, Louisiana
Contact: Michele Samoulides,
{415) 855-2127

24-26

ASME/EPRI Radwaste Workshop
New Orleans, Louisiana
Contact: Michele Samoulides,
(415) 855-2127

25-26

Manufactured Distribution and
Transmission Pole Structures

Denwver, Colorado

Cortact: Kathleen Lyons, (415) 855-2656

29-30

Turbine Generator Operation
Torento, Canada

Contact: Denise Wesalainen,
(415) 855-2259

29-August 1
Fossil Plant Maintenance Conference

Baltimore, Maryland
Contact: Lori Adams, {415) 855-8763

AUGUST

4-8

4th International Conference on Mercury
as a Global Pollutant

Hamburg, Germany

Contact: Don Porcella, (415) 855-2723

57

Turbine Generator Operation
Redondo Beach, California
Contact: Denise Wesalainen,
(415) 855-2259

6-9

Workshop on NO, Controis for Utility Boilers
Cincinnati, Ohio

Contact Susan Bisetti, (415) 855-7919

7-9

International Conference on Sustainable
Thermal Energy Storage

Minneapolis, Minnesota

Contact: Beverly Speer, (608) 262-8220
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11-16

Steam Plant Operations for Utility
Engineers

Castine, Maine

Contact: Amy Winn, (816) 235-5620

13-15

EMF Workstation 2.5: Training Seminar
Dallas, Texas

Contact: Robert Kavet, (415) 855-1061

18-23

Steam Plant Operatians for Utility
Engineers

Castine, Maine

Contact: Amy Winn, (816) 235-5620

20-22

Nondestructive Evaluation Issues:
Annual Meeting

Chariotte, North Carolina

Contact; Susan Otto, (704) 547-6072

26-30
Condenser Technology Seminar and
Conference

Boston, Massachusetts
Contact: Lori Adams, (415) 855-8763

SEPTEMBER

3-4

Nuclear Plant Performance Improvement
Asheville, North Carolina

Contact: Susan Otto, (704) 547-6072

1013

1996 EPRIweb Conference
Atlanta, Georgia

Contact: Michele Samoulides,
(415) 855-2127

1113

Underground Transmission Lines:
Technical Review

Baltimore, Maryland

Contact: Kathleen Lyons, (415) 855-2656

15-22

Transmission and Distribution
Conference and Expo

Los Angeles, California

Contact: Andrea Duerr, (415) 855-2648

17-18

Advanced Market-Based Products for
Electricity Pricing

Denver, Colorado

Contact; Connie Smyser, (415) 855-2396

19-20

Remediation of Contaminated Sites
Chicago, lllingis

Contact: lshwar Murarka, (415) 855-2150

22-25
7th International Sympasium on Interaction
Between Sediments and Water

Baveno, Italy
Contact: Bob Brocksen, (415) 855-7961

24-25

Motor Rewind Seminar
Atlanta, Georgia

Centact: Denise Wesalainen,
{415) 855-2259

24-25

Operational Reacter Safety Engineering
and Review Group

San Antonio, Texas

Contact: Susan Bisetti, (415) 855-7919

25-27

International Workshop on Main
Coolant Pumps

Pittsburgh, Pennsylvania

Contact: Susan Otto, (704) 547-6072

30-October 1

Power Quality Marketing Workshop
Knoxville, Tennessee

Contact: Karen Forsten, (423) 974-8288

OCTOBER

1-3

Risk Management for Competitive Markets
Baltimore, Maryland

Contact; Susan Marsland, (415) 855-2946

1-4
1996 Gasification Technologies Conference
San Francisco, California

Contact: Michele Samoulides,

(415) 855-2127

2-4
Magnetic Field Management Seminar
Lenox, Massachusetts

Contact: Leeka Kheifets, {415) 855-8976

3-4

Decision Analysis for Environmental

Risk Management

Palo Alto, California

Contact: Robert Goldstein, {415) 855-2593

7-10

Hydrogenerator Maintenance
Seattle, Washington
Contact: Denise Wesalainen,
{415) 855-2259

9-10

Advanced Market-Based Products for
Electricity Pricing

Atlanta, Georgia

Contact: Connie Smyser, (415) 855-2396

14-16

Managing Fossil Generating Assets in the
Marketplace

Washington, D.C.

Contact:; Lori Adams, {(415) 855-8763

15-16

Using EPRI Land and Water Models

Dallas, Texas

Contact: Ishwar Murarka, (415) 855-2150
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