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EDITORIAL

International Research at EPRI

For many years now, we have witnessed the evolution of an increasingly interconnected global econ-
omy. While American companies have expanded their operations in foreign lands, a growing number of
overseas companies have opened U.S. offices. So much in the way of expertise, hardware, and
manufacturing processes crosses national borders these days that it is a challenge for consumers to
pinpoint the domestic origin of many commonplace products.

The electric utility industry is no exception to the globalization phenomenon. Large
multinational firms headquartered in other countries have begun to dominate the market for generation
and transmission equipment. Meanwhile, U.S. utilities are investing in overseas projects and—through
EPRI—are collaborating at an unprecedented level on research and development with utility organizations
around the world.

Although international cooperation is far from new to EPRI, today there are more reasons than
ever 10 have an international perspective when it comes to R&D in the utility industry. One key reason is
the growing number of industry issues—including global climate change, nuclear safety, and emissions
control—that transcend national borders. If such issues are to be dealt with efficiently and effectively,
they must be confronted jointly by utilities around the globe through the sharing of knowledge and the
pooling of R&D resources,

Our work with overseas utility organizations—especially In recent years—has shown us not
only that our interests are becoming more similar, but also that these international groups often provide
valuable expertise and fresh perspectives that help us with our domestic problems too. We have a great
deal to gain by working with utility groups in other countries, and by the same token, we would have
much to lose by choosing not to collaborate.

To ensure that EPRI's international relationships provide the most valuable input for the Institute
and its members, we recently adopted some new mechanisms and established a more businesslike
approach to these interactions, as described in greater detail in the cover story. We look forward to the
outcome of these initiatives and anticipate that, as an expansion of EPRI's productive international
cooperation, they will help us continue to provide our members with innovative solutions to address their
most pressing needs.

B. K an

anager, International Activities
Office of Commercialization & Business Development
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34 Biofilm Formation and Microbial Corrosion

Fundamental research on biofi!m formation mechanisms,
bacterial metabolism, and interactions between bacterial
species is identifying methods to control biofilm develop-
ment and prevent microbially influenced corrosion.

37 Water-Loop Heat Pump Enhancements

A combination of high energy efficiency, low first cost,
simple controls, and reduced space requirements makes
water-loop heat pump systems an attractive option for
the heating and cooling of commercial buildings, and
efforts are under way to enhance and publicize their
advantages.

39 High-Efficiency GCC Power Plants

Improvements in gasification technology, gas turbine
performance, and overall plant integration now make
possible gasification—combined-cycle power plants with
heat rates that are 15-23% better than those of conven-
tional pulverized-coal plants with scrubbers.

42 CHECWORKS: Integrated Corrosion
Software

By integrating a number of corrosion analysis modules
with a shared database, the CHECWORKS software
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Tapping the International R&D Resource

As industry issues have become more global in
recent years, EPRI has increased its involve-
ment in international coliaboration and has for-
malized its relationships with R&D groups
outside the United States in the process.

FEATURES

Cool Storage: Saving Money and Energy

Beyond their traditional load-shifting capabilities,
today’s cool storage systems have energy effi-
ciency advantages that make them strongly
competitive with conventional air conditioning
equipment.

Refrigerants for an Ozone-Safe World

EPRI has launched a long-term cooperative
effort with chemical producers and equipment
manufacturers to develop new, non-ozone-
depleting refrigerants and hardware by the end
of the decade.
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ELCOME T® FRANCE, a

country only four-fifths

the size of Texan that is

home to the world's
largest electric utility. It is a society that
derives more than 75% of its electric
power frem nuclear reactors, producing
twice as much nuclear energy, per capita,
as the Linited States and three times as
much as Japan. Today France is as well
known for its high-speed electric trains
—the fastest in the werld—as it is for its
Bordeaux.

Four thousand miles across the globe
1s India, where industries must operate
in staggered shifts to get the electricity
they need 1o function. The country
suffers an 8.5% electricity shortage,
which increases to 18% during periods
of peak demand. Cevering an arca about
one-third the size of the United States,
India contains three and a half times the
U.S. population. About 75% ef these
peopte live in villages, many of which
do net have electricity.

The issues confronting electric utilitics
in these two countries are vastly differ-
ent. But energy experts in both believs:
there’s much to be gained in working
clesely with EPRI. Electricité de France,
the world’s largest electric utility, is now
in its tenth year of a working relation-
ship with the Institute. Today this
partnership involves 25 prejects on
topics ranging from glebal warming to
materials re=earch. So far, India’s
relationship with the [nstitute, estab-
lished in 1990, is limited to an informa-
tion exchange agreement. But a delega-
tion of high-level government officials
recently visited EPRI with hopes of
establishing more-intimate tics.

“EPRI has always been involved with
international utilities, but recent activity
has begun to make Lhe Institute a true
internationally collaborative research and
development organization,” says Jay
Kopelman, EPRI's manager for interna-
tional activilies. “*ot only has EPRI
increased its involvement with utilities
overseas, but it has formalized the
nature of that involvement to help
ensure that it gets comparable value
back for what it gives out, be it in the
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form of expertise, information, technol-
ogy, financing, or a combination of these
benefits.”

art of this miime structured activity is
a now pilot priogram through which
international utility organizations
become affiliates of EPRI. EPRI has also
opened two offices overseas—in Bir-
mingham, England, and Melbourne,
Australia—to help manage the relation-
ships with the affiliates and gnhance the
flisw of technoliigy from the atfiliates
and other utility arganizations in these
reginns back to EPRL

1 see these efforts as the first stage in
the globalization of EPRI's activitics on a

’

more formal basis,” says Dwain Spencer,
vice president for the Cifice of Lommer-
cialization & Business Development,
which iiversees the Institute’s involve-
ment in the international arena,
“Knowledge and its scientific and
technologiral products have become a
plobal assel, with no-single country

¢

holding a monopoly position,” says Kurt
Yeager, EPRI's senjor vice president for
technical operations. It is therefore
imsential that EPRI strengthen its world-
wide relations on behalf of our members
and affiliates to ensuri that they have
acvess 1o the cutting edge of the interna-
tional knowledge resource and are able
to more effectively harvest that -

sourge.”

Why go global?

EPRI's increased international inwvolue
ment is propelled in part by the growing
number of induslry issuis that are not
defined by national borders. When it
comes to such concerns as global
warming, nuclear =afety, and the need
for incrzased efficiency in the use and
delivery of electricity, many in the
industry believe that an international
responst is not an gption but a neceasity,
“The scispe of the issues facing the
electric power industry throughout the
world requires collaboralivis efforts to
rezolve them,” Spencer told an audience
at an International Energy Agency
conference in Hungary early this vear.
“Manv of thes issues initially drew the

L5, electric utilities together 10 furm

ETRI. It i= now clear that similar mativa-
tions are bringing the world electric
community together.”

Over the past 15 vears, EPRI has been
instrumental in developing a number of
international programs bk work on such
critical concerns, Cine current example is
the Model Evaluation Cimsortium for
Climate Assessment (MECUAL prisject.
MELC LA, which represents just ime facel
of EPRI’s climate change research
strategy, invalves a consortium of utility,
academic, and government groups from
the Linited States, Japan, France, ltaly,
and the Metherlands. The projest was
undertaken o quantify the plausible
ranges af climate change—as predicted
by computer models—so that policvmak-
er= would understand the economic risks
associated with various options for
limiting greenhouse gas emissions.

L ollaburative prajects like MECTA
represent more than a united concern,
hawevier. They are a retlistion of the
plobalization that has swept the business
world in mevent years. This movement
has bad a significant impact on the
utility industry, transforming national
manufacturing firms intis multinational
giants and prompling U5, utilities to
cstablish substdiaries to invest in power
plants overseas. Almost invilluntarily,
the econamies of far-flung countries
have becimez more integrated. For many
organizations thal want to stav abead
today, an international perspective is
mandatory Just as companies around the
globe have jumped national borders to
tap new markets and to gain access to
technology and =killed tabor, EPR1 has
sought to keep up with the state of the
art in thie industry worldwide.

Indeed, EPRI has learned & lot from
working with international wtility
organizations over the vears. Both
France and Japan have a significant
amount of nuclear generating capacity,
from which they havie gained vast
operating experience that has provided
valuable kessing for LL5. utilities; Britain
has producitd sonue of the world’s
leaders in materials research; and
German utilities, which face stringent

environmental regulations, are gxperi-

enced in applying advanced technology
tu control nitrogen oxides. Even coun-
tries that are grappling with severe
issues in the power industry have shown
they have something to uffer. For
instance, EPRI résearchers have learned
from the Swvicl practice of adding
oxygen to the feedwater of fossil-fired
bailers to control corrosion. EPRI is now
tesiting this technoligy in twis US. fossil
plant=

“It is cledr that scignce and engineer-
ing know no geographic boundaries and
that new ideas and technologics are
constantly emerging in our industry,”
says Tony Armor, director of FPRI's
Fossil Power Plants Department. “EPRI
recugnizes this and is reaching out
across the world 1o bring the best
advaneed technologies o its members.”
Just within his department, Armin notes,
a number of technologies that wene
developed in other cauntries have biten
imported over the vears, Tne example is
the above-mentioned oxygenated
chemistry system, first applied in Russia
and Germany. Another iz an acoustic
system for detecting leaks in utility
boiler tubes. {iriginally employed at
utilities in Italy and England, this system
is now being used at more than 50 U=
utilities.

EPRI's vollaboration with international
utility organizatisng has offered a
number of advantages. Not only has it
dispersed the financial burden of major
research projects, but it has also pooled
the cumulative operating experiences of
those involved, offering valuable tessons
from a wide variety of utility svstems,
In addition, it has provided access to
demonstration and test farilities thal
have no counterparts in the Linited States
Fur nstance, through its overseas work
in pressurized fluidized-bed combustion
(PFBL), EI'RI has taken advantage of
existing facilitivs in England, Germany,
Finland, and Sweden. These countries
have been heavily involved in the
development of PFBL technology, a
relatively new, high-efficiency option
for generating power cleanly from coal.
According to Steven Brenker, EPRI's

program manager for tluidized-bed
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EPRI's technical divisions are working with utility organizations from many different countries. Here
are highlights of some of their projects,

Through a joint project with Japa-
nese utility organizations, EPRI
has tested equipment at this
photovoltaic research and testing

facility in Japan.

Established to quantify the plausi-
ble ranges of climate change
predicted by computer models,
the Modet Evaluation Consortium
for Climate Assessment involves
utility, academic, and government

groups from five countries.

A seismic research project with

Taiwan Power produced this /a-
scale model of a pressurized water
reactor containment building in

Lotung, Taiwan.

This cylindrical pulse-jet bag-
house in Australia was part of a
pilot demonstration project with
the Electricity Commission of New
South Wales,

The Advanced Light Water Reactor
Program, which currently involves
utilities from eight overseas coun-
tries, has produced four reactor
designs, including this one by

General Electric.

Ontario Hydro is participating in
an EPRI project aimed at develop-
ing advanced and efficient electro-
technologies tor wastewater
treatment plants.

The Cool Water project provided
the first commercial-scale demon-
stration of integrated gasifi-
cation-combined-cycle technol-
ogy. A Japanese consortium of
private companies helped fund the
project.

Live-line testing with BC Hydro and Ontario Hydro.
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combustion, they have invested seme
$200 million in PFBC test facilities since
the late 1970s. By comparison, EPRI has
spent about $12 million for testing at
these plants.

“By piggybacking on top of the
enormous investment that has already
been made, we're really leveraging the
R&D dollars of our members,” says
Drenker. Through its participation in an
International Energy Agency project in
Swiden, EPRI is helping to test twe hot
gas hlters that may improve PFBC
technology. Organizations from seven
countries are participating in this $15
million project. Because EPRI's pioneer-
ing work in het gas filter technelogy

contributes valuable expertise to the
project, the [nstitute’s share amounts (o
only 3% of the total cost. However, the
Institute and its members derive the full
benefits of the technolegy improvements
resulting from the work.

Looking back

EPPRI ha= been involved with interna-
tional organizations since the first years
of ils existence. “There was a fundamen-
tal philesephy when EPR] was estab-
lished that it was going to try to get all
of the best informatien—scientific,
engineering, and technical—anywhere in
the world, bring i all together, and
synthesize it to provide the American
utility industry with the best insight as
to what’s going on and what it ought to
be doing,” says Chauncey Starr, the
[nstitute’s founder and first president.
“EPRFs ambitien, right from the very
beginning, was to encompass the world's
knowledge and experience.”

According to Starr, EPRI's international
involvemenlt not only increased the total
fund of knowledge the Institute had to
offer its mmembers, but also enhanced
EPRI's international reputation as a reli-
able and authoritative seurce of infor-
mation. The Inatitute’s earliest rela-
tionships with internatienal utilities
involved an open exchange of informa-
tion, typically outlined in a memoran-
dum of understanding. The idea was to
maintain a quid pro quo exchange
through joint workshops and meetings
and through publicatiens put eut by
both parties. Early exchanges were
established with utilities in England,
Taiwan, and the Soviet Union, among
other countries. Mo money changed
hands in these cellaborations. As Starr
puts it, “It was a pooling of knowledge
rather than a pooling of resources.”

Gradually the Institute’s relationships
with international entities evolved te
include the cefunding of projects, the
sharing of facilities for testing and
demonstration, and even the loaning of
employees. As such efforts progressed,
EPRI's reputatien spread around the
globe. "EPRI became very well known
internatienally,” says Kopelman. “It
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grew to bir ag well known and widely
rispected in many foreign nations as it
had become in the United States.”

In the late 1970s, EPRI initiated a
project that took the concept of interna-
tional involvement to an unprecedented
level for the Institute. That project was
the first commercial-scale demonstration
of integrated gasification—combined-cycle
(IGLL) technology. Known as the Cool
Water project because of it= location at a
Southern Califarnia Edison plant by that
name, this demonstrativn was under-
taken to illustrate that coal can be used
to generate electricity cleanly without
the use of energy-wasting flue gas
scrubbers. A Japaness consortium of
private companiis contributed $30 mil-
lion to the projict, roughly 10% of the
total cost; US. manufacturing compa-
nies contributed $170 million; and EPRI
provided about $70 million.

"This was the firat time the private
sector on an international basis totally
funded a large-scale facility to demon-
strate a new technology,” saya Spencer,
explaining that the U.S. Department of
Energy had played a significant role in
funding EPRI's previous demonstration
projects. “The Cool Water project
brought our expertize and the nzquired
financial capability together to demon-
strate a new technology that otherwise
would not have been demonstrated.”

The IGEC plant, which came on-line in
1984, exceeded its environmental and
operational performance objectives and
clearly demonstrated the technology to
be a viable option. Spencer, who was
EPRI"# vice president for advanced
power systems at the time and oversaw
the demunstration, says ILCL = now the
world's front-running candidate for the
advanced utilization of coal. “Based on
what we hear from the Chinese, the
Japanese, the French, and the British, it
is clear that we have changed the
viewpoint of the whole world on what is
the most impirtant advanced coal
technology,” he says.

The first commurcial utility IGCE unit
is scheduled to come on-line in the
Metherlands in 1994, EPRI will be

monitoring this project both through its

long collaborative association with Shell,
the system developer, and through the
Dutch utilities that will operate the
facility. Two other commercial units in
thit United States—ong at Potomac
Electric Power and one at Tampa
Electric—are scheduled to be operating
by the turn of the century.

Beyond Cool Water

Since the era of the Cool Water project,
international collaboration at EPRI has
entered a new dimension of major,
multinatitinal undertakings. While
information exchange agreements and
less formal relationships still exist, the
Institute now regularly enters into
larger-scale agreements involving miire-
intimate collaboration. By far the biggest
current example is the Advanced Light
Water Reactor Program. Initiated a
decade ago, the ALWR program aims to
devidup design requirements for the next
generation uf safe nuclear reactors,
Today the program is jointly funded by
U 5. utilities (through EPRID), the U5
Department ol Energy, USs. reactor
vendors, and international utilitics, With
a collaborative budget of nearly %600
millien, it is the largest management
project in the history of the Instilute.

“Designing =afer, more reliable nuclear
reactors is an issue that many countries
face, because they are all going to have
to add capacity before the end of the
century or soon afterward,” say= Ted
Marston, director for advanced reactors
developmimnt in EPRI's Muclear Power
Divizgion. “It makes sense to wirk on
thi= i=2ue jointly. Why waste resources
duplicating efforts when we can accom-
plish =0 murh more by working to-
gether?

S far, utilitics in eight overseas
countries (ltaly, the Metherlands, [apan,
France, Germany, Spain, England, and
Belgium) are participating in the latest
phaze of the ALWR program. Each i=
contributing about 9 million in funds
and other resources—including expertise,
eperating experience, tesl results, and in
many cases employees. (Taiwan and
Korea participated in earlier phases of
the program.) About one-third of the 30-
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PowerGen plc

One of two privatized electric generating
companies in England

Capacity: 18,000 MW (fossil fired)

EPR! affiliate as of April t, 1991

State Electricity Commission of Victoria (SECV)
Generation, transmission, and distribution company that

supplies the state of Victoria in Australia

Capacity: Approximately 8000 MW (mainly
coal fired with some hydro and some gas fired)
EPRI affiliate as of February 1, 1992

member ALWR staff is on loan to EPRI
from utilities in these countries. Another
third of the ALWR staff iz on loan from
domestic utilities, while the remaining
third is made up of EPRI emiplayees,

The current phase of the 4LWR
program involves the actual design of
the advanced passive reactor, using a
comprehensive set of requirements
developed in an earlivr phase of the
program. The goal is to complete this
design phase in 1995 5o that the first
reactor based on those specifications can
bie built, licensed, and operating by
about the year 2000. To help ensure the
licensability of the new design, EPRI has
worked closely with the Muclear
Regulatory Lommission, which has
reviewed all 42,000 design and technical
reEgquirements

“I think the design has been positively
influenced by the international cantribu-
tors,” says Marston, noting that most of
the participant countries have large
nuclear investments and much wsperat-
ing experience. “Whenever we found a
belter mousetrap, wi incorparated it
inti the regquirements.” New features
resulting ltom the design of the passive
plant will be tested al facilitics—in
Japan, ltaly, and Switzerland—spaiifi-
catly built for the ngeds of the 41LWR.

Among the enhancements to the
dusign was a suggestion from a Spanish
participant to use dc power direetly from
the meactor’s backup power source,

eliminating a converter. According o

Azienda Energetica Municipale (AEM)
An ftalian utitity located in Milan

Capacity: 1036 MW (B0% hydro and the
rast oil and gas fired)

EPRI affiliate as of July 1, 1991

Sy peREs

British Columbia Hydro (BC Hydro)
The provincial utility of British Columbia

Capacity: 10,500 MW (almost entirely hydro)
EPRI affiiate as of July 1, 1992

NV tot Keuring van Elektrotechnische Materialen (KEMA)
The R&D organization for electric ulilities in Holland

Capacily: The country's four generating companies have
about 15,000 MW of capacity (roughly 7250 MW coal tired,
7250 MW gas fired, and 500 MW nauclear)

EPRI affiliate as of July 1, 1992

L.eorge Bockhold o EPRI, project
manageT fur the ALWR cffort, this
suggestion has helped improve the
reliability and economie= of the instru-
mentation and control s¥stems. Since dc
power is compatible with modern
instrumentation and control systems, the
power converter is not needed.

The Italians, the British, and the
French have alse contributid valuable
information to the project. Litilities in the
LK and France are building new nuclear
power plants, and as a result their
deaigns include advanced, digital
tevhnalogy. Such technology is being
incorporated into the ALWR design to
make the man-machine interface more
user-friendly. The operating experience
of the European utilities has demon-
strated that using microcomputers to
conduct many smal! tasks is preferable
to using one large mainirame computer
system to contral evervthing in a plant.
As these ulilities have learned, main-
frame computer systems are not fast
enough to control the thousands of tasks
required in a nuclear pawer plant.

The ALWR program is just one of
many international activilies of the
Buclear Power Division, which employs
more than 700 of the Institute’s interna-
tipnal on-loan staft members. “There’s a
very large segment of our wink today
for which it bas become almost manda-
tory that we have international coopera-
tion,” say= John Taylor, vicie president for

the division. “Just from the viewpoint of

safety issues, there's a strong movemant
in the industry worldwide to share
information, and for good reason. Take
the ©Chernobvl accident: even though
that system is nothing like the ones wi
use in the United States, incorporating
characteristics that would never have
been permitted and licensed in this
counlry, the event generated very, very
bad publicity for our nuclear power
indusatry. We have a lot of common
objectivis acruss the world, and if we
share the wiirk that’s needed tir nesolve

these isaues, we're all better off for it.”

QuidPLd o
Ciriginally ERI maintained a policy of
openness in its exchanges. Then, in the
early 1980s, the Institute adopted a
policy on internalional collaboration that
emphasizies the importanie of having
quid pro quo arrangements, Singe that
time, EPRI has tightened up on the
information it releases to overseas
organizations, cutting down on the
nwmber of reports it sends out and in
general restricting acoess ta its research
results, The aim is lo ensune that FPRI
and its membirs ane getting a return of
value for what the Institute gives out.
“In #amining the international
relatinships that had been established,
wir found that some situations wire nol

’

equitable,” savs Milt Klein, a consultant
fiar EURL who, before his retirement, was
the Institute’s vice president for industry

relations and information services. "We
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learned that being open with our
research results wias not an effective way
to get information fram others. We

found that we must—in effect
with them.”

EPRI eliminated some information
exchange agreements that it didn't
consider useful to the Institute. At one

bargain

time there were 25 information exchange
apreements in place that involved mare
than ane division. Today theri are 14
such agreements, and these will be pared
down over the course of this vear. The
changes have affected mere in-depth
collaborations as well. "We are becoming
much more businesslike about requiring
a clear quid pro quo from any interna-
tional project-related agreement so that
there's a clear flow of informatien and
data, or a sharing of unique esperimen-
tal facilitivs that EPRI wouldn't otherwise
be able to make use of,” says Spencer.

Also helping to enaure that EPRI gists
enough back for what it gives out, the
Institute has established a mome formal
channel through which information
Mows to and from some international
utility organizations. This new channel ix
the [nternationai Affiliates Pragram,
managed by Jay Kopelman. Approved
on a pilot basis by the Board of Directors
in December of 1980, the program
currently involves utility groups from
Britain, ltaly, Australia, Canada, and the
Metherlands.

Rather than jointly funding projects
with EPRI, the affiliales buy inte specific
research arcas. Within the programs they
invest in, the affiliates receive results of
EPRI's R&D. Huwever, they must also
provide reverse technology transfer,
releasing information ta E'RI from their
own, counterpart programs, “While a
global perspective on R&D is geoing to
become ever more significant in the
coming decades, it is important to
understand that EPR('s work is skl very
heavily focused on its members’ needs,”
says Rir Rudman, the Institute’s senior
vice president fur business operations.
“The inzight= and apertise derived from
international research will affer clear
practical benefits to EPRI's member
utilities and their ratepayers.”

12 EPAIJOURNAL  July/August 1992

EPRI is particularly interested in the
R&D programs of international ulilities
that have grown considerably in size
and sophistication. Today some foreign
utility R&D operations are much larger
than those of any single American utility.
in some vases, individual programs are
comparable to or larger than EPRI's
programs in the same field. For instance,
Tokyu Electric Power’s budget for
nuclear R&D is bigger than that of EPRIs
Muclear Power Division.

To oversee these affiliate relationships
and help enhance the flow of technology
from the international utility organiza-
tions to EPRI, the [natitute this spring
established two offices overaeas. Al
Dolbec of the Generation & Sterage
Division heads the office in Birmingham,
England, while Owen Tas=icker, also of
&S, heads the office in Melbourne,
Australia. Both locations are equipped
with videoconferencing capability and
will oversee the technical relations with
EPRI's mew international aftiliates and
provide a basis for broader international
activilies. The Melbourne oftice’s sphere
of activity will extend o nearby Mew
Zealand and to countries of southern
Asia, including Japan, Taiwan, and
Karea. The Birmingham office will
overser relations across the United
Kingdom and the Eurepean continent.

"1t is ex=ential te have overseas vffices,
berause we are a global presence
alreadw,” =ays George Preston, vice
president for generation and storage. “In
order to provide our domestic members
with the full benefit of our international
activities—from our affiliate relations to
our R&IY prifjects—it’s ¢ritical that we
have =omebody vn the spot.”

According to Priston, PowerGem, a
British ultility that became EPRI’s first
affiliate in April 1991, has considerable
cxperience in nondestructive evaluation,
component life asses=ment, gas turbine
combined-cycle plants, materials, and
control of nitrogen oxide emissions,
While EPRI al=o has rxperience in these
areas, PowerGun's data and expertise
will augment the Institute’s programs
and accelerate its R&D results, Preston
savs. "The new affiliates offer EPRI

members the opportunity to transfer
technology from international vrganiza-
tions to US. industry. That's what
warrants the efforl to necruit affiliates
and establish overseas offices. The
revenue enhancements to our US. R&D
pragrams are of secondary interest.”

New opportunities

Traditivnally, £PRI ha= pursued relation-
ships with advanced, industrialized
countries pierceived as possessing
valuable experience and expertise that
could flow back to the [nstitute and its
members. But it ia becoming apparent
that thers are a number of benelits EPRI
and ita membirs can derive from
working with developing countries too.
As Marain Hingorani, vice president
for electrical sy=teni=, points out, many
developing countries are growing
rapidly and urgently need to increase
their electric generating capacily.
Differences in the grography of thes:
countries and i their electrical systems
offer new opportunities to demonstrate
emerging technologies. Such apporiun-
ities may pot exisl in the United States.
[ndia, for example, is a prime lication
for dispersed generation, a conoept that
has been alow to catch on in the United
States because the U generation sys-
tem is already well developed. Dispersed
generatinn involves the use of many small
generating units strategically located to
meet a relatively lisw demand. Solar-
powered dispersed generatiom is an ideal
candidate for electrifyving the 600,110
villages scattered throughout India. For
a good part of the year, these villages
receive 12 hours of sunshine daily.
“When we want to introduce a
technolugy, there has to bie a large
enough market,” says Hingorani. "=mall
generalion is important to all of us. But
fan some types of small generation, such
as solar power, the economics are not
right ta introduce the technelogy in this
country. In a country like Indin you can
introduce the lechnelogy much sooner,
and once you do that, the cost will come
down and the technology will bivome
viable for application in isther countries.”
Developing countries also present
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growing market opportunities. Accord-
ing to the U.S, Agency for International
Development, the market for electric
power equipment and services in
developing countries will range from
$370 billion to 5908 billion over the next
two decades. As Deborah Bleviss,
executive director of the International
Institute for Energy Conservation, points
out, one strong segment of this market is
energy efficiency. “These countries
cannot afford (o grow at the rate that
they’re projected to grow,” Bleviss says.
“They’re going te need a significant
amount of energy efficiency, se there’s a
very strong financial drive for those that
provide the necessary energy efficiency
geods and services to take advantage of
the market.”

Atready, EPRI has begun to seek
overseas markel opportunities for some
efficiency-related products produced by
the Customer Systems Division. Through
a unique business agreement signed late
last year, EPRI has appointed an interna-
tional consulting firm as its agenl for
licensing a number of demand-side
management software codes and reperts
eutside the United States and Canada.
At this time the products are being
marketed primarily in Europe (including
Eastern Eurepe) and Australia. However,
the petential exists for further opportu ni-
ties in the developing world.

Both Eastern European and develop-
ing countries lag behind the United
States in computer technslogy and could
benefit from a number of EPRI's software
programs and workstations, such as
these geared teward the design of more-
efficlent (ransmission systems. However,
many of these ceuntries don’t have the
resources to purchase and apply this
technology. EPRI i& currently commuui-
cating with outside agencies that may be
able te provide some funding for
projecls in these countries. Among the
possible sources are international
financing agencies like the World Bank.

Despite the financial challenggs that
come with projects in the developing
world, many believe they represent an
avenue of both opportunity and respon-
sibility for EPRI, Over the next two

decades, a significant increase in
electricity generation will be needed to
sustain the world’s burgeoning popula-
tion. Since much of this growth is
occurring in the developing world, it
makes sense to apply the advanced
knowledge, skills, and technologies
already developed by the industrialized
world. The motivation is as much
practical as it is altruistic. After all,
effective emissions management,
operating procedures, and nuclear safety
practices will benefit the industry, as
well as society, worldwide.

“It is essential to our shared global
destiny that the lesser-developed
countries not apply obselete, inefficient
technology we have already discarded,”
says Kurt Yeager of EPRL “Through its
international technical relations, EPRI can
facilitate opportunities for U.S. utilities
and industry to develop business ven-
tures providing the most productive
technelogy for the world at large. Tech-
nological innovation through electricity
provides society the best means to
balance finite resources, including the
environment, against a rapidly expand-
ing global populatien whose econemic
aspirations are constantly moving higher.
Achieving this balance will be a major
challenge of the twenty-first century.”

Work with developing countries is just
in ihe early phases of consideration at
EPR], and it will be seme time before the
Institute determines whether to launch
any major initiatives in this area. Re-
gardless of what the Institute decides to
do, however, many have high hopes for
what it can accomplish. “I think there’s a
market niche fer EPRI's capability on an
international basis,” says Spencer. “I
think we're hitting the markel at exactly
the right time. With our =trong technical
staff and intellectual property base, EPRI
could make a significaut contribution to

many countries.” o

Backeround infarmation tar {his arlicle was provided by
Jay Kopelman and Dwain Spencer, Office ol Comime-
ciallzalon & Business Developmaenl; Tony Armor, Gener-
ation & Slorage Divisien; and Ted Marsion Nuclear Pewar
Bivisivi
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PACE COOLIML: HAS COME A
LOMG WAY SIMCE THE 19508,
when movie theaters used to
advertise that they were air-
conditioned. Thi= was well befure the
emergence of residential air conditioning,
and the ad= =succeeded in luring crowds
from their homes on hot summer days.

Today nearly all new homes in the
warmer regions of the country are built
with air conditioning. And in commercial
and industrial buildingz, air conditioning
is critical, given the need to sustain worker
productivity and ensure the smaoth aper-
ation of sensitive computer equipment. In-
deed, the use of space conditioning has
increased so much over the past four
decades that during the summer months
it now accounts for nearly half of the peak
electric load consumed by the commercial
SeChor,

But keeping customers cool does nit
have to push glectric generating capacity
to its limits. Cool storage technology (also
called thermal energy storage) allows
building owners to generate cooling dur-
ing utilities” off-peak hours, when de-
mand for electricity is relatively low. The
cooling is simply stored in a thermal
medium—water, ice, or eutectic salt—un-
til it is released as needed during the dav.
Caool storage systems can provide either
full or partial cooling. Partial storage ays-
tems supplement cooling gencrated by
conventional air conditioning systems.

Cool storage technology was around
during the days of the country’s first air-
conditioned movie theaters. i fact, some
of these theaters employed cool storage
rather than conventional air conditioming
systems. Part of the advantage from the
customer’s perspective was that the tech-
nidogy eliminated the need for expensive,
large-capacity air conditioning systems
capable of cooling a large space over a
short periad of time. Lising cool storage
also made it unnecessary to install addi-
tional electric power capacity 1o run the
maszive compressors of the air condition-
INg sy=tems.

The cool storage systems in place today
help reduce peak demand jor utilities

while simultaneously making good use of
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generation,

transmission,
and distribution

capacity that is
typically underuti-

lized during the off-
peak hours. For large
clectricity consumers, the
systems yield =avings in de-
mand charges, which are
based on the greatest electric
load demanded in a given mumth.

In addition, they allow customers
to take advantage of cheaper rates
available during utilities” off-peak
hours.

In fact, low off-peak rates and the cor-
respondingly lisw electricity bills have
made cool storage systism eperation s
cost-effective that until recently there was
ne stromg economic justification to maxi-
mize the efficiency of the systems. [nstead,
research and development enginvers have
focused on improving reliability and re-
ducing the capital cost of the syslems to
keep them competitive with conventional
air conditioning systems on the market.

In recent years, however, the R&D em- —
phasis has changed. Environmental con-

cerns and increased utility involvement in
promuting energy-saving technologies for
demand-side management have made ef-
ficiency a top priority. In a reflection of

this =hift, EPRI, which has funded cool
storage research and development since
1980, mounted an aggressive campaign

two vears ago ta improve the efficiency of

thermal energy storage.

EPRi-developed cool storage swstems

that are just a= efficient as conventional air

conditioning  equipment—and in some —
cams more efficient—are already avail- 1 |
able. Mow Lhe Institute is working on a
number of hardware and software modi-
fications that will save even more energy.
As a result of these efforts, according to |
EPRI = experts, by 1996 the markel will fea- | l ‘
ture cool storage systems that are 10%

more efficient than the majority of the con-

ventional air conditioning equipment in-

stalled to provide the =ame amount of
cooling, | . |
“We want people o understand thal ! = AL
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THE STORY
IN BRIEF
For nearly half a
century, cool stor-
age systems in this
country have been
helping utilities shift
load off-peak, saving
money for commercial and industrial
customers. But because cool storage
has been regarded primarily as a load-
shifting tool, its benefits for energy effi-
ciency have been overlooked. In fact,
cool storage systems available today are
just as efficient as conventional air condi-
tioning equipment—and in some cases
more efficient. EPRI has undertaken a
number of projects to further improve the
efficiency of cool storage technology and
to encourage utilities to include these
systems in their demand-side manage-
ment programs.
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THE EFFICIENCY COMPARISON Cool sterage technology is just as efficient as, and in some cases more efficient han, conventional air conditioning

equipment. To indicate efficiency, this graph shows the average annual energy consumption of eight storage systems and four nonstorage systems for the

comrmercial sector. The high-efficiency centrifugal central chilier—the most efficient nonstorage option available today—is the baseline technology against which

all the others are compared in terms of energy use. The values shown account for total system energy use (for space heating, cooling, and ventilating) and

assumne eleclric resistance suppiemental heat; they will vary, depending on climate and maintenance.

*Slippery ice, with heat recovery and cold air distribution
*Ice, with heat recovery and cold air distribution

*Chilted water, with heat recovery

High-efficiency centrifugal central chiller, with heat recovery
*Chilled water

Baseline: High-efficiency centrifugal chiller

‘Ice, with cold air distribution

*Ice, with heat recovery

*Slippery ice

7
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Small rooftop, 10 years old

cool storage technology is efficient,” says
horton Blatt, manager of thie L omimercial
Prigram in EPRI’s Customer Systemns Di-
vision. “We want to make sure utilitivs
know that they can =ave energy by in-
cluding this technoligy in their demand-

side management programs.”

Innovations in storage

Laol storage lechnuliogy got its start in the
dairy industry in the 1940k, when the milk
pasturization pricess was introduced. In
this progess, milk is heated to 180°F and
must be cooled swiftly in order to prevenl
bacteria growth and maintain a high-
quality flavor.

The technology developed to perform
this task consisted of a waler-filled stor-
age tank containing a serpentine coil
through which refrigerant was circulated.
lee accumulated on the coil, chilling the

water around it. Chilled water was di-
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verted from the tank to a heat exchanger
as peeded to cool the milk.

Over the past four decades, cool storage
technology has become much more so-
phisticated and cfficient. Across the coun-
try today, nearly 2000 chilled-water, ice,
and entectic salt systems store more than
4 million ten-hours of cooling for com-
merdal and industrial buildings. Together
they shitt an estimated 425,000 kW (425
MW} of electric power from on-peak to off-
peak periods. “Although this is a good
start, we have barely begun to tap the po-
tential 100,000 %W that could be shilted
aff-peak through widespriad use of this
technology,” says Ron Wendland, man-
ager of thermal storage technology at
EPRI.

In many wavws, cool storage svstems are
inherently efficient. Because they produce
cooling ahead of time and not an an as-

needed basis, they do not regularly cvile

on and off. This means that they run at
nearly tfull load, or peak efficiency, when-
ever they are charging or cooling. By com-
parison, conventional air conditioning
units, which constantly cyele on and off,
operate at maximum gfficiency less than
25% of the lime on an annual basis. EPRI
field test= and computer simulations have
shown that the nencycling factor alone
reduces energy consumption by 10% an-
nually.

Cool storage svalems save additional
energy by using electricity generated by
baseload  power plants, Thiesie plants,
which provide power during utilities’ off-
peak perieds, are on average 25% more ef-
ficient than power plants used to meet
peak demand. Another benefil is thal less
energy is lost through the use of utility
transmizsion and  distribution  systems
during off-peak, nighttime periods. This is

due o the lower ambienl lemperatures



and the lighter electricity load transported
by the systems during these hours.

Similarly, electric chillers operate 5-
10% more efficiently when outdoor tem-
peratures are relatively low. Most or all
of a cool storage system'’s chiller opera-
tion can occur at night to take advantage
of the lower temperatures. In fact, in some
dry climates that experience
low humidity at night, the cost
of cooling can be significant-
ly reduced by bypassing the
compressor and using only the
cooling tower. The tower uses
17% of the energy consumed
by the compressor to perform
the same amount of cooling,.

Cool storage systems can
provide free space heating un-
der some circumstances. Even
during the winter months,
large office buildings require
some cooling of interior spac
es. The heat generated in charg-
ing a cool storage tank at night can be re
jected into the building rather than into
the outdoor air. At a 550,000-square-foot
ottice building outside of Dallas, heat re-
covery from an ice storage system sup-
plies about two-thirds of the annual heat-
ing energy.

Naturally, cool storage has some effi-
ciency drawbacks as well. The most sig
nificant of these is the energy lost during
sturage through the natural heat gain in
the storage tank over time. However, this
isa problem that can be rectified relatively
easily. Extensive field and laboratory men-
itoring conducted by EPRI shows thatstor
age tanks that are properly insulated and
installed experience thermal losses that
typically are less than 2% of the system'’s
total output.

Opportunities of ice

Of the three types of cool storage systems
available today, ice storage offers the
greatest opportunities for increased effi-
ciency. This is partly due to the amount of
energy last in the icemaking processes
currently employed in these systems. As
ice builds up on the heat exchanger sur
face, it begins to act as insulation, reduc-
ing efficiency by about 10%. Some units

“harvest” the ice by defrosting the heat ex-
changer with hot gas so that the ice drops
off the surface. But this hot gas defrost cy-
cle also reduces efficiency by about 10%.

To address this problem, EPRI has de-
veloped and patented the so-called slip-
pery ice process, which prevents ice from
adhering to the surface of heat exchang-

)

ers. In this process, calcium magnesium

acetate, a substance similar to the chemi-
cal used for de-icing aircraft, is added to
the water. The use of this additive causes
ice to form in the liquid pool, away from
the heat exchanger surface, and results in
a slushy type of substance that will not
cling to metal.

EPRL has tested the slippery ice process
extensively in a laboratory at the Univer-
sity of Missuuri and has examined meth-
Paul
Mueller Corporation, a major ice storage

ods for enhancing the process.

system manufacturer, is building an ice
storage system for EPRi that will employ
the slippery ice process. The system is
scheduled to be installed at a building
owned by the Chevron Corporation in
Dublin, California, this September.

Aside from red ucing the amount of en-
ergy wasted in the ice-making process, the
slippery ice technique may help signifii-
cantly cut the capital cost of ice-based cool
storage systems. The reason is that slip-
pery ice eliminates the need for the defrost
cycle, which exerts 120-180 pounds of
pressure on evaporator surfaces every 15
minutes. To withstand the stress of this
pressure, current evaporators are built
with thick and costly 17-gage stainless

steel, a major contributor to the equipment
cost. Without the pressure resulting from
the defrost cycle, a much thinner and less
expensive steel eould be used, signifi-
cantly reducing the capital cost of the sys-
tem. In fact, it could even become cost-
effective to add more of the thinner evap-
orator surface to further improve the
unit’s energy efficiency by
5-10%.

Additional potential for in-
creased efficiency in ice stor
age systems exists in the air
distribution system. This op-
portunity is unique to ice stor-
age because of the lower wa-
ter temperatures that are read-
ily available. In fact, water
supplied to the cooling coils of
icebased storage systems is
about 12°F colder than that
supplied to the coils of non-
storage air conditioning sys-
tems. This means that the air

ultimately delivered from the cooling coils
to the conditioned space is also much
colder, typically ranging from 42 to 48°F,
compared with 55°F.

The lower temperatures generated by
ice storage systems mean that less air must
be distributed to achieve the same amount
of cooling. In other words, distribution
components, such as ducts and fans, can
be downsized. Not only does this save on
costs for the materials required to build
the distribution systems, but it also re-
duces the amount of energy nsed to oper-
ate the systems. In fact, EPRI research
shows that the smaller fans use as little as
50% of the energy consumed by the larger
fans.

EPRI has monitored projects that illus-
trate the savings possible through the use
of these cold air distribution systems. At
the new Seafirst Building in Bellevue,
Washington, an ice storage system with
cold air distribution is projected to save
$56,400 in energy expenses per year. An
added benefit is that the smalter ductwork
used with the cold air distribution system
allowed building designers to reduce
floorto-floor height by 4 inches and con-
struct an extra story. This story con-
tributed 13,000 square feet of rentable
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flsor space to the project. Reduced space
requirements for the mechanical rooms
contributed another 4000 square  feet.
Combined, the extra space represents an
additional $340,000 per year in rental in-
come for the owner.

To further improve the quality and ef-
ficiency of cold air distribution systems,
EPRt is working to develop an advanced
diffuser that can introduce cold air inte
spaces without relying on fan-powered
mixing boxes. Like the energy-consuming
mixing hoxes, the advanced diffuser will
intriduce cold air smoothly =0 that it does
not fall from the ceiling in one mass and
create drafis that adversely affect the com-
fort of building occupants. The diffuser
will spread the cold air along Lhe ceiling
evenly, enabling it to blend gradually with
the room’s warmer air.

Another aspect of cool storage technol-
opy that offers oppartunitics for increased
efficiency is the control system. Wilthaout
the attention of very knowledgeable and
conscientivus  building  operatars, cool

slorage systems are likely to fully charge
themselves every day they are in use.
Since there are not many days in a given
vear that require a full charge of the sys-
this
prizcess. Also, many cool storage systems

tem, some energy is wasted in
perform mytst efficiently when the stored
cooling is completely exhausted before
recharging. This requires a fairly accurate
prediction of what the cooling needs will
be in a given day.

EPRI has developed a cool storage con-
troller and a related software program that
uptimize the efficiency wilf chilled-water
and ice storage system operations. The
cantroller predicts, 24 hours in advance,
thie hourly outdoor temperature, the cool-
ing load required, and the building’s total
electricity demand. It also can measure the
amount of cooling capacity in storage and
can be programmed with the utility rate
structure in order to achicve the lowwst
operating costs. With this information the
controller optimizes the charging and dis-
charging of storage, producing enough

conling tor get thraugh a given day. EPR)'s
patented controller has been commerciatly
available for about two years from Hon-
eywell Lorparation. The Institute is cur-
rently inveslved in negotiations that could
allow it to license the technology to other
companies, making the system more
widely available.

Penetrating the market

EPRI re=earchers believe that cool storage
systems would be a valuable addition to
utitity demand-side management  pro-
gram= One advantage i= that a single in-
stallation results in =ignificant demand
and energy savings that are largely pre-
dictable, hoth before installation and over
thee long term. This makes D5M planning
and evalualion easier.

But as Wendland notes, cool storage
technology has typically been left out of
DSM programs. “Because cool storage has
been almost singularly identified with
utility benefils such as fvad shifling and
valley fitling, the terhnology's use as a
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ing, ventilating, and air conditioning markel. EPRI's researchers believe this markel

otfers the best potential for the widespread introduction of cool storage systems.



conservation  strategy has been over-
looked and underestimated,” he =ays.

To promote the wider use of cool stor-
age lechnology, EPRI is putting mire em-
phasis on the retrofit market. “One of the
reasons we feel the retrafit market is very
important is that it now exceeds the new
constructiom  market,” zays Wendland.
Roughly half of the exisling commercial
air conditioning in the United Slates con-
sisls of rooftip equipment, according b
Wendland, and many of the first batch of
rovftop systems installed 20 or more years
ago now need to be upgraded or replaced.
These older voaftp units consume 25-
100% more energy than currently avail-
able conventional air conditioning svs-
tems and cool storage alternatives.

EI'RI 1s examining various approaches to
retrofitting existing rooftop units econom-
ically; several demonstration projects are
under way. In additien, the Institute is
documinting before-and-atter energy con-
sumption on retrofit projects involving
chilled-water, ice, and wutectic =alt sys-
tems.

in one of these projects, the owners of a
lexas Instruments plant in Dallas retrofit-
ted o conventional central air comditioning
syatem 0 accommodate a chilled-water
tool storage system. The implementatizn
if this system, along with related im-
provements tir thie distribution system, -
duced the facility’s on-peak demand by
20900 kW, or 33%, and central chiller elec
tricity uset by 10%. In another project
at the Henry . Bick Middle School in
Lherry Flill, Blew Jersey—a failing S4-ton
rooftop air conditioning unit wa= con-
verted to an ice storagie system. The retro-
fit used the existing equipment, including
the supply fan, coils, and ducts, saving
abuiut 25,000 in capital costs. In ils first
vear of service, the retrofit system reduced
on-peak demand by as much as 3% and
energy use by as much as 12

EPRI s exploring other avenues that
may help bring additional coiil storage
technologd to the marketplace. Uhe po-
tential application that could take advan-
tage of the new slippery ice process is dis-
trict cooling, District cooling systemis cen-
tralize cooling generation in one cooling
plant that provides air conditioning to a
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THE COOL STORAGE SYSTEM Coal storage systems differ from conventional

air conditioners primarily in that they include a storage tank. The tank contains a

thermal medium (water, ice, or eutectic salt) that stores cooling generated by the

refrigeration unit. When cooling is needed, a water solution from the storage

tank is circulated in a pipe system that runs throughout the building. The storage

capacity effectively decouples the refrigeration process from the building toad,

allowing building owners to generate cooling during utilities’ off-peak hours,

when electricity demand and rates are relatively low.

DISTRICT COOLING The basic components of cool storage systems also exist

in district cooling systems, which use a central plant to cool nearby buitdings.

District cooling systems are employed in the United States, but they are far more

common in Europe at this time. EPRI believes district cooling would be a profit-

able business opportunity for many utilities because they could sell cooling while

tapping generation capacity that typically goes unused in the off-peak hours.
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COOLING THE COMMERCIAL AND INDUSTRIAL SECTORS Across the Bast Products corporate headquarters in Richmond, Virginia
country today, nearly 2000 cool storage systems provide cocling in commercial and

industrial buildings. Together these systems store more than 4 million ton-hours of

cooling, shifling an estimated 425 000 kW of electric power from on-peak to off-peak

periods. A faw of the buildings with cool storage are pictured below.

Home of EPRI’s regional office outside Dallas, Texas

group of buildings or customers. Al-
though such =ystems are more prevalent
in Europe, they are also employed in this
Counlry, moslt commonly on Cullege cam-
puses.

According to Wendland, the slush pro-
duced by the slippery ice process could
be pumped directly through district cool-
ing systems, which normally distribute
chilled water. Because the slush consists of
both water and ice, it has greater cooling
capacity than chilled water alone, 50 less
of it would be required to accomplish the
same amount of cooling. A reduction in
the amount of material flowing through
the district cooling systems would mean
that pipes, pumps, and other system com-
ponents could be downsized, saving sig-
nificantly on both capital and operating
costs. Wendland estimates that pipe size
and pumping energy could be reduced by
a factor of 4.

EPRI is exploring the application of slip-
pery ice in district cooling through a proj-
ect cofunded with Morthern States Power
and Argonne Mational Laboratory. Other

utilities interested in cool storage have
bi=n invited to participate. As Wendland
points out, district cooling could present
a profitable new business for many utili-
ties. “A utility can get the best of every-
thing out of this,” he says. “Il can make
the cooling at night, when it: baseload
plants are underutilized, and it can beng-
fit from the sale of the cooling.”

CFCs and educatign

District cooling plants may also help ad-
dress another issue: chlorofluorocarbons
(CFCr). The production of CFCz, which
functien as refrigerants in air conditioning

Westbrook Corporate Center near Chicago, lllinois
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and cool storage systems, is currently be-
ing phased out through international
mandates because CFCs destrey the ezone
layer in the upper atmosphere and con-
tribute to the greenhouse effect.

EPRI is spending $2 million a year Lo de-
velop CFC substitutes that can be used
with both conventional air conditioning
systems and cool storage systems. But in
the meantime, says Wendland, ammonia
is an altractive alternative for applicatien
in district cooling plants that employ cool
storage. Although ammonia can be haz-
ardous to humans, it is an efficient, envi-
ronmentally benign refrigerant, Wendland
says. District cooling systems would con-
fine the circulation of the substance to
large isolated plants.

For the same reason, ammonia is also an
attractive substitute for individual cool
storage syslems. Unlike conventional air
conditioning systems, cool storage tech-
nology does not circulate refrigerant in
coils that run through occupied buildings.
Instead, these systems circulate chilled
water through the buildings while the re-
frigerant i= cenfined to machinery located
sutside. Any accidental leak of ammmonia
would therefore occur in the open air,
away frem people.

Already, several ice sterage systems in-
stalled in the industrial sector use ammo-
nia as a refrigerant. Food processing facil-
ities, petrochemical manufacturing plants,
and refrigerated warehouses all have em-
ployed systems that use ammonia. EPRI is
studying the application of ammonia in
coel storage systems and is compiling ed-
ucational materials on how to apply am-
monia properly in such systems. One im-
portant consideration is to keep the appa-
ratus hal circulates the ammonia away
from places, such as sidewalks, frequented
by people.

Information transfer has alway= been an
impeortanl facet of EPRI's work in cool stor-
age. “A lot of people don't realize that cool
storage systems aren’t just a compresser
and a sterage tank,” says Wendland. “In
order to optimize your system and make
it more cost-effective, you have to com-
pletely rethink the entire heating, venti-
lating, and air conditioning system and in
some cases even the building structure it-

self, as was the case in the Seafirst project
|discussed earlier]l. And you’re dealing
with many different people: engincers,
building owners, utilities, architects, con-
tractors, and building operators. There are
a lot of variables Lhat have o be brought
together.”

EPRI has a keen interest in providing
high-quality technology transfer for cool
sterage, since any system designed, in-
stalled, or operated impropetly is a bad re-
flection on the technelogy overall. [n an
effort to effer comprehensive technolegy
transfer services, EPRI in 1989 established
the Thermal Storage Applications Re-
scarch Center at the Liniversity ef Wis-
consin at Madison.

Accessible to members through a toll-
free number (880-858-3774), the center
performs and manages applications-ori-
ented rescarch and provides member util-
ities and their customers with information
on coolatorage-related DSM  apportuni-
lies. Its ulility services include techmnical
training seminars and applications frou-
bleshoeting on critical projects with com-
mercial customers. The center also func-
tions as a liaison to manufacturers, pro-
fessienal erganizations, and other research
groups.

Wendland stresses that EPRI's role in
cool storage education i= just as significant
as its technical role. “We can develop all
kinds of wonderful improvements that
will make this technology mere efficient,”
he says. “But unless the right informatien
is getting to the appropriate peeple, these
aystems may not illustrate the full berefits
that cool storage has te offer utilities and
their customers. We want to make sure
everyone that opts for this technology gets
te experience the trug extent of its energy
efficiency and cost-effectiveness.” B

Backgrounyd nformation [or this arficle was provigaed Ly
Ron Wendland and Morton Blatt Custemer Sysiems
Dlvisien
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HLOROFLUORCCARBONS (CFCs)

AND RELATED COMPOUNDS

called hydrochlorofluorocar-

bons (HCFCs) are the essential
working fluids in virtually all electrically
driven vapor-compression systems that
keep food fresh or frozen and homes,
buildings, and vehicles comfortably air-
conditioned. There is growing evidence,
however, of damage to the earth’s protec-
tive ozone layer by chlorine from CFCs
(and, to a lesser extent, HCFCs) used as re-
frigerants, blowing agents, and solvents
and by bromine from halon gases used as
fire extinguishants. As a result, these
chemicals are being phased out of com-
mercial use even faster than the pace set
ina 1987 international agreement sparked
by satellite images of a springtime ozone
hole over Antarctica.

In that accord—the Montreal Protecol
on Substances That Deplete the Ozone
Layer—over 35 countrics agreed to cut
the production and use of CFCs and
halons in half by mid-1998. But since then,
evidence of even faster and more wide-
spread destruction of the vzone layer has
spurred an accelerated phaseout of CFCs
in this and other devcloped countries, in
an increasingly urgent attempt to reduce
the level of stratospheric chlorine over the
next several decades. These efforts will
eventually bring changes that will proba-
bly affect the cost and operating efficiency
of everyone's refrigerator, freezer, and
home or car »ir conditioner Fortunately,
there are reasonable prospects for success
in the deveclopment of suitable, non-
ozone-depleting alternative rcfrigerants
for such applications as refrigerators,
freezers, and auto air conditioners.

But perhaps more problematic for in-
door air conditioning and chiller manu-
facturers—as well as tor utilities, who de-
pend on the sale ot electricity for these
types of cquipment for a major share of
their revenue—is that effurts to save the
ozone layer by eliminating CFCs and
halons will eventually also extend to
HCFCs. These refrigerants are used in all
unitary heat pumps and air conditioners
in homes and businesses, as well as in
positive-displacement chillers for cooling
commercial buildings. One HCFC com-
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by Taylor Moore

THE STORY IN BRIEF CFCs and
other refrigerants that can
destroy the earth’s protective
ozone layer are on the way out,
under both international agree-
ment and new U.S. laws. The
move will mean big changes in
the design and cost of all types
of cooling and refrigeration
equipment, including those
used in cars, homes, and busi-
nesses. Electricity used for
indoor cooling and refrigera-
tion accounts for a major share
of ufility industry revenue, so
utilities have much at stake in
ensuring that suitable alterna-
tive refrigerants are identified
and developed for all the
major equipment categories
without substantial sacrifices

in energy efficiency. On behalf
of the utility industry, EPRI has
launched a long-term, collab-
orative effort with refrigerant
producers and equipment
manufacturers to develop new
refrigerants, as well as a full
range of non-ozone-depleting
systems to use them, by around
the end of this decade.
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pound is also the favored nearterm re-
placement refrigerant for low-pressure
centrifugal chillers, which up to now have
used a CFC.

Because HCFCs contain hydrogen, they
decompose in the
sooner than CFCs (which persist for

decades) and are only one-twentieth to

atmospherc  ycars

one-fiftieth as damaging to the ozone
layer, Yet HCFCs are still of enough con-
cern that policymakers believe they too
must cventually be eliminated.

Major chemical companies that produce
CFCs and HCFCs, such as Dul’ont, Allied-
Signal, and ICl Chemicals, are intensively
pursuing the development of alternative
compounds, primarily hydrofiuorocar-
bons (HFCs), that do not contain chlorine
and thus do not damage stratospheric
ozone. But it is expected to take about a
decadeto fully develop and bring new re-
frigerants—and equipment optimized for
their use in various applications—into
commercial production.

Until recently, HCFCs were seen as the
chemical saving grace that would enable
a transition lo more environmentally be
nign substitutes for most of the existing
$135 billion of nonautomotive compres-
sor-based installed cooling equipment.
However, as evidence has mounted that
ozone depletion is occurring at possibly
twice the rate projected by models and
over wider areas of the globe—not just in
the southern polar region, as previously
observed, but even in the midlatitudes—
the timetables for the phaseout of CFCs
have been stepped up, and additional
ones for HCFCs are being set.

Echoingthe position of refrigerant man-
ufacturers who have endorsed an acceler
ated phascout of CFCs, President Bush ear
lier this year moved to ban CFC produc-
tion for new equipment by the end of
1995—Tfive years earlier than called for in
the 1990 Clean Air Act, provisions of
which were intended to codify the Mon-
treal Protocol but in fact went even fur
ther, One major manufacturer has already
stopped making CFCs, sourcing new or-
ders from another producer. A follow-up
international accord to the Montreal Pro-
tocol contained only voluntary provisions
for LICFCs, but the Clean Air Acl calls for
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a production freexe in this country begin-
ning in 2015, which will lead to a ban on
their use in new heating and air condi-
tioning equipment beginning in 2020. The
US. Environmental Protection Agency
(EPA) is responsible for regulation and en-
forcement under the provisions of the
Clean Air Act.

Refrigerant producers and equipment
manufacturing industries are hoping they
will be assured of enough time to use
HCFCs to get through at least one product
development cycle. That would provide
some transition before another redesign to
accommodate a completely new, as-yet
unidentified, refrigerant compound (with
unknown efficiency and cost implica-
tions).

But if being destructive to ozone weren't
bad enough, CFCs—and, to a much lesser
extent, HCFCs and even HFCs—can also
contribute to possible global warming as
so-called greenhouse gases. The extent of
global emissions of CFCs and their con-
centrationin the atmosphere are orders of
magnitude less than those of the major
greenhouse gas, carbon dioxide; yet per
molecule, CFCs are 10,00() limes more ef-
fective at absorbing infrared radiation
than is CO,—and they do it within a win-
dow of infrared wavelengths notabsorbed
by CO, or water vapor CFCs and I{FCs
also absorb infrared energy, but not nearly
as effectively as CFCs.

While their ozone-depletion potential is
the main reason CFCs and HCFCs are on a
fast track to prohibition, their potential
role in global warming—as well as the
role of possibie substitutes—further con
plicates scientific assessment and regula
tory pulicymaking regarding lime frames
for phaseout and the acceptability of new
refrigerants.

In terms of dircct emissions of green-
housc gases, CFCs rcleased into the at
mosphere up to now have come mainly
from automobile air conditioners and
commercial refrigeration systems. They
represent only about a quarter of total
greenhouse emissions, while CO, accounts
for more than half. Far more important as
a potential contribution to global warm-
ing for nearly all vaporcompression
cquipment over its life cycle are indirect

enmissions of CO, from fossil-fuel-based
electricity generation. Since this potential
contribution is a function of energy cffi-
ciency, experts say it is critically important
that energy efficiency not be compromised
as the next generation of equipment is de-
signed to use ozonesafe refrigerants.
The fate of CFCs and its eventual exten-
sion to HCFCs as a result of their role in
ozone depielion and potenlial grecnhouse
warming have prompted one major re-
frigerant producer to announce its inten-
tion to stop selling IHCFC22 for use in
new equipment manufactured after 2005.
Meanwhile, the Natural Resources De-
fense Council (NRDC), an environmental
organization that has often succecded in
forcing more-aggressive terms into EPA
regulatory policy,
agency to ban the use of HCFC-22 for new

has petitioned the
equipment after 2000 and for existing
equipment after 2005, Such pressure may
also affect the prospects for accelerated
phaseout of HCFGI123, the favored re
placement for CFC-11, which is used in
most centrifugal chillers. Yet there are cur-
rently no available alternatives for HCFC-
22 in heat pump and cooling applications,
and none for HICFC-123,

The clock is ticking

Will the phaseout of HCFC-22 be acceler-
ated? The EPA is expected to issue regula-
tions spelling out a timctable for HCFCs
sometime after a United Nations Environ-
ment Program review of the Montreal Pro-
tocol this November in Copenhagen. While
the NROC is trying to force a phaseout of
HCE'C22 for new equipment beginning in
2000, the Air-Conditioning and Refrigera-
tion Institute (ARI), representing equip-
ment manufaclurers, has proposed 2010 as
a basis for a more rational transition.

“If there isn’t the security of having
HCRC-22 around for some time in the fu-
ture, users are less likely to move away
from CFCs,” says Mark Menzer, ARI's vice
president for research and technology.
“Moreover;, right now there are no proven
substitutes for iICFC-22 that you could ac-
tually design a heat pump or air condi-
tioning system to use.”

Finding and developing substitutes is a
protracted process. “Since it lakes al least



REFRIGERANT APPLICATIONS AND ELECTRICITY USE |t is estimated that more than $50 billion in annual utility
revenue comes from the sale of electricity to run refrigerators, freezers, heat pumps, air conditioners, and chillers across all
end-use sectors. CFCs, which have been the preferred refrigerants and insulation-blowing agents for much of this equipment,
are on an accelerated phaseout schedule because of their potential to damage strataspheric ozone. HCFCs are somewhat less
damaging to ozone and until recently were thought to offer an interim solution to the loss of CFCs. But HCFCs are also slated
for eventual phaseout early in the next century, and there are no proven alternatives for most applications in which HCFC-22 is
now widely used.

Electricity Use  Percentage of Total 1988
Application Refrigerant (billion kWh{yr) Electricity Use

Refrigerators, freezers CFC-11, CFC-12 177 6.9
Unitary air conditioners, heat pumps  HCFC-22 262 10.2
Chillers CFC-11, CFC-12,

HCFC-22 59 2.3
Commercial refrigeration CFC-12, CFC-502,

HCFC-22 50 1.8
Industrial refrigeration CFC-12, CFC-502,

HCFC-22, ammonia 55 21
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10 to 12 years to develop a new refriger-
ant all the way through toxicity testing
and equipment development, there is re-
ally very little time to respond to the an-
ticipated phaseout of HCFCs,” says Pow-
ell Joyner, technical manager tor advanced
residential projects in EPRUs Customer
Systems Division. “Only 2 to 3 years ago,
people in the HVAC industry thought
HCFC22 was going to be the solution to
their problems, but in a relatively short
time it will be gone, like CFCs.” EPRI is
playing a key role in ensuring that alter
native refrigerants and the equipment to
use them are developed.

Although CFCs ere not gone from the
market yet, it has suddenly become more
difficult to deal with their continued use
in auto air conditioners. As of July 1, 1992,
itis illegal to intentiunally release CFCs lo
the atmosphere, and EPA regulations re
quire service shops to recover and recycle
CFCs with costly machines; violators are
assessed stiff penalties. Any consumer
who has recently tried to buy a can of CFG
12 (R-12) to recharge an auto air condi-
tioner has most likely felt the pinch of that
refrigerant’s sudden drop in availability
and its inflated price.

Next year, U.S. automakers are expected
to begin producing models with re
designed air conditioners that run on HFC-
134a by using different compressors and
larger evaporators and condensers. Re
frigerant producers are scaling up recently
built HFC-134a pilotscale facilities to sat-
isfy the expected demand. For existing
cars, though, the high cost of retrofitting
units to use HFC-134a is likely to be pro-
hibitive, so most motorists will have to go
to service shops to get recycled CFC-12,
which will remain available for some time.

But the added costs and difficulties ot
converting auto air conditioners lo run
on non-ozone-depleting refrigerants will
seem modest compared with the technical
challenges and possible implications of
redesigning nearly all other vaporcom-
pression-based refrigeration and cooling
equipment in an atmosphere of confusion
and uncertainty over the possibility of
even turther refrigerant restrictions.

Annual revenues from U.S. sales of re
frigerants for all applications are esti-
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mated at about $250 million and represent
a small fraction of the overall business of
the chemical companies that make refrig-
erants. Further up the pyramid of refrig-
erant-dependent revenue, the manufac-
ture and installation of all air condition-
ing equipment and commercial chillers
amounts to $20 billion yearly in revenue.
But considering that the electric utility in-
dustry gets over $50 billion, or 23% of its
revenues, annually from the sale of elec-
tricity to run vaporcompression-based re-
frigeration and heating and cooling sys-
tems, it’s not hard to see which industry
has the most at stake in the global re-
sponse to ozone-depleting reftigerants.

The outlook for advanced compressors
and HFC-134a to enable a transition from
CFCs is perhaps somewhat more encour
aging in the case of home refrigerators
than in other applications. Refrigerator
and compressor manufacturers are mak-
ing progress and generating considerable
technical innovation in responding to a
multidimensional challenge: the phaseout
of CFCs is coming at about the same time
that tough new federa! energy efficiency
standards take effect. Manufacturers are
developing several new approaches to
advanced compressors that can run en
HF CG134a.

The EPA, meanwhile, has encouraged
the use of IHFC-152a in refrigerators be-
cause it has less potential to contribute to
direct global warming than HFC-134a. So
far, manufacturers have shown little i
terest in developing equipment to use this
alternative because of its flammability. Yet
there is considerable consternation among
manufacturers over the uncertainty sur-
rounding potential substitute refrigerants,
given the EPA’s ultimate authority to spec-
ify acceptable compounds for particular
applications. The agency is conducting an
ongoing assessment of the global warm-
ing potential of candidate alternatives,
and there is concern that a compound
judged acceptable in the near term may
later be ruled unaceeptable.

EPRI] and several utilities are actively in-
volved in cooperative efforts with appli-
ance makers to develop CFCfree refriger
ators and supermarket refrigeration sys-
tems. Various utilities are also involved in

the so-called Golden Carrot incentive pro-
gram to develop superefficient—and CFC-
free—domestic refrigerators. A notable
example of the effort in supermarket re-
frigeration is the recent demonstration, led
by the New York State Energy Research
and Development Authority and cospon-
sored by EPRI in conjunction with that
slate’s utilities, of an HFC-134a-based air
conditioning and midtemperature refrig-
eration system in a new Glens Falls, New
York, supermarket. The advanced system
features innovative screw and open-drive
compressors.

But for electric heat pumps, unitary
{residential, window, and rooftop} air con-
ditioning systems, and chillers, the tech-
nical and financial challenges of accom-
modating the switch lo ozone-safe refrig-
erants that also have low potential to con-
tribute to global warming seem more
problematic. Many of the manufacturers
of healing and cooling systems also pro-
duce a variety of gas-tired cooling sys-
tems. And in Japan, gas-fired absorption
chilters have already gained a dominant
market share. U.S. chiller manufacturers
could focus on producing such equipment
for the American market, considering that
each of them already has a joint venture
or import marketing agreement with
Japanese manufacturers.

In the case of air conditioning systems,
“it is possible that equipment manufac-
turers may be forced to adopt a refriger-
ant that may be a satisfactory alternative
to HCFCG22 for unitary air conditioners
but is less than optimal for heat pumps,”
says Arvo Lannus, residential program
manager in EPRI’s Customer Systems Di-
vision. “This could cause increased U.S.
energy consumption, marketplace confu-
sion, and fewer heat pump manufacturers
and thus accelerate the loss of electric
heating market share.”

Not only do utilities have the most to
lose from the lack of suitable alternatives
to CFCs in terms of the implications for
revenue and market share; they also have
the most to lose if substitute refrigerants
turn out to be less energy-efficient. Be-
cause about two-thirds of the country’s
electricity is generated with fossil fuels,
even a small decrease in the energy etfii-



QZONE-DEPLETION AND GLOBAL WARMING POTENTIALS: A RELATIVE MATTER Different refriger-
ants have different potentials to destray stratospheric ozone or contribute to possible global warming,
depending on their chemical compaosition and their residence time in the atmosphere. With CFCs
soon to be out of the picture commercially, regulators and policymakers have turned their attention

to the relative potentials of HCFCs, which are expected to be eventually phased out after 2000, and
HFCs. Because they contain no chlorine and thus have zero ozone-depletion potential, HFCs are a
promising class of alternatives. But their ability to absorb infrared radiation as greenhouse gases,
although not as great as that of CFCs, makes their ultimate acceptability as CFC/HCFC replacements

uncertain. The sizes of the circles represent relative atmospheric lifetimes.

Sources: Warld Meteoralagical Organization; DuPant
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ciency ot installed refrigeration and coul-
ing equipment could translate to substan-
tial increases in utility emissions of CO,
from increased fossil-fired generation.

A recent study at Oak Ridge National
Laboratory (ORNL) evaluated the relative
equivalent contributions of direct CFC
emissions and indirect energy-related car-
bon emissions to the global warming po-
tential associated with 10 major applica-
tions of refrigerants and insulation. 1t
highlighted the importance of energy effi-
ciency in a total lifecycle evaluation of
global warining potential. The analysis
was part of a collaborative effort spon-
sored bv the Alternative Fluorocarbons
Environmental Acceptability Study—a
consortium of major chemical companics
—and the govemment.

The ORNL study found that the greatest
proportionate reductions in equivalent
warming impact will come from replacing
CFCs in commercial refrigeration, in auto
air conditioning, and in roof insulation for
commercial buildings. The first two appli-
cations have up to now involved equip-
ment with typical refrigerant loss rates of
25-30% per year (although new designs
could reduce losses by an order of mag:
nitude); in the third case, a lot of blowing
agent is used. As a result, direct chemical
emissions account for about one-third of
the lotal equivalent warming impacl of
each of these three applications. For new
cquipment designs, the insulation that
uses MCFCs or HFCs as alternative blow-
ing agents will have to be at Jeasl as vo-
ergy-efficient as the insulation that uscs
CFCs, and it must also have low global
warnming puotential itself.

For most other applications, including
refrigerators, chillers, air conditioners,
heat pumps, and other types ot insulation
(including that used in refrigevators and
freezers}, by far 1he greatest cquivalent
warming impact comes not from direct
emissions of CFCs or HCFCs but from CO,,
produced indirectly through the genera-
tion of electricity to power the equipment.
The study highlighted the opportunities
for reducing direct emissions in a few ap-
plications through new technology, but
in most applications, new technologies
would have to be equal to (or better than)
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HCFC/HFC options in efficiency and com-
parable in cost to actually lead to lower
overall warming impact. “Further con-
straints on the HCFC and HFC alternatives
could be counterproductive from a global
warming point of view,” the ORNL re-
searchers noted.

“Manufacturers of home refrigerators
and commercial refrigerators are doing a
remarkable job ol responding to the chal-
lenge of the CFC phaseout by developing
models that use, for example, HFC-134a,
and are also as energy-efficient as current
equipment—in these applications we can
expect to maintain comparable overall ef-
ticiencies. But there really is a danger of
losing energy efficiency in present .appli-
cations ot HCFC-22, such as heat pumps

or central air conditioning,” says Steven
Fischer, a building equipment researcher
in ORNL’s energy division.

Fischer says manufacturers’ data gath-
ered by ARI for the alternative fluorocar-
bon study indicate that it, for example,
HFC-134a had to be used as a less-than-
optimal substitute for HCFC-22, heal
pumps and air conditioners made to sell
at today’s costs would consume anywhere
from 10% to 35% more electricity in heat-
ing and 20% to 30% more in cooling.

Response to the
CFC/HCFC phaseout

Since 1988, EPRI has supported research
on new refrigerants (some ot it cospon-
sored with the EPA} at Clemsan Univer-
sity, the University of Tennessee, and the
Mational Institute ot Stendards and Tech-
nology (NIST). EPRI has also been work-
ing with refrigerant and equipment man
ufacturers to identify alternative chemi
cals and evaluate thermodynamic cycles
for positive-displaceniont and centrifugal
chillers with zero vzone-depletion poten-
tial.

But, according to Joyner, “rescarch
aimed at resolving the HCFC alternatives
problem needs a national focus. The di-
vergent roles and business interests of
cquipment manufacturers and the policies
and charters of the Department of Energy,
EPA, and NIST and the national laborato-
ries cause them to pursue different aspects
of the problem.”

To respond to a possibly accelerated
phascout of HCFCs, notably HCFC-22, and
to ensure that the transition to nonozone-
depleting refrigerants does not wipe out
much of the success of energy conserva-
tion efforts by causing increased energy
use, EPRI has consolidated and expanded
its research in this area. The result is a
comprehensive 10-year, $23 million effort
to develop non-ozone-depleting heating
and cooling systems. It is anticipated that
additional universities, research centers,
and manufacturers will become involved
in the work with EIRI as part of vertically
integrated industry teams.

The broad goal is to catalyzc substantial
collaboration with equipment manufac-
turers, and also to work with chemical
producers, in identifying suitable refriger-
ants and in developing for all major ap-
plications equipment and systems that do
not damage the ozone layer and have only
minimal potential global warming impact.
More-specific—and ambitious—goals call
tor collaboratively developed non-ozone
depleting equipment to account for a sub-
stantial share of the market for new heat
pumps, air condittoners, and chillers
within five years of their introduction at
the turn of the century

The ultimate expected outcome of the
EPRI initiative—the widespread adop-
tion ot environmentally acceptable heat
pumps and chillers—will depend heavily
on the identitication ot suitable retriger
ants, clear choices for which have not yut
emerged. As aresult, the firsl phase of e
work will involve characterization studies
for a broad range of fluids. These will be
followed bv evaluations of the potential
performance of candidate refrigerants in
heat pumps and chillers with analytical
cycle muodels, coupled with experimental
measurements trom breadboard systems.

In the second phase of the project,
equipment development will be under-
taken with participating manufacturers to
produce unitary airsource and water
source heal pumps and reciprocating,
screw, and centrifugal chillers for selected
residential and commercial applications.
Manutacturers are likely to include many
of the companies with which EPRI is al-
ready actively engaged in R&D, including



MOLECULAR CHEMISTRY DEFINES
THE POSSIBILITIES CFCs and HCFCs
are made up of simple, one- and two-
carbon methane and ethane molecules
with varying numbers of attached chio-
rine, fluorine, and hydrogen atoms,

The molecular simplicity of these com-
pounds makes them easy to produce,
But the fully halogenated compounds,
which contain no hydrogen atoms, have
been deemed unacceptable because

of their ozone-depletion potential, and
other compositions within the methane
and ethane series are unacceptable be-
cause they are flammable or toxic.
Acceptable alternatives are being pur-
sued, including new compounds and
also mixtures in which a compound that
might otherwise have safety drawbacks
is blended with another refrigerant.
EPRI and the Environmental Protection
Agency have cosponsored research
that has identified nearly a dozen com-
pounds in the more-complicated pro-
pane and ether series for detailed evalu-
ation as potential replacement refriger-
ants. Meanwhile, all the major chemical
companies that produce refrigerants are
building new facilities to produce hydro-

fluorocarbons, such as HFC-134a.
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Lennox, Trane, York, and Carrier

Before this recent expansion of activity,
EPR] was already sponsoring work by
Trane and York to develop non-ozone-de-
pleting positivedisplacement heat pumps
and chillers and was working with Trane,
York, and refrigerant producer Allied-Sig-
nal to develop non-ozonedepleting cen-
trifugal chillers. “It’s critically important
for refrigerant manufacturers to identify
and understand the machine design and
engineering issues associated with equip-
ment changes that will be needed to deal
with the changes in refrigerants,” says
Wayne Krill, a senior project manager
in EPRI's Customer Systems Division. “If
this work is done right, there may be op-
portunities to improve equipment per
formance and efficiency in ways that
wouldn’t have been possible without a
change in refrigerants.”

The range of equipment applications
eventually developed under the compre-
hensive research effort may include split-
system, rooftop, groundioop, and in-

building water loop heat pump and air
conditioning systems, as well as water
cooled and air-cooled chillers. In the final
phase, EPRI plans to actively involve menr
ber utilities—for example, by using tai-
lored collaboration to mount field demon-
strations of production units. Technology
transfer and promotion activities will be
conducted with the manufacturers.

The project’s systematic, wideranging
search for alternative refrigerants incor
porates work that was already under way.
Joyner says the working fluids that are
likely to be of practical interest in the time
frame of the expected HCFC phaseout fall
into two categories. First are pure refrig-
erants and also azeotropes—mixtures that
behave as a single fluid. Then there are
nonazeotropic mixtures, with composi
tions that vary at different boiling points.
EPRI cxpects lo support up to five projects
at national research centers and laborato-
ries to thoroughly characterize candidates
in terms of their thermophysical and heat
transport properties, cycle behavior, con

patibility with lubricants, and effects on
equipment design.

In carlier work cofunded by EPRI and
the EPA, research chemists at Clemson and
the University of Tennressee synthesized
some 37 fluorinated propanes, butanes,
and ethers for evaluation as potential re-
frigerants. The compounds were of suffi-
cient stability, and were synthesized in
suflicient yield and purity, to enable the
relevant physical and thermiodynamic
properties to be measured. In recent
Senate subcomunmittee testimony, Eileen
Claussen, who heads the EPA’s Office of
Air and Radiation, said that of those 37
compounds, 11 (9 hydrofluoropropanes
and Z hydroflueroethers, none containing
chlorine or bromine) have been selected
for further study at the agency’s Air and
Energy Engineering Research Laboratory
in orth Carolina. These 11 have boiling
points and critical temperatures near
those of the key CFCs {or may form mix-
tures with desirable properties).

“Much testing remains to be done on

THE OZONE-FRIENDLY SUPERMARKET A Shop 'n Save store in Glens Falis, New York, is the site of the first large-scaje demonstration
ol HFC-134a for supermarket refrigeration and air conditioning applications. The work is being funded cooperatively by the New York State

Energy Research and Development Authority. the Empire State Electric Energy Research Corporation, and EPRI.
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these compounds,” said Claussen. “EPA
will work cooperativily with induslry to
enzure distribution of ongoing project and
test results and encourage participation in
the further evaluation and possible devel-
opment of these potential alternatives.”

The expanded EPRI effart will also take
advantage of environmental data gath-
ered in Oak Ridge Mational Labaratory’s
recent study of alternative fluorocarbons
and of a large thermophysical properties
database maintained by NIST. EPRI will
contribute and expand information devel-
oped through its membership in the Air
Cenditioning and Refrigeration Center at
the University of Illinais and will partici-
pate in the acquisition of lubricant and
materials compatibility data by ARL

In work already under way for EPRI be-
fore the latest initiative was approved, re-
searchers al MIST evaluated new refriger-
ant mixtures as potential replacements for
HECFC-22, the fluid used in most heat
pumps. In separate projects, NIST exam-
ined the prospects for refrigerants that
could be used in new equipment and the
prospects for candidate replatements for
existing equipment. The challenge is 2
tough one indeed, since HCFC-22—like
maost of the CFCs—has proved to be an
ideal refrigerant because of its excellent
thermodynamic properties, chemical sta-
bility, nontlammability, low toxicity, and
low cost. Alternatives not only must
match these properties bul alsi» must have
zeto ozone-depletion potential as well as
low potential to add to global warming,.

Because intensive efforts to date in the
refrigeration industry have failed to iden-
tify a single-component refrigerant that
can malch HUFC-22's optimal balance of
efficiency and capacity, MIET researchers
have been studying mistures of refriger-
anls. One binary mixture of R-32, which
by it=ell i= flammable, and 1HFC-134a looks
promising for some new equipment and
mayv even be more energy-efficient than
HEC =22 if certain heat exchanger designs
are used.

%1S17s Bavid Didion explains: “Loun-
terflow  heat exchangers are  practical
equipment modifications for refrigerant-
to-liuid machines but not for refrigerant-
to-air units, As a result, the R-32/134a

mixture is a promising development for
ground-source heat pumps, but it is not
vet a solution for air-source heat pumps.”

Researchers have broadened the search
for alternative refrigerants to include
ternary and gquaternary mixtures. In a re-
lated =T project, researchers are investi-
gating potential candidates that could be
applivd in existing home heat pumps and
other refrigeration systems without re-
quiring significant hardware changes. As
before, the process involves computer
modeling and laboratory testing with a
minibreadboard heat pump. The focus is
on identifying mixtures whose properties
match those of HCFLs and CFCx as closely
as possible. There is nir effort, a= there was
in the first study, to capitalize on the phys-
ical properties of mixtures through equip-
ment adaptations,

“For new equipment, you may be able
to accept a refrigerant that is less efficient
than the preferred substance by compen-
sating for it in the equipment design, al-
though that usually entails higher cost,”
saya Joyner. “But for existing equipment,
the implications for increased indirect
greenhouse gas emissions mean that al-
ternative refrigerants have to be at least as
energy-efficient as what vou used before.”

To environmental scientists and policy-
makers, including the EPA regulators wha
must ultimately rule on the acceptability
of each replacement refrigerant for specific
applications, probably the most important
criteria for consideration are, in descend-
ing urder, ozone-depletion potential, giob-
al warming potenlial, toxicity, and energy
efficiency. But for refrigerant producers
and users, other key criteria must be fac-
tored inlo consideration, including flam-
mability and the simplicity and cost of pro-
duction. Refrigerant producers must pay
the high cost of long-term testing of can-
didates to make sure Lhat the chemicals
aré not health hazards. And it i equip-
ment manufacturers who befar the brunt of
the liability burden and thus are reluctant
to accept flammable replacements.

Planning for a ripple effect

Because EPRI expects to be able to work
directiy with only haif a dozen or so of the
more than 30 manufacturers that make up

the heat pump and chiller manufacturing
industry, a key element of EPRI's strategy
is an expecled ripple vffect as competitors
seek to match the performance and inno-
vations developed thraugh sponsored re-
search with specific manufacturers. Con-
ceivably, much of the current annual US.
heat pump market of about a million units
could be covered by products developed
or licensed from EPRI's initiative if the
units perform as well as or better than cur-
renl models and if the alternative refrig-
wrant provides satisfactory performance
for cooling use. Also, the penetration lev-
els for heat pumps in residential markets
=hould grow as an alternative fo electric
resistance heating.

A big question is whether electric
chillers will maintain market share against
gras-fired absorption equipment. Annual
=hipments of centrifugal and po=itive-dis-
placement chillers number about 11,000,
all but a few hundred of which are lei-
trically driven. EPRI expects to undertake
advanced  development  projects  with
about half of the major U.S. chiller manu-
facturers.

For now, hawever, visions of market
share and revenue streams are tempered
by the subering knowledge of the existing
business that is at stake in supplying and
powering vapor-compression cooling and
refrigeration systems in a new regime of
protection for the global stratosphere, The
big challenges of adapting modern lite
and conveniences lo do without chlorine-
containing refrigerants mainly stilt lie
ahead.

Further reading

S K Fischer el a2l 'Gtobal Warming Imphicatians of Re-
placiy CFCs  ASHRAE Jouma, Vol 34 Nn 4 (Aprn)
1982). pp 1419

CFCs and Elachke: Chitters. Final report tar RP2938-17
prepared by Gilberl & Associales March 1992, EFRI TR-
100537

U S Depariment of Energy and lhe Alternalive Fludroc:t
bens Environrnental  Acceplabilty Study. Energy and
Globat Warming impacts of CFC Aflernalive Technologies
Preparad wy Oak Ridge National Laboratory and Arthor
0 Litte e December 1991

GFCs and Elgctne Utlihes Making the Transtion 1o a Saler
World. Final report tor RP2792-12. prepared by Bewilac-
qua Knight, Inc Oclobers 1190 EFRAI CU-7027

CFCs The Challenge of Doing Withow.' EPAI Journal
Vol 14, Ne 6 (Seplember 1989), pp 3- 13

Backgraund intormation was prowvided by Powall Jeyner
and Wayne Krill Customar Syslems Oivisimn.
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TECH
TRANSFER
NEWS

Videoconferencing: New
Ties to Members, Centers

g part of its ongoing initiative to en-
hance technolugy transfer through
the use of advanced electronic information
systems, EPRI has installed a videoconfer-
encing facility at its PPale Alto headquar-
ters. Already Lhe facility is being put to use
routinely for improving communication
with member utilities and with EPRi's col-
laborative work centers thrisughauol  the
country.

Like facsimile transmissivn, videocon-
ferincing has been around for many years
but has only recently become inexpensive
enough for rowtine business use. In both
cases, it was the development 0f a new
generation of powerful integrated circuits
that brought about a virtual exploesion
of commercialization activity. For some
alder =y=tems, videoconferencing required
special telephone circuits that could carry
up to 1.5 million digitiziéd bits of infor-
mation per second, at a ¢ost of several
hundred dollars per hour. The new tech-
notogy employs two standard digitized
twisted-pair telephone lines, with a total
carrying capacity of 112 kilobits per sce-
ond. Minimum equipment costs  run
about $25,000, and the cost of a videacon-
ferencing call is only a few dallars higher
than ardinary limg-distance charges.

Althbugh the original promise of video-
conferencing was that it would cut the
travel required of busy exerutives, recent
experience has shown that productivity
gains n reutine meetings may actually be
more important. By making face-to-face
meetings spanning; lhe continent possible
virtually on demand, videoconferencing
enables more people to participate i more

dieliberation=, with mueh less commit-
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ment of time and travel ex penses. Already
many companies in the electronic and
aerospace industries use videoconferenc-
ing to bring divierse experts togither for
engineering and product design. EPRI's
initial #mphasis i= on building stronger
tice within the research community of
the geographically dispersed electric pow-
er industry.

Some of these new Lies extend direclly
to member utilities. Bonneville Power Ad-
ministration has agreed 1o a year-long pi-
lot program involving a series of monthly
videoconferences with EPR] o discuss a
list of specific strategic lopics. Because BPA
is also connected to the government’s 1%
teleconferencing  network, EPRE partici-
pants will have accss tisa much wider po-
tential audience. Another utility has used
a portable videoconferencing unit to en-
able its senior executivis tiv hold a series
of meetings with groups of EPRI staff from
tour divisions. Test conferences have also
taken place with Powerlien, EPRI'= inter-
national affiliate in the U'nited Kingdom.

As the Institute itself continues to di-
versify geographically, through its collab-
orative work centers, videovonferencing is
expected to play an increasingly impor-
tant role in conrdinating communication
with EPRI headyuarters, Every Tuesday,
for example, there is a videoconference
between Muclear Mower Division staff in
alo Alto and personnel at the Monde-
slructive Evaluation Center in Charlotte,
North Carolina. Every wther Triday, it's
the Greneration & Storage Division’s turn.
Videaconferencing facilities have been es-
tablished at EPRI's Washington, D.C., uf-
fice, the High-Sulfur Tesl Center in Blew
York, and the &onitoring and Diagnustic
Center near Philadelphia. Facilities in oth-
er centers are planned tor the near fulure.

In addition lo seeing each other, people
attending a videoconference can share a
variety of graphic informatien, including
slides, documents, computer displays,
videotapes, and hand drawings. For high
resolution, decuments can be tranamitted
in a freeze-frame mode and stored elec-
tronically at either end.

EPRI  has with

arranged PictureTel,

which supplies the Institute’s videocon-
ferencing equipment, to offer a discount to
member utilities who wish to establish
thizir own facilities, Compatible commer-
cial facilities for videoconferencing are
also becosming available in many parts of
the country. An informational brochure in
EPRI's new videoconferencing capabilities
{BR-100655) will be published this Sep-
tember. W EPRt Condact: Saralt Brown,
(415) 855-2886

Bonneville Power Administration's Randail Hargy
and EPAI's Dick Balzhiser participated in a long-dis-

News on Nuclear Topics
Available On-line
Institute’s electronic in-

El'kmi‘r, thi
formation and cmmmunicativons negt-

work, has recently added and enhanced
news services related o thrisee key nuclear
plant issues: low-level waste, radiation
control, and plant chiemistry. These ser-
vices offer up-tu-the-minute information
on industry developments, EPRI resedrch re-
sulta and products, fulure evenls, newly
published reports, and new projects

Low-Level Waste BMews is aimed at util-
ity radivactive wasle managers and indi-
viduals involved in developing new dis-
posal tacilities. In additien to repaorting re-
cent EPRE activities, this news service cov-
ers emerging issues at MRO, EPA, THIE, and
EE!; provides status reports on state com-
pacts; and includes an up-to-date listing
of utility contacts.

Radiation Control Mews is for utility cor-

porate and plant radiation protection man-



agers and other staff involved in reducing
occupational exposure. The service covers
industry news, primary chemistry for re-
ducing radiation fields, cobalt reduction,
preconditioning, and decontamination,
Nuciear Plant Chemistry fews is di-
rected toward corporate and plant chem-
ists, as well as utility staff specialists in
other arcas—steam generators, materials,
and fuel, for example—who need to keep
abreast of developments in water chem-

tance ribbon-cutting ceremony that opened the In-
stilute’s pilot videoconterence link with 8PA in June.

istry. Mews is provided on PWR primary-
system chemistry, PWR secimdary-system
chemistry, BWR chemistry, service water,
and other chemistry issues.

During 1992 EPRINET is available at ne
charge to all interested users in the United
States. Pleasze call the EPRINET Help Desk,
{800) 964-8000, to sign on to this service
and obtain a user’s package. ®

EPRINET Carries
CGI Database

database on nuclear commercial-
A grade items (CG1s) is available via
LPRIMET, providing utilitivs with a cen-
tralized, constantly updated sounce of in-
formation for use in evaluating, procur-
ing, and accepting these items for safety-
related service. Given the decreasing num-
ber of vendors that supply replacement
ilem= manufactured under a certified
(OCFRS0, Appendix B) quality program,

the availability and propeér use of CGis

have taken on increased importance at ep-
erating nuclear plants

The Muclear Regulatory Commission
requires that when a CGI is to be used in
a zafety-related application at a nuclear
power plant, a utility must first “dedicate”
the item for this application by perform-
ing a technical evaluation and imple-
menting an ElRI-developed and indusiry-
approved acceptance process. The EPRE/
Joint Utility Task Group (JUTG) was cre-
ated o minimize the financial burden of
CGlI dedication by developing a consistent
approach for implementing these dedica-
tion requirements. Technical information
generated through this effort is pooled
into the CGI Database.

“Several utilities use the CGI Database
every day,” says Warren Bilanin, manager
of EPRI’s nuclear plant application activi-
ties in Charlotte, Morth Caralina. “Most
important, it saves them time. They don't
have te chase down information from ail
over—and getting the right information
amuunts b B0-70% of the job. In addition,
they van learn whal experience other util-
ities. have had with particular praducts
and vendors, which can msult in consid-
erable cost savings.”

By accesszing the £ Gl Datahase through
EPRIMET, utilities can incorporate techni-
cal evaluation package information ap-
proved by this JUTL, rather than having to
develop complete packages for dedicating
commercially available items on  their
own. Also, a utility can query the database
for information on the controls a vendor
irxercises over the manufacture of a £Gi,
thus learning from the experience of other
utilities. In the future, a utility will also be
able to obtain information on the procure-
ment history af a vendor o itent.

mew technical evaluations are added to
the CGt Database as they are completed by
the JUTG Technical Work Group and ap-
proved by the JUTG membership. Thi
IUTE: Technical Advisory Group has re-
cently proposed a new menu system far
the CGI Databaze, which is currently being
incorporated intis the EPRIMET format,
® EPR{ Contact: Tom Mudford, (704) 547-
o087

LILCO Turns to
Community for R&D

ong Island Lighting Company has
launched a new R&D program aimed
at tapping the rich scientific resources in
the utility’s own backyard. “In a symbolic
sense we're opening up the window to
let the fresh air of new ideas come in to
us from the outside,” say= Timothy |. Dris-
coll, LILCLKs research and development
ditector. “What we're trying to do is get
new thinking to help us solve our energv
problems and improve the way we pro-
vide service to wur customers.”

As Driscoll points out, significant scien-
tific developments—such as the creation
of the module that tuok the first men to
the moon—have taken place on Long [s-
land. The community has also been home
to o number of notable scientiats, includ-
ing a Mobel Prize winner in genetics and
the inventor of synthetic insulin.

LILEQ's solicitation of last Ssptember
drew 162 responses, 28 of which were se-
lected for funding, Some of this R&D is al-
ready under way. Une of the winning pro-
jects invitlves the development of an inte-
grated communications svstem. The firm
handling this job is a defenss contractor
that has developed similar technology for
the LS. military. Another project involves
the creation of a rabatic arm that utility
line wirkers can use in installing and
maintaining distribution wires.

The new, regionally focused R&D pro-
gram, called the Long Island Energy R&D
Initialive, supplements existing  LILCO
R&D efforts at the national level (through
FPRI and the Gas Research Institute) and
at the state level {through the Empire State
Flectric Energy Research Corporation, or
ESEFRCO). The program represents 15%
of LILLO's R&D budget and ingludes co-
funding fram ESEERCO and others.

“We had great cooperation from EPRI in
screening the various proposals we got to
make certain there was no duplication
with the Institute’s reseanch,” Driscoll
says, Line nice side benefil of the initiative,
he adds, is that il has promoted close part-
nerships between LILECDY and its commu-
nity. =
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RESEARCH UPDATE

Exploratory Research

Biofilm Formation and Microhial Corrosion

by Robert Gofdstein and Donald Porcella. Environment Division

When MICroscopIc organisms grow on
surfaces, they form a thin coating, or
bicfilm, that thickens as the microorganisms
multiply. A thick biofim blocks ambient
gases and nutrients from reaching the sur-
face it is colonizing and traps metabolic by-
products in s own matrix. Within each
biofilm, local physical and chemical condi-
tions create an environment that is inhos-
pitable to some microorganisms bui ideally
suited to others.

Qver time, the physical and chemical
conditions created by biofims can pro-
foundly affect the surfaces on which they
are growing. For example, metal and alloy
surfaces corrode much faster when tiny
colonies of aerobic bacteria (which oxidize
ron) or anaerobic bacteria (which reduce
sulfate) live on them. Because corrosion
eats away metal surfaces. such microbially
influenced corrosion (MIC) can cause water
lines te fail, shutting down utility power plant
eguipment and compromising reliable plant
operation In some cases. water-cooling
safety systems have failed before going into
service because microorganisms—in con-

taminated water left in pipes after pressure
testing—have coroded system equipment.

Utllites need infermation about biofilms
and their corrosive properties to design re-
liable power plant operating systems. To
provide that information. EPRI is sponsoring
basic biofilm research at the University of
Tennessee and Montana State University
(RP8011-2). There scientists are studying
how biofilms ferm and how interactions be-
tween microorganisms determine  biofim
properties, including ther corrosive poten-
tial. This basic research, directed by EPRI's
Envronment Division and Oftice of Explor-
atery & Applied Research, complements
ongoing applied research under the Nu-
clear Power Division. A recently sublishes
Technical Brief (TB-100152) summarizes the
results of applied biofilm research on de-
tecting and controlling MIC at varisus power
plants.

Through basic research, scientists at Ten-
nessee and Montana State are learning how
to control biofilm formation. With this know!-
edge. they will be able to identify specific
ways lo pievent MIC. Fer example, if scien-

ABSTRACT Biofims—colonies of microorganisms growing on sur-

faces—can greatly accelerate the corrosion rates of metals and alloys in util-

ity water systems. Fundamental EPAI research is showing how mechanisms

of biofilm formation, interactions between bacterial species. and metabolic ac-

tivities control such biofilm properties as corrosive potential, This research is

identifying methods to control biofilm development and prevent microbially in-

fluenced corrosion.

The results should also apply to the control of other

processes involving biological consortia, including the bioremediation of con-

taminated groundwater and soil and the biodesulfurization of coal.
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tists know that certain microorganisms form
noncorrosive biofiims, they may be aile to
prevent MIC by seeding water sources with
those microorganisms—adisplacing others
known to form biofilms with more corrosive
potential. Moreover, research on biofims
may prove useful in efforts to describe and
control other processes involving groups of
interdependent microorganisms, of biolog-
cal consortia.

Until recently. studying biofilm processes
has been difficult. Not only are biofims het-
erogeneous, but methods of characterizing
them have required destructive, rather than
in situ, analysis. Sclentists have tackled both
these problems in the first 18 months of the
four-year research project at Tennessee and
Montana State. They have developed a sys-
lem that grows reproducible biofims, thus
minimizing the difficulties that result from
comparing heterogenecus samples. They
also have demonstrated a set of novel, non-
destructive biological and chemical tech-
niques for monitoring biofilm development
N situ. These technigues will allow re-
searchers 10 study the way biofilms de-
velop, metabolize, and hence promote cor-
rosion In their natural envirenment.

Initial applications of these new growing
and monitoring techniques show therr go-
tential for increasing basic knowledge about
biofitms, Without disturbing the biofilms un-
der study, scentists can combine these
technigues to collect simultaneous on-site
measurements of biofilm functions and elec-
trochemical properties. Ongoing EPRI-spon-
sored research focuses on using these
measurements to understand the link be-
tween microbial activity in bicfilms and MIC

Growing reproducible biofilms

Scientists working to grow biofilms with re-
producible characteristics have devised
physical flow-through models to simulate



biofilm formaton. In settings similar to those
found in utilty freshwater cooling systems,
water flows through cells over surfaces that
are susceptible to corrosion. Researchers
can use a variety of nondestructive biclog-
ical and chemical technigues in the flow-
through cells to monitor on-site bacterial col-
onization and biofilm activity. They can also
use microelectrodes to measure the slec-
trochemical activity associated with biofilm
development and corrosion.

During flow-through  expeniments, re-
searchers intraduce microorganisms and
nutrients into water flowing over a flat metal
plate (coupon) The microorganisms attach
to the coupon, creating a biofilm, Using ad-
vanced analytical techniques (described
below), scientists have demonstrated that it
is possible 1o grow biofims with repro-
ducible characteristics in flow-through ex-
periments, Furthermore, analysis shows that
those characteristics depend on the micro-
bial species introduced and their order of
introduction.

There is evidence that the characteristics
of biofilms also depend on the surface proe-
erties of the metals they colonize., For ex-
ample, laser confocal microscope images
have revealed selective growth of the bac-
terium Pseutdomonas aeruginosa along the
grain boundaries of a Type 316 stainless
steel coupon Scientists are seeking to bet-
ter understand the physical and chemical
properties of metal surfaces that exert a
strong influence on microbial attachment,
They are also seeking to control this vari-

Figure 2 Light emissions from genetically en-
gineered bacteria (photo) are being used

lo estimate microbial populations,
identify specific metabolic activi-
ties, and link individual species
with corrosion. For example
{graph). light emissions from
Pseudomonas ffuorescens
{lux) provide a linear mea-
sure of the number of bac-
teria in a biofilm. (Photo
courtesy of Gary Sayler. Uni-
versity of Tennessee: graph
from D. C. White et al., “Nonde-
structive  On-line  Monitaring  of
MIC.” paper presented at Corro-
slon/30, Nationai Association of Corrosion
Engineers, Las Vegas, Nevada, April 1890.)

able n comparative biofilm
analysis by developing melal
coupons with identical surface
properties.

Figure 1 A biofilm growing on a guartz crystal microbalance
causes the crystal's vibration frequency to decrease. As
shown here, there is a linear relationship between the fre-
quency shift induced by the growing film and the number of
bacteria in the film, as determined by a destructive counting

method. (Adapted from D. C. White et al., "Nondestructive

Monitoring biofilm forma-
tion and metabolism

On:line Monitoring of MIC," paper presented at Corrosion/90,
National Association of Corrosion Engineers, Las Vegas,

Nevada, April 1990.)

Scientists have adapted sev-

eral nondestructive monitoring

technigues to study biofilm tor- w
mation and metabolism. These . 30
lechnigues involve the use of =
a quartz crystal microbalance. # 60
genetically engineered micro- E
organisms with lux (light- g 40
producing) genes, attenuated E
total reflectance—Fourier trans- 20
forming infrared (ATR-FT/IR) '

spectroscopy, and open-Ccircuit
potential (OCP} measurements
The quartz crystal microbal-

20 40 60 80
Number of Bacteria (10 cells/cm?)

100

ance technique 1s adapted

from a method used to detect contamina-
tion in uitrapure environments. In biofilm ex-
periments, it indicates how many bactena
are colonizing a vibrating crystal surface to
form a biofilm. The quartz crystal, immersed
in solution, vibrates at a known frequency
when electrodes on its surface receive al-
ternating voltage. As bactena colonize the
crystal's surface, ther weight damgs its vi-
bration. When the bacteria become densely
attached (10" to 10° cells per square cen-
timeter), shifts in the crystal's vibration fre-
quency provide a linear measure of the
growing biofilm's weight. A traditional, de-

Lighl Productian (1A}

structive counting method shows that shifts
in the crystal’s vibration freguency also give
a knear measure of the number of bacteria
colonizing the crystal (Figure 1),

Scientists are using light emitted from bic-
luminescent bacteria to locate bacteria in
the environment and to monitor physiologi-
cal processes controlled by certain bacte-
rial genes. To study biofims, they have cre-
ated bacteria that fluoresce in the presence
of salicylate, an anion easily added to wa-
ter in a flow-through cell. To create these
bactena, the scientists connect fux (light-
producing) genes o an operon {gene se-

2 4 6 8 10
Number of Bacteria (10° cefls/cm?)
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Figure 3 The scanning vibrating electrode technique can be used to map variations in electro-
chemical potential over a metal surface, which indicate areas of active corrosion. These maps,
for carbon steel exposed to bacteria, show variations after (a) 3 hours, (b) 7 hours, (c} 11.5 hours,
and (d) 23 hours. (Reprintes with permission from Corrosion Science, Vol. 32, No. 9, Michael J.
Franklin et al., “Pitling Corrosion by Bacteria on Carbon Steel, Determined by the Scanning Vi-
brating Electrode Technique”; @ 1991 by Pergamon Press Ltd.)

a

400 pAfomr

quence) whose expression (functioning) is
triggered by salicylate, and then they insert
the engineered operon into the bacterium
Pseudomonas fluorescens

The new bacterium—~Pseudomonas fluo
rescens (fux)—emits light when exposed 1o
salicylate. In a flow-through cell. these ge-
netically engineered bacteria attach to a
stainless steel coupon. When water flowing
through the cell contains salicylate, the bac-
teria emit light, which can be measured
through a glass viewing-port by using a flex
ible liquid light cable and a collmating
beam probe. The amount of light emitted by
the bacteria serves as a measure of the
number of bacteria attached to the stainless
steel coupon (Figure 2).

In other species of genetically engineered
bacteria, lux genes are connected to oper-
ons that regulate production of the extra-
cellular polymers that the bacteria use to
adhere to surfaces. With these bacteria. re-
searchers are identifying areas of coloniza
tion and growth and investigating the prop-
erties of metals and butk fluids that control
bacterial adhesion.

ATR-FT/IR spectroscopy ts used to char-
acterize the chemical composition of paints
and other thin-film coatings. EPRtsponsored
research has adapted this technique to
study the chemical composition of biofilms.

In analyzing biofilms, scientists submerge
a germanium or zinc selenide prism in so
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lution and allow bacteria to colonize its sur
face. Because materials in these prisms are
transparent to radiation of infrared wave-
lengths, the scientists can shoot an infrared
beam through the colonized prism. A brief
pulse of infrared radiation passes through
the prism, travels a short distance into the
solution (100-3000 nanometers, depending
on prism type), and then reflects back
through the prism to an infrared detector.
The detector displays an infrared spectrum
that shows the chemical composition of the
film created by microorganisms and meta-
bolic by-products adherng to the prism's
surface. Specific wavelengths indicate the
presence of certain metabolic by-products,
such as proteins and carbohydrates. As the
biofilm grows, energy at those wavelengths
increases.

Thus ATRFT/IR uses spectral energy mea-
surements to correlate increases in specific
metabolites with biofim growth. It also inei-
cates shifts in the chemical composition of
a growing biofilm and—because compo-
nents of the biofim community have differ
ent infrared spectra—identifies changes in
community structure.

Scientists use measurements of open-cir-
cuit potential to study electrochemical ac-
tivity in fluid systems. In EPRI-sponsored ex
periments, researchers have used changes
in OCP to monitor the metabolic activity of
biofilms growing n flowthrough cells. For

example, they have studied a cell contain-
ing carbon steel coupons and aerobic and
anaerobic bacteria extracted from a utility
water system site with active MIC. They
found that the ®CP within the cell changes
as biofilm formation progresses. In particu-
lar the OCP change parallels a shift in fluid
oH that occurs when growing numbers of
bacteria accelerate the metabolism of glu-
cose to the volatile fatty acids acetate and
butyrate. Evidence suggests that these fatly
acids promote MIC.

Monitoring corrosion

Nondestructive methods of monitoring MIC
include the scanning wvibrating electrode
technique (SVET) and a further adaptation
of ATR-FT/R spectroscopy

Scientists developed SVET to map elec-
trochemical activity in the nervous system
A platinum wire electrode, vibrating at ap-
proximately 200 hertz, detects variations in
electrochemical potential over a surface. In
neurological studies, the electrode vibrates
over nervous tissue; in biofilm studies. it vi-
brates over an active corrosion site on a
metal coupon (Figure 3).

EPRI researchers are using SVET to eval-
uate the effectiveness of the corrosion in-
hibitor sodium molybdate. In a flow-through
cell containing carbon steel coupons, they
found no corrosion over a 27-hour test pe-
riod when sodium molybdate was present.
Without the inhibitor. the same experiment
revealed corrosion after only 2 hours. On-
going SVET expenments are investigating
sodium molybdate’'s potential for inhibiting
the corrosive behavior of anaerobic (sulfate
reducing) bacteria.

A further adaptation of ATR-FT/IR spec-
troscopy allows researchers to use this tech-
nique to monitor MIC. In these experiments,
bacteria colonize the surface of an infrared-
transparent prism coated with a metalic film
so thin that a brief pulse of infrared radia
tion can penetrate it. Once a bioflm is es-
tablished on this thin metalic surface. in-
frared spectra can track minute microbially
induced changes in the thickness of the
metallic film. This technigue is so sensitive
that it can detect changes of thickness as
small as a few atomic layers of copper Re-
searchers are now investigating methods of



coating the prism with a thin film of stain-
less steel—the most common metal in util-
ity water systems

An integrated analytical
approach

Researchers are applying combinations of
the nondestructive technigues described
above in order to simultaneously monitor
several characteristics of biofilms in flow-
through celis.

For example, scientists have made si-
multaneous measurements with several
technigues to study how interactions be-

tween microorganisms affect biofilm char-
acteristics, In one set of experiments, they
added various combinaticns of four bacte-
ria—Pseudomonas fluorescens (lux) and
three other species isolated from a patch of
corrosion in a utility water system—to water
in a flow-through cell. Light emissions,
changas in the QCP, and traditional count-
ing methods al showed that the order in
which these bacteria entered the water crit-
ically determined the growth rate and com-
position of the resulting biofims, This sug-
gests that seeding utility water systems
with specific microorganisms might bring

biofim formation and MIC under confrgl.

Using advanced, nondestructive cheml-
cal and biological techniques in an inte-
grated approach provides a powerful tool
for understanding and possibly controlling
MIC. In general, such an approach can lead
to a greater understanding of dynamic in-
teractions within biological consortia. This
knowledge may help scientists guide
processes involving biological consortia in
other areas of concern to the utility industry,
such as the bioremediation of contaminated
greundwater and soil and the biodesulfur-
1zation of coal,

Commercial Program

Water-Loop Heat Pump Enhancements

by Morton Blatt and Mukesh Khattar, Customer Systems Division

EPRl has impiemented a comprehen-
sive research effort aimed at enhanc-
ng anel publicizing the benefits thal water-
loop heat pump (WLHF) systems ofter fer
commercial heating and cooling. Through
ihis effort, EPRI has developed an ad-
vanced, high-efficiency WLHP unit, has cre-
ated guidelines and controls for optimizing
WLHP system operation, and (s producing a
guide for designing. specifying, and in-
stalling the systerns. Ongoing research ac-

tivites inciude analyzing system field-test
results, assessing enhancement possibifi-
ties, and examining factors that affect heat
recovery and efficiency.

The basics

The typical water-loop heat pump system is
very simple in concept, It consists of a pipe
loop for circulating water and a series of
heat pumps —one n each thermal zone—
that use the piped water as a heal source

ABSTRACT versatile, cost-effective, and reliable, water-loop heat pump

(WLHP) systems are an attractive option for heating and cooling large and

medium-sized commercial buildings. In addition to offering energy efficiency

through inherent heat recovery. WLHPs feature low first costs, zoning flexibil-

ity, simple controfs, and reduced space requirements. Despite these benefits,

WLHPs make up only 4% of the commercial heating and cooling market, a far

cry from the 40% market share they could capture. EPRI is sponsoring re-

search both to enhance the performance of WLHP systems and to inform util-

ities and their commercial customers about WLHP advantages.

or sink, The system also requires a means
of removing heat from the pipe loop (typi-
cally a cooling tower) and a means of
adding heat (typically a boiler).

The coniing lower and the boiler operate
as necessary to keep the temperalure of the
water in the loop within a 60-90°F range
This moderate range allows the use of unin-
sulated piping, which significantly reduces
instaled costs, And because each heat
pump can perform both heating and cool-
Ing, tis possible to use a two-pipe system
rather than the usual four-pipe system —fur-
ther cutting distribution system costs.

The WLHP's efficiency is particularly ewi-
dent when a3 building has simuitaneous
heating and cooling needs. This situation
often accurs in larger buildings with pe-
rimeter areas that need heating i colder
weather and core areas that need year-
round cooling In these cases, the WLHP
untts that are cooling add heat to the loop
and those that are heating extract heat from
Ihe loop, thus reducing boiler and cooling
lower operalion (Figure 1).

High-efficiency WLHP

EPRI and the Trane Company have deve!-
oped a high-efficiency WLHP with advanced
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Coagling tower

Figure 1 A typical WLHP system consists of a water circulation loop {a two-pipe, supply-and-return
system), a series of heat pumps that use the water as a heat source or sink to perform heating or
cooling, and a boiler and a cooling tower that operate as necessary to keep the temperature of the
circulating water within an optimal range (usually 60-90°F). Heat pumps operating in the cooling
mode add heat to the loop; those operating in the heating mode exiract heat from it.

Main system pump

ST
Cooling mode |
Ll
I
Cooling mode |

Heating mode

Heating mode

w5

Standby system pump

features that make owning and operating a
WLHP system even more advantageous.

Efficiency is the key feature of this new
unit, which can achieve a cooling energy
efficiency ratio of up to 15.2 (at Air-Condi-
tioning and Refrigeration Institute Standarg
320 condiitions) and a heating coefficient of
performance of up ta 4.5. But the high-effi-
ciency WLHP offers muchi more, These unils
have been acoustically insulated to ensure
quiet operation, and they come with manu-
facturer guidelines on techniques for further
reducing naise. The guidelines also explamn
ways to ensure indoor air guality through the
optimal introduction of outdoor air

The new WLHP Is easy to maintain and
service—removahble components facilitate
cleaning and access 10 internal paris, The
unit's high reliability, low operating costs,
and competitive first costs make it a prac-
tical, high-quality. cost-effective choice for
many buldings.

The high-efficiency WLHP is available
nationwide through Trane/CommandAire,
(817) 840-3244. EPRI has produced an in-
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formational brochure (CU.2047.01.92) to
help member utilities make potential users
aware of this products benefits,

Guides for better installation

A WLHP system will deliver maximum effi-
ciency benefits only f properly designed
and instalied. However, the generalized
yuidelines availablg lrom equipment manu-
facturers often tail to answer the more com-
plex design questions. To fill this information
void, EPRI is developing a comprehensive
two-volume water-loop heat pump engi-
neering guide tor architects, engineers, and
contractors. Publicaton is scheduled for
later this year.

The tirst volume 15 a design guide that
provides technical information on selecting,
designing. and specifying WLHP systems. it
discusses selecting optimal design param-
eters and includes application guidelines for
adding such features as variable-speed
pumping, thermal storage. and energy
management systems. it also covers the in-
tegration of WLHPs with sprinkler systems,

service hot water, and ground-coupled heat
pumps. Although this volume focuses on
southern California, much of the information
it contains is appropriate for installations in
all climates. EPRI plans to revise the design
guide to make it applicable to colder cli-
mates. The second volume of the WLHP en-
gineering guide focuses on California code
compliance iISsues.

WLHP field study

For three years. an office building in Stam-
ford, Connecticul, has been providing EPR}
with valuable real-life data on WLHP perfor-
mance—as well as serving as a test case
for veritying the results of pertormance-
boosting modifications. With typical struc
tural and occupancy characteristics and
cold-weather climate conditions, the build-
ing has yielded data with a wide range of
applicability.

The study has confirmed some basic as-
sumptions, showing that proper design, in-
stallation, and operation are necessary o
control boiler energy use and correspond-



ing electricity demand in an all-electric
building. The study has also demonstrated
that operational changes can produce
gquantifiable improvements. For example,
preper centrol strategy and careful control
setting reduced the electric boiler's annual
energy use by 20%. The cumulative effect
of improvements involving hoiler controt,
heat pump startup schedule, cooling-lower
isolation, and the intake of outside air to the
building core was o reduce electric boiler
demand on the order of 30%.

In particular, one of the maodifications sug-
gested by the project team— cooling-tower
isolation —can cut energy use dramatically.
Previously, the building operator had Eft the
cooling tower connected all winter in case
it was needed. To pretect the system {rom
freezing, water was pumped through the
cooling tewer almost constantly, resulting in
heat losses of as much as 400 million Btu
per month. The team's solution called for
putting manual valves on the cooling tower
so that its use can be limited to the few days
when heat rejection is needed. A 30% an-
tifreeze solution was adsled to the circulat-
ing water for pretection. These changes
have proved invaluable; an angoing eval-
vation is showing monthly energy savings
of the full 400 million Btu previously lost. At
this site, yearly savings could reach $8000

Assessing enhancement options

An EPRI report published last year, Water-
Loop Heat Pump Systems: Assessment
Study Update (CU-7535), answers some of
the most commen questions abeut the sys-
tems. it also documents their cost-effective-
ness, showing that WLHPS can provide an
excellent combination of low heating and
coaling costs and low installed costs (due
to the low-cost distribution system).

In addition, the report presents concepts
and guidelines for reducing energy costs
and enhancing performance by improv-
ng system design and operation. In many
cases, one of the best ways to reduce costs
anal improve performance is to keep the
loop waler temperature low, At low temper-
atures, the increased cealing efficiency of
the heat pumps usually more than offsets
the higher energy consumption for the cool-
ing tower and for heat pump heating. If the
loop temperature is 80°F or lower, an addi-
tional advantage is that the loop water can
be used directly for cooling. Again, the
higher energy use for cooling-tower opera-
tion is oifset by the reduction in compressor
operation. However, 50F water coil opera-
tion reguires insulated piping and an extra
coaling coil, with a corresponding increase
in installed costs.

Decreasing the flow rate of the lsop wa-

ter also can produce energy savings. Re-
ducing the constant flow to 2.0 + 0.5 gpm
can cut energy costs by up to 25% without
compromising system performance, Vary-
ing the water flow rate accerding to the
number of heat pumps eperating can pro-
vide energy cost savings of up to 35%.

Another system enhancement is the ad-
diticn of thermal storage capacity. This fea-
ture seems to be rmost advantageous in
cases when extra daytime heat can be
stored and then used to help keep the build-
ing warm during unoccupied hours, dis-
placing boller heating. In such cases, ther-
mal storage can reduce winter energy costs
for unoccupied periods by 25-35%.

EPRI's robust portfoiio of research activi-
lies is yielding WUHP improvements on sev-
eral fronts. New, efficient units are available;
design guides will help architects, engi-
neers, and contractors design and install
befter systems; anal data on actual perfor-
mance and guidelines on optimal system
operation should increase configence in the
cost-effectiveness and operation of these
gystems. (See &lso the favorable results on
system reliability and longevity published in
the ApritfMay 1891 issue of the Journai,
p. 50.) Together, these efterts should pro-
vide utilities a strong base for premoting this
low-cost. efficient technolosy.

Gasification—Combined Cycles

High-Efficiency GCC Power Plants

by Nandor Hertz, Norman Stewart, and Arthur Cohn, Generation & Storage Division

he efficiency of gasification technology

is influenced by several factors—
some related 1o the gasification process it-
self, others to coal feedstock characteristics
and the consumption of the gasification re-
agents. This complex relationship 1s best
characterized by two performance indexes
—cold gas efficiency and the overall ther-
mal efficiency of the gasification process.
Cold gas efficiency is a measure of the
amount of chemical energy in the clean,

cold syngas and is expressed as the ralio
of the syngas’s chemical energy to that of
the feed coal. The overall thermat efficiency
of the gasification process accounts for
both the syngas's chemical energy and the
steam @enerated from the gas's sensible
heat. It is expressed as the ratio of the sum
of the chemical energy of the cold syngas
and the heat content of the steam gener-
ated in the gasitication area to the energy
input of the feed streams.

Improved gasification
technology

Dry-feed. entrained-flow. siagging gasifica-
tion technolegy —developed by Shell in the
United Stales, with cofuneiing from EPRI, and
by Krupp-Koppers in Europe—has many
of the features needed for high-efficiency
gasification—combined-cycle (GCC) power
plants, k ofters high cold gas efficiency, ef-
ficient utiization of the sensible heat of the
syngas, high carbon conversion, and geod
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ABSTRACT Gasification—combined-cycle (GCC) technology gives the

utility industry a coal-based power generation option that is both efficient and

environmentally clean. Major ongoing EFPRI-cofunded development efforts have

pravided new technologies to make

high-efficiency GCC power plants eco-

nomically attractive. Improvements in gasification technology, high-tempera-

ture combustion turbine performance,

and overall plant integration now make

possible high-efficiency GCC power piant designs with heat rates of about 8000

BtwkWh (HRV basis), compared with 9500~-10,500 Btu/kWh for traditional

pulverized-coal plants with flue gas desuifurization. These GCC plant designs

also offer environmental performance approaching that achievable with nat-

ural gas, the cleanest fossit fuel available.

selectivity toward the fuel components of the
syngas. CQ, H,, and CH, together make up
over 90 vol% of the dry syngas.

The Shell coal gasification piot plant,
called SCGP-1, has completed four years of
operation, during which a broad range of
coals were lested. The resuits of this EPRI-
cosponsored work have contirmed the ex-
pected favorable performance characteris-
tics of this oxygen-mlown, dry-feed, en-
trained-flow precess.

Carbon cenversien values in the range of
99.3-99.9% were obtained. Geoal single-
pass careen conversion was

mercial-scale (260-Mw) GCC power plant.
which incorporates the GCC technology de-
veloped by Shell and others, is nearing
completion at Bugeenum. the Netherlands,
Startup is scheduled fer 1993. After a
shakeslown test and a three-year demon-
stratien peried [0 confirm the design ther-
mal efficiency of 41.4% (higher-heating-
value, or HHv, basis). the pioneer GCC
power plant wil begin commercial opera-
tion. During this phase, the Bugeenum plant
is expected to go through a fast learning
curve, which will mature its GCC technol-

ogy and ulimately lead to a commercially
proven GCC power plant design with im-
proved performance, operawility, and relia-
bility as well as fower electricity cost.

High-temperature combustion
turbine

The cornerstone of the high-efficiency GCC
power block wili be the new, high-firing-tem-
perature (2300-2400°F), high-power-output
(1560-200 Mw) combustion turbines (CTs)
that have recently become available for use
with either natural gas or syngas. Matching
a single-train fuel plant (gasification and gas
treating) to such a turbine will provide an
economy of scale. These machines also op-
erale at a high turbine exhaust temmerature
(1050-1150F), which mrovides the steam
parameters needed for an efficient steam-
cycle design.

The machines are equipped with other
important features, such as inlet guide vane
control, air extraction capability at the CT
compressor outlet, and combustors capa-
ble of firing low-Btu gas with low thermal
NO, formation

Inlet guide vane control makes it possi-
bie to reduce the CT compressor intake air-
flow—to as low as 75% ol the design
value—as necessary for efficient operation
al low ambient temperature or part load.

Air extraction at the CT compressor out-
let is one way to enable an off-the-shelf ma-
chine (designed for natural gas) to operate

on coal gas. Specifically, by

auemented by fly slag recycle N 835 % = Steam/oxygen (by weight) extracting air frem the CT com-
ds conditions warnanted. Cold z pressor outlet, the turbine inlet
gas efficiency values ranged I., 830 1'1'% B mass flow can be maintained
from 76% to 83%. The lower Bi 13%.!“ ? ] at the design flow value for nat-
values were obtained with the E 825 | 13%10."‘ ural gas. The extracted air can
relatively  unreactive  Maple __§_ ;'% s be used in a pressurized air
Creek coaf; the higher values, ol 0 3 10:.,{.-'“"'% separation unit (ASU), In turn,
with the reactive Pike County A 10% 1;% - nitrogen from the ASU can be
coal (Figure 1). Experimenta- § 815 |- 9% added to the coal gas as a
tion with the moderately reac- diluent for NO, control and to
tive lllincis No. 5 coal was ex- 810 I I ! I 4 provide  additional motive
tensive and demenstrated the 0.97 0.98 0399 1.00 1.01 1.02 power (mass) to the CT.

beneficial effects of steam ad-
dition and fly stag recycle (Fig-
ure 2). The overall thermal effi-
ciency of the gasification sys-
tem ranged from 93% 10 97%

Construction of the first com-
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Oxygen/MAF Coal (by weight)

Figure 1 Gasification results for Pike County coai {(with fly slag recycle).
Tests at the Shell gasification pilot plant have explored how cold gas effi-
ciency is affected by the ratio of oxygen to moisture- and ash-free coal,
the ratio of steam to oxygen, and fly slag recycte. The highest cold gas
efficiencies were achieved with this reactive coal.

The combustion of diluted
coal gas (120-130 Biu/scf,
lower-heating-value basis) at
high firing temperatures with
low thermal NO, formation (less
than 10 ppm by volume) was




confirmed at General Electric in
EPRI-cofunded work using wa-
ter vapor as the fuel gas dilu-

Figure 2 Shell gasification results for the moderately reactive lllinois
No. 5 coal show the benefits of controtling the oxygen-lo-coa! ratic, of
steam addition, and especially of fly slag recycle,

Btu syngas by extracting 100%
of the air needed for ar sepa-
ration from the CT compressor.

ent and at Siemens in work us- | : The ASU for the conventional
. : 81 k= Y% = Steam/oxygen Without fly stag recycle
ng nitregen as the diluent, (by weight) B Withfly slag recycle scheme was designed to op-
Other EPRI-cofunded work at ' erale near atmospheric pres-
GE confirmed the feasibility of € o 150/ 139/ sure and to produce 95% pure
adapting the off-the-shelf GE ;, Wl . ’ oxygen; the ASU for the innov-
7F machine for low-Btu-gas = ative scheme was designed o
operation with higher CT power _E i operate at elevated pressure
output, which ultimately is lim- = 1*(_)1{0 and to produce 85% pure oxy-
ited by the torque limits of the § ~ 10% : 0% gen, found to he the optimal
urbine components. In this g 5o, 0% purity in terms of overall sys-
case, the machine s slightly ol . tem efficiency.
modified n order to pass a o Both schemes featured con-
greater-than-design  flow of - i | | | | i | trol of thermal NO, formation
gas through the turbine: it is 0.86 0.88 0.90 0.92 0.94 to 36 ppm by volume. In the
operated with a more openfirst Oxygen/MAF Coal (by weight) conventlional scheme, this con-
turbine nozzle vane, and the R trol was achieved solely by

pressure provided by the CT
compressor is higher than is optimal for a
natural gas—fired machine.

Overall plant integration

The conventional integration schemes ap-
plied to date have been limited to the inte-
gration of the steam and boiler feedwater
systems and the use of available low-level
process heat for clean fuel gas satura-
tion. More recently, innovative integration
schemes have been developed and inves-
tiwated in order lo improve overalt system
efficiency, reliability, and operability while
fuly utlizing the potential cf the improved
power plant components described earlier.
The integration objective of the innovative
schemes extends beyond the limits estab-
lished by the more conventional schemes,
addressing all three major elements of an
oxygen-blown GCC power plant: the air sep-
aration unit; the fuel ptant, which performs
gasification, gas processing. and fuel gas
saturation, and the power biock, including
the combustion turbine, the heat recovery
steam generalar, and he steam turbine.
With cofunding from EPRI, Florida Power
& Light, and Virginia Power, a project team
composed of specialists from Krupp-
Koppers, Linde. Siemens - Kraftwerk tnion
{(Kwu), Lotepro, and Sargent & Lundy has
just completed a comparative study to eval-
uate the merits of a conventiona!l integration
scheme and an innevative scheme. The

power plant was conligured with Linde’s
ASU: the dry-feed. entrained-flow Frenflo
ceoal gasification technology: and the Kwu
V8.4 high-temperature CT. The innovative
scheme provided for CT operation on low-

saturating the fuel gas with wa-

ter vapor, in the mnovative scheme, by sat-

urating the fuel gas with water vapor and di-

luting it with waste nitrogen recycled from
the ASU.

Pittsburgh No. 8 coal from the Blacksville

Table 1
GCC PLANT INTEGRATION SCHEMES:
COMPARATIVE EVALUATION

Conventional Innovative
Integration Integration®
Net mlant heat rate (Btu/kWh, HIHV)
Al 90°F tull design load 8210 7970
At B0°F wilh nalural gas augmentalion 8119 7925
Al 68°F without natural gas. maximum 34% load 8271 8010
Nel plant efliciency at 90°F, (ull design load (%) 416 428
Load-following charactenslics
Inlet gude vane control of CT air mass flow (% of design value) 75-98 75-100
Mirimum CT load (%) 88 60
Reduction fram tull CT load o minmum loasl (minules) 10 8
Ramp-up from 50% CT Ioad 1o 100% load {minuies) 30 23
Specific capital investment ($/«W, 1990 dollars)
Piant facililes investment! 1303 12714
Total capital requirement® 1742 1696
Revenue requirements (mills/kWb, constan! 1990 dollars)
Al 85% capactty lactor 46.2 44 9
Al 75% capacity lactor 502 48 8
Al 65% capacity factor 553 538

*In this scheme

100% of the ar neude? for i separalion (s sxlracted llom Ine CombuSIon (UFHNE COMPIESALE

Exciuges allowances ky conhngency owner s cast. ams nds wkac duting sohstuchon
Hncluges allowances for coningency. ownir's ¢asl, and 1uNJs LSEY OUMng LONSILENan
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mine was used fer the study. (EFRI has con-
ducted many gasification tests on this coal
and has selecied it as the reference coal for
institute stusies.) t has a meisture content
of 5.5 wt% and an ash content of 7.8 wi%
(moisiure-free basis).

The findings of the study are presented
in Takle 1. They confirm that the innovative
scheme (with 100% of the ASU air supplied
from the CT) has a 2-3% lower net plant
heat rate at SO°F, ful-design-load cendli-
tions; faster {ead-fellowing characterstics;
a 25% lower specific capital investment;
and a 3% lower cest of electricity. The In-

novative scheme’s performance advantage
is retained at the partdoad conditions in-
vestigated and at lower-than-design ambi-
ent temperature.

With EPRI cofunding, a preject team com-
posed of specialists from Shell, GE. and Air
Preducts is investigating the merits of an-
other innovative integration scheme for a
GCC power plant—a scheme based on a
pressurized ASU producing 85% pure exy-
gen, the Shell coal gasification technology,
and the GE 7F cembustion turbine. In this
alternative, only mart of the ar neseied for
air separatien is extracted from the CT. and

the GE 7F machine is slightly modified to ac-
commodate a higher turbine inlet flow than
that for natural gas. The resuilts of this study.
which is using Pittsbureh No. 8 (Blacksville
mine) coal, will be available later this year
Results frem an earlier study of a similar
scheme cenductes by Shell. GE. and Air
Products were presented at the tenth EPRI
gasification power plant conference, held
in San Francisco n October 1991, They
showed a heat rate of 8010 Btu/kWh (HHv
basis) fer Pittsburgh No. & coal and a cap-
ital cost of $1330/kW (U.S. Gulf Coast site,
overnight censtruction, mid-1981 dollars)

Power Plant Corrosion Controf

CHECWORKS: Integrated Corrosion Software

by Bindi Chexal, Aobin Jones, James Lang. Chris Wood, and Rosa Yang, Nuciear Power Division

c.rrosion continues 1o trouble power
plants. both fessil and nuclear. For ex-
ample, it accounied feor nuclear plant avail-
alllity losses of close to 5% during the past
slecade. In addiition, corrosion creates plant
and personnel safety concerns. Many cor-
rosion mechanisms are affected my the
same factors. For example, the secondary
water chemistry of pressurized water reac-
tor (PWR) plants affects the flow-accelerated
cerrosien damage of piping and equipment;
the steam generator sludge pile; the crack-
ing. denting, and pitting of steam generator
tubes, the corrosion of turbine generator
cemponents; and the perfermance of con-
densate polishers and demineralizers.

To reduce cerrosien losses and also en-
hance plant safety, plant owners need an
approach that addresses cerrosion mecha-
nisms in an integrate® fashion. To meet this
need, EPRI has dedicated censigerable re-
seurces to developing a fundamental un-
derstanding of the causes of corrosion and
the influence of the governing parameters.
This effort involves research in materials
science, water chemistry, tluiel mechanics.,
corrosion engineering, and nondestructive
evaluation technology.

This R&D, as well as related work at other
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industry organizatiens, is yielding engineer-
ing models that can predict much of the cor-
rosion behavier of operaling piant equip-
ment Plant owners can use such predictive
technology to identity where corrosion dam-
age Is likely 1o occur so that they can de-
velop proactive inspection and repar pro-
grams They can also evaluate the potential
of changes in plant design and operation (o
rediuce cofrosien dlamage.

Among EFRI's contributions in this area 1s
the CHEC family of codes for use in con-
trolling flow-accelerated corrosien damage
of piping. Now researchers are extending
this successful approach to cover many
other types of corrosion and degradation
mechanisms ans are mounting the predic-
tive technology on a software platform
called CHECWORKS™ (Chexal-Horowitz En-
gineering Corrosion Workstation)

ABSTRACT Corrosion is responsibie for nuclear plant availability losses

of nearly 5%, and its control is important in holding down O&M costs. As a re-

suft, EPRI continues to invest considerable resources in corrosion-refated re-

search. One forthcoming product—the CHECWORKS software—will provide

an integrated approach to the control of corrosion in plant piping and in-line

equipment. Using a series of modules that share a common database, utility

personnel will be able to identify where a corrosion atlack is occurring, what

is causing it, and where the resulting corrosion waste is going. This predictive

capability will be valuable in planning inspections to prevent failures, evaluat-

ing mitigation options, and developing new designs.



The first release of CHECWORKS will inte-
grate the capabilites of the existing CHEC
family of codes, simplifying the process of
making predictions and reducing its cost.
And since CHECWORKS is being designed
to permit the addition of modules for other
types of corrosion and components, plant
owners will eventually be able to use it for
a variety of evaluations, They will be able to
assess cavilation, droplet impingement,
siudge transport and deposition, fouling
and corrosion in service water systems,
steam generator tube cracking and inter-
granular attack, fuel cladding corrosion, and
cracking of vessel internails, welds, and
penetrations. The long-term goal 5 to
achieve an integrated predictive capability
for all pressure boundary and reactor inter-
nal components and for all relevant corro-
sion mechanisms.

Planning for CHECWORKS has revealed
that the same mathematical subroutines can
be used in making many corrosion predic-
tions, For example, a routine o determine
fluid conditions (such as flow rate, temper-
ature, and enthalpy) in a piping component
provides values that are necessary for pre-
dicting flow-accelerated corrosion, cavita-
tion, droplet impingement, fouling, sludge
generation, and sludge transgort. Therefore,
CHECWORKS is being developed as a mod-
ular code in which all modules share a com-
mon database (Figure 1). Users will be able
to select a technolegy module from an in-
teractive menu or icon panel. The results of
corrosion evaluations will enter the plant
database and will be avalabie for subse-
quent evaluations,

Initial release

The initial release of CHECWORKS (Version
1.0) will iInclude the basic platform, the data-
base structure, and the first group of tech-
nology modules—which will integrate the
capabilities that exst today in the CHEC
cocdes for flow-accelerated corrosion.
Since all the technology modules will ac-
cess the common database, duplication of
data wil be eliminated. The database will
consist of ndustry libraries, a plant library,
and plant inspection data, The industry li-
branes, which EPRI will install. will include
steam tables and information on pipe sizes,

Figure 1 The modular organization of CHECWORKS, in which technology software modules use
a common database, is key to its efficient, integrated approach to corrosion control. Version 1.0
{calor), scheduled for beta release at the end of the year, will feature seven technelogy modules
focusing on fiow-accelerated corrosion, as well as a module for generating reports. Later versions

will add the other modules shown.

Flow-
accelerated

corrosion

Structural
avaluation

DATABASE

Fuel

cladding
corrosion

Steam
generator
corrosion
Siudge
transpon

materials properties, and American Society
of Mechanical Engineers (ASME) Code re-
guirements, Users wil benefit not only from
the convenience of not having to install
these libraries but also from the tigher de-
gree of industry standardization they will af-
ford. Users will enter their own information
into the plant library and plant data files.
This can include plant drawings, inspection
data and records, plant operating condi-
tions, angd acceptability evaluations.

CHECWORKS 1.0 will feature seven lech-
nology modules. These modules, which are
descrbed in the following maragraphs, will
determine void fractions, fluid flow condi-
tions, water chemistry conditions, and flow-
accelerated corrosion rales, manage In-
spection data; determine the structural ac-
ceptance of worn filtings; and perform leak-
before-break evaluations.

The void module determines the vad
fraction of two-phase mixtures for the full

Industry libranes
Plant library
Plamt inspection dats

Service
water
corrosion

range of pressures, flows, and fluid types
(steam-water and air-water) typically found
in power plants. It has been gqualified
against several sets of steady-state, two-
phase/two-component flow test data that
cover a wide range of thermodynamic con-
ditions and geometries typical of PWR and
boiling water reactor (BWR) fuel assemblies
and pipes up to 450 milimeters in diame-
ter. The correlation used is based on a drift
flux modet. Output from this module 1s used
in making predictions about flow-acceler-
ated corrosion and droplet impingement.
The network llew module, which 1s cur-
rently operational in the CHECMATE code,
determines local operating conditions for
flow-accelerated corrosion predictions. t is
used to determine flow rate, temperature,
pressure, and steam quality n branched
piping systems, The module accounts for
source and sirk conditions, pipe routing, el-
evation changes, pipe insulation, in-line
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equipment, valve type and position, and
surface roughness.

Two major enhancements to this module
are planned. One involves the capability to
predict how suspended solids are trans-
ported in service water systems, This will be
usefut for predicting fouling and for indicat-
ing where the sediment may concentrate
water impurities, The other enhancement in-
voives the capability to determine the trans-
port of magnetite and hematite (products
of flowaccelerated corrosion) around the
steam cycle. This will be useful for predict-
ing sludge deposition in major equipment
like steam generators,

The water chemistry modute determines
theoxygen level and operating pH on a line-
by-line basis throughout the steam cycle. it
takes into account system operating condi-
tions and pH control additives (amines) and
models the volatiity of an amine (or mix of
amines) as t partitions n wet steam lines.

Qutput from this module, which is cur
rently operational in CHECMATE, is used in
predicting component-by-component wear
rates due to flow-accelerated corrosion, Fu-
ture enhancements wil model some new
amines now in the experimental stage of
power plant application {e.g.. amino-methyl-
proponal, or AMP, and diethanolamine). A
similar module will model water treatment in
service water systems. The goal is to de
termine the transport of water treatment
chemicals throughout the service water sys
tems in order to predict the microbial growth
rate at each component focation.

The flow-accelerated corrosion module
will predict the rate of wall thinring from
flowaccelerated corrosion on a compo-
nent-bycomponent basis, enabling plant
owners to locus inspections on the worst o
cations and identify problems long before
leaks or failures can occur. The module will
also be helpful in planning plant modifica-
tions. Currently, the prediciive algerithms
used in the CHEC and CHECMATE codes are
being updated on the basis of data that
have become avallable in the past several
years. This effort will improve the technol-
ogys accuracy. ease of use, and speed.

The inspection data module will allow
users to import, manage. display. store. and
evaluate data from the ultrasonic inspection

44 EPRI JOURNAL July/August 1992

of piping components that have been sub-
ject to wall-thinning degradation. This ca-
pability is currently provided in the CHEC-
NDE computer code, The module wil also
map wear areas and perform statistcal
analyses of the inspection data.

The structural evaluation module wifl as-
sess the structural acceptance of piping
components that have thinned because
of flow-accelerated corrosion and similar
degradation mechanisms. Such evaluations
are now provided by the CHEC T computer
program and are compatible with proposed
rules of Section XI of the ASME Code. In
1992 EPRI is sponsoring additional research
to develop criteria for components and wear
configurations not now covered by these
rules. The extended criteria will be included
in the structural evaluation module.

The seventh module, PICEP. is currently
avaifable as a stand-alone computer code
for performing leak-before-break evalua-
tions of cracked pipe. It demonstrates that
leak rates are detectable before the onset
of crack growth instability. PICEP is applica-
ble to piping subject to intergranular stress
corrosion cracking and fatigue. User input
includes a description of the crack as well
as data on piping materials, fluid conditions.
and applied loads. Output includes the size
of the crack opening area. the critical crack
length, and the flow rate through the crack.

Future releases

Future releases of CHECWORKS will add
several mere modules and evaluation tech-
nologies. One of these modules will address
cavitation damage. Cavitation occurs when
water near the saturation pressure enters a
component with a restricted flow area, such
as an orifice, a flow control valve, or a level
control valve, The resulting flow accelera
tion and large pressure drop can cause the
water to flash into a twophase mixture If
the downstream pressure is high, the vapor
bubbles may colapse when they hit an or-
thogonal surface (such as a valve internal,
an elbow. or a tee) Damage can occur any-
where between the flow constriction and the
orthogonal surface. The first release of the
cavitation module will indicate the lkeiihood
of cavitation in the piping system.

A related module wifl address the droplet

impingement that occurs when water near
the saturation pressure enters a component
with a restricted flow area, f the water
flashes into a twophase mixture, the en-
trained water droplets that strike an orthog-
onal surface can cause additional wear
through erosion. The first release of this
module will identify piping locations and op-
erating conditions where there is potential
for droplet impingement.

Service water {raw cooling water) sys-
tems in both nuclear and fossil plants have
experienced a wide spectrum of corrosion,
fouling, and erosion mechanisms. Another
CHECWORKS module wilt provide a relative
ranking. on a component-by-component
basis, of the severity of microbial and gen-
eral corrosion attacks in these systems. The
module will build on the methodology cur
rently used in EPRI's MICPro code. The goal
is to help plant owners identify the causes
of damage and pfan inspections to prevent
failures, The module output wil also be use-
ful in evaluating options for reducing the
severity of the attacks.

The development of a predictive mode!
for the generation, transport, and deposition
of sludge wiil provide an important new tool
for reducing steam generator corresion and
condensate polisher fouling. The siudge
module being developed for CHECWORKS
will predict sludge generation, filtering {by
condensate polishers), transport, removal
(by PWR steam generator blowdown sys-
tems or BWR reactor water cleanup sys-
tems), and deposition in steam generators
and other plant equipment

CHECWORKS will also feature a steam
generator corrosion module that will interact
with the sludge module. This module will
predict and evaluate tube degradation that
initiates from either the primary side or the
secondary side. The degradation mecha-
nisms covered will include stress corrosion
cracking and intergranular attack. The mod-
ule will address electrochemical potential.
crevice chemistry. crack initiation. and crack
growth, The first release will focus on help-
Ing plant owners manage the remaining life
of damaged steam generators.

A BWR component cracking module wl
give plant owners the technology to under-
stand the condition of piping and the reac-



tor pressure vessel (RPV) and its internals,
This capabilityis important because several
BWR piping systems, a variety of RPV inter
nal components, some nozzles, and some
welds that attach the internals to the RPV are
made from materials found to be potentally
susceptible to stress corrosion cracking.
The regions of greatest concern are the
heataffected zones adjacent to the welds.
If cracking initiates at a nozzle or at an RPV
attachment weld, there is some potential for
crack propagation into the vessel. A variety
of access limitations make thorough in-
spections of RPV internals and attachment
welds very difficult. The component crack
ing module will identity internals or welds
that require inspection and will recommend
an inspection schedule It will also help own-
ers decide what to do if they find indications
of cracking.

Another module wifl evaluate fuel clad-
ding corrosion. Cladding is the first barrier
preventing the release of fission product to
the environment. Historically, its failure has
affected BWRs more than PWRs. However
recent experience indicates that at high
burnup, PWR cladding can exceed its de-
sign limits.

To avoid corrosion failures and to help in
planning reload schemes, many European
utlites measure and predict cladding cor
rosion oxide buildup rates. As U.S. utilities

pursue moredemanding operating condi-
tions—including higher discharge burnup.
longer operating cycles, higher cladding
temperatures, and different water chemistry
environments—cladding corrosion could
become a life-limiting parameter for fuels,
With CHECWORKS. utlities will be able to
predict fuel cladding corrosion accurately
under various operating conditions.

Development plans

Initially, CHECWORKS is being designed te
run on IBM PCs (and most compatibles) with
a 386 or 486 microprocessor and the MS
Windows operatng system. [l will support
multiple users on local area networks and
will be able to operate on all platforms that
suppert Windows/NT. It wil include guide-
lines for applications development, will stan-
dardize the behavior and development of
applications, will enable applications to
communicate with each other and with a
common database, and will feature re-
usable software to minimize future develop
ment and maintenance Ccosts,

Code development will continue over a
seven-year period. Version 1.0, which deals
primarily with flow-accelerated corrosion. is
scheduled for release to utilities in a beta
test version this December, Version 2.0—
which wil add the cavitation, droplet im-
pingement, and service water modules—is

planned for release in December 1993. ver-
sion 3.0, which will add the sludge transport
and deposition module. is scheduled for
December 1994, No release date has been
set for Version 4.0, which wil add the steam
generator tube corrosion, BWR component
cracking. and fuel cladding corrosion mod-
ules. Development, verification, documen-
tation, and control of all versions will be in
accordance with a quality assurance plan
that meets the requirements of 10CFR50, Ap-
pendix B,

Strategic alliances are being formed to fa-
cilitate broad participation in the CHEC-
WORKS development effort. Participating
organizations will include EPRi member util-
tties, U.S. consultants, and utilities and con-
sultants in other countries. Partigpation is
likely to include information and data shar
ing, loaning of personnel, software devel-
opment tasks, and demonstration projects
at operating power plants.

CHECWORKS promises to be an effective
too!l for helping plant owners reduce corro-
sive attack on piping and in-line equipment.
The existing CHEC family of codes has been
very successful in reducing plant costs due
to flow-accelerated corrosion. CHECWORKS
will build on these codes. improving their
accuracy and ease of use and extending
predictive capabilities to other corrosion
mechanisms and other plant components.
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New
Contracts

Project

Customer Systems

Dueclery of Revenue and End-Use
Melering and Data Communications
(RP2568-21)

Agvanced Hoat Pump Field Moimleang
{RP2592-22)

Waler Heater Tasting and Analysis
{RP2HS8.18)

Advances in Electric Utikly Financial
nlarrnanon and Managemert Praclices
{RP2982-14)

Field Performance of WaterFuraace ADV
Heat Pumps {RP3024-8}

Commercial HVAC Technology
Assessmant (RP3138-8)

Commerzial HVAC Teernwioay Transter
Suppor (AP3138-9)

Davelopment and Testing ol LONTak
Controller (RP3163-8}

Advanced Reverse-Osmesis
Demonstration (RP3243-3)

Library Huemally Conlrol {RP32B0-15)

Wastewater Treairment of Puip Ml
Eitiuenl (RF3328-1)

Texile Dyereuse Waslewater Colwr
Aermoval (MP3323-1)

Commercial Buiding Encray Cenrer
{RP33563-1)

Waier-Loop Heat Pump Field Evaluahon
{RPI371-1}

Electrical Systems

Conversion of Slalic Security
Enhancemenr Sysism to a UNIX
Waorkstziren Plaitorm (RP1712-0)

Slow Meleasi of Fungicides fer Woeo
Pole Applcatens (RP2881-2}

FACTS Analytcal Sludies 1e
Lemanstrate (hynsier-Uontrolee Seres
Compensaton (R®3022-15}

Analylical Mathods for Contingency
Selgation and Ranking ler Dynamic
Securily Analysis (RP3103-3)

inveshgation ol S F,, Praduciion ang
Mitigation in Compressed-SF ~Insulated
Power Systems (RP3178-1)

Faull Locallon Expert System and
Manual lor Trangmission and Dislnbutich
Cables (RP7913-3)

improved Palymear-lnsulalea
Transrrssien Cable Sysiems (RP7817-2}

Environment

High-Eficiency FGD Testing (AP 1831-19)

Techrical and Economic impact of
Chlsride Removal Fram Wel FGD
Systerms (RP1031-20)

Qrene-Acid Aerosel Interactions Animal
Toxicologweal Studies (RP2155-4)

Funding/
Dusatton

$187 808
22 maiths

$231,800
21 mornihs

$297.700
4 menths

$140,100
7 months

$77 000
18 menths

$,000
12 menths
$132,580
14 menths
$4i8,600
1® mernths

$68,100
11 menlhs

$128.700
25 manths

$151,300
5 menths

§52.500
6 monihs

§700,008
48 mentns

S7RE0e
13 menths

$25% 60¢
14 morihs

$1 110,200
37 months

$158,300
17 monlhs

3458 800
22 manihs

$220 000
36 months

$439.400
22 monihs

$851100
28 mning

$408,000
15 rmonths

$398 800
15 menths

$430.080
23 months

Coniractor/EPRI
Project Manager

Plexus Research/
L. Carmichael

Carner Corp./
J Kessetnng

ETL Tesiing Lamoralones/
C Hiter

Arthur Andersen & Co.f
P Hanser

Fleming Group/C Hitler

Joseph A Pletsch{
M Blait

Beviacaua Krughl/
M Biatt

Uity Systems{A Lannus

Water Technalogies/!
£ McOoneugh

Suct Asseciates |
M. Khatrar

Btack & Vealen/
A Amarrtalh

Hydroscience /
A Amarnath

Urivarsily of Wisconsin
Macisen /R wendiand

Clirmate Master /M Knaltar

Incremental Systems /
G Cauvley

Seutlnwwes) Research
Instiute /B Aerastein

New York Pewer
Authoriy i N Balu

Empros Systens
internatonal /G Cauley

Niihonal Institute of
Standards and
Techoology /G Addis

Power Technelogies/
& Vo Oolien

Cabec Uity Camle Ca |
F Garca

Radian Corp {0 Owens

Racian Com 10 Owens

University of Califorria
Bavis{L Goldsten

Froject

Sidesiream Foubing Mamilor {RP2300-18)

Full-Scale Demonstraton of Lirea
Imeclior fer Oi-Fired Boler NO, Control
(RP2869-14)

Field Studies of Fungal Canversion ot
Hydrecarbons It Solls Excavalan and
Apnplicahon (RP2B79-16)

Full-Scale Demongtraten af Low-N@,
Cell Burner Retrefit {RP2918-17)

Inlegratea Ury N@,/S®, Envirermental
Centrot Systern (RP2916-18)

Boavanabity of ingestes Trace
Elements (RP2963-8)

Celiular Responses to Lew-Frequency
£leginc and Magnetic Fielgs
Eletiroreceplion in Sharks and Rays
(AP #1519}

Techmical Support Misk Methods
{MP3081-4)

Ar Emissiens Risk Assessment Modal
(AP3081.5)

Decisten Framework for Ar Quality
Standard Cosl-RBencl! Analysts
(RP3081-6)

Commact Hybrid Particulate Collector
Demonstralion (RP3083-24)

FGP Gypsurn Demansirauion (RP3124-1)

Clean Air Technslogy Workstanarn
{RP3296-1}

Exploratory & Applied Research

BWR Zircaloy Nedular Corrosion
inveshigation (RP2426-41)

Diamand and Related Materalg
Cansortivm (RP2426-50)

Computatienat Madeling Study of
Additive Effects on the Etaslc Benavier
ot Allays (RP2426-52)

In-service Begradanon of Fossil Plam
Componey Malenals (RP2426-53)

Bipelar Honzenlal-Orentation, Sealad
Nickel-Zine Vehcle Propulsion Battery
{RPBO0O2-33)

Protoinhibition of Localized Corrosion
{RP5602-36})

Oxidative Reactiens of Sulur Forms
Coal {RFR003-32)

Petaded Chemical Mechanisms far
Ftame-Genearated Depositron of Na,SO,
and Na,CO, on Healed Metal
{RPBO®5-15)

Cemputational Fluid Dynamics on
Simelicial Meshes (RPBOUS-24)

Inarganic-Polymer-Derived Ceramic
Membranes (RPB007-15}

High-Eficiency Flamg Retardants for
Polyelefins Using Catalync Modes of
Acten (RP8807- 18}

Development of Supercenduclor-Based
®plical Devices (RPS009-20)

Funding/
Dwration

$180,308
33 monlhs

$2.815 580
28 roonlhs

3426500
8 months

$1.350.008
398 manths

$1.500 000
49 rnonhs

$360 600
37 mariths

376,200
3l monihs

$55,900
29 maning

$178 308
24 menihs

$181,900
24 menths

$10.408,000
30 manihs

$100.000
25 mentits

$383 800
17 months

$150 700
21 monlhs

$50.600
24 monhg

$50.008
& menths

$165,400
27 months

51%6.008
12 monlhs

314,000
24 morihs

$100,000
1% months

$170,500
30 months

$218.008
24 monlhs

$164.000
35 monlhs

$332,500
39 menihs

$112,500
32 months

Cortractor! EPRI
Project Manager

Marnne Biocontrol Carp /
8. Nait

Radwan Cop /J Statings

Mycotech Corp /
I Murarka

Bawmcock & Wilcos Co ¢
0. Estenaz

Pumhc Service Co of
Colerado/J Statngs

Urversity of Cinginnate;
L Golestain

Uriversity el Callornia
San Diego!C Aafterty

Clemeant Imernational
Corp. /L. tewn

IWG Cep /L town

Bacision Focus/L Levin

Texas Uliigs Electnc
Ca /R Chang

New Yark State Elacing &
Gas Corm./C Deng

Sargen! & Lunay
Eogneers/R Rhudy

Guneral Electric Ce /
0 Cubrecioth

Pernsylvama Slale
University {8 Pathama

Wes! Virginia Unlversity /
A Stringer

Faiiute Atalysis
Assaciales {
R Vswanathan

Energy Resvarch Corp /
R Swarovp

Perinsylvamia Siate
Urmversity{ B Syrett

lowa Stale University /
W Weoer

Univarsily of Califorria
Santa Barbaral/A Matta

Urnversity of Pitisburgh/
t Agee

Umversity of New Mexico/
W Bakker

Polylechne Urivargdy ¢
8 Bernsien

Uriversily of Texas
Austin{ T Peterson
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Propeit

Funeng I
Duratron

Exploratory & Applied Research {cont.}

Controlier Synthesis for Critical
Applicatons in the Nuciear and Fossil
Power Indusiry {RPA010-19)

Structural Stabfity in Power Systems
{RPBO10-21)

Analysis ot Stressed (Rlercannected
Power Netwotks (RP8010-28)

Cloug Crermisiry With Micropnysical
Modeis (RP8011-11)

Investigations of CO, Hydrate Formatien
{RPBO11-14)

Fundamenial Studies of Miarowave
Sintering {(RP8012-3)

Optmizing Energy Use m indusiral
Freeang (RFA012-11)

Weigapility of Caviiation-Erosion-
Resistant NOREM Atioys (RP3000-13)

Generation & Storage

Assessmen) of the Beneiits of
Disiributed Fuel Cel Cengratars n the
Service Armas of Cenltral ang South West
Corp (RP1877-25)

Boner Tuoe Failure Matanyrgical Guige
{RP1890-9}

Blending of Western ang Eastern Caals
as SO. Complance Stralegy (RP1891-7)

Evaluslon of Advanced Fossil Power
System Technglogies (RP214K-9)

Applications of Molen Carbonate Fuel
Celis 10 Eleciric Pewer Systems
[RP2221-36)

Shelt Coai Gasdicalion Process=Hurmo-
Ar-Turbine Cycle Study (RP2221-38)

TUBELIFE Ce0s Ennancements
1RP2253-14)

Trarmonuciear Faligue of Cealed
Superalloys tor Advanced Gas Turoine
Btading (RP2382-7)

High-Rescolution Superconduciing
Quantum nterface Device lor
Nongestructive Evauatior (RP2719-3)

Application of Fossd Plant Aytomanon
Technologies at Rosporo Generanng
Siation {RP2922-8)

Apploaton of Fassi Piant Automation
Teahnoiogies & Roxboro Generaling
Statjan (RP2922-12)

Evaluatior of Banum/Cerum Osiaes hor
High: Temperature Blecttochernical
Hyidroyon Concentration (RF3070-36)

Improving Growlh anc Degraogation
Res:stance of Hyarogenaled Amonphous
Silicon @na Sicon Alley Films
(RP3120-1)

Compact Smulator for Renowerea
Station (Laugerdale) (RPIT52-11)
Compact Smutator With Ermulaiiea Man
tdactire Inertace (RP3152-12)

Wilsrr Hot Gas Cieanup Test Faciity lor
Gasiication anal Pressunzed
Combushon Project (RP31€0-2)

$112500
28 montis

$125,700
23 months

$126 100
18 months
§240.400
38 mantns
$1950.500
12 months

$113.000
38 months

$50.000
3 months

$54 300
15 montns

$114,000
7 months

$228 500
9 months

385.000
1@ months

$52 800
12 months

$152.500
# manths

$300 00C
15 monttis

856 700
& mantns

$241 700
A7 months

$636.900
36 rienths

$2 342,000
50 manirs

$1 470 000
50 monihs

$54.400
10 months

$350 000
23 menlhs

8659 900
16 montns

$963.800
18 munths

$43i#.100
14 manths

Contracior! EPR!
Proyect Manager

University of llinors /
S Bhatt

Universily of Nlioois f
R Agapa

{owa State Universiy f
R Adgapa

Unwersily ot Wasmnglon/
D Hansen

Calilorma Inslitute of
Technaology {12, Spencer

Universily of Wisconsin
Madison /W Bakkar

University of Callformia
DavistA Amarnath

Cumax Ressarch
ServicestH Ocken

Barngtan-Wallesiey
Group /D) Rasiler

Aptech Engineering
Services /8 Dooley

Universtly ol Nortn
Baiota/A AMehta

Foesh Fuel Sciences/
R Woh

Fluor Oamiel{d McDaript
Shell Oil Co N Stawart
Aptech Engineenng
Services/R Viswanainan
Era Technoiegy

A Viswanathan

Vanderbit University /
J Stenn

ABS Power Automajon/
/2 Colsner

Catouna Power 8 Lighl
Co /R Ceistier

Insniute of Gas
Technology /A Goldstetn

Unwersity of hinas
T Peterson

Trax Corp. /M. Divakarun
Trax Corp (A Fray

Southern Company
Sarvices /M Epstan

Lt o=

Testing ot High-Temperaiurg, High-
Prassure Filters at ABB-Carbon AB Pilot
Plant (RP31613)

Durabiiity Testing of Ceramic Particutate
Filters Under Coal-Gasifying Condilions
(RP3161-6)

Fly Ash Carbon Burnout Pilot Plant
(RFP3162-4)

Integrated Energy Systems

New Yark State Enviranmental
Exlernalities Cosl Stucty {RP3231-2)

Nuclear Power

Mairn Coolant Pump Diagnostic Testing
(RP1556-7)

Design Review ot ihe MAAP Code
(RP2837-20)

Mainienance Guide Weshnghouse DB
Low-Voltage Breakers (HP2814-43)

Mamienance Gude Westinghouse DS
Low-Voltame Breakers (RP2814-61)

BWR Automated Spent-Fuei
Cansaligalion {RP3100-2)

CHECWORKS Computer Program
(RP3114-03)

Guidelnes ang Database on Standards
and Aeaurrements for Instrumentaian
and Control Upgranes (RP3114-97)

Instrumentation ane Severs-Accidani
Plant Status Interprelation (RM3183-2)

Fre and Smoke Simulatian (RP3234-2)

Probablistic Salely Anslysis Applications
ang Guiaelines {RP3300- 1)

Development of Slochastic Model of
Graund Motion Varisbilty (RP3302-7)

Regionalization of Ground Motion
Altenuation m the Eastern Unilecl Slales
{RP3302-8}

Development ol Guidelines lor Deter-
mining Sie-Specitic Greund Motion
integralion and Analysis Eftorls
(RP3302-9}

Deveioprient of Ground Molion
Melhoaclogy ano Guigshnes Usiig
BLWN Model (RP3302- 10}

Assessment ol Ground Mobor From
Emprical Data (RP3302-12)

Full-Systerr Decontamination
Enkancement Study (RP3307-3)

Risk-Based Equpment hMarfenance
ENectveness Eyaluation (RP3323-1}

Browns Ferry Instrumentation and
Control Upgrags Pian (RP3332-1)

Human Reliabilily Assessment and
Apphcatons Durng Non-Full-Power
Operations (RP3333-2)

Outage Relabiily and Risk Initiative
Planning (RP3333-5)

Funding,
Ouration

$461.700
32 months

$104 100
11 morlhs

5433.000
12 moenihs

$300.000
24 months

§1.100.200
25 montis

$59 800
12 months

$80,700

g months
$75,000
10 months
£450.000
16 manths

$125.000
12 months

574 700
13 montiss

$246,900
16 months

$456.900
37 morths

$54 900
15 monihs

$144 6800
15 manins

$275,000
15 manlhs

3271 800
15 monihs

$393 100
15 montés

$%612 000
15 montn&

$257.100
3 months

$470.100
18 months

$149 600
10 monihs

$4€3 200
28 months

£67 600
12 months

Cortractor/ EPRI
Project Manager

ABB Carbon AB/R Brown

Virginia Polytechme
Institute and State
University /W Bakker

Progress Matenals
T Boya

ESEERCO/V Niemeyer

Ontarnio Hydro/J O'Bren

Jason Associales Comp /
E Fulter

Grove Engineenng/f
J Sharkay

Grove Engingering !
J Sharkey

ESEERCQ/A. Lambert

Altps ERginesnng
Apphcatons /8 Chaxal

MPR Associaies /
W Reuiand

Ern Engineerng and
Research/S Oh

Numencal Applications /
R Oehiverg

Science Applicatians
Internatienal Corp,
1 Oehiberg

Notman A, Abrahamsa®;
J Schneasr

Woodward-Clyde
Cansultants/J Schneider

Risk Engineenng /
J. Schnerder

Pacilic Engmeenng &
AnaiysistJd Schnesger

Geomairix Consultants /
J Schnexier

Pacilic Nuclear Systems/
C Woed

Hallipurton MNUS
Envronmental Coas |
8 Chu

Moligrus Enginzefing
Corp (R Torok
Science Applicalions

Interaatonal Comp {
A Singh

Quadrei Energy Services
Corg 1R Oshiberg
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New
Technical
Reports

Resuests ler copies of reporis should be directed
te Ihe EPRI Dustribution Center, 207 Coggins Drive,
PO Box 23285, Pleasan! Hill, Califernia 54523
{510) 934-4212, There is ne charge (er reparts re-
guested by EPRI member ulilities and affiliates, Re-
ports will be provides o nonmember U S, utilites
snly upen purchase of a license, the price of which
wilt be equal to the price of EPRI membership,
Others pay [he lisled prce or, 1n some cases {when
nated). must enter into a licensing agreement

CUSTOMER SYSTEMS

DSM Evaluation: Six Steps for
Assessing Programs

CU-6998 Final Report (RP2981-1); $200
Cortractor Barakal & Chamberhin, Inc
EPRI Project Managers. T, Hennelserger
P Hanser

Power Quality Assessment Procedure
CU-7529 Final Report (RP2335-13), $200
Contractor: Eleclrolek Cencepis. Inc
LR} Croject Manager M. Samoty

User’s Guide: HOTCALC 1.0 Commercial
Water Heating Performance Simulation Tool
CM-100211 Computer Manual {(AP31E9-1) $295
Conlracter 0 W Abrams, PE & Associates PC
EPRI Project Manager K Johnson

Evaluation of a Short-Term Residential
Building Test Method

TR-100362 Final Report (RP2034-25); $200
Contractor: GEOMET Technologies, Inc
EPRI Project Manager J. Kesselring

Proceedings: Eighth Electric Utility
Forecasting Symposium

TR-100396 Proceedings (RP3092-6) $200
Cenlractors: Meeling Planning Associales,
facitic Consulting Services

EPRI Prejecl Manager- P Hummel

Facility Management Needs in Automated
Otfice Buildings

TR-100413 Final Report (RP3141-3); $268
Conactor: Workplace Diagnostics, Lid
EPRI Preject Manager K. Johnson

Electrotechnology Applications in Cereal
Grain Processing: An Evaluation of
Microwave Processing in Rice Parboiling
TR-100448 Fmal Repert (RP2782-4}; $200
Contractors. Lousiana Stale Unrversily;
National Feod and Energy Council

EFRI Project Managers. A, Amarnath

O Zimmerman

DSMRank: A Model for Screening and
Selecting Demand-Side Management
Alternatives

TR-100468 Final Report (RP2548-12), $1000
Centractors: Polydyne, Inc.. Battelle. Colbmbus
EFR! Project Manager: P. Hanser
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Survey of Innovative Rates, 1991, Vols. 1-3
TR-100469 Final Report (RP2343-7): $608 for sel
Cornlractor: CSA Energy Consultants. Inc

EPRI Projgct Manager: P Hanser

Proceedings: Urban Guideway Transit
Workshop

TR-100492 Proceedings; $280
Contracter. Bevilacqua Kmignl, Inc

EPRI Projact Manager: L O'Connell

Field Demonstration of the Thermostone
Ii™ Electric Thermal Storage Furnace
TR-100534 Final Mepori {RP2731-2); $200
Centracter: Science Applications Internatienal
Corp

EPRI Froject Manager J. Kesselring

CFCs and Electric Chillers

TR-100537 Final Report {RP2983-17), $240
Contractor Gilbert & Asseciales

EPRI Projecl Manager M Blatt

ELECTRICAL SYSTEMS

Substation Voltage Upgrading

EL-6474 Final Remert {(RP2794-1), $5000
Contractor, GE industrial and Pewer Syslems
EPRt Project Manager J Porter

Further Experimentation on Bubble
Generation During Transformer Overload
EL-7291 Final Report (RP1289-3), $50€0
Coniraclor ABB Transmission Technology
Instiute

EPRI Project Manager G Addis

More-Robust Sotution Techniques tor
Nonlinear Network Analysis

TR-100244 Final Report (RP2473-38) $200
Cenlractor Arizona State University

EPRI Project Manager: R. Adapa

Amorphous Steel Core Distribution
Transformers, Vols. ¥ and 2

TR-100295 Final Report (RP1592-1), Vel 1 $200,
Vaol, 2, license requirad

Conlracior: General Electnc Co

EPR! Project Manager- H Ng

Development of a Lightweight Composite
Trench Cover

TR-100296 Final Repor! (RP7910-3) icense
required

Contractor Foster-Miller, tnc

EPRI Project Manager: T Rodenbaugh

Study of Trenching Versus Trenchless
Construction Methods for Installing
Underground HPFF Cabie Systems
TR-100302 Final Report (RP7810-7); $200
Contracter  Foster-Miller, Inc

EPRI Project Manager: T Rodenbaugh

Design of a Robotic Mouse and Other
Techniques for Instrumenting HPFF Pipe-
Type Cable

TR-100303 Final Report {RP7910-9); $208
Contractor: Foster-Miiter, inc

EPRI Preject Manager. T. Rodenbaugh

Studies of Superhigh-Temperature
Supercanductivity and High Critical

Current Density

TR-100326 Final Remert (RP7311-18); $200
Contractor: Lockheed Missiles & Space Co., Inc
EPRI Project Manager: M. Rabinowitz

Field Determination of Metal Oxide Varistor
Characteristics

TR-108341 Final Report {RP2747-2): $5000
Cantractor: Power Technologies. inc.

EPRI Projecl Manager: J Porter

Evaluation of Corrosion Control for
Underground Residential Distribution
Cables

TR-18037% Final Repert (RP1771-4). $200
Contractor Pacific Gas and Electrc Ce
EPRI Project Manager: T Kendrew

Waltz Mill Testing of 138-kV Factory-Melded
Splice Assemblies

TR-100415 Final Report (RP7801-7); $200
Cantractor. Westinghouse Elecine Corp

EPR) Project Manager: J Shimshock

Proceedings: FACTS Conference |—The
Future in High-Voltage Transmission
TR-100504 Proceedings (RP3022): $208
EPRI Praject Manager. D Maralukulam

ENVIRONMENT

Cancer Mortality Among Nuclear Utility
Workers: A Feasibility Study

EN-7373 Final Report (RP2920-2). $200
Contractor New York University Mechical Center
EPRI Project Manager L. Kheifets

Proceedings: Ninth Particulate Controt
Symposium, Vols. 1 and 2

TR-100471 Proceedings (RP3083), $208 each
volume

EPRI Prejeclt Managers R Chang, R Altman

Fly Ash Design Manual tor Road and Site
Applications, Vols. 1 and 2

TR-100472 Final Rewort {(RF2422-2}, $200 each
volume

Contraclor: GAl Consultants, Inc

EPRI{ Project Manager. O Golden

High-Volume Fly Ash Concrete Technology
TR-100473 Final Report (RP3171i-1); $200
Contractor Center for By-product Utlization
Univeraity of Wisconsin, Milwaukee

EPRI Project Manager. D. Golden

Spray Dryer Flue Gas Desulturization for
Medium- and High-Sulfur Coal Retrotit
Applications

TR-1004%4 Inlenm Meport (RP2826-2); $1000
Contraclor Radian Corp

EPRI Project Manager R Rhudy

Low-Cost Ash-Derived Construction
Materials: State-of-the-Art Assessment
TR-100563 Interim Rewort {(RP3176-1); $200
Contracior: Center for By-product Utilization
University of Wisconsin, Milwaukee

EPRI Project Marager: D. Golden



Mixing and Plume Penetration Depth at the
Groundwater Table

TRA00576 Final Report (RP2938-1). $200
Conlractor. Auburn University

EPRI Prosect Manager D. Mcinlosh

Supplemental Proceedings: Fourth Interna-
tional Conference on Fly Ash, Silica Fume,
Slag, and Natural Pozzolans in Concrete
TRA00577 Proceedings (RP3176:6); $200
Conlractors- Radtan Canada, Inc.: Canada
Centre for Mineral and Energy Technology
(CANMET)

EPR! Project Manager- @ Golden

EXPLORATORY & APPLIED
RESEARCH

Microstructure and Critical Current Density
in High-T_ Metal Oxide Superconductors
TR-100437 Final Report (RPB009-1), $200
Conltractor. SRI

EPRI Project Manager W Bakker

Influence of Stress Corrosion Crack
Merging on Remaining-Life Predictions
TR100456 Final Report (RP80022), $200
Conlractor: University of Newcaslle Upon Tyne
EPRI Projeci Manager B, Syrett

GENERATION & STORAGE

Feedpumps and Boiler Feedwater Systems
TR-100161 Final Repori (RP1403-22), $200
Cornitractors Sulzer Brothers, Ltd. Asea Brown
Bover

EPRI Project Manager J, Bartz

Deoxygenation in Cycling Fossil Plants
TR-100181 Final Report (RP1184-9); $200
Conltractor: NWT Corp.

EPRI Project Managers- J, Scheibel, M Blanco

Part-Load Flow and Hydraulic Stability of
Centrifugal Pumps

TR-100219 Final Report (RP1884-10). $200
Coritraclor Sutzer Brethers, Lid

EPRI Project Managers: S Pace T McCloskey

FGD Retrofit Design Improvement Study
TR-100310 Final Report (RP2873-1), $1000
Contraclor. Sargent & Lundy

EPRI Project Manager: C Dene

Spray Dryer Fiue Gas Desulfurization for
Medium- and High-Sulfur-Coal Applications
'R-100330 Interim Report (RP2880-1). $1000
Contracter Radian Corp

EPRI Projecl Manages R. Rhudy

Pilot-Scale Evaluation of the HYPAS SO,

and Particutate Matter Removal Process

TR-100332 Final Report (RP2934-1), license
required

Contraclor Electric Power Technologies. Ine
EPRI Proiect Manager R. Rhudy

Supercritical Power Plants in the USSR

TR-100364 Final Repori (RP28198)* $200
Conlraclor. Joseph Technology Corp . Inc
EPRI Project Manager: A Armor

A Summary of Recent Advances in the EPRI
High-Concentration Photovoltaic Program
TR-100392 Intenm Report (RP14159), $300
Contraclor Daedalus Associales, Inc

EPRI Project Manager F Dostalek

Recent Advances in the EPRI HighConcen-
tration Photovoltaic Program, Vols. 1 and 2
TR-100393 Intenm Report {(RP1415-9), $500 each
volume

Contraclor: Daedalus Associates Inc

EPRI Project Manager- F Doslalek

Proceedings: Electric Utility Zebra Mussel
Control Technotogy Conference
TR-100434 Proceedings (RP2504-10), $200
Conlractor Stone & Webster Environmental
Services

EPRI Project Manager’ J. Tsou

Corrosion Fatigue Boiler Tube Failures in
Waterwalls and Economizers, Vols. 1-4
TR-100455 Final Reporl (RP18905); Vol. 1, $200;
Vois. 2-4, forthcoming

Contraclor Ontano Hydro

EPRI Project Manager' B Dooley

Turbine Designs for Improved CoalFired
Power Plants

TR-100460 Final Report (RP140315): $200
Contraclors General Electric Co ., Toshiba Corp.
EPRI Project Manager, S Pace

Basic Research on Advanced Silicon
Materials for High-Performance
Photovoltaic Devices, Vols. 1 and 2
TR-100486 #inal Report (RPB001-4), $200 each
volume

Contraclor Georgra Insitiute ¢f Technology
EPRI Project Manager: F Goadman

Procurement, Operation, and Maintenance
Guidelines for Electrostatic Precipitators
With Rigid Emitting Frames or Electrodes
TR:1005M1 Final Report (RP1835-25); $300
Contractor- Charles A. Gallaer

EPR! Project Manager: W. Piule

Superconducting Magnetic Energy
Storage: Technical Considerations and
Relative Capital Cost Using High-
Temperature Superconductors
TR-100557 Finat Report (RP2988-2), $200
Contractor Bechtel National. Inc

EPRI Project Manager T Pelerson

NUCLEAR POWER

MULTEO, Equilibrium of an Electrolytic
Solution With Vapor-Liquid Partitioning and
Precipitation. Vol. 2: Database (Revision 3}
NP-5561-CCML. Vol 2, Rev 3. Computer Code
Manual (RPS407-18); hcense required
Contraclor. Maxwel Laboralores, inc

EPRI Protect Manager P Paine

Determination of Thermodynamic Data for
Modeling Corrasion, Vol. 3: CO,—NaOH-H,0
System

NP-5708 Topical Repori (RPS407-1): $200
Contractor: Brngham Young University

EPRI Protect Managers: P Paine P Millelt

Roll Transition Inspection of Doel-2 Steam
Generator Tubes, Vol. 3: September 1991
Inspection

NP:6716-L Final Report. license required
Coniracior Laborelec

EPR{ Project Manager L Wilirams

Lotung Large-Scale Seismic Test Strong
Motion Records, Vols, 1-7

NP-7496 Final Report (RP2225); Vo!. 1, $200
NP7496-L Final Report; Vols. 2-7 license
required

EPR! Project Managers: ¥ Tang, H. Tang

Zircaloy Corrosion Properties Under LWR
Coolant Conditions (Part 2)

NP-7562-0 Final Report (RPX101-1); $150.000
Contractor- Commissarial a 'Energie Alomigue
EPRI Project Managers. A Machiels, S Yagnik

Threshold Levels for Nonstochastic Skin
Effects From Low-Energy Discrete
Radioactive Particles

TR-100048 Final Report (RP30992); $200
Contraclor: Batlelie, Pacitic Northwest
Laboratornes

EPRI Project Manager' C, Hornibrook

Metal Fatigue in Operating Nuclear Power
Plants

TR-100252 Finai Report (RP2688-7); $200
Contraclor: Struclural Integnily Associates
EPR! Project Manager T Griesbach

Radiation-Field Control Manual, 1991
Revision

TR-100265 Final Reporl (RP2758) $200
EPRI Project Managers. H Ocken, C Wood

FATIGUEPRO:* User’s Manual: On-line
Fatigue Usage Transient Monitoring

Systemn for Nuclear Power Plants

TR-100272 Computer Code Manual (RP26883).
license required

Contractor. Structural Integrity Assoctales InG
EPRI Project Manager, T Griesbach

Application of Fatigue Monitoring to the
Evaluation of Pressurizer Surge Lines
TR100273 Final Report (RP2688-3); $200
Conlraclor Slruclural Integrity Assoctales, Inc
EPRI Project Manager T Gnesbach

Evaluation of PWR Radiation Fields: 1986-1 990

TR-100306 Intenm Report (RP2648-1) $200
Contractor Westnghouse Electric Corp.
EPR{ Prgject Manager: H. Ocken

Effect of Lithium Hydroxide on Zircaloy
Corrosion in the Ringhals-3 PWR Plant
TR-100389 Final Repont (RP2493-5) $200
Contractor Nuclear Eleclric pic
EPRI Project Manager C Wood

Stress Corrosion Monitoring and
Component Life Prediction in BWRs, Vol.
2: Data and Predictive Models for
Environmental Cracking of Nickel Alloys
TR-1003992 Final Report (RP2006-17), hcense
required

Contractor. General Efeclric Co

EPRI Project Manager R Pathania
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EPRI Events

SEPTEMBER

21-23

5th Predictive Maintenance Conference
Knoxvilie, Tennessee

Contact: Lori Adams, (415) 855-8763

23-25

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

Contact: Linda Netsen, (415) 855-2127

23-25

Battery Storage Applications Workshop
San Francisco, California

Centact: John Berning, (415) 855-5461

28-30

Power Quality Conference: End-Use
Applications and Perspectives

Allanta, Georgia

Contact: Marek Samotyj, (415) 855-2980

28-October 7

NDE In-service Inspection Training Course:
IGSCC Detection

Charioite. North Carolina

Contact: Annette Medlin, (704) 547-6110

29-30

Distributed Generation: Assessing High-
Value Utility Applications

New Orleans, Louisiana

Contact: Dan Rastler, (415) 855-2521

29-October 1

EMF Basics: A Short Course for EMF
Newcometrs

Lenex, Massachusetts

Contact: Leonard Sagan, (415) 855-2585

29-October 2

Basic Vibration Testing and Analysis
Course

Eddystene, Pennsylvania

Centact: Robert Frank, (215) 535-8872

30-October 1

1992 Gas Turbine Procurement Seminar
Danvers, Massachusetts

Centact: Henry Schreimer, (415) 855-2505

OCTOBER

5-9

Computer-Aided Control System Analysis
Eddystone, Pennsylvania

Contact: Joe Weiss, (415) 855-2751

5-9

NDE Technical Skills Training Course:
Ultrasonic Examination {Instructors)
Charlotte, North Carolina

Contact: Annette Medlin, (704) 547-6110
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B-9

Gas Turbine Controls Upgrade Workshop
Dearborn, Michigan

Contact: Dave Dobmins, {(704) 547-6100

8-9

GE Low-Voltage Circuit Breaker
Maintenance WOfKShOD

Newport News, Virginia

Contact: Jim Sharkey. (704) 547-6057

12-14

NDE In-service Inspection Training Course:

Detection Requalification
Charlotte, Nerth Carolina
Contact: Annette Medlin, (704) 547-6110

12-16

Feedwater Heater Technology
Seminar and Symposium
Birmingham, Alabama

Contact: L.ori Adams, (415) 855-8763

12-16

NDE Technical Skills Training Course:
Visual Examination (Level 2)

Charlotte, North Carolina

Contact: Annefte Medlin, (704) 547-6110

13-14

Compressed-Air Energy Storage

Working Group

Mobile, Alabama

Centact: Thea Geossens, (415) 855-7922

1314

ESPRE (EPRI Simplified Program for
Residential Energy) Training Workshop
Irving, Texas

Centact: Paul Grimsrud, {415) 855-8902

13-16

1992 EMF Science and Communication
Seminar

San Francisco, California

Contact: Amy Birney, (612) 623-4600

14-15

1992 Fuel Qil Utilization Workshop
Atlanta, Georgia

Contact: William Rovesti, {415) 855-2519

14-15

T&D Cable Fault Location Workshop
Marlborough, Massachusetts

Contact: Don Von Dollen, (415) 855-2679

14-16

Coatings and Applications Workshop
Eddystone, Pennsylvania

Contact: Robert Frank, (215) 595-8872

14-16

Planning Your First Transmission Cable
Project

Orlando, Florida

Contact: John Shimshaock, (412) 722-5181

19-23

American Wind Energy Association Annual
Meeting

Seattle, Washington

Contact: Earl Davis, (415) 855-2256

1923

Workshop on Demand-Side Management
Program Evatuation

Palm Beach, Florida

Contact: Jean Ciallelia or Lorna Smith,
(510) 987-8141

19-30

NDE Technical Skills Training Course:
Ultrasonic Examination (Level 2)
Charlotte, North Carolina

Contact; Annette Medlin, (704} 547-6110

20

Utility Coal Gasification Association
Meeting

San Francisco, California

Contact: Barbara Evatt, (415) 855-2174

21-22

Fuel Supply Seminar

Cambridge, Massachusetts

Contact: Susan Bisetti, (415) 855-7919

2122

Muitifactor Aging Mechanisms and Models
for Electrical installations

Victoria, British Columbia

Contact: Bruce Bernstein, (202) 283-7511

21-23

Coal Gasification Power Plants

San Francisco, California

Contact: Linda Neison, (415) 855-2127

21-23

National Electric Vehicle Infrastructure
Conterence

San Francisco, California

Contact; Pam Turner, (415) 855-2010

26-27

EPRINET Users Group Conference

irving, Texas

Contact: Carrie Koeturius, (510) 525-1205

26-28

Workshop on Air-Operated Valves
Alexandria, Virginia

Contact: Ken Barry, (704) 547-6048

27-28

Compact Simulator Host Utility Group
Meeting

Charlotte, North Carelina

Contact: Roy Fray. (415) 855-2441

27-28

Defining User Requirements for On-line
Dynamic Security Assessment

San Francisco, California

Contact: Gerry Cauley, (415) 855-2832



27-28

Generator and Large-Motor Winding
Assessment Using MICAA

Palo Alto, California

Contact: Jan Stein, (415) 855-2390

20-30

FGDPRISM Training Workshop
Dailas, Texas

Contact: Rob Moser, (415) 855-2277

29-30

System Voitage Stability/Security Analysis
San Francisco, California

Contact. Dominic Maratukulam,

(415) 855-7974

NOVEMBER

2-5

NDE Training Course: Maintenance
Proficiency Evaluation

Charlotte, North Carolina

Contact: Annette Medlin, {704} 547-6110

2-6

NDE In-service Inspection Training Course:
IGSCC Sizing

Charlette, North Carolina

Contact: Annette Medlin, (704) 547-6110

4-5
Short Course on Power Plant Pumps
Eddystone, Pennsylvania

Contact: Tom McCloskey, (415) 855-2655

4-5

Utility Strategic Asset Management
Conference

Cambridge, Massachusetts

Contact: Lori Adams, (415) 855-8763

8-1

Wood Pote Conference

Starkville, Mississippi

Contact: Harry Ng, (415) 855-2973

9-11

Substation Diagnostics

Pale Alto, California

Contact: Joe Porter, (202) 293-7510

9-12

International Conterence on Low-Levet Waste
Baltimore, Maryland

Contact: Carol Hornibreok, (415) 855-2022

9-13

American Society for Nondestructive
Testing Thermography Course (Level 1)
Eddystone, Pennsylvania

Contact: John Niemkiewicz, (215} 595-8871

9-13

NDE Training Course: Nuclear Utility
Procurement

Charlotte, North Carolina

Centact: Annette Medlin, (704) 547-6110

10-12

PEAC Training Course on Power Quality
Knoxvilie, Tennessee

Contact: Marek Samotyj, {415) 855-2380

11-12

NSAC-Operational Reactor Safety
Engineering and Review Group Workshop
New Orleans, Louisiana

Centact: Linsia Nelson, (415) 855-2127

12-13

Underground T&D Construction Workshop
St. Petersmurg, Florida

Contact: Tom Rodenbaugh,

{415) 855-2306

16-19

Decision Analysis for Utility Planning
Miami, Flerida

Contact: Charles Clark, {415) 855-2934

16-19

NDE In-service Inspection Training Course:

Weld Overlays
Charlotte, Nerth Carolina
Contact: Annette Medlin, (704) 547-8110

17-19

AIRPOL '92 International Seminar:
Solving Coirosion Problems in Air
Pollution Control Equipment

Orlando, Florida

Centact: Paut Radcliffe, (415) 855-2720

17-19

Heat Rate Improvement Conference
Birmingham, Alabama

Contact: Pam Turner, (415) 855-2010

17-19

ROBAL Computer Code for Rotating-
Machinery Balancing

Eddystene, Pennsylvania

Contact: Tom McCloskey, (415) 855-2655

17-20

NDE Training Course: Microbiologically
Influenced Corrosion

Charlotte, North Carolina

Contact: Annette Medlin, (704) 547-6110

18-20

EPRI-EUMRC Market Research
Symposium

Dallas, Texas

Contact: Susan Bisetti, (415) 855-7919

18-20

1992 PWR Plant Chemists’ Meeting
San Dieso, California

Contact: Peter Paine, (415) 855-2076

30-December 4

NDE Technical Skills Training Course:
Ultrasonic Examination (Level 3)
Charlotte, North Carolina

Contact: Annette Medlin, (704) 547-6110

DECEMBER

2-4

Noncombustion Waste Seminar
Orlande, Florida

Contact; Susan Bisetti, (415) 855-7919

7-1

NDE Technical Skilis Training Course:
Basic/Specific {Level 3)

Charlotte, North Carolina

Contact: Annette Medllin, (704) 547-6110

7-16

NDE In-service Inspection Training Course:
IGSCC Detection

Charlotte, North Carolina

Contact: Annette Medlin, (704) 547-6110

§-9

Space Charge in Extruded Cables
Scettsdale, Arizona

Contact: Bruce Bernstein, (202) 293-7511

8-11

Machinery Alignment Course
Eddystone, Pennsylvania
Contact: John Niemkigwicz,
(215) 595-8871

9-11

1932 Advanced Computer Technalogy
Conference

Scottsdale, Arizona

Contact: Pam Turner, (415) 855-2010

14-18

NDE Technical SkillsTraining Course:
Visual Examination (Level 3)

Charlotte, North Carolina

Contact: Annette Medliin, (704) 547-6110

15-18

Motor Monitoring and Diagnostics Course
Eddystone, Pennsylvania

Contact: John Niemkiewicz,

(215) 595-8871

FEBRUARY 1953

3-5

Coal-Handling Systems: State of the
Future (call far papers)

Pensacola, Florida

Contacl: Barbara Arnold, (412) 479-6012

9-10

Conference on Energy-Efficient Electric
Motor Systems

Baltimore, Maryland

Centact: Les Harry, (415) 855-2558

9-11
Conference on Cable Condition Monitoring
San Francisco, California

Contact: Linda Nelson, (415) 855-2127
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Contributors

| Weadland
E
Joyner Krill

apping the International R&D

Resource (page 4) was written by
Lestie Lamarre, fournal senior feature
writer, with information provided by
two members of EPRI's @ffice of Com-
mercialization & Business Develop-
ment.

Jay Kopelman, manager of interna-
tional activities for (¥ BD, joined EPRI
in 1978 as manager of special studies
for the Strategic Planning Division. Be-
tori that, he spent live years with the
Stanford Rescarch Institute as manager
of the Energy Maodeling Program and
project leader for the SRE world eoergy
study. Earlier Kopelman was director
of the Office of Research Services at the
University of Colorado, where he also
served as an assistant professor of
physics and an ossistant dean of the
graduate school. He has a B in phy=ics
from Rensselaer Polytechnic Institute
and a PhD in physics from Northwest-
ern University.

Dwain Spencer, vice president for
iBD, has headed the office =since it
was established in 1988. Before that, he
was vice president for the Advanced
Power Systems Division. He joined

52 EPRI JOURNAL July/August 1992

EPRI in 1974 as program manager for
solar and geothermal energy. Previ-
ously he worked at the California [nsti-
tute of Technology’s Jet Propulsion
Laboratory for 16 vears, the final 2 of
which he was on loan to the ™ational
science Foundation, designing a pro-
gram of solar energy research. Spencer
has a BS degree in chemical enginier-
ing trom the Liniversity of ®otre Dame
and an MS in engineering from Purdue
Liniversity. m

ool Storage: Saving Money and

Energy (page 14) was written by
Lezliec Lamarre, fourmi! senior feature
writer, with information provided by
two members of EPRI's Customer Svs
tems Division,

Ron Wendland, manager of thermal
storage technology, joined EPRI in 1985,
Before that, he was vice president for
business and technical development at
Aqua-Chem, Inc. Earlier he held var-
ious positions involving the develop-
ment and marketing of technical prod-
ucts. Wendland bas lwo BS degrees
from the Massachusetts Institute of
Technelogy, one in aeronautics and as-
tronautics and one in industrial man-
agement.

Morton Blatt, manager of the Com-
mercial Program, joined the [nstitute in
1985, Previously he was manager of
end-use efficiency programs in the En-
vtgy Syslems and Conseryalion Divi-
sion of Science Applicalions Interna-
tional orporation. Before that, he was
a senior thermadynamics  engineer
with General Dynamice. Blatt received
a bachelor’s degree in mechanical engi-
neering from Cooper Union, an MS in
industrial engineering from Mew York
Lniverzity, and an M5 in business ad-
ministration from San Diego State Uni-
versity. W

efrigerants for an Ozone-Safe
World (page 22} was written by
Tavlor Moore, forrnal senior feature

writer, with assistance from two mem-
bers of EPRI's Customer Systems Divi-
sion.

Poweli Joyner is the technical man-
ager for advanced projects in the Resi-
dential Program. He came to EPRI in
1855 after 17 years with Trane Cim-
pany, where he was vice president for
research on HVAC systems and indus-
trial fume incineration. From 1963 to
1968 he worked for Allis-Chalmers, and
still carlier he held scientific and man-
agement posts at Honeywell and at
Callery Chemical Company. Jovner
graduated in physics from Centenary
College and earned a PhD in physical
chemistry at the University of lowa.

Wayne Krill i= a senior project man-
ager in the Commercial Program, re-
=ponsible for projects to develop ad-
vanced heating and cooling equipment
and appliances for commercial build-
ings. He joined EPRI in 1991 after 11
years at Alzeta Corporation, which he
helped found and which de=igns and
develops low-emission, radiant burner
combustion systems. A registered pro-
fessional engineer in California, Krill
earned BS and MS degrees in mechani-
cal engineering at the University of
California at Berkeley. =







ELECTRIC POWER RESEARCH INSTITUTE
Pest Office Box 10412, Palo Alto, California 94303

ADDRESS CORRECTION REQUESTED

EPRI_JOURNAL

NCNPROFIT GRGANIZATION
U.S. POSTAGE
PAID
PERMIT NUMBER 99
REDWQOD CITY. CALIFORNIA

Elne7

2661 1snbBny/AInp



