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HorcALc2.o 

Specially developed to help utilities and their customers 
design and evaluate commercial water heating systems, 
HOTCALC is the tool of choice for comparing high-efficiency 
electric alternatives with conventional water heating systems. 
Users can simulate the performance of five available commer­
cial water heating technologies, swiftly assessing alternative 
system designs to make the best decision for a given site. 
Weather data, load profiles, and other data provided with 
HOTCALC can be used directly or modified to more accu­
rately reflect a given ca e. Also, unlike other water heating 
software programs, HOTCALC can examine the complex 
interactions between water heating and space cooling loads. 
And its help function offers cross-references to EPRl's 
Commercial Water Heating Applications Handbook (TR-100212). 
£PR! project manager: Carl Hiller. To order, call the Electric Power Software Center, (800) 763-3772. 

Heat Pump Water Heater 

-.. -· 

Designed for both residential and small commercial. applications, the EPRI/ -Tech heat pump 
water heater, manufactured by Crispaire Corporation, can reduce utility customers' water 
heating bills by one-half to two-thirds. The product achieves its high efficiency by using vapor 
compression technology to heat water by absorbing warmth from the air. Special features 
include the capability for ducting to enable effective cooling, dehumidification, and ventilation, 
as well as the flexibility to employ waste heat from laundry rooms, kitchens, or attics. The unit is 
about one-third the size and one-half the weight of similar technologies on the market today and 
sells for about half the price. It's aJso easier and less co tly to install. 
EPRJ project manager: Carl Hiller. To order, call David Shuford at Crispaire Corporation, (404) 458-6643. 



Water Heating Handbook 

The Commercial Water Heating Applications Handbook (TR-

1 0021 2) helps users make in formed decisions when ·elect ing 

high-efficiency electr ic water hea ting systems. The handbook 

covers water heating loads, technologies, and applications, 

providing guidelines and a checkl ist for system selection, 

design, performance evaluat ion, and operation and mainte­

nance. Appendixes present data on water heating fundamen­

tals, case studies, equipment costs, prod uct di rectories, and 

information resource . This product i a companion to 

HOTCALC, EPRI 's commercial water heati ng performance 

evalua t ion. oftware. EPRJ project manager: Carl Hiller. 

To order, call the £PR/  Distribu tion Cen ter, (51 0) 934-4212 .  

DYNAMICS 

Which units should we commi t  today? ShouJd we buy or sell 

power during the next 1-24 hou rs? How shou ld we respond 

to changes in fuel prices and emfasion constra ints? When 

hou ld we ched ule maintena nce ou tages? How good are 

today's decisions? These are ju t some of the questions 

CHECWORKS 

)rowitz Engine ring Corro ion Workstation, or C HECWORKS, is the 

1 EC fami ly  of computer software developed by EPRl. CHECWORKS 

capabil i t i es of th CHECMATE, CHEC- DE, and CHEC-T progra ms, 

:1dy in us at a l l  U .S .  n uclear plants as well as some fossil plants. 

rov ides plan t owners with a powerful new capab i l ity to eval uate 

,w-accelerated corrosion, which a ffects piping and other plant 

component . Users can determine the structu ra l adequacy 

of each in pected component through u ceptibility 

evaluation and the interpretat ion of nondestruct ive 

eva luation data . CH ECWORKS is also being u ed to quantify 

the benefits of change in wa ter chemi try, piping materials, 

rnd ystem operation to reduce corro ion rate· . 

1r rnore i11for11 1atio11 or to order, contact Bindi Chexal, (41 5) 

,-2997. 

u trntie can a nswer confidently w ith the help of EPRl 's new DY AM l S softwa re code. A leading-edge mti t  d ispa tch and transac­

tion scheduling model, DY A ICS h lps sy tern dispa tcher and planners make the most co t-effect ive, t imely deci ions po sible. 

This product incorporates a number of significant features unavailable in conventional models, such as the capabi l ity for detailed 

modeling of energy storage and bulk power transactions. 

For more information, con tact Robert Sclminker, (41 5) 855-2549. To order, call t/1e Electric Power Software Center, (800) 763-3 772. 
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Fish Population Models Demonstrated 
hen the Electric Consumers Protection 

Act of 1986 stipulated that fish and 

wildlife concerns be given equal con­

sideration with other issues in the 

licensing of hydroelectric plants, it 

placed a new emphasis on the need to 

better understand how natural populations react to increased 

mortality and loss of habitat. In particular, there is a continu­

ing need to evaluate the impacts of power generation 

facilities relative to other resource uses. 

Traditional assessments have taken an unrealistic 

"equivalent adult" modeLing approach, in which the loss ol 

fish eggs, larvae, or juveniles is treated simply as a Lmit 

reduction in overall population size. Jn fact, fish popula­

tions may show remarkable compensatory responses to 

such age-specific mortality-such as better survival, faster 

growth, and accelerated reproduction. These compensatory 

relationships have long been recognized but remain poorly 

understood in a quantitative sense. 

ln 1987, EPRI launched a major long-term effort to con­

soLidate the existing base of ecological knowledge in a series 

of new, more sophisticated fish population models and to 

stimulate basic research in this critical area by the academic 

and resource management communities. Called COMPMECH 

(for compensatory mechanisms), this program has grown 

from a pair of contracts with Oak Ridge National Labora­

tory and the Sport Fishing Institute to include a diverse 

group of collaborators from utilities, universities, regulatory 

agencies, and resource management agencies. 

One focus of COMPMECH is the development of com­

puterized population models for groups of fish species 

The Evolution of Electrification 

A 
!though the use of electricity as a percentage of total 

energy continues to climb, the fundamental forces 

driving the process of electrification are changing. 

To explore the evolution of these forces, EPRJ's Office of 

Exploratory & Applied Research sponsored a forum, "The 

Electricity-Society Connection," in February in Carmel, 

California. 

"Historically, the main force that drove electrification 

was electricity's form value, not its price advantage," 

according to Sam Schurr, coauthor of Electricity i11 the 
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selected to represent survival strategies that are particularly 

susceptible to power generation impacts. These include bay 

and northern anchovies, yellow perch and walleye, Califor­

nia halibut and winter flounder, striped bass, smallmouth 

bass, and rainbow and brown trout. The models extrapolate 

from power plant effects on individual fish at various life 

stages to determine short-term responses of age cohorts and 

long-term responses of the population as a whole. COMP­

MECH models have now been adapted for use at four 

demonstration sites. 

''.Already the COMPMECH project has affected a regu­

latory proceeding so that additional fish protection mea­

sures were not required," says project manager Jack Mattice. 

"Comparative analyses of the species models have shown 

that compensatory mechanisms can greatly reduce the effect 

of losses of eggs or larval fish on the adult population. The 

COMPMECH models are also being applied in some unex­

pected areas, such as in evaluations of toxicant effects and 

global warming on fish populations. We anticipate releasing 

a full suite of population models for use by EPRl member 

utilities and others by 1997." 

• For more i11formatio11, co11tact Jack Mattice, (415) 855-2763. 

A111ericn11 Eco110111y. The term for111 value, he explained to the 

forum, refers to the precision of delivery and the conve­

nience of use that have enabled electricity to revolutionize 

manufacturing and transform daily life. 

Now, however, the relationship between electricity and 

society has become more complex, encompassing issues of 

environmental protection and global sustainability. For 

example, Veronika Rabi of EPRJ and Lee Schipper of 

Lawrence Berkeley Laboratory told the forum that society's 

best interests would be served if electrification could be 



used to improve the energy efficiency and environmental 
performance of developing countries. 

New technologies are also changing the character of 
electrification. Philljp Schmidt of the University of Texas 
spoke of "a new wave of electrification characterized by the 
marriage of electrotechnologies with information-processing 
technologies." Fax machines and other electricity-based 
communications technologies, for example, are fundamen­
tally d1anging commuting and business travel patterns. 
Such trends will be enhanced if electric utilities and their 
customers are connected via distributed networks similar to 

Theory Predicts 

Superconducting Critical 

Temperatures 

S 
cientists have been unsuccessfully trying to explain 
high-temperature superconductivity since it was 
discovered in 1986. A theory developed by senior 

scientist Mario Rabinowitz of EPRl's Power Delivery Group 
has correctly predicted the critical temperature (Tc) at which 
many materials become superconducting. It also holds out 
the promise of many more high-temperature superconduc­
tors (HTSCs) to come, inclt1ding materials that could conduct 
electricity without loss at room temperature or above. 

The phenomenon of superconductivity depends on the 
pairing of electrons so that they act as a single particle, and 
on the quantum "condensation" of all electron pairs so that 
they all move together without loss through a material. 
Unlike much more complex theories, Rabinowitz's theory 
assumes that the condensation temperature is less than the 
pairing temperature. Thus Rabinowitz was able to proceed 
without having to make assumptions about the pairing 
interaction. 

The result is a simple but far-reaching theory that 
works well not only for the high-Tc superconductors but for 
almost all superconductors and superfluids. Conventional 
metallic superconductors are the only exception. The theory 
depends on just two parameters: the density of free elec­
trons and their effective mass. Rabinowitz thinks the reason 
for the theory's success is that the coherence length-the 
distance between e.lectrons in a pair- is relatively short in 
most superconducting materials. However, in the metallics, 

computer networks, as Douglas van Houweling of the 
Unjversity of Michigan believes is likely. 

"A new paradigm is emerging that links electrification 
more closely with broader social and economic issues," says 
Thomas Schneider, EPRl executive scientist and chairperson 
of the Carmel forum. "We intend to use input gathered 
from these discussions to further investigate the electricity­
society connection and to develop our technology strategy 
for the next decade." 
• For more informafio11, co11tnct Thomas Schneider, (415) 855-

2402. 

Photo by David Mori n 

which are atypical, the coherence length is so long that the 
electron interactions cannot be neglected. 

Rabinowitz's theory works accurately for materials 
ranging from superfluid 3He (T0 of 0.0025 K) to neutron 
stars (Tc of about 109 K). Agreement with measured T, 
values is excellent for the HTSCs at both atmospheric 
pressure and extremely high pressures. (First proposed in 
1987, the theory has most recently been described in 
lntemational Journal of Theoretical Physics 33, 1994, pp. 389 -
399, and C/1c111icnl Physics Letters 224, 1994, pp. 489- 492.) 

Looking toward the future, Rabinowitz says: 'Tm very 
optimistic that room-temperature HTSCs will be found, since 
we are now less than a factor of 2 away. Hopefully they'll be 
put to practical use in my lifetime." He says that the search 
for materials with higher critical temperatures should focus 
on crystal structures that have a large free-electron density, 
small electron effective mass, and short coherence length. 
• For more i11for111ntion, contact Mario Rabinowitz, (415) 855-2280. 
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THE STORY IN BRIEF Consumer items like calculators and watches were among the first commercial 

uses for small bits of low-performance photovoltaics, but today large, reliable, and more-efficient 

modules can often be spotted on streetlights, highway call boxes, microwave towers, and even 

building rooftops. And in developing countries as well as many developed countries, simple PV 

systems of just a few modules are bringing a new quality of life to remote areas that lack the basic 

infrastructure for electrification. While the technology remains too costly to compete directly with 

electricity generated by conventional power plants, PV producers and a growing number of elec­

tric utilities in this country have concluded that there are significant opportunities for distributed and 

remote applications of PV even at today's higher costs. Utilities are increasingly considering remote 

and even grid-connected PV systems within their own operations. They are also exploring the 

interest among some customers in rooftop solar modules to supplement their electric service. EPRI is 

working with utilities and the PV community both to expand the applications experience base 

and to continue the pursuit of R&D advances that will help 

make the technology more economical. 

Apollo 1 1  astronaut Edwin "Buzz" Aldrin deploys 



I 
n this twenty-fifth anniversary year 

of America's manned landing on the 

moon, much has been made of how 

the decade-and-a-half-long, $25 bil ­

lion, all-out space race with the former 

Soviet cold war rival affected U.S. tech­

nology and economic competitiveness. In 

addition to giving a big boost to the then­

nascent electronics and computer indus­

tries-a boost that helped fuel economic 

growth for many years-the space pro­

gram left two energy technology legacies 

that have gained solid footholds in earth­

bound applications. 

One of these technologies is fuel cells. 

The other technology- solid-state solar 

photovoltaic {PV) cells and modules that 

turn sunlight directly into electricity- has 

already been demonstrated at multimega­

watt scales and also has the potential to 

become a significant source of modular, 

distributed generating capacity. PY has suc­

cessfully moved beyond its initial devel­

opment as a very high cost but essential 

and effective space power source to be­

come a small but diversified and enduring 

worldwide industry- an industry serving 

multiple markets and led by firms based 

in the United States, Japan, and Germany. 

Granted, the PY industry has been large-

ly sustained since the 1970s by a combina­

tion of government 

and private invest­

ment in basic R&O 

and manufacturing 

development, which 

in the United States 

alone has exceeded $3 billion over the last 

20 years. No company yet claims to have 

recorded cumulative net profits from PY 

manufacturing, and most have spent much 

more in R&D than they have made in prod­

uct sales. Several technologies and the 

U.S. PV manufacturing industry have also 

endured the oscillations of national poLicy 

interest in solar and other renewable en­

ergy resources. Internationally, the num­

ber of major oil company owners of PY 

manufacturers has shrunk from seven to 

two since the first oil price shock sparked 

investment interest more than 20 years 

ago, and only one of the two is a U.S. firm. 

But along the way, as the cumulative 

production of PV modules has grown and 

manufacturers have moved further along 

the learning curve, the installed costs of 

PY systems have continued to come down 

from outer space. In the past decade, PV 

sales have cLimbed by a factor of 4 or more 

to over 60 MW annually, while installed 

costs have fallen by more than half. 

Today's lowest quoted costs for in­

stalled PV systems are around $6-$7 per 

watt of nameplate rating- still higher by 

a factor of 3 or more than the $2/W that 

EPRI and many utilities have long consid­

ered necessary to compete with conven­

tional sources of bulk power generation. 

But many observers agree that PV is con­

tinujng to close on the target. Considering 

advanced PY technologies of multilayered 

thin films and high-efficiency concentrator 

systems, experts predict with increasing 

confidence that the twin aspects of the 

holy grail for PY systems capable of gener­

ating electricity at 6-81t/kWh-a net stabi­

lized efficiency of 15% and a cost of $60-

$100/m2- may be reached early in the next 

decade. 

On the brink of self-sustaining 

momentum 

According to the Utility Photovoltaic 

Group (UPYG), which was formed in 1992 

by electric utilities to accelerate cos t -effec­

tive PY applications and aggregate market 

demand and which now has more than 80 

members, $3/W is the installed system 

cost that could represent a critical thresh­

old for self-sustaining (nonsubsidized) PV 

com.mercialjzation in domestic markets. 

At that point, the group believes, prices 

would be sufficiently low to attract vol­

ume purchases, which would drive pro­

duction costs still lower; this, in tum, 

would make PY economical in even more 

applications and markets. 

The additional sales for new cost-effec­

tive applications would help support mul­

tiple manufacturers capable of producing 

50- 100 MW a year, up from today's maxi­

mum commercial factory output of 5-10 

MW a year. UPYG estimates that only about 

another 400 MW of aggregate PY pur­

chases may be needed to achieve the 

$3/W price level, assuming that R&D con­

tinues to improve performance and to 

lower cost. With worldwide PY sales now 

amounting to over 60 MW a year and grow­

ing, the price target could be reached in 

less than five years. 

merging Markets 
or Photovoltaics 

Pacific Gas and Electric's PVUSA Kerman site. by Taylor Moore 

photovoltaic-powered lunar experiments package, July 20, 1969, 
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POTENTIAL PV MARKETS AT $3/W 

The more than 80 electric utilities 

that have formed the Utility 

PhotoVoltaic Group (UPVG) esti­

mate a potential for nearly 9000 MW 

of PV in 1 O domestic markets at 

an installed system cost of about 

$3/W, Typical installed costs today 

are higher by a factor of 2 or 3 

but are continuing to decline. The 

emerging market potential is 

dominated by two PV applications 

for transmission and distribution 

system support. The UPVG survey 

finds significant early potential 

markets for cost-effective applica­

tions of PV in all regions of the 

country at $3/W. 

• Estimated range 



Shipments of cells and modules from 
U.S. PY factories last year jumped by 34% 
over 1992 levels to almost 21 MW of peak 
rating, marking the ninth consecutive year 
of growth; since 1988, the increase has av­
eraged 17% a year. U.S. manufacturers 
shipped $110 million worth of PV jn 1993, 
a value 26% greater than that for the prior 
year. The portion of U.S. production des­
tined for overseas markets is growing 
even faster than total sales, with about 
three-quarters now going for export, ac ­
cording to the government's tally. 

The leading U.S. producers are Siemens 
Solar Industries, Inc., a unit of the Euro­
pean electronics conglomerate Siemens, 
and Solarex, Inc., which is owned by a 
subsidiary of Amoco Corporation. World­
wide, the vast majority of PV production 
continues to be in vnrious forms of crys­
talline silicon, and as evidenced by contin­
uing price decLines, producers are still 
wringing costs out of the manufacturing 
processes for this technology. Further, most 
manufacturers and several small startup 
companies are intently pursuing the de­
velopment and scale-up of thin-film tech­
nologies. For now, these technologies are 
not as efficient as crystalline silicon PV in 
converting sunlight to electricity. Ulti­
mately, however, thin films employing 
amorphous silicon or other semiconductor 
materials promise the lowest-cost PV sys­
tems by virtue of their very low materials 
requfrernents and their potentially high ef­
ficiency (due to the use of multiple films 
tailored to absorb a broader spectrum of 
sunlight). 

Even for crystalline silicon, potential 
further cost reductions are on the horizon. 
Australian researchers at the University of 
New South Wales earlier this year out­
lined a new concept for making crystalline 
cells one-tenth as thick as ordinary cells­
almost as thin as thin films-but using 
metallurgical-grade, impurity-laden crys­
talline silicon, which is very low in cost. 
Meanwhile, the U.S. electronics manufac­
turer Texas Instruments is developing for 
possible commercialization a spheral -cell 
approach that also uses low-grade silicon. 
Proponents of both of these approaches 
believe that they have the potential to 
bring the installed cost of PV systems to 

less than $3/W. And beyond those 
possibilities, EPRI and Oak Ridge 
National Laboratory are participa t ­
ing in a joint effort to explore new 
concepts for thin-layered, poly­
crystalline silicon PV. 

Sharpening the market focus 

Advanced technologies and their po­
tential for cost breakthroughs not­
withstanding, many experts within 
the PV manufacturing and electric 
utility industries are sensing that the 
economic threshold for significant T&D: RADIAL LINE OR FEEDER SUPPORT 

PV market growth and expansion in 
demand is not far off even with to­

Part of 15 kW of PY modules installed by South• 

ern California Edison on a school rooftop in 

Pasadena for distribution feeder support. day's generally 1 0 -12%-efficient crys­
talline silicon modules. This is sub­
stantiated by the growth in sales of current 
technology, which is corning mostly from 
various off-grid remote or rural electrifica­
tion applications. These applications have 
much higher thresholds at which PV (usu­
ally coupled with battery storage) is eco­
nomically competitive today with such al­
ternatives as self-generation employing fos­
sil fuel combustion. And compared with 
the cost of just a short utility distribution 
line extension (less than a mile), PV may 
be the overwhelming choice. 

T&D: AREA GRID SUPPORT 

Sacramento Municipal Utility District's 

Hedge substation system. 

Even in the United States, there are sub­
stantial rural areas to which electric ser­
vice does not extend because of the high 
cost of serving limited numbers of cus­
tomers. A disproportionate share of the 
market potential for PV in this country, rel­
ative to current electricity sales, is ascribed 
to rural electric cooperatives because of 
the opportunities for distribution feeder 
support and remote PV applications (such 
as livestock water pumping). 

UPVG's utility members have identified 
a potential for nearly 9000 
MW of PV in 10 specific mar­
kets in the United States at  
an installed system cost of 
$3/W. An early potential for 
more than 100 MW was iden­
tified in each of 31 states. 
Every state in the union 
shows at least some early 
market potential for PV, and 
there is substantial potential 
in states beyond those typi­
cally thought to have high 
solar resources. 

UPVG's publication earlier 
this year of a six-volume 
analysis of potential utiLity 
markets for PV, coupled with 
a comprehensive action plan 
for stimulating demand in 
those markets, signals the 
organization's emergence as 
an umbrella for the electric 
utility industry's increasing 



B 
eyond the PG&E, SCE, and SMUD 
efforts, a number of u til i ties are 

laying new plans to deploy and demon­
strate PV. Many of these are being pro­
posed under the utility- and DOE­
funded TEAM-UP program; others were 
begun under PVUSA; and some are be­
ing initiated under EPRI's CUE program 
for tailored collaboration in PV projects. 

Utilities have already begun to dem­
onstrate PV for T&D support applica­
tions, which could become an impor­
tant early market for the EPRI high­
efficiency concentrator array using crys­
talline silicon cells originally developed 
for EPRI at Stanford University. In the 
past e era! years, Amonix, Inc., of Tor­
rance, California, has led a team of EPRI 
contractors in conunercia L izing high­
performance 20-kW array incorporat­
ing these cells, which hold the record 
in sunlight-to-electricity conversion ef­
ficiency {over 28%) for a silicon PV de­
vice. Amonix's cells are averaging 25% 
efficiency in production, and early ar­
rays are expected to have about 18% 
net efficiency. 

This fall, Arizona Public Service Com­
pany is installing the first 20-kW high­
concentration array from Amonix as 
part of the utility's STAR {Solar Test and 
Research) site at its OcotiJlo power 
plant near Tempe. AP is al o consider­
ing the demon tration of thin-fi lm PV 
systems as wel l as dish-St irling solar  
generation there. Amonix is in discus­
sions with more than a dozen other 
utili ties and hopes to deploy about 10 

interest in PV . The group's statement on 
market potential i on ly the latest of the 
posit ive indicator buoying optimi  m about 
the PV ind us try' prospect . 

U PVG is supported by member uti l ity 
i n  e trnen ts and a gran t  from the U.S. De­
partment of Energy and was formed with 
the support of the A merican Public Pow­
er Association, Edi on Electric In t i tu te, 
EPRI, a nd the ational Rural Electric Co­
operative Association. The group has out­
l ined a compeLI Lng trategy for electric 
utilitie to more act ively purcha e and de-
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concentrator arrays over the next cou­
ple of years. The company reports in­
creasing commercial interest in the tech­
nology from companies .in India and 
Saudi Arabia. It says it is confident that 
at a production level of 100 MW a year, 
high-concentration arrays could be of­
fered at an installed system cost of 
$2/W and could be expected to gener­
ate electricity for 8-1 0� /kWh. 

Utilities in Texas are also warming 
up to PV. Central and South West Cor­
poration has e tablished a olar te t s ite 
at Fort Davis tha t  features several types 
of PV technology and hardware. Two 
1 00-kW systems, one a flat-pla te type 
and the other a concentrator unit, were 
insta l led this year, and a th ird 100-kW 
system is expected to be operating by 
the middle of next year. C&SW has also 
installed several smaller PV systems, 
including some rooftop and water­
pumpi ng units. TU Electric, meanwhile, 
is planning to demonstrate several PV 
y terns over the next four years, along 

with a dish-Stirl ing receiver, fuel cells, 
and w ind turbine . The si te will be an 
energy technology center set to open 
this fall near the Dallas-Fort Worth In­
ternational Airport. Plans call for ome 
PV modu les to be architecturally inte­
grated into the building. 

Both C&SW's and TU Electric' PV 
demonstration efforts are being multi-

p loy exist ing and emerging PV technology. 
The centerpiece of this trategy i the 

U PVG-designed progra m  call d TEAM-UP 
-Technology Experience to A celerate 
Market in Uti l ity Photovolta ics. TEAM-UP 
is a $500 m i l l ion, six-year, 50-MW PV hard ­
ware initiat ive geared toward speed ing u p  
t h e  d emonstra t ion of prototype, precom ­
mercia l ,  a n d  ear l y commercial u t i l i ty-re­
l a ted PY applications. One-thi rd of the 
fu nding is provided by DOE and two­
th i Tds by u ti l i ties. TEAM-UP is c i ted i n  the 
Clinton admin istration' Cl i mate Change 

plied in effect through tailored collabo­
ration under EPRI's CUE program .  Salt 
River Project and Houston Lighting & 
Power Company are also collaborating 
with EPRI on planned PV projects. Other 
utilities that want to leverage a busi­
ness investment in PV applications de­
velopment are encouraged to call EPRI 
project manager Frank Goodman at 
(41 5) 855-2872. A key objective of the 
CUE program is to fonn an alliance for 
PV applications projects through which 
utilities and others can share results in 
an organized manner and can partki­
pate in the development of needed ap­
pl ication and planning tools . 

evada Power Company plans to in­
stall an 1 8-kW PV system at a commer­
c ia l  customer 's building in Las Vegas 
under a program cosponsored with the 
EPA. The uti l ity has proposed several 
other grid-connected PV projects, includ­
ing the installation of a 20-kW concen­
trator array from Amonix. The utility 
also provides remote PY-powered ser­
vice to four customers in a demonstra­
tion program for off-grid residences. 

Reflecting a growing recognition of 
PV's potential for cost-effective niche 
application in state· north of the Sun­
belt, the ew York Power Authori ty 
is set to announce plans to in tall up 
to 100 PV systems o er the next four 
years. Averaging about 40 kW each in 
peak rating, these systems will be sited 
on the rooftops of a variety of pub l ic­
sector customer buildings, including 
schools and government buildings. o 

Action Plan as a model for other renew­
able commercia lization in itiative . 

The in itial phases of DOE funding have 
been au thorized, and th program w i l l  be­
gin awarding gran ts to uti l i ties next yea r. 
The fir t projects are expected to get u nder 
way later in 1 995. TEAM-UP is intended to 
become the pr i ncipal fram ework for col ­
laboration between utilities and DOE and 
will provide an opportunity for closer in­
tegra t ion w ith much of EPRI 's PV applica­
t ion work in the years ahead. The pro­
gram's goa l of 50 MW of insta l led PV by 



2000 is to be achieved principally through 
two hardware initiatives: one for larger­
scale, grid-connected PV systems with high 
market growth potential, and one that 
would aggregate utility purchases for six 
to eight smaller-scale, off-grid applications. 

A third initiative proposed by UPVG to 
speed the demonsh·ation of emerging 
technologies and systems may ultimately 
become a collaborative mission for indus­
try, the federal government (including the 
national laboratories), and EPRl. A princi­
pal focus for that collaboration in recent 
years has been PVUSA (Photovoltaics for PY-FRIENDLY PRICING 

Utility-Scale Applications), a seven-year- Residential rooftop installation for a participant in Sacramento Municipal 

old cooperative research effort by a dozen Utility District's PY Pioneers program. 

utilities and federal and state government 
agencies that is led and managed by Pa­
cific Gas and Electric Company (PG&E}. 
PVUSA operates a major PV demonstration 
site at Davis, California, and eight other 
systems in several states. (As part of a 
broad restructuring, PG&E plans to relin­
quish management leadership of PVUSA, 
and the venture's future role as a PV sys­
tems testing resource is being evaluated 
by its various sponsors.) 

Through volume purchasing and con­
sistent procurement specifications, utili­
ties hope to encourage a move toward wli­
form utility PV system standards. Mean­
while, the collection and analysis of solar 
resource data under TEAM-UP would be 
coordinated by OOE's National Renewable 
Energy Laboratory (NREL) in Colorado, 
which manages most of the DOE program 
in photovoltaics. 

fodeed, UPVG credits DOE as being a 
key contributor to PV's current status, cit­
ing the department's nurturing of various 
technologies through basic research cen­
tered at NREL, its support for improved 
PV manufacturing processes (currently 
through a $54 million program called PV­
Mat to match investments by PY produc­
ers in advanced manufacturing and engi­
neering development), and its efforts to 
condition the market for PV and create 
market pull by underwriting a portion of 
the cost of early demonsh·ation projects. 
TEAM-UP is now the principal focus of 
those market-conditioning efforts. 

"The utilities that are moving ahead to 
put PV into their business plans instead of 

their R&D plans are the ones that will be 
successful in applying the technology," 
says Bud Annan, director of solar energy 
conversion at DOE. 'Tm very encomaged 
by those utilities that have begun to look 
at PY in a business sense- for example, by 
working with real estate developers to in­
corporate PY into building designs or by 
using it as part of an w1interruptible 
power supply that becomes an added fea­
ture for tenants. Other utilities are looking 
at PV for communications or as part of an 
electric vehicle charging program. PV's 
modularity gives it an attractive ability to 
work in different business wlits-even for 
cellular phone applications, for example." 

In the past 15 years, the use of demand­
side management (DSM) technologies and 
options by utilities has grown from noth­
ing into a business that boasts $3 billion in 
annual sales and that has cumulatively re­
duced aggregate utility peak load growth 
by an estimated 22,000 MW. UPVG and oth­
ers in the PV community foresee a similar, 
potentially major role for PV in a new era 
of competition in the electricity industry­
an era in which DSM and conservation, cou­
pled with small, distributed generating fa. 
cilities sited closer to the customers, will 
emerge as new planning paradigms. 

If utilities are to make the most of dis­
tributed generation, they will need new 
planning tools and methods. It will be es­
sential to validate the nontraditional bene­
fits of ctistributed generation (such as de­
ferral of transmission and distribution 
system upgrades, reactive power and volt-

age support, or reduced losses). Utilities 
that have begun to analyze these nontradi­
tional benefits are finding that the closer 
distributed PV is sited to customer loads, 
the more fully the benefits are caphued, 
because more utility-side operations up­
stream are affected. 

Efforts are under way at I REL, EPRJ, 
and elsewhere to develop new planning 
models that address many of the planning 
requfrements for distributed generation. 
Meanwhile, UPYG is testing its own new 
model, called PVSCREEN, for incorporat­
ing nontraditional benefits in an evalua­
tion of PV installations at specific sites in 
existing utility systems. 

T&D support dominates 

market potential 

Two transmission and distribution sup­
port applications account for 7000 MW of 
the nearly 9000 MW of potential PY sales at 
$3/W identified across 10 U.S. markets by 
UPVG. One application is area grid sup­
port, in which 100-500 kW or more of PV 
is installed at or near a substation. The 
other is radial line support, in wruch sys­
tems of perhaps 50-200 kW are sited along 
distribution circuits to relieve various prob­
lems involving, for example, load growth, 
voltage drop, or power quality. With over 
200,000 distribution feeders in the country 
serving average loads of 1 . 4 -4.8 MW, the 
potential PV market for T&D support is 
very large, even at low penetration levels. 

According to a survey of UPVG mem­
bers, there would be a potential market of 
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3800-4200 M W  for area grid su pport if 
about 5% of a l l  u ti l ity feeders were in­
volved. A potential ma rket of 3J 00-3430 

MW was esti.mated for rad i a l  l ine support 
if about 4% of feeders were involv d. 

Severa l u ti l i ty projects ar already 

demonstra ting PV for T& D support. As 
part of PVUSA, PG&E instal led a 500-kW 

y tem with passive tracking on a feeder 
n ar its Kerman substation near Fresno; 
the system began operating last yea r. Thi 

year, the Sacramento M unicipa l Uti l ity 
District (SMUD) began operating a 200-kW 
sy tern with active tracking at its Hedge 
substation. And, although not specifica l ly 
in tended a a demonstra t ion of the appli­
ca tion, the a lmo t 1 MW of PV from half a 
dozen manu facturers at PV SA 's Davis 
site operates basica l ly in a grid-support 

role. 

(SCE) earlier this year in­
sta l led the first 1 5  kW of 
what may eventually be up 
to 1 50 kW of PV on rooftops 
in Pasadena. Upgrading the 
feeder would have required 
removal and replacement of 
the underground cable con­
duit at con iderabl e expense, 

so SCE instal led PV modules 

on the roof of a neighbor­

hood school instead; it  may 
put more modules on the 
roofs of other cooperat ing 
customers i f  needed. The 
project i cofunded with DOE. 

LIVESTOCK WATERI N G  

More than 250 PY-powered water-pumping systems 

have been instal led by ranchers, farmers, homeown• 

ers, and private organizations in recent years. 

Meanwh i le, to help meet grow ing pea k 

demand on a 4-kV u nderground feed­
er, ou thern Cal i fornia Edison Company 

$ 17 .50 

I 

1 984 

Source: UNISUN . 

UPVG' util i ty members 
have iden tified at least 18 nontraditional 
benefits of d ish·ibu ted generation from 
sou rce l ike PV. 1 n  its init ia l Kerman case 
study, PG&E estimated that eight such ben­
efits, coupled with conventional energy 
and capacity values, could gi ve di trib-

450 MW 
$6.50 

PY COSTS TREND DOWNWARD AS PRODUCTION MOUNTS In the 

past decade, the instal led cost of PY systems has fal len by more than 

half while cumulative PY sales have grown by more than a factor of 4.  

As PY producers move further along the production learning curve 

and are able to lower manufacturing costs, PY becomes economical 

in more niche applications, triggering additional sales. 
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uted PV or other genera tion a tota l va lue 
of over $700/ kW a year. The fou r nontra­

ditional benefits that have been va l id a ted 

ince the Kerman un i t  bega n operating are 

at 84% of the projected va l ue 

Both the PG&E and SMUD project , wh ich 
are part of PVUSA, a re reported ly perform­
ing wel l  and are genera t ing usefu l data 

along with ki lowa tthour -da ta that  wil l  

ex tend the experience base a n d  help va) j­
d a te the industry's expectation for T&D 
support appl icat ions. The PG&E unit's so­
la r outpu t correlates well with the sub ta­
t ion's peak load .  As is cha racteristic of 
crysta l l ine i l icon PV, however, the high 
afternoon temperatures tha t  drive rising 

peak power dema nd reduce the PV sys­

tem '  outpu t  omewha t. The uti l ity re­

port ome benefi t  from olar ou tpu t  in 
advance of peak periods that helps s low 
the ra te of increase i.n tempera tu re of the 
substation transformer wi th rising peak 
demand . SMUO, meanwhi le, is planning to 
double the size of its Hedge substa tion 
system. 

The UPVG member survey ind icates that 
T& D support account for much of the 
substantial regiona l  ma rket potential for 
PV identifi d in the country's m idsection 

-for exa mple, in Texas, Ohio, and Al­

aba ma. U PVG suggests tha t high priori ty 
be given to u ti l ity PV demonstrations of 
T& D support o tha t  data for val idating 
the non tradit i ona l  benefi ts of d i stribu ted 
generat ion can be col lected . The group 
warns, however, that unt i J  pre ent gaps in 
information a nd experience are plugged, 



T&D support markets will not be ripe for 

aggressive growth. 

Expanding service options 

After the h.vo T&D applications, the third­

largest identified early potential market 

for utility PV is made up of customers who 

may value solar or renewable energy op­

tions highly enough to respond to a strat­

egy called PY-friendly pricing. Rather than 

involving residential and commercial cus­

tomer installations for which the motiva­

tion is strictly economic, PV-friendly pric­

ing involves identifying and marketing to 

a newly recognized segment of customers. 

Many utilities are developing tailored mar­

keting strategies that help build brand iden­

tity and customer loyalty. Assuming that 

70% of the more than 60 million owner­

occupied residences in the country cannot 

use rooftop systems for technical reasons, 

a penetration of only 2.1% of the remain­

ing 18 million yields a market potential of 

over 'I 000 MW for PY-friendly pricing. 

SMUD is currently demonstrating PY­

friendly pricing with residential cus­

tomers who are hosting 4-kW rooftop PY 

systems through the utility's PY Pioneers 

program. There are already over 100 par­

ticipants, and the total is expected to ex ­

ceed 240. The customers not only are do­

nating the use of their roofs but are also 

paying an additional $6 monthly, on a v ­

erage, to help defray the cost of the PY 

panels. 

Besides the PY-friendJy market, the 

UPVG analysis identified other potential 

residentiaJ and commercial rooftop appU­

cations in which PV is evaluated from the 

customer's side of the meter primarily for 

its peak-shaving value, either as part of a 

utility DSM strategy or by a customer to 

offset demand or energy charges. At a 

$3/W threshold, the projected potential 

market for PY on commercial building 

rooftops is 50-60 MW, with a surprisingly 

larger market of 215-260 MW projected for 

residential buildings. Counter to conven­

tional wisdom, which postulated earlier 

market penetration for commercial build­

ings, the residential market may emerge 

sooner because of larger tax credits in 

states that offer them, generally higher 

electric rates than are charged commer-

cial customers, and a greater willingness 

among some residential customers than 

among commercial customers to accept 

longer payback periods. 

UPVG's utility members also identified a 

potential market of 20- 25 MW for PV on 

the roofs of some of their own more than 

16,000 buildings, ranging from generating 

plants to customer service centers. About 

20 utilities have already installed 4 - to 18-

kW rooftop PV systems on customer- and 

company -owned buildings in a program 

sponsored by the utilities, the Environ­

mental Protection Agency, Mobil SolaT En­

ergy Corporation, and EPRl. 

In another subset of grid-co1mected mar-

COMMERCIAL BUILDINGS 

grid-independent installations, almost all 

of which are used for internal operations 

Uke powering batteries for remote switches, 

microwave repeaters, radio transmitters, 

and beacon lights. Despite the Jack of ade­

quate information to evaluate all 70 poten­

tial off-grid applications, the utility group's 

analysis indicates that the potential for 

three of the largest- remote homes, ca­

thodic protection, and livestock water 

pumping- may be on the order of 350 

MW. 

In order to begin to pursue these rural 

and remote PY markets, utilities are de ­

signing special tariffs for leasing, install­

ing, and maintaining packaged PY-power 

NAEL 

New York Power Authority's 20-kW PY system atop the New York City Transit 

Authority central warehouse in Maspeth, Queens. 

kets, a potential for 15-17 MW of PY by 

2001 was identified for solar-powered 

electric vehicle charging stations (with 

modules installed as part of carport shade 

roofs). Such stations could be used during 

the day while a commuter's vehicle is 

parked either at work or at a commercial 

park-and-charge lot. SCE cosponsored a 

24-kW PV chargeport at the South Coast 

Air Quality Management District's Dia­

mond Bar office, and SMUD has a PV­

powered public charging system at one of 

its facilities in Sacramento. 

Off the grid, more than 70 different re­

mote PY applications have been identified 

that utilities believe can be cost-effective 

today under a wide variety of circum· 

stances, compared with the cost of over­

head distribution line extensions, which 

ranges from $10,000 to $60,000 per mile. 

Over 80 utilities already have about 2000 

solutions for particular customer applica­

tions. Customers agree to a monthly charge 

that includes a percentage of the PV unit's 

capital cost. Idaho Power Company of­

fered the first such remote tariff, and now 

SCE has begun a three-year trial, foresee­

ing a potential market in its territory of 

as much as 10 MW over the next several 

years. More than half a dozen other utili­

ties also offer or plan to offer PV directly to 

customers under special rates. 

Also analyzed by UPVG-although not 

included in the estimated 9000 MW of 

early market potential for PV at $3/W­

were PV markets for village electrifica­

tion in 84 developing countries. Assum­

ing sufficient funding to support PV 

deployment, these potentially enormous 

international markets could represent 

increasingly strong leverage for lowering 

domestic PY prices. About 75% of domes-
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TH IN FILMS STILL 

THE LEADING 

EDGE 

W 
hile most o f  today's PV markets 
are being driven by the produc­

tion economics of several types of crys­
talline-silicon-ba ed technologies, many 
experts believe that if PV is to reach a 
$2-$3/W criticaJ cost threshold that trig­
gers wider use, the leading edge wi l l  be 
submicrometer-thin films of amorphous 
silicon (a-Si) alloys. The translucent, lay­
ered films can be tailored to absorb dif­
ferent portions of the l ight spectrum, 
making maximum use of available sun­
light, both direct and diffuse. 

Amenable in principle to automated, 
large-area deposition on simple sub­
strate l i ke gla or to neap ulation 
wi thin flexible sheets that couJd be in­
corporated in a variety of products, 
including roofing materia ls. thin-fi lm 

technologies offer ome of the strongest 
prospects for significant further PY co t 
reduction . This i n t only becau e the 
manufactu ring technologies are more 
intrinsical ly su ited to mass production, 
but a lso because thin fi Jms arc at a 
much earlier tage of developmen t  
than i s  crystalline silicon technology. 

A major element of EPRI' PV pro· 
gram is focu ed on developing and 
ultimately fostering the commercial 
availability of muJtijunction a-Si thin­
film modules with a net stabilized effi­
ciency of 15% at a cost of $60-$100/m2

• 

The effort revol\'es around a coord i­
nated un iversity and PY industry re-
earch program in basic emiconductor 

material science and fundamental de­
vice physics. EPRI is also in an al l iance 

with a major PV manufacturer-So­
larex-that is aggressively pursuing 
commercializa tion of a-Si thin-film PV. 

Two years ago, EPRI adopted a team 
approach to focus more harply on the 
rapid commerciaJ introduction of a-Si 
technology. There are four teams of 
university and PY industry researchers. 
Participating are four major universi­
ties ( l ll inois, lowa State, Penn State, 
and Princeton), thin-fi lm manufactur­
ers Uniled Solar Systems Company 
(USSC) and Solarex, and OOE's a­
tional Renewable Energy Laboratory. 
USSC holds the current record in thin­
film muJtijunction module efficiency, 
having achieved 10.2% with a 1 -ft2, 
triple-junction device in 1993. 

Solarex currently produces low­
wattage, s ingle-junction a-Si thin-film 
battery charger module that are about 
5% efficient. With support from DOE 
and EPRl, the company's thin-film divi-
ion in ewtown, Pennsylvania, is 

producing prototype double-j unction 
modules that are about 8% efficient, 
and the company expects to place some 
4-ft2 prototype modules in field tests by 
next year. Solarex has demonstrated 
9. 1 % efficiency in a 1 -ft2, double-junc­
tion module. The company is nearing a 
decision on whether to build a manu­
facturing facility for automated pro­
duction of fu l l-size, 8-ft2 modules. Such 
products would have to be competi tive 
wi th cry tal l ine ilicon PV in many re­
mote and other niche applications to 
sustain commercial manufacturing. 

Once large-scale production of fuJJ­
size double-junction modules begins, 
the goal wi l l  be to increase efficiency 
to 1 0°/,, and beyond while presum­
ably moving down the production-cost 
leaming curve faster than more-mature 
crystal l ine sil icon PV manufacturing. 
A experience in manufacturing dou­
ble-junction modu les is ga ined, a th ird 
absorber layer may eventually be add­
ed, resulting in a triple-junction mod­
ule. In the laboratory, Sol arex has made 
triple-junction cells with a stabilized ef­
ficiency of just over 9%. TI1e company 
acknowledges the use of re u l t  from 



EPRI's university-based thin-film PV 
materials r sea rch in developing i t  
double-junction technology. Thi tech­
nology feature one layer of a-Si , which 
ab orbs mo tly m d ium -wavelength 
light, and one lay r of a i licon alloy 
that ab orbs mainly wave! ngth of 
light in the red part of the visible spec­
tnun. 

In the longer t rm, copper ind ium 
diselen.ide (CIS) and cadmium telluride 
(CdTc) ar prom ising next-generation 
thin-film technologie . Cell made from 
these materials have demonstrated con­
version efficiencie · of 1 6-1 7%. Proto­
type CdTe module wi th 7% efficiency 
reportedly have been produced, and 
two companies (Golden Photon, Inc. ,  
in Colorado and Solar  Cel ls, lnc. ,  in 
Ohio) a re near i ng pilot production ca­
pab il i ty. 

CIS may be still further away from 
commercial production. The technol­
ogy's principal developer, Siemens So­
lar Industries, has produced full-size 
prototype mod ules tha t are 10% effi­
cient and ·mal l  cell that a re 1 7% effi­
cient, bu t the materials, electronics, and 
manufactu ri ng method of I technol­
ogy have not yet begun to approach 
optimization. According to EPRI experts, 
curren t research re ults suggest that 
CIS-based PV modules are likely to even­
tually reach and surpass the Lnstitute's 
cost and performance targets for wide­
spread economic appl ica tion of PV. 

EPRJ's explora tory re earch in PV is 
upporting fundamental studie of CIS 

at the Univer i ty  of Sou th Florida, Penn 
State, and the University of Delaware. 
Topic of investigation include key ma­
terials problems that limit perfor­
mance, po ible u e with other semi­
cond uctor combination in multijunc­
tion module  , computer imulation of 
device phy ic , and e ploration of ad­
vanced fabr ica tion methods. PRJ re-
earch managers say that the program, 

as well as the efforts of PV manufactur­
er active in CIS technology, could lead 
to co t-effective, 30%-efficient module , 
but probably not unti l after the year 
WlO. o 

tic P prod uction today i old to over as genera l and for our company in pa rticu-
ma rkets, and ome U.S. u t i l i tie are in ter-
ested in potential bu in opportunitie 
there a wel l. 

ccording to UPVG, anecdotal ma rket 
information suggests tha t vi l lag electr i fi ­
cat ion projects can b economica l ly  ju t i­
fied at pres nt install d co t . Calibra t ing 
the near-term potentia l for village electrifi­
cation with market studies by other par­
t ies for some of the 84 countr ie (given 
cu rrent assumptions on economic growth 
and growth in electricity con um ption) , 
U I'VG puts the early market o r the next 
five year· at 300-320 MW. 

I l lu minati ng a path to 

PV's future 

1 n  addit ion to iden t ifyi ng today' PV mar­
ket opportu nities tha t ca n lead th way to 
a self- ustaining com mercia l  man­
ufacturing industry, U PVG has 
made a n umber of recom menda­
tions for increased coord ina t ion 
and evolving relationslt ip a mong 
the pa rtie who e upport is e en­
tia l  for the succes of program · l ike 
TEAM-UP. EPRI, wh ich ha pro­
vided taff resource to U PV , an­
ticipate continued invol ement as 
the n umber of new u ti l i ty demon­
stra t ion project involving PR I  
members climb as a re u l t  of 
TEAM-UP. The program's effort 

lar," ay Dick Br o , chai m1an, pr · _  
dent, and CEO of Central a n d  outh We t 
Corpora tion, a hold ing company for e -
era ! uti 1 i tie in Arkan a I oui iana, Texas, 
and Ok lahoma. " We er e a rea that are 
w ll suit d to PV in t rm of un l ight .  1n 
ome of our pa r 1y populated, remote 

areas, PV might be cost-eff ctive soon r 
than i generally ant ic ipa ted ." 

oting that  some nonutility genera t ing 
compan ie a re con ideri ng the use of PV, 
Brooks ays tha t  electr ic u t i l itie " hou ld 
not si t  back and let other companie be the 
one to make use of PV. We' re wi l ling to 
tep forward and pend ome money to­

day to make the technology happen fa ter 
than i t  perhap otherwi e would . We be­
lieve that the co t of PV i going to become 
competit ive sooner in ou r a rea than per-

may complement tho e of EPRI ' EY CHARGING 
CU program (Cooperative ti l i ty PY arrays at EV chargeports can provide cooling 
Experience in PV Applica tion De- shade as well as help offset electricity demand 
velopment and Eva luation). Under during daytime charging; Southern Cal ifornia Edison 
CUE, tailor d coUab ration agr - cosponsored this PY system at the South Coast Air 
men ts in ol ing ome $7.5 m illion Quality Management Distr ict office at Diamond Bar. 
in cofunding have a lread be n 
made w ith a hand fu l of uti l i tie , enla rging hap in other a reas. When we need add i-
the value of their indi v idual efforts, and 
other are bei ng sought ( ee sidebar, p. 10) .  

By clari fying the outlook for near-term 
dome tic markets and by gaining broad 
uti l i ty and government ·upport for a ys­
tematic effort to encourag the dev lop­
ment and pursu it of ear ly ma rket demon­
stra tion I UPV h wing that a e l f-
ustaining future for th PV indu try i not 

fa r off. 
"We believe tha t  PV will be a very im­

portant part of the fu ture for uti l i tie in 

tiona l  generati ng ca pac i ty i n  a few mor 
year , we e pect to incorporate PV into 
our planning. We a re a lread looking at 
PV, not on ly for T&D support and remote 
·erv ice appl ica t ion I but  al o a a viable 
part of our fu ture gen ra ting mix ."  • 

Background 1 nforma1 1on lor th i s art,cle was provided by 
John Bigger. Ed DeMeo, Frank Goodman. and Terry Pe­
terson of the Generat ,on Group 's Renewables. Storage & 
Hydro Business Unit. 
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by Leslie Lamarre 

Although utility programs promoting energy-efficient technologies have 
....---

gotten consumers to adopt some efficient products, there 's still plenty 

of room for improvement .  Recent EPRI research examines common 

barriers that can hinder the adoption of energy-efficient technologies and 

suggests actions that utilities can take to overcome these barriers. 



A Har 

T 
wo decades ago, when the 
United States was mired in an 
energy crisis that had Ameri­
cans turning down their ther­

mostats and waiting in long lines for gaso­
line, energy conservation was a way of life 
for many utility customers. Back then, en­
ergy efficiency in itself would have been 
sufficient to pique consumer interest in 
new technologies. ot anymore. After the 
Arab nations lifted their ban on oil exports 
to the United States, the cost of oil plum­
meted, and Americans turned their ther­
mostats back up and filled their gas tanks 
to the brim. Energy efficiency took a back­
seat to more immediate concerns like com­
fort and convenience. 

Despite an onslaught of technology de­
velopment, promotional campaigns, and 
utility-sponsored rebate programs over the 
past 10 years, energy-efficient technolo­
gies still have not been widely adopted in 
the UnHed States. "It's not that Americans 
have anything against saving energy," 
says Michael Evans of EPRl, who manages 
research on energy efficiency. "It's just that 
investing in energy-efficient technologies 
often requires an extra effort for them­
whether it's the additional knowledge 
they need to gain to make an informed 
decision or the additional investment they 
may have to make to purchase the tech­
nologies." 

This is not to say that energy-efficient 
technologies have not been adopted at all. 
In fact, the efforts of U.S. utilities to pro­
mote such technologies through both re­
bate and informational programs have 
succeeded in getting a number of con­
sumers to try them. According to EPRl's 
estimates, by 1992 more than 24% of heat 
pumps and some 26% of water heaters 
sold were high-efficiency models. High­
efficiency central air conditioning units 
captured 17% of the market in that year. 
Refrigerators and freezers have had even 
more success, with 1993 figures show­
ing high-efficiency refrigerators capturing 
54% of the market and freezers taking 
28%. And sales of electronic fluorescent 
ballasts for commercial lighting have 
steadily increased, rising from 9.4% of the 
market in 1991 to 22.3% in 1993. 

In compiling these statistics, EPRI de -
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fined a high-effic iency technology as on 
ha ving an ffic iency 5% abov the federa l 
standard . The federa l govern ment has set 
effic iency stand a rd s  for the re identia l ec­
tor since 1 987. Today, the ta ndard for 1 4  

SKEPTICISM 

Consumers often don't trust that 

new technologies wil l perform and 

save energy at the levels claimed 

by manufacturers. 

c lasses of residentiaJ equ ipment a re re-
iewed for potential upgrading at lea t 

ever three yea , off ring con um r more­
effic ien t  choices a l l  the t ime. Evan notes 
tha t as federa l tanda rds for efficiency be­
come more shfogen t, EPRI's defi n i t ion of 
efficient technologies becomes more elec­
t ive.  (At  th is t i me, the federal government  
doe not et efficiency ·tandard for com­
mercial and ind u  tr ial eq u ipment. ) 

Although efficien t technologies have 
made significa nt ga in in market penetra­
tion in recent year , there is pl enty of roo m 
for i mprovement. A sugge ted in a re­
c ntly relea ed PRI report (Overco11 1h1g 
Barriers lo the Oiff11sio11 of Efficicut Tcc/1 1 10/0-

gies, TR-1 03527), the mo t ucce sfu I t ch­
nologies typica lly take off be a use of their 
genera l merit, not beca t  e of an efficiency 
advantage. Often, w hat the e tech nologies 
have in common i th i r  abi l ity t meet 
consumer n d better tha n  exi t ing tech­
no logi · do. Take, f r exam ple, the micro­
wav oven, now used in 79% of U.S. 
home . The m icrowave succeeded becau e 
it met an emerging need, providing fa t­
paced cooki ng to accommod a te the hec­
tic chedule of today' d uaJ- incom fami­
l i es . A Evans poin ts ou t, no other teclu10l ­
ogy provided an in-home solut ion to th is  
problem.  ' 'Practica l ly tbe on ly other al.ter-
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nat ives were McDona ld's and bologna 
sandwiches," he says.  l11e fa t tha t  the mi­
crowave happened to ave energy wa an 
added benefi t-a benefit tha t  many c n-
umers did not ev n consider w hen they 

pu rchased thei r un its .  
How ver, many of the  efficien t  prod ucts 

sold today, such as com pact fluorescen t  
l amp (CFLs), a re promoted solely on the 
basis of t heir energy· a ving attri butes . 
And as EPR l 's  John K el ring, manager 
for residential technologie , note , 11 ou 
don 't have to have a degree in marketing 
to under land tha t  advert i  i ng a product 
a energy-effic ient is not exact ly a good 
way to sel l it. There' noth jng wrong with 
teJ l i ng con umcr · a product is energy-effi. 

they' re d immable, and their ma l l  s ize has 
enab led thei r incorporation i nto an assort­
ment of high-tech fix tu res tha t  som t ime 
border on art pieces. 

ccordfog to EPRl researchers, uti l i t ies 
can lea rn m tid1 from thei r past efforts to 
promot energy-efficien t technol ogies a nd 
ervices-knowledge that could help new 

tedmo l ogie and service become more 
widely u ed .  l n  fact, th resea rchers say, 
u t i l i t ies w i J I  face si mi lar d i fficuJ tie in try­
i11g to sell thei r customer d i fferentiated 
products and crvices in a deregula ted in­
d ustry env i ron ment .  The fir t step in a d ­
dressing these di fficul t ies is to understa nd 
the barr ier preventi ng con umer from 
buying new product and er ice . Only 

cient, as long as the focu is on other then, the resea rcher concl ude, can the 
strengths as weU ."  

l n  the case of CFLs, rna iket penetrati n 
h a  uffered from other problem too. As 
revea led by a s rie of E PRJ-spo, ored 
surveys, consumer have had number 
of techn ica l concern - about FLs, inc lud ­
ing th qua l i ty of l igh t  they provide, their 
ize, and the fact that they cannot be 

FIRST COST 

A relatively high purchase price can 

discourage consumers from buying 

an energy-efficient technology, although 

first-cost concerns often take a back· 

seat to other interests,  such as 

performance benefits and reliable 

brand names. 

dimmed . By contra t , ha logen lamp -
more efficient than incande cen ts but  less 
efficient than CFLs-are becoming a b ig hit 
among con umer . And it '  no wonder, 
i nce the produce a br ight,  wh ite l igh t, 

barrier be overc me. 
To hel p in th i  effort, EPRI il!1d th Ed i -

on El ctric Jn t i tl1te are setting up a fund 
for re ea rch gea red towa rd increasing op­
portu n i t ies for, and remov in g ba rrier to, 
the deptoymen t  of electrotechno l ogies. 
l11e fi r t two projects identified for the 
fund are a market as es ment  of heat 
ptunp water h ater and a n  ana lys i of 

natura l ga c ol ing issue . Th i n ten t of 
the heat pwn p water heater project i to 
d velop accu ra te information on instaUa­
t ion cost , m11rket barriers, and customer 
acceptance issue in re pon e to a U.S. De­
partment of Energy proposa l that would 
effect ively eliminate the manufacture and 
·a le of electr ic re i tance water heater . 
11,e econd project wi l l focu on a et of 
tudies, sponsored by th gas cool i ng in­

du ·try, tha t h igh l ight the benefit of gas 
cooUng qu ipment. Resea rchers for this 
project wi l l  develop a response tra tegy 
for the electric ut i . U ty 1ndu try. 

Big customers 

Because u ti l i ty cu tome.rs i n  the commer­
c ia l and ind ust r ia l sectors h e a ve ted 
in tere t in the bottom line, they a ie gen­
era Hy more intere ted i n  co t -sa ing, en­
ergy-efficien t tech nologies tha n a re resi­
dent ia l  customer . High-efficiency fl uo­
re cen t lamps, motors, heat pu mps, a nd 
specia l -appl icat ion technologie l i ke in­
d uct ion hea ting a re ju t some of the many 
energy- av ing teclmologie· commonly em­
p loy d in these sector . 



MEETING CONSUMER NEEDS Often, efficient 

technologies are successful because of strengths 

unrelated to their capacity for energy savings. Such 

was the case with the microwave oven, now used in 

79% of U.S. homes. Few consumers purchased the 

microwave because it saves energy over conven· 

tional cooking methods. Rather, the technology's 

appeal lay in its rapid cooking capabilities, which 

met the pressing need of a burgeoning number of 

dual-income families. EPRI researchers are hoping 

for similar success with the microwave clothes 

dryer, which is expected to be as much as 65% 

faster than conventional dryers when it hits the 

market in three years. 

"Industrial and commercial customers 

are far more likely to make calculations 

of payback periods than are residential 

customers," Evans says. "They also have 

the knowledge and resources necessary 

for making accurate technology compar­

isons." In most cases, commercial and in­

dustrial customers seek a payback period 

of three years or less. Residential cus­

tomers, however, are not likely to invest 

the effort to calculate payback periods. 

By the year 2000, EPRJ researchers pre­

dict, as much as one-quarter of the energy 

used in the commercial sector and over 

two-thirds of the energy used in industry 

will power efficient technologies. But the 

researchers note that there are still major 

opportunities for efficiency gains, through 

both existing and new technologies. 

One big potential source of energy sav-

ings is the advancement of electric motors, 

which account for some 67% of the elec­

tricity consumed in the United States. EPRJ 

is working on a series of advanced motors 

that take advantage of progress made in 

both power electronk converters, which 

enable control of speed and torque, and 

permanent magnet materials, which can 

now provide up to 10 times the energy 

density of conventional materials. Prod­

ucts expected to be commercialized in the 

next two years include the converter-opti­

mized, five-phase permanent magnet syn­

chronous motor. Developed in collabora­

tion with McCleer Power Company and 

the University of Tennessee at Knoxville, 

this advanced motor can be used in appli­

cations ranging from heating, ventilating, 

and air conditioning systems to machine 

tools and even off-road electric vehicles. 

Even though commercial and industrial 

customers may be relatively receptive to 

efficiency, they still have unique concerns 

that can hinder their adoption of efficient 

technologies. For instance, investments 

that improve the corporate image may be 

highest on the priority list. As a result, a 

company may opt to upgrade a piece of 

machinery or invest in an advertising 

campaign rather than upgrade its lighting 

system, even if the new lighting system 

offers a faster payback. For manufactur ­

ing processes, a common concern is the 

risk a new technology might pose to the 

quality of the product, particularly during 

the early stages of the technology's use. 

First cost-in perspective 

In all sectors, the consumers most resis­

tant to energy-efficient technologies are 
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those who own but do not live in or use 

the buildings that will house the technolo­

gies. In many cases, these consumers are 

also not responsible for the resulting en­

ergy bills. Thjs category includes absentee 

landlords and developers. Mainly inter­

ested in maximizing profits and minimiz­

ing expenses, these customers have a good 

incentive for choosing the least expensive 

equipment allowed by local and state reg­

ulations. 

Although first cost may be a primary 

concern for absentee landlords and devel­

opers, EPRl researchers say, it is-surpris­

ingly-not the main issue for most cus­

tomers. "We've become obsessed with the 

first-cost issue," Evans says. "First cost is 

not the be-all and end-all for most con­

sumers." Jn fact, he says, many consumers 

put factors Sltch as brand name ahead of 

cost in considering the purchase of new 

technologies. In all, EPRJ researchers have 

identified some 22 factors that commercial 

and industrial customers typically con­

sider in making thcir purchase decisions. 

Residential customers typically weigh 

more than a dozen factors. "We're not say­

ing that first cost doesn't matter at all-it 

certainly does,'' says Evans. "We're just 

saying that utilities should view it in rela­

tion to other, very important customer 

needs and wants." 

A recent success story in the residen­

tial sector is the EPRJ-sponsored Un-STAT 

thermostat, manufactured by PSG Indus­

tries. During its first year on the market, 

SAVINGS DIFFICULT TO MEASURE 

It's often difficult for utility customers 

to pinpoint the appliance-specific source 

of their energy savings from the more 

general information typically offered 

on an electric bill. 
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consumers bought more than 350,000 

units, even though the units cost almost 

twice as much as conventional line-volt­

age thermostats. Aside from being more 

energy-efficient than conventional tJ1er ­

mostats for electric heating systems, this 

thennostat provides greater comfort, main­

taining temperature to within 2°F of its 

setting. Its digital liquid crystal display 

not only provides a precise readout but 

also gives the device the contemporary 

look many consumers desire. But perhaps 

most important, this thermostat solves a 

problem pervasive among tJ1e electro­

mechanical thermostats on the market­

the problem of temperature fluctuation, 

whkh can make a space uncomfortably 

warm or cool. L1n-STAT's frequent cycling 

enables a near-constant temperature by 

preventing the heater from overshooting 

the thermostat's set point. "People don't 

buy heat," says Kesselring. "They buy 

comfort." 

One significant customer desire in the 

residential sector is aesthetic appeal. Even 

consumers who are informed about and 

interested in efficiency may opt for a less 

efficient appliance if it looks significantly 

better than an efficient model. For in­

stance, a buyer might select a dishwasher 

with an electronic keypad over a more 

efficient and higher-performance model 

with buttons and dials on the panel. 

"We're talking about a 15-year investment. 

Selecting the most modern-looking appli­

ance is a high priority for many home­

owners,'' says Kesselring. "Some antici­

pate selling their home at some point in 

the future, and they don't want their ap­

pliances to look outdated." 

Really? 

A concern that spans all market sectors is 

consumer skepticism about technology per­

formance. According to EPRJ's report on 

overcoming barriers to technology adop­

tion, "The commercial and industrial mar­

ketplace for energy-efficient devices is re­

plete with stories of installations which 

did not work, of promised savings which 

did not materialize, and of reversion to 

old systems because new ones were too 

complicated or cumbersome to operate." 

For businesses, there's an additional con-

cern about liability, given the potential le­

gal problems associated with using "un­

proved" technologies. 

Residential users have experienced sim­

ilar frustrations. For instance, the radiant 

barrier, an aluminum foil product de­

signed to keep heat out of a house during 

warm months and to keep it in during 

POOR AESTHETICS 

Energy efficiency is not necessarily 

synonymous with good looks when it 

comes to appliances. And given a choice 

between the two characteristics, 

consumers will often opt for the latter. 

cold months, was overpromoted in the 

late 1980s. One company claimed that the 

product could save more than -10%, of a 

household's energy bill. Alert consumers 

immediately recognized this as an exag­

geration, since heating costs alone do not 

often represent such a significant portion 

of the energy bill. Other companies mar­

keting the same product were reluctant to 

contradict the inflated claims, fearing that 

they would sacrifice their own business. 

"This was a case in which the product 

was so overpromoted that the commer­

cializers eventually killed their own mar­

ket," says Kesselring. "No one trusted iL" 

He notes that a similar mistrust hindered 

the heat pump market. The early heat 

pumps of the 1950s and 1960s hit the mar­

ket with some technical problems that 

consumers did not discover until after 

they had purchased their units. Since that 

era, a number of techrucal improvements 

have breathed new life into the heat pump 

market. But the market sb·uggled for years 

to gain the consumer confidence it has to­

day. 



Closely related to the skepticism issue is 
customer concern about reliability. "Par­
ticularly when it comes to the more sig­
nificant purchases-water heaters, refrig­
erators, air conditioners, and the like-­
consumers, builders, and installers want 
to know that the equipment will last for 15 
years without any problems," says Evans. 
But energy-efficient products often do not 
have an extensive track record because 
they are so new. 

Getting to market 

Another set of potential barriers involves 
market infrastructure. Some of the barriers 
in this category-for example, turnover 
rate-are virtually impossible to control. 
The turnover rate for a given product 
helps determine the annual market for 
that product. In the case of refrigerators, 
which wiJl typically last for 12 years, 
this means that the maximum potential 
market penetration for a new refrigerator 
technology is only 8% in any year. And 
given other factors, such as the alternative 
technologies available, it is virtually im­
possible for high-efficiency refrigerators to 
achieve the entire B�o penetration. 

More-controllable market infrastructure 
issues include the ability of the product 
distribution system to make the product 
available and to get it to the customer who 
wants it. 1f supply cannot keep up with 
demand, there's a potential for losing con­
sumer interest to a competing product or 
products. Customers also want to know 
that a reliable service organization will be 
available in the event of a problem with 
their new technology. And any service or­
ganization would like to be assured that it 
can get the parts its workers need to repair 
the technology. 

Market experts say that i f  a product is to 
succeed, its use should not force a sign.ifi­
cant change in consumer behavior. But 
there have been some exceptions to this 
rule. Electronic mail, fax machines, and 
overnight delivery services are all prod­
ucts that required changes in behavior yet 
still experienced phenomenal success. An­
other classic example is the microwave 
oven, which was introduced with the un­
derstanding that the technology required 
special dishes. Nevertheless, the time sav-

ings and convenience offered by the oven 
were overriding strengths. Soon micro­
wave-proof dishes were available on store 
shelves across the country, and consumers 
eagerly snatched them up. Today, a wide 
assortment of foods, including soups, din­
ners, desserts, and snacks, are available 
in microwave-proof packaging, complete 
with directions for microwave prepara­
tion. 

KesseJring anticipates similar success 
for the microwa\'e clothes dryer now be ­
ing developed for EPRl by Thermo Energy 
Corporation and ASTeX/Gerling Labora­
tories. Like the microwave oven, the mi­
crowave clothes dryer meets an existing 
need. "One problem with conventional 
dryers is that the drying takes so much 
longer than the washing that you've al­
wc1ys got the wash load backed up and 
waiting," Kesselring notes. The micro­
wave dryer is expected to be as much as 
65% faster than conventional dryers. It 
works by evaporating water molecules 
rather than by heating the cloth itself, as 
is the case with conventional dryers. This 
means that the drying process occurs at 
cooler temperatures, which is good news 
for delicate fabrics. [n fact, the microwave 

CHANGE IN BEHAVIOR REQUIRED 

New products that require consumers 

to change the way they behave 

will often meet with rejection in the 

marketplace. 

dryer 1s expected to save money on dry 

cleaning. The lower temperatures are also 
expected to help durable materials last 
longer. 

Researchers are working to eliminate the 

dryer's remaining technical bugs before 
its commercial introduction, which is ex­
pected within three years. The researchers 
have already overcome the obstacles posed 
by zippers and buttons. Now they are ad­
dressing the scorching problem that can 
be caused by objects such as hairpins and 
paper clips. 

Utility action 

A number of utilities already offer spe­
cial programs designed to address some 
of the common barriers to the adoption 
of new technologies. Perhaps the most 
popular among them is the rebate pro­
gram. Through rebates on products rang­
ing from CFLs to high-efficiency refrigera­
tors, utilities have convinced some con­
sumers to opt for more-efficient technolo­
gies. As is the case with the free samples of 
cereal, soap, and other products conswn­
ers receive in the mail, the idea is to get the 
consumers to try the new product and 
then become hooked. 

But rebates should not be the only factor 
keeping a market afloat. Many market ex­
perts believe, for example, that without 
the current utility subsidies, the CFL mar­
ket would eventually evaporate. "That is 
not how a rebate program should work," 
Evans says. "The idea is to help manufac­
turers and sellers develop self-supporting 
markets for these technologies. After a few 
years, once there are enough units in the 
field and savings and performance have 
been documented, the market should be 
able to sustain itself." 

Indeed, subsidies are not usually enough 
to ensure that new products succeed. As 
EPRl's research suggests, information and 
education are also critical. Evans notes 
that gathering data on relatively new tech­
nologies is particularly important, since 
the information can be used to de,·elop a 
case for reliability. He recommends that 
utilities take advantage of their marketing 
and information infrastructures to dissem­
inate such valuable information to con­
sumers. 

Utility influence can go well beyond the 
dissemination of information, however. 
Because of their direct link to so many 
consumers, utilities often have the clout to 
encourage manufacturers to improve the 
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SETTING THE STANDARD To help improve the nation's energy use, the federal government sets efficiency standards 

for residential appliances and regularly reviews them to determine whether they should be upgraded. At this time, no such 

standards exist for commercial and industrial equipment. 
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performance and energy efficiency of cer­
tain products .  As Kesselring notes, "Util­

ity customer represent a significant po­

tential mark t for these manufacturer . 
The chances are that if a utility wants to 

promote a specific prod uct through a spe­

cial program, the manufacturer is going to 
l isten to utility suggestions about  how to 

improve that product. " 
A number of uti l itie have a lready taken 

ad antage of their influence by joining 

together in consortiums gea red toward 
improving specific technologies. For in­
stance, the Office Technology Efficiency 
Consortium-established by electric uti l i ­
ties, government agencies, and re earch 
organizations, including EPRJ-works with 
equipment manufacturer and la rge com­

mercia l cu tomers to improve the energy 
performance of automated office technolo­

gies. Specifica lly, the group is intere ted in 
making tho e technologies more nergy­
efficient and in solving associated power 

quality problems. 

Similarly, the Consortium for Energy Ef­

ficiency (CEE)-con i t ing of uti l i tie , the 

.S. Environmental Protection Agency, 
and advocacy groups like the atural Re­

source Defen e Council and G reenpeace 
-works to promote the energy efficiency 
of a number of appliances. The group's 
first major project wa the wel l-publicized 
Super Efficient Refrigerator Program, which 

promised $30 million to the manufacturer 
that produced a model 25% more efficient 
than the federal standard. The winning 
model also could not contain chlorofluoro­

ca rbon . Whirlpool won the competition, 

and i ts refrigerator is now on the ma rket 
in selected regions of the U nited State . 
CEE is now spon oring projects on CFLs, 
laundry technologies, and ground-source 
heat pump . 

1t i cr i tical that ut i l i ties care.ful ly  ana­
lyze the need of their cu tomer before 

select ing or designing new products or 
ervice . EPRJ re earcher point out that 

by grouping customer according to simi-

lyze customer needs. CLAS IFY hel p uti l i ­
tie group end u er into behaviora l eg­
ments ba ed on the i r  atti tude toward a 
wide range of energy-related topic . 

In addition, th r earch r recom mend 
that u t i l i t ies employ techniques, uch a 
the customer alue d ployment (CVD) 

process, that wil l  help them en ure market 

ucces . lntrod uced in Japan in 1 973, the 
CVD process has helped del iver a number 
of product to th market in one-thi rd the 

time it ta ke through con entional pro­
ces es and for half the co t. A mong the 
more than 100 U.S .  fi rm that have rel ied 
on this techn ique a re erox and Ford . Ex-

PROBLEMS WITH INFRASTRUCTURE 

Market-related issues-as simple as 

ensuring that ret a i lers can stock an 

adequate supply of a new product-can 

also affect a product's success. 

amining cu tomer need i integral to the 

CVD proces , a l  o know n as qual i ty func­
t ion deploym nt. "lt ' · a l l  abou t  gett ing it 

r ight at the begi.J111 i .ng," Evans say . 'The 

problem become more exp n ive and 
more d i ffi cu l t to sol ve as tim e  goe on. I f  
barrier related t o  in frastructure a n d  cus­
tomer preferences are addressed early in a 

pr duct ' develop ment, that product will 

have a m uch better chance for ucces . " 

The current en ironrnent of increa i ng 
competition in the ut i l i ty u1d ustry could 

Jar requirements and need , ut i l i tie can ha e a signi fica n t  i mpact on future ffi -
more effectively market products and ser-

ice to them. The CLASSIFY system-an 

EPRJ-developed collection of methodolo­

gies, report , software, and other tool -i 
designed speci fical ly to help utilitie ana-

cl.ency programs. Since uch programs are 
typica l ly written into a util ity's rate ba e­
a practice that al low utilities to recover 

program co t · thr ugh electr ic rate -they 
could be percei ved as making uti l ities le 

competiti ve .  For exa mple, if a util ity faces 

tiff competi tion and a cessa tion of effi­
ciency progra m would re u l t  in a corr -

ponding red uction in electric rat I the 

progra m ' existence could be thr aten d. 
The other po ibility, Evans point out, 

is tha t ut i l i ties may begin to market the e 

programs for a fee charged only to cu 
tamers who participate in the program . 
[n fact, some uti l i ties are already e l .L ing 
cu tomer uch services a power qual ity 

con uHation and in-depth energy audits. 
" It '  imilar to the transi tion that the tele­

phone companies went through , "  Evans 
ays. "Cu tom r u sed to get one type of 

phone service for which they paid a fla t  
fee. ow they've got a choice of  additiona l 
features l i ke voice mail ,  call wait ing, a nd 
even voice recogni tion, which a re help ing 
d i  tingui h competitor from one another." 

Regard les of how thj ng shake out in 
the u t i l i ty industry, i t  i clea r that the prob­
I ms u t i l i t ie currently face l.n gett i ng cus­
tomer to buy nergy-efficient technolo­

gie wi l l  recur in the future as ut i l ities 
begin to offer other innovati ve products 
and ervice , uch a power quali diag­
no e , rea l- time pricing, and advanced 

load management. Opportunitie to tap 
new markets wi l l  i ncrease as the indu try 
move toward deregula tion . By under-
landing the barriers tha t  hi nder the wide­

pread acceptance of new prod uct and 
service , util i ties can posit ion them elv 
for success in the comp titive ma rkets of 
the future. • 
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ing Tools  & DSM Business Uno! and John Kessel ring ol the 
group's Res1den11al & Sma l l  Commercial Business Unit 
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THE STORY IN BRIEF Air quality regulations are encouraging the use of electric vehicles at urban airports across 

the United States. In many ways, airports offer an ideal application for EVs, given the short distances and pre­

dictable routes that airport vehicles typically travel. Even considering the emissions from power plants supplying 

electricity to an airport, the replacement of internal combustion vehicles with comparable electric-powered 

vehicles significantly reduces pollutants that contribute to such environmental problems as smog, haze, and 

global warming. Through EPRl's Airport Electrification Project, utilities in urban areas are working in partnership 

with their airport customers to devise strategies for the cost-effective implementation of EVs. 

quiet revolution has 
gained a foothold on 
the tarmac of urban 
airports across the 
United States. Slow­

ly but surely, air­
ports and their 
tenants, includ-

ing air carriers 
and the companies that service their air­
craft, are taking steps to electrify the mul­
titude of gasoline- and diesel-powered ve­
hicles that swarm airport grounds 24 
hours a day. The movement to replace 
or convert internal combustion vehicles 
ranging from baggage carriers to shuttle 
buses is being propelled largely by air 
quality concerns. 

Airports can be a significant source of 
air pollution in urban areas. And while 
electrification can't do much for the emis­
sions coming from the airplanes them­
selves, it can dramatically reduce vehicle­
generated pollutants, which contribute to 
such environmental problems as urban 
smog, global warming, and haze. Indeed, 
electric vehicles (EVs) release no on-site 
emissions. And even when the emissions 
from power plants supplying electricity to 
the EVs are taken into account, the pollu­
tion reduction advantage of EVs is signifi­
cant. Two recent EPR1-sponsored studies 
show that- power plant emissions and 
all- the electrification of vehicles at urban 
airports can reduce three key vehicular 
pollutants by more than 70%. 

Ideal application 

In many ways, airports are an ideal appli­
cation for electric vehicle technology. The 
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by Leslie Lamarre 

airport rElfolution 
EV's relatively short mileage range be­
tween charges (compared with gasoline­
powered vehicles)- a  source of concern in 
highway applications- is generally not an 
issue at an airport, since vehicles used 
there tend to travel short distances. Fur­
thermore, airport vehicles typically follow 
predictable routes, which facilitates the lo­
cation of EV charging stations. But per­
haps even more signjficant, most of the ve­
hicles used at airports spend a lot of time 
idling and accelerating. For gasoline- and 
ruesel-powered vehicles, this means fuel is 
used inefficiently and, given the short rus ­
tances traveled, a high level of pollutants 
is released. 

Since EVs use energy only when they are 
moving, they are much cleaner and more 
efficient than their internal combustion 
counterparts. The efficiency advantage can 
also make them cheaper to operate. B e ­
cause £Vs have few moving parts, their 
maintenance costs are considerably lower 
than those of conventional vehicles. Other 
benefits include a reduction in noise and 
vibration. For utilities the advantages are 
obvious: EVs provide a source of addi­
tional income while making productive use 
of off-peak power generating capacity that 
might otherwise be underutilized. 

These advantages have already con­
vinced some airports and their tenants to 
adopt a certain number of EVs. Boston's 
Logan £nternationa1 Airport recently or­
dered eight EVs as a first step toward re ­
placing its entire fleet of conventional ve ­
hicles with alternative-fuel vehicles. Los 
Angeles International Airport is operating 
a new 31-foot electric shuttle bus and 
plans to replace 80% of its 677 vehicles 

EPRI JOURNAL October/November 1994 25 



BOTH SIDES OF THE TERMINAL Electr ic-powered vehicles and equipment 

are ava i lable to meet needs on both the passenger-entry side of the terminal 

(referred to as the ground side) and the aircraft side of the terminal (the air 

side). EPRl's studies have shown that many of lhe economical ly altractive 

options for electrification are on the air side, through technologies l ike push· 

back tractors, baggage carriers, and ground-power units. Ground-side 

opportunit ies include shuttles, sedans, pickup trucks, and vans. 
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with alternative-fuel models. And since 
1993, international baggag at Chicago's 
O'Hare International Airport has been 
sorted in a 21 0,000-square·foot, aU-electric 
baggage room complete with ba ttery-oper­
a ted baggage tractors, electric conveyors, 
and other electrotechnologies. 

Still, though, most airports today employ 
few £Vs. Hoping to change this scenario, 
a group of EPRI member utilities has joined 
the Institu te's International Airport Elec­
trification Project, which got under way last 
year. As part of this project, researchers 
are developing site-specific strategies for 
the cost-effective implementation of EVs at 
participa ting ai rports. So far, nine EPRI 
member u tilit ies, in locations ranging from 
Boston to Houston to Los Angeles, have 
joined the project with their urban airport 
customers. "Electric utili ties are just begin­
ning to realize the kind of influence they 
can have in encouraging airports to ex­
plore the advantages offered by EV tech­
nology," ays Gary Purcell of EPRI ,  who 
manages the project. "And airport aie just 
beginning to understand the breadth of in­
formation and other forms of assistance 
that u t i l i ties can provide . "  

Incentives 

According to the Energy Research Group 
(ERG), the contractor overseeing EPRI's Air­
port Electr ification Project, only 5% of the 
approximately 41 ,000 service vehicles now 
operating at the major U.S. airports are elec­
tric powered . By contrast, EVs are more 
commonly used in Europe. David Owen, 
an EV project manager for PowerGen, an 
English util ity and EPRI a ffiliate, reports 
that about 30% of the vehicles servicing 
airplanes in the United Kingdom run on 
electr icity and that airports in other Euro­
pean countries employ a similarly large 
number of EVs. "Petrol is more than three 
times as expensive in Europe as it is in the 
United State ," say Owen. "This ma kes 
the bu ine case for investing in EVs more 
attractive in Europe . "  

Ri k Bleij , technical coordinator for EV 
research at Electricite de France (EDF), 
notes that Europe's more extensive u e of 
EVs at airports reflects the region's greater 
reliance on EV in general. Among other 
applicat ions, EV have traditionally been 



BIG IMPACT As this chart shows, the use of electric vehicles at two urban airports offers the potential  for substantial reduc­

tions in vehicular emissions. In calculating these reductions, researchers considered only EV technologies identical or similar to 

the internal combustion (IC) vehicles already being used at the airports. The result ing figures assume that al l IC vehicles with 

identical or similar EV counterparts are converted. The figures also incorporate power plant emissions that would result  from 

generating electricity for the EVs. Some airports will show an increase in S0
2 

emissions,  since popular power plant feedstocks 

l ike coal have a relatively high sulfur content while gasoline-fired engines release only trace amounts of S02• 

AIRPORT VEHICULAR EMISSIONS SUMMARY: AVERAGE RESULTS TO DATE (Pounds per Yea,) 

Particulates Hydrocarbons Carbon Monoxide Nitrogen Oxides Carbon Dioxide Sulfur Dioxide 

Current level 93. 1 36 

Level with EVs 25.640 

Potential  reduction 67,496 

Percent reduction 72% 

used for milk del ivery in the Uni ted King­

dom . "European towns are smaller and the 

distances traveled are much horter, o the 

EV makes good sense," say Bleijs, not ing 
that EDF ha 350 electric fleet vehicle of 

it own and plans to increase the number 

to 650 by the end of tl1e year. He adds tha t  

t h  grea ter population density o f  Euro­

pean citie and a growi ng concern for pro­

tecting historic architecture from degrada­

tion by automobile exhaust have also en­
couraged tl1e use of EV . 

1n the United States, a combination of 

habit, higher capital co ts, and lower gaso­

l ine prices have prevented the electric ve­

hicle from penetrating the ai rport market .  

"A i rports and their tenants have been buy­

ing ga ol.ine- and die el-fueled vehicles 

for years," notes Stephen Allen, a project 

manager at ERG. " Unti l  now, they h aven ' t  

had much incentive to purcha e electric 

vehicles, which are largely unfami l iar to 

them and tend to carry higher capital 

costs . What they're starting to rea l i z  is 

tha t  in man ca e. the other advan tage of 

EVs can fa r outweigh U1e init ia l expense . "  

The EV advantage currently d rawing tl1e 

most interest is that of air quality enhance­

ment .  Increasingly stringent environmen tal 

regulations are encouraging U.S. airport 
and their tenants-includ ing aiI carriers, 

car rental companies, catering busine es, 

and the firms tl1at run the vehicles ser­

vicing the ai rcraft-to evaJ uate EVs more 

closely. For in tance, regulations result ing 

453,294 1 0 .667,824 

1 1 6,740 2 ,7 1 7 ,631 

336,554 7.950, 1 93 

74% 75% 

from the 1990 Clean Air Act Amendment 

mandate that b 1998 aJl companies w ith 

10 or more l ight- and medium -du ty ehi­

cJes ( uch as ca r , ma l l truck , and van ) 

mu t rep lace these vehicle w i th lo\ -

emi  ion vehicles as the conven t ional ve­

lucle are r ti red. Low-em ission veh k les 

can include cleaner gasoline-powered e­

lude as wel l a a lternative-fuel vehicle , 

such as tho e powered by elech·ici ty or 

compressed natu ral gas. 

Typica l ly, car rental companie a t  major 
urban a irp rts fa l l  into thi category. So 

do airport owners. Som , l ike the Ma a­

chusetts Port u U1ori ty (Ma sport), which 

owns and opern tes Logan, a re making an 

effort to stay one tep ahead of the regula­

t ions. According to Tom Cham pion, Ma 

port's assi tant  to th director of av iation, 
Mas port i developing a plan to replace 

v i rtua l ly al l  of the 1 94 vehicles i n  i t  a ir­
port-ha ed fleet w.ith a l ternative- fuel vehi ­

cle ; e ceptions a re fi re-rescue, pol i c  , and  

other emergency velucles. assport a ims 

to devise i t  vehide repl a cement plan b 

1 996, two years al,ead of the En iron men­

tal Protect ion ge.ncy's chedu le .  "Es en­

t ial ly, we've e tablished our own req uire­

ment," says Champion . " We're tryi ng to 

get a head start on the Cl an Air A t." 

Getting tougher 

Even more signi ficant in terms of nv iron­

mental regu lation i the federa l implemen­

tation plan (HP)  that the EPA recently p ro-

652 ,71 0 47,624 -,8 1 6  40 ,485 

1 97 ,644 33.265.679 51 ,685 

455,066 1 4.359 . 1 37 ( 1 1 ,200) 

70% 30% -28% 

posed for three ozone-hea v  nona tta !n­

men t a reas of Cai l loriua . onattainment 

ar as are geographic reg io1 i11 which the 

a i r  qua l i ty does not meet at ional Ambi­

en t  A i r  Qua U ty Standards ( 'AAQS). Cur­

ren tly, 93 metropol i t an a rea in the Uni ted 

Sta te fa l l  i n to this category for ozone pol­

lution. 

Under the Clean Ai r  Act, ta te a re re­

quired to fi l e sta te implementation plans 
(S ! Ps) i nd icating how th y wi l l  comply 

w i th the AAQS. [n Ca l i forn ia, loca l env i ­
ron menta l groups argued tha t the S IP  was 

not tringen t enough and succes fuU y 

sued the EPA, which Wc'I S then required to 

i sue a more demanding F rP. The p ro­

p -ed Fl P ts strategie for a tt a i ning the 
N AAQS for ozone by either 1 999 r 2005 i n  

Sacra men to, b y  2005 in Ventu ra, a n d  b y  

201 0  in the Sou th Coast r gion . To meet 

the e tandard , urban a i rport in these re­

gions-j u t one type of e tab l ishment a f­

fected-wou ld have to red uce relevant 

emissions anywhere from 20% t 45% be­

low the 1990 level . Tho·e exceed ing thei r 

l i m i t& wou ld be fined a cord ing to the 

level of the i r  e.-xce s emi · ions. The E.P 

ha held hearing on the p rop sal and wiU  

is ue i t s  fina l Fl P in February 1 995. I n  the  

meanti m , l oca I a i r  boa rd for  the a ffected 

reg ion a re develop ing their own si rs, 

w h i  h mu t be ubm itted to the EPA in 

ovem ber. 1£ the EPA approves the e loca l 

plans, they could replac the p roposed 
federa l controls .  
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Th a l i fornia FJP rcpres nts a n w ap-

proach for the EPA in con tro l l ing m i  -

ions at airports. Whil the PA t cm i  -

sions tandard for pecific equipmen t l ike 

aircraft engine and the a rious fos i l ­
hteled vehicle employed a t a i rptnt , i t  ha 

never before proposed the so-ca l l d bub­
ble approach at a i rports; th i  approach 

t overa l l  emi ion l imit- and 1 t bu i­

n s op ra tors d cid th pr cis actions 

they w i l l  take to reduce lho e emi sion . 

me obser vers have ra i ed quc-tions 

abou t the governmen t's ri ht to in1po-e 

vcrtheles , 
a i rports in other sta te a re bracing them-

el  es for mor -stringent regu ir  m nt . 

Airport wners note tha t Ca l i f<  rnia has 

been known to set trend · in en ironmen­

ta l law. They poin t to the tat ' landmark 

legisla tion of 1 0 mandating that ,  b 

1 99 , 2°'., f the v hide- old be zen -emi -

at current levels-or mll i ng them back­

even as we move to accom modate signifi­

cantly more pa enger ." 

C nstructi n for the modernization proj­

ect, , hich includt! an aboveground lcc­
tric people-m wer y tern, w i l l  get under 

way ne t pring. Concurr ntly, Ma port 
w i l l  pur  ue it i.ntr  duction of add i t i  na l  

a l t  rnat iv  -fu I v h id s. I n  most ases, 

Champion sa , the airport wilJ rep lace 

its gasol ine- and d ie  I-pow red ehide 

wi th  ei ther electric or compr s ed-na tura l ­

ga veh icle as  the c nven tiona l  veh icle 

are retir  d. H wever, f d1:m1 I grants ma , 

a l low for the early replacement of . ome 

veh icle . Plan a l o ca l l  for five qu ick­

charge V kio k , t he f i r  t of which i 

ched u led to be in ·ta l ied nex t ea r. fn U,e 

menntimc, the 1;i ht 'V Logan ha or­

dered can be charged through tandard 

LO- and 240-v< I t  u t let . The oth r ,  h i -

a ssm n ts had imi Jar  re u l t  , h w ing­
that ab ut 70"/n of the inven toried in terna l  

c mbu-ti n ( IC) ehicle and eql1 ipm nt  
at L gan  and 74% of tho e at San Dieg 1 

can be r placed wi th exi t ing tech nolo­

gies ei ther id n tica l lo or imiJar t thei r 

I counterpa rt . Wh n the I veh id s tha t 

cou ld b converted to el ctric m de! are 

i nc l uded, the totals i ncrease to nea r ly 96% 

for ogan and 9 % fl r San Diego. 
Since data pertai11i11g lo onverted veh i ­

cle a r genera l ly in ufficien t ,  detai led 

cornparis n - w re performed mly f r the 

replacement EV . Environmental  as e 

m n ts  . howed tha t a t  both airport· the re­

placemen t e lectrotechno logie wou ld re­

· u l t  in reduction · of m< re than 70'V., i n  

veh icl - rela ted pa rt iculate, hyd r  ·a rbon, 

and carbon mono · ide mi. s ion . Th re -

be as grea t a 701¥.,, d pending on the type 
sion vehicle . Fi e other ta t have i nce de to be acqu ir d can b pl ugge in and and number of vehi le· con er t  d .  a rb  n 

adopted im i la r  r qu iremen ts. charged in a si m i lar  fa·h ion . Du ring the d io  · ide emi ions cou ld fa l l  b a round 

In itiative from Boston 

no,e airports, ud1 as L gan, a se prepar­

i ng for upcom ing regu lation b tudy ing 

and planning for the use of a l temat i ve­

fu J vehic le . 1 11 devising i t· plan , Logan 

working do ely \ i th Bo:.ton ·di on 

Compan  and other util it ie . ln fact , "a -

Purcel l of FPR I, Bii- lon Edi on gave EPRI 

lhe idea f r the A i rport leclrifica ti n Proj-

cl. "They pr vid d th pa rk,' ' he reca l l  . 

"They were righ t on top of thi i ue and 

a lerted PR ! to i t .  And when we I oked 

around,  we found there were a lot of ther 

ai rport in u rban a rea with imi lar n . d ." 

A part of it plan for acqu i ring a l tern,1-

two edan I two pickup , ai1d a van. c­

cord ing lo Champion f Mas port, L gan '  

upcom ing 1 .5 bi l l ion, 1 ()-yea r m derniz,1-

t ion project offers an idea l opportuni ty for 

EV acquisi tion . ''Th i proj ct ha · brought 

us u11der tremend u crut iny b ,  env i ron ­

men ta l regli latory agencic and commu­

n i ty gr up ," says Champion .  "W there­

fore have a v ry powerfu l incent ive to 

dev lop aggr ssive envi ronmenta l  mitiga ­

tion programs. An al ternative-fuels pro­

gram help demon trate our c mmitment 

to ho ldJng adver e en\' ironmenta l impact 
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in itia l eva l uat ion and tc t ing, sa ham ­

pion,  om v eh icle w i l l  b e  ta ken home by 

empl oye and charg d ernight. 

L ike ther a i rport prop rietor·, Mas p,irt 

wn on ly a sma l l  pMtion f the vehicle 

opera t ing on- ite-about  1 7% of the 1 1 0  

ehicl - invent ried for c PR I '  i rport 

Electri fica tion Project .  ight_ -two p rcen t 

o f  Logan' t nan ts-includ ing na tiona l 

and regional a ir  ca rrie , freight fonvard­

er , car renta l compa n ies, a v i at ion serv ice 

fi rm , and catering bu inc  e -pa rtic i ­

pated in EPR ! '  tud . ham pion note· 

tha t  w h i le the a i rport cannot forci: its ten ­

ant. to  convert to  a l ternati -fuel vehicles, 

i t  can c rta i n l y  �er ' a an e ample.  H 

a tha t pa rt f Lo a n 's vehicle replace-

ment pl an peci fi s that the a i rp rt in­

tends to w rk wi th i t  a i r l i nes a nd other 

major tenants to help th rn develop vo l un ·  

tary p l an  for ad pti ng a l terna ti ve-fuel 

vehicles .  

Study results 

o a r, EPR I '  A i rport l ctrification Proj­

ct ha pr duccd stud i f r Logan and 

for San Di go ln terna liona l Ai rport. t 

thi writing, a dra ft f a  tudy for La G uar­

dia Airp rt in ew York i nea r com ple­

tion. Studie of other participating airport 
a re under way. Th Bo ton and San Di go 

30%. 

u l fu r  d io · ide em i ion c >u l d  i nc rel:1 e 

or d creas , dcp nding- on the lo a l u t i l ­
i t  ' fuel m i :-.  and on the typt• of veh icles 

curr1:n t l_ emp loyed at the airport . For i n -

tance, SO? i norrna l l  p rod uced b coa l ­

and oi l -fi red power planL bu t  i · emi t t  d i n  

on l t rac am unts by gaso l i ne-fu I v -
h ide- . Pu rce l l  note tha t  an 0

2 
incr a 

n t a  cau e f r ala rm, ince th lea n A i r  

c t  Amendments ha\'e e t  a ap on the 

ov rai l  S0
2

1:mi sions a u ti l i ty i · al l owed to 

prod uce. ln oth r word , i f  an E 1 ad in­

crea ·e 0� cm i ·sion , the u ti l i ty  w i l l  re­

due em i ion · el ewhere. 

Econom ic compari ns i nd ica ted Lha l  

uch advan ta a s  Im er ma in ti:nance 
c t outweighed the higher purcha e 

pr i  e f EVs in many ca e . Thi:! tudy 

bowed that about hal f of the repl acement 

FV option for Logan and 75% of th s for 
an Diego hav l ow r f j f  -eye! o ts than 

the i r  I coun terpart . he L i fe-cyc le ca lcu ­

la t i  ns incorpora ted cost f r fue l , n1a i n lC'­

nance, and i n frastructu re (such a cha rg­

i ng facil i t i  ) . Whi le federal ta · cr,dHs 
and d du t ions for the use nf · \I were in­

cl uded, p t nt ia l  cofund ing from federa l 

and state go ernments was noL, inc su h 

financi ng is dete rm ined on a case-by-case 
ba i .  



ALREADY I N  USE Whi le only 5% of the 

roughly 41 ,000 service vehicles now 

operating at major U.S. airports are 

electric powered, an assortment of EVs 

are making inroads in specific airport• 

related applications. Here are just a few 

examples. 

Shuttle bus, cargo van, shop cart, Los Angeles International Airport 

Baggage carrier, San Diego International 

Airport 

All-electric baggage room, O'Hare International Airport 

Aircraft tug, Logan International Airport 
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Allen of ERG notes that most of the eco­
nomically attractive options fell into the 
category of air-side vehicles and equip­
ment. EPRT's study defines air-side vehi­
cles as those operating the majority of the 
time on the aircraft side of the terminal. By 
contrast, land-side vehicles are those that 
operate most frequently on the passenger­
entry side of the terminal. Air-side equip­
ment includes such technologies as belt 
loaders for conveying baggage onto air ­
craft; tractors for pushing planes away 
from the terminal; baggage carriers; and 
ground-power units, which provide pow­
er for air conditioning, heating, and other 
needs to airplanes sitting at the terminal. 
Ground-side equipment includes shuttles 
for conveying passengers from parking 
lots to airport terminals; utility trucks for 
snow removal, road repairs, and other du­
ties; and sedans, wagons, pickup trucks, 
and vans for conducting airport security 
activities, transporting materials, and run­
ning errands. 

Equipment available 

According to ERG, electric-powered fork­
lifts, tugs, sweepers, and belt loaders are 
just some of the currently available tech­
nologies that can directly replace IC equip­
ment. Electric-powered technologies that 
can be considered similar to their IC coun­
terparts, or indirect replacements, include 
pickup trucks, container loaders, and mo­
bile stair units. Technologies that would 
require a conversion include fuel trucks 
and flatbed trucks. Among the vehicles 
with no viable electrification potential at 
this time are de-icer trucks and wreckers. 

Electric vehicles have been used to a 
limited extent at U.S. airports for years. 
However, only a few of the electrotech­
nologies ERG cites as currently available 
are actually assembled and waiting to be 
purchased. As Bob Garzee, a vice presi­
dent with U.S. Electricar, explains, manu­
facturers typically produce most of these 
vehicles on demand from an array of 
available components. Over the years, his 
company has manufactured electric -pow­
ered baggage loaders, conveyers, tow ve­
hicles for small aircraft, catering trucks, 
and other equipment at the request of its 
customers. "Within the past five years, there 
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CHARGING TECHNOLOGIES Electric vehicle users can opt for on-board or off­

board charging systems. On-board chargers, which are contained within the 

vehicle, are made to be plugged into standard 120· or 240-volt outlets. Off-board 

chargers are located outside the vehicle. Charging through either on-board or off. 

board systems can take as little as 3-5 hours. Quick chargers, which will achieve 

a 50% charge in less than 10 minutes, are expected to become available within 

the next two years. 

On-board charger (integrated into power electronics box) 

Quick-charging station 



T 
o help increase the market ha re of 
off-road electric vehicles, such as 

those found at airports, EPRI estab­
Li hed the Nonroad Electric Vehicle Ap­
plica tions Consortium early th i year. 
So f ar, e en EPRI member u tilitie are 
participating in the co ortium, which 
aims to improve the performanc of 
off-road electric ehicles and equip­
ment and to promote th u e of such 
technologies in a wide var iety of appli­
cations. 

The consortium members have iden­
tilied a number of technologies and are 
currently pursuing projects to develop 
two of them: an improved electric bag­
gage tractor and a large-capacity elec­
tric lift truck. Tug Manufacturing Cor­
poration ha been selected to develop 
the baggage tractor, which will employ 
new high-p rformance motors and ad­
vanced batteries. Field test of the bag­
gage tractor are expected to begin at 
U .S. airports ometime in 1995. 

The intent of the lift truck project i 
to introduce a truck with a lifting ca­
pacity of 2000-7000 pound that wiJ l 
show a dramatic performanc improve-

hasn't been a big demand for the e kinds 
of vehicles," Garzee ays. "Bu t  we're tart­
ing to see an increase in int rest now w i th 
the new air qua l i ty regu lation ." 

Alan Cla rk, vice president of opera tions 
for Tug Manufactu ring Corpora t ion, n te 
that increa ed demand has prompted his 
company to pur ue an enhanced ver ion 
of an electric-powered baggag tractor it 
has ld for 1 5  year . The ne, model wil l  
offer i mproved efficiency and r l iabil ity, 
h says. (EPRl i upporting the develop­
ment of this tractor. See the idebar for 
more information . )  Tug is also developing 
an electric version of its mobi le bel t  con­
veyor. 

EV cha rgers-de ice that convert uti l­
i ty power in to a form an EV can tore and 
u e-are also evolv ing. Charger available 

ment over existing electric models in 
th is s ize category. The most popular 
electric lift trucks currently on the mar­
ket are smaller-capacity models. For the 
most pa rt, the electric models with lift­
ing capacitie greater than 2000 pounds 
cannot compete w ith their gasoline­
powered counterparts. But given the 
increa ing demand for emi sion-free 
indu triaJ vehicl , con ortium mem­
bers anticipate a growing market for 
larger-capacity electric l ift trucks. The 
consortium is now in the proce s of e­
lecting a manufacturer to develop the 
lift truck and expects to begin testing 
the technology in 1995. 

Other technologies the onroad EV 
Consortium is interested in include 
electric lawn mowers, golf cars, and 
agricul tural machinery. In addition to 
pursuing its ehicle development proj­
ects, the con ortium i working to ad­
d ress cu tamer concern about off-road 
EV application , to a e the value of 
this market to elecb'ic uti l i ties, and to 
identify demand-side management op­
portunit ie related to off-road EV . 

Uti lities that are intere ted in joining 
the onroad EV Applications Consor­
tium should con tact Gary PurceU, (415) 
855-2168. D 

today i nclude both on-board technologie 
which a re contained with in the vehicle, 
a nd off-boa rd technologies, w hjch a re sta­
tioned at fixed locat ions out  ide the eh i­
cle. Most of today' on-boa rd charging 
y terns a re bui l t into the electronic of EV 

propul ion sy tern . The e charger en­
able EV to use the 1 20- or 240- olt ou tlet 
common in home and bu inesse . Charg­
ing through a 240-volt outlet typi a l ly 
take between 3 and 5 hou r for an electric 
car; u of a 1 20-volt outlet take twice a 
long. Charging ti me increa e w i th the 
size of a vehicle 's ba t tery. 

Off-board cha rging y tern employ 
both conductive and ind uct ive technol­
ogy. Whereas cond ucti  e ystems cond uct 
electricity directly, inducti ve ystem gen­
erate a magnetic field, which induc an 

electric curr nt to charge the battery. In­
ductive systems, which only recently ar­
rived on the market, involve no metal-to­
meta J  contact. Instead users in ert a pla tic 
paddle into a plast ic receptacle, or charge 
port, on the vehicle. Charging an electric 
car with off-board chargers currently takes 
as li t tle as 3-4 hours. A nd quick-charging 
systems are being developed that will of­
fer a 50% cha rge in le s tha n  1 0  minute . 
Such y tern are expected to reach the 
market in th next two year . 

Som electric-power d technologies, in­
clud ing catenary bus y terns and ground­
power unit , do not r qu i re dla rgers be­
cau e they tie d i rectly into the a irport's 
electric power ystem . Marc Goldsmith, 
president of ERG, env isions airports taking 
this concept one step furtl1cr by connect­
ing a i rcra ft to their air condi t ioning, heat­
ing, and pos ibly even fuel and ewage 
s tern . ome airport in the Southwe t 
have already replaced their portable fo -
iJ-fueled air conditioning unit w ith 

ho es imi l a r  to tho e u ed for venting 
hou ehold d ryers. Retrieved from benea th 
the ta rmac, the ho es pro ide a l i nk  to the 
terminal' indoor air cond i tion ing system, 
upplying cold air d irec t ly  to the aircraft. 

"I think  this is the wave of the future," 
Goldsmi th says. " I  su pect that instead of 
seeing trucks bringing water to the planes 
and hauling ewage away, we'll see piping 
systems embedded in the grou nd." 

Making it happen 

Although the l ife-cycle costs of EVs are 
often lower than thos of IC vehkles, the 
in i ti a l  cost of acqu i ri ng EV and m aking 
related infrastnicture cha nges, such as in-
tai l ing charging tations, can be a signili­

cant capital inve tment. 
A ariety of funding ourc are ava il ­

able to  help a irport implement EV pro-
grams. Generally, the urce fa I I  in to 
four categori : federa l government pro­
grams, ta te government program , spe­
cia l  arrangemen t w.i tl1 EV vendors and 
manufacturer , and grant from private 
foundation and other nonprofit groups. 
By far tl1e large t single ource of funding 
i the federa l government. The report 
produced through EPRI' Airport Electrifi­
cation Project offer more-detai led infor-
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AIRPORT ELECTRIFICATION PROJECTl UTILITY-AIRPORT PARTNERSHIPS 

Utility Alrport 

Bos1on Edison Company Logan International 

San Diego Gas & E lectric Company San Diego International 

Los Angeles Department of Water & Power Los Angeles lnterna.tional 

Georgia Power Company Hartsfield 

New York Power Authority La Guardia 

Houston Lighting & Power Company Houston Intercontinental 

PECO Energy Company Phi lade lphia International 

New Eng land Power Service T. F. Green (Providence, Rhode Is land) 

Northeast Utilities B rad ley International (Hartford , Connecticut) 

ma tion on the e funding source and the 

tax benefit currently avai lable to a irport 

pursu ing the u e of EV 

The degree of a i tance airport recci e 

from electric utilitie can vary dra matical­

ly, but i t  is clear that an increasing number 

of uti J i tie are eager to help their airport 

cu tomers with this issue. "ln our case, we 

knew that Logan was environmenta Uy pro­

active and was concerned about air qual­

ity," says Ma rk Warren, di vision manager 

of cu tomer technical support for Boston 

d ison. "Given our knowledge of the elec­

tric vehicle indu try, we knew that we 

cou l d  prov ide a valuable ervice. There's a 

lot of ynergy between V makers and 

electr ic uti l i t ie , and we fel t  we cou ld offer 

an information conduit ."  H add that a 

Bo ton Edison subsid iary, Boston Energy 

Technology Group,  is a distribu tor for the 

G Hughe Electronics l ine of charging 

equ jpment and i a great informa tion re-

ource. And what wil J  Boston Edi on get 

out of the collaboration? "Strategic load 

growth and an even tronger relationsrup 

with one of our bigge t customer ," ay 

Warren. "This i the kind of va lue-added 

customer ervice that pay off in a compet­

i t i ve bu ine environment. " 

Often u t i l i t ies wi l l  pa rticipate in a team 

of organizations intere ted in the advance­

ment of EV technologies . This is the ca e at 

Lo Angeles InternationaJ Airport (LAX). 
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The airport joined forces with the Los 

Angele Department of Water & Power 

( ADWP), GM Hughe Electronk , and 

Specialty Vehicle Manu facturing Corpora­

tion to try out a new 31 -foot electric bus 

prod uced by Specialty. The South Coast 

Air Qua l ity anag men t Di trict al o 

helped sponsor the project . 

Specialty's 32-pas enger bu features an 

innovative battery changeout  y tern. The 

verucle's battery pack is contai ned in a 

third axle designed for easy removal ;  vehi­

cle attendants can simply s l ide the axle 

out and replace i t  with a new axle holding 

a fre hly charged battery pack. Accord ing 

to Specialty, the changeout process takes 

only 1 0  minute . 

Since February of this year, the electric 

bus ha been tran porting LAX passengers 

between an airport pa rking lot and a cen­

t ral terminal area, a 4.8-mile loop. A re­

placement for a d iesel bus that ran the 

ame loop, the electric bu will eliminate 

some 5000 pound of smog-forming ernis-

ions by the end of it fir t year in u e, LAX 

report -including 3640 pounds of nitro­

gen oxides, 860 pound of carbon monox­

ide, and 1 65 pound of particuJates. In 

February 1995, the project team wil l  evalu­

ate the bu 's performance and determjne 

whether to continue i t  operation. 

The electric bus i just one element of 

LAX's overaJ l p lan to convert 80% of its 

677 diesel- and ga ol ine-fueled fleet vehi­

cles to alternat ive-fuel verude . LADWP 

has been col labora t i ng w ith LAX to de­

velop trus plan over the pa t three years. 

A part of the plan, more than 1 7% of the 

700 stall in a new parking tructure will 

be wired for EV charger that wil l  be avail­

able to the pubUc.  Con truction on trus 

pa rking tructu re w il l  begin late in 1 995. 

"Our objective is to attract enough inter­

e t in the e technologie to create the mar­

ket pull  needed to bring their costs down," 

says Tom Doughty, LADWP' director of 

electr ic transportat ion . "We envi ion LAX 

as a showcase-a place w here we can 

demonstrate a wide range of transpor­

tation a lterna t ives . " ot ing that LAX is the 

world' third bu ie t airport, serving 45 

mj)l ion pa enger a year, Doughty ay 

he'd l ike the 31 -foot electric bu to erve 

as a model for car r ntal companies, ho­
tels, and other busines tha t could em­

ploy similar technologie in thei r fleet . 

"Rea l ly," he say , "when it comes to dem­

on trat ing the advantages of electric vehi­

cles, airport are on of the be t venue 

around ." • 

Background 1nforma1ion for th is art icle was provided by 
Gary Purcel l  ol lhe Cus1ome, Systems Group's Eleclnc 
Transportation Business Unit. 



BIGGER DEMEO 

GOODMAN PETERSON 

EVANS KESSELR ING 

PURCELL 

E 
merging Markets for Photovol ta­
ics (page 6) wa written by Taylor 

Moore, Ju1minl senior feature writer, 
with as i tance from four memb r of 
the Generation Group's RenewabJes, 
Storage & Hyd ro Bu iness Unjt. 

John Bigger manage proj cts in u t i l ­
ity app l ica tjons of photovoltaics. Since 
la t pring, he has provided sta ff sup­
port a an EPRl loa ned employee to the 

Technical sources for Journal feature articles 

Utility PhotoVol taic Group in Washing­
ton, D.C. Bigger joined EPRI in 1976 
after 10 years a an engineer with the 
Lo Angeles Department of Water & 
Power. He received a BS degree in elec­
b·ical engineering from Iowa State Uni­
versity and an M degree, also in electri­
ca l engineering, from the Univer-i ty of 
Sou thern Cal iforn ia .  

Edgar OeMeo manage SPRI '  sola r 
power progra m .  He joined the In ti tute 
in 1976 after s veral year as a re earch 
as ocia te profe or of engineering at 
Brown University. DeM o s rved as a 
lieutenant in the U.S. aval R serve 
from 1967 to 1969 and taught in the Sci­
ence Department at th U .S.  Naval 
Academy. I-le received a BS degree in 
electrical engineering from Rensselaer 
Polytechnic Institute a nd MS and PhD 
degrees in engineering from Brown. 

Frank Goodman manages projects in 
utility applications of photovoltaics, in­
cl uding those under EPRI's CUE (Co­
operative Utility Experience) program 
for taj lored collaboration. He came to 
EPRl in 1979 from the Los Angeles De­
partmen t of Water & Power. Good man 
earned BS, MS, and PhD degree in elec­
trical engineering from the University 
of California at Sa nta Barbara and has 
taught electrical engineering at UCSB, 
the University of Southern Cal ifornia, 
and Loyola Marymount University. 

Terry Peterson manage work in thin­
film photovol ta ics and in superconduct­
ing magnetic energy storage. He joined 
EPRI in 1986 after eight years at Chev­
ron Resea rch Company, where he wa 
involved in ca taly t and olar cell re­
search . Peter on received a BS degree in 
physic from the Un iversi ty of Ca lifor­
nia at San Diego and an M A  in physics 
and a PhD in materials science and engi­
neering from the University of Cal i for­
nia at Berkeley. • 

E 
fficienc�: A Hard Sell (page 16 )  
was  w n tten by Leslie Lamarre, 

Journal senior feature writer, with tech­
nical information from two members of 
the Customer Systems Group. 

Michael Evans, CSG' manager for 
the Center for Demand-Side Excel­
lence, came to EPRI in 1 990 after ix 
year with the electronic manu factur­
ing firm X- yte, where he ult imately 
erved a vice pre ident of engineering. 

Before that, he was vice president of 
operation at a combu ti.on techn logy 
R&D company. Evans ha BA and BS de­
grees .i n  mechanica l  engin ering from 
Ric Univer i ty and MS and PhD de­
gr es in high-tempera ture gas dynam­
ics from Stanford University. 

John Kesselring, a manager for CSG's 
Residential & Smal l  Com m rcial Busi­
ness Unit, joined EPRl in 1 986 a fter foUI 
year as a vice president wi th Alzeta 
Corporation . Before that, he was a oci­
ate manager of the Combustion Tech­
nology Department at Acurex Corpora­
t ion .  Ea rlier he served for five yea rs a 
an a sistant p rofes or of mechanical 
and aerospace engineering at the Un i ·  
ver i ty o f  Tennes ee. Kes el r ing holds a 
BS degree in aeronautical engineering 
from the Univers i ty of Michigan and 
and PhD degrees in aeronautic and a -
tr nautic from Stanford Univer i ty. • 

A irport REVolution (page 24) wa 
ft written by Leslie Lamarre, joumnl 
s nior featLLre w riter, with assista nce 
from Gary Pu rcell, a manager with the 
Cus tomer Syst ms Group' lectr ic 
Transporta tion Busi.ne s Unit. Pu rcel l  
jo ined EPRI in 1 977 after 1 5  yea r  with 
Lockheed Mis ile & Space Company, 
specializi ng in aerospace vehicle tem­
pera tu re controls .  A mechanical ngi­
neer, Purcel l received an MBA from Pep­
perd i ne U niversi ty. • 

EPRI JOURNAL October/November 1 994 33 



Operator Training 

Interactive Technology to 
Emulate Hard-Panel Controls 

Training opera tors to  nm fossil  power 

plants that have hard-panel controls is an 
expensive task. Traditiona lly u ti l i ties have 
construc ted replica control panels ou t of 
sheet metal and equi pped them w ith a l l  
t h e  buttons, dials, meters, and wi tches 
that exj t on actual control room pa nels. 
Today utilities are more likely to re ly on 
a duster of computer creens, which to­
gether depict only part of a given control 
panel at any one time. 

EPRI- ponsored r searcher are devel­
oping an advanced di play technology 
tha t  wi l l  offer a more effecti e and sig­

ni ficantly less co tly method of operat r 
traini ng. The researchers, at M ITRE Corpo­
rat ion and TRAX Corporation, are creating 

a stem tha t  w i l l  project a full-sca le, 

touch-con trol lable image of a hard panel 
onto an array of large creens. 

To create the projected image for thei r 

prototype system, the re earchers photo­
graphed individual sections of the control 
panel at Unit 6 of Boston Edison Com­
pany' Mystic plant. With the help of a 
special computer graphics program (EPRl 's 

Full-panel simulation 
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Graphk Screen Editor), they made rele­
vant features of the panel i nteract ive, such 

a meter , lights, and alarms. The final im­
age i projected on to a series of 42-inch 

c reens; each screen's interactive capabili­

ties a re control led by a per onal computer. 

To avoid the problem of hadows, the im-

Simulation of one hard-panel section 

age is projected from behind the screens. 
At a utility conference last spring, EPRI's 

researchers demonstrated the technology 
by using three 42-inch screens to represent 
one section of the panel at the Mystic 

pla nt. The next goal, set for December, is 
to employ 21 creen to repre ent the en­

t ire panel .  By compa rison, it would take 

1 1 2  computer creens to show the same 

image. 
Boston Edison plans to begin using the 

new sy tem for tra in ing early next year. 

By that time, say Roy Fray, EPRJ's man­

ager for the project, the technology wi l l 
become avai lable for o ther u ti l i tie to cus­
tomize. "The project a t  Myst ic is ju t the 
start," say Fray. "We want to make this 
facility our laboratory for futu re research." 
Ultimately, he says, the large-screen ted1-
nology could become the next-generat ion 
interface for actual power plan t  control 
room . 
• For more infonnntion, co! ltnct Roy Frny, 
(415) 855-2441 .  

Pest Control 

Waging War on the F i re Ant 

l n  the name of productiv i ty and worker 

safety, not to mention the hea l th of elec­
trica l eqwpment, EPRI researcher have 
launched a ful l-sca le offensive on the fire 
ant. Pesky inhabitant of the warm outh­
ern states, fire ants migrated from South 
America 20 years ago and are best known 
for their painfu l ting. They a l  o happen to 
bu i ld  large di rt mounds. And as southern 

u ti l i ties wel l know, these mound have a 

tendency to crop up on electrica l equip­
ment. 

"Fire ants seem to have an affiruty for 
electrica l equipment, and they a re very 
territorial," says Paul Lyons, a research 
manager in EPRJ's Power Delivery Group. 
According to Lyons, the ants have bui lt 

thei r mounds in and a top everything from 



underground transformer boxe to above­

ground sub tation component , ca using 

fi res, ou tages, and equipmen t corrosion. 

Lyons est imate that the a nts inflict many 

mi l l ions of dollar ' worth of damage an­

nual ly. 

General ly uti l i tie rely on chemical meth­

od for con troll ing the pe ts, bu t the e 

methods a re not equa l ly  effecti ve. Al o, 

worker mu t evacuate the trea ted a reas 

for 1 -2 hours after the chemicals are ap­

pl i  d. "That' time workers lo e on the 

job," Lyon not s . 

Th rougl1 a tl1Jee-yea r project in i t ia ted in 

Augu st, EPRl re earchers a im to determ ine 

precise l y wha t attract fire a n t  to electri­

ca l  equ i pmen t .  Current theories include 

the insects' fond ne for equipment vibra­

t ions, wa rm th, and even elect r ic  and mag­

netic fie lds. 

The researchers plan to a se s exist ing 

control method and to deve lop new ap­

proaches tha t  are more environmenta l ly  

acceptable. TU Electr ic ,  Hou · ton Lighti ng 

& Power Company, and Entergy Serv ices 

are pa rt ic ipati ng in the study. Add it iona l 

pa rticipants are welcome. 

• For more i11formatio11, con tact Paul Lyow, 

(214) 556-6523. 

' 

Resource Assessment 

Testing the Winds 
Seven ut i l i tie in orth Dakota ha e 

joined forces w i th · PRl , the University of 

orth Dakota, and the ta te' Office of 

In tergovernmen tal Assi tance to establ i  h 

one of the most ex tens ive wi nd-monitor· 

A fire ant mound clogs the interior of a residential  t ransformer. 

ing systems in the Uni ted States. Data re­

trieved through this system are expected 

to be cr i t ica l to the a sse smen t of cost­

effective wind power plant deploymen t 

not just in orth Dakota bu t in other a reas 

too. 

Re earchers bel ieve that orth Dakota 

has the la rgest wind resou rce of any sta te 

in the country-five time grea ter than the 

we tern and southwestern states com­

bined, by today's est imates. At this time, 

however, the only win.cl turbines in the 

ta te are small machine , typically owned 

and operated by fa rmer and ranchers. 

The available w ind information for 

orth Da kota is based on government 

da ta recorded from two state sites in the 

l a te 1970 and current data retrieved from 

agricu l tural and avia tion sta tion . The 

wind-monHoring project w i l l  provide a 

more comprehen ive view. Re earcher 

ha ve e tab l i shed a 1 30- foot wind mea ure­

ment tower at each of eight ites aero the 

sta te . One of the e si tes has five add i t iona l 

33-foot towers for obtai n i ng more detai led 

da ta .  The University of orth Dakota w i l l  

record wind data from the eight sites for a t  

least two years. 

According to Earl Da vis, EPRI's manager 

for the wind-monitoring project, orth 

Dakota's new system is already serv ing 

a a model for other tate . Davi ay 

tha t, in add i t ion to being u ed by u ti l i tie 

for re ource a sessment, the more exten-

ive data wi l l  help EPRl resea rchers better 

imu l a te the output of one or many wind 

p lan ts in a gi ven region, develop and test 

model for wind forecasting, and devise 

numerical met.hods for more cost-effect ive 

and efficient turbine it ing. 

EPRI member participan t  in the wind­

moni toring project i nclude Ba in Electric 

Power Cooperative, orthem Sta te Pow ­

er Company, Ott r Ta i l  Power Company, 

and Uni ted Power Association. 

• For more i 1 iforn1ation, contact Earl Davis, 

(415) 855-2256. 
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Infrared Ink Curing Boosts Productivity for 
Indianapolis Apparel Decorator 

S 
ome 10,000 companies nationwide operate more than 
30,000 silk-screening machines to decorate garments 
such as T-shirts and sweatshirts. The plastisol inks that 

are used must be cured on the garments to provide the 
desired results. Most of the energy for ink curing is supplied 
by gas convection ovens that use from 350,000 Btu to 1.5 mil­
lion Btu per hour. 

Even with air recirculation, the ovens waste a lot of energy 
through the stack, and they also lose some to the indoor 
atmosphere, even if they are well insulated. Additional 
energy costs are incurred if use of the ovens makes air 
conditioning necessary. 

In collaboration with lndianapolis Power & Light Com­
pany (IP&L), EPR!'s Center for Materials Fabrication recently 
evaluated the energy savings potential of on-line infrared (JR) 
ink-curing ovens at Logo 7, Inc., a major Indianapolis apparel 
decorator. Four IR panels, each rated at 4.8 kW, were installed 
on a 12-stage silk-screening machine and were evaluated 
through a series of tests. The tests demonstrated that inks 
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could be fully cured while still on the machine, eliminating 
the need for a convection oven. Energy consumption was 
reduced 23% compared with convection oven curing- a  
reduction that translates to annual energy cost savings of 
nearly $900 per silk-screening machine. 

According to Gene Eckhart, a project manager in EPRJ's 
Customer Systems Group, the implementation of JR ink 
curing by just 10% of the apparel decorators that now use silk 
screening could save these customers more than $72 million a 
year in energy costs and could lead to additional electricity 
sales of 183 million kWh a year. 

While IR curing saves energy and labor, the most valuable 
benefit identified in Logo 7's case was that, compared with 
bulky convection ovens, IR panels will enable additional floor 
space to be used for future production equipment. "IR curing 
will allow Logo 7 to continue its capacity expansion plans 
without the need for new buildings," says IP&L's Buck 
Hatcher. 
• For more i11for111afion, contact Gene Ecklinrf, (202) 293-7517. 



Advanced Dehumidification Systems 
Under Development 

E 
ight utilities are collaborating with EPRI in a $2 million 
effort to develop and evaluate several advanced electric 
dehumidification technologies that potentially could 

compete cost-effectively against gas-powered desiccant 
systems in commercial building applications. Both kinds of 
technologies help cool indoor air by removing moisture. 

Eventually, the electric dehumidification technologies may 
offer the potential to offset increased energy use resulting 
from the adoption of higher ventilation standards for com­
mercial buildings. Compared with the ventilation standards 
applied in many buildings in the 1970s and 1980s in the 
interest of energy conservation, the new standards call for 
three times the flow of air from outside. They 
are expected to increase energy use for heating, 
ventilating, and air conditioning (HVAC). 

EPRJ has identified several innovative 
approaches to dehumidification that promise to 
save energy even with higher inflows of outside 
air. They do this by removing much of the 
moisture that is commonly present in air in 
warm months throughout the eastern United 
States and that impairs the efficiency of such 
equipment as HVAC systems and supermarket 
refrigerated cases. Moist air inside commercial 
buildings is also a common culprit behind 
occupant discomfort, possible health hazards, 
and compromised product quality. 

Innovative new electric cooling techniques 
use commercially available technology in 
unconventional combinations and configura­
tions to control humidity while greatly reduc­
ing electricity use and peak demand. They 
include applications of heat pipe heat exchang­
ers, coil bypass control, high-differential­
temperature evaporator coils, thermal storage, 
improved defrost control, and low-temperature 
air distribution. 

To demonstrate a range of advanced dehu­
midification systems in a variety of building 
types, eight commercial buildings (six super­
markets, a retail store, and a public library) are 
each hosting a project sponsored by the local 
utility and EPRJ. Data collection has been 
completed at most sites, and researchers report 
favorable results. EPRI expects to publish initial 

analyses later this year. Application guidelines are expected 
to eventually be developed. 

Additional utilities interested in demonstrating advanced 
dehumidification with a commercial customer in a build-
ing that would expand the study's comprehensiveness are 
invited to join the collaboration. The initial group of sponso r ­
ing utilities consists of Alabama Power Company, Gulf Power 
Company, Illinois Power Company, Jersey Central Power & 
Light Company, Mississippi Power Company, New England 
Power Company, Northern States Power Company, and 
PSI Energy. 
• For more information, contact Mukesh Khattar, (415) 855-2699. 
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RESEARCH UPDATES 

Applied Science and Technology 

Cavitation and Liquid Droplet Erosion Protection 
by John Stringer, Strategfc Development Group 

T 
he damage of materia ls by eros ion 

reduces equipment performance and 

leads to mai ntenance expense in many in­

dustr ial act iv i t ies , including electr ic i ty gen­

eration , coal gas i f ication , and chemical 

processing . For steam turbines, hydroelec­

t ric generators , pumps, and other fluid-han­

d l ing systems, erosion damage is in large 

part the resul t  of f luid cavi tation and l iquid 

droplet impingement processes. 

These damage mechanisms are s imi lar. 

Erosion by cavi tation takes place when 

f lowing l iquid enters a region of lower pres­

sure-as occurs in certain f low patterns as­

sociated with pump impel lers or hyd rotur­

b ine blades-and cavitates :  that is. smal l 

pockets of vapor form . These vapor pock­

ets col lapse v io lently 1n regions of h igher 

pressure, resulting in local i zed f lu id jets that 

cause material deformation and ,  eventual ly, 

damage. Droplet erosion occurs when l iq­

uid droplets carr ied in fast-f lowing vapor 

col l ide with eq uipment. as in the last stages 

of a steam turbine. Recurrent deformation 

from the impacts can produce erosion 

damage . 

On the basis of this empirlcal under­

standing , theory has indicated (and some 

experts have agreed ) that degradation in 

cavitat ion, l iquid droplet , and s imi lar ero­

sion processes is the result of low-cycle 

fat igue-that is ,  damage accumulated over 

thousands, not mi l l ions ,  of impact cycles. 

Despite years of research ln this area , how­

ever, the materials property or properties 

that provide erosion resistance have re­

mained unidenti f ied. Protective construc­

tion materials have been discovered on ly 

through experience , and the potentia l  of 

advanced materials fabrication for improv­

ing erosion resistance has gone unrea l ized . 

To ident i fy a cost-effect ive means of miti­

gating cavitation and l iquid droplet erosion 

in uti l i ty equipment, EPRI  is funding a long-
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term effort by scientists at Daedalus Asso­

ciates of Mountain View, Cal iforn ia . The ex­

ploratory phase-begun in 1 987 and com­

pleted in 1 99 1-was aimed at invest igating 

the fundamental re lationships between ma­

teria ls properties and erosion resistance 

( RP2426- 1 3) . The applied phase-now in 

progress-targets the development and 

demonstrat ion of practical eros ion protec­

tion claddings (RP8042-2) .  

E xploring erosion 

The EPRl-sponsored research began with 

the compi lation of a database incorporating 

the extens ive tabulat ions of mater ia ls prop­

erties and erosion res istance that had been 

reported in decades of invest igation. The 

database. which includes informat ion on al ­

most every commercial al loy, most unal­

loyed metals ,  and many nonmeta l l ic sub­

stances. was then used by the Daedalus 

scientists to conduct extensive multivar iate 

analysis of al l factors considered important 

in f lu id-erosion res istance. 

By seeking corre lat ions between dam­

age susceptib i l ity or mater ia l  removal rates 

and strain-based fatigue properties, the re­

searchers confirmed the suspected con­

nection between repeated deformation ( fa­

tigue) and cavitation erosion. Specifical ly, 

they found that the main determinant of ero­

sion behavior is the fatigue strength coeffi­

cient, a measure of tesis tance to repeated 

stress. However, because fatigue strength 

is strong ly contro l led by cycl ic stra in hard­

en ing (a measure of res istance to repeated 

deformat ion) , a material's erosion resistance 

is related to its response to both stress 

and strain .  The compl ication introduced by 

the cofactor relation had prevented earl ier 

workers-who considered either stress re­

sponse or strain response alone-from d is­

covering a corre lation with erosiv i ty. 

Armed with the knowledge that speci f ic 

low-cycle fatigue properties are correlated 

with erosion res istance , researchers were 

for the f i rst t ime able to rationally judge a 

mater ial's potent ial for protecting power 

ABSTRACT Cavitation erosion and liquid droplet erosion can degrade fluid­

handling equipment such as power turbines, pumps, and valves. Protective mate­

rials have been discovered primarily through experience, the property or proper­

ties conferring erosion resistance remaining unknown despite years of in­

vestigation. In recent exploratory research, however, EPRl-funded scientists 

established a correlation between erosion resistance and materials fatigue prop­

erties. On the basis of this finding, two promising protective nickel-titanium alloys 

were identified; laboratory tests confirmed that they are indeed highly resistant to 

cavitation and liquid droplet erosion. EPRI work now in progress is wmed at refin­

ing bonding techniques to facilitate the practical application of these materials. 



plant components against erosion. Two 
near-equiatomic n icke l - ti tanium (NiTi) Niti­
nol a l loys were identif ied as prom ising can­
d idates on the basis of tabulated data indi­
cating their anomalously h igh res istance to 
low-cycle fatigue . One is su perelastic ;  that 
is, i f  deformed, i t  spontaneously returns to 
its orig inal conf iguration when the stress 
causing deformation is removed . The other, 
a martensitic structural variant of the f irst, is 
known as a shape-memory alloy because, 
if deformed , it returns to its or ig inal shape 
once its temperature is ra ised above a 
character istic threshold .  

Laboratory exper iments o n  v i bratory 
cavitation conf i rmed the newly establ ished 
correlation: both N iT i  al loys were found to 

Figure 1 Researchers are adapting explosive bonding techniques to anach EPRl-deve loped erosion­
res istant N iT i  claddings to turbines and other f luid-handl ing equipment. Initially dev ised in the 1 960s 
and used to produce clad materials of nearly all shapes, explos ive bonding is based on the high-ve loc­
ity impact between a mobi le "f lyer " plate and a fixed "base" p late. A control led exp losion creates a 
metallic jet that strips the plates of surface contaminants and progress ively forces them together at high 
pressure to form a t ight weld. U ltimate ly, researchers hope to deve lop capabil ities for we ld ing NiTi 
patches to large components in s itu. 
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-- Anvi l 

be extremely resistant to erosion ,  the super­
e lastic form being very s l ightly superior. I n  2 

fact , the cavitation experiments had to be 
extended from a standard duration of 12 
hours to 38 hours to obta in measurable 
degradation. Analysis of the test results 
also suggested that both NiTi a l loys are 
able to resist the effects of repeated im­
pacts because they deform pr imari ly by 
crystal-twinning- l ike shears that produce l it­
tle residual damage in the affected grains. 3 
Such behavior is an Important basis of both 
superelastic i ty and shape memory. Weld -

Practical protection 

I n the second , appl ied phase of th is effort , 
Daeda lus researchers are col laborat ing 
wtth New Mexico Institute of M in ing and 
Technology scient ists to develop practi­
cal means of employing NiTi in hydraul ic 
pumps, turbines , and other f luid-handl ing 
machinery. 

The use of N iT i  to construct-or at least 
fu l l y  coat-equipment components would 
maximize eros ion protection,  but materia ls 
considerations make this approach imprac­
tica l : N iTi is both costly and , in th ick sec­
tions, brittle . The current research is thus 
focused on a more practical approach 
-cladding ordinary construction mater ials 
wi th N iTi in speci f ic locations where erosion 
by cavitation or l iquid droplets is a parUcu­
lar threat . Areas where protection may be 
needed include hydroturbine blades and 
vanes, valve seats , pump impel lers , and 
last-stage steam turbines. 

Surface overlays of austen itic stain less 

steel are a lready employed to protect or 
repair components of hydroturbines and 
pumps ; they are commonly appl ied by fu­
s ion weld ing . Unfortunately, fus ion welding 
cannot be used with N iTi c laddings be­
cause the associated heating and melting 
local ly alters the i r composi tion and crystal 
structure, causing embrittlement and loss 
of eros ion resistance . And , to date, thermal 
spraying of N iTi has been unsuccessfu l .  
However, a third approach , explosive bond­
ing (or weld ing) , can produce excellent 
NiTi -metal coupl ing. 

Since the 1 960s, explosive bonding has 
been employed cost-effectively to produce 
c lad materials for the chemical -processing 
industry. Large welded plates,  cuNed 
sheets, and asymmetrical components 
have been successfully produced from ti-

tanium-covered steel and other c lad mate­
r ia ls. The explos ive bonding technique is 
based on the h igh-velocity, obl ique impact 
between two (or more) metal pieces, one a 
mob i le  "f lyer" p late and the other a f ixed 
''base" p late. A conventional explosive 
such as ANF0-6 (ammonium nitrate with 6% 
fuel oil) is used to generate, by controlled 
detonat ion, a metal l ic jet between the 
plates that strips the metal surfaces of con­
taminants: high pressure then forces them 
together to form a t ight weld (F igure 1 ) . Be­
cause the materials remain essential ly solid 
th roughout the process, deleterious metal­
metal and meta l -environment reactions are 
avoided and microstructural changes are 
min imized . 

The Daedal us and New Mexico scien­
tists are work ing to develop explosive 
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Figure 2 Various al loys-the martensitic steel CA6-NM , the 
duplex steel FER-255, two cobalt-base Stellite al loys, the spe­
c ia lty al loy IRECA, and NiTi·clad steel-are compared with 
Type 304L stain less stee l in terms of weight loss from cavita· 
t ion erosion . (Type 304L has been assigned a weight loss 
value of 1 . ) The explosively bonded NiTi-steel tandems deve l -

f lyer plates necessary to 
clad curved or asymmetr ical 
equipment surfaces. These 
efforts are aimed at shop 
fabr ication of N iTi-clad pro­
totype components for long­
term demonstrat ion in ut i l ity 
environments. The f i rst f ield 
test , which wi l l  probably 
evaluate NiTi-clad materials 
for the protect ion of last­
stage turbine blades against 
l iquid d roplet erosion, is ex­
pected to begin in late 1 994. 
In the future, the researchers 
hope to develop capabi l i ties 
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oped by EPRI researchers show more than 
three times the erosion resistance of the most 
protective material availab le today, Stel lite 6B. 

CA6-NM 304L FE R-255 Stellite 2 1  I RECA 76 Stell ite 6B NiT i -Stee l 

bond ing methods for join ing thin NiTi p lates 
( 1  mm or less) to construction materials for 
power generation equipment. I n shop tests, 
high-quality explosive welds have been ob­
tai ned between f lat NiTi p lates and the low­
carbon steel commonly used in hydrau l ic 
machinery. Althoug h the eros ion resistance 
of superelast ic N iT i  is somewhat decreased 
by the process (martensitic NiTi is unaf­
fected ) ,  postweld heat ing of N iTi -c lad steel 

Nuclear Power 

at 500°C for i 5 minutes restores almost all 
of the loss .  The resultant tandem is the most 
cavitation-resistant material known , as i l l us­
t rated in F igure 2 . 

I n  upcoming work , the researchers p lan 
to ref ine methods for explosive ly bondi ng 
N iTi wi th the martens i tic sta i nless steels 
commonly employed in turbine blades and 
vanes. Research wi l l  a lso be conducted to 
develop the shaped explosion frames and 

for explosively weld ing N iTi 
patches to large com ponents in s i tu . 

The NiTi  work is being coordinated with 
independent EPRl-sponsored work on the 
n i trogen-stabi l ized steel NOREM-a cobalt­
free, wear-res istant a l loy developed for use 
in nuclear plants. Currently, researchers are 
exploring possib le nonnuclear appl ications 
of NOREM. The N iT i  and NOREM efforts are 
us i ng the same test procedures in order to 
fac i l i tate comparison and evaluat ion . 

Case Study in Full-System Chemical Decontamination 
by John 0. Parry and Stephen A .  Trovato, Consolidated Edison Company o f  New York, and 
Christopher J. Wood, EPRI Nuclear Power Group 

C 
onsol idated Edison Company of New 
York is planning the f i rst fu l l  pr imary 

system chemical decontamination at an 
operating U .S. commercial nuclear power 
p lant. Sched uled for next March at the util­
ity's Indian Point 2 plant-a pressurized 
water reactor ( PWR) located about 40 miles 
north of New York City-the ful l -system de­
contaminat ion wi l l  be conducted during a 
refuel ing outage, wi th the fuel  removed . I t 
wi l l  be a m i lestone in an industrywide effort 
to enhance nuclear plant productivity and 
reduce operating and maintenance costs 
through aggressive radiation management 
programs. These programs have helped 
reduce the average total personnel expo-
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sure attributable to certa in plant compo­
nents . The scheduled fu l l-system decon­
taminat ion is expected to lead to a major 
plantwide reduction of rad iat ion f ie lds, 
thereby reducing existing exposure levels 
by half. 

The ful l -system decontaminat ion wi l l build 
upon the extensive research on the decon­
tamination of components and subsystems. 
This research has shown that a var iety of 
components and systems can be chemi­
cally decontaminated without adverse im­
pact on the equipment 's long-term re l iabil­
ity. The research has been conducted over 
two decades by numerous organ izations, 
i nclud ing EPRI , the Empire State E lectric 

Energy Research Corporat ion ( ESEERCO) , 
and Con Ed ison .  

However, the  step from component de­
contamination to fu l l  pr imary system de­
contamination is technological ly a large 
one. The systems Invo lved , the technica l 
issues to be addressed, and the logist ics 
of perform ing such a large-scale chemi­
cal decontamination are complex. I ndeed , 
fu l l -system decontamination const itutes a 
major chal lenge for the nuclear i ndustry. 

Need for ful l-system 
decontamination 

Corros ion and wear products are found 
throughout the reactor coolant system 



(RCS) of any PWR power plant .  These prod-
ucts circulate with the primary coolant 
th rough the reactor, where some may be­
come activated . A var iety of radioisotopes 
are formed in this way, but for the most part. 
they are removed by f i l tration and deminer­
a l ization in the chemical and volume control 
system (CVCS) . 

An oxide layer contain ing such activated 
prod ucts does form, however, on the sur­
faces of the RCS, inc lud i ng the fuel ele­
ments, the eves. and other pr imary sup­
port systems. Two rad ioisotopes of cobalt  
(58 and 60) are the main contributors to the 
radiat ion f ie lds in a PWR. The amount of ra­
dioactive mater ia l  deposi ted on the differ­
ent surfaces varies and depends pr imari ly 
on the corrosion rate of the various plant 
mater ia ls , the chemistry of the water used 
as coolant, and the number of sources of 
cobalt .  

As maintenance is performed on p lant 
systems, personnel are exposed to rad ia­
t ion, pr imarily gamma, emitted f rom the 
radioact ive oxide layer. Radiat ion f ields 
from the steam generators (up to 40 R/h) 
are usua l ly  the largest contributor to PWR 
personnel exposure because of the exten­
s ive maintenance the generators require . 

The I nternational  Committee on Rad ia­
t ion Protect ion and the Nat ional Counci l on 
Radiat ion Protection have recommended 
personnel exposure l imi ts that are , on aver­
age , less than half the cu rrent l imit of 5 rem 
(total internal and external exposure) .  I n ad­
di t ion to these lower exposure l imits ,  fed­
era l regulat ions have been rev ised to re­
q u i  re that personnel  exposure to rad iation 
be kept "as low as reasonably achievable" 
(ALARA).  The revis ion enables the Nuclear 
Regu latory Commission to set strict rules to 
ensure that ut i l i t ies apply the ALARA con­
cept to personnel exposure. (Previous ly, this 
was framed as a recommendat ion . )  

Moreover, radiat ion exposure contributes 
to lost product iv i ty. I n a radioact ive envi ron­
ment, more and larger crews are needed 
and work is less productive. "Stay times" for 
crews are shorter, and setup and cleanup 
requ i rements are much greater than they 
would be for the same work in a c lean envi­
ronment . 

Thus ,  a l though the component and sub-

ABSTRACT Preparations for the first full primary system chemical decon-

lamination at an operating U.S. commercial nuclear power plant are progressing 

on or ahead of schedule. Nearing completion are the engineering and fabrication 

stages of the demonstration phase of a program begun in 1987 to reduce gener-

al plant radiation levels without threatening long-term plant reliability and oper-

ability. Next March's full-system decontamination at Con Edison 's Indian Point 2 

plant will culminate an industrywide effort to enhance nuclear plant productivity 

and reduce operating and maintenance costs through aggressive radiation man-

agement programs. 

formed have helped , the nuclear industry 
wi l l  benef it from a more substant ia l  reduc-
lion in rad iat ion f ields to comply wi th regu­
latory requirements, enhance worker pro­
duct iv i ty, and keep nuclear power operat-
i ng costs competit ive . 

Qualifying candidate processes 

I n  1 987, a program was in itiated to deter­
mine the techn ica l  acceptabi l ity of d i lute 
chemical solvent processes for primary 

system decontamination .  EPR I , ESEERCO, 
Con Edison, and 1 0  other uti l it ies that own 
PWRs participated in the effort. along with 
Westinghouse Electric Corporation. Two 
processes, AP/CAN-DEREM and AP/LOMI , 
were selected to go through the qual i ­
f ication testing. Each had been used many 
times for component decontamination. 

Studies of West inghouse PWR pr imary 
systems and laboratory tests were then 
conducted to estab l ish the condi t ions, pa-

system decontam i n atio n s  al ready per- Figure 1 Decontaminat ion equipment tor the I ndian Point 2 appl ication. 
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rameters, and criteria for a test program to 

qualify the two processes for the full RCS. 

Extensive suNeys were conducted to es­

tablish a complete list of materials that 

would be exposed to the chemical sol­

vents, and a series of tests was designed 

to address all possible issues for each 

material at the flow and chemistry con­

ditions expected ln the RCS. Over 250 

specimens of over 80 different materi­

als were tested for wear and corrosion 

effects. Tests were also performed un­

der more-corrosive conditions (i.e., with 

slightly higher chemical concentrations 

and temperatures); the results demon­

strated that the processes could still be 

applied with a margin of safety under a 

hypothetical fault scenario. 

The tests were designed to establish a 

technical basis for performing at least 

three full-system decontaminations during 

the remaining life of the plant. They were 

conducted in two test loops constructed 

at the Westinghouse R&O Center. Engi­

neers at Westinghouse, the original sup­

plier of the reactor system at Indian Point 

2, evaluated the test results in coopera­
tion with a utility steerfng committee. 

These evaluations were compiled, recom-
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mendations for application in the field were 

made, and a safety assessment was per­

formed. Westinghouse submitted reports 

on the successful qualification to the NRC 

for the program sponsors. The NRC has ap­

proved use of the reports, which concluded 

that the decontamination could be safely 

performed, provided that certain guidelines 

are followed. 

Although both of the candidate pro­

cesses were approved by the NRC, Con 

Edison selected the AP/CAN-DEREM pro­

cess on the basis of application consid­

erations. The process can be controlled 

on-line, is chemically stable, and offers re­

duced waste generation because of its re­

generative nature. 

Status and benefits 

Preparations for the full -system decontami­

nation are progressing on or ahead of 

schedule, and the project costs are with­

in budget. In particular. checkout tests of 

the equipment fabricated for the project 

have been satisfactorily completed ahead 

of schedule at the facilities of VECTRA Tech­

nologies, which will conduct the decontam­

ination. Figure 1 shows the decontamina­

tion equipment. 

Most of the process system will be lo­

cated in a small room (33 x 27 x 15 feet) in 

the Indian Point 2 primary aux
i
liary building 

normally used for temporary waste storage. 

The process system will be controlled re­

motely from outside the building, with coor­

dination with plant operation through the 

central control room. 

Although the benefits of full-system de­

contamination will be plant specific and will 

depend on age, radiation fields, and main­

tenance and equipment-replacement activ­

ities, potential savings to the industry may 

be several hundred million dollars. For ex­

ample. more than 200 person-rem could be 

avoided at a PWR with a cycle exposure of 

290 person-rem: over five operating cycles. 

net savings of about $3.5 million could be 

achieved. 

The national demonstration in progress 

includes steps to ensure that the broadest 

benefit is achieved by the entire industry. A 

consortium of utilities and other organiza­

tions has been formed to participate in next 

year's demonstration and to facilitate tech­

nology transfer to other utilities. It is still 

possible to join this consortium: interested 

organizations should call Chris Wood at 

EPRI, (415) 855-2379. 
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Gas and Electric: Eva l uation of Statcon 18  mon1hs 
Versus Synr;hronous Condenser (RP3789-S) 

Strategic R&O 

Intell igent Control ot Systems W1tn Set· SIOO OOO 
Par!illOlled Dynamics (RPB000- 19) 17 months 

Monotone Conlrol of Discrete Event $ 1 00,000 
Systems (RP8030-22) 16 months 

Calatyuc Reduction of NO, (RP8032-I )  $ 1 40,000 
36 months 

Theore11ca1 Models for Nucleation of $52,700 
Droplets 1n Flowing Steam Contarnlng l2 months 
Dissolved Impurities (AP8034·B) 

Non-Newtonian Slurry Flows (RP8034-9 J $106.900 
1 2  months 

Contractor/EPRI 
ProJe<;I Manager 

Decision Focus/ 
R GoldOerg 

Automation TecMOlogy/ 
R Goldberg 

NI/ KEMA/W Bakker 

Un1vers1 ty of Noflh Dal<ofaJ 
B Noll 

Automation Technology/ 
J Weiss 

Ahlslrom Pyropower/ 
R Brown 

PowerGen/R Squires 

Babcock & Wilcox Co I 
R TIiiey 

New E11gland PQwer 
Setvioe/S Yunker 

Central and South West 
Serv1ces/F Goodman 

Ogden Environmenlal and 
Enetgy ServicesJF Rosell 

E lec111c11e de France/ 
R Pathanra 

Science Applications I nter-
na1,ona1 Corp JR. Torok 

B&W Nuclea r Serv,ce Co I 
P. Paine 

Canadian E lectrical 
Assoc1atlon/R. Adapa 

Rensselaer Polytechnic 
lnsll tule/S. Lindgren 

Powe, TechnolOQ1Bs/ 
B Damsky 

Slone & Webster/ 
D. Maralukulam 

ESCA Corp . /  
D Ma,atukulam 

General Electric Co./ 
R. Adapa 

un,vers1ty ol Cali fornia 
Santa Barbara/J Weiss 

Columbia Un1vers1 1y/ 
J Bloom 

Un1ve rs11y of Kansas Cenler 
lor Research/J Mautbetsc/1 

Stress Technology/ 
8 Dooley 

Southwest Research 
fnst l tute/J Mau/betscfl 
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New 
Technical 
Reports 
Requests for copies ot reports should be dlrectec 
to the EPRI Distr ibut ion Center, 207 Cogg ins Drive . 
P.O. Box 23205, Pleasant Hil l , Cal ifornia 94523: 
(5 10) 934-42 1 2 , There is no charge for reports re­
quested by EPRI member uti l i t ies. Reports wi ll be 
provided to others in the United States for the price 
l i sted or. 1n some cases, under the terms of a 11 · 
cense agreemen . Those oulside the United States 
should contact the D ist ribution Center for price 
informat ion , 

CUSTOMER SYSTEMS 

Fuzzy Logic Contro ls for Microwave 
Clothes Dryers 
TR- 1 04336 Final Report (RP34 1 7-3) : $200 
Contractor Honeywel l .  I nc . Sensor and System 
Deve lopment Center 
EPRI P roject Manager· J . Kesselring 

ENVIRONMENT & VITAL ISSUES 

Appl icabi l i ty of the CompMech Trout Model to 
Hydropower Impact Assessment : A Case 
Study of H igh-Pr ior ity Environmental Issues 
at Paci f ic  Gas and Electric 
TR- 1 03028 Final Report (RP9046- 1 ) :  5\200 
Contractor Pacific Gas and E lectric Co. 
EPAI Project Manager· J . Mattice 

Assuring Compl iance Under the 1 990 Clean 
Air Act Amendments: A Study of Emission 
Allowance Reserves 
TR-1040 17  Final Report (RP3306-4 ) :  $200 
Contractor : RCG/Hag le r, Bai l ly, Inc. 
EPRI Project Managers , R. Patrick . V. N iemeyer 

Chemical Translator Guidance Manual 
TR-10404 7 Final Report (RP2377 • 7 ) . $200 
Contractor : EA Eng ineer ing , Science, and 
Techno logy, Inc. 
EPRI Project Manager : R . Brocksen 

GENERATION 

Roxboro Automation Project 
TR- 1 02083 Inter im Report (RP2922. RP3487- 1 2) : 
$ 10,000 
Conl ractor · Carol ina Power & Light Co . 
EPRI Project Manager : R . Co lsher 

Behavior of Sodium Phosphates Under 
Bol ler  Condi tions 

TR- 102431 Final Report (RP27 1 2- 1 2); $ 1 000 
Cont ractor · ABB Combustion Eng ineering 
EPRI  Project Manager · B . Dooley 

Guidel ine for Selection of Power Plant 
Insulation 
TR- 102752 Final Report (RP 1 030-46) , $ 1 0 ,000 
Cont ractor- Science Applications I nternationa l 
Corp . , Inc .  
EPRI Project Managers: M B lanco. R TI i iey 
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Proceedings :  Condenser Technology 
Conference 
TR-1 03475 Final Report (RP2504- 1 3) ; $ 1000 
Contractor: Stone & Webster Engineering Corp , 
EPRI Project Manager · J . Tsou 

Proceedings: S imulators, Model ing, and 
Tra in ing (1 993 EPRI International Conference)  

TR-1 03826 Proceedings (RP31 52); $ 1000 
EPRI Project Managers: R. Fray. G . Cauley 

Use of FGD Gypsum and Bottom Ash in 
Roadway and Bui lding Construction 
TR- 1 03856 I nterim Report (RP31 76- 1 1 ); $200 
Contractor: Texas Transportation lnst i tute{fexas 
A&M Univers ity 
EPRI ProJeot Manager· D. Golden 

Proceedings: 1 993 Fuel Oil Utilization 
Workshop 

TR- 1 03990 Proceedings (RP2778-8); $400 
Contractor: Carnot 
EPRI ProJect Manager · W. Rovest 1 

Erosion and Corros ion of Refractories In 
Circu lating-F lu idized-Bed Combustors 
TA- 104039 Final Reper! (RP979-30) ; $200 
Contractor Lawrence Berkeley Laboratory 
EPRI ProJect Manager : W. Bakker 

Distr ibuted Generation Assessment for 
Azienda Energetica Munic ipals of the Ci ty of 
MI ian ,  Phase 1 :  Sit ing and Technology 
Screening for High-Value Appl icat ions 
TR- 1 04 1 08 lnlerlm Report (RP1 677-28) , $200 
Contractor Rumla . Inc. 
EPRI Project Manager. D . Rast ler 

Heal th Effects Review of Asbestos 
Substitutes 
TR- 1 04320 Final Report (RP 1030-47) ;  $ 1 0 ,000 
Contractor : Dynamac Corp . 
EPRI ProJect Manager R .  Ti l l ey 

NUCLEAR POWER 

Effects of Resistance Temperature 
Detector Aging on Cross-Cal ibration 
Techniques 
TR-1 03099 Final Report (RP2409-1 5 ) : $ 1000 
Contractor: ER I N  Engineer ing and Research, Inc . 
EPRI Pro1ect Manager. R. James 

Hot Cell Examination of  Extended Burnup 
Fuel From Calvert Cl iffs-1 

TR- 1 03302-V2 Final Report (RP2905-2) , l icense 
requ i red 
Cont ractor: ABB Combustion Engineering­
Nuc lear Fue l 
EPRI Project Manager : 0. Ozer 

Evaluation of the Toughness Properties and 
ASME Serv ice Level A and B Upper Shelf 
Toughness Criteria for A 302-B Vessel Steel 
TR- 103434 Final Repcrt (RP2455-22) ; $2000 
Contractor : Sartrex Corp . 
EPRI Pro1ect Manager : R. Carter 

PWSCC of Al loy 600 Materia ls in PWR 
Primary System Penetrat ions 

TR- 103696 Final Repor t  (RP3223- 1 ) .  $ 1000 
Contractor; Dominion Eng ineering , Inc 
EPRI Pro1ect Manager: R . Pathania 

Examinat ion of Kewaunee Cold Leg Steam 
Generator Tubes 
TR- 1 0390 1 Final Report (RPS4 1 3-9) ; $500 
Contractor: Westinghouse Sc ience and 
Technology Center 
EPRI Project Managers: A. Mc l l ree . P. Paine 

PWSCC Prediction Guidelines 
TR-1 04030 Final Report (RP28 12- 1 5 ) ; $2000 
Contractor: Domlnlon Eng ineering, Inc. 
EPRI Project Manager: A. Mcl l ree 

A Model of Caustic Stress Corrosion Crack 
Init iation and Growth in Al loy 600 

TR- 1 04073 Final Repcrt (RPS407-38): $200 
Contractor: Model ing and Cornputfng Services 
EPRI Project  Manager : P Paine 

Industry Experience With D iscrete 
Radioact ive Particles 
TR- 1 04 125 Final Report (RP.3099-6) ;  $200 
Contractor: CENTEC-2 1 ,  Inc . 
EPRI Project Manager: C . Horn 1brook 

Development of Advanced Concepts for 
Nuclear Processes in Deuterated Metals 
TR- 1 04 1 95 Final Report (RP3 1 70-1 ) :  $200 
Contractors : SR I  In ternat ional : Lockheed Missl les 
& Space Co . .  Inc 
EPRI Project Managers : T, Passel l ,  J , Santucc i 

Nuclear Power Plant License Renewal 
Environmenta l Compl iance Program 
Plan Manual 
TR- 1 0429 1 Final Report (RP3343): $5000 
Contractors : BaJt1more Gas and E lectric Co. ,  
Ha l liburton NUS Corp . 
EPRI  Project Managers: M Lap1des. W. Bi lanin 

POWER DELIVERY 

Upgrade Design for Wood H-Frame 
Structures Using the EPRI TLWorkstat ion 

TR- 1 029 1 4 Fina l Report (RP20 16) ;  $200 
Contractor: Sverdrup Technology, Inc . 
EPRI Project Manager P. Lyons 

Dispersed System Impacts : Survey and 
Requirements Study 

TR-103337 Final Report (RP3357 · 1 J :  $5000 
Contractors: EP IC Eng lneerlng , Inc ; Electrotek 
Concepts. Inc 
EPRI  Project Manager: D . Maratu ulam 

Considerations for Obtain ing Mean Drag 
Coefficients for Overhead Transmission Line 
Conductors In Wind Tunnels 
TR-1 03430 Fina l Report (RP 1 7 1 7); $5000 
Contraclor: Sverdrup Tecl1nology, Inc. 
EPRI Pro1ect Manager· P Lyons 

Hybrid Tower Study, Vol. 3:  Phase 3-Scale­
Model Development and Ful l -Scale Tests 

TR- 1 03598 Fina l Report (RP24 72-6) : $5000 
Cont ractors : General E lec tric Co. : Oh io State 
Un iversity 
EPR I Project Manager : J .  Ha l l 

Possible Appllcatlon of Static Phase 
Shi fter In  ENEL Network 

TR - 1 03701 Final Report (RP3022- 1 2) : $5000 
Contractors : ENEL:  CESI ; Ansa ldo Ricerche 
EPR I Project Manager: D. Maratukulam 



Feasibi l ity Assessment: Simulation of 
E lectromagnetic Transients in Real Time 
TR- 1 03808 Fina l  Report (RP4000- 1 5) ;  $5000 
Contractors : Un iversity of Alabama; ENEL; CESI 
EPRI Project Manager : D .  Maratukulam 

Technica l and Economic Study of PPP· and 
Paper-Insulated SCFF Cables Rated 1 38, 230, 
and 345 kV 

TR- 1 03905 Fina l Report (RP7898·30); $5000 
Contractor : Dav id A. Si lver and Assoc iates 
EPRI Project Manager: J . Sh imshock 

FACTS Devices Applications and Model ing : 
Reference Manual 

TR· 1 03906 Final Report (RP3022- 1 2: RP1208-1 1 , 
- 1 2, · 1 3 ; RP3 144- 1 ) ;  $5000 
Contractor: Ontario Hydro 
EPR I Project Manager: P. H irsch 

F ield Evaluation of Ammoniacal Copper Fatty 
Acids as a Util ity Pole Preservative 
TR- 1 03907 Final Report (RP1 528- 1 ) : $5000 
Contractor: M ich igan Technological Un iversity 
Inst itute of Wood Research 
EPR I Project Manager: H . Ng 

Effect of the Volat i le By-Products of the Cross· 
L ink ing React ion on the Dielectric Strength of 
Cross-Linked Polyethylene Cables 

TR- 1 03908 Final Report (RP27 1 3-5) ;  $5000 
Cont ractor : University of Connect icut 
EPR I Project Manager : B . Bernstein 

SUNBURST GIC Network 
TR- 1 04 1 67 Fina l  Report (RP321 1 - 1 ) ;  $5000 
Contractor : Energy Research and Management , 
Inc .  
EPRI Project Managers: B . Damsky, J .  Porter 

GIS Faul t  Locater 
TR- 1 04232 Final Report (RP 1 360- 1 2) : $5000 
Contractor : XEDAR Corp. 
EPRI Project Manager: S. N ilsson 

Transmission Services Cost ing Framework,  
Vol .  1 : Inter im Report on Technical and 
Economic Fundamentals 

TR- 1 04266 Interim Report (RP32 16- 1  ) :  $5000 
Contractor : CSA Energy Consu ltants 
EPRI Project Manager : A Vojdan i  

Power System Control Practices and Outlook 
for New or Revised Control Concepts 
TR- 1 04275 Final Report (RP3555-3) ;  $5000 
Contractor: Zadeh Meye r Engineering . Inc. 
EPRI  Project Manager: G . Cauley 

STRATEGIC R&D 

Hoo Control ler Design for Boilers 

TR- 1 03944 Final Report (RP80 1 0- 1 9); $200 
Contractor :  Un iversity of I l linois, Mechan ica l and 
Industr ia l  Engineering Department 
EPRI Project Manager : S. Bhatt 

Proceedings: EPRI  Workshop on In Si tu 
Electrochemical Soil and Water Remediation 

TR- 1 04 1 70 Proceedings (RP8060) ;  $200 
Sponsors: Southern Ca l ifornia Edison Company; 
EPRI 
EPRI Project Managers : F. Wil l .  A. Amarnath , 
I .  Murarka 

EPRI Events 

JANUARY 1 995 

31-February 2 
Infrared Thermography 
Charlotte, North Carolina 
Contact Linda Suddreth , (704) 547-6 1 41 

FEBRUARY 

8-9 
Energy Efficiency and the Global Environment 
Newport Beach, California 
Contact : June Appe l ,  (6 1 0) 667-2 1 60 

MARCH 

2-3 
EPRI Partnership for Industrial 
Competitiveness 
Phoenix , Arizona 
Contact: B i l l Smith , (41 5) 855-24 1 5 

1 3-16 
5th NMAC Annual Conference 
Amelia Island, Florida 
Contact: Linda Suddreth , (704) 547-6 1 4 1  

1 9-22 
EMF Science and Communication Seminar 
Santa Clara, California 
Contact: Banks & Associates, (6 1 2) 623-
4600 

22-24 
Verification and Val ldatlon of Dig ltal Systems 
Nashvi l le , Tennessee 
Contact: Linda Nelson , (41 5) 855-2 1 27 

28-31 
1995 S0

2
Control Symposium 

Miami , Flor ida 
Contact: Pam Turner, ( 4 1 5) 855-20 1 0  

APRIL 

1 0-13 
1 995 lnternatlonal Fossil S imulator Users 
Group Meeting 
Phoenix, Arizona 
Contact: Ron Griebenow, (704) 547-61 68 

MAY 

3-5 
Continuous Emissions Monitoring 
Users Group Meeting 
Atlanta,  Georgia 
Contact: Linda Nelson, ( 4 15 )  855-21 27 

8-1 0  
1 3th International Conference o n  Flu idized­
Bed Combustion 
Or lando, F lorida 
Contact: R ich Brown , (4 1 5) 855-221 6  

8-1 1 
4th International Conference on Power Quality: 
Appl ications and Perspectives-PQA '95 
New York, New York 
Contact: Lori Adams, (41 5) 855-8763 

1 5-19 
Joint Symposium on Stationary Combustion 
NO, Control 
Kansas City, Missouri 
Contact: Susan Bisetti , (41 5) 855-791 9  

JUNE 

1 9-21 
ISA POWID/EPRI Controls and 
Instrumentat ion Conference 
San Diego, Cal ifornia 
Contact: Lori Adams, (415) 855-8763 

22-23 
EPRI Partnership for Industrial 
Competitiveness 
San Franc isco, Cal ifornia 
Contact: Bill Smith,  (41 5) 855-241 5  

28-30 
7th Nationa l Demand-Side Management 
Conference 
Dal las, Texas 
Contact: Pam Turner, (4 15 )  855-8900 

JULY 

1 0-1 2 
Low-Level-Waste Conference 
Or lando, Florida 
Contact: Linda Nelson, ( 4 1 5) 855-21 27 

1 2-14 
EPRI/ASME Radwaste Workshop 
Or lando, Florida 
Contact : Linda Nelson, ( 4 1 5) 855-2127 

AUGUST 

1 5-18 
Particulate Control/Managing Hazardous 
Air Pol lutants 
Toronto, Canada 
Contact: Lori Adams , (41 5) 855-8763 

29-31 
PCB Seminar 
Boston, Massachusetts 
Contact: L inda Nelson, (4 1 5) 855-2 1 27 

SEPTEMBER 

1 3-1 5 
1 995 Heat Rate Improvement Conference 
Dallas , Texas 
Contact: Susan Bisetti , (4 1 5) 855-791 9  

OCTOBER 

4-6 
Biod iversity and Ecosystem Health 
Jackson Hole , Wyoming 
Contact: Pam Turner, (4 1 5) 855-201 0  

1 8-20 
1 995 Fuel Supply Seminar 
New Or leans, Lou is iana 
Contact : Susan B isett i ,  (415 )  855-791 9  

25-27 
Gasification Power Plants Conference 
San Francisco, California 
Contact: Linda Nelson, ( 4 1 5) 855-2127 

NOVEMBER 

28-30 
Predictive Maintenance and Refurbishment 
Orlando, Flor ida 
Contact: Susan Bisetti , ( 4 1 5) 855-7919  
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