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EPRl-sponsored deliverables now available to utilities and their customers 

Cable Removal Truck 
Electric utilitie face a formidable 

challenge in laying new line beneath 

cong t d urban tr t . Und r

ground conduit pace i incr a i.ngl 

ILmited, and con tructing new 

conduit is expen ive and entail 

digging up and di rupting already 

crowded urban street . ow there' a 

better alternative. With a cable 

r moval truck jointly developed by 

EPRl and Consolidated Edi on 

ompany of ew York, utilitie can 

extract abandoned, jammed cable 

from their underground conduit 

, nd reu e the conduits. Th efficient 

and ffective cable r moval ystem 

combines lubrication under pr ssure 

with vibration technique and 

hydraulic pulling to succeed where 

old, brute-force methods failed. What's more, ince all the requir d 

acces orie are mounted on the truck it tf, the tern i ea ily 

maneuverable-even in cramped urban quart rs. 

For 111ore i11fornwtio11, co11tact Ralph Sa111m, (415) 855-2289. 
To order, en/I Harvey Reed at OK Chn111pio11 Corporatio11, (916) 587-7381. 

F1ow-Accelerated Corrosion Report 
Flow-accel rated orro ion (FA )-a phenomenon that 

re ults in metal los from piping, ve sels, and equip

ment made of carbon steel-i a major concern for 

power plant operator . it occur under flow, chemistry, 

g ometry, and material condition common in much 

f the high-energ piping in both nuclear and fo ii 

power plant . If it goe undetected, FA can cau e leaks 

and rupture . Although major failur are rare, acci-

d nts hav occurred and ven caus d the d ath of 

utility worker . Through a collab rative re earch ffort, 

EPRI and El ctricit' d Franc have made ubstanhal 

progre in under tanding FAC. ow these r search 

partner have publi hed a book (TR-106611) that 

gather the be t inf 1·mation a, ailable on FAC into a 

ingle volwne. Writt n a a reference for utilit en •i

n rs, the book draw on th exp rience of man 

nucl ar and fo il plants around th world. 

For 111ore i1,fomwtio11 or to orrle1� co11tact Bi11di Che.ml, 
(415) 855-2997. 



SAFER-PC 
The d c i  i n to run, repai r, or ret ir power plan t tu rbi ne and 
gen rator rotor i a p ren n ia l  d i )  mma fac ing electric u ti l i ty 
cngm er . xtended opera tion of a critica l l y  flaw d rotor can 
result  in ca tastrop hic fa i l u re,  yet prema tu re ret i rement of 
eq uipment bu rden a uti l i ty financ ia l ly. The EPR! tre and 
Fracture Eva luat i  n of Rotor program for per onal com puter· 
(SAF R- PC) enable uti l i ty engineer to make tough deci ion 
with confidenc . dapt d from a mainfram program already 
used by over 50 ut i l i tie , SA FER-PC provide object ive a e -
ment of the rema ining l i fe of tu rbine and genera tor rotor . 
E ti mating the probabi l i ty of rotor fa i lu re over t ime, A E R-PC 
a l low uti l iti to adj u t op ra ti ng sched cile to opt im ize 
remain ing l i fe and help them p lan tu rbine main tenanc and 
sched ule m pect ion and ou tage . Users ca n a lso m a ke p repLU·
chase compara t i  e l i fe pred ict ions for va rious rotor design . 
For 11 1ore i 1 ifor111nl io 1 1 ,  co1 1/acf To111 McC/oskey, (415)  855-2655. 

To order, en/I the Elect ric Power So tware Ce1 1 ter, (800) 763-3772.  

Power Quality Workbook 
Whether i t ' · ha nnortic di tortion, vo l t, ge ag, tran ients, or some 
oth r typ of power qual i ty di turba nc , thi workbook (TR-105500) 
w i l l  h Ip u t i l i t ies and th ir customer d iagno e the prob lem and 
elect th appropriate fix from th wide array of pm er-cond it ioning 

equ ipment ava i lab le .  The workbook defines p roced u re and recom
mended practice for main taining acceptable power q ua l i ty  on 
electric ut i l i ty tran mi ion and di tribution y tem as wel l  a at 
indu tria l and commerc ia l  cu tamer i te . It pre ent ana ly t i  al 
methods, vc1 lua t ion t chniqu , work he t , and gu id l ine for 
re olving pow r q uality is u a t  both y t m and  equ jpm n t  level · . 
For 11 1orr i11for111at io1 1 ,  contact Marek Sn111otyj, (4 1 5) 855-2980. 

To orde1; en/I tile EPRJ Di trilmtio1 1  Ce11 fe1; ( 10) 934-42 1 2. 

Fast Fault Finder 
An i ncreasi ng nLL mber of u nderground d i s t ribu t ion l ine in re iden tial , r as a re 
reach ing the end of he i r  usefu l l i fe a nd a re beginning to fai l .  oca ting fa u lts on the'e 
s stems can  be d i ffi u l t  and t i me-consuming.  I n  fact, mo t of the tedmique in use 
toda requ i re the experti e o highly tra i ned opera tors. Moreover, some of the 
techn ique in olve repea ted lectrical impu l e , which ma fu rther damage the cable 
bei ng anal zed . ln con tra t, EPRI ' Fa t Fau l t  Finder i ' ea , on cable and enables 
u t i l i t ie to pinpo int  the Jo a t ion of fa i lu re qui k l  and easi l -w i thout  the he l p of an 
expert op ra ter. Th i device i a l  o inexpen ive en ugh to be in tai l ed a a p rmc1-
nent mon.itor ing in.st rum nt, ensuring the fa test po sib l e  u t i l i t  re pon e to a fau l t . 
For more i11fomwtio1 1 ,  co1 1 tacf Harry g, (41 5) 855-2973. 

To ordr,; en/I Ediso11 CoJ 1 t rol  Corpora t ion,  (908) 8 1 9-8800. 
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N a tural structuleS and p 
in themselves, but EPRl-s 
learning that they might: 

variety of challenges the elecb"ic 

Take, for instance, the iss 

es a re fascinating enough 

o hold the key to a 

t i l j ty indu  try faces. 

f ca rb n diox ide, which i 
emitted from a variety of so , including power plant . 
Implicated as a potential c ibutor to g l  bal warming, 0

2 

is not yet regulated, b · ternational pre u r  to consider 
regulation is mo · g. So fa1� th r i no syst m for economj-

-�Ca.lJ}Lrellle'\l'l
0
ITT,g CO

2 
emjssions from the exhau t of power 

pla n t  lacks, bu t  at least one na tura l proce s ffer a clue. 
s r s archer Gil l ian Bond of the ew Mexico In ti tute of 

.ini 11g and Technology d i  covered, mol lu ks i J1 the proce of 
developing thei r hel l materia l (calc ium arbona te, or CaC0

3
) 

ab orb CO
2 

from their aqua tic environment at a r l a t ively 
h igh ra te. What i f  r earcher cou Jd m imic thi  p rocess i n  a 
power p lant to ab orb CO

2 
bcfor i t  wa relea ed from the 

stack? That  is exact! what Bond, ,,v i th EPR! 's upport, i 
trying to do th rough the cience f biomime i -the mim ick-

Bond, who conduct d a l i t  ra tur  r i w for an - PRI 

coping study on the potentia l app l ica tion of biomilne i s  in 
the ele tric ity rndustry (TR-1 0412  -V l ) , wa ngro sed in 
re eard1 a imed a t  mimicking t he h l l  d v lopment proc s 
for u e i n  d positing th in fi lm. i n  i ndustr ia l applicat ions 
wh n sh stumbled onto the idea of u i ng  bi mime i for 
capturing CO

2
. s Bond d i  overed, ome m l l u  k crete a n  

enzyme, carbonic anhydra e ,  tha t ca ta l z t h  hyd ra t ion of 
djssol ed CO_. The re u l t in  HC0

3 
and /or H

2
CO.� then reac 

with d i  ol ved ca lcillrn and precipi ta t  a Ca 0
3
. 

To mimic  the proc in the labora tory, Bond a nd her 
r ard1 a ocia t add d ca rbonic a n h  d ra e to an aqueous 

lut i  n c n taining dissolv d 0
2 

and a.  Almost immedi
a t  ly, CaC 3 b gan to precipi tate, wherea wi thout the 

cataly t the precipitation required e era I minute to ini tiate. 

The ne t tep-more clo ely approx imat ing the power plant 

environment-wa to bubble CO
2 

through an aqueou solu
tion con ta ining Ca and carb n ic anhyd ra e. ln the e test , 
however, th ca rbon ic anhydra c lung to the CO

2 
bubble , 

er ating a nonr act ive froth. Bond' r sea rch team has recent! 
stabi l ized the enzyme by a t taching it to glass surfaces, thereby 
l iminating the froth format ion. Other approaches to min imiz

ing the froth effect are currently being stud ied . 
EPRJ i exam ining other potential  ut i l i ty appl ication of 

biomimesis and recently publ i hed a report (TR-10412  -V2) 
r ea rch pp rtun i ti . Th e indud copymg 

natu ra l de ign to engin r d u rabl.e, l igh tweight ma teria ls and 

employing a rt i fi ia l  photosynthetic pr cesse to crea te high
efficiency photovol ta ic tedmol gie . " Ba ical ly, we're taking 
our cue from nature," ay EPRI '  j hn Stringer, who is over-

eeing the bi mime i re earch .  "The olution to many of the 
techn ical chaU ng we fac ma b r ight b fore ou r eye . "  
• For more i11fomtn l io11 ,  co1 1 tncl fo/1 1 1  lri1 1ger, (415) 855-2472. 

Microwave Heating for Chemical Processing 

U i ng  microwave to  hea t chem ica l process streams 
couJd potential ly provid s veral advan tages over 
con entiona l  methods of heating. For xample, the 

l iquid tream could be h ated mor uni form ] by micro
waves than  by contact with hea ted reactor wa l l  , and the 
chanc f overhea t ing near the waJI , wh ich can degrade th 
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prod uct, would be reduced . Mi row ave hea t ing al o occur  
mor rapid ly, providing opportu n i tie to  red uce cap i ta l  and 
mamtenance co t and equ i pment ize. 

Unfornma tcly, important refe rence da ta-parricll larly the 

dielectr ic propertie of common organic ol ent at micro
wave freq uencie -have not been ava ilab le. n,e lack of uch 



data has inhjbited the use of microwave heating in the chemi

cal industry, where stnndard dielech·ic values would be 

required for both pure solvents and mixtures before they 

could be used with microwaves in process streams. 

Now, with EPRI funding, Paul Laibinis of the Massachu

setts Institute of Technology has found that the critical proper

ties can be characterized by three frequency-and temperature
dependent parameters. The parameters are a high-frequency 

dielectric constant, a static dielectric constant, and a time con

stant that reflects the rotational lifetin1e of the molecular species. 

Laibinis has measw·ed these parameters for a variety of 

single solvents and solvent mixtur-es and has created "mixing 

rules" that will enable chemists to achieve the desired micro

wave heating characteristics by adjusting the mixture composi

tion. He also has developed a method for measuring tem

peratures within a microwave cavity without the introduction 

of physical probes. The method is based on the temperature

dependent emission of light from molecules called fluoro

phores, which are introduced into the cavity. 
• For 111orc i11for111ntio11, ,:011tnct A111111i Amnmnl/11 /415) 855-2548. 

Magnetic Fluids Could Cut Transformer Upgrade Costs 

B 
y the end of the centw·y, electric utilities needing to 

upgrade their transformers may not have to invest 

millions of dollars in hardware retrofits to <1ccomplish 

the task. EPRf researchers believe that magnetic fluids could 

be used as coolants in such equipment, enabling utilities to 

increase the capacity of their existing transformers. 

Electromagnetic devices like transformers heat up 

during operation because of resistive losses in their electrical 

and magnetic components. The rejection of waste heat is 

critical, since excessive temperatures can damage insulation, 

precipitating failures; failed transformers cost millions of 

doll<1rs to replace, require months to repair, and can leak 

toxic fluids. Cooling capability ultimately determines the 

amount of power that can be reliably handled by a trans

former. As a result, most such eqlLipment is designed to 

maximize heat rejection, and this often means bulky and 

expensive designs. 

Enter magnetic fluids. Developed in 1960s research on 

low-friction seals for rotating shafts, MFs are now used as 

sealants in computer hard drives. In preJjminary EPRI-fw,ded 

experiments, these fluids have demonstrated significant heat 

transfer capabilities when exposed to electromagnetic fields. U 

further research proves that MFs are truly effective coolants 

for electromagnetic equipment, it is possible that they could 

be used as direct substitutes for conventional coolants, with 

mjnimal hardware modifications required. 

A typical MF is a colloidal mixture of tiny spherical 

magnetite particles coated with oleic acid and suspended in 

a thick carrier Liquid, such as transformer oil. The suspension 

is stable, with the balance of forces acting on the particles to 

prevent them .from settling or sticking. When exposed to 

electromagnetic fields, such as those generated by transform

ers and other electrical equipment, MFs ecm be highly magne

tized while retaining the liquid properties of the carrier oil. 

The hjgher the temperature, the lower the level of magnetiza

tion an MF can achieve, tmtil this capability is lost between 

70°C and 250°C. 

Already, researci1ers have determined that MFs exhibit 

greater heat rejection than conventional coolants used with 

electromagnetic components. However, the exact way in 

whjch cooliJ1g occms is still under debate. One theory is that 

the magnetic fields generated by a device effectively spin the 

Mr particles, increasing turbulence and improving heat trans

fe.r. Accordb1g to another theory, the highly magnetized por

tions of an MF arc attracted to a device's magnetic fields. As 

these portions near the electromagnetic components, they are 

rapidly heated above the temperatures at which they lose 

their magnetism, .md they are then displaced by cooler por 

tions with higher magnetization. This circulation enhances 

cooling. 

EPRl-sponsored scientists at Energy lnternationnl of Belle

vue, Washington, have investigated these and other hypothe

ses in their explorations of MF-based cooling. To simulate 

electromagnetic devices, the researchers submerged conduc

tors in dielech·ically suitable MFs. ln each experiment, the 

fluid was subjected to time-varying magnetic fields, and the 

amOlmt of heat removed from the system (benefit) was com

pared with the power dissipated by the appJjed field (cost). 

The results indicate that Mfs represent a viable heat 

rejection technology. Benefit-to-cost ratios of 2.5 to 3.8 have 

been attained with readily available fluids. Now that proofof 

the concept has been established, EPRI and Energy lnterna

tiona.1 are planning detailed technical and economic analyses. 

Comprehensive  tests of MF-based cooling will be conducted 

in bench-scale models of common utiUty equipment. if the 

testing is successful, prototype systems will be developed and 

demonstrated in the ne,xt couple of years. 

• For 111ore i11fim11ntio11, con/net /01111 Ma11/bctsch, (415) 855-2438. 
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At 
Home 

T H E  STO RY  I N  B R I E F  Fo rg et t h e  ca b l e  

co m pany, th e phone  com pany, a n d  oth e r  b i g  

h i tters i n  te l e com m u n icati ons. E l ect r ic u t i l i -

With 
t i es wan t  to be  the  o nes to d e l ive r n ew and 

ta n ta l i z i n g  i n fo rm a t i o n  se rv i ces  to  c o n -

su mers. Faced w i th  i m pe n d i ng  co m pet i t ion  

a n d  a rmed  w i th  a n  i nvestm e n t  i n te l ecom m u n ica -

t i o n s  te c h n o l og i es  th a t  a l r ea d y  r i va l s  t h a t  of  t h e  

com m u n ica t i on s  i n d u stry, e l e ctr ic u t i l i t ies ac ross t h e  

cou nt ry a re exp l o it i n g  the  i m press ive ca p ab i l i t i es of  

t h ese tech n o l og i e s to p rov ide  a d va n ced serv ices to  

the i r c u stome rs. And  ma ny a re target i n g  the  res i den -

t i a l ma rket. Ti me-of- use pr ic i n g  a n d  a pp l i a nce cont ro l  

a re a l ready savi ng  consu mers money on  the i r  e l ect r ic 

b i l l s  wh i l e  shavi ng  u t i l i ty costs a n d  secu ri n g  a mo re 

uni 
i n ti mate customer  l i n k  that  i s  c r i t i ca l  i n  a com petit ive 

env i ro n m e nt. H o m e  secu ri ty, o n - l i n e  b i l l  paym e n t , 

a n d  re m ote  d i a g nost i cs a re j u st som e  of  t h e  o t he r  

ca pab i l i t i es i n  t he  wo rks. Whethe r  t h ey a re expa n d i ng 

the i r  ex i st i n g  c omm u n i cat i o ns i nfra st r u ctu res, l ea s i n g  s p ace o n  

these n etworks t o  othe r  te lecom m u n ica t i on s  provid e rs, o r  tea m i ng  

up  w i th pa rt n e rs to  d e l ive r the  g ood s ,  t h ese  u t i l i t ies a re se r ious  

a bout  b ri n g i ng te l e co m m u n ica t i o n s  home .  



he mercury hov
ers a round 1 1 0°F 

the du ty border 
tow n of La redo, Tex
as, a Rene Rodriguez 

hi way home 
a long day of 

work one September 
evening. But he knows hi home wil l  be 
coo.led to 77°F when he teps through the 
front door. And he know he i n ' t  paying 
ex tra money for thj comf rt. In fact, Ro
d riguez-wh can program hi a i r  condi
tioner and  other big appliances to coincide 
wi th hi e lechic uti l ity' high, medium, and 
low ra te for the day-e t imate he is a v
i ng  abou t  $40 a month on h i  e lectric bi l l .  t i  
he decide to change the program med et
tings, he simpl y p l ugs a s l ick- looking con
sole into the wal l  and punche a few key . 

Acros the country in Wa l n u t  Creek, 
California, the Grime fa m i l y  i absorbed 
in the evening new when a report on the 
cu rrent heat wave re1nind them of the i r  
e l  ctricity u e .  With the  touch of a bu tton 
on a specia l remote control device, a status 
bar appear at the bottom of their televi-
ion screen hawing teve and tel la 

Grime how much electrici t major appli
a nces l ike the a i r  cond it ion r and refriger
a tor a re u ing. The ca n a l o program thei r 
porch l igh ts to come on and go off at de
sired t ime of the day-al l  without m issing 
a bea t of Dan Rather. 

The e a re ju t two examples of the many 
way in which electric u ti l i t ie a re us ing 
advanced te l  comm unication te hnolo
gies to offer more conveni nee to their cus
tomer . Gearing up for ful l -fledged com
peti tion a mong power compa n ie , the u t i l
i t ies i nvolved in these efforts bel ieve the 
new e rvice that telecommu nica t ions en
able might help them reta in  exi ting cus
tome rs and  maybe even snag new one 
Whether the u t i l i ty-cu - tomer con nect ion 
use telephone wi re , fiber-op ti. L i11es, co
axfal  cable , rad io wave , u t i l i ty d istribu
tion l ines, or ome combina tion of these 
channels, the capabi l i ty for two-way com
munications is becoming increa ingly im
portant .  And the t i me-of-u e pric ing and 
appl iance con trol option tha t  a re av
i ng Rene Rod riguez money on h i s  e lec
tric b i l l  a re ju t the ta r-t. Remote appliance 
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d iagnostics, home securi ty service, and on
l ine bill payment  a re among the vast array 
of other adva nced capabil ities u ti l i ties are 
exploring. 

The erv ic ar not intended to bene-
fit on ly the cu tomer; they have bui l t - in 
benefi t for the u t i l i ty a well . For in tance, 
tirn -of-us pricing-through wh ich ra tes 
vary d uring the d y to more accurately 
reflect the actual cost of genera t ing and 
de.livering power at a given time-encour
age cu tamer to sh.i ft energy u e away 
from per iods of peak demand. The re u lt 
is 10\ er power b i l ls for the cu stomer, 
which can g ive  the u t i l i ty a compet i t ive 
edge. Remote meter read ing, meter- tam 
pering detect ion (wh id1 accoun ts for a 
much as 1 % of u t i l i ty revenue ), ins tant 
information 011 the t ime and loca tion of 
power outages, remote connec tion and 
d isconnection of cu tamers, ·md in forma
tion abou t elech·icity con u mption pa t
terns a re just ·ome of the busi ness ad
va n tage . J n  addi t ion, uch ervice enabl e 
ut i l i ties to get closer to the i r  cu tamers at a 
ti me when bui ld ing customer loyaJty is 
critica l .  

" Ju.st  a the telecorr umm icat ion field i 
undergo ing a virhrnl expl ion i n  i nnova
tion and b1 format io11 tran fer capabi l i ties, 
elech·ic pow r com pa n i  a re reach ing a 
competitive pha e in which they a re fiJ1d 
ing tha t these techno logies m igh t  very wel l 
hel p  them d i  tinguish themselves from aU 
the other povver provider ou t ther ," say 

t e Dren ker, manager of EPR l 's Informa
t ion Sy tem - & Telecom municat ion l3u -i
ne s Un i t .  "Telecom m unica t ion- is an x
ci t ing tool tha t  u t iU t ies can u e to get an 
edge in the market . "  

There are  ot lvr reason, for electric ut i l 
i ty invo l vemen t i n  telecommunica t ions. 
Over the e11r , p wer companies have 
bu i l t  up exten i e infrastructu re of tele
phone wire,  fiber-opti cable, rad io l i nks,  
and other com m LU1 icat ions cha11J1els
mai n ly  to me t th ir own i nternal com mu
nicat ions needs. I n  fact , the e l ectric ut i lity 
indu try ra n k  ,econd only to the comm u
nica tion industry i t  el f in it u e of te le-
ommun ica tions med i a .  What' more, uti l 

i ties typica l ly u e on l y about 3% of the 
capaci ty of th e e labora te commw1 ica
tion w bs for thei r uw11 pu rpo es. A, one 

ut i l i ty  xecutive put i t ,  " We're i t t ing on 
a gold mine." 

The fact tha t power compan ies a i r  ady 
have access to v irtually every home and 
bu ine in the cou n t ry offer added in
centive for u ti.liti s to pursue the telecom
mun ications ma rket. A nd that 's exact ly 
what man a re doing-in a variety of 
ways. Some a re opting to expand their 
com m u n ica t ion i n frastnrctures to offe r 
ad vanced energy manag rn 1 t  and oth r 
ca pabi l i ties d i rect ly to their customer . 
Other are leasing a ai lc1ble space on thei r 
network and  l ett ing other compa n ies de
l iver the good . St i l l ther are teaming up 
with telephon and cable telev is io,1 fi rm 
tha t a re v f og  for the same customers. 
Some power compan ie a re even inve t ing 
d irec t ly  in the devel opment of r l a ted 
hard ware and oftwa re tedrnologies for 
both w i red a nd wi reless appl ica t ions.  

The telecomm unica tion reform bi l l  tha t  
P resid ent Cl inton igned last February 
m a k  \ t  a ier o r  electric util ities t o  com
pete w i th phone compan ie , cable firms, 
and other ervice prov ider vyi ng for a 
piece of the market. Among other change 
the b i l l  r moves ta te and  loca l proh ibi
t ions aga inst util i ty invol ement in tele
com muni a t ion , protects u t i l i ties' i nterna l  
com m un ica tion system , and a l low util
i ty ho ld i.ng compan ie" to d ivers i fy into 
te.lecom m u n i.ca t ions. 

Taking control 

One holding company that wast d no t i me 
on th i  front is Central and outh  We t 

orporation, w hich fi led to become a tele
communicat ions prov ider w i trun hour f 

l in ton's s ig 11 ing of the bi l l . A a result, i t  
sub-id ia ry W Com m w1 ica tiun became 
the count ry' - fi rst so-ca l led exemp t  t I 
communications com pan . (There are now 
1 2  such compa n ie , accord ing to the trade 
grou p ca l led UT : The Telecommu nica
tion A ocia t ion.)  Among W Com m u
nica ti ons' fi r t effor t i the p i lo t  p rogram 
lhr1t is  provid ing the Rodriguez fa mi ly  and 
00 other in La red o a g l i mp e f wha t  

may be the fu tu re of cu tomer service in  
the power b u  in 

Through a ha ndheld con ole manufac
tu r  d by Raytheon , these C W customer 
ca n ontrol up to fiv big electricity load 



in their home . For Rene Rod riguez, who 
ha a two- tor , 3200- quare-foot hous , 
the choice was obvious. He picked the tv.ro 
a i r  conditioner , the two wa ter hea ter , 
and the clothe d ryer. He ay i t  t ok 
ab ;)Ut ha l f  an hour w i th a uti l i ty represen
tat i ve to lea rn how to u e the cons le tc 
progra m the appl i ance . ow, th e big 

n rgy us r ar most act i  e w hen cl c
trici ty rate ar lowest .  I n  fa t, Rod riguez 
has progra mm d t he wa ter heater and 
the d ryer to shut down completely dUiing 
both the h igh-ra te and m dium- ra te peri
od s.  Li ke the other program part icipant., 
Rod rig uez can read h is  month-to-d a te 
electr ic  bi l l throu gh the co le .  And he 
has prog ra m med h i s  system to tu rn off 
major a ppliance" when i t  receive a pric 
igna l  from his ut i l i ty d ur ing very h igh 

rate emergenc period . Rodriguez ·ays 
h L  e le  tric b i l l, wh ich averag d 1 0 a 
month before the progra m, ha remain d 
abou t th a me-de pite the add ition of 
a baby and a l i ve-in maid.  He suspects 
it wou l d  have gone up to abou t 1 90 a 
month . 

Kick d off la·t pri l ,  th La red program 
d p nds on a n  infra tructu re f fiber-optic 
line and oa ia l  cab le. Electron ic 
th.i t w in ta i led on 
the major app l i a nce 
enable the consu rncL 
to track how m uch en
erg each appl i.ince i 
u i ng. The p i l ot wi l l  
con t i n ue ind fi n i te ly. 
" ur cu · tamer ·eem 
to appr c iate i t ," say 
D n hahan, pre_ ident 
of W Comm u n i  a
t ion . "They a re av ing 
money and th y .i re r -
pond i ng to ou r price 

r ier . "  On averng , th 
participan ts a1 sh i fting 
2 kW p r househnld 
off-peak b tween 4 ru1d 

k ind ever und rta ken . SW Communica-
t ions has since won a contract with th 
ci ty-m,vned electric ut i l i ty in ust in,  Te a , 
to develop and test a wi rele y tern in 
a 1 9-month pa t progra m to be kicked 
off l a t  r thi - yea r. Al o, W has been 
awa rded a even-year franch i ·e t bui ld a 
fiber-optic n tvvork tha t  wi_U  u l t im a tely 
reach into every h me and b usiness in 

ustin , a ci ty of 544,000 people.  The com
pan_ hopes to provide energ manage
men t erv i · over the network and to 
lea· apa ity n the sy-t m t ther firm 
tha t  woL1 ld pr vide services ranging from 
1- tigh-spe d I n t  met a ce s a nd telemed i 
c ine to videoconferenci ng and home secu
ri t . " ne of tlP d 1· iv i ng force· behind the 
La redo project wa looking down the road 
and ei ng deregula t ion and competi tion 
coming, "  a_ hahan. "We want  to get a 
· tronger hook in to our  cu tom r and pro
v ide th m wi th  omething that oth r po
tentia l . uppliers of I ctric i ty do not ha · e." 

ther u t i l i t ies, SL1ch a · Bo ·ton Ed i on , 
are fol lowing s u i t .  La t p t�mber, this 
ll t i l i ty annou nced that i t  h a  tea med up 
w ith R r lnc.-a provider of i n tegra ted 
voi e, da ta, v ide , a nd h igh -. p d I nter-

-to bu i l d an in t  ra t iv da ta 

1 00 to 1 mi ll ion 
(w iring on customer premises) 

1 200 to 40,000 

Up to 56,000 (ana log) 
64,000 to 6 mi ll ion (digital) 

1 mi l l ion to 1 5  mi l l ion 

50 IT1ill ion to 1 bi l l ion 

network for home in 40 citie and tm n 
in the greater Bo t n area . The backbon 
of the proj c t  is a 200-m i.le r ing of fib r
optic cable that the L1ti l i ty has alread 
estab l i  hed f r i ts own comn1 Lmkatio11 . 

ccording ll the u ti l i ty, thi · i more fiber
op t ic cable than i owned by a ny other 
el ctric u t i l i ty i n  th state and more than 
is own d by most te l com mun icat ions 
compa n ies. 

Boston Edison and RC ' have agreed to 
invest about 300 mil l ion in enhancing th 
network over the next fi e years _o tha t it 
can be u d to del iver v ideo, t lephone, 
energy managemen t, and other ervice • 
to 650,000 cu tamer . i k  M nahan, a 
poke·man for the u t i l i ty, note that Local 

telephone and video ervices a re l ikely to 
be among the fi r t erv ice dep loyed on 
the network, with energy mana ement in
trodu ed I ,  ter in the five-yea r time frame. 
H ay- the jo i 11t  ven ture wil l  be in d i re t 
compet i t ion wi th  the local telephone om
pany, ew Eng land Bel l ,  as wel l a cab] 
provider and Internet acces com pa nie . 

Uti l ity presence 

Electri u t i l i t ie  rappl ing wi th the tE'le-
ommunica t ion cha l lenge are t rying tu 

Low 

Low 

Low 
Medium 

Medium 
to high 

High 

Real -time pricing 
Load control 
Secunty monitonng 

Internet access 
E lectronic mail 
E lectron ic bi l l ing and payment 

Videoconferencing 
Telemedic ine 
Interactive television 
Distance learning 

5 p.m. and a\' ing 1 0% DECISIONS, DECISIONS Avai lable technology offers power companies a number of media to choose 
on their el ctr ic biUs. from in communicating with their customers, as indicated in this chart. Traditional ly, these media have 

TI1e La red o project fit neatly into the categories of narrowband, wideband, and broadband-with narrowband technology 
ha recci d a lot  of offering data transmi ssion capabil ities, wideband offering both data and voice transmission, and broad-
a ttent ion, in part be- band offering data, voice, and video. But sophisticated compression and delivery technologies are 
cause i t  i among the blurring the lines dividing these categories, al lowing users to send, for example, voice signals via power 
largest progrnm of its l ines and video signals over standard phone lines. 
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d term ine what  form th cu tomer in t  r
fac h u ld  ta ke. From the u t i l i  ' per
p cti ve, th i i a critica I is u , for it is 
y mbolk of the tra n i t ion of the u t i l i ty 

p resence from an e terior wal l  of the 
home, w here it i relega ted to a de ided ly 
u er-unfriendly elechic meter, to i.n ide the 
home, where it w i l l  r idc in a p hist i
ca t d in teractive de ice. Th i i nterface w i l l  
be the k y point o f  con tact  wi th  the cu -
tom r for de l ivering a va riety of serv ice 
tha t a re l ikely to e tend far beyond ba ic 

nergy managemen t into home a utoma
tion, t t me age paging, lech·on ic ma i l ,  
and -dep nd ing on th - oph i  t i  a t ion  of 
th!..! i n terface-i n t  ract i ve en tert a i nmen t .  
" lec tric u t i l i t ie have a rea l ma rket oppor
t u n ity to become the p rov ider of choice 
for bundled comrmmications services," ays 
Da v id a i.n  of E PRI ,  manager of new bu i
ne developmen t in the l nformat ion y -
t m & Telecommunicat ion- Bu in Unit .  
"Th i  i an opportu n i ty tha t  many ar hav
ing a h a rd t ime pas i .ng u p . " 

t t h i  stage, power com pa nies a re con
sideri ng a variety of form for thi i n ter
face, from an elabora te ver - i on of the ther
mo tat to a tel vi ion -creen, a P , or a 

tel phone w ith a sma l l  screen that can be 
used to del iv  r a w ide range of i n teractive 
services.  

Sou thern Cal i fornia Edison is am ng the 
few uti l i tie that a re cu rren t ly experi ment
i_ng with th -o·een ph ne in terface.  At th i 
WLiting, the u t i l i ty i n a r l  fini  hed devel
op ing energy manag men t appl ica tion 
for the Pl OO creen phone manufactured 
by Ph i l i ps, whi h offer a ho t of other fea
tures, such a - In ternet acce , electron ic 
mai l , and electronic hoppi ng and  banking 
(a magn · tic t r ip  read r enabl cred it ca rd 
and ba n k  card h·a n acti n ) . Wi th the en
ergy manag m nt fL in t ion , user w i l l  be 
a ble to moni tor th ir  el ct rici ty u e to dat 
and see how m uch energy thei r biggest a p
p l ia nces are con u rni ng. The y tern · ex
pected to be te ted in the homes of SC E  
emplo ees ea rly thi yea r. " I  th ink  one of 
the rea on u ti l iti ar he i tan t  to rely on 
a creen phone i.n terfac i tha t  th y a re 
not sure how th i  new type of te l phone is 
going to get in to th home," says Dukku 
le , SCE's p roject engineer. " onsumers 
a re not accu tomed to buyi ng telephones 
to ca rry out t he ·e k ind of tran actions. 
But we feel tha t the righ t  blend of erv ice 

MOV I N G  INSIDE Offering interactive energy 

management services means changing the util ity 

presence from a clunky electric meter on an 

exterior wal l  of the home to a more user-friendly 

device inside the house. Utilities are experiment

ing with a variety of interface options, from the 

screen phone to the television set. 

wi l l  at t ract a w ide range of cu tome.r . "  
om u t i l i tie ar e perim n ting w i th a 

combination of approaches. or i nstance, 
Paci fic Ga and Electr ic, which sponsors 
the program that enable the Grimes fa m
i ly  and 49 other customer in Wa l.nut  
Cr k, Cal i fornia, to moni tor and control 
thei r energy use tlU'ough thei r telev i ion 
er en , i abou t to w i tch to a PC int rfac . 

For the initi a l  SO-home project-a col labo
ration with Tele omrnunications Inc. (T I) ,  
the world '  la rge t cable televis ion opera
tor, a nd oftwar  giant M icro oft Corpora
t ion-the ex i ting cable in fra tructu re had 
to b ,  upgraded to a hybrid fib r-coax net
work. Wi th th h lp of a digi ta l et-top box 
and M icro oft 's  " point and cl ick" opera t
i ng tem, u ers can program certain ap
pl iance t run at specific times. 

The cond pha e of the project, w h id1 
is expect d to get under wa in Apri l ,  wi l l  
re l y  on a t lephone co1uiection to  the I n 
tern t a a n  avenue for com m tm ica t ion, 
therefor r qu i r ing no n w infra t ruc t 1.1 re .  
Rather than v iewing a statu bar at the bot
tom of their television creens and  making 
elec t i  n w ith a remote control ,  pa rtici

pant w i l l  log on to the Internet from thei r 

Energy management wil l  soon be added to electronic bank

ing, shopping, Internet access, and other capabi l it ies pro

vided by the Phil ips P1 00 screen phone. Southern California 

Edison wil l  test the phone in the homes of some employees. 
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Personal computers wil l  serve as the interface for a pi lot 

Internet-based energy management system that San Diego 

Gas & Electric expects to deploy in 50 homes this spring. 



d 
� 
� 

per anal computers and acce the uti l i ty' 
Web ite, using a specia l  personal identifi
cation number to ca l l  up their wn  nergy 

in f  rma ti n. l t i mat  ly, they may ven be 
ab) to pay their b i l l  on- l in  . "W, 'r mov
L ng away from tel ision beca use it t ied 
u to broadband n tworks," says Laurie 
drneemann,  th ut i l ity's manager for the 

p roject , referrin to networks ( uch a 

tho e u ing coaxia l  cable or fib r-op ti 
l ine ) capable of del ivering vid o ima 
"In th n w pha e f the project, w ar 
n t crea t ing a n !:work a t  a l l , " he a 
"We a l ready have a network-it'  ca l l ed 
the Ln tern t ."  chneemann admit tha t the 
l i ne between computer a nd tele i ion i 
b l u rring, howe er, noting that " fou r  to fi ve 

years from now y u might  not be able to 
tel l m uch d i ff renc between your  te lev i

ion and a r ."  

A box is a box? 

Thi · h1 · ion of televi ion and computer i · 
a l ready beginning to occur  i n  th con-
umer market-a phenomenon fueled b 

the bu rgeon ing popular i t  of the In t  met 
and by the h igh co t of P I n  fact, a l -
though ta l k  abou t  home P pcrva i ve, 

o -
o O  
0 -
0 0  

the per onal computer ha t i l l made i t  
into only 30% of . . home , and many of 

th e mode a re not ca pab le of brow ing 
the Internet at an ace ptabl pe d. And at 
a co t of more than $1 500 for a device that 
inc l udes ca pabi l i t ies tha t  a ren ' t  necessa rily 
de irable to consum rs, the PC admit tedly 
· n't doi ng a grea t job of br i nging the In 

ternet to  the g nera l pub l ic. (See the ide
bar n pag 14  for inf rmati n n the fu-
tur f the In tern t. ) in it p lace, m 

innova tiv l t ron ic p r  du t a r  b gin
n ing t crop up.  

J u  t last fa l l  ony a nd Phi l i p  re lea ed 
s Hop boxes-bu i l t  by a new com pany 

ca l led WebTV-th t enabl con um rs to 
a ce the L n t  rnet th rough thei r t I v i ion 
ets. The set-top dev ices connect to tele-

vi ion et much a R d , and they i n -
lude receptacle f r a te lephone l i ne, o er  

which In ternet data can  flow, and  for coa -
ia l able, a an ption for tho who pre
f r fa ter ac e to th World Wid Web. 

I I  the nece a r  • oftwa r t ho k up to 

and brow th In tern t i bu i l t  in .  I f  con
umer have th pictu re-in-picture fea ture 

on the i r  te levis ion set , the ca n read thei r 
e-ma i l or a rch t h  eb w ithout mi ing 

Public Service Electric and Gas and 

Detroit Edison are using Honeywell 's 

touchpad device,  which looks like a 

thermostat but provides such advanced 

features as t ime-of-use rate capabil ities. 

! ___ ...;...;=c=_;;.-:..... 

About 50 Pacific Gas and Electric customers can monitor 

and control their energy use while they watch television. 

any a tion . There' a l o a er dit a rd lot 
f r on-line purcha e . B th ver i n of the 

WebT el l  f r a li t t le over 300. · ach y -
t m inc lud an on- ere n keyboa rd; th re 
is an optional wireless keyboard for an ad
d itiona I 75. 

Other forms of relatively cheap acces. 
to the Lnternet a re coming oon. Among 

tho e in th w rk i th n twork com

put r (N ), a pr totyp of which wa 
dem n tra t  b y  Oracle la t F bfll ry. Like 
the W bTV pr ducts being mark ted by 
Ph i J ip  and ony, the t C do  not re ly on 
·oftwa re d i  ks. Ra ther, i t  include a simple 

perat ing tern and ca n retrie e any nec-

e a ry appl i a t i on from the Internet .  I n  
fact, the , \ h ich i expected t o  b e  ava i l 
ab l e  ear ly th i  yea r and to 1 1  for abou t  
300, i i n  d i rect compet i t ion w i t h  the  

WebT dev ice ·, no t  to  ment ion the  P . r
acle' CEO, Larr El l i ·on, p redict that n t-
1 ork computer wi l l outsel l P b the 

end of the de c de.  
EPRI v i  w the n tw rk om put  r a , n 

idea l  veh ic l for bringiJ1g th I tr ic u t i l 

i ty i n ide the home and ha stabl i  hed 
a forma l  a l l iance w i th Oracle t ensure 
tha t th device i ncorpora te capabi l i t ie 

This console, developed by 

Raytheon, is being deployed in 

pilot programs of CSW Communi•  

cations and Southern Develop

ment & Investment Group. 
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for energy manag ment, home and busi
nes a u toma tion, and secu ri ty. "Th is ex
ten ded n twork comp u ter woul d have a 
built-in capabi l ity for com m un icat ing with 
electr ic ut i l i tie a nd wou l d  be ab le to de
l iver a · u ite of energy prod uct and er
vice o er the In ternet," ays EPRl 's Cain, 
who i m anagi ng relation wi th Oracle. 
" U  er cou ld consul t  i t  to retrieve infor
ma tion and carry ou t tra nsact ions not only 
on the i r  electr ici ty use but also on water 
and na tura l gas. [ t  
w i .l J  a l  o have en· 
ergy management � 
features imi la r  to 
those offered by the 
Ra ytheon un i t  u ed 
by CSW Comrmmi-
ca t ions ln Laredo."  @ 

g 

"We' re try i ng to d i t i 11gu ish o ursel ves 
from other potent ial  ervice p roviders,'' 
expla i n  Ti ff e l son, the u t i l i ty' manager 
for tJ,e project. 

As is the ca e with PG&E's p roject, about 
50 SDG&E custom rs w i ll be selected for 
partic ipa t ion and w ill be ab le  to monitor 
and control their e lec tric i ty u e from their 
home PCs. Plan a re for SD &E' ystem to 
provide u er a compa ri  on of the curren t 
month' energy con umption with tha t  of 

On-line Philips' version of the WebTV device 

ON-LINE FROM THE COUCH 
The increasingly popular Inter• 
net gives electric uti l i ties a 
ready vehicle for customer 
communications. Making it even g 
more convenient are new de· 
vices that bring cheap Internet 
access to the television screen, 
al lowing true couch potatoes to 

� 
� 
§ 

vi.rorunen ts capa ble of supp rting a va riety 
of interactive ser ices. 

Amid a l l  the act ivity lnvolving sophisti
cated, user- friendly customer interfaces, 
some uti l i ties are taking a d i fferent, more 
immed iate, and far le s expen ive ap
proach . Kansa City Power & Light, for 
in tance, ha opted for a w i reles , cel l u la r
based communication sy tern . For an op
era t ional c t equa l to tha t of manua l  
meter read ing, KCP&L is  deploying a sys-

tem that ,  by he close of 1 996, was 
already t ied in to a l l  420,000 re i 
dential and small commercial  cus-

A I ready; electr ic u ti I i  ties a re ta p
ping the I n ternet to reach the i r  
cu  tamer . As of the begi nning 
of th i yea r, 1 80 u t i l i t ies have 
home pages on the Wo r ld  Wide 
Web. eneral ly, though, ut i l i tie 
a re using the .In ternet main ly for 
one-way communications-relay
ing background in forma tion on 
their companies and news abou t  shop, bank, and  send e-mail from Network computer 

pecia l cu tomer programs-a nd 
ha e not deployed it  for soph is-

the family room sofa. WebTV set-top devices 
already on the market come with all the soft. 

ticated energy rnanagem nt ser· ware needed to surf the World Wide Web. Similar 
vice . That is sta rt ing to change, 
however, as PG&E's efforts i nd  i 
cate .  

capabi l ities wil l  be provided by the diskless 
network computer, expected to be released by 
spring. Through an al l iance with Oracle, EPRI is 

Among the other uti l i t ie tak
ing a more i n teract ive a pproach 
to the I nternet is San Diego Gas 
& Elect ric. from t he company'_ 

working to add to the network computer new 
capabi l ities for energy management, home and 
business automation, and security. 

home page, cu tomers can  en ter the Vir
tual Reali ty Greenhouse, an i rn<1ge of a 
fam i ly room i n  w h ich they can cl ick on 
overhead l ight , a st reo,  and other  energy 
user to find ou t how m uch electric i ty  
the e devices conSLLme. And la t A ugu t, 
wi th  some funding from the U .S .  Depart
ment of Energy and EPR I , Enova Tech
nologie (a si ter company of D & E) 
tea med u p  wi th Paci fic Bel l  to develop a 
u er·fr i end ly I n ternet-based energy man
agemen t ystem that is ex pected to be 
read y  for implementa t ion th is pri ng. 
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the prev iou month and with that of the 
·am.e mon th the previous yea r. Alt hough 
ti me-of-u e rates are not expected to be in 
pla e, users w i l l be able to control a few 
large app liances, and a i m u lated time-of
use program wi J I  a l low them to determ ine 
how much money they couJd ave if uch 
ra te · were implemented . P lans  a re for the 
program to la t ni ne mon ths. This project i 
among t he fir t effort  to apply EPRI ' Cus
tomer System 2000, w hkh i a im d at hel p
ing uti l i t ie upgrade the i r  Web ites from 
browsi ng fac i l i tie into v i rtual  busi ness en-

tomer in  the u ti b ty ' major m t ropol i tan 
a rea. CeUNet Da ta System in ta i led the 
ystem at no cost to KCP&L, "as urn ing a l l  

t h e  r i  k , "  notes Doug Morgan, vice presi
den t of informat ion technology for the ubl
i ty. KCP&L pays a tran act ion fee every 
t ime data tra vel aero the system , and the 
cu m ulati e osts equa l the expen e of man
ua l meter read ing. 

Th sy tern prov ide  the basic benefits 
of the more-sophist icated hybrid fiber· 
coax a pproach, inc lud ing remote meter 
reading, ou tage not i fica tion, and meter
ta mpering detection .  Bu t the system d oes 
not pro ide capacity for more-ad vanced 
ervices in the fu ture, such as In ternet 

acce , e lec tronic mai l ,  and  in teractive tele
v i  ion . 

"We decided on a narrowba nd approach 
beca u e we b l ieve that compet i t ion and 
reta i l wheel u,g a re going to bappen soon, 
and  we want to po i tion our elves for tbat 
ma rket ," sa ys Morg a n .  " lf  we wai ted for 



broadband ted1nology to become econom

ical enough to be deployed throughout 

our service territory and to get integrated, 

we'd be sitting around for years." By get

ting its system in place now, KCP&L is 

gaining experience i.n using the electricity 

consumption information that's relayed to 

it every 5 minutes from ead1 meter. These 

data are fed into computer models that es

timate how much electricity specific appli

ances in the home are using. fn a competi

tive environment, the marketing vc1lue of 

such detailed customer information is cru

cial, says Morgan. And because the wire

kss system is so economical, KCP&L can 

deploy the capability throughout its ser

vice territory. farly this year the utility 

plans to roll the service out to its large 

commercic1I and industrial sites. 

Home, sweet home 

Why are electric utilities focusing so heav

ily on the residential market? After all, the 

large commercial and industrial accounts 

are the ones at highest risk for being 

snatched up by competitors, c'IS some utili

ties have already experiencl:'d. And with 

such significant electricity consumption at 

a single site, a utility can justify the often 

large monetary investments that their 

telecommunications endeavors require. In

deed, many eleclric utilities have atready 

made such investments for their huge cus

tomers, laying fiber-optic lines and i n 

stalling sophisticated energy management 

systems in their plants. These custom

ers have enjoyed the benefits of time-o!

use pricing for years, and some of them 

now even have real-time pricing, through 

which rates vary hourly. 

And therein lies the rationale for utilities 

to pursue the common person. The way 

some power companies see it, the residen

tial arena is a market wailing to be had. Af 

ter all, dollars from the residential sector 

make up about 35% of the utility industry's 

revenues. "There are alre;idy quite a few 

tedu1ologies out there for large industrial 

and commercial customers," says Tom 

Wick, manager of distribution and cus

tomer systems integration for WtSconsi.n 

Electric Power Company, a subsidiary l>f 

Wisconsin Energy Corporation, which 

teamed up with the Baby Bell Ameritech 

Corporation last year to establish a com

pany, Energy Connections, to market utility 

autc)mation and other advanced home ser

vices. The new company's product is a 

modular, turnkey system wHh capabilities 

ranging from remote meter reading to 

power qu<1lity monitoring to security. The 

system, whid1 has been tested in 30 homes 

in Wisconsin Electric's service territory and 

is now undergoing deployment in 170 ad

drnonal homes for fmthe.r testing, is de 

signed to work with a variety of  infrastrnc

ttU"e teclu1ologies, including paging and 

telephone line, and will be marketed to 

electric utilities for use with residential and 

small commercial and industrial customers. 

The tests under way involve the use of two 

djfferent thermostat-like customer inter

faces. The more sophisticated of the twu, 

called the Enhanced Customer [nterface, in

cludes a display for text messages. 

Some utilities emphasize that they are 

trying to get a better handle on the resi

dential market to determine which energy 

management services are even of interest 

to this customer segment. "We're pretty 

clear on the needs of our large commercial 

and industrial customers, but the residen

tial customers have always been grouped 

together as a single customer," says Jim 

Gariepy, who is managing Detroit Edi

son's intelligent Link project. Si.nee last 

April, the utility has been testing an en

ergy management system with a small 

group of customers to see how they re

spond to capabilities like appliance control 

and ti.me-of-use pricing. Lf all goes well, 

the system will be rolled out to serve the 

remainder of Detroit Edison's 1.9 million 

residential customers. As in the Energy 

Coru,ections system, the customer inter

face is ,1 thermostat (in this case, one man

ufactured by Honeywell) that includes a 

display for billing information, public ser

vice a.nn0tmcements, ,rnd rnte information. 

In a separate effort underscoring its in

terest in the residential market, Detroit 

Edison has invested $10 million in Edwlon 

Corporation of Palo Alto, California, the 

company that developed a communica

tions protocol and speciaJ electronic chips 

that enable devices like the Honey.veil 

thermostat to communicate over standard 

house wirinp;. 

Big numbers 

The sheer volume offered by the residen

tial market also makes it worth pursuing. 

Rather than having to customize a system 

for every user, as is typically the case with 

commercial and industrial customers, util

ities can rely on mass-produced systems 

that they can deploy throughout their ser

vice territories. "The more systems or com

ponents that are sold, the more the cost of 

the products comes down," explains Den

nis Ragone, a project manager for hvo-way 

customer communications at Public Ser

vice Electric and Gas. 

PSE&G has pa1tncred with Lucent Tech

nologies to develop a two-way communi

cations system that will be marketed to 

electric and gas utilities. Ragone empha

si2es that the system was developed to 

serve all market segments- residential, 

commercial, and industrial. "We wanted c1 

system that's inexpensive enough to be 

deployed everywhere," he says. "Th.is sys

tem provides a way for utilities to cut their 

costs and to gear up for future business 

opporlunilie:-.." The Lucenl system relies 

on a hybrid fiber-coax infrastructure and 

could employ a \·ariety of customer inter

faces, from screen telephones to personal 

computers. During the trial run in PSE&G's 

service territory, however, the interface is 

a Honeywell thermostat. 

A pilot system has been deployed to 930 

residentia I, 65 commercia 1, and 5 industrial 

wstomers. After thorough testing and 

evaluation, PSE&G plans to roll the system 

out to 500,000 of its customers by 2002. But 

don't large commercial and industrial cus

tomers already h;ive these capabilities in 

place? According to Ragone, PSE&G does 

provide load-profile metering to most of its 

large commercial and industrial customers. 

The Lucent system would enable addi

tional capabilities like real-time pricing and 

load control, however-at costs well below 

those of the existing system. 

In at least one area of the country, a 

portion of the residential egment- lux

ury multifamily housing-is atready em

broiled in the battle for power supply. 

With their health clubs, street lighting, 

communal trash compactor systems, and 

other electricity consumers, sud, commu

nities can constitute a demand of more 
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than 1 0  M W .  Ln Georgia, the tu rf war 

over prov id ing power to luxury a part

ment complexe ha e become more ag

gre sive in the last hvo yea rs, with an 

a rray of i nve tor-own d u t i l itie , m un ici

pa I i  ties, ru ra I electric coop ra t ives, and 

others a l l  comp t ing for the  same cus

tomer . Becau the apa rtm n t  developer 

ha e the i r  pick of electrici ty u pp liers, 

he yea r i 2005. You 

wa lk into Circuit City and 

open the door of a new re-

, I 
frigeraEor. Five informa tion 

packe tumbJ onto the fl or, 

much l ike the lntern t acce s CO tha t  

p6p ou t  of magazines today. Each packet 

is from a d i fferent power retai Jer vying to 

sel l  you the electricity that will run the ap

pl. iance for five ear . 

When you plug in the new refrigerator 

at home, i t  wi l l  au tomatical ly purcha e 

pow r from the company you elect d. 

Th appl ianc wil l  a l  o regi ter it-

elf ele,ctr nicaUy with the manu

factme1� o there s no (l d to fill 

ou t'  and mai l  in a warranty ca rd. 

And the warranty you purd1ased 

wi th the refiigerator enable the 

mach ine to diagnose H e l f  and to 

report any problems to 11 local er

vice contractor. 

Thi i a future vi ion offered by 

Steve Drenker, manager of .EPRJ's 

Informa tion Sy t ms & Telecorn

rnw1ications Business nit . "The load con

t ol and remot m f r read ing  that u t i ( j

t ies do today via telecom munication 

te hnologie a re ju t the beginning," ay 

Drenker. He belie e tha t  technological ad

vance in tel commw1 ica t ions, combined 

, · th the increa ingly p puJar a 11d acces

sible ln t rn t, a re going to change how 

we l ive today-in a b ig  way. I n  the not

too-d i tant future, he predict , v ir tu a l ly 

everything wi l l  have an internet add re s, 

from telephone to ga pu mp and home 

applianc . Drenker · not alone in this 

as e sment. The in ternet' an ticipated ca-
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power prov ider a re eager to look bett r 

than their competitors .  

l11e Sou th rn Company, the pa rent com

pany of Georgia Power, i implementing a 

clever bu i n  s l ine that exploi ts a wide 

ra nge of t I com municat ions tcchnologi · . 

nd r it Prem ier H m l abel, th u t i l i ty 

p lans not on ly to provide op h i  tica ted 

ener y management service to lux u ry 

pab i lity to hand! an a l mo t infinit m.tm

ber of addresses has som t chnologica l 

vi ionarie pred icting tha t  the mforma

tion uperhighway wil l  undergo a radical 

tra 1  i tion fr m a P -r l a t  d phenome

non to a fun tiona l i ty tha t i incorpora ted 

in to many con tuner prod uct , much a 

the microproces or chi p  reside in lec

tronic devices today. 

" l.n the ht tu re, potentia l ly  ev ry con

umer electronic prod uct wi l l  have an 

internet addrrs," ay Drenker. "We're 

going to · an abu ndance of thmg com-

mLu1 icating on the Lnternet, and it won ' t  

be  people." I n  fact, EPRI i working to e -

tabli h a  con ort iurn of appliance mak r 

and telec mmun ica t ion companie to 

develop st11ndard me sage for commu

nication between the e devices. 

t thi  p int , no on know precis ly 

what 11 11 appliance's Internet addre 

wou ld be u ed for. Bu t  there are lots of 

ideas floa t ing around, and the busine s 

opportw1 itie for ut i l i t ie · a re ignificant .  

On th mo t ba ic level , a uti l i t  could 

moni tor  the power con u rned by Inter

net- l i nk  d appl iance and perform re-

a pa rtm n dwel Jer bu t  al o to con ol ida t 

a l l  ut i l i ty-r lated charges on ne bi l l . Tha t  

i ncl udes phone s rvice, cab !  televi ion, 

ecurity, I n ternet access, water use, and 

more. The plan i be ing p i loted at a 303-

u ni t apartmen t  complex in Du luth, an At

lanta tibu rb, in coopera t ion w i th Domin

ion Com panie , a na tional developer of 

lux ury a p  rt rncnt home . 

mote diagno tic a a b i l lable ervice to 

the owner . But ad ance in en or tech

nologie that are now under way furth r 

increa e the possibilities. 

Some vi ionari s predict that the next 

decade wil l  be the era of the low-co t 

ol id-state ensor, m uch as the eightie 

wa the ra f the chea p a nd powerfu l 

processor and th n ineti th ra of the 

laser, which brought high- peed comm u

nica t ions and mass da ta storage. Alr ady, 

olid- ta te n ors are being built into ap

pl iance f r al l  kind of new capabi l itie . 

For in tance, Maytag' lntel l iSen e dish

wa her can detect the I vel of dirt in a 

given load and adjust it cycle, saving 

con umer· water, detergent, and energy. 

1n th fu ture, ay Dren ker, en ors wi l l  

v n be able to tel l when a m icrowa ve 

oven i h a ti11g a s l ice of pizza . "Thi 

kind of information can be used by mar

keters to develop theLr next generation of 

product ," he ays. "J ust think of how 

a) uable that would be. "  Drenker ac

knowl dge tha t  a poten tia l  roadblock to 

om of th e ad ances i the i ue of pri

acy; only t ime wi l J  te l l  how thi un fold . 

(For mor information, e "Tighter Secu

ri ty for Electron ic  information," EPRl Jo 1 1r-

1 1 11/, ovember/December 1996, p .  1 6 . )  

I n  the mea nt i me, EPRI i moviJ1g for

ward aggre sively w i th effort in uti l i ty

related tel communications. Says Dren

ker, "Thoma Edi on d idn 't wan t  to el l 

kilowat thour ; he wanted to e l l va lue, 

uch as a l igh ted room. But he couldn' t  

cha rge for a l ighted room. Now the capa

bi l i tie a re fa l l ing into place to al low u to 

do this . " o 
- �  



--

B i l l  K i rby, d f rcctor of new ventu res 
at Sou thern D velopment & In e tment 

roup, the outhern Company ub id iary 
he d i ng up this eff rt, a s th fhva re 
and  ystems tha t  provide the on l ida ted 
bi l l ing and nergy management rvices 
an now b u d for imi lar  projects. Kirby 

·11y h ' got ten p hone ca l ls from develop
er. " in every corner of th cou nt ry " ever 

ince the fi r t residen t moved i nto the 
complex, cal l ed ha telaine Park, late in Jan
ua ry of la t yea r. The developer a re a l l  in
tere ted for the ame reason, ](j rb ay : th 
advanc d erv ice and bi .I l i ng con eni nces 
make th i r  apartment more a ttractive than 

thcrs . The Prem ier Home concept is un
derg ing a two-yea r tr ial ,  and if i t  i uc
ce sful , Southern De elopment cou ld de
plo it in vi r tua l ly  an a rea of the cow1 try 
where deman xist . And ind ications ar 
that  there a re more uch projecL to come. In 

ovemb r, ou t hern Energ (an Ltn regu
la ted ub id iary of the uthern ompany) 
and Dom i nion igned a long-term agree
ment for the utility to act a the de eloper '  
energ provider < nd ra te con u l tant. A ep-

LUXURY LI VING Residents of 
Chatelaine Park, a 303-unit lux ury 
apartment complex in the Atlanta 
area, enjoy the convenience of 
interactive energy management, 
electronic security, and consoli · 
dated bi l l ing. Through a joint 
effort of Southern Development & 
Investment Group and Dominion 
Companies, seven uti l ity-related 
charges are combined in a single 
bi l l ,  rescuing recipients from the 
monthly bil l  deluge. 

---

-
--
--

·- .. . h� 

-

ara te agreemen t that al low Sou thern to co
ord i na te ervice · im i la r t Chatelc1i ne' a t  
other Dom in i  n c mmun i t i  · i b i n g  n 
gotia ted . Curr n t ly, the develop r ha · 1 6  

partment c m mwutie c m p l  te or i n  de
v lopm nt, 12 of wh i ch a re in th outh rn 

ompany's service terr i tory. 
Ki rby i - a mong tho e who bel ieve home 

a u tomation i t he  wave of the future. Cu -
tamer , he a , are oming t exp t _ uch 

. " Like pu tt ing ai rbag 
in car , th i s  i going to become a co t of d -
ing bu ine ," h . ha t  m ight b de
batabl . But a recen t  E P R I  su rvey of 30,000 

wh i  h received i n ter t from 33%. (More
deta i led re u l t fr m the u rv y ar ava i l 
able th rough a n  EPRJ  report ca l led ReQ11est  
///, TR-1 07631 . )  Whi le  these resu l ts ar  
prom is i ng, the arc certain] _  n t a  guaran
t tha t  these s rv ices w i l l  be a hot com
modi ty a mong con umer . And it' hard to 
tel l  w hether the Cll lT ntly d i in t res ted 
con umer a n  be won over. In the words 
of R ich Gi l lman, EPRI ' manager of mark t 
and  load r earch, who ov r a w  the ur
vey, " I t 's not going to be c1n ea sel l . " 

e lectr ic  u t i l i t  
a repre en ta t ive I i  e of . . on u mers, 
i 11d icate · ign i fi ant  interest in energy 
managemen t . 

ccord ing to thi u rve , pub l i  hed lat 
la t year, -15% of r pondent  exp re ed in
tere t i n er ices to monitor home energ 
u e, w ith 1 7% of the 0,000 i nd icating they 
are "ver intere ·ted ." ther pot ntia l mar
ket a rea in Jud w hole- house u rg up
pre o , whi h dr w int r t from 39% of 
the urvey r pondents , and home ecuri ty, 

Bu t  is it poss ib le  that  many con u mers 
imply don 't  know wha t they are mi ing? 

Perhap once they a re u ed to the onve
n i  n e and aving of energy management  
. ervice , th y' l l b g in  to s ek the e erv ice 

u t. lf Rene Rt d riguez of Laredo, Texa , is 
an indica tion, there might b ome mer i t  
to  tha t  thought .  " I wa the  last one of my 
neighbor to jump on boa rd , "  he ay . 
" ow I 'm t r  i ng to e l l  the program to 
e er one I know ! "  • 
Background 1nlormat1on tor this article was prov ided by 
Sieve Orenker and Oav,d Cain ol the Customer Systems 
Group 
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LMOST A 

m rica ns Robert G d
dard and Emi l  Bache

fric-
t ion le  s tra in tha t  

arc lcv i t , tcd and 
prope l led by the 

f rce of magnetic field . A practica I d mon-
tra tion of th concept d id not c m u nt i l  

near ly a genera t ion la ter, i n  the 1930s, by 
H rmann Kemper in Germany. genera
t ion a fter that ,  in 196 , two c ient i  ts a t  
Brookhaven Na ti n a l  Lab ra tory wer 
gra n t  d a pa tent on a de ign fr r a mag
n t i c  lev i tation, or maglev, lechic tra i n  
that one of them h a d  d reamed of eigh t 
yea rs before while stuck i n  tn1 ffic. 

Early in the com ing decade, a few year 
a fter the turn of the mi l lenn i u m, 1m1g lev 
tra in traveling at peeds of 250-300 mph 
or h igh r a re l i ke ly  to  en ter commercial 
pas eng r erv ice, a pprox ima tely a h un
dred yea rs a fter they were fi r l i magined. 
W hen they do, it ma.y ma1·k the b gi n n i ng 
of a new modern era of ad vanced tra ns
porta tion, one tha t  could ha, ·e an i mpact 
on human mobi l it  a nd i t  env i ron m  nta l 
implicat ion a lastin as the emergence f 
the i n ternal combu t ion nu tomobi le  i n  thi  
century or the team locomotive i n  the pre
v iou cen tur  . 

For t r i p· of 300- 00 miles, maglev veh i 
c le promise t h e  u l tima te rea l izat ion o 
what  ha· recen tly been ca l led a green 1110-

bi l i t  fu ture. In such a cenar io, the enor
mous energy dema nd of a i r  and  g round 
t ran porta tion tha t  i . now m t w i th fo i i  
fuels may be a t  lea t pa rti a l l y  deca rb n ized, 
r d ucing emi s ions of the gr nhou 
ca rbon d ioxide and, in the ni ted t a t  . , 
d�crea ing dependence on i mported oi l . 

t the sa me t ime, some of t he g round
level pol lut ion from vehicles and  a i rcra ft 
would be more effective ly  l i m i ted through 
the electr i fica t ion of h·ansporta t ion . 

A merican wi l l  have to ta ke a long trip  
by  air or ea  to  be  a mong the f i r  t com
merc i a l  pa enger to experience the q u iet, 
smooth ride of a magle y. t m, howe er. 
Tha t '  because the f i rst  maglev l i ke \ to 
en ter commercial opera t ion w i l l  be i n  ,er
m a n  and Japan, each of w h jch has in
vested more than $1 bi l l ion over t he past 
20 ears to devel op a nd demon tra te the 
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technol gy for high- peed transp rt . u l l 
ca le protot pe maglev vehicl s have be n 

succe ful l  t e  ted a t  high s p  eds i n  both 
coun tries. 

I n  ermany, fi nancing and p l ann i ng a re 
proceed ing apace on a project aimed at 
pu tt ing a 1 0-mi le  (290-km ) maglev l i ne 
b tween Ber l i n  and Ha mburg into ervice 
in 2005 . The German pm·l i ament ov r
whel mingly pa s d mea ll re la ·t yea r 
to impLem nt the p roj ct ,  t inrn ted to co t 
9 bi l l ion deutsche marks (abou t 6 bi l l ion )  
in public and  pri vate cap i ta l .  and con
·truct ion i ched u l  d to beg i n  in 1 99 . 
The Tra n  rapid y tem to b deploy d
the prod uct of a long-ru nning join t ven
tur t h a t  inc l udes Siemens and Thr en
has come to symbol ize in rmany the fu
tu r for h igh technology w i t h  grea t export  
potential . Mo reover, the Berl i n-Hamburg 
route i pa rt of a longer-ra nge gove rn ment  
p lan  to  enhance ea  t-we t travel in the re
uni fied cOLm tr 

h1 J a pan, the la t i n  a eri f proto-
type maglev vehicle a re la ted to be-
gin tests l a te th i s  year on a 
27-mi le (43-km) demon trat ion 
l ine being con tructed in Ya
manash i  Prefectl1 re , outh  0£ 
Tokyo, by the Japan Ra i lway 
Technica l Re ea rch Ln-
t i tute. Wi thin a ear 

or two, the Centra l 
Japa n Ra i lway Com
pany will  decide 
whether to extend the 
test ection into a com
mercia I maglev Line be
twe n Tokyo and O aka, 
a dista nce of ome 3-!0 
mi l (550 km). Al ternat ively, 
the c mpany cou ld choo e to bu i ld 
a new stee l -whee l ra i l  I i nc for a 
faster version f the country' 
fa med hin kansen bu l l et tra in , 
w hich fi r t began ru nning between 
Tok o and O a ka 3'' ear ago. I f  ch 
sen a the option for a l lev ia t i n  a grow ing 
demand for da i ly com m u te trnnsporta t ion 
ca pacity on t he rou te, the Tokyo-0 a ka 
maglev cou ld begin ope ra ting a round 
2005. 

[ n  the Un ited State , federa l ly fu nded 
mag lev R&D i n  the ear ly 1 970 led to th 

l inear e le tr ic motor technolog that is 
fundamenta l to a l l  the prototype maglev 

eh ic le developed to da te, i n c l ud ing the 
technica l ly differen t approache pu rsued 
in ermany and Japan. The l inea r ynch ro
nous motor at the heart of curren t mag lcv 
de ' igns do sn ' t  use a spi n n i ng rotor l i ke 
conventiona l  motors;  ra ther, magle e hi
cle are p rope l led a long a l i near ta tor ( the 
gu ideway) by a l terna t ing magnet coi l  
t h a t  a re preci ely control led with h igh
power lectron ic swi tches. 

evcra l propos d h igh-
peed t r a nspo rta tion p roj-

ec ts in this coun try include 
mag lev as ei ther a pri mar  
c r optiona l technology f 
ch ic . But de p ite thi s  and 
the mom n tu m  ga ined d m
ing t h e  brief exjstence of the 
cong ress ion a l l establ ish d 

I ntercity Express Maglev 

a t k  n. l M agi v I n i t i a t ive  in th ea r l  
1 990s, U . .  rirea rch o n  m aglcv tcchno l 
og fo r co m me rcial passen ger u se i 
l a rg I dorma n t, a casua l ty of the  federa l 
b u dget i m pa e o f  1 994 . Be fore i t  fo l ded, 
th i n i t i a t i  e did get a fa r as con c l ud
ing ,  on the  ba i o f  concept def in i t i on 



TRANSRAPID PLANNED FOR COMMERCIAL SERVICE IN 2005 Construction is 

scheduled to begin next year on a 180-mile (290-km} maglev line between Berlin and 

Hamburg that will complement Germany's intercity high-speed steel-wheel rail net• 

work. Transrapid International, a consortium that includes several major technology 

companies, has developed and tested numerous maglev prototypes over the past 

decade and a half; shown here on a guideway test loop is the most recent version. 

Plans for the Berlin-Hamburg line call for 14 six-section train sets, each with a ca• 

pacity of over 500 passengers, to operate at 15-minute intervals; total travel time, 

including stops at three intermediate stations, will be 1 hour. The project, which has 

strong government and industry support, estimates that annual ridership could 

exceed 17 million passengers within five years of the start of commercial service. 

studies by four teams of American engi

neering and technology companies, that 

an advanced domestic maglev technol

ogy is feasible and promises lower con

struction and operating costs than the 

systems being developed in Germany or 

Japan (see sidebar, p .  22). 

Whatever the outcome of technology 

development and national policy com

mitments, it appear!:i increasingly likely

given the limits 0£ steel-wheel h·ains and 

the already dense urban networks that are 

harder and harder to service by airplane

that high-speed maglev systems will be 

come a reality in  the next century. But as 

with other major, transforming technolo

gies, the infrastructure for maglev may 

take decades to develop to the point that it 

begins to have a significant impact. 

Quite apart from the concerns of tech

nologists and engineers, the prospect is be 

ginning to lead some researchers to con

sider the implications that maglev and 

other advanced transportation technolo

gies may hold for how we travel, where 

we live and work, and what we could do 

with increased travel speeds. 

Faster, farther 

Two such philosophers on the future

Jesse Ausubel, director of the Program for 

the Human Environment at New York 

City's Rockefeller University, and Cesare 

Marchetti, institute scholar at the lnterna

tional [nstitute for Applied Systems Analy

sis in Aush·ia-have thought a lot about 

the prospects for maglev as an environ

mentally liberating, or green, transporta-

tion technology. 1n recent studies sup

ported in part by EPRI, Ausubel and Mar

chetti have analyzed data on the time and 

income spent for personal travel in various 

countries over the past 200 years and have 

tried to project how changes in these pat

terns may become possible in the next cen

tury. Ausubel provided a preview of the 

results of their analyses to EPRI staff and 

management at an informal seminar last 

summer. 

"Basically, the data on travel and trans

port show that humans are territorial ani 

mals and instinctively try to maximize ter

ritory, which is equated with opportunities 

and resources," Ausubel notes. 

Fairly consistently in developed coun

tries today, Ausubel and Marchetti found, 

people spend 1 - 1 .5 how·s per day traveling 

(the time budget), and they spend 10- 15% 

of their income on travel (the money bud
get). Rich or poor, people make three to 

four round-trips per day, limiting the main 

daily round-trip to 40-50 minutes. Besides 

daily trips, people average three to four 

round-trips per year outside their basic 

home territory. 

"Speed-low-cost speed-is the goal of 

h·ansport systems," says Ausubel. "People 

allocate time and money to maximize dis-

& tance-that is, territory. 1n tum, when peo-
� 
0 

pie gain speed, they travel farther rather 

<I) 
z 

than make more trips." 

Faster modes of transport have dramat-

ically extended personal travel range over 

the past 200 years. In the eighteenth cen-

tury, when people traveled by horseback, 

they could comfortably cover about 30 

miles a day-the distance that separates, 

for example, the Spanish missions along 

the California coast. 1 ow the entire 400 

miles beh-veen Los Angeles and San Fran

cisco can be driven by automobile in just 

under a day. Like a plane, a next-genera

tion maglev could make the trip in about 

an hour. 

"New technologies of h·ansport that add 

speed gradually achieve market pene

tration as they substitute for older modes 

in terms of travel time allocation," says 

Ausubel. "As technology introduces faster 

means of getting somewhere, the new 

modes are usually not cheaper, at least 

at the outset, so there is only a gradual 
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JAPANESE PROTOTYPES APPROACH 

FINAL TEST PHASE Nearing completion 

is  a 27-mile (43-km) maglev demonstra

t ion l ine in Yamanashi Prefecture,  where 

the Japan Railway Technical Research 

Institute hopes to begin testing a final 

series of prototype vehicles late this 

year. The double-track test guideway will 

enable high-speed runs of the prototypes ,,• • •--r 

through tunnels in opposite directions. 

Two prototypes were unveiled in 1 995-

Shinkansen 
l ines 

- Proposed 
maglev l i ne  

Convent ional 
rail l ines 

the one shown here and one with a 

different aerodynamic nose section.  

After a period of tests, the Central Japan 

Rai lway Company may decide to extend 

the test section into a commercial 

maglev line between Tokyo and Osaka, a 

distance of about 340 miles (550 km). 

This l ine reportedly could begin opera

tion by around 2005. 

captu re of a hare of the overa l l  transport 

ma rket. 

" People generally have a fixed a mow1t 

of t i me and a fixed amou n t  of money for 

t ravel, and they buy the most dista nce 

they can a fford w ithin their budget. When 

per ona l  i ncomes expand, people tend to 

buy faster mode of travel and can thus 

travel  farther." 

Th effects of fa ter modes of transport 
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on per ona l  travel range have been t u d 

ied by Ausubel and Ma rchett i  in the  suc

cessive waves of penet ra t ion of canals, 

railroad , h ighway , and airways in the 

U .S. tran porta t ion i n fra tru ture. "The 

h istory of tra nsportat ion tech nol ogy can 

be een a a cont inual striv i ng to increa e 

speed as a resul t of a progres ivel y ex

panding per capita income," they ob erve. 

Al though France's T V (Trnin a rande 

Vitessc) , ermany's ICE ( I n terc i ty Ex pres ) 

line , a nd Japan 's bul le t  trains a re con id 

ered moderately h igh peed tran port, his

torica l ly  tra ins  hav  been a s l ow mode 

when the t ime for stop , changes, and 

tra vel to and from sta t ions i included in 

the speed -d i  ta nce calculat ion . ln fact, on 

average, intercity tra ins tra vel only about 

60 km/ 11 . On the basis of incl usive travel 

t ime, the speed of trains is about one-tenth 

the speed of air travel . 

The mean speed of au tomobiles, com

bin i ng in tercity and i ntracity travel, is 

compa rable :  40-50 km/h .  Bu t  beca use 

they do not have to opera te on a fixed 

schedu le, autos ha ve what  c uld b cal l  d 

i n fi_n i te frequency. 

When people walked as much as 5 km a 

day, the i r  tra el range was around 20 km2, 

the size of a typica l v i l lage. Au tomobi le 

mul t ip l ied the l inear rang by a factor of 8 

and  in turn extend d the d ai l y persona l 

travel a rea by a factor of 60-to abou t 1 200 

km2 • Towns absorbi ng the territory of 60 

v i l lage began to form .  "The a utomobi le 

effect ively wiped out two levels of the old 

ettlement hierarchy and u rbanized 60% of 

the U.S .  popu lat ion," ay a rchett i .  



Although the per capita market for au
tomobi le  t ravel may shrink  in the future, 
the number of vehicles in use in the United 
Sta t may reach 300 m i l l ion a populat ion 
and per onal i.ncome grow. L ncrea i ngly 
tring n t  a i r q u a l i ty standa rd m an that 

d j fficu lt ies a re l i ke ly to l i e  ahead for th 
c u rren t  one-person, one-car equation, at 
lea t as far as i.nterna l  combustion veh icles 
are concerned. Per onal veh icles can be 
made to run cleaner, of cou r  e,  but even 
clea n, energy-effic i n t  ca r  w il l  remain 

low. 
The mea n  peed of modem a i rplanes-

600 km/ h (360 mph }-are h igher by a fac
tor of 1 0  or more than tho·e of a u tomobile 
or h·a i n  . A irplane are projected to cap
ture ha l f  the ma rket for int rc i ty pas enger 
t ra e l  in the Un i ted S ta te 0011 a fter the 
yea r 2000. s wning a grow th ra te of 3"/t, 
per yea r in passenger-ki lometer · traveled 
and a grow ing ha re of the ov ra l l  passen
ger travel m a rket, Au ubel and Marchett i  
ay tha t  a 30-fold increa e in travel by a ir

plane · (or thei r equ i \· a len ts) i i nev itab le 
over the next 50 yea r 

Pa enger travel i not the only factor 
dr i v ing  the g row th in a i r  tra ffic .  t first 
u ed mciinl for ca rr ing mai l and people 
who could a fford the order-of- m agni tude 
leap i n  co t and  peed and therefore travel 
range, a i rplanes a re captu ring increasing 
ha re of th tran port mark �t for p ro

gre si vely lower-vall1e good . There i • ti l l  
much pot ntia l for grow th i n  a f r  cargo traf
fic, howe er, a nd plane capable of carr  -
ing a much as 1 0  t im the 1 00-ton pay
load of a Boe ing 747 freighter are con id
ered techJ1 ica l ly pos ib le . But are they 
de i rable? 

anyone traveling th rough a major 
metropol i tan ai rport anywlPre in th 
world can read i ly ob erve, delays a rc not 
unc01nmon . For a cross-countr connect
ing flight, dwel l t ime and delay  ca n equa l  
actu a l  fly i.ng ti me. The I n ternationa l  A i r  
Tra n port A ociat ion ay tha t  n igh t  
del ay cau  ed  by  conge t ion in t he  ai r or 
at ai rports a l ready cost over 15 bi l l ion 
a year. 

Ac ord i ng to T/1e Eco1 1omis t ,  in 1 995 the 
world ' · ai rport hand led ta keoff and 
lan d i ngs to  move 1 .3 bi l l i on pa ·en ger 
from one p l ace to a nother. Many more 

p ten t ia l  pa sengers cou ld be corni ng: 
u ropea n fl ew an a verage of nly ab u t  

1 .5 hours in 1 995, compa red w i t h  7 hou r · 
for the a verage m rka n . For a i r  travel  
al  ne to meet the e pected demand fo r 
fa t r, fa rther travel , a i r  t ra nsport sys
tem w i l l  ne d to grow by more t han  1 0% 
a ea r. Such grow th would orely ta x the 
capab i. l i t i e  of pr nt a i rpor t  and a i r  
t ra ffic con t rol s y  terns. Wi th in  the next 
decade  n.nd a hal f, m ore than 50 m ajor 
c i rpo rts, m ost of th m in t h  U nited 
Sta te ,  w i J I be opera t ing above t hei r off i 
c i a  I capaci ty. 

" Bigger and fa ter plane can re o l ve the 
a f r  traffic di. lemma in part th rough peed 
and containing the number of fli •ht , bu t 
they do l i t t le to add re s the environmenta l 
and afet problem that the present level 
of air tra ve l a l ready enta i ls," says A usubel. 
"There w i l l  ti l l.  be a need for a new h igh-
peed , h igh-d ensi ty tran porta t ion mode 

tha t  offer peed and co·t equal to or better 
than those of a i rp lanes . "  

A twenty-first century express 

ot ing that the commerc ia l  .introd uct ions 
of the tea m locomotive, the gaso l ine
powered au tomobile, and jet a i rcra ft were 
s para ted by intervals of approxi mately 60 
yea rs, Ausubel and Marchetti ay tha t  "by 
recent historica l cycl s, a n w tran porta
tion mod e shouJd enter s rv ice armmd 
2000. "  The i ncreased speed and frequency 
ava i lable wi th  each new mode have made 
po ible a h igher order of magni tud e in 
passenger flu . And to c ne deg ree or an
other, each mode ha requ i red th d vel 
opme.nt of new infrn tructure for ·erv ice 
and  upport. 

Maglev y-tem , w i th a capabi l ity of 
mov ing ten of thou. and of pa enger 
a n  hou.r i n  both d i recti on th rough a cor
rid or, not onl y  wou ld transf rm pa en 
ger  fl ow on a g rand ca le bu t  cou l d  a lso 
lead to m uch la rger functional agg lomer
a t ion of metropo l i ta n  a rea , expanding 
the effect i ve a rea of ind i v idua l  c i t ies and 
ma king dai ly  i n ter i t y  commutes more 

HOW MAG LEY VEHICLES FLOAT The electrodynamic, repulsion-type maglev system, 

or iginally patented by American scientists in the 1 960s, is  the focus of the develop

ment program of the Japan Railway Technical Research Institute. In this approach, 

levitation magnets on the top of a guideway-or, as is the case with present Japa

nese prototype designs, in the guideway sidewa l l s-push away superconducting 

magnets grouped underneath or at the bottom sides of the vehicles. Linear synchro, 

nous propulsion coils in the guideway propel the vehicles. This type of system al lows 

for a large air gap (about 15 cm) between opposing magnets. In the electromagnetic, 

or attraction-type, maglev developed by Transrapid I nternational in Germany, con

ventional iron-core magnets in the vehicle's wraparound arms are pul led up to 

magnets under the guideway. A relat ively small  air gap (1  cm) separates the vehicle 

and guideway magnets. Although not part of the present Transrapid design, super

conducting magnets can be incorporated in attraction-type maglev systems. 

Electrodynamic Electromagnet ic 

Magnets Air gap ( 1  cm) 
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Advanced 
Maglev 
Technology 

W hile the pioneering maglev 
systems under development 
in Germany and Japan have 

d i fferent technical featu res, each technol
ogy is expected to be economically vi
able when it enters commercial passen
ger service around the middle of the next 
decade. 

Considered ready now for commercial 
passenger service, Germany's Transrapid 
maglev design has been extensively 
tested wi th full-scale prototypes. It em
ploys an electromagnetic suspension sys
tem in which conventional iron-core 
magnets underneath the vehicle are at
tracted upward to steel rails in the guide
way. The close clearance (1 cm) between 
vehicle and guideway translates to tight 
tolerances that contribute to high con
struction costs for the guideway. 

The Japanese maglev program is devel
oping an electrodynamic system based 
on the repulsion-mode concept first pro
posed and patented by Americans James 
Powel l  and Gordon Danby in the 1960 . 
The system features superconducting 
magnets on board the vehicle that induce 
currents in stator coils contained in the 
guideway sidewalls .  Once magnetic l ift
off is achieved-at about 100 km/h (62 
mph)-the vehicle i levitated about 15 
cm; a t  lower speeds, it rolls on rubber 
tire . The new double-track test guide
way in Yamanashi Prefecture will en
able operational testing of full-scale pro-

ADVANCED DOMESTIC MAGLEY SYSTEM CONCEPTS Shown are two of four 

advanced concept definitions produced under the U.S. National Maglev Initiative In 

the early 1 990s. The scale model Is the l ightweight, 1 40-seat vehicle of Magplane 

Technology (formerly Magneplane International), which would travel on a trough• 

shaped sheet-aluminum guldeway. The drawing shows the Foster-MIi ier team's 

concept-lmllar to the Japanese maglev but propelled by a locally commutated 

l inear synchronous motor. 

totypes, including 500-km/h (310-mph) 
runs through tunnels .  

In the United State , R&D in the late 
1960s and early 1 970s at Ford Motor 
Company, the Stan ford Re ea rch Insti
tute, and the Massachusetts In ti tute of 
Technology (M IT) led to the develop
ment of the l i near electric motor con
cept that underlies all maglev designs 
developed to date. But federal fund-

ing for the work dried up in 1975. 
Government support for maglev R&D 

was modestl y and briefly revi ed wi th 
the pas age by Congress o f  the Inter
moda l  Surface Transporta t ion Effic iency 
Act of 1991 .  The ational Maglev Init ia
tive-estab lished by Congress a round 
the same time as a cooperative effort of 
the Department of Transportation, the 
U.S. Army Corps of Engineers, and the 

p ract ica l .  The cu rren t 3-hour ew York- of tran port, both opera tionally and envi- seekers to a peed of 1 60 km / h, accelerat
ing them for 1 second a t  fou r to five times 
the force of grav i ty. )  

Washington tra in r ide wou ld  be red uced 
to well under an hour ;  office workers in 
Chicago could commute from the sub
u rb of Detro i t  or St. Loui . 

Besi des grea ter speed, maglevs offer 
d ist inct adva n ta ges over presen t  modes 
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ronmentally. Their l inear electromagnetic 
motors can be precisely contro l led to pro
vide constant, mooth accelera t ion and 
d ecelera t ion between stops. (Linea r i n
duction motors are already being used in 
some a musemen t r ides to hu rtle thri l l -

To be u re, maglev systems would re
qu i re la rge amoun t of electr ic power (in 
the gigawatt range) and possibly guide
way energy storage to moderate demand 



Department of Energy-reevaluated the 
potential for maglev to improve intercity 
transportation. The inJtiat ive funded 
four tea ms of contractors that developed 
detailed sy tern concep t defini tions for 
advanced maglev designs. These con
cept studies were completed and incor
porated in the irutia tive' final report , 
but funding for further development 
was eliminated in the federal budget im
passe of 1994. 

Three of the advanced U.S. concepts 
feature an electrodynamic system in 
which superconducting vehicle magnets 
interact with passive guideway conduc
tors. The fourth design uses an electro
magnetic system simi lar to that of Ger
many's Transrapid but w ith supercon
ducting vehicle magnet coils. 

A team led by Bechtel-which in
cluded Hughes Aircraft, General Mo
tor ' electromotive dJvision, MIT, and 
the Draper Laboratories-conceived a 
system featuring single-car vehicles de
signed to tilt on curves. They would have 
onboard null-flux superconducting mag-

urges as vehicles accelera te. But using 
magnetic forces for both suspension and 
propulsion offer the poten tial for a very 
l ow travel energy cost-abou t one-third 
tha t of a i rplane of s imilar performance. 
Maglev thus offers not only high peed but 
speed with a lower energy co t than of-

nets and ride a box-beam guid way with 
null-flux coils built in. Part of the guide
way would be constructed of fiber-rein
forced plastic to limit energy lo se from 
magnetic field interaction with metal in 
the guideway. 

A team led by Foster-Mil ler-which 
included Boeing, Morrison Knudsen, 
Bombardier, Genera l Dynamics, and 
General Atomics-designed a system 
that is similar to the J apanese maglev 
but that features an innovative propul
sion concept based on a locally commu
tated linear synchronous motor (LSM) .  
The vehicle is designed to t i l t  to allow 
faster speeds on curves than the J apa
nese system. Supercond ucting vehicle 
magnets generate l i ft through interac
tion with nul l-flux levitation coils in the 

sidewalls of a U
shaped guideway. 
lndJvidual invert
e rs in the guide
way sequential ly 
energize propul
sion coils on the 
underside of artic
ulated passenger 
modules, which 
have attachable 

::i aerodynamic nose 
8 d · 1 § an tai sections. 
� The inverters syn-

� thesize a magnetic 
"" wave that travels 

along the guideway at the same speed as 
the vehicle. Foster-Miller 's concept fea
tures a vertical electronic switch (for sta
tion ramp ) with no moving parts for 
high reliabil i ty. 

Magneplane International (now Mag
plane Technology) led a team that in-

fered by previous new technologies. 
The incorpora tion of superconducting, 

flux-canceling magnets into magi v de-
igns cou ld provide levitation at almost 

zero energy cost and almost complete re
covery of propulsion energy dLL ri ng decel
eration. Indeed, maglev is viewed by many 

duded two MIT labora torie , Raytheon, 
and Failure Analysis Associates . It devel
oped a concept for a lightweight, single
vehicle electrodynamic maglev tha t 
would use a trough-shaped sheet-a lu
minum guideway for levitation and 
guidance. The vehicle would elf-bank 
up to 45 degrees in turns. Supercond uct
ing levi tation and propulsion magnets 
are grouped in bogies underneath the ve
hicle at the front and rear. Magnets at the 
centerline interact with conventional LSM 
windings for propul ion and prod uce 
some electromagnetic torque for a roll
righting keel effect. Magnets on the sides 
of each bogie react against the aluminum 
guideway for levitation . Aerodynamic 
c ntrol surface on the vehicle prov jde 
active motion damping. 

A team led by Grununan (now part of 
Northrop Grumman) and including Par
sons Brinckerhoff, Gibbs & Hill, Battelle 
Laboratories, and Intem1agnetics General 
designed an electromagnetic system sim
ilar to the Transrapid. U nlike the Trans
rapid, however, the U.S. design uses a 
common set of uperconducting magnets 
for levitation, propulsion, and guidance. 
Guideway rail are ferromagnetic, with 
LSM windings for propulsion. Tilting ve
hicles could run in single- or multicar 
configurations. 

Several of the engineering and technol
ogy companies that participa ted in the 
National Maglev Initiative's sy tern con
cept definitions are now contractors in 
Department of Defense-funded maglev 
R&D. This work, which aims to develop a 
type of maglev technology for po ible 
rock t-t sting and catapul t-launch appli
cation , is apparently the only currently 
acti e U.S. maglev-related R&D. o 

as a sort of kil ler appl ica tion for high-field 
magnets made from some of the new high
tempera ture superconducting compound 

In de cribing the eventual physica J 
embod iment of maglev transport, Ausu
bel and Marchett i i nvoke a vision of 
lightweight vehicles-perhap · th i z  of 
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small buses- rushing from poiJ1t to point 

in a variable route, stopping only at pas

senger-selected destinations, simjJar to a 

packet-s"vvitd,ed digital telecomn1tmjca

tions network. 

Maglevs may be particularly suitable for 

linking two or more major airports, pro

viding an intermodal connection with air 

as well as with urban metro transportation 

systems. On such routes, vehicles carrying 

a few hw1dred passengers nught leave sta

tions every few nunutes. "For trips of 300-

500 mjles, maglevs nught be competitive 

with current air tariffs at 50,000 passengers 

a day. The key to achieving rugh passenger 

flux is to functionaJJy switch a route from 

intercity to intracity by bringiJ1g dovm the 

one-way trip time to below the 30 minutes 

people typically use for personal travel," 

says Marchetti. 

The linear motor allows maglevs to in

crease speed in proportion to power de

mand, meaniJ1g that there is no funda

mental limit on their speed other than the 

surface ahnosphere. Engineers at Bechtel 

Corporation, wruch led a U.S. team that 

defined an advanced tedmology concept 

as part of the National Maglev Initiative, 

calculate that at 300 mph, aerodynamic 

drag adds about 6 MW in extra power de 

mand per vehicle. 

Engineers in Switzerland have in mind 

a solution even to that limit: they envision 

a network of partially evacuated steel

lined tunnels linking all the country's 

major cities. These partial-vacuum tubes 

would require about one-fifth the cross

section of conventional underground rail 

borings, which are designed to accommo

date air return and the shock wave. Mea

suring 5 meters in diameter and built in 

straight bores through the Alps, the tubes 

would involve less excavation than con

ventional tunnels and are projected to cost 

much less. Theoretically, they could allow 

maglev craft to travel at speeds up to 1860 

mph (3000 km/h). The tubes would form 

part of the guideway <1nd would pose 

fewer security concerns than elevated or 

open guideways. 

Since there is less air to push against in <1 

partial vacutun, maglev energy consump

tion would be reduced, making speed 

cheaper still and thus expanding the sys-
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tern's operational range. The vel1icles 

could fly almost head to tail, spaced as lit

tle as 10 seconds apart. At very high 

speeds and high passenger flux, such mag
levs would have a power demand per pas

senger roughly equivalent to that of a large 

automobile. 

At very high speeds, "maglevs could 

link any pair of cities up to 2000 km (1240 

miles] apart in fewer than 20 minutes," 

Ausubel and Marchetti wrote in a 1996 

Dnednl11s article. "Daily commuting and 

shopping trips over such distances become 

possible . . . .  With fast, short trips, cities 

can coalesce in functional clusters of con

tinental size. City pairs spaced less than 

500 km (310 miles] or 10 minutes apart 

by maglevs, such as Bonn-Berlin, Milan

Rome, Tokyo-Osaka, and Nev., Yor k -

Possible 
pilot 
sections 

Stage 1 - Stage 2 

Washington, would especially benefit." 

Under active study in Switzerland is a 

420-mile (680-km) underground network 

of evacuated tubes that would carry 800-

passenger maglevs at more modest speeds 

of over 250 mph (400 km/h) and would 

link 10 cities in the country's principal u r 

ban and rural areas. The Swiss govern

ment is providing financial 

support, and the Swiss Fed-

eral Institutes of Technology 

in Lausanne and Zurich are 

providing engrneering sup

port. 

The Swissmetro project, a 

brainchild of engineer Ro 

dolphe Nieth, plans to in

clude station connections 

with the country's overbur-

Stage 3 • • • Connections 
with European 
high-speed 
rail networks 

AN UNDERGROUND MAGLEY NETWORK FOR SWITZERLAND? Initially conceived 

over 20 years ago, a proposed 420-mile (680-km) network of partial-vacuum steel

lined tubes in bores excavated through the Swiss Alps is the focus today of a broad 

government, academic, and industrial collaboration headed by Swissmetro, a 

Geneva-based company. With almost no air resistance in the evacuated tubes, the 

800-passenger pressurized maglev vehicles would be propelled with particular 

efficiency. The proposed network, with vehicles operating at about 250 mph (400 

km/h) and spaced 12 minutes apart, would link Switzerland's principal urban and 

rural areas. A ride from Zurich to Geneva would take an hour, compared with 3 hours 

by conventional modes. Underground stations would be linked to surface transport, 

primarily regional railroads. The system is projected to take 25 years to complete 

and to cost 28 billion Swiss francs ($21 billion); the company says construction 

could begin on a pilot section sometime after 2002. 



dened aboveground trains and, eventual
ly, with the high-speed rail networks in 
France, Germany; and Italy. I t  is estimated 
that the system wi l l  ta ke 25 years to com
plete, at a cost of 28 bi l l ion Swiss fra ncs 
($21 bi llion ) .  According to Sw issmetro, 
construction of the first pilot section of the 
network could b gin sometime after 2002. 

The inescapable pu l l  of the future 

Major infrastructures of technology and 
tra nsportation take 50-1 00 years to buj!d 
and they la t for centuries, Ausubel and 
March tti not . I t  can ta ke ov r a century 
for new infrastructures to d i ffuse to d istan t  
corners-witness the half or  more of  the 
developing world's population sti l l with

ou t access to electricity. The 
historical record argues that 
if a new, higher-speed, high.
capacity mod of transpor
tation is going to be widely 
available when growth pro
jections uggest it will be truly 
needed, a serious long-term 
commitment is required now 
to develop and implement it. 

"Most people may have to 
wait well into the next cen
tury to experience maglevs 

and other gadg ts that could domina te the 
n xt major wave of electrification," says 
Ausubel. "But in al l  likelihood, by the year 
2050 large parts of the world will b able 
to a fford green mobi l .i ty. Tts match with 
the evol u t ionary decarbonjzation of the 
energy system is perfect. The fu ture looks 
clean a nd fast ." 

Ultimately, i t  may be of l itt le ignificance 
in wha t country or by which companies 
maglev is first com mercia l ly dep loyed . 
Fundamenta l, transform.i.ng technologies 
tend to diffuse inexorably, albeit slowly, 
L ike the eemingly low but inescapable 
advance of the future itse lf. There may 
well be time enough for America to see 
how maglev evolves elsewhere before re
con ideri.ng whether to develop its own 
technology or to import that of others. 

Sti ll, the early adopters of previou new 
transporta tion technologies gained stra te
gic advantages that lasted for decades and 
had far-rea ch ing economic impl ications .  
The pioneering and extensive deployment 
of au tomobiles and aircraft had enormous 
i ndustrial i mpacts in the United States; 
the same was true for rai lroads in Great 
Britain . 

In Germany and Japan, countries with 
already overcrowded airspace and strained 
airpo1t capacity, decisions have been made 
on a na tional level to move toward the 
early adoption of what could be the next 
century's major new transportation tech
nology and in.frastruch.ue. Besides open
ing the door to the potential electrification 
of a larger fraction of transportation en
ergy demand, maglev is apparently seen 
in these countries as a fast track to a future 
of bound le pos ibi lities. • 

Further  reading 

Ausube l , J . H .  "Can Technology Spare the Ea rth?" Amen
con Scientist, Vol . 84 . No. 2 (March -April 996) , pp. 1 66 -
1 78. 

Ausubel , J . H . , and C. Marchell, . "EleMron: Electrical Sys
tems in Retrospec t and P •ospect . "  Daedalus, Vol. 1 25 ,  No . 
3 (Summer 1 996) ,  pp . 139-170. 

Eastham, T. R. "High-Speed Rai l : Another Golden Age?" 
Sciemi/1c American. Vol .  273 No. 3 (September 1995) . pp . 
100-1008. 

Marchetl i . C . "Anthropological l nvanarts ,n T·avel Behav
ior. " Technolog,cal Forecasting and Social Change, Vol. 
47. No. I ( 1994) , pp. 75-88. 
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Has the new era of competition made 

collaborative research obsolete? 

Absolutely not, says EPRI senior vice 

president and chief operating officer 

Ric Rudman, who is also currently 

chairman of North America's influen

tial Council of Consortia. Interviewer 

Peter Jaret draws Rudman out on how 

collaborative research organizations 

are changing their R&D strategies 

and business approaches to address 

today's market imperatives. 

Peter Jaret: Many of the nation's largest collaborative or

ganizations, including EPRI, were established under business condi

tions very different from today's. How will that affect the future of 

consortia? 

Ric Rud man: The most important change, of course, is tha t  
man of the industrie originally erved by collaborative R&D 
consortia-telecommunications, ga , electricity, and o forth-are 
moving from regulated market to wide-open competition. Along 
wi th that, member are seeing in tensifying global comp tit ion in 
virtuaUy every major industry. Motorola, for instance, expects that 
a much a 95% of its business wi l l  be over eas by the end of the 
next decade. 

But the marketplace is chang i ng in other, more subtle ways too. 
As the speed of technological development accelera tes, we're see
ing an ever-decreasing cycle time in term of the introduction of 
new product . To be successful , companies must introduce n w 

product that target narrower market egments. And there's enor
mou. competition in terms of cost . It's not enough to introduce 
omethi.ng newer and better; .i t  a lso has to be l owt:r in price. T11at's 

putting tremendou pressu re on the compan. ie  we serve, as well 
their cu tomer down the li ne: first to cut costs and second to 

move qu ickly to eize n w opportunfries. Those are all realities that 
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consortia must recognize and adapt to if 
W!,' a re to con tinue to prov ide va l ue.  

Has the prevailing view of R&D changed? 
There's st i l l  a strong belief tha t R&D is 
critical to progres and economic suc
cess. But the structu re of 
R&D has d1�1ged sub
stantial ly. As recently as 
15 yea rs ago, i t  was ac
cepted that manu factur
er would concentrate 
on re eard, that was 1 
to 5 years out. Most col
labora 6ve R&D organi
zation focused on proj
ects with a horizon of 5 
to 1 0  year . The federa l 
govemmen t took respon
si bL lity for funding the 

don't want to hear what we might have 
to offer in five yea. rs. They want to know 
how we can help them compete righ t now. 

ln America ' telecommunications indus
try, for instance, R&D has hifted from it' 
traditional focus on long-term re earch to 

short-term, bottom-Line 
·oluti.ons. And the ame 
thing is happening in 
Eu rope. British Telecom, 
for instance, now focuse 
abou t 0% of i ts R&D 
on horl- and m dium
term re ea1·ch and onJ 
20% on long-term work. 

Even Microsoft, whid, 
boasts a new basic re
earch cenler, st i l l  spends 

an stimated 99% of its 
$2 billion R&D budget 

ti t ian on a global scale. Companies who 
a re in the midd le of this race have recog
nized that there are certain thing th y can 
achieve more effectively on a collaborative 
ba is through the U.S. Display Consortium. 
Once the framework for the n.ew technolo
gies is built through cooperation, competi
tor are then free to use their own strategie 
to win market share. 

We've seen the same thing happen in 
the intensely competiti. e market for ad
vanced photogr phic systems. A handful 
of major, fiercely competitive cornpanies
Koda.k, Fuji, Nikon, Canon, and Mino.lta
agreed to an unprecedented collaboration. 
Th goal was to develop a brand-new gen
era tion of photographic system tha t  would 
j ump-start a fresh round of in terest and 
growth in the ind ustry. [t's too early to  tel l 
how this new teclmology pla tform wi ] J  do 

The point is that collaboration re resents a coo erative strate for competin 
more effectively. Collaborative R&D broadens the playing field. Individual companies will 

compete fiercely in the marketplace to determine how markets are divided up, but 
collaborative R&D increases the size of the pie for everyone by creatin new opportunities. 

longer- term work-Lhe real ly explora tory, 
high-risk research. 

That's rapidly changing. Under co t pres
sures of their own, many major manufac
turers have been forced to reduce or el imi
nate their R&D programs. By one s tima te, 
pending on indush·ia l R&D in constant 

1 987 dollars ha dropped 11bout 6%, from 
1 991 to 1 995. At the same t ime, the federal 
government, also to cu t costs, is substan
tially downsizing its commitment to R&D. 
The American Academy for the Ad ance
ment of Science recen tly said tha t th gov
ernment pullback repre nt the deepest 
acros - the-board reduction in fund ing for 
resea.rc.h and development in the post
World War II era. That means a much big
ger responsibiLity fa J Js lo consortia. Increas
ingly, we're being left Lo fi l l  the ga ps as 
other major R&D players withdraw. 

The demands of the companies consortia 
serve are also changing. As competition 
intensifies, many compan.ie have horter 
and horter payback expectations. They 
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n upda ting exi t ing uftware and on t t
ing. Given increasing competition, that's 
tmderstandab le, but it's not always consis
tent wi th the time frame for mo t R&D, 
which typically looks at mid-term and 
long-term horizons. So it's become a rea l 
tres point. 

Some analysts have argued that competi
tion and cooperation are inherently at odds 
with each other. Does collaborative R&D 
have a role in a highly competitive market? 
Absolutely. And 1 think many consortia are 
proving that, e en in the mo t highly com
petiti ve markets. 11,e myth th.a t collabora
tion and competit ion can 't  coexist i a view 
typical ly held m st s trongly in regula ted 
indu tries tha t are about to become l1.11reg
ula ted. But i _f you look at industrie where 
competition is very robust, you see many 
example of productive col laboration. Con
sider the race to de el p flat-panel displays 
-one of the most competitive areas you 
can find, and � e're talking abou t compe-

in the marketplace, but the collaborativ 
developrn nt work went very well, and all  
five companies a re now selling new, plat
fotm-com pliant product 

Faced with international competition, a 
growing number of cow1 tries are recogn iz
ing that col laboration can spur national 
competitiveness. In Europe there's Eureka, 
for in ta.nee-a col laborative R&D program 
whose a im i to create strategic partner
ships between it 24 member nat ions . In 
France, CN T-the re earch a rm of tate
owned France Telecom-has been forging 
in ternationa l a Wances with other telecom
munications research centers, including 
Italy's CSELT, Japan 's IT Labs, and British 
Telecom Labs. Canada's ational Reseru·ch 
Council has created the Industrial R earch 
Assistance Program, which promote col
laboration between small manufacturer 
and scientific and engineering experts in 
governrnen t  lab , wl iversities, and r arch 
center . 11,e goa l is to help sma l l  manufac
turer with l imited re·ource take advan-



tage of collaborative R&D in order to be
come more competit ive. 

In Lhe end, I think, we'll u.nd tha t com
petition actually opens up n w opportlmi
ties for collaboration. As with the photo in
dustry project I spoke of, col labora t ion can 
build fundamentally new options tha t  in
d i vidual  bL1si.nesses can then ta ke and  cus
tomize in ways that create w1ique compet
itive advantage.  Having the basic re earch 
done col laborati vely can give companies a 
real head start over other tha t  try to do al l  
the early work from scra tch . 

What opportunities l ie ahead? 

There are till the tradi tiona l benefi ts of 
collaborative R&D. Spreading r isks, pool
ing resources, leveraging R&D fonds, 
shortening production cycles, and speed
ing innovation-al l  of these become even 
more va luable when companies are UJ1der 
pre sure to iru1ova te a.nd sti l l  keep costs 
down. Collaboration allows you to partic
ipate in a much broader variety of R&D ini
tiatives than goi ng it a lone would al l ow. 
And i t  gi ve  you access to experts no si.n-

In addHion to the loss of actual man
power, downsizing means the loss of a lTe
mend us storehouse of corpo ral knowl
edg that has grown over the years within 
organizations. Ten years ago, utilities had 
la.rge engineeri.ng ta ff , and tb.ey were 
very s tab le. Peop le tended to remain with 
the company for 1 0 , 1 5, 20 yec1r and rep
resented an enormous repository of knowl
edge and experience-a network of ex
pertise that  companies cou ld  d,aw on 
w henever nece sa ry. Wi th dow nsizing, 
knowledge and expertise at the company 
level are being 1ost. That mean. con ortia 
are becoming tl1e principal repo i torie not 
j ust of experti 'e bu t of long-tenn experi
ence in th fields we represent . When 
members have questions or need techrricaJ 
information and can no longer turn to in
hou e re ources, collaborative organiza
tions wi l l  be able to provide i t-especial ly 
operational know-how. One of our un ique 
strengths, in fact, is Ule abi l i ty to deliver 
knowledge-not ju t in forma tion, but rea l 
knowledge and i n  ight. Especi a l ly in i n
d u  tries where teclmicaJ  i.rmovati  n is c ru-

en terprise. We' re really in the business of 
know l ed g i nnova tion , a some analyst 
have pu t· .i t-the nurturing and d velop
ment of new id as that crea te new markets, 
new opportutlit ies, new arenas for expand
i.ng competitive options. That  represents an 
enormous opportw1i ty for col laborative 
R&D orga nizat ion . 

Will the focus of collaborative R&D change? 
I t  a l ready ha . Col labora tive R&D is nar
rowing i ts focus to wha t are being called 

generic or enabling technologies-core 
concept (like superconductivity and pow
er e leclTonic ) that will create numerou 
new opportun ities for product and ser
vice . We're also focusing on in fratechnolo
gies-fundamentaJ advances .in entire pro
cesses that pave the way for competit ive 
development. New high- temperatlrre ma
terial.s and advanced sensor technologies 
are good examples. The point is that col lab
ora tion represen ts a cooperative strategy 
for competing more effectively. Collabora
tive R&D broadens the playing fie ld.  Ind i 
v id ual  companie wi l l  C[ m pete fiercely in 

Collaborative R&D has a built-in technology-scanning component. Since you're able to 
monitor innovations in a reat number of fields, you're more likely to reco nize the 

synergies and combinational opportunities that lead to new applications and technologies. 
gle player could afford 
to support. 

But that '  o l d news. 
What's exciting is the 
pro pect of new oppor
tuni tie . ln many indus
tTies, cost pressures arc 
forcing companies to 
downsize-to elimina te 
b usine s areas in order 
to concenh·ate on what 
they do best. That opens 
up opporh.mities for con
sortia to provide many 
services once perfomled in-house, whether 
it's troubleshooting, laboratory research, or 
teclu1ology demonstra tion . TI1e technical 
and consu l ting services that consortia can 
offer wi l l  become an increasingly needed 
option. 

cial to grow U11 the real 
ou rce of wealth isn 't la

bor or financia .1  capital ,  
it's knowledge. 

To be ucce sful in a 
world of globa l compe
tition , com panies m ust 
participa t e  in the world 
trade of ideas. And to
day that 's a tough chal
lenge. l t' a id that the 
vol ume of knowledge ·is 
doubling abou t every 
seven years-particular

ly i n  ted ul ical Ge lds .  I l a l f  oi what sl uden ts 
learn in their first year of college is obsolete 
by the time they grad uate. One of the im
portant strengths of a con ortium is the 
abi l i ty to adv ance and hare tl1e kinds of 
knowledge Lhat further the competi t ive 

the marketplace to determine how markets 
ru·e d ivided up, but col laborative R&D in
creases the i.ze of the pie for everyone by 
creating new opporttmities. 

Another cJ1a nge we' re seei ng in alma t 
all consort ia i s  a blurring of industry lines. 
The tclccomm un ico tions, computer, and 
electric power industries, for instance, were 
once who l l y separa te; now they 're begin
ning to merge in ways few of us would 
have imagined 20 years ago. For consortia, 
that means the R&D we conduct i becom
i J1g increasingly muJtid isci plinary. A good 
example in our own industry is global cli
mate, a O'l.tc ia l  issue faci ng electric power 

providers. To understand tl1e science and 

produce significrult  research results re

quires experti e in field as diverse as biol
ogy, atmospheric dwmistry, meteorology, 
ecosystem re ponse, power plant opera-

EPRI JOURNAL Jar,uary/February 1 997 29 



lions, and ad anced computer model ing.  
H's very d i fficu l t for an ind ivid ual com
pany to manage sud1 a range of R& D. A 
collaborative organization i et up t(, do 
just tha t .  

I t 's instructive to remember the recen t 
report by fhe congressiona l Office of Ted,
nology A se sment that cal led for in terna
tional pa rtnerships £or large science proj
ects. The report admi tted that wi thout in
ternational con ortia, ome of the large t 
scientific project simply couldn't  be ac
complished. But you don' t have to look 
only at vast lmdertakings l ike the space 
progra m or global environment re ea rch. 
Lately, in fact, people ha ve begun to talk 
about technology fusion-th idea tha t the 
big breakthroughs of the future a ren't nec
essari ly going to resu lt from incr emen tal 
advan es in ind i vidual 
technologie so much as 
from the fu ion 0£ d iffer
ent technologies, ome 
of which have been 
around for qu i te a wh i le. 
Thi innovat ive combi
na tion and applica tion 
of advanced capabilities 
can create wholly new 
results a nd open up new 
markets. 

look at fuel cells. 
Here's a technology tha t  

range o f  odetal and busin s activities. 
TPchn I g f u sion turn ou t to be ome

l hing Lhat a co Uaburati e organization can 
do er effecti el . For one thing, col labo
ration al lows members to broaden thc i r  

iew, to interact w i th a u  sorts of player 
and to synthesize very d i fferen t  per p c
tives. Th i can lead lo idea a nd ways of 
doing things tha t a r  m uch more powerfu l 
tha n  any one company can come up with. 
Further, col l abora ti e R&D ha a built-in 
tedmology- caru, ing com ponent .  Since 
you're able to monitor innovations in a 
great number of fields, you're more l i kely 
to recognize th ·ynergies and combina
tiona l opportuni t ies that lea d to new ap
pl ica tion a nd technologie . And to the 
degree tha t  you can an ticipa te where tech
nology is going and then build yom com-

tify fundamen tal gaps in knowledge. The 
point  here i tha t consortia are well p i
t ioned to take on the role of providino- ex
actly th is sort of long-term in tegra ting v i
sion, as weU as organizing R&D ef ficien tly 
and effectiveJy. 

Will the blurring of industry lines affect 
how consortia define their membership and 
their mission? 
Almost certainly. Con ider the way EPRJ 
ha evolved . The electric power ma rket
place ha become e trac rdlnaril l1.1rb u
len t1 changing fa ter than an of us an tic
ipated. A a consequence, we've had to 
define the indu 11·y we serve in progre -
sively broader term . Initir1 l ly, EPRl erv d 
a ery clea r ly defined set of players-th 
traditional, regula ted eJectric utl 1 1 tie . Now, 

pan trategy around wi th d regu la tion and indu try r true-
tha t, you're in a m uch 
tronger po i tion. 

WI i i  technology road 
maps become increas
ingly important? 
They've always been im
portant, o_f cou rse. Mo
torola plan ted the eeds 
in i ts t ra tegic p l ann i ng 
ei

f
or 25 years ago, d ur

ing a ti me when the elec
tronic i nd ustry was be-

tW' ing i.n motion, we' re broadening th t 
group to include the new players in th 
electr icity ind usl,y, such as i ndependent  
power producer and energy service com
panie . Other consortia are undergoing 
simi la r changes. ln  most cases, the market· 
pla e is xpmd ing ra ther than hrLnk.ing in 
terms of poten tia l customers.  

On f the toughest practi.ca l prob lems 
we face is fi nd ing ways to rela te to very 
different kind� of members. The trick is to 
retain an effective research focu while 
broaden i ng you r sphere of influ nee. J t's an 

The trick is to retain an effective research focus while broadenin iour s here 
of influence. The broader the membership base, the harder it becomes to identify 

research that everyone can collaborate in and derive value lrom. 
was developed a a long-l ived replacement 
for batteries in orbi ting pacecra ft. ow 
we're adap t i ng i t  for use by the ele tric 
power industry, where it is open ing up 
new ways of genera ting and dis t r ibuting 
electricity. Advanced imaging tecb11olo· 
gies developed for u e in space-another 
NASA con tribution-are now being used to 
Locate oil reserves underground . And, of 
cou rse, the Internet is a fusion of tel com
m unication - and comput r technol gie 
that is already beginning to fundame.n ta l l  
change how things are done across a broad 
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ing tran formed by the introd uction of in
novative technologie . Eventually Motor
ola '<; pioneering v ision led to the creat ion 
of an ind u tr)TWide road map for the semi
conductor ind ustry. The Semiconductor Jn
dustr As o iat ion curr ntly ha a road 
map that co er eight major area of chip 
mrurnfaclure. 

EPRI is workin right n w on the cre
a tiM of a na tional ele tricity R&D road 
map that would lay out the e sen tial en
ergy. econ m ic, and envi; runental needs 
to be addres ed by R&D and would iden-

im portant ad vantage to have broad up
port and represen ta tion aero an indus
try; but the broader the membership base, 
the ha rder i t  becomes to identify research 
tha t everyone can col laborat  in and derive 
value from. Jn addition, there' the matter 
of I ricing 0ur erv ic . Wh n a con ortium 
reprl:'sen ts many d ifferent kinds of cu tom
er , it becomes more difficult  to find a ra
t ional fo1mu la for ch.1rging for what  we 
offer. In term of the R&D itse l f, the broader 
the member hip. th wider th ran 1f 
d i  c ipUne the men1bers encompass. S 



tha t 's going to mean ret ol ing in ome 
ca es to ensure that our pertise ma tdws 
our customer ' need . 

But those are practica l prob lems. The 
.rea l is ue we're grapp l ing w ith i firu.l i.ng a 
balanc between th need to provide im
media te benefits to help member com pet 
and the LTadi t ionaJ work or col labora t ive 

v iew of where the indu try i headed and  
how scienc a nd t e lm logy wi.U lead u 
there. You get into trettble if ou adopt the 
approach of "Tru t u  , guys, there' a lot of 
in teresting stu ff out there; we' re going to 
go out and e plore, and we'll let you know 
when we find something." That d oe n't 
work in today's econom ic environment. 

track program I described i part of the an
wer. To be rea l ly successful in delivering 

th value of R&D, however, we're also go
ing to have to forge a new kind of relation-
hip with our custom rs . The d1allenge is 

to be cu tamer sensi tive-to u nderstand 
wha t  our cuslumer need right now and to 
find effect ive ways to meet tho e need -

Consortia across the board are stru ling to find ways of sustaining long-term, strategic 
work, because It is the seed corn for the future . If you lose that, you lose the future. 

organiza t ions, which is mid- to long-term 
l{&D. Thal kind of R&D is not only what we 
do be t ,  i t's w here the real payoff is goin 
lo b . Consortia acrn. s the boa rd are strug
gling to find ways of sustaining long-term, 
strategic work, bec.:i use it  is the seed corn 
for the fu t u re. lf you lose tha t ,  you lo e the 
fu tme. I menti ned the turb ulence of mar
kets. Tf ma rkets become loo l w·bulen t ,  then 
companies are l ikely to become entire l y fo
cused on near-term issues. They may rec
ogn.ize the va lue of longer-term R&D, but 
they 'r going t say, "Su re, i f I 'm st i l l  
around in a few years to compete, we' l l  talk 
about i t .  But right now, I 'm just trying to 
urvive. " 

Another ob tacle i the fact that in many 
companies, deci ion making is being done 
fur ther and further down in the organiza
tion. W hen th at happens, i ssues shift from 
stra tegi c to techn ical , from long term to 
horler term, from planning for the future 

to surviv ing in today' marketplace. Tho e 
a re all perspect i  es that take you away 
from ol id long-term R&D .in vestment . 

How can consortia adapt to these new im

peratives? 

The first tep is to recognize tha t  time 
fra me houldn't b an ei ther-or deci ion. 
Certai.nJy we must pro ide nea r-term a l
ue, worki.ng with mem bers tu help them 
compet today. At the ame time, we must 
always remem b r that th grea ter pa rt of 
our con t ribution will be in longer-tern, 
work.  We've got to become b tter com mu
n i cators of  the va l ue  of the  col lab rative  
progra m as  a whole, to find ways to  ell a 
,· i ion of the futu r  tha t  p ople can get e. -
cited about .  We 've got to have a strategic 

Wl1 at '  s em ei:g in g i.n 
many consort ia i a 
dual-track program. On 
one track, you 've got the 
longer-term resea rch
the kind of w rk tha t  
w i l l  lead to brand-new 
products and brand
new market . On the 
o ther, yoL1 've got the 
ma l ler, nea r-term re
ul ts that prod uce im-

med ia te va li1 For tu-
nately, the two ome
tirne go hand in hand . Probably the best 
example from our industry is the develop
men t of FACTS, or Flexible AC Transmis-
ion System , technologie . Everybody 

agreed at the utset that it would take 
10 yea r to achieve the vi ion we had of 
a bra n d -new power dcl ivc1y system . But 
the continuou tream of technologies com
ing out of tha t  effort a re assuming more 
and more imporlant:e tuday, a. highly un
regulated market emerge ,md our mem
bers have to fii1d new and more precise 
way to con trol transmission line . So in 
that ca e, a long-term vi_ io has provided 
in termediate-term vaJue. I t '' also a good 
example of w h , we need an even greater 
emph, i on solid technology tTansfer in 
order to tw11 R&D in to real value for Olli  

members . 
But i t  d oesn't a Jway work that way. 

onsider re earch on uperconducti i ty. 
W 're talking abou t an extraord i.na ry pay
off when we get there, but i t 's going to take 
a while even to get to the point where you 
have significant niche markets. So how do 
we u tain tha t  kind of R&D? The dual-

but at the same ti me 
not become en tirely cus
tomer led. If we focus 
only on the p roblem of 
the week, we' re in dan
ger of lo ing one of 
the ke values we offer, 
which i leader hip. ln 
the end, what members 
real ly look to us for is 
leadership, and i t 's cru
cia l  that we don't give 
that up. 

How have membership policies been affected 

by competition? 

We' re aJJ looking for ways to add grea ter 
flexibility, to combine a hared program of 
research wl th initiat i  e tailored to the 
needs of a ma L I  group of memhers-or m 
some cases, eve.n a single member. The new 

model tha t '  emerging looks l i ke a pyra
mid . The ba e re.pre ents the re earch that 
everybody fund and whose result a re 
hared by all . And on top of tha t you 've got 

the la ers that represent varying degrees of 
customized re ea rch and development. At 
EPRI, of cOtU " e, ,.ve've been offering tai
Jored collaboration for ear . ow we're 
expanding the program to i.nclude pon
sored re earci1, whereby a member can 
contract for EPRI's project management ser
vic for a pmprietary research project that 
01e member fully funds. 

The ame layering i merging at many 
other consortia. There's the tractitional 
broad col labora tive effort, in wrud, many 
member fund a part icu l a r  a re11 and hare 
in the re tuts. Then there are a rrangements 
in which member nmd an area join tly and 
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In the past, many consortia operated l ike universities. Now we're modeling ourselves 

after for-profit businesses. That means a sharper focus on corporate 
accountability, where even long-term research must be tied to specific strate�c goals . 

individua l members fol
low up with researcl1 of 
their own to shape the 
results to thei r specif
ic needs. Fina l l y, we're 
seeing the emergence 
of miniconsortia-small 
groups of companies 
getting together to fund 
something very specific, 
such as an i.nd i  id ual 
prod uct. 

What about issues like 
control of intellectual property and licens
ing arrangements? 
The whole ball game is changi ng. Let me 
offer j ust one examp le. Historica l ly, util i
ties took t l1e r su its nf co l l abora t ive R&D 
and applied them to their own systems. 

ow, as the industry deregulate , mem
bers are setting up urnegul a ted ·ubsid
iar ies .  An engineering group may be sp un 
off, for instance, o tha t  i t  not only an 
erve the parent u ti l ity' needs  but al  o 

can compete for busi ness from other com
panies. Sudden.Jy that hifts the intellec
tual property from an internal-use-only 
basi.s to a situation where the resu l ts of 
collaborati e R&D may end up being u ed 
for commercial purpose . 

This i why cons rtia, auoss the boa J·d , 
are exploring new option for ownershjp 
and licensing arrangements. In general 
the formula is simple : the more you cus
tomize, the mor control. you have over the 
results. But there may be d ifferent way to 
carry that ou t. With EPRl's ta i lored collab
oration program, for instance, investing 
members are granted exdu ive rights to 
use the results for three years; then the re
su l ts become ava i lable to a l l  th member 
fund ing  a pa r t icu l a r business a rea . ! J1 ef
fect, we're giving the primary inve tors a 
three-year lead t ime to use the re u. J t s  of 
research competi tively. 
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The cha.J.Jenge i com
plexi ty. I t  become enor
mously more d i fficult 
to manage projects that 
involve many d i fferent 
arrangements. There are 
just th,1t many more ad
ministrative is ues to be 
j uggled . Bu t  many of 
the same technological 
advances that are driv
ing deregula tion and 
the emergence of global 
ma rket wil l help us

especially electron ic i n fonnation and  com
munications technologie . 

Conventional ways of holding meetings 
and conferences seem cumbersome com
pa red with -v id o t leconfer ncing and on
line d isc ussion fonm1s.  I n  the aiea of re
sults delivery, there' a growing demand 
for customized information packaging U1at 
i not well erved by standard report pub
l ishing. So EPRI and many other con ortia 
a re crea t ing e lectron ic da tabases a nd usi ng 
internet resou rces to provide customized 
information and expertise q u ickly and eas
ily. In terms of actual product , we're de
veloping analysis software and other elec
tron ic tools that can be downloaded from 
the Internet directly for use by authorized 
u er . The e approaches can help us re
main flexible and re pon ive-and not ju t 
in delivering resu.Jts . Even on the stra tegic 
end, consort ia are explorLng ways to use 
new information tedmologies to comm lmi
ca te theiI own trategic planning to indus
try leaders .  

How do today's consortia view the future? 
With high hope , certa in ly, but w i tJ1 a 
keener ense of busin ss r al itie . . Tn u r
v ive and to co11 ti 1 1 ue lo serve oLLr member 
e ffect ively, l th ink we aU u nder tand th.at 
we must become more bu ine s L i.ke in the 
way we operate. Here again the model is 

changing. T.n the pa t,  many con ortia op
erated l i ke W'l.iversit ies. ow we're model
ing ou r elve a fter for-profit businesses. 
Tha t mea ns a sharper focus on corporate 
accotmtabili ty, where even long-term re
search must be tied to pecific strategic 
goals .  That 's all to the good. I think there's 
a growing awareness that, if we can ustain 
a vision of long-term collabora tive R&D 
and wha t it has to offer, the discipline of 
today's economic real ities wi l l  help us pro
vide even greater value. • 

The Council of Consortia 

The Council of Consortia is an organi
zation of senior executives from the 
nation's lead ing re eard1 and develop
ment and a ppl ied technology develop
ment consortia. The counci l 's mission is 
to sustain the vitality of col laborative 
technology development, transfer, and 
applicat ion as a means of maintaining 
and advancing orth American com

peti tivene s in key industrie . Members 
of the counci l are l is ted below. 

American Water Works Associat ion 
Research Foundation 
E lectric Power Research Institu te 
Gas Research Institute 
Great Lakes Composites Consortium 
MCNC (former ly Microelectron ics Center of 
North Carol ina) 
Microelectronics and Computer Technology 
Corporation 
Nat ional  Center for Manufactur ing Sciences 
Nat ional Storage Industry Consortium 
Ohio Aerospace Institute 
S EMATECH 
Semiconductor Research Corporation 
Software Engineer ing Institute 
Software Productivity Consortiu m  
USCAR 
U.S.  Display Consortium 
Water Environment Research Foundation 
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,\_t Home Wi th Telecommu nica t ions 
fl (page 6) wa w ri tten by Le l i  
Lama rre, /01 1 mnl senior fea tu re w ri ter, 
wi t h  assi tance from two mem bers of 
E PRl 's ustomer Systems Group. 

Steve D renker manages the Infor
ma tion System & Telecomm unication 
Busi ne U n i t, e tabl i  hed i n  1 996 to de-

elop ad vanced technology to upport 
two-way conm1 u1uca t ion betwe n elec
tric u t i l i ty com pan ies and their cus
tomer . Before launching this new busi
ne s unit , Drenker d i rected the Power 
Quality & Information Tech11ology Busi
ne U ni t .  Ea r l ie r  at EPRI ,  he manag 0d 
advanced foss i l power plant technology 
developmen t that led to the succe ful 
com mercia l i z a tion of fl u id ized-bed com
bustion. Drenker came to EPRl in 197 . 
Ea r l ier, a t  Babcock & Wi lcox Company, 
he hel d  ta rtu p  and  trouble hoohng 
responsib i l i t ie for fo i i  power plan t 
worldwide. He received a B degree in 
mechanical ngineering from the U n i 
vers ity of M i  our i  and an M BA from the 
U n iversi ty of Santa Clara.  

Dav id  Cain ,  manager of new busi.ne 
development in the Informa tion Systems 
& Telecommunication Busine Un i t , i 
re ponsible for the uni t ' program d -
sign . He joined EPRJ in 1 974 as a project 
manager in the Sa fety Technology Pro
grnm of the uclear Power Division . ln 
1 989, ain as u rned respons ib i l i ty for 
managing an EPRJ-wide init iat ive to de
ve l op a new l ine of oftware prod uct , 
and la ter he organized and managed 
EP RJ 's Computi ng Products Cen te r. Cain 
wa i nstrLJmen ta J  in early work on a r t i fi 
cia l in tel l igence product and appl ica-

tions at the i nst i tu te. Hi prev ious expe
ri nee incl udes fom years wi th We t ing
hou e's a val Reactors Program .  He ha 
a B in electr ica l engineering from U1e 
U nive r i ty  of Ca l i forn ia at Berkeley and 

a nd Ph D degrees in the same field 
from the Universi ty of Wa hington . • 

C 
hal l enge and  Change i n  Col l a bo
ra t ive Re earch (pa ge 26) is an in

terview wi t h  R i c  Rud m a n, EPRJ en ior  
vie p resident and ch jef opera ting offi
cer. ne of the I n titute' · fi r t employ
ee , Rud man came to E PRI in 1973 as 
as i tan t  to the pre ident .  erving in a 
·erie of i ncr a ingly re ponsible posi
t ion , he was named vice pre ident for 
the lndu try Rela tion - and In forma tion 
Service · G roup in 1 983.  Rudman left 
E P R J  in 1986 to become p residen t and 
chief ope.ra ting officer of Aster Pub l ish
ing, a p u b l isher o f  eight c ient i.fic and 
bu i nes trade magazi ne , bu t  returned 
in 19 9 as the lnst i tu te's enior  vice pre -
idcn t for corporate service . L n  addi tion 
to sub tant ia l  contri b u t ions to EPRI ' 
technology tra nsfer and in formation 
technolog efforts ,  he was the chief ar
chi tect of it Ta i lored Col laboration and 
Progressive F lexib i l i ty program . He has  
he l d h is cu rren t po i t ion as 'O since 
A ugu t 1 96. I n  1 9  5, Rud man wa 
elected cha ir  of the Counci l of Con ort ia ,  
an organ izat ion of chief executive and 
sen ior officer from the na tion' leading 
re ea rch ru,d development a nd app l ied 
technology developmen t  con.ort ia .  He 
bolds BS and MS degrees in nuclear en
gineer ing from the U niver ity of Califor
nia at Los Angeles. • 
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Taxable Subsidiaries Initiative Launched 

W 
ith the start of a new year, EPRI has established its 

ffrst whoUy owned taxable subsidiary tmder an 

initiative to expand member business opportuni

ties. 11, addition to yielding greater value to members from the 

intellectual property developed in R&D targets they fund, 

such subsidia1·ies wiJI provide members with access to a 

broader range of technical and consulting services and wiJI 

give them the opportunity to realize a direct financial return 

on target results through participation in teclmology comJner

cialization ventures. 

The formation of the first taxable subsidiary-epriCSG

followed the approval of mam1gement's recommendations by 

the Board of Directors at its Decem

ber meeting. Clearing the way for 

this action was a favorable private

letter ruling from the foternal 

Revenue Service in  NoYember. The 

ruling confirmed that the new 

company can be operated and 

managed independently from EPR.I, 

thereby preserving the [nstitute's 

own nonprofit, tax-exempt status. GELLINGS 

The new subsidiary will officially 

open its doors in February tmder the direction of Clark 

Ceilings, who ,,viii have a dual role as the cl1ief executive 

officer of epriCSG and the vice president in  charge of EPRJ's 

Customer Systems Croup. Michael Evans, formerly the 

manager of business operations of the Customer Systems 

Group, will serve as epriCSG's chief operating officer. Evans 

says epriCSG will launch a few new market-driven R&D 

targets this year and wiU evaluate existing Customer Systems 

Group tasgets for possible transfer to the subsidiary i11 1998 as 

part of EPRl's annual membership offering. 

illn a more dynamic industTy environment, EPRI needs an 

organizational structure and business processes that allow it 

to meet the technology needs of an increasingly competitive 

electric power industry while continuing to conduct R&D in 

the public interest," says Kurt Yeager, EPRl's president and 

chief executive officer. The Taxable Subsi.diaries l.nitiative is an 

important part of EPRl's overall corporate strategy and 

complements the Progressive Flexibil ity membership policy, 

introduced in 1995, which allows members to focus their 

membership funding on specific areas of research that best 

meet their changing business requirements. 

EPRl's historical scientific research mission will endure, 
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Yeager adds. "EPRI remains firmly committed to the goals and 

ideals on which the organization was founded and to preserv

ing its status as a nonprofit, tax-exempt organization. The 

concept of taxable subsidiru'ies has been carefully crafted to 

build on the strengths of a cohesive, strategically integrated 

EPRI and to create an organization whose value is much 

greater than the sum of its parts." 

ln addition to the increased value that is expected to be 

created for members from their R&D investments, segregating 

the research activities of the tax-exempt parent and the taxable 

subsidiaries enhances the value of EPRl's overall program by 

offering an expanded range of technical services aJ1d by 

EVANS 

broadening its appeal to prospec

tive members. Taxable subsidiaries 

also help to protect the lnstitute's 

tax-exempt status because activities 

that appear likely to generate 

Lmrelated business income or that 

are overly "commercial" can be 

trru1sferred to and performed in the 

subsidiaries. 

The Customer Systems Group 

Cou11cil and each of the group's 

business tinit councils endorsed the epriCSG subsidiary plan 

and advised management on implementation issues. With 

input from the business unit councils, the management of the 

Customer Systems Croup has identified 10 of the group's 46 

targets as potenfo1l candidates for transfer to epriCSG. Many 

of these targets are planned for transfer in 1998, pending 

further discussion with the advisory committees in February 

1997; three may be added the following year. 

As implementation proceeds, epriCSG will be developing 

opportunities to better utilize technical staff and expertise to 

address growing demands for technical services and cus

tomized applic,1tions \<\'Ork. With the support of its funders, 

epriCSG will also create second-tier affiUates and/or joint 

ventures to commercialize technology and expertise devel

oped in the subsidiary. 

EPRI management expects to consider the formation of 

additional taxable subsidiaries this year and beyond, using 

the guidelines and experience of epriCSC as a model, although 

specific business activities mc1y vary. Each of the five EPR.I 

business groups can sponsor one wholly owned taxable 

subsidiary, but it is unlikely that c1ll will do so, given the 

varying needs of industry members. 



Progressive Flexibility: Future Directions 

W 
ith the record level of industry participation in 

EPRJ suggesting that the current target level of 

bundling under Progressive Flexibility is effective, 

further development of EPRJ's membership offering is focused 

on extending eligibility, facilitating the commercial use of 

results, and revising policies on access to programs and 

results. These are the key principles reflected in the member

ship policy changes developed by management with input 

from the Board of Directors and approved by the Board in 

December. The policy changes, which v.rill be implemented in 

1997 and 1998, are designed to enable EPRJ to more effecti\'ely 

address a resh·ucturing utility industry. 

Essentially, the changes expand EPRI membership to all 

players in the electricity industry (i.e., organizations in

volved in electricity generation, delivery, and sale and 

related services); make it possible for EPRI to engage multi

ple components of a disaggregated utility; allow commercial 

use of certain EPRI products by domestic members; and set 

new entry and exit policies to protect members' prior R&D 

investments. 

Beginning in 1997, all organizations involved in the electric

ity enterprise that are interested in  supporting collaborative 

development of science and technology will be eligible for 

membership in EPRI. Offerings will be extended in the cate

gories of regulated U.S. public utilities (Lncluding investor

ovvned, federal, public power, and rnra.l cooperative utilities, 

as well as nuclear plant licensees, independent systEo>m opera

tors, power exchanges, and transmission companies), umegu

Jated entities (including affiliated and independent power 

producers, energy service companies, engineering service 

firms, and others), and international organizations. 

In addition, to address the disaggregation of a formerly 

verticalJy integrated industry, EPRI will offer a Corporate 

Membership option, covering a regulated utility together with 

its Lmregulated electricity-related affiliates and subsidiaries 

that are at least 50% owned by the same parent or holding 

company. 

To recognize breadth, depth, and length of membership 

participation, a Sustaining Member level wiU provide dis

counted target pricing, preferred nd ,risory rights, and 

priority consideration for nomination to serve on the Board 

of Directors. Sustaining Members are defined as those utili

ties or other eligible entities that fund more than 60% of 

the current EPRI program, that participate in at least three 

business groups, and that have been EPR! members for the 

previous two years. Other changes in membership policy 

provide. for publicly funded governmental organizations

si.1ch as agencies that manage or collect fw1ding from utiljty 

customers for electricity R&D-to participate as members 

of EPRJ. 

An Associate/Subscription Program, previously approved 

by the Board in  1995, wilI be introduced in 1997 to provide 

access to certain past R&D results through a subscription 

package with limited technology transfer or other support 

services from EPRI or EPRI technology centers. The program is 

aimed at helping to build relationships with new electricity 

industry players that are eligible for membership but initially 

do not choose t\1 fund one or more targets for technology 

development. Associates would not have certain membership 

rights, such as the right to participate in EPRI governru1ce or 

advisory stnictures. 

Another new membership-related poLicy allows for royalty

free commercial use of certain EPRI products in the United 

States by domestic members except when precluded by 

preexisting license or commercialization agreements or when 

such use is not in the best interest of EPRJ or its members. 

Commercial use includes the use of EPRI software and licens

able reports by a member to conduct consulting services for a 

customer or client. Such use by domestic members in foreign 

countries would be permitted under a negotiated license with 

EPRl, and commercial use by international members would be 

reviewed on a case-by-case basis. 

Boa rd-apprO\·ed changes to rules on past product access 

are intended to protect members' prior researd, invest

ments and to preserve EPRl's focus on collaborative R&D. In 

the past, members that were funding a target were allowed 

unrestricted access to all past products of the target at no 

addrnonaJ cost. ln the future, an organization that previously 

had access to a specific product as a result of prior member 

status in the relevant target or business w1it maintains 

access as long as it is a current member of some portion of 

the EPRJ program. 

Otherwise, members will have full access to past products 

of a target at no extra charge if the member either has funded 

that target for three consecutive years (including the current 

year) or, in  the case of a new member, commits to three 

consecutive years of fw1ding. Members that did not fLmd a 

prior target may obtain, for an additional fee, access or license 

options to specific products designated by the relevant EPRI 

business groups. 
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Colorado Cooperative Pioneers Low-Cost Satellite Ground Station 

M 
ow1tain View Electric Association (MVEA), a rural 

electric cooperative that serves about 23,000 cus

tomers in a 5000-square-rnjle area of eastern Col

orado, is the first electric utility to perfom1 substation and 

meter monitoring with a satellite-based data system featuring 

low-cost, modified ground stations. In addition to allowing 

MVEA to remotely control its substations and monitor cus

tomers' meters, the new satellite network enables the opera

tion of a direct load-control program that helps minimize the 

need for purchased power. The low-cost grotmd station tech

nology was developed through collaborative research by EPRI 

and the ational Rural Electric CQoperative Association 

( IRECA). 

Traditionally, MVEA technicians monitored substations and 

responded to operating problems by traveling to the sites. 

When in 1993 the cooperative considered ways to upgrade its 

operations, satellite commLmic<1tions incorporating very small 

SAM Raises Value of PECO's Distribution Assets 

A
PECO Energy, the electric utility that seYves Philadel

phia, distribution system plaruiers are responsible for 

evaluating projects to improve the performance of 

an urban infrastructure thilt is, in part, 70 ye<1rs old. Tradition

ally, funding decisions for system upgrades have been based 

on conventional engineering and reliability standards. While 

meeting such standards is important for system performance, 

an exclusive focus on engineering fixes can sometin1es cause 

planners to overlook solutions that might result Ln a better use 

of resources. Seeking a screening method that would clarify 
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aperture terminals (VSATs) appeared to be the most feasible 

option for a supervisory control and data acqLLisition system 

to link MVEA's headquarters, operations center, and substa

tions. Yet the cost was considered too high. 

EPRI and RECA had been working with Nova- et Com

munications (now an !CG Wireless Services company) to 

develop improved satellite technology for utilities. Key goals 

for the technology were compliance with EPRL-developed 

Utility Communications Architecture protocols and suitabiHty 

for outdoor tnstallation at costs lower than those of conven

tionaJ technology. By the time MVEA became interested in 

acqwring a satellite system, the project had led to a new 

Nova-Net product called SCADA-SAT, a small (1 .2-meter dish), 

environ.mentally rugged, Ku-band VSAT system. SCADA-SAT 

features a satellite transceiver from GTE Spacenet and a 

special outdoor enclosure, and it has the flexibility to operate 

on ac or de power. It met the cooperative's data-speed require

ments and offered significantly lowCJ" capital and operating 

costs than early-generation VSAT systems. 

ln operation all last year, MVEA's SCA DA-SAT system 

includes 12 VSAT installations at 1 1  substations and the 

operations center. Spread-spectrtun radio links other substa

tions to the headquarters and the operations center; a dedi

cated telephone line connects the operations center to the 

headquarters. MVEA expects 10-year savings of over $326,000 

on its initial mvestment, compared with the cost of a conven

tional satellite system. ln  addition, significant operating cost 

savings are expected to accnte through the use of the system 

for automated meter reading, distribution automation, and 

remote load monitoring and control. 

• For more i1ifor111ntio11, co11tnct Willin111 Blair al EPRI, (415) 855-

2173, or Joh11 Rowe nt ICC No1,n-Net, (303) 705-6900. 

how distribution assets create value for the company and 

would help identify projects offering the maximum return on 

shareholder investment, PECO turned to EPRl's Strategic Asset 

Management (SAM) decision framework methodology. 

Last year, planners at PECO began applying SAM to the alio

cation of fundlng for day-to-day system improvements and 

future additions. The approach identified four key ways of 

getting more value from distribution assets: investing in the 

system to save future capital and operating and maintenance 

costs, sizing investments in  proportion to problems, reducing 



the number of costly events 

on the system, and improv

ing service to various cus

tomers. With these criteria, 

planners evaluated projects 

involving substation retire

ment, voltage-level conver

sion, maintenance issues, 

and customer power quality 

problems. By quantifying benefits, SAM enabled a more 

accurate comparison of the possible options. 

Results from the project analyses showed that replacing 

distribution assets to meet conventional engineering stan

dards would create little shareholder value. In contrast, 

programs involving simplification and monitoring of the 

distribution system were found to create significant value. 

SAM's documentation provided PECO management a clear 

UCA Demonstrates Real-Time Advantage 

U 
tilities can save time and money as well as enhance 

reliability for customers with real-time data provided 

thrnugh EPRl's Utility Communications Architecture 

(UCA), recently demonstrated at United Power Association 

(UPA), a rural electric cooperative headquartered in Elk River, 

Minnesota. 

EPRI and the National Rural Electric Cooperative Associa

tion ( RECA) sponsored the project with UPA to increase 

interoperability between substation and distribution line 

equipment, communications systems, databases, and applica

tions. UCA- <1 communic<1tions specification for connectivity 

and data transmission within <1 utility and with its customers

allows equipment from multiple vendors to work together via 

common communications media without customized hard

ware and software. Multiple-user stations at different locations 

can access real-time data for monitoring, control, and analysis. 

''With UCA, utility personnel can use local PC applications 

for easy, immediate data access across the entire network, 

which enables operational decisions to be made better and 

faster," says Wade Malcolm, director of EPRl's distribution 

business area. "Utilities could reduce the number and dura

tion of outages a customer experiences." 

Two substations of UPA members- the rural Ball Club 

substation of Dairyland Electric Cooperative and the urban 

Plymouth substation of Wright-Hennepin Cooperative 

record of how savings could 

be expected to accrue. 

The application of SAM in 

the evaluation of about 100 

distribution system O&M 

and capital improvement 

alternatives enabled PECO 

to reduce the expected cost 

of a portfolio of projects 

from a net present value of $180 million to $85 million. "SAM 

forces us to ask the hard questions and to design distribution 

system improvement projects that retum the greatest value for 

the money spent," says PECO Energy's Don Fagnan. 

EPR! has published a product brief (PS - 106524) and a 

technical report (TR-102730) on SAM. These are available from 

the Distribution Center, (510) 934-4212. 

• For more iliformntio11, con/net Chnrles Clnrk, (415) 855-2994. 

Electric Association- were chosen for the seven-layer UCA 

profile demonstration with more than a dozen vendors. 

Multiple commwtications networks integrated the equipment, 

controls, and databases in the automation project. 

"Our project has helped define new protocols included in 

the soon-to-be-released UCA 2.0 upgrade," says Jim Goodin, 

UPA's project manager. "We've added more real-time function

ality and data security to address the needs of UPA member 

cooperatives and the electric utility industry during this time 

of growing competith·eness. UCA is real. It's here and available 

in commercial products. UCA is even more relevant in a dereg

ulated, competitive environment because it allows encrypted 

d<1ta to pass securely and quickly between utility netvvorks." 

In a related EPRI- and NRECA-sponsored demonstration at 

Oglethorpe Power Corporation in Georgia, a three-I.ayer UCA 

profile was used to integrate a supervisory control <1nd data 

acquisition system and various models of remote terminal units. 

"Widespread use of UCA among vendors and implementa

tion by electric utilities could reduce costs by 20%," says 

Martin Gordon, a senior program manager in energy R&D at 

RECA. "Automation with UCA also helps utilities increase 

the commLU1ication capacity of their existing systems without 

compromising reli<tbiJity." 

• For more i11Jor111atio11, co11tncf EPRI's UCA Exchn11ge office nt 

(800) UCA-EXCH (822-3924). 
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RESEARCH UPDATE 

Residential Technologies and Retail Market Tools 

Horizontal-Axis Washing Machines 
by John Kesselring and Richard Gillman. Customer Systems Group 

A
s wl1olesale and reta i l  markets for 

electr ic i ty become more competi tive. 

many uti l i t ies are focus i ng on enhancing 

customer opt ions, often by provid ing new 

products and seNices or by offer ing rebates 

and other incentives for the use of com

mercia l ly avai lable energy-efficient prod 

ucts. Tradi t iona l l y, e lec tr ic u t i l i t ies have not 

conducted much market research before 

in t roducing specia l offer ings .  Market barri

ers often were Ident if ied only after sign ifi

cant expenditures had been made in sup

port of such offer ings. In today's business 

environmen1 .  however. u t i l i t ies must ident ify 

potent ia l market barr iers to new offer ings 

and determine how to deal  with those bar

riers before making a commitment to move 

forward with any new offer ings 

EPRI  l aunched the H igh- Effic iency Laun

d ry  Meter ing and Market ing Analys is ,  or 

THEL MA, project as a d i rect resul t of in

creased electric uti l i ty in terest in support

i ng the use of effic ient residentia l laundry 

equi pment-an interest shared by water. 

wastewater-processing. and gas uti l i t ies . 

One focus of this in terest is the horizontal 

axis ( H-axis) . or tumble-act ion . wasl1 1ng 

machine H-axis washers are s igni f icantly 

more efficient than vertical-axis ( V-ax1s)  

washers and thus could hel p uti l i t ies man

age load growth and seasona l load levels 

Whi le help ing consumers lower their energy 

and water b i l ls . H-axis machines dominate 

European markets , but V-ax is r nact, i nes 

account for over 98% of residentia l c lothes 

washer sales in the Un ited States and for 

almost as large a percentage of commer

cial washer sales. It the U .S . market cou ld 

be transformed so that H-ax is  washers 

were used more widely, energy and wa

ter consumption could be reduced sign i f i

cant ly and wastewater-processing costs 
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could also be lowered . I n fact . futu re en

ergy eff ic iency standards set by the U . S. 

Department or Energy may prove too str in

gent for V-ax1s washers and may v i r tua l l y  

ensure a market for H-axis machines . Sev

eral domest ic man ufacturers are produc

ing or intend to produce H-axis washers 

that read i l y  meet exi s t ing standards and 

could sat isfy the ant ic ipated more-str in 

gent standards . 

V-axis and H-axis washers 

In V-axis washers .  clothes move around a 

central ag itator and must be u l l y  i m

mersed in water to be washed properly In 

H -axis washers. the washtub rotates in al

ternate directions around a horizontal axis : 

rather than being f u l ly immersed, the 

c lothes are l i lted and tumbled through a 

shal low pool of water in the bottom of the 

washtu b ( Fi gure 1 )  H-ax1s washers are 

often f ront- load i ng , m top- loadi ng H -ax 1 s 

models . u sers must open more than one 

door to get to the tub. 

I n general .  H-axis washers reduce water 

use by at least one-t lwd . And since water 

heat ing accounts for up to 90% of the en

ergy used in conventional res ident ia l  wash

ing machines, the use of H -axis washers 1s 

e11,pected to reduce energy consum pt ion 

by over 50% . Further. the hor izontal ly or i 

ented tub handles unbalanced loads bet

ter than V-ax1s tubs do, so H-axis wasl1ers 

can spin faster. extract more water, and 

thus save on dry ing energy. In addition .  the 

tumbl ing action of H-ax1s washers gent ly 

ABSTRACT Residential horizontal-axis washing machines use significantly 

less energy and water than the vertical-axis clothes washers that dominate the 

American market. In a project on high-efficiency residential laundry equipment, 

EPRI, the U.S. Department of Energy, and several utilities have explored the pos

sibility of transforming the U.S. washing machine market. Project activities have 

ranged from laboratory testing, multifaceted market research, and the analysis of 

washer distribution channels to the operation of a demonstration center and the 

in-home monitoring of washer performance. They have helped identify possible 

barriers to the penetration of the residential market by horizontal-axis washing 

machines and have pointed to ways in which utilities can overcome those barri

ers. Utility activities to transform the market could give sales of horizontal-axis 

washers an important boost before the anticipated raising of federal efficiency 

standards for clothes washers. 



pushes clothes through the water, red uc
ing wear and tear on the garments. 

By switching to an H-axis washer. a typ

ical household wou ld  reduce energy, wa
ler, and detergent costs by about $80 a 
year, accord ing to Arthur D. Litt le .  I nc.  On 
the other hand , an H -axis washer requires 
com ponents-an electronically control led 
d i rect-current motor and a soph ist icated 
suspension system-that add to its cost and 
may affect its re l iabi l i ty. According to the 

THELMA project sponsors. tumb le-act ion 
washers manufactured in the U ni ted States 
wi l l be pr iced at about $2 1 0  more than ag
i tator machines. 

TH ELMA research design 

EPR l 's col laborative THELMA project in
volves more than two dozen electr ic ,  gas , 
water, and wastewater management ut i l i 
ties . Aimed a t  Identify i ng strateg ies that 

cou ld transform the U . S. washin g  mach ine 
market , the THELMA research has four pri
mary objectives : to establ ish cred i b le esti
mates of energy and water sav i ngs asso
c iated with the use ot H-axls washers.  to 
study customers' launder ing habits, to iden
tify potential barr iers to the penetrat ion of 

the res i dent ia l washer market by H-axis 

machines , and to design incent ive pro
g rams and other promotional tools l ikely to 
be effect ive in s t imu lat ing the purchase of 
efficient washers. 

To meet those objectives , TH ELMA re
searchers conducted laboratory testing and 
fie ld monitor i ng of H-axis and V-axis wash
ers ,  a comprehensive market assessment . 

Axis 

and an analys is of washing machine d istr i
bution channe ls .  Market assessment efforts 
rncluded consumer focus g roup d iscus
s ions of launder i ng pract ices and desir

able washer character ist ics; a large-scale 
market survey ; the operation of a demon
stration s i te where ut i l ity customers could 
t ry out an H-axis washer; and i n-home in
terviews wi th part ic ipants in the THELMA 
f ie ld-monitor ing study. 

These act ivi t ies were interconnected in a 
variety of ways_ For instance. focus group 
d iscussions were held ear ly 1n the proj
ect and provided resul ts that were used to 
design the market research survey, the in
home interview ins truments, and the pro
ced ures at the laundry demonstrat ion cen
ter. Also, the market survey gathered i nfor

mat ron on the  same demograph ic and  
household character ist ics that were used 
in c lass 1 fy 1ng the f ield-monitor ing partic i 
pants .  Thus , for the service areas repre
sented by the survey respondents, i t  is pos
s ib le to determine the number of house
holds f i tt i ng each segment prof i le  and to 
estimate their laund ry-re lated energy and 

water consumption . 

Laboratory test results 

Early in the project, THELMA researchers 
conducted laboratory tests on one large
capaci ty, Amer ican -made V-axis machine 
and on s ix H -axis machines represent ing a 
sam ple of Amer ican- and European-made 

prod ucts . The washers were tested accord
ing to the u .s _  DOE clothes washer energy 
test procedure. which specif ies method s 

Axis 

for measuring machine capaci ty, water used 
in wash and r inse cyc les,  and energy con
sumed in machine operation and water 
heat ing. The researchers a lso used industry
accepted proced ures for test ing washer 
performance in terms of soil removal and 
gentleness of act ion. 

The test resu lts var ied over a consider
able range for the seven machines .  Nor
ma lized for tub  volume ,  the H-axis ma

chines used , on average, about 45% less 
energy and 25% less water than the Y-axis 
machine. The tests a lso showed that the H
axis machines were 25% more effect ive in 
remov ing soi l .  And although complete H
axis cycles were longer. the moisture con
tent rema1n lng after the f tnal spin cyc le was 

lower with the H-axis mach ines .  This could 
lead to shorter d ry ing cycles and lower 
d ry ing-re lated energy costs .  

Focus group observations 

Focus g roup d iscuss ions revealed con
su mers' initia l  v iews of H-axis washers. 

Group part ic ipants most often assoc iated 
H-ax1s washer technology with f ront- load 

i ng  machines. and one in i t ia l  barr ier to cus
tomer acceptance may be the bending re
qu i  red In machine loading and unloading_ 

Al thoug h there are some benefits to front 
loading (the washer can be stacked with a 
dryer, for example,  or i ts top can serve as 
work space) ,  part ic ipants regularly ra ised 
concerns about bend ing ,  leaking , and chi ld 
safety. I n fact .  the focus g rou p resu l ts sug
gest that g iven genera l  consumer sat isfac
t ion with current washers , H-axis washers 

Figure 1 In a conventiona l  vertical-axis washing machine { left) . clothes move arou nd a 
centra l agi1ator and must be fu l ly  immersed in water. I n a horizonta l-axis wash ing ma
ch ine (right ) , c lothes are l ifted and tumbled through a shallow pool of water. In addit ion 
to prov id ing water and energy savings, the horizontal -ax is washer is easier on garments. 
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( perceived as unfami l iar and d ifficult  to 
use) are l ikely to be compared unfavorably 
with V-axis washers . However, the resu l ts 

a lso suggest t hat i f  consumers are con
v i nced that H-axis washers are at least as 
good as the i r  V-axis washers i n  terms of 
such features as pu rchase pr ice,  re l i ab i l i ty, 
ease of use, and cleaning ab i l i ty, they may 
ser iously consider purchasi ng the equ i p-

i ngs and improved so i l  removal could be
come important sel l ing poi nts . 

Furt her, according to focus g roup part ic
i pants. uti l i t ies could play a va l uable ro le 

i n bui l d ing consumers' understanding and 
acceptance of H-axis washers through ed
ucat ional efforts and f inancial incentives. I t  
remained uncl ear. however, whether re
bates wou ld  be successful without a strong 

ment . At that poi nt . energy and water sav- educat ional component. Part ic ipant re-

Figure 2 In clothes washer f ield tests at 26 residences , TH ELMA researchers measured energy and 
waler use, first for the participants ' vert ical-axis machines and then for horizontal -ax is mach ines tem
porarily installed in the homes. (Combined mechanical and water-heating energy consumption was mea
sured. ) On average, the horizonta l -axis washers used 65% less energy and almost 40% less water. 
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sponses indicate that an effective ed uca
t ional approach should i nclude publ ished 
product informat ion , prod uct demonstra
t ions , test imonia l s and other ev i dence of 
rea l- l i fe experience, and endorsements 
from ut i l i t ies and other organizat ions re
garded as impartia l .  

F inal ly, a s imp le name is l ike ly t o  be es

sent ia l for successful ly market ing H-axis 
washers . Focus  g roup partic ipants read i ly 

understood how the machines operate and 
found "tumble-action washer" and "tumble 
washer" appeal ing names because they 

point to the key difference between H-axis 
and V-axis machines. help consumers v i 
sual ize the washing process . and cal l  to 
mind the fami l iar act ion of c lothes dryers. 

Distribution system analysis 

In 55 telephone i nterv iews with V-axis and 

H -ax i s  washer man ufacturers , d i stributors , 
and retai l out let personnel , THELMA re
searchers examined ways in wh ich these 
trade a l l ies might inf luence washer market 
transformation . Techn i ques that m i ght has
ten market acceptance o1 tum ble- action 

washers-such as rebates , advertis in g , 
educat ion, and distr ibution channel incen

t ives-were d iscussed . 
The manu facturers expressed few con

cerns about the actual manufacture of tum
ble washers. but they d id  express concern 
that these mach i nes would cost too much 
to produce and wou ld  not be pr iced com
petitive ly. Twenty-n ine of the 50 retai lers 
and distr ibutors interviewed also cited the 
cost of the machines as a potent ia l market 
barr ier. Moreover. the t rade al l ies inter
v iewed genera l l y  felt that consumers would 
not be wi l l ing to pay much more for an en
ergy-efficient mach ine  lhan for a conven
t ional washer and that a s izable rebate 

f rom uti l i t ies wou ld  be needed to promote 
tumble washers successfu l ly. Nonetheless, 
retai lers were generally enthusiastic about 
opportunities for sel l ing these washers . Like 
manufacturers , they view the market for 
t umble washers as a growing niche mar
ket, expecting i t  to i ncrease from the cur
rent 1 -3% of res identia l sa les to 5-20% in 
f ive years .  They also noted that DOE en
ergy standa rd s  cou ld affect the market 
share for tumble washers, possibly increas

i ng it considerably. 



Market survey results 

To supplement the focus group results and 

to begin to assess the potentral market for 

tumble washers, the THELMA team used 

telephone interviews and mailed forms to 

conduct an extensive market survey of the 

general U.S. population and the popula

tions in the service areas of the 12 electric 

utilities participating in the project. Like the 

distribution system analysis, the market 

survey disclosed that the biggest barrier to 

the purchase of H- axis washers is initial 

cost. 

In the majority of households in the 

United States, women are more involved 

than men in shopping for wasners and in 

making the final purchase decisions. It fol

lows that educational efforts on H-axis 

washers should target women and their 

interests. According to the survey results. 

the most important factors in choosing a 

new washer are price. manufacturer's rep

utatfon. and warranty. It was also found that 

the probability of purchasing an H-ax1s 

washer goes down dramatically if the only 

available model is European-made. Thus, 

11 major domestic manufacturers provide 

tumble-action washers. a significant barrier 

will be removed. Overall, the survey data 

suggest that the market share for tumble

action machines has good growth poten

tial, with certain market segments likely to 

adopt the technology before the rest of the 

population. 

Field test results 

Although laboratory test results are impor

tant in quantifying the differences in energy 

and water consumption between H -axis 

and V-axis technologies. they may not fully 

represent the savings 1n actual house-

holds. Therefore, THELMA researchers have 

measured the actual performance of H

axis and V-axis machines in the residences 

of strategically selected market survey re

spondents. First, for six weeks, the re

searchers monitored the energy and waler 

use of the V-axis washers currently in the 

participants' homes: then, for eight weeks, 

they monitored H-axls machines temporar

ily installed in the homes. The participants 

also kept laundry diaries during the moni

toring period; information from the diaries 

identifies and quantifies changes in laun

dering behavior and will be useful in gen

eralizing results to a broader population of 

users. 

Metering data from the 26 homes where 

testing has been completed indicate that 

the tumble washers provided average en

ergy savings of 65% (Figure 2). The sav

ings were slightly higher than anticipated, 

even though for both V-axis and H-axis ma

chines, the participants generally used 

cooler wash and rinse water than assumed 

by the DOE test procedure and by projec

tions based on THELMA laboratory results. 

The tumble washers also reduced water 

consumption by almost 40%. 

By participating in the in-home testing 

effort, consumers became familiar with 

H-axis washers. The THELMA project also 

included a demonstration center where 

consumers were able to see a front-load

ing H- axis washer. compare 1t with a V-axis 

machine. and actually wash laundry in it. 

Project personnel expect that because of 

the hands-on nature of these exposures, 

the data collected on consumer percep

tions of the new washers and the issues 

affecting purchase decisions will be quite 

reliable. The responses of visitors to the 

demonstration center and of the field test 

participants suggest that exposure to H

axis machines in store displays could dis

pel doubts about washer design and use 

and even make people become likely to 

purchase the machines. 

Looking ahead 

The THELMA steering committee is ex

panding the scope or some of the project 

efforts. For one thing, THELMA researchers 

will field-test more models of H-axis wash

ers than originally planned, and they may 

conduct distribution system analyses in 

more areas of the country. 

In any case, once the THELMA research 

is completed and data from the many proj

ect efforts are integrated, the participat

ing utilities will have a baseline picture of 

the washer market that includes data on 

distribution channels. availability of H-axis 

models, distributor stocking patterns. pric

ing, marketing, and purchase patterns. 

The project's final report on H-axis washers 

will also summarize findings on ways in 

which utilities can influence the washer 

market; included will be information on the 

strategic use of rebates. market segments 

to target. and promotional strategies that 

could speed the adoption of H-axis washer 

technology. 

In general, as ulillties adapt to changes 

in their business environment, the value of 

market research results. Including informa

tion on customers' tastes and preferences. 

will grow. The THELMA project has already 

strengthened utility competence in making 

decisions about the adoption and promo

tion of new products and technologies and 

in designing rebate. educational, and other 

promotional strategies. 
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TR-106788 Rnal Report (W03171·4) 
Contractor· Decision Focus 
EPRI Project Mana9er. C. WOOd 
Fax ID. 40015 

RackSaver™ Neutron Absorbing Insert 
Development and Testing 

TR-106889 Anal Report (W03290-13) 
Contractor· Siemens Power Corp 
EPRI Project Managers· R. Lambert, 0 Ozer 
Fax lD: 26633 

POWER DELIVERY 

Development of Advanced Composite Materials 
for Utility Applications, Phase II: Vol. 2 

TR-104830-V2 Final Report (W04159-1 ) 
C!111trac.:1ur Fu:;ter-Millt:lr 
EPRI Project Manager B. Bernstein 
Fax lD: 25689 

Performance-Based Regulation: The State of 
the Art and Directions for Further Research 

TR-106045 Anal Report (W02801) 
Contractor Christensen Associates 
EPRI Project Manager· C Smyser 
Fax ID: 25199 

Proceedings: Reliability-Centered Maintenance 
for Substation Equipment Conference 

TR-106069 Proceedings (W02747) 
Contractor Cambias & Associates 
E.PRI ProJecl Managers: P. Lyons. M Hammam 
FaJc ID. 40136 

The Distribution System Modeling Guide for 
Disturbances and Cold Load Pickup 

TR-106297 Rnal Report (W03797-3) 
Contractor Electrotek Concepts 
EPRI Project Manager: A Sundaram 
Fax ID: 25645 

Evaluation of Gases Generated by Heating 
and Burning of Cabl� 

TR-106394 Anal Report (W04142· 11  
Contractor Underwriters Laboratories 
EPRI Project Manager: R. Bernsle1n 
Fax ID: 26677 

Reliability-Centered Maintenance Technical 
Reference for Substations 

TR- t06418 nnal Report (W03882) 
Contractor: Hallib11rton NUS Corp 
EPRI Proj ect Managers: P V1J1ov1c, M Hammam 
Fax ID· 26634 

Flexible AC Transmission System (FACTS) 
System Studies: Southern Company 
Services 

TR-106461 Anal Report (W03789) 
Contractor General Electnc Co. 
EPRI ProJect Manager· R. Adapa 
Fax ID· 25941 

Flexible AC Transmission System (FACTS) 
Technologies on the TVA Transmission 
System 

TR-106462 Final Report (W03789·6. W03022·2) 
Contractor General Electric Co. 
EPRI Project Manager: A. Adapa 
Fa.< ID: 25943 

Cable Pushing and Calculation of Pulling 
Tensions for Distribution and Transmission 
Cables 

TR-106500 Final Report (W07910·19) 
Contractor· Georgia Power Co .. Southern Electnc 
International Research Center 
EPRI Project Manager T. Rodenbaugh 
Fa.� 10: 25993 

Distribution Grounding. Vol. 1 :  Handbook 

TR-10666 t -V1 Final Report (W03066· 1 )  
Contractor· Nallonal Electric Energy Testing, 
Research, and Apphca11ons Center 
EPRI Pro1ec1 Manager: H Ng 
Fax ID: 26279 

Role of Formulation on the Long-Term Wet 
Electrical Performance of Ethylene-Propylene 
Rubber (EPA) Cable Insulation 

TR-106680 Final Report (W02899-2) 
Contractor. Universi ty ot Connecticut 
EPRI Pro1ec1 Manager: B. Bernstein 
Fax ID 26305 

STRATEGIC R&D 

Framing Scenarios of Electricity Generation 
and Gas Use 

TR-102946 Final Report (W03201-4, -5: 
W04122-2) 
Contractors Energy Ventures Analysis; Charles 
River Associates 
EPRI Project Manager J. Platt 
Fax ID 19557 

Biomimetic Materials in the Utility Industry: 
A Program Plan for Research Opportunities, 
Vol. 2 

TR-104128-V2 Final Report (W09000-17) 
Contractors: Daedalus Associates: Cornice 
Engineering 
EPRI Proj ect Manager· J. Stringer 
Fax ID. 24504 

Characterization of Mechanical and Thermal 
Properties of Advanced Composite Pultrusions 

TR-106271 Final Report (W08007-20) 
Contractor University ol Mississippi 
EPRI Pro1ec1 Manager· B. Bernstein 
Fa><ID· 25598 

Generic Testability and Test Methods 
Guidelines for ASIC Devices 

TR-106392 Final Repo1t (W09000-34) 
Contractor: ECR Laboratory 
EPRI Pro1ect Manager J Naser 
FaxlD· 25829 

Computatio11al Algorithms for the Multirate 
Simulation of Power System Dynamics, Part 1 :  
FeasibiHty Study 

TR-106497 lntenm Report (W08014-3) 
Contractor University of Missouri. Rolla, Depart
ment of Electrical Eng1neer1ng 
EPRI Project Manager: M. Wildberger 
Fax 10: 25997 

Environment for Specification and Analysis of 
Sequential Process Control Systems 

TR-106734 Final Report (W08014-5) 
Contractor UniV1ew Systems 
EPAI Pro1ec1 Manager· M Wildberger 
Fax lD· 26390 
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New 
Computer 
Software 
Orders tor EPRl -developed software shou ld be di
rected to the E lectric Power Software Center, 1 1 025 
North Torrey Pines Road. La Jol la , California 92037 ;  
(800) 763-3772. 

DEW : Distribution Engineer ing 
Workstat ion 

Version 1 . 1 (PC-Windows) 
Cont ractor : E lectrical D istribu t ion Design 
Bus iness Area: Distribu tion 
EPRI Pro,ect Manager :  Har ry Ng 

DGAP :  D istribut ion Grounding Analys is 
Program 

Version 1 .0 (PC-DOS) 
Contractor ·  Georgia Institute of Technology 
Business Area : Distribution 
EPR I Project Manager : Harry Ng 

EMFWorkstation: EPRI E lectr ic  and 
Magnetic Fields Workstation 

Version 2.5 1 (PC-DOS) 
Contractor· Enertech Consu ltants 
Business Area : Elect ric  & Magnetic Fields 
Heallh Assessmen1 & Management 
EPRI Proiect Manager: Randa l l  Takemoto
Hambleton 

GENCAT ™ : Electronic Product Catalog 
and Benefits Estimator (Generation,  
Storage,  and Environmental Control) 

Version 3.0 (PC-DOS) 
Contractor : lnStep 
Business Areas . All Generat ion Group areas 
E PRI  Project Manager : Ruseli Owens 

LAYERS:  A Multi layer Magnetic F ield 
Sh ie ld ing Calculat ion Program 

Version 1 .0 (PC-Windows) 
Contractor : E lectric Research and Management 
Business Area: Elect r ic  & Magnetic Fields 
Health Assessmenl & Management 
EPR I Project Manager : Randa l l  Takemoto
Hambleton 

MANAG ES™ : Management and Evaluation 
of Groundwater Monitor ing Data 

Version 2.0 (PC-DOS) 
Contractor: Te t ra  Tech 
Business Area : Land & Groundwater 
Protect ion & Remediat ion 
EPRI Project Manager: lshwar Murarka 

MEGADRIVE: Model for Evaluat ing Gas 
Compressor Drive Opt ions 

Version 1 .0 (Macin tosh : IBM-LOTUS: PC-DOS) 
Contracto r : Energy Packaging Solutions 
Business Area: Industr ial & Agr icul tura l 
Technologies & Services 
EPRI Project Manager: Ammi Amarnath 
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MOSES-MP 

Version 1 .0 (PC-DOS) 
Contractor : Tetra Tech 
Business Area: Land & Groundwater 
Protection & Remediation 
EPRI Project Manager : lshwar Murarka 

POET: P iping Operabi l ity Evaluat ion 
Tool  

Vers ion 1 O O (PC-Windows) 
Contractor: Kaman Sciences Corp 
Business Area: Nuclear Power 
EPRI Project Manager: H . T Tang 

RETRAN-02-M 

Version MODOOS.2 ( IBM-RS6000; HP-UNIX ; 
Sun-Solaris )  
Contractor : Computer S imulation 
and Ana lysis 
Business Area: Nuclear Power 
EPRI Project Manager : Lance Agee 

RETRAN-3D 

Version MOD002.0 (HP-UNIX: AIX: Solaris) 
Cont ractor: Computer Simu lation 
and Analysis 
Business Area: Nuclear Power 
EPRI Pro1ect Manager: Lance Agee 

SCAAD: The Strategic Capaci ty and 
Analysis Database 

Version 1 .01  (PC-DOS) 
Contractor : Fern Engineer ing 
Bus iness Area: New Generation 
EPRI Project Manager: Robert Fnschmuth 

SGDSM (Steam Generator Degradation
Specific Management) Design 

Contractor : Failure Analys is  Associates 
Bus iness Area : Nuclear Power 
EPRI Project Manager : David S tein inger 

Tl Workstation ™ : Transmission Line 
Workstat ion (CORRIDOR, DYNAMP, 
FAD,  RNOISE, and UPSTUDY 
Modules)  
Version 3 .0 (PC-Windows) 
Contractor: Vanguard Technology Co. 
Business Area· Transmission & Substations 
EPRI Project Manager: Anwar H irany 

UFIM: Ut i l ity Fuel Inventory Model 
Version 3 .  13 (PC-DOS) 
Contractor: App l ied Decision Analysis 
Bus iness Area : Power Markets & Resource 
Management 
EPRI Project Manager : R ichard Goldberg 

WATSMPL 

Version 1 .0 (PC-Windows) 
Contractor: D . W. Abrams and Associates 
Bus iness Area: Resident ia l  Technologies 
& Services 
EPRI Project Manager· Carl Hi l ler 

WinSQUG: Windows User-Friendly 
Interface for the SOUG Seismic 
Experience Database 

Version 2.0 (CD-ROM) 
Contractor: EOE ln terna l ional 
Business Area: Nuclear Power 
EPRI Project Manager: Robert Kassawara 

EPRI Events 

MARCH 

2-5 
EPRI EMF Seminar 
New Orleans , Louisiana 
Contact : Robert Kave! , (4 15 )  855- 1 06 1  

3-4 
Commercial Lighting Efficiency Train ing 
for Utilities 
Dallas, Texas 
Contact: Larry Ayers, (800) 525-8555 

3-4 
Open-Access Same-Time Information 
System (OASIS) Conference 
New Orleans, Louis iana 
Contact: Denise Wesalainen .  
(4 1 5) 855-2259 

3-6 
Intermediate Underground Transmission 
Course 
San Anionic, Texas 
Contact: Kathleen Lyons, (4 1 5) 855-2656 

3-6 
Power Quality Conference: PQA '97 
North America 
Columbus , Ohio 
Contact: Lori Adams, (41 5) 855-8763 

3-6 
2d International Workshop on 
Corrosion in Advanced Power Plants 
Tampa, Florida 
Contact :  Michele Samoul ides , 
( 4 1 5) 855-21 27 

1 1-1 4  
Generator Monitoring a n d  Diagnost ics 
Long Beach, Cal iforn ia 
Contact : John Niemkiewicz, 
(800) 745-9982 

13-1 4 
EPRI Partnership for Industrial 
Competi t iveness 
Newport Beach, Cal ifornia 
Contact : Bi l l  Smith, ( 4 1 5) 855-24 1 5  

18-20 
Root-Cause Analysis 
Long Beach, Cal iforn ia 
Contact : John Niemkiewicz, 
(800) 745-9982 

18-21 
Advanced Check Valve Monitoring and 
Diagnostics 
Logan, Utah 
Contact: Jeanne Harris , (800) 7 45-9982 

24-27 
Hydrogenerator Maintenance Course 
Boston , Massachusetts 
Contact : Denise Wesala inen, 
( 4 1 5) 855-2259 

25-27 
1997 International Clean Water Conference 
Baltimore, Maryland 
Contact: Chr istine Li l l ie, ( 4 1 5) 855-201 0  



APRIL 

6-1 0 
1 997 lnternation.il Fossil Simulation 
and Training 
Atlanta. Georgia 
Contact Amy Winn , (816) 235-5623 

1 4-16  
Predictive Maintenance and Refurbishment 
Florence, I taly 
Contact: Susan BlsetU , (415)  855-791 9 

1 4-18 
lnfrared Thermography: Level 1 
Eddystone, Pennsylvania 
Contact: Jeanne Harris ,  (800) 745-9982 

1 5-17 
Substation and Switchyard Predictive 
Maintenance 
Long Beach ,  Californ ia 
Contact: John Niemkiewicz, 
(800) 745-9982 

1 7-18 
4th Annual Strategic Marketing Conference 
Or lando, Florida 
Contact: Ingrid Bran, (41 5) 855-1 064 

22-25 
Basic Vibration Testing and Analysis 
Long Beach, California 
Contact: Jeanne Harris , (800) 745-9982 

22-25 
Transformer Performance Monltorln_g 
and Dlagnostics 
Eddystone, Pennsylvania 
Contact: John Niemkiewicz, 
(800) 745-9982 

23-25 
1997 Advanced Oxidation Technology 
Symposium 
Washington, D.C. 
Contact: Jose Fmmanuel . (!11 0) 525- 1 205 

29-May 2 
Motor Monltorlng and Diagnostics 
Eddystone. Pennsy lvania 
Contact: Jeanne Harris, (800) 745-9982 

MAY 

6-8 
Fish Passage Workshop 
Milwaukee, Wisconsin 
Contact; Maggie Loobey, ( 4 15 )  855-2 1 58 

7-9 
Midas Users Group Meeting 
Phoenix , Arizona 
Contact Susan Mars land, (4 1 5) 855-2946 

1 2-1 6  
1 997 Continuous Emissions Monitoring 
Conference 
Denver Colorado 
Contact: Michele Samoulides, 
(41 5) 855-2 1 27 

1 2-1 6 
Steam Ptant Operations !or Utility Engineers 
l�ansas City, Missouri 
Contact: Amy Winn ,  (8 1 6) 235-5623 

13-14 
2d Annual Green Pricing Workshop 
Corpus Christi ,  Texas 
Contact: Lori Adams, (415) 85-5-8763 

19-21 
Substation Rellablllty-Centered 
Maintenance 
Dal las, Texas 
Contact: Denise Wesalainen , 
(415)  855-2259 

20-22 
Effects ol Caal Quality an Power 
Plants 
Kansas City, Missouri 
Cont.act: Susan Bisetti . (415) 855-791 9 

JUNE 

2-4 
CHECWORKS Users Group Meeting 
Myrtle Beach, South Carol ina 
Contact: Denise Wesalainen . 
(415 )  855-2259 

3-5 
Infrared Thermography: Level 3 
Eddystone. Pen sylvan ia 
Contact: Jeanne Harris. (800) 7 45-9982 

4 
Water and Energy Conference 
Cleveland ,  Ohio 
Contact: Kim Shi l l ing , (3 1 4) 935-8590 

5-6 

Municipal Water and Wastewater 
Program 
Cleveland , Ohio 
Contact: Kim Shil l ing ,  (3 14) 935-8590 

10-1 2 
5th International Conference on 
Cycle Chemistry in Fossi l  Plants 
Charlotte. North Carolina 
Contact: Michele Samoul ides, 
(41 5) 855-21 27 

10-1 2  
Predictive Maintenance Program:  
Development end Implementation 
Eddystone, Pennsylvania 
Contact: John Niemkiewicz 
(800) 7 45-9982 

10-1 3  
Healthcare Initiative Workshop and 
Conference 
Chicago, I l l inois 
Contact: Janis Priftl , ( 4 1 5) 641 -8332 

15-1 8 
7th lnternaUonal ISA POWID/EPAI 
Controls and Instrumentation 
Conference 
Knoxvil le, Tennessee 
Contact: Susan Bisett i ,  (4 1 5) 855-7919 

16-1 9 
Power Quality Conference: PQA '97 Europe 
Stockholm, Sweden 
Contact: Lori Adams, (415)  855-8763 

1 9-20 
EPRI Partnership for Industrial 
Competitiveness 
Chicago, I l l inois 
Contact Bil l Smith , ( 4 1 5) 855-24 1 5 

JULY 

1 4-1 6 
6th EPRI Valve Technology 
Symposium 
Portland, Maine 
Contaot: Susan Otto. (704) 547-6072 

1 4-18 
Steam Plant Operations for Utility 
Engineers 
Castine. Maine 
Contact: Ginny Commiciotto , 
(207) 326-221 2  

21-23 
1997 lnternatlanal Low-Level-Waste 
Conference 
Prov idence, Rhode Is land 
Contact: Michele Samoul ides, 
( 4 1 5) 855-21 27 

23-25 
EPRI/ASME Radwaste Workshop 
Providence, Rhode I s land 
Contact: Michele Sarnoul ides, 
(4 1 5) 855-21 27 

29-31 
Fluid-FI im Bearing Diagnostics 
Eddystone , Pennsylvania 
Contact :  John Niemkiewicz, 
(800) 7 45-9982 

AUGUST 

1 1 -14 
Cooling Tower Conference 
St. Petersburg ,  Flor ida 
Contact: Susan Blsettl , (415)  855-79 19  

1 2-15 
Generator Monitoring and Diagnostics 
Eddystone , Pennsylvania 
Contact: John Niemklewlcz , 
(800) 7 45-9982 

1 2-1 5  
Motor Monitoring end Diagnostics 
Long Beach, Cal ifornia 
Contact: Jeanne Harris , (800) 745-9982 

18-22 
Steam Plant Operations for Uti lity 
Engineers 
Castine,  Maine 
Contact: Ginny Commiciotto, 
(207) 326-221 2 

23-25 
Power Plant Pumps Short Course 
Eddystone, Pennsylvania 
Contact: John Niemkiewicz, 
(800) 745-9982 

25-29 
S021NO,/Partlculates/CEM Symposium 
Washington. D .C .  
Contact Lori Adams. (4 1 5) 855-8763 
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