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,, .�}) � lii-<$'i� EPRl-sponsored deliverables now available to utilities and their customers 

SoAPP Workstation and Technology Modules 
Recent years have seen major advances in fos i J  power plant 
technology. To help del iver information on the e advances 
to uti l i ties, EPRJ teamed up wi th Sargent & Lwidy to 

produce the State-of-the-Art Power Plant (SOAPP) 
Workstation and a comprehensive et of technology 
mod u le . This award-wi 1ming m u l t imedia softwa 1·e 
package gives users the abili ty to qu ickly screen, ana-
lyze, and visual ize alternative plant  con figu rations. Each 
teclmology module is a stand-alone softwa re program that 
offers an overview of a power plant process or component, 
along with deta iled informa tion on technology alternatives. 
The worksta tion helps users integrat selected technologies 
into a conceptual plant design and interact ivel y evaluate the 
impacts of key sensi tivities and teclu1ology select ions. Cur­
rently the workstation ai1d modules address simple-cycle and 
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UcA/DAIS Video 
This 9-minute video (VT-104190) provides an overview of two 
powerful new information management tools developed by 
EPRI, the U ti l ity Communications Architecture (UCA) and 
Database Access Integration Services (DAI ) . UCA is an in ter­
nationally recognized protocol tha t al lows for communica tion 
between the epa rate and often incompatible computer 
systems within a ut i l ity, such as those pertaining to transm is­
sion and d istribu tion, control centers, and corporate head­
qua rter . DAIS facilitates the management of data between 
dissimi lar databases; i t  can help a util ity access information in 
its database to answer pressing questions on operating costs, 
efficiency, econom ics, and competitiveness . The video details 
how UCA and DA TS can work together for a utility in today's 
increasingly information-intensive environment. 
For more informntion, con/net Bill Blair, (41 5) 855-2173. To order, 
call the £PRJ Distribu tion Cen te,� (51 0) 934-421 2. 

combined-cycle combustion 
turbine power plants. Plans call for future versions to ad­
dress add itional technologies, including integrated gasifica­
tion-combined -cycle systems, fl u id ized-bed combustion, 
pu lverized-coal pl ant , and distributed generation. 
For more information, contact Stanley Pace, (41 5) 855-2693. To 
order, en/I the Electric Power Software Center, (800) 763-3772. 



Wind Power Primer 
Planning You r  First Wind Power Project (TR-104398) is a user­

friend ly primer that offers util ities everything they need to 

know to bring their fir st wind power plant on-line-from 

project conception through equipment selection, con truction, 

and successful operation . Users will become familiar with the 

technology and with the evaluation and development process, 

and they will lea rn how to identi fy areas i n which additional 

expertise is needed . Specific topics covered incl ude assessing 

the magnitude of wi.nd resources, determ ining the economic 

feasibil ity of a proposed project, conducting resource planning 

and evaluation, complying with permi tting and tax require­

ments, and sp ci fying and selecting equipment .  The primer 

includes a glo sary of wind energy terms and 

a Li t of organizations that archive valu­

able wind resource data . 

For more infor11 1atio1 1 ,  contact Enrl Dnvis, 
(415) 855-2256. To order, en/I the EPRI Distri­

bution Cen te,� (51 0) 934-42 12 .  

High-Efficiency 
Heat Pumps 

---

�---

--:-----

EPR1 and Lennox Industries recently intrnd uced a new line-the L Series-of commercia l heat pumps that hold the ind us­
try record for efficiency. The e ingle-package uni ts for both new and retrofit  applications come in even cooling capacities, 

ranging from 3 to 20 tons, and are designed for low l i fe-cycle cost . Each unit in the series conta ins a sta te-of-the-a rt inte­

grated modular control ler with advanced diagnostic capabil ities. The control ler can a l  o communicate with an energy man­

agement system to ensure maximum efficiency. The competitively priced unit are designed with ready access to electrica l ,  

plumbing, and blower components for ea  y maintenance. Each hea t pump is bui l t to  customer specifications and can be 

delivered within weeks. 
For more information, contact Wayne Krill, (415) 855-1033. To order, call Lennox, (800) 453-6669.  
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New Record Set for Superconducting Wire 
he newest member of EPRI's Advanced Supercon­
ductor Wire Initiative has set a record for current­
carrying capacity in a high-temperature supercon­
ducting material. Researchers at the Department 
of Energy's Los AJamos NationaJ Laboratory 
announced that they have exceeded a current den­

sity of 1 miJlion amperes per square centimeter, more than 
100 times the current -carrying capacity of competing high-

temperature superconductors. (In comparison, tl1e copper 
wires used to conduct electricity today carry less than 800 
amperes per square centimeter.) The new development is 
considered a significant step toward the commercialization of 
low-loss power lines, high-efficiency electric generators and 
motors, and superconducting magnets for energy storage and 
power quality applications. 

The record was set with a ribbonlike tape measuring 
5 centimeters long, 1 centimeter wide, and a few tenths of a 
millimeter thick. The tape is made of a three-layer material 
based on a high-temperature ceramjc superconductor called 
yttrium-barium-copper oxide (YBCO). Normally, YBCO 
cannot be bent without breaking because it is so brittle. And 
since, like other superconductors, YBCO has a crystalline 
structure, it can lose superconductivity when fabricated into 
strands of wire; the crystal grains of the YBCO material must 
be well aligned in order to transmit electricity without resis­
tance. Moreover, unless the crystal grains are nearly parallel, 
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YBCO loses superconductivity in the presence of the high 
magnetic fields generated by large motors and other applica­
tions that superconductivity is expected to serve. 

The Los Alamos researchers say the new three- layer 
materi.aJ solves all of these problems. The researchers used a 
process called ion-beam-assisted deposition first to lay a film 
of zirconia crystal grains, almost perfectly aligned, onto a thin 
ribbon of nickel alloy and then to deposit the YBCO layer. The 

YBCO film took on the alignment of the zir­
conia, which resulted in superior supercon­
ducting properties. The three-layer arrange­
ment allows the superconductor to bend with 
the metal-even at sharp angles-without 
cracking. Laboratory tests at Los Alamos 
showed that the film retains half its current­
carrying capacity in magnetic fields about 
three times the strength of those generated by 
a large industriaJ motor. Los Alamos has 
applied for a patent on the technology. 

Like other high-temperature supercon­
ductors, YT3CO (which loses its resistance to 
electricity at -292°F) has the advantage of 
being able to use liquid nitrogen (which boils 
at -320°F) for cooling. Liquid nitrogen is 
relatively inexpensive and easy to handle, 
compared with the liquid helium required for 
more-conventional superconductors, which 
lose their resistance at about -423°F. (Liquid 
helium boils at -452°F.) 

Before the development at Los Alamos, the current­
carrying capacity of superconductors was not significant 
enough for many electromagnet applications. "I knew that the 
researchers at Los Alamos had been making steady progress 
in critical current levels since late last summer," says EPRl's 
Paul Grant, who oversees the Advanced Superconductor Wire 
lrutiative. Grant, who had been negotiating with Los Alamos 
to join the initiative since last summe1� says that the Institute's 
contract with Los Alamos was finalized in March of this year, 
about six weeks before the breaktl,rough was announced. The 
contract with EPRI supports half of the group's research budget. 

Other participants in EPRI's Advanced Superconductor 
Wire Initiative are Stanford University, Lawrence Berkeley 
Laboratory, and the University of Wisconsin at Madison. 
EPRI's current budget for this initiative is $600,000, represent­
ing the country's largest single program i.n this area. Funding 
for 1996 is expected to exceed $1. million, says Grant. 
• For more information, co11tnct Paul Grant, (415) 855-2234. 



Study Shows No Link Between EMF and Fetal Growth 

A
EPRl·sponsored study conducted by the Yale Univer­
sity School of Medicine provides "reassurance that 

exposure to residential electromagnetic fields and 
electrically heated beds during pregnancy a.re unrelated to 
fetal growth." 

The study, directed by epidemiologist Michael Bracken, 
followed 2967 pregnant women receiving prenatal care in the 
New Haven, Connecticut, area. Participants were all inter­
viewed prior to 16 weeks of gestation. The women who 
reported using either an electric blanket or a water bed were 
randomly assigned to one of three monitoring groups, and 
their EMF exposure was tracked over a seven-day period 
(either the 20th, 28th, or 36th week of pregnancy). The women 
who did not use electrically heated beds were also intensively 

monitored for comparison. The researchers looked for 
intrauterine growth retardation {IUGR) and low birth­
weight. Their analysis accounted for smoking and a num­
ber of other factors known or thought to be associated with 
IUGR. 

The study concluded that electric bed EMF exposure, 
whether it occurred at conception, prior to or at 16 weeks of 
gestation, or in the third trimester, was unrelated to IUGR. 
This conclusion was consistent for a variety of exposure 
measures, including 24-hour bedroom measurements, per­
sonal exposure measurements, the length of time per day i11 
electric bedding, and the electric bed setting (i.e., off, low, or 
high}. 
• For more i11fon11ntio11, contncl Leekn Khefets, ( 415) 855-8976. 

EPRI, Penn State Team Up on Superhighway Project 

E 
PRl's Monitoring & Diagnostic Center in Eddystone, 
Pennsylvania, and Pennsylvania State University's 
Applied Research Laboratory (ARL) are collaborating 

on an information superhighway project that will allow 
researchers in both groups to access each other's information 
electronically. 

The EPRJ- Penn State team was among 5 groups (out of 
more than 250) that were awarded superhighway contracts by 
the Department of Defense's Advanced Research Projects 
Agency last fall. Each of the selected groups is developing a 
communications network to allow for the sharing and re­
trievaJ of data. 

The EPRJ-Penn State project, administered by the Depart­
ment of Energy, received $4.3 million from the Department of 
Defense; EPRI is providing technology worth an additional 
$6.7 million, and Penn State is contributing $120,000. The 
project will support three years of research and will result in 
a communications link between the two sites. At this time, 
researchers do not know the exact medium this link will use 
-fiber optics, coaxial. cable, telephone line, or a combination 
of mediums. To complete the link, the research team intends 
to use two EPRJ-developed information management tools­
the Utility Communications Architecture, which offers a 
standard communications protocol, and Database Access 
lntegration Services. 

To test the link, researchers at U,e two sites will share 
vaJuable tools and information that they have developed 
independently. For instance, EPRl has developed sophisticated 

software programs for monitoring and diagnosing power 
plants that can also be used to monitor and diagnose aircraft 
engines for ARL, a Navy-sponsored research facility. At the 
same time, ARL has developed sophisticated programs for 
prognostics of Navy aircraft engines that can also be used for 
power plants. Once the communications Link is established 
between ARL and the M&D Center, ARL researchers will use 
their computer programs to perform prognostics on utility 
boilers, and the M&D Center will use EPRJ's computer pro­
grams to monitor and diagnose Navy aircraft engines. 

"The idea is to demon-
strate that we can exchange 
this kind of technology over a 
standard network," says EPRJ's 
Rich Colsher, a regional man­
ager with the M&D Center. 
"Once the network is estab­
Ushed, other companies will be 
able to join it. Right now, the 
project is focused on sharing 
monitoring, diagnostic, and 
prognostic information. But 
this is just the test bed. If suc­
cessful, the network could be 
used for sharing all kinds of in­
formation-the sky's the limit." 
• For more i11fon11ntio11, co11fnct 

Rich Co/she,� (610) 595-8870. 





Measuring the -st of Transmission Services 

THE STORY IN BRIEF Recently proposed federal rules would require public utilities to provide open 

access to their transmission systems for wholesale power transactions by third parties and to post 

tariffs for transmission services that would apply to both their own transactions and those of others. 

To help utilities cope with this type of change, EPRI has developed the comprehensive Trans­

mission Services Costing Framework, which can be used to facilitate utility cost management and 

to provide a foundation for establishing appropriate prices for transmission services. The framework 

defines basic types of transmission services in terms of their attributes, identifies specific costs for 

each type of service, and enables the user to choose an appropriate cost calculation method to 

meet particular objectives. by John Douglas 



T 
he forces of deregulation sweep­

ing the American electric power 

ind us try have come to focus on 

the nati n's transmi sion system. 
Declaring that "monopoly control of tran 

mission is the single grea test impediment 

to whole a le  competiti n," the Federal En­
ergy Regulatory Commi ion recen tl y pro­

po ed ruJ that would r quire uti l i ties un­

der its jurisdiction to provide transmission 

erv ice to eligible cust mer "comparable 

to the service they provide themselves. "  

The big que  t ion is, a t  what cost .  

Traditionally, transmis ion charges have 

been bundled with the other internal costs 

of a vertically in tegrated utility and passed 

on t wholesa le or retail cu t rners as part 

of a single, regulated price. The wheeling 

of power across a utili ty' lines f r the ben­

efit of a third party was pro ided primarily 

on a voluntary basi and had relatively l i t­

tle impact on the revenue of the transmis-

ion system owner. The most common form 

of pricing for uch unbund led wheeling 

tran actions was a imple "po tage stamp 

rate," so called because it rep re ents a per­

unit charge based on aggregate, rather than 

specific, costs. Ind d, the d isaggrega ted 

co ts of providing specifk ervices, uch as 

supplying adequate reactive p wer and 

voltage control to facil i tate a transaction, 

were do ely held proprietary information. 

AJ I that is about to change. Under the 

propo ed FERC rules, tran mi lon system 

owners mu t fi le open-access tariffs, which 

will be provided to al l  wholesa le buyers 

and sellers of elect rici ty. Furthermore, s 

tern owner m ust apply tho e tari ifs in 

their own whole ale tran ction and mu t 
u e the same electroni informa tion net­

work that i avai lable to their potentia l 

comp ti tors. 

At the same time, several t chnica l hur­

d les must be faced. Thes include perating 

transm ission n tworks wi th in their phys­

ical constraints while tl1 number and com­

plex ity of wholesa le transactions increase, 

and finding new ways t communicate in­

formation among aU  the parties concerned 

in the tran actions. ln addition, there are 

such thorny i ues a d terrnining the re­

coverable cost of having certain existing 

utility inv tments "stra.11d d" by increased 

wheeling-that is, r ndered uneconornicaJ 
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because customers may seek new options 

for obtaining power. 

" EPRI is ideal ly positioned to help the 

electric power indu try address many of 

the most pressing technical problems asso­

ciated with open access," says Ali Vojdani, 

manager for power sy terns analysis in 

EPRJ 's Power Del ivery Group. "We have 

just released the comprehensive Transrnis-

ion Services Co ting Framework, which 

will help uti l i ties prepare their open-acce 

ta riffs. In addition, we are working on a 

communications protoc I that will facili­

tate the development of the real-time infor­

mation network proposed by FERC. 1n the 

broader pictu re of tran mis ion access, 

EPRI can al o provide the advanced power 

flow controlJers and analytical tools needed 

t plan and operate transmission system 

more efficient! under increa ingl com­

pl condition ." 

The road to deregulation 

PressUie to deregulate the electric power 

industry ha been building for many year , 

largely in response to customers' concerns 

over energy prices. As electr icity rates be­

gan to rise during the 1 970 , many firms in 

energy-intensive indu trie began turning 

t cogeneration and demanded access to 

the wholesa le power market to e! J their 
surplu power. The re u lt wa pa age f 

the Public Utility Regu latory Pol icies Act of 

1 978, which requ i red u t i l i ties to purcha e 

electrici ty from ogenerators and indepen­

dent power producer at rates that reflected 

the utilities' a oided costs . 

In 1 992, the Energy Policy ct required 

utiUtie to prov ide tran mi sion acce to 
th ird -pa rty producers and au thorized FER 

to establ i  h rule that wou ld encourage 

competi tion in th whole a le  p wer mar­

ket .  On March 29, 1995, the commissi n r -

spond d by issuing a notice of propos d 

rulemaking (NOPR), which. essentially man­

dates open access to transm ission networks 

and ets out minim um terms and condi­

tions of serv ice that util ities must offer. 

Meanwh iJe, competition is al o heating up 

on the retai l ide, dri en largely by the 

push toward deregulation at the stat level . 

Underlying the e trends is what the wel l­

known r gulatory economi t Alfred Kalu, 

refer to as "my economic version of the 

physical law that nature abhors a vacuum : 

society abhors big gaps between prices 

and marginal costs." Today in many areas 

f the country, customers are paying elec­

tricity prices that are several times higher 

than what would be the cost of power from 

new generating facilities . The spread be­

tween the highest and lowest residential 

ra te charged by various utilities nation­

wide i more than 10cz/kWh. Even within 

ome states, the rate currenUy charged by 

neighboring util itie may differ by a factor 

of 2. Under uch circumstance , there i a 

strong economic incentive to make le 

expensive electricity more widely ava i lable 

by opening up the whole a le power mar­

k t to grea ter competition. 

"Oearly th.is commission is not 'intro­

ducing' competition to the electricity indus­

try," declare FERC Chair Elizabeth Moler. 

"Competition ha introduced itself. Market­

place economics have changed. Cust mers 

are imply demanding acce s to lower-co t 

supplies in ther regions and acces to 

newer, lower-co t generation resources." 

Terms of the NOPR 

Recognizing that its propo ed rule would 

create fundamental changes in the electric 

power industry, FERC i ·ued a particularly 

wide-ranging, vol urninous notice in March. 

Frequently referred to in the industry a 

the mega-NOPR, the 500-page document 

not on! covers the basic requirement for 

pro iding open transmission access but 

a lso addresses several i ue arising from 

increased competition. These includ the 

functional unbund l ing of tran mis ion ser­

vice , tranded cost , the implemen ta t i  n 

proc , jurisdictional questions, and the 

need for real-time information access . Ut i l­

ities have 1 20 days to com ment on the 

OPR before the final ru le is rev iewed. I t  i 

expect d to go into effect ometin1.e in 1 996. 

M uch lo the relief of mo t u ti l i t ies in­

volved, the OPR does not require them to 

sel l  as ets to a nonaffiliat or to establish a 

separa te affiliate to manage transmis ion, 

a had previou I. been peculated. The 

pr po al do , however, require the func­

ti onal w,bw,dling of transmission ervice 

in three sen es: the tari ff for each ervice 

must b the same for the util i ty and its 

competitor ; the tariffs mu t include dea rly 



stated rates for each service component; and a utility must rely on the same elec­tronic information network that is available to its customers for marketing power. U the available transmission capacity is not sufficient to provide a service, a utility may be required to add facilities. At a min­imum, the owner of a transmission grid must provide both point-to-point and net­work services, including at least six ancil­lary services-loss compensation, schedul ­ing and dispatching, load following, provi­sion of energy imbalance, reactive power support, and system protection. EPRl's Transmission Services Costing Framework provides a further breakdown and eXpan­sion of such ancillary services. One of the most important principles established by FERC is that "utilities are entitled to full recovery of legitimate and verifiable stranded costs at both the state and federal levels." Much uncertainty re­mains, however, about the extent to which utility commitments made under previous regulations can now be considered recov­erable stranded costs. Some utilities argue that-in addition to capital assets (mostly expensive generating plants) that would no longer be economically viable if cheap power were wheeled in from other re­gions-certain demand-side management programs and existing obligations to inde­pendent power producers should be con­sidered for cost recovery. By such account­ing, the stranded commitments of some utilities might actually exceed shareholder equity. The NOPR proposes a "reasonable expectation" standard to determine what stranded-cost recovery related to interstate commerce will be permitted and stresses the need for utilities to attempt to mitigate these costs and negotiate their settlement. The assignment of many specific stranded costs, however, will probably have to be determined by future FERC activities and 
ELECTRICITY PRICES The large 

differences in electricity prices from 

state to state have created a strong 

incentive to make less-expensive 

electricity more widely available 

through open access to transmission 

networks. 

rulemaking by state regulatory bodies; EPRI's framework does not try to resolve this issue. FERC proposes a two-stage implementa­tion process for open access. In the first stage, each utility would have 60 days after the final rule goes into effect to apply pro forma tariffs established by the commis­sion. These tariffs consist essentially of fixed rates for specific services covered in the NOPR. In the second stage, which starts af­ter the initial 60 days, either utilities or cus­tomers could propose new tariffs. The EPRI framework provides a theoretical basis for calculating costs that could be used in es­tablishing the new rate structures. Although FERC authority is generally restricted to interstate commerce, the dis­tinction between inter- and intrastate com­merce may sometimes be difficult to apply in specific cases. The NOPR thus sets out some guidelines that reflect FERC's views of its own jurisdiction for implementing open access. For example, the commissjon asserts exclusive jurisdiction over the de­livery of power across state lines from a third-party supplier to a purchaser that then sells the electricity to end users. Ii a utility uses its own transmission lines for the interstate delivery of power and then delivers the electricity to end users through its own faciHties, however, state authority is recognized over portions of the local dis­tribution. Accompanying the NOPR was a notice by FERC that it will hold a technical con-

Average Utility Revenue 

3-5¢/kWh 7-9q:/kWh 

5 -7e/kWh 1111 9 - 1 1e/kWh 

ference to help establish a uniform format for real-time information networks (RINs), which would be used by both utilities and their wholesale customers to share infor­mation on open-access tariffs. The confer ­ence goal is to fix the requirements for such networks and the type of information that should be made available on them. PERC's stated intention is that the RlNs should be in place by the time the final rule goes into effect. EPRI is cooperating with the North American Electric Reliabil­ity Council (NERC), individual utilities, and othe.rs involved in working through the technical issues associated with the RINs. 
Framework overview 

The EPRI framework-fully delineated in a two-volume EPRJ report (TR -105121)- can be used both to facilitate the management and control of transmission costs and to provide a foundation for establishing ap­propriate prices for transmission services. The framework does not, however, address the issue of prices directly, since setting tar­iffs involves several explicitly political and social considerations in addition to cost. Such considerations include, for example, determining which stranded commitments qualify for cost recovery and which public service programs should be retained in the rate base. The framework was developed in cooperation with an advisory board rep­resenting 21 utilities. The framework is applied in three steps. First. various transmission services are de-

Source: 

Energy Information Administration, 

Electric Power Annual. 

Deoember 1994. 



FRAMEWORK OVERVIEW Under propoeecl FERC ndee; publlc utlDttea owning tranamlealon aystema wlll have to Ille 

open-access tariffs that Nftect the costs of unbwldlecl tran11mlulon _,vices. EPRl's new Transmission Services Costing 

Framework provides a step.by-step procedure for p19parln11 such a practical and Justlflable tran11mlulon costing struc• 

ture, from the deftnltlon of service• by their attribute• to the ldentlflcatlon of costa for each type of -rvlce to the actual 

figuring of coats br an appropriate calculatlon method. 

I N P U T  

Transmission service request 

or existing service offerings 

Information about system and costs 

Se lection ot cost concept 

fined in terms of their attributes. Next, spe­

cific service costs are identified . Finally, the 
costs themselves are calculated, using one 
of several methods selected to meet partic­

u lar objectives. 

[n the ffrst step, transm ission services are 

defined by vaxiou combinations of seven 

service a ttributes. Two of the most impor­
tant of these attributes are the amount 

and firmne s of a ervice, which together 
largely determine its impact on capacity re­

quirements and possible system expansion 

needs. Amowlt can refer either to a re­

served-capacity (megawatts) level or to the 

tota l  energy (megawatthours) to be trans­
fened. The former implies furn (nonin ter­
ruptible) service. Th latter is usually cal led 

a block sale and gives a uti l i ty considerable 

flexibil i ty in how and when to transmit the 

electrici ty, implying nonfirm service that 
may ra11ge from "as available" to interrupt­
ible for specified reasons. 

Two timing attributes-durntion and 
time profile-de cribe the initial da te and 
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O U T P U T  

Specific costs to be included 

Cost of each service 

length of service and the expected load­

ing pattern (such as off-peak or on-peak) . 
The remaining three attributes identify 
receipt and delivery points, responsibility 

for energy losses incUired as the service is 

provided, and a miscellaneous "other" cat­

egory (which includes specifically negoti­
ated arrangement for provision of anci l­
lary services). 

Using these attributes, U1e framework 
defines six common types of transmission 

service, broadly divided into point-to-point 
services and network service . In both cat­

egories, ervice can be firm or nonfirm. For 

point-to-point services, firm service is br9-
ken down by duration of the capacity 
reservation-either Jong-term (more than a 

year) or short-term ( less than a year). Non­

firm point-to-point ervice is usually on an 

as-available basis or with specified inter­
ruption conctitions. Although utilities can 

expect cu tomers to request these six basic 
services initially, other services are l ikely to 
become more common in the fu ture. 

Service components 

After a transmi sion ervice has been de­
fined in terms of its attributes, i t  must be 

analyzed to determine what requirements 

it will impose on the provider. The second 
step in applying the framework describes 

the eight service components (SCs) re­

quired to provide a transmission service 
and identifies the actions and costs associ­

ated with each . "You can think of the ser­
vice components for moving bulk power as 

being roughly analogous to those encoun­

tered in moving household goods across 
the country," says Ali Vojdani. "A mover 

starts by analyzing the service required, 
ctispatching the right-sized truck, defining 
the be t route, servicing the equipment, and 

obtaining insurance. Then he finishes by 
monitoring delivery and presenting a bill. 

Each of these steps has an associated cost 
and is para l leled by a service component in 
the delivery of bulk power on a transmis-

ion network." 
Two of the SCs represent administrative 



functions, which may sometimes be pro­

vided by a third party: analyzing and ar­

ranging the requested service, and bi l l ing 

for services and collecting revenue. A par­
ticular focus of the initial analysis is the de­

termination of what effect a service will 

have on the existing tran mission system. 
If the amount of transfer is substantial and 
firm delivery is requested, for example, de­

tailed load flow analyses and contingency 

planning may be required. Considera tion 

must al o be given to the effect that pro­
viding a service may have on neighboring 
transmission systems. 

The next two SC involve making we 

tha t sufficient transmission resources are 

available for a transaction: reserving trans­

mission capability from available faci l i­
ties, and building additional faci Li ties if 

nece.sary. Al though the re pan ibi J i ty for 
providing physical facilitie -tran mission 

lines and ubstation equipment, for ex­

ample-currently resides with the utility 

owner, constructing additiona l  facili ties 

S E RV I C E  ATT R I B U T ES 

Amount (MW or MWh) 

Firmness 

Duration of service 

Receipt and delivery points 

Time/use profile 

Loss responsib i lity 

Other operatlng 
characteristics 

could involve the participation of everal 

parties. Fir mness and durati on are key ser­

vice attributes affe ting capacity re erva­

tion and determining whether new facili­
ties will be needed. In general, nonfum ser­

vice should not result in modifications in 
an exi ti ng h·an mi ion system, but it  may 

requ i re red lspa tch of the system . 

The final group of SCs is associated with 

the actual delivery of power. These four 

scs, described below, are generally pro­

vided by the transmission ystem operator, 
which may or may not be the owner of the 
facilities. 
o Controlling power flow and frequency i 

required for all transmission activities, and 

providing a requested service may cause 

significant changes in a util ity's commit­
ment of generation units. For this rea on, 

stib tantial exchange of in formation is 
needed among the parties involved in a 

transaction, potentially i ncluding ut i l ities 

in different control areas. 

o Supplying adequate reactive power is re-

TY PES O F  S E R V I C E  

Point-to -point 
services 

Network 
services 

Firm 

Nonfim, 

quired to keep bus voltages within accept­
able limi ts. The service attributes that paL­

ticularly affect the need for reactive power 

are the amount of energy to be transferred 
and the location of receipt and delivery 

points. 
o Maintaining system security and avail­

abi l ity involves the need to keep adequate 
generation and transmission reserves ready 

and to coordinate activities between control 

areas . ln real-time operation, considerable 
monitori ng of line ta tus, voltages, and 
power flow may be required a t  key inter­
connections. 
o Monitoring of ervice delivery is es en­

tial to verify that a service has been pro­

vided as requested. In some instances, new 

monitoring and metering equipment may 
be needed to ensure accurate measurement 

at the delivery point. 
By showing how each of these SCs is 

supported by the various functional area 

of u ti l i ty operation-that is, generation, 

transmission, di tribution, system opera-

Long-term firm 

Short-tern, firm 

Specified interruption conditions 

As avai lab le 

Firm 1 .'"-"� ·, 

"--··. ' ' 
"'�- . 

Non firm 

DEFINING SERVICE: Different -1ues of seven basic attributes can be used to define types of transmlaalon service. 

Although the sill Nrvlce 1:11te9orles shown here are the moat common now, open access Is expected to give rise to 

••ver11I new types of ••rvlce. 
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tions, and administration-the framework 

identifies more than two dozen categories 

of activities or responsibili ties whose asso­

cia ted costs may need to be conSidered .  

The SC for controlling power flow and fre­

quency, for example, may require adding 

facilities to the transmission network, mod­

ifying generation dispatch, changing trans­

action schedules at control centers, or con­

ducting new administrative studies of the 

power system . 

This breakdown of SCs gives u tilities a 

more-detailed way of unbund ling services 

and costs than is provided by the six broad 
categories of anciJ Jary services suggested 

by FERC. Also, many of the identified activ­

ities could potentially be provided sepa­

rately, as part of a new ei·vice market. Fol­

lowing power system dereguJation in Eng­

land, for example, a separate market for 

VA R support has arisen, with new genera­

tors being built by independent power pro­

d ucers specifica l ly for that purpose. 

Cost calculation 

Once aJJ potential  cost com ponents have 

been identified, the actuaJ caJcuJation of 
costs-the third step in applying the frame­

work-depends on two criticaJ decisions: 

defining U1e releva n t  economic co t con­

cept for a particular application and choos­

ing a calculation method appropria te for 

use with that concept .  The cost concept is 

defined by four key economic aspects, 

which vary according to the kind of trans­

action invol ved. These aspects a re type of 

cost, whether the co t is being calculated 

before or after it is incurred, the d uration of 

time involved, and whether there is time­

period differentia tion. 

The choice of type of cost depends on 

a util ity' i m med iate objectives. Knowing 

total costs, for example, can help determine 

the total amount of revenue to be collected. 

Average costs provide a simple, easily ver­

ifiable basis for developing tariffs to ubm.it  

for FERC approval . However, to achieve 

economic efficiency, marginaJ and incre­

menta l costs are L ikely to be more u eful 

Ei ther historical or projected cost data 

can be used, but there is an importan t 

trade-off involved . HistoricaJ costs are 

more accu rate; but they may not ade­

quately reflect future conditions. Projected 
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costs are inherently less accura te, but they 

may help provide a better price signal to 

customers. 

Choosing the duration of service has im­

portant implications for both the ervfre 

prov ider and the customer. Prices based on 

cost ca lculations for a single year, for ex­

ample, tend to be more accurate than those 

based on project ions for several years. 

From the provider 's  point of view, this 

means that meeting cost management ob­

jectives for less than a year will probably 

involve a focus on operating details, while 

lowering costs for a longer duration will 

more deeply involve plaru1ing functions. 

From the customer's perspective, a year's 

commitment at a fixed price simplifies the 

decision process, whi le a long-term con­

tract with year-to-year resetting of price 

may ultimately be less expensive but en­

tails higher risk. 

Time-period differentiation aJJows a util­

ity to take into account seasonal or even 

daily changes in the cost of producing and 

delivering electricity. Such differentiation 

can help match cost and price more ef­

ficiently, but the d ifficu lty of caJcuJation 
rises sharply with progressively shorter 

time periods. 

Once the rel evant cost concept has been 

defined, an appropriate cost calcula t ion 

method must be chosen. The framework 

describes 12 generic classes of methods for 

anaJyzing transmission costs-3 traditional 

methods and 9 emerging methods. Gener­

aJJ y speaking, the tradltional ca lcula tion 

methods are well established in the electric 

power industry and have a significant his­

tory of appl ications. The emerging meth­
ods have la rgely been developed over the 

last decade and focus on new way to allo­
cate cost or mea ure marginal costs for un­
bundled services. 

The most common traditional meth0d­

cost accounting and related analysis­

start with accounting records of costs for 
aU relevant i tems. These costs are then a l lo­

ca ted throughout a util ity organiza tion in 
proportion to their relationship to various 

operational functions. For example, part of 

the cost of a new capacitor bank at a sub­

station might be al located to the transm is­

sion system and part to the distribution 
system, since it help provide voltage sup 

port for both. Unfortunately, determining 
the proportion of costs that should be allo­

cated to each supported service is ohen dif­

ficul t. Furthermore, although relying on 

historical accounting costs may be useful 

for providing insights into the relationship 

between a service a u-eady provided and 

the cost incurred, this method gives l i t tle 

information on how alternative arrange­

ments could enhance economic activity: 

To address such questions, particularly 

as they involve investments in system ex­

pansion, some uti l ities have proposed us­

ing one of the emerging calculation meth­

ods that involve economic optim ization 

modeling based on marginal costs. A long­

range marginal-cost method, for example, 

would use a model that explicitly considers 

trade-offs between expansion of the trans­

mission network and dispatd, of more-ex­

penslve generators closer to a load in order 

to avoid bottlenecks in the present trans­

mission network. A short-range marginal­

cost method, on the other hand, would use 

fulJ ac network modeling combined with 

an economic d ispatch model for generation 

to opti mize current operations and end 

appropriate price signals to customers. 

The detailed modeling requ ired i n  mar­

ginal-cost methods is far more complex 

and e pensive to perform than cost ac­

counting and related traditional methods. 

Mo t of the other methods lie between 

these extremes, and the framework as­

sesses each according to its usefulne s in 

ach ieving cost managemen t and pricing 

objectives and i ts abi l i ty to add re s difficult 

issues, such as econom.ies of scale and 

"lumpiness" of costs associated with trans­

mi ion system expansion. 

"The Transmission Services Costing 

Framework has laid out an excellent basis 

for cond ucting the debate over technica l 

and economic issues rela ted to open access 

for y a rs to come," concludes Vojdani. 

"Volume 1 of the framework report gives 

the technicaJ and economic fundamen tal 

of tran mi sion co ting, and Volume 2 pre­

sents a de cription of the framework, to­

gether with ample applications. "  

Competitive future 

Opening acces to transmission networks 

is only lhe latest-and su rely not the last-



SERVICE COMPONENTS Once • t,.namlaalon service hlla been detlnecl, It cen be broken clown Into eight component• 

thllt wlll be uaed to Identity specific coats. Th•- service compwnts brolldly deacrlbe the ectlvltles needed to eclmlnls­

ter • -rvlce, provide adequete lacll ltl_, and ensure delivery. 

ADM I N I ST E R  
S E R V I C E  

SC1 

P R OV I DE 
CAPA B I L I TY 

SC4 
Provide 

addit ional 

facilities, 

Analyze and 

arrange for 

requested 

service 

Provide or 

reserve 

transmission 

capability if necessary 

SC2 
Bill for service 
and col lect 

revenue 

ACTIONS AND COSTS FOR SERVICE COMPONENTS Eech 

tr11nsmlulon service component requires thet certeln actlv• 

ltlea be carried out by various functlonel areas of a utlllty, 

with corresponding costs. For example, -me gene,.tlon re­

-urce• may be required to provide dynemlc reactive power 

In support of a wholesale transaction. Committ ing such 

re-urcea Involves both capltel coats and O&M costs. 

SC1 SC2 SC3 SC4 SC5 SC6 

Transmission 

system 

Generation 

system 

Distribution 

system 

System 

control 

Administration 

SC7 sea 

I 

D E L I VER 
S E R V I C E  

SC5 
Control power 

flow and 

frequency 

SC& sea 
Provide adequate Monitor/meter 

reactive supply and service delivery 

voltage control 

SC7 
Keep system 

secure and 

avai lable 

Actions: 
Provide dynamic reactive power 
from generation fac i l it ies for loads 
and reactive losses 

Capital Costs: 

• Generators 
• Exciters 
• Balance of generation plant 

Operation and 

Maintenance Costs: 
• Labor and materials for 

equi pment O&M 
• Fuel used to produce reactive 

power 
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DEFINING A COST CONCEPT The relevant cost concept for a particular transmlHlon service depends on four economic 

parameters, chosen according to a utll lty's Immediate objective. For example, In cost management appllcatlons (solid 

lne), H might be appropriate to use historical data to calculate, for a slngle year, total costs with no t ime-period differ­

entiation. On the other hand, for spot pricing (broken line), a utility might choose to use projected data to calculate, for 

a single year, short-run marginal coats with real•t ime price differentiation. 

COST 
TYP E 

Total cost 

Average total cost 

Total fixed cost 

Total variable cost 

Average fixed cost 

Average variable cost 

Short-run marginal cost 

Long-run marg inal cost 

Incremental cost 

H I ST O R IC A L/ 
P R O J E C T E D  DATA 

Historical 

Projected 

COST CALCULATION METHODS Once the cost concept has 

been defined, an appropriate cost calculation method must 

be chosen. The framework describes 1 2  generic cl••••• of 

calculatlon methods-3 well-established, tradltlonal methods 

and 9 emerging methods that may help allocate costs for 

unbundled transmission services. 

D U RAT I O N  

Single year 

More than one year 
but less than the full 

durat ion of the service 

More than one year 

and equal to the full 

duration of the service 

Ful l  planning horizon 

of transmission 

service provider 

T I M E - P E R I O D  
D I F F E R E N T I A T I O N  

No different iation 

during year 

On-peak hours/ 

off-peak hours 

Seasonal 

Seasonal . 

on-peak/off-peak 

Hourly 

TRA D I T I O N A L  M E T H O D S  

• Cost accounting and analysis 

• Simple incremental and average cost 

• Contract path 

E M E R G I N G  M E T H O D S  

• Megawatt-mi le 

• Rated system path 

• Transmission cost actual path 

• Impacted megawatt-mile 

• General agreement on paral lel paths 

• Allocated contract path 

• Investment cost related 

• Nodal long-run marginal cost with expans ion 

• Nodal short-run marginal cost 



stage of increasing competi t ion in the 
American electric power indu try. As util i­

ties adapt to changing reguJations at both 

the federal and state level , new bu ine s 

structures are being dev loped to pro ide 

competitive advantage. The u e of ad­
vanced communication and power con­
trol technologie is also being xplored in 

an effort to increase both the operationa l 
and economic effic iency of power del i very 
system for the fu ture. 

Although FERC d id not order corpora te 

restructuring e. plic i t ly, the commission 
has repeated ly emphasized its de ire for 

an ind ustry tructu re in which util itie 
cannot exerci e monop ly power. One 

way to speed the development of com­

petiti e wholesa le markets, FERC beli ves, 
is through regional transmission group 
(RTGs), which would coordinate bulk 

power transact ion . 1n FERC's v iew, RTG 

would also increase transmjssion system 
operating efficiency, prov ide a framework 
for coord inating regional tran mi ion 

planning, and red uce administra tive bur­

den for both the c rnmission and th uti l­

i tie involv d .  To encow-age the formation 

of RTG , the commission exempted th m 
from the tari ff provi ions of the recent 

NOPR and has aru,ounced its inten tion to 
al low them sub tan t ia l  lat i tude for innova­

tive pri cing. 
Some RTGs are a l ready b ing set u p. The 

Mid- ontinent A rea Power Pool (M APP), 

for e a mple, recently form d an RTC for 

i t  member to make vol u nta ry al or 
exchange of electrici ty at market-based 

price . Subject to approval by FERC and by 
MAPP' 29 voting members, the RTC w il l  
es tabli h rates and terms for coord ina ted 
transmi sion ervice and wil l  al o integra te 

transntis ion p lanning for fa iliti of 1 1 5  

k V  or higher. E v  ntual ly, MAPP intends to 

br ad n acce s to the RTG to includ other 
entitie that wi h to participate. 

Further restructuring i l ikely i f  tale reg­
ula tory bodies move to allow retai l  wheel­

ing-access to a utility's dfatribution sys­
tem by a competitor wi hing to ell power 

di rectly to end users. The Energy Policy 
Act of 1992 specifically exclude FERC from 

mandating uch retai J  wheel ing, but ev­

eral state have mo ed toward pennitting 
some form of direct acce a t  the distribu-

t ion level . The Ca l i fornia Public Util itie 
Commi s ion, for example, ha proposed 
establ i  hing a statew ide power pool by 
1997 that wou ld buy electricity &om gener­

ll it at a spot mark t pric to a l l  

pool cu  tome.rs. In  l l l inois, the 1 gislature is 

consid ring a l lowing customers to choose 
their electricity suppl ier  begin ni ng in th 

year 2000. Recognizing that about 90% of 

uti lity as ets a.re regu la ted at the tate level , 
one FERC com missioner commented tha t  

the recent O P R  i s  only the commis ion's 

" 1 0  Vo olution" to indu try re tructuring. 

UtiJH:ie are cu rrent!. d i vided over \ hat 
type of re tructuring might be t meet their 

future n eds, gi en i. na-ea ed competi tion 
at th wholesaJe and reta i J  levels. ome 

m ight L I  their tran mis ion a et to a 

separa te t ransmi sion company ( RANS­
CO), while others have sugge ted set t ing 
up an independent grid operation ( IGO) 

company that would control network oper­

at ion . The main d iffi rence betwe n the e 

two scenario is that a TRANSCO would 
own the transrni ion faci l i tie i t  op rate , 

whi le  an IGO com pan would effect ive! 

lease the grid. J n  addition , som of today' 
vertically in tegra ted u t i l i t i e  may further 
unbund le opera tion by pinning off gen­

era tion companies (GE COs) and distribu­
tion compan i  s (DISCO ) .  

A lthough change in the regulatory cl i­

mate ha e led to the cu rren t focus on in­

crea ed competi tion and th unbundl ing 

of rvice , technology ha also play d an 
important role fr m the beginn ing. As 
early as the 1 960 , th devel opment of effi ­
cient gas tu rbine for power generat ion 
fundamenta l ly cha l lenged the economies 
of scale in la rge central fac i l itie and en­
han ed the pot ntia l. role of independen t 

power produ ers. ore r cen t ly, th rapid 
developmen t of in formation technologie 
has made po ible the level of coord ina tion 
needed to handle more-comple transac­
ti ons on the transm ission network and to 

offer more- oprust icated distribution er­
vices- uch a real-t ime p ric ing-to end ­

u e cu tomer . 

In the future, the importance of techJ1ol­

ogy a a driving force for change in the in­
dustry is l ikel y to grow ev n more. As an 
immed ia te e ample, FERC' notice that ut il ­
i ties wi l l  have to establ ish RfNs acce ible 

to al l tra.n mis i n ystem u ers has led to 
concern about wha t  communication tan­
d a rds w il l  b u ed. EPRJ has alr ady devel­
oped the lnter-Control Center Comm un i ­
cat ion Prot col ( !CCP) for r a l - t ime d a ta 

e change between con trol cen ters, power 

pools, and u ti l i ty bus i nes c nt rs. D -

signed l a rgely to facilitate comrnmtica tion 
between control center eq uipment from 
d i fferent vendor , ICCP could also provide 

the foundation for establishing the RINs re­

qu ired by PERC. For RI applications that 

d not need the ful l  functiona l i ty of I C P, 
however, EPRJ is working with ER and 
other t develop a impli fied communica­
ti ns protocol .  wrud1 would be based on 
the sa me in ternationa l ly recognized stan­

dard (the o-ca lled Manufacturing M s ag­
ing ystem, or MMS). 

Other sorts of teclU1ology that are likely 
to find wid r use a a resul t of incr a ed 

comp tition in power del iver incl ude the 
hardware and sof tware n ded to contro l 
network operations. E PRJ '  FA T ( fl ib le 

ac Iran mi s ion y tern) technology, for 

a m p le, offer power electronic con t rol ler 

that can help o ercome bott lenecks on cur­
rent transmission grids and increa e the ca­

pacity of pecific L ine , as needed. On-l ine 
computer progra ms that perform y tem 
·tabi l ity and ecurity as e m nt for power 

ystem , u ing rea l- t ime data, are a lso be-

ing develop d .  

"A w e  have �een f r  m the experience 
f other industries, d eregulation coupled 

wi th teclmologica l inno ation wi l l d rama t­

ica l ly e pand ma rkets and the opp r tu ni­
t ies for competi t ion," ays Ka r l  Sta hlkop f, 

EPRI 's vice pre ident for power del iver . 

'The key to a smo th tran ition to an p n 
transmfa ion st m is a hi ving agreement 

on tari ff that can be charged for who! ale 
wheel ing. E PRJ ' framework r presen ts  a 
major achi emen t in this area by prov id­
ing the intellectual foundation for calculat­
ing cost tha t  can be u ed to devel op ap­

propriate tariffs while helping uti l i t ie re­

duce the i J"  transmi ion expen e ." • 

Background i nformation for thi s article was provided by Alt 
Vo1dan, of the Power De l i very Group's Substations System 
Operations & Storage Business Uni t  
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THE STORY IN BRIEF 

business ventures . Th is new wave of d iversification, which has swept up a l l  types of uti l ities-from rura l 

electric cooperatives to investor-owned uti l i t ies-genera l ly i nvolves activities that are c losely related 

to the core uti l ity business of generating and del ivering electr ic ity. Increas ing competition, the l im­

ited growth of traditional uti l ity business areas, stable cash flow, and the g lobal ization of the elec­

tric power business are just some of the factors encouraging uti l ities to diversify. Industry ana lysts 

advise uti l ities against straying too far from thei r tradit iona l areas of business .  A recent EPRI study 

concurs, offering additional ins ight and advice based on the experiences of electric uti l ities in­

volved in a variety of new businesses .  
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W 
hen Murphy Warehou e 

Company upgraded the 

electrical system for its 

1 -miJ l ion- qua re-foot stor­

age complex in Minneapolis last Decem­

ber, Richard Mu rphy J r., president of the 

company, saw a perfect opportunity to get 
rid of three 40-year-old transformers that 

supplied power to 60% of the space. "The 

swi tchgear for this system belonged in a 

Frankenstein movie," recall Murphy, add­

ing that the 10-foot-taU, 3-ton steel trans­

formers were bulky by modern standards. 

The major problem wa not so much the 

appearance or size of the transformers but 

that they con tained polych lorinated bi­

phenyl, a toxic substance now heavily reg-

\ N I H E  

_ _ _ _ _ ....... ..-.. 

u)ated by th EnvironmentaJ Protection 

Agency. Because of the PCB, Murphy Ware­

house Company wanted someone it couJd 

tru t to d i spose of the transformers. Offi­

cials for the company chose its electric uti J­

i ty; orthern States Power. "We had the 

option of going wi th pri vate hazardous 

waste firms, but we j u  t felt very comfort­

able that SP wa going to do it correctly," 

ays Mu rphy. 

Murphy Warehouse Company isn' t  the 

onJy customer calling on its electric utility 

to carry out nontraditional tasks. Height­

ened competit ion, the l imited growth po­

tential of trad itional u ti l i ty business areas, 

stable ca h flow, and other factors are driv­

ing electric uti l i ties to venture into a tanta-

lizing array of new business opportunities. 

As a result, customers across the country 

are relying on their electric utilities for an 

increasing variety of services, ranging from 

cable television to financing package . 

"It certa inly makes sense," says EPRI's 

Ingrid Bran, a manager for R&D planning 

and anaJysis who over aw a recent study 

of diversification. "These d iversified ser­

vices provide new revenue sources and 

help retain existing load. And in addition 

to these obvious advantages, many diver­

sification activities offer util ities the op­

portunity to get closer to their customers 

and enhance their relationships at a critical 

time." She notes that the customer base for 

diversified services may include other u ti J -
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i ties and their customers, state and federal 

ag ncies, and interna t ional groups. 

Unlike the diversificat ion efforts of the 

1980s, in which a number of utiJ ities strayed 

far afield from their core busin.es of gener­

ating and delivering electricity, this new 

wave of electric utility diversification is 

generally more clo ely rela ted to th core 

business. "There were a lot of disasters 

during the diversifica tion movement of the 

1 980s, and u ti l i ties learned their lesson," 

say Dan Rudaka , an electric ut i l ity ana­

lyst wi th Capmarc Securi ties . " Like so 

many other businesses that have gotten 

i nto new areas over the yea rs, u t i l i ties have 

learned it 's wise to stay close to home. " 

Rudakas note tha t  utiUties often played a 

passive role in the le ucce ful ventures, 

simply i nvesting money in a new business 

and taki_ng l i ttle if any pa rt in it d i rect 

management. 

Several rec n t  stud i s concur wi th Ruda­

kas's assert ion . EPRI 's study, the resu l ts of 

which were released in a J uly 1 994 report, 

New Service Oppor/1 1 11 it ies for Electric Utili-

t ies (TR-1 04345),  sta tes that util ity diversifi­

cation has tended to be most successfuJ in 

areas closely related to the core busines 

Simi larly, a report publi  hed last year by 

the Edison Electric Institute (EEi), No11 util­

ity Busines Activities of Tnvestor-Owned Elec­

tric Utilities, notes that a common charac­

teristic of successful nonut i l i ty business 

strategies is that th y involve a "series of 

sma l l  r core-r lat d busin sses. "  

Precisely which activiti s are considered 

close to the core business may vary, de­

pending on whom you ask. For instance, 

some utilities view telecommunications and 

other opportunities opened up through the 

information uperh ighway as a naturaJ ex­

ten ion of their core business, especially if 

the core busines already include things 

l ike load control-a ervice that util i zes 

communications technologies that are part 

of the superhighway i.n frastwcture. Other 

u ti l i ties, however, may perceive te lecom­

mwuca tions as a separate business entirely. 

EPRI's study identifies fou r genera l cate­

gories of core-related divers i fication for 

utili ties :  financial services, information ser­

vices, comm wlications services, and prod­

ucts. "Of course, these aren't the only areas 

where we found activity by utilities. But 

they tended to be the most i l lustrative in 

terms of potential returns and lessons 

learned," says Bran. She notes that some 

cLiversi fica tion activ ities do not fit neatly 

into one category. Often, she says, activities 

cut acxos two or more of the groups. 

Changing times 

As is the case in other industries, the moti­

vation for electric utiJ ity diversilication ha 

changed over time. Some 20 years ago, di­

versificat ion among util ities grew largely 

out of a des i re for more control over the 

cost and availabi l i ty of power plant fuel. 

Areas of investment included coaJ mining 

and oil and ga exploration and develop­

ment. A more aggressive period emerged 

in the 1980s, character ized by a robust in.­
d ustry with lots of money avai lable for in­

vestment . Du ring this period, acquisitions 

outside the core business, inc luding a reas 

FOUR AREAS OF DIVERSIFICATION A recent EPRI study identifies four categories of diversification that are closely 

related to the traditional ut i l ity business of generating and delivering electricity. Listed below are some examples of the 

kinds of services in each of the four categories. 

FINANCIAL SERVICES 

Equipment financ ing 

Equipment leasing 

Equipment service contracts 

Equipment warranties 

Rebates 

COMMUNICATIONS SERVICES 

Cable television 

Telecommunications 

Home automation 

Time-of-use rates 

Direct load control 

Energy management services 

Data services 
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INFORMATION SERVICES 

Demand-side management 

Energy audits 

Power quality consulting 

Engineering design 

Environmental consulting 

Waste management 

PRODUCTS 

Appl iance sales 

Equipment brokering and testing 

Equipment O&M services 

Design of computer software 

R&D on end-use technologies 



l ike insurance and real estate, were not un­

usua l .  Some highly vi ible fai lures in this 

era led to a retrenching phase in the late 

1980s, during which utiliti s generally 

moved away from diversification. 

Today a large number of util ities are cau­

tiously but steadily wading back into the 

diversificat ion waters. According to EEi, 

the number of diversification venture of 

investor-owned utilities-specifical ly ven­

tures involving subsidiaries-hit a record 

high in 1 992, the last full year for which 

figu res are avai lable. Among the 99 util ities 

studied by EEi ,  there were 32 new sub­

sid ia ries in 1 992, compared with only 5 a 

decade earl ier. TI, is cu rrent phase of act ive 

d iversi fica tion ha a number of motivators 

behind it. It appears that the overriding 

factor is increased competit ion, which is 

forcing u tilities to search for new areas of 

growth outside their tradit ional business. 

The globalizat ion of the electric util ity in­

dustry is a lso playing a role, opening up 

opportunities for international ventures 
that uti l ities are fi.nd i .ng hard to resist . In 

fact, EEi 's study found that i nternationa l 

enture are the third mo t popular of 21 

d iver i fication ac tivities today. 

Moreover, ind ustry analyst say, many 

utili ties are experiencing a s ignificant posi­

t ive cash flow. This might sound odd, given 

the widely publicized ind ustry downsizing 

under way. But as David Pickles of Syn­

ergic Resources Corporation explains, the 

downsizing is being undertaken la rgely to 

gea r up for increa ed competition, which 

has only just begun to material ize. Pickles 

and Alan F. De tr ibats were the principal 

investigators for EPRJ's diversification study. 

"A lot of power plants that were buil t  30 

years ago or more a re now paid for," says 

Pickles. " For the many uti l ities with slow 

sa les growth and exces capacity, there's no 

reason to invest in new generation." In the 

case of investor-owned ut i l i ties, which are 

the focus of both the EPRJ and EE! reports, 

thi predicament offers a great incentive for 

uti l i ties to invest in other areas that may 

earn a decen t return for stockl,olders. 

Changing customer needs are also en­

couraging uti l i t ies to diversify. Industrial 

and commercial customer in a wide range 

of businesses are facing, both dome tically 

and internationally, competition more fierce 

than ever before. As a r sult, they are pay- d rives is often sensitive to power distur­

ing more attention to the bottom line- bances that can b generated on- or off-site, 

specifically, in some cases, to the cost of customers are considering more carefully 

electricity. At the same time, the equipment the quality as well as the cost of their elec­

and technologies these customers rely on tricity service. The declin ing influence of 

are becoming more sophisticated . Since trade unions has imultaneously created 

electronic equ ipment like adjustab.le-speed an environment of more-flexible working 
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DIVERSIFICATION ON THE RISE A recent Edison Electric Institute study of 99 

investor-owned electric ut i l ities indicates that diversification is on the rise. As the 

graph above shows, diversification activities, measured by the number of new 

electric utility subsidiaries Ceither established or acquired), reached a record high in 

1 992, the last full year for which figures are available. The graph below indicates the 

types of diversification activities most common among the uti l ities surveyed. 

CGraphs courtesy of the Edison Electric Institute) 
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hours and plant ched ules . The resul t  is 
that many companies can now take advan­

tage of innovative rate practices, such as 

time-of-use rates, that could help lower 

their electric bil ls. 

EPRJ's study explains that whi le large 

customers have in the past consid red han­

dling some of their generation needs them­

selves, companies now appear to be more 

interested in devoting whatever available 

cash they have to their own core busi­

nesses. In other words, rather than spend­

ing money on a cogeneration plant and 

deal ing with i ts  op ra tion and mainte­

nance, a manu factu rer might prefer to in­

vest that money into upgrading its produc­

tion line. "Custom rs have learned that the 

energy business is a t ime- and exp rtise­

intensive business," the report stat s .  "In­

er asingly, ut i l i t ies a re maintaining (and 

even owning or leasing) customer eq uip­

ment." Such eq uipment may incl ude  co­

generat ion plant as well as d i str ibution 

networks and ta ndby power generators. 

In addi t ion, customers are finding that i t's 

too expen ive to mainta i n  in-house exper-

EPRl'S DIVERSIFICATION FRAMEWORK A recent EPRI 

study of diversification among electric ut i lities shows that 

successful ventures typically result from a logical plan­
ning framework that identifies opportunities, careful ly 

evaluates them, and develops a management plan to 

implement and monitor the business activities. On the 

basis of inform.ation obtained from successful utility 

diversification ventures, EPRI has developed the frame­

work shown here as a guide for other util ities. 

New business venture idea 

What Is the value to the customer? 

What Is the value to the utility? 

Is there a strong Justification for pursuing this business? 

What expertise Qntemal and extemal) Is needed to make this effort succeed? 

What are the eoonomlc, regulatory, and Image risks? 

Who within the utility wil l support this? 

What additional resources are needed? 

What are the opportunity costs? 
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tis in certain a reas. Given the complex­

ity of the electric power busi ness, uti l i ties 

ha ve had to cul tiva te staff experts in topics 

ranging from environm nta l regula tions 

to power quality; now they are begirmi.ng 

to fu l fi ll customer need s for such expertise 

on a consulting basis .  

Fou r  areas of diversification 

EPRJ' study howed that financia l services 

represent one of the most profitable and ag­

gres ively pursued area of uti lity diversi· 

fica tion.  EPR l 's definition of financial ser­

vices i broad, incorpora t ing such activities 

as owning customer equipment, leasing 

equipment to customer , p roviding equip­

ment warran ties, and offering rebates and 

other financia l  incen tives (e .g . ,  loans with 

or wi thou t ubsid ized .in terest ra tes) that 

encournge equ ipmen t acqui i tion. 

l n  o ffering such services, some uti l i t ies 

have opted to e tab l ish thei r own energy 

service companies (ESCOs)-finns that typ­

icaUy provide energy savLngs by installing, 

operating, and/or maintaining energy-effi. 

cient technologies for customers. Other u ti l ­

i t ies have chosen to partner with an estab­
l i sh d energy service company or have 

brokered loan to a th i rd-party lending in­

sti tu tion .  

ESCOs and other uti l ity-ba ed  sou rces 

for financing energy-rel a ted equ i pment 

have proliferated over the past five years, 

as have finru1ci.ng sou rces outside the in­

d ustry. These outside sou rces include spe­

c ia l  energy-financing loan services, which 

have become pa rt of traditional banking 

practices at companie l ike Citicorp, and 

residentia l energy effic iency financing 

packages, wh ich a re expected to be offered 

through the Fed eraJ Na t i ona l Mortgage 

Associa tion .  Al though a l arge cu tamer 

may be able to attract cap i tal  at  ra te equ i v­

alent or super ior to tho e offered by a u t i l ­

i ty financing service, the  util i ty service can 

st i l l be more attracti ve, especial ly if  i ts 

package incl ude admin i  trative services 

and expertise in the form of feasibi l i ty 

studies, performance gua rantee , and proj­

ect ma nagement .  

A second ca tegory of u ti l ity di versifica­

t ion, communication serv ices, is perhap 

be t known for projects related to the infor­

mation su perhighway-projec ts that have 



Northern States Power runs a hazardous waste business, which 

handled the disposal of the three 40-year-old transformers shown 

on the trailer. 

Glasgow Electric Plant Board in 

Kentucky is a pioneer on the info,. 

mation superhighway. Among other 

services, it offers a geographic 

information system center (top) and 

remote meter reading (the photo on 

the bottom shows a technician 

completing one such instal lation).  

Wahlco Environmental Systems, a 

subsidiary of San Diego Gas & Electric, 

offers pol lution control services and 

devices, such as these flue gas condi· 

tioning systems. 

One subsidiary operated by Otter Tai l  Power 

provides medical imaging services through 

a mobile unit serving hospitals that cannot 

afford to purchase imaging 

equipment; another sub· 

sidiary supplies agricultural  

equipment, such as this beet 

piler, which stacks sugar 

beets for storage after 

harvesting. 

gotten a lot of publ ic ity in recent years. 

The e ventures often involve the provision 

of detai led and timely energy-related infor­

mation to customers . Some util ities are 

even opening up communications links be­

tween thei r customers and third parties for 

such services as banking, shopping, enter­

taimnent, and d ucation.  

ln many ca es, the establ ishment of an 

infrastructure-for example, fiber-optic or 

coa xial  cable networks-can fu lfi l l mult i ­

ple needs, benefiting both the util ity and 

the cu tomer. For instance, faci l ities in-

tai led for automatic m ter reading may 
also be u ed to provide real-time pricing, 

di tribution ystem automation, and pos i­

b ly even home automa tion . U t i l i ties may 
aJso opt to lease space on their communi­

cations networks to other companies. 

A number of util ities have reaped extra 

benefits from systems e tabl i  hed for the i r  

own pu rpo e . For  instance, Alaba ma Pow­

er Company i nstalled a telephone-based 

a l arm-monitoring system as part of a secu­

r ity system for i ts faci l ities. The uti l ity cur­

ren t ly mon itors about 55 of its own loca­

t ions. As an exper iment, Alabama Power 

cond ucted a p i lot program through which 

it extended the monitoring service to i t  

employees. The program' uccess ha en­

couraged the uti l i ty to request regula tory 

approval to offer th erv ice to the general 

pub Uc.  

U t i l i ties invol ved in a th i rd ca tegory of 

d iversi fica t ion, in formation services, have 

fow1d that another in-house resource, ta ff 

experti e, can be fwmeled into a va r iety 
of vaJuable customer service . Only very 

large busine e l ike uti l i tie can a fford to 

keep abrea t of uch i ues as emerg ing 

electrotechnologies, envi ronmental  compli­

ance, and regulation . And since energy­
r lated proj cts are genera JJy not a priori ty 

for today's ca h-pressed utility cu tomers, 
many welcome uti l ity consultation on these 

topics. 

Take the example of Duquesne Light 

Compa ny. Like other utiUtie , Duque ne 

Light keeps up w i th current industry regu­

lat ions as part of i ts everyday busi11ess. 

While investigating the potentia l  impacts 

of upcoming regulations resulting from the 

1 990 Clean Air Act Amendments, the u ti l ­

ity lea med that 300 d ry cleaners in it ser-
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This chiller plant in downtown Indianapolis is part of a district cooling 

system run by Mid-America Energy Resources, a subsidiary of IPALCO 

Enterprises, the holding company of Indianapolis Power & Light. 

vice territory would be affected by new 

regulations governing exposure to a dry­

cleaning solvent. Before going to these 

customers with the news, the utility re ­

searched the availability of technologies 

that would enable complfance with the reg­

uJations. ft also discovered that at the time 

the state of Pennsylvania offered grants to 

partially offset U1e cost of such equipment. 

Having informed the dry cleaners of this 

news, the utility installed more than 20 

new combination washer-dryer machines 

that recycle the regulated solvent. New 

electricity sales resulted. 

The fourth category of diversification 

covered in EPRl's study, products, can be 

among the most challenging of all diversi­

fication activities. This category includes a 

wide variety of product-related activities, 
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Minnesota Power's 

holding company has 

subsidiaries involved in 

such activities as waste­

water treatment and coal 

mining. 

including the direct retail sale of appliances, 

R&D work on electro technologies, the oper­

ation and maintenance of customers'-in­

duding other utilities'- facilities and equip­

ment, the provision of standby generators 

and related equipment, the sale of trans­

mission and distribution equipment, and 

the sale and/or leasing of power quality 

equipment. 

One of the factors making product­

related endeavors difficult is that- unlike 

some other areas of diversification, in which 

the utility's expertise and access to infor­

mation give it a clear advantage over p o ­

tential competition- products are often 

available from multiple suppHers who may 

be equally attractive to the customer. For 

this reason, the success of a utility product 

will be based not so mucl1 on its intrinsic 

value but on whatever competitive edge 

the utility has, be it an existing relationship 

with a customer, unique facilities or exper­

tise, or an existing low-cost infrastructure. 

One area of significant competitive ad­

vantage that CrNergy Corp. (the parent 

company of PSI Energy) has exploited suc­

cessfully is the sale of utility equipment. 

The business got started about 10 years 

ago when PSJ was forced to cancel a nu­

clear plant. The utility formed a company 

called Power Equipment Supply Company 

(PESCO) to market the significant stockpile 

of unused equipment that had been ac ­

quired for the canceled project. As this mis­

sion progressed, PESCO decided to stay in 

business to serve the many other utilities 

that have excess inventories to sell. Today 

PESCO continues to purchase (or consign}, 

warehouse, maintain, and resell unused 

power supply equipment. PESCO has also 

acquired a related company, North Amerj­

can Machinery, which is involved in the re­

furbishment of utility switchgear. 

Regulation 

Clearly, there are many potential areas of 

diversification a utility can get into. But 

precisely what types of businesses it winds 

up pursuing may depend as much on reg­

ulation as on the utility's own interests. 

Different types of utilities face different 

regulatory restrictions. For instance, in­

vestor-owned utility holding companies 

are regulated by the Securities and Ex­

change Commission, which must approve 

any diversification the companies intend to 

pursue. Typically, the SEC rejects a pro­

posed area of diversification when the util­

ity cannot show that the new business ven­

ture has a "functional relationship" to the 

company's core business. Holding compa­

nies eager to pursue diversification more 

aggressively have become frustrated with 

SEC oversight and are among the groups 

pushing for reform of the Public Utility 

Holding Company Act. 

But holding companies aren't the only 

utilities being restrained. Investor-owned 

utilities that aren't holding companies may 

also have to gain approval-from their 

public utility commissions or equivalent 

state regulatory bodies. As David Pickles of 

Synergic Resources Corporation explains, 



any diversified activities funded with rate­
payer money must be reviewed and ap­
proved by such regulatory bodies. How­
ever, activities funded by shareholder 
money are not regulated and can often 
yield higher rates of return. Typically, such 
activities are carried out through an affili­
ate or subsidiary of the utility. 

Just what kind of activities commission­
ers deem appropriate for utilities to pursue 
can vary drastically from state to state. In 
the state of Virginia, for instance, Virginia 
Power sought to lease excess communica­
tions capacity on its fiber -optic network to 
a nearby financial institution. Chesapeake 
and Potomac Telephone Company chal­
lenged the arrangement before the Virginfa 
State Corporation Commission, which ruled 
that the proposed new service was beyond 
the scope of the utility's authority. Utilities 
in other states, meanwhile, have received 
regulatory approval for similar services. 
Beginning in the late 1980s, for instance, the 
Iowa Utilities Board allowed a subsidiary 
of Midwest Resources called MWR Tele­
com to install fiber-optic cable along utility 
rights-of-way and to lease capacity from 
this system, essentially allowing MWR Tele­
com to compete against local telecommu­
nications services. (On May 1 of this year, 
MWR Telecom was sold to a local telecom­
munications firm.) 

Municipal and rural electric cooperative 
utilities can face restrictions similar to those 

faced by investor -owned utilities. Munici­
pals and co-ops are generally regulated by 
their own local governing boards, and 
some are subject to state regulation as well. 
Co-ops are also limited by federal legisla­
tion, which specifies the level of diversifi­
cation they are allowed to pursue. The leg­
islation currently specifies that a co-op can 
invest an amount equal to 15% of its total 
capital investment-a total investment av­
eraging about $1 million per co-op-in di­
versification activities. (Up until the Recon­
ciliation Act of 1987, the limit was 3%.) 
However, a new rule issued by the Office 
of Rural Economic and Community Devel­
opment would alJow co-ops in good finan­
cial standing to invest in diversification at 
any level they desire. Also under the pro­
posed rule, aU co-ops, regardless of their 
financial standing, would be unlimited 
in their investment in certain projects­
namely those involving water, wastewater, 
propane, and telecommunications. A three­
month comment period for the new rule 
is under way, during which the Nation­
al Rural Electric Cooperative Association, 
co-ops, municipals, and other utilities are 
allowed to comment. According to Dan 
Ka merman, NRECA's manager of economic 
development, no serious objections are ex­
pected. 

The local regulation of rura 1 electric co­
operatives can be fairly strict. Typically, di­
versification activities must come before a 

CINergy Corp.-the parent company of PSI Energy-has a number of nonutility 

subsidiaries, including PSI Recycling, which recycles paper and other materials 

from a variety of sources, and Power Equipment Supply Company, which sells 

unused power equipment acquired from other utilities. 

board of directors for review. "The boards 
of directors of co-ops take their fiduciary 
responsibility extremely seriously," says 
Kamerman. "They like to make certain a 
co-op is diversifying into a business that 
is Likely to succeed." Neither cooperatives 
nor rnw1icipal utilities are allowed to profit 
directly from their diversification activi­
ties. Generally, co-ops establish profit-mak­
ing subsidiary corporations to handle di­
versified ventures while municipals do not. 
Any profits that municipal utilities accrue 
through diversification can be used to cover 
the utility's debt, to subsidize the cost of 
electricity service, or even to support other 
municipal budgets. Like cooperative utili­
ties, municipals have gotten heavily in­
volved in telecommunications-most com­
monly fiber optics and coaxial cable. Many 
own and operate their own cable television 
stations. 

Federal utilities are a different story en­
tirely. [n the words of one U.S. Department 
of Energy official, "Most utilities can do any­
thing they want unless specifically barred 
by law. Federal utilities can only do things 
that are specificaUy authorized in the law." 
The most restricted of the federal utilities 
are the Western Area Power Administra­
tion, the Southeastern Power Administra­
tion, the Southwestern Power Administra­
tion, and the Alaska Power Administration, 
which are authorized by federal statute to 
operate only as wholesale power suppliers. 
The statutes that established the remaining 
federal utilities, the Bonneville Power Ad­
ministration (BPA) and the Tennessee Val­
ley Authority, are less restrictive, offering 
these utilities a number of opportunities to 
pursue diversification. Like the municipal 
and cooperative utilities, federal uti(jties 
are not allowed to profit from diversifica­
tion. However, any money brought in may 
subsidize the cost of providing electric.ity 
service. 

Motivating factors 

Although providing stockholders a decent 
return on their investment may be a signif­
icant motivating factor nudging investor­
owned utilities toward diversification, thjs 
incentive does not exist for municipal, co­
operative, and federal utilities. Neverthe­
less, other factors can be just as persua-
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sive. For instance, any services that con­
tribute to the economic growth of a region 
wiU in turn benefit the utility serving 
that region through increased electricity 
sales. 

Many co-ops and municipals are moti­
vated to pursue new ventures in order to 
fill voids in the market. "There are commu­
nities with no cable television service; the 
region's cable company has turned them 
down, reasoning that such a small market 
isn't worth the expense of running the new 
lines, especially if the area is remote," says 
Kamerman of NRECA. "Knowing this, a 
local co-op might decide to get into the 
business of selling satellite dishes." Co -ops 
have even gotten involved in providing 
telephone and water service. "If they don't 
pick up on such opportunities, the void 
will simply weaken the community, which 
will have a profound impact on the rural 
electric system," says Kamerrnan. On the 
other hand, providing such services cer­
tainly makes a community more attractive 
and could even help draw a housing de­
velopment or a new business. 

The connection between co-op diversi­
fication and economic development is 
widely recognized and is viewed as part 
of the motivation behind the proposed 
rule issued by the Office of Rural Econom­
ic and Community Development that en­
courages increased diversification among 
co-ops. "It's pretty obvious that the gov­
ernment is encouraging co-ops to get in­
volved in economic development projects," 
says Kamerman. "The RECD rule is an a t ­
tempt to get more private investment in 
areas where federal programs are becom­
ing more limjted." Already in some cases 
there is a three -year wait for communities 
in need of water and wastewater systems, 
he says, noting that the involvement of co­
ops in such projects would not only speed 
up the introduction of the systems but also 
provide a solid infrastructure for future de ­
velopment. 

A t  this time, the major motivation for 
federal utilities is competition. According 
to Paul Majkut, assistant general counsel 
for BPA, the utility is already feeling the im­
pact of increased competition. Its second 
largest public customer, Clark Public Utili­
ties, which historically has purchased vir-
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tuaJly all its power from BPA, has signed a 
contract to buy power from an indepen­
dent power producer with a 240-MW com­
bustion turbine. "Our mandate is to re­
cover our costs," says Majkut. "So if some­
one pays us revenues for something such 
as unused fiber-optic capacity, this could 
help defray the cost of the transmission 
system." 

"Like other utilities, we're under pres­
sure to cut our costs and maximize equip­
ment utilization and expertise," notes John 

WPL Holdings, the parent com· 

pany of Wisconsin Power & 

Light, has a number of nonutility 

subsidiaries. One is RMT, an 

environmental consulting firm; 

shown here are ductwork on an 

air pollution control system 

designed by RMT, a chemical 

manufacturing process de­

signed by RMT, and an industrial 

waste landfill designed by RMT, 

which also managed its con• 

struction. Another WPL sub­

sidiary, Heartland Properties, 

develops and manages afford­

able housing. 

Pyrch, manager of BPA's energy service 
bustness, whjch is less than a year old. "If 
there's a need out there and we have the 
equipment already in place to meet this 
need, then it makes sense to try to fill it." 
Pyrch says that BPA is exploring a nwnber 
of potential areas of diversification, includ­
ing demand-side management services, 
water quality and air quality information 
services, fiber optics, and load manage­
ment. The goal is to test at least three new 
services within the next year. 



Taking the plunge 

Aside from monetary advantages, d iversi­

fication activitie offer utili ties a number 

of other benefits, such as stronger relation­
ship w i th customer , an increased l ikeli­
hood of long-term energy sales, and oppor­

tu n i  tie for profes ional growth among 

u ti l ity staff members. Fortunately, uti l i ties 
a re in an advan tageous po ition to ventu re. 

into diversi fication activi ties. "Uti l ities have 
a competi ti ve advan tage in that cu tomers 

tend to view them as the appropriate en tity 
for energy solu tions," says Ingrid Bran of 

EPRJ. "When a problem or need arises, cus­
tomers currently tend. to call on u ti l i t ies 

first . " 
A lso working in the industry' favor is 

tha t u ti l i ties for the most part have good 

reputat ion . According to a report p ub­

lished i11 June 1 994 by Venture Associates, a 

uni t of Artl1Ur  Andersen, "In spi te of some 

i neffic iencies, u ti l i t ies gene.ra l ly enjoy a be­
nign public image. Indeed, given the ex­

pectations of federa l  and state regu l a tors, 

U,e U.S. electric industry ha performed ex­
ceptional ly wel l .  It is a wor ld  leader in er­

vice re l i abi l ity; it ha met the rapid growth 
i n  kWh demands a t acceptable cost; and i t  

has provided con i tent pr fitable retu rn 

to shareholders ." 

Fmtunately, too, m uch has been learned 

abou t d ivers i fica t ion through past acti vi­
ties-enough for i nd ustry ana lysts to have 
compiled ome common elements of suc­
ce sful ventures. EPRJ's study cites com­

petiti ve market experience and the ability 
to identi fy customer needs as ftm.dam.en­

tal to the ucce of diversi fication ven­

ture . 'Al most w i thou t exception," the re­

port ta tes, "succe fu l u tility ventures are 

sta ffed by experts wi th an aggressi ve, cus­
to mer-d r iven a t t i tude who thrive i11 an en­
trepreneLLrial  environment of tmcerta inty 

and flexibility. " 
Unfortunately, however, the tradit ional 

uti l i ty env i ron ment oi a highly central ized, 

nierarchi al organization is not conducive 

to such characteristics. Typical problems of 
uch organization i n  ol ved in di e.rsifica­

t ion include a lack of timely decision mak­

ing, an unwill ingness to "bend over back­
ward"  for the customer, and an inab i l ity to 

take independ nt action. Experts say it is 

critical that utili t ies become more fie ible 

Pierce-Pepin Electric 

Cooperative of El lsworth, 

Wisconsin, sells appl i ·  

ances to customers in 

the region. 

and ti mely in their d iv  r i fication pu rsu i ts . 

Common elemen ts of uccessful di ver i­
£ication ventu res, accord i ng to E I, include 

a strong managemen t tea m, good financia l 
heaJ th before di versL fica tion, i n vol vement 
in a number of sma ll ,  core-related busi­

ne ses related to t rengths of the ut i l i ty, 
and early entrance into such markets. Suc­
cessful act ivities have included joint ven­
ture w i th compan ie experienced in the 

new bu iness a rea and typ i ca l l y  ha ve i n -
ol ved in-depth apprai als o f  the  potentia l 

s t rength and wea knesses of the new v n­
ture. Unsuccessf

u
l d ivers ification venture 

have tended to be large in re l a t ion to the 

size of the parent ut i l i ty and highly unre­

lated to the util i ty' core bu ines . 
EPRl's expert tre that the way i.n 

which a u ti l ity choose to identify and im­
plemen t a new busine opportunity may 

be more importa nt the n the specific activ­

i ty cho en . Indeed, a wel l -de· igned p lan­

ni ng process shou l d  steer a u t i l ity away 

from act ivi t ies i n  w h ich performan e wil l  
be poor. As part of the planning proc , a 
utility should identi fy any competi t ive ad­

v antages i t  a l ready ha and try to p i n po int  

the bu ine s area that  w i l l  offer the high­
est probabi J ity of uccess. A competi tive 

advantage may be a kil l or re ource, a pe­

c ia l  rela t ionsh ip with a custome,� owner­

ship of or access to needed fac i l ities, or cap­
ital availabi l ity. 

The expertise of u t i l i ty ta ff is crucia l  to 

the success of diversification, EPRl 's tudy 
found. And commitment from senior man­

agement i indispensable .  '' [ f  senior ma n­
agement is known to be unw i l l ing to com­

mi t  to the new ventu re, s taff will be he i­

tan t  to become as ocia ted with th pr j ct, 

wi l l  fai l  to commi t  themselve fu l ly to the 
ventu re, wil l  spend too m uch time 'pre-

erving thei r bridges, '  and wil l  constantly 

be checking wi th management to see i f  

' thing are okay,"' the tudy a s  e.rts. The 

·tudy encourages u ti l i ties to offer compen­

a tion incentive to mobvate and retain 

employees at a time when changes brought 
abou t by d ive rsi ficat ion may sign i fic a 11 tly 
increase workload. 

Other Lmportant aspects of the diversifi­

cation planning process include a thorough 

ana ly i of regLL latory impact as we l l  as 
extensive ma rket re earch. A part of this 

re earch, uti l i ties hou l d tr ive to under-

tand cu tamer needs and how to addre 

them, care.fully estimate the co t 0£ del iver­

ing the er ice , become fam iliar wi th who 

their a l l i e  ru1d com pet i tor wil l be, and an­
a lyze the m is takes and successes of com­

petitors. This kind of research can prevent 
d isastrous bl unders-for exa mple, the case 
of a uti l i ty tha t  failed to research ally rela­

tionship and wound up offering power 

qual i ty con u l ti ng  erv ice without supply­

ing the power qua l i ty equipm n t. The u ti l ­

i ty lea rned too la te that i t  wa not able to 

con h·ol the qual i ty of the i.nstal Jations. 
a tu. ra l l y, even i f  a u t i l i ty does the 

proper platming up front, there is plenty of 
opportwuty for th i ngs to go a w ry. "You ' re 
deal ing with a competi t ive marketplac , 

and a nythjng can ha ppen," says Dan Ru­

daka of Capmarc S curi tie . "There' al­
ways going to be a certa in a.mount of r i  k 

involved i11 making the e inve hnent , bu t 

the r isks of traditiona l business area are 
increasing too. The bottom line in this age 

of change is that i f  you don't consider ex­

panding into new areas of business, you're 

putting your future at risk "  • 

Background information for h,s article was p rovided by 
Ingrid Bran of lhe Customer Systems Group. 
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B 
etween now and the year 2020, 
according to some estimates, as 
much new power generating ca­
pacity will be installed arow1d 

the world as was built in the entire past 
century. But in a historic shift that reflects 
a changing global pattern of energy con­
sumption, a majority of that new capacity 
will be built not in the United States or in 
western Europe or even in the evolving 
market economies of eastern Europe; it in­
stead wiU serve the surging economies of 
developing countries in Asia, Latin Amer­
ica, and Africa. 

China and India, home to 40% of the 
world's population, together are expected 
to account for fuUy one-quarter of the pro­
jected growth in electric generating capac­
ity over the next 25 years. Each of these 
cotmtries is planning to build as much or 
more new capacity in the next decade as 
was commissioned in the United States 
during its last major era of economic 
growth and generation expansion: the 
1960s. In China, where at least 10% of the 
l .2 billion people have no access to electric­
ity, the government wants to double the 
present instaUed capacity by the year 2000, 
adding an average 21,000 MW a year, or the 
equivalent of a medium-sized fossil fuel 
power plant every week or so. And these 
projections assume that China's economic 
growth, which boomed an average 10% a 
year over the past decade, will moderate to 
8-8.5% a year over the next decade as the 
country becomes one of the world's largest 
economies. 

The subcontinent of India, meanwhile, 
pulsates with the heartbeats of some 950 
milJion people-a population that is grow­
ing at a rate twice that in the United States. 
By 2025, India will likely be the world's 
most populous nation in the world's 
fastest -growing region. Its urban middle 
class (middle, by local standards), which 
exceeds 250 million, is nearly as layge as the 
entiTe U.S. population. Indja's central gov­
ernment reckons that the cow1try needs to 
nearly triple the present instalJed generat­
ing capacity of 76,000 MW by adding some 
142,000 MW in the next 15 years, requiring 
investment of some $170 billion. To accom­
plish this, the government has opened the 
power generation sector to private (includ-
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Developing 
Countries 

THE STORY IN BRIEF Electricity supply infrastructures in many developing 

countries are being rapidly expanded as policymakers and investors around 

the world increasingly recognize electricity's pivotal role in improving living 

standards and sustaining economic growth. But in the face of enormous 

capital requirements, utility systems that were once strictly government run 

are giving way to a growing interest in privatization and foreign investment. 

The tremendous need for expanded electricity supply and availability is 

creating major market opportunities in developing countries for advanced 

generation technologies as well as for efficient electrotechnologies for end­

use application. EPRI is pursuing several energy initiatives with government, 

industry, and electric power organizations in India and with others in the 

developing world-initiatives that could lead to substantial involvement by 

member utilities. 



on a 
Power 

Drive 

ing foreign) investment, as it desperately 

tries to reduce critical capacity shortages 

and rotating blackouts that sharply limit 

its success in a more pressing objective: 

achieving the economic growth that will 

rajse living standards and help aHeviate the 

crushing poverty in which several hundred 

million of its people live. 

But China and lnilia are only the largest 

and most obvious developing countries 

whose leaders and industries are scram ­

bling to expand essential infrastructure for 

communications, energy, and transporta­

tion, either to catch up with recent eco­

nomic growth or to provide energy and 

services to fuel future growth. Similar sto-

by Taylor Moore 

ries of economic growth and electric gener­

ating capacity expansion are unfolding in 

Indonesia, Malaysia, Pakistan, the Philip­

pines, South Korea, Taiwan, Thailand, and 

elsewhere in the developing world. Every­

where, development of the electricity sup­

ply infrastructure is considered pivotal to 

virtually aJJ other economic development 

and to efforts to raise living standards by 

extending even the most basic electricity 

service, and the benefits it makes possible, 

to areas and people without them. 

Problems with infrastructure 

National governments and leaders are 

increasingly recognizing the unique com-

bi.nation of economic stimulus and social 

transformer that electrification represents. 

More than ever, developing cow1tries view 

increased electrification as the critical lever 

for improving economic productivity and 

efficiency as welJ as for addressing envi­

ronmental concerns. 

"It's hard to imagine economic growth in 

much of the developing world without the 

use and availability of far more electricity 

than the countries now have," says Dennis 

Anderson, energy and industry advisor to 

the International Bank for Reconstruction 

and Development- better known as the 

World Bank "The world still has approxi­

mately 2 billion people across huge regions 

without electricity. The populations and 

the economies in these regions are grow­

ing rapidly. lf developing countries are d e ­

prived of modern energy supplies or their 

growth is stopped, it would be not only an 

economic calamity but an environmental 

one: billions of people, literally, would be 

driven to gathering and consuming even 

more fuel wood than is used now." 

But serious economic, political, and so­
cial barriers to energy supply expansion 

persist in many developing countries. The 

capital-intensiveness of energy infrastruc­

ture projects is one key barrier. In addition, 

many countries have a long trailition of 

state ownership of heavy industry, and in 

those countries, utilities and energy proj­

ects must often take a backseat to compet­

ing demands for public health, poverty 

alleviation, and education spending. 

The present situation in most developing 

countries is marked by a general and often 

acute shortage of generating capacity in ar­

eas where electricity service is actually 

available, primarily large cities and their 

environs. The challenge is even greater in 

rural areas, where many towns and vil­

lages, if they have any electricity, rely on 

scattered, stand-alone diesel generators to 

serve small, isolated loads. 

Most fossil fuel steam power plants op­

erate with very low levels of availability, in 

part owing to a near total lack, by western 

standards, of systematic maintenance. The 

poor performance often results in long ro­

tating outages or in brownouts- voltage 

and frequency fluctuations that can dam­

age industriaJ equipment. Many com.mer -
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cial customers pay a premium for reliabil­
ity in the form of backup generators.  On 
average, 40% of the generating capacity in 
developi.n.g countrie is 1mavailable for ser­
v ice at any given time, accord ing to a 1994 
World Bank report on in frastructure.  

Despi te the shortage of supply, ther is 
l i t t le i ncentive to conserve at the point of 
use beca use much of the electricity that 
is produced is distributed free to farmers 
or is priced very low. This situa tion sug­
gests a two-pronged course of act ion for 
developing cow1 tr ies : tapping the con id­
erable potentia l for i mproving the outpu t 
and rel iabi l i ty of exist ing electr icity upply 
ystem and at the ame time sub ti tu ting 

effic ient electrotechnologie at the poin t  of 
end u e .  The e two elements are increas­
ing ly recogniz d as key to a strategy tha t  
cou ld most qu ickly make available, and 
could ul t imately make more affordable, the 
electricity service tha t are vital to globa l  
development .  Some analy t s  p u t  the poten­
tia l ga i ns from the more efficient use of en­
ergy overall as enough to raj e-with only 
mode t increa es in per capita energy con­
·cumption-th average tandard of l i v ing 
in developing countries to tha t enjoyed by 
we tern Europe in the 1 970s. 

I ncreased electr i fica tion is the cent r­
piece of mo t developing countr ies' energy 
and econom ic stra tegies . "Over the next 
centu ry, electricity will become something 
of a global equalizer, diminishing the im­
pact of geographic va riation in the d istr i ­
bution of natural energy resou rces and the 
tension tha t thi d ispar i ty prod uce ," notes 
Kurt Yeager, EPRl 's  executive  v ice presi­
dent and chief opera ting officer. " Because 
of its ver atili ty, effic iency, and broad ap­
pl icabi l ity, electricity has the potmtial to 
e -pa nd i n the nex t half century to ati fy 
more than half the world's energy demand 
while providing the mean for the most 
effect ive conservation of the world '  nat­
ura l re ources. Electr ic i ty w i l l  be an e en­
tial component of the realization of su 
tainable development in a twenty-first­
centu ry world of 1 0  b i l l ion humans." 

Expert in energy effic iency, includ ing 
EPRI 's, have noted that the poten t ial effi­
ciency gains for rapidly growing emerging 
econom ies with l im ited or poor e lectr ic­
i ty  upply infrastructures are l ikely to be 
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much larger than for developed econo­
mies, such as the United States, that have 
h i gh lev ls of embedded capital invest­
ment and that are growing much more 
slowly. Moreover, efficiency i.n electr ic 
power could help break the traditional 
catch-22 of global development.  Power 
generation reported ly consume one­
fou rth of globa l  development capital, the 
demand for which over the next few 
decades i expected to be eight times larger 

- 1 00 GW 
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GLOBAL ELECTRIC POWER GROWTH, 

1 995-2005 Projections by different 

organizations of worldwide growth in 

the use of electric power vary in t ime 

frame and exact numbers, but al l  

estimates suggest that most of the 

increase in generating capacity in the 

coming decades wil l  take place in 

developing countries in Asia,  Latin 

America, and Africa. 
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Source: U.S . Department of Ene rgy. 

than the ava i lable supply. The applica tion 
of effic iency technique and technologie in 
the power systems of developing cow,h·ie 
cou ld  be key to a vlng the capita l  needed 
for oth r purpo es . 

Yet even as they begin to embrace effi­
ciency improvements and renewable en­
ergy resource , most developing countries 
a re si multaneously pursuing the expansion 
and upgrading of power plants and trans­
mission and  distrlbution systems as wel l  as 
extensions of the grid or of nongrid elec­
trici ty ser ices to vi l l ages and remote areas. 
For China and India, the need are so great 
that even wi th sturu ung suc e s on all  
front , major a reas and parts of the popu la-

- 450 GW 
East Asia 

- 80 GW 
South As ia 

t ion wil l  l ikely remain unreached by elec­
tr ic ity ervice a decad hen e. 

Traditional ly, the d evelopment of a n  
e m  rging e onomy' energy in frastructure 
h inges on technologie that a re a ffordable, 
a re rapidly deployable, and make use of 
loca l ly avai lable fuel or other energy re­
sources (whether they be oi l , gas, coa l ,  or 
hydroelectr ic potential) . China, India, and 
Indone ia, for example, have large coal re­
serves, and India has exten i ve, ti l l  mo t ly 
untapped, hydroelectric re ou rce . 

I ncreasingly, developing countries are 
recognizing opportun.i ti to deploy ad­
vanced technologies, includ ing clean coa l 
combu hon, high-efficiency gas·fued com-



bined cycles, and re.newables-based gener­

ating systems. Such teclmologies can pro­

vide the means for rapidly deployable di -

tributed generation off the grid as well a 

for industrial cogeneration and central sta­

tion plants . And at the same time they can 

address environmental concerns and the 

need for a broader fuel or resource base. 

In some developing countries, nuclear 
power w i l l  play a signi ficant rol e  i.n ex­

panded electric generating capacity, help-
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ing to ofiset some of the growth i.n carbon 

dioxide emissions tha t would otherwi e 

result from expanded fossi l  power generat­

ing capac ity. China has aru1ow1ced plan to 

increase by 201 0  its nuclear ca pacity from 

the current two or three plant producing 

3300 MW to over a dozen units w i th a com­

bined capacity of ome 20,000 MW. Leader 

there ci te U1e pol l u tion and transportation 

costs of addi tional coa l u e that uch a nu­

c lear expansion wou ld a void .  A fter pur­

chasing two pressu rized water reactors of 

French manufacture, China appea rs to be 

pursuing the development of an indige­

nou nuclear power genera tion indu try 

and say that i t plans to build two PWRs for 

I ran. (The U.S. government a t present bans 

American manufacturers from selling nu­

clear generating sy terns to China. )  China 

has also announced intentions to develop a 

capabi lity for recycling plutonium from 

l ight wa ter reactor fuel for u e in breeder 

reactors. 

India currently has sl ightly over 2000 MW 

of installed nuclear genera ting capacity in 

several natural-uranium-fueled, CANDU­

type reactors purchased from Canada, and 

it had plans for another 5000-

6000 MW by 2000 . But that 

planned expansion is believed to 

have slowed considerably in the 

face of higher projected costs . 

South Korea has 7 add itional nu-

clear tmit slated among the 30 new 

power plant it is planning by 2000, and 

Taiwan is planning its fourth nuclear unit. 

Even Vietnam, whlch now gets most of i ts 

electricity from hydro dams, says that it is 

interested in nuclear p l an ts of South Ko­

rean manufacture in order to significan tly 

expand gene.rating capacity. 

Yet wherever the need for additiona l 

genera ting capaci ty is the most urgent­

China and Ind ia, for e ample-ga -fired 

combustion tu rbines and combined -cycle 

projects offer the most rapid ly deployable 

units . Even in Yieh1am 1 two American n­

e.rgy companies (Mobil and Raytheon) a re 

partner with the government in a project 

to build a 600-MW gas-fired power plant. 

Tidal wave of private 

power development 

In many countries, a shortage of capital 

and the imp l ici t (and often explici t) ac­

knowledgment of the fai lure of sta te-run 

enterpri e are triggering a tidal wave of 

privatization of power generation proj cts 

and ,  in many cru;es, government-owned 

utilities themselves. The trend is being en­

couraged by m Lt l ti la tera J lend ing agencies, 

including the African, Asian, and Lat in 

American development banks and the 

World Bank, which e ti mates that the capi­

ta l requirements of power systems in de­

veloping countrie in the 1 990 alone could 

top $1 t ril l ion .  Clearly, the amounts re­

quired are many t i mes grea ter than the 

governments of such countries can afford, 

and mul tilateral lenders will be ab le  to 

provide only small stakes for limited pro­

tection from political risks to individual 

projects. 

As a result, much of the needed capital is 

be.ing sought from the private investment 

commtmity. ln every part of the developing 

world, private power con ortiurns that in­

cl ude many U .S. equipment manufactur­

ers, independ nt power producers, and 

subsid ia ries of a signi ficant number of U.S. 

utili ties are actively developing and negoti ­

ating new projects. The Overseas Private 

Investment Corporation and the U.S. E -

port-Import Bank are expected to play a 

growing role in helping to finance such 

projects. But private investment fol lows the 

greatest potential for profit and is thus un­

evenly al located. The Organization for Eco­

nomic Coopera tion and Development, or 

OECD-the coord inating agency for the 

world 's biggest industrial economie -

estimates that 80% of all priva te investment 

flows to just 20 developing coun trie 

ot surprisingly, in view of the rapidly 

growing economies in. the region, Asia 

and the Pacific Rim are of paramount in­

terest currently. P rojections of the requi red 

investment for power projects in that part 

of the world, despite varying assumptions 

and ti.me frame , bear a common bottom 

line of enormous nu mbers . Morgan Stan­

ley, the investment banking f irm, expect 

that private compan ies wil l  account for 

about $100 billion in n w power projects 

in the Asia-Pac ific region by 2002-one­

fou rth of the 436,000 MW of new capacity 

that is expected to be bui l t  in tll a t  time. 

General Electric says it expects tha t more 

than 510,000 MW of new capacity wi ll be 

ordered in Asia ( includ ing Japan) over the 

next 10 years. Another tudy estimates that 

the capital required just to meet China ' 

projected energy demand by 201 5 wil l 

ammm t  to $1 t r i ll ion, with a b i t  over hal f  

going for electric power generation . 

Compounding the pol i t ica l , currency, and 

other r isks inherent i n  investing in  emerg­

ing markets, a pa rticuJar concern related to 

electric power projects in developing COlm­

tries i tha t  alJ of the electricity they gener­

a te over their L i fetim actua lly be pa id for 

a nd tha t  the price charged fa irly reflect th 

cost. The first roLmd of pri vate power proj­

ects with major overseas investment  stakes 
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A Honduran mother and daughter 

shop with the help of a fluores­

cent light powered by photo­

voltaics. 

in lndia has required counterguarantees 
from the central government as insurance 
to back the power purchase agreements 
that must be made with India's state elec­
hicity boards in order to arrange financing. 
The counterguarantees add another layer 
of political controversy, yet are considered 
essential to jump-start private power in In­
dia because the state electricity boards are 
generally insolvent and have poor credit 
ratings, in part because they provide much 
electricity free or below cost. 

In Latin America, Mexico's recent finan­
cial crisis has reinforced perceptions that 
investments in developing countries are 
risky, and it has affected the ability of de­
velopers in other emerging markets to fi­
nance power projects. Nevertheless, more 
than 41,000 MW of new generating capac­
ity, mostly hydroelectric, requiring some 
$19 billion of investment capital, is ex ­
pected to be installed in Latin America by 
2000, with most of the capacity additions 
concentrated in Argentina, Brazil, Chile, 
Colombia, Mexico, and Venezuela. Most 
electric power projects in Mexico are ex­
pected to proceed as planned. 

The crisis in Mexico has even had a pos­
itive ripple effect on Brazil, Latin America's 
largest economy, where foreign investment 
-much of it fleeing Mexico-has more 
than doubled in the past year. Brazil is re­
viving efforts to attract private capitaJ to its 
electricity sector with plans to privatize 
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Rooftop photovoltaics at a medical 

center in Western Samoa. 

Photovoltaics powers a rural 

community water system in the 

Dominican Republic. 

two power companies and a number of hy­
droelectric dam concessions. General Elec­
tric has a contract to examine prospects for 
building $9 billion worth of coal-fired gen­
erating capacity in southern Brazil. 

Compared with Asia and Latin America, 
Africa is a more embryonic center of in­
vestment in electric power expansion. An 
initial market of more than 13,000 MW in 
private power project offerings has recently 
materialized in 7 of Africa's 53 indepen­
dent countries, most of which are expected 
to eventually tum to the private sector for 
expansion in generating capacity. (The U.S. 
Trade and Development Agency cites a po­
tential for $126 billion in energy projects in 
Africa by the year 2000.) 

Electric utility privatization initiatives 
in the [vory Coast, Morocco, and Uganda 
have already spurred the active planning 
or development of new power projects. 
Promising markets are seen in Ghana, 
Mozambique, Nigeria, and Senegal as the 
governments of these countries begin to 

GROWTH MARKETS FOR RENEW­

ABLES Generating systems based on 

locally available hydroelectric, solar, 

or biomass resources can be used for 

rapidly deployable distributed genera­

tion off the grid as well as for indus• 

trial cogeneration and central station 

plants. Major market opportunities are 

emerging for renewables in countries 

that are rapidly expanding their elec­

tricity supply infrastructures. Directly 

competitive in many cases with avail­

able alternatives in developing coun­

tries, renewable energy resources can 

provide environmentally sustainable 

solutions for meeting energy needs. 

Bagasse pile at a cogenerating 

sugar mill in Costa Rica. 

encourage private investment to improve 
their electric power infrastructure. In South 
Africa, the end of apartheid marked the 
start of a seven-year campaign by the state­
owned utility Eskom to electrify one and 
three-quarters million black households by 
2000. The campaign is now ahead of sched­
ule, with the utility making nearly 1000 
new service connections every day. 

Asia's stirring tigers 

For several years, the practical operating 
headquarters for many of the world's in­
vestment banking and power plant fi­
nance, construction, and equipment com­
panies has been Asia, where the magnitude 
of national markets and even individual 
projects is often expressed in enormous 
terms. Perhaps nowhere is this more true 
than in China, where planned projects in­
dude dozens of large coal-fired generating 
plants, industrial coal gasification plants, 
a 500-mile-long coal slurry pipeline, the 
world's largest pumped-storage hydroelec-



h 

gainst the backdrop of booming 

power generation markets in 

many developing cow,tries is the ongo­

ing worldwid debate about the chang­

ing global pattern of emissions of car­

bon dioxide from fossil htel combustion 

and about the control of htture emis­

sions. (C02 emis ions are thought to trap 

heat in the earth's a trno phere, possibly 

contributing to globaJ warming. ) Devel­

oping coun trie today account for a lit­

tle more than a quarter of the world ' 

energy consumption but are expected to 

account for as much a 60% of the tota J 

by 2020. As a resu Jt, their sha re of global 

carbon emi sions-now below 30%-i 

projected to surpass that of the devel­

oped countries early in the next century, 

rising to as much as 70% of worldwide 

carbon emi ions by 2025 under the 

most pessimistic assumption . Much of 

the projected increa e in ca rbon emis-

ions in developing countries is e -

pect d to come from the fo ii power 

plants that dominate the current and 

planned growth in genera ting capacity 

in Asian-Pacific markets. 

Because China and lndia are e peded 

n u on 

early adoption of advanced energy tech­

nologies in th less-developed coun­

tries . Thes technologies include-in 

addition to modem and efficient  central 

station power plants with environmen­

tal controls-clean coa l technologies, re­

newable -ba ed and other distributed 

generating technologies like wind tur­
bines and solar ph tovoltaic , advanced 

power delivery systems and compo­

nent , and high-efficiency end-u e tech­

nologies for indu trial and commercial 
application. 

Even as their resi ta.nee increa e to 

making commitm n ts to curtail future 

growth in carbon emi sions, developing 

countries are beginning to embrace effi­

ci ncy and ad anced technology for the 

potentiaJ to leapfrog their nationaJ eco­

nomic development aJong a more envi­

ronmenta lly ustainable, le energy­
inten ive  path than wa fol lowed by 

today' industrial econom ies. This is 

creating new marke for renewable and 

advanced energy technologies that re -

onate with int rnational plan for trials 

of so-cal led j int implementa tion ap­

proaches to greenhous gas emissions 

gain er dit for emissions reductions by 

implementing various energy efficiency 

measu res-including sponsorship of 

advanc d generation technologies in a 

developing country. The developing 

country, in tum, would benefit from ac­

cess to cleaner, more-efficient technolo­
gie than it cou ld otherwise afford. o 

Source: 

Wo�d 

Energy 

Council 

( 1 994) 

1 2  gigatons carbon 

to continue to r ly in large mea ure on reductions. Under the joint implementa­

vast domestic coal re erve a generat- tion concept, developed countries could 

ing fuel, together they may account  for 

as much as a qua rter of global  ca rbon 

emi ion by 2010. Indonesia is also rich 

in coal and wi l l  continue to rely heavily 

on it for power generation a well a to 
export it around the Pacific Rim. In­

donesia and Malay ia ar b th planning 

to fuel much of their fu tu r generation 

expansion from large reserves of natural 

gas, which also produces CO2 emissions, 

aJbeit about a quarter as much as coa l 

doe per kilowatthou r. 

Disagreements among industrialized 

cow1tries, which account for the major­

ity of current carbon emi ions, and be­

tween developed and developing coun­

tries over the urgency, timing, and allo­

cation of responsibil i ty for limiting fu­

ture emissions of CO2 are paradoxica lly 

creating major opportunit ies for the 

China 

I ndia 

Other developing countries 

CIS and eastern Europe 

United States 

European Community 

Other OECD countries 

GLOBAL CO
2 

EMISSIONS: A SHI FTING 

SCENE According to the World Energy 

Council,  China, India, and other developing 

countries col lectively accounted for about 

29o/o of global carbon dioxide emissions in 

1 990. But their planned growth in the use of 

coal and other fossil fuels is projected to 

raise their share of global emissions to well 

over half of the total in 2050, a total ex, 

pected to be double that of today. 

1 1 % 

3% 

1 5% 
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A ol 

eyond th e  over half a dozen memo­
rand um of understand ing EPRI 

has signed with Indian government and 
industrial organization to e tablish re­
lationship and pursue specific project , 
a broader strategy is in the work . 
"There is much that could be done in 
India-for xampl , introducing off-the-
helf product l ike ome of our plant 

optimization software, leveraging n w 
markets for emerging technologi like 
r newable that a re already cost-effec­
tiv ther (w ith the possible result of im­
proving the technologies' pro pects do­
me tica l ly), and creating new opportu­
nities for collaborative inve anen t  with 
ou r member tha t  could contribute to 
the expan ion of the country's electric 
power infra tructure,'' comment Mur­
thy Divakaruni,  a leader in EPRI' initia­
tive in India. "So much of the technol­
ogy that we have to offer ma tches the 
need today in Ind ia .  Tt wou ld be a 

shame not to take advantage of the op- pate i n  the rapjdly evolving electric 
portuni ties." 

According to Richard Goldman, d irec­
tor of  the U.S. Agency for International 

power s ctor." 
Also attuned to EPRI's growing inter­

est in Inilia is th World Bank's Dennis 
Development's office of nvironment, Anderson. "EPRJ mboclies a lot of ex-
energy, and enterprise in ew Delhi, 
"The entire gamut of EPRJ' work could 
potentially be brought to bear in India 
to help improve the country's electric 
power in fra tructu re. "  Goldman ays 
that he would l ike to ee PRl become 
involved in an emerging U.S.-India util­
ity partner hi.p program for p r onn I 
exchange, technka l tra ining, and tech­
nology transfer. ( Under USAJD sponsor­
ship, more than 20 U.S. util i ties have 
adopted sister uti l ities in developing 
countrie . )  And in recent visit to In­
dia by EPRT executive , the country' 
Rura I Electri ficat ion Corporation ha 
expre sed strong interest in working 
with the Institute. 

Goldman i aware of evolving plan 
at EPRJ for a erie of initiative that 
could lead to a significant EPRI presence 
in India . "The opportunitie for EPRI 
and for U.S. companjes and for new 
technology in lndiil are tremendou , 
and USAID can faci l i tate EPRl 's en try 
into India and suggest way to partici-

pertise and ha a lot of exceUent con­
tact with util itie thclt have technical as 
weU as immen e financia l  and mana­
geriaJ experti e," ay Ander on. "One 
would l ike to see more d veloping 
cow1trie working a lot more with insti­
tu tes l ike PRJ . The l vel of p rformanc 
of I ctric u ti l i ties in d v loping coun­
tries is st i l l  very poor; they have a lot of 
planning to do and a lot of work to in­
corporate clea ner en rgy t chnologies. 
So there is tremendous market opportu­
nity, not only for EPRJ but for foreign as 
well as local investor ." 

The commercial devel per f two 
olar-energy-based renewable generat­

ing technologies tha t  EP.RJ helped to de­
velop are actively pursuing nea r-term 
projects and long-term business oppor­
tunitie in India. Kenetech Windpower 
(formerly U.S. Windpower)-which, with 
the upport of PRl and two member 
uti lities, developed the first va riable-
peed wind turbine to generate co t­

effective electrici ty-i planning to de-

Indian government agencies are promoting photovoltaic applications. 

I NDIA: A TIGER STI RS On its way to becoming the 

world's most populous country, India is opening its 

electr ic power market to private investment to fill a 

critical shortage of electric generating capacity. A 

suite of private power plant projects involving many 

U.S. companies is on a fast track for approval and 

const ruction.  India has a tremendous need for environ­

mental ly  sustainable clean coal technologies, since it 

wi l l  continue to rely heavily on large domestic reserves 

of high-ash coal. But the country also has substantial 

untapped hydroelectr ic potential and extensive other 

renewable energy resources, inc luding solar, wind,  and 

biomass (bagasse from sugarcane). In efforts led by 

the U.S. Agency for International Development and the 

Department of Energy, the United States is providing 

training and financial assistance to India's power sector. 



ploy some 700 machines representing 

over 200 MW of wind generating capac­

ity in India by the end of next yea r. 

There is intere t in developing a new 

turbine for India that would operate at 

even lower wind speeds and thu in 

wider areas than the current model. 

Meanwhile, Amonix, the commercial­
izer of an integrated high-concentration 

photovol taic (lHCPV) array that prom­

ises cost-competitive electricity in large­

scale production, see strong possibi l i ­

ties for deploying the arrays in mas ive 

numbers in India, both for grid support 

and for remote village application. Sep­

arately, EPRJ and Amonix are pursuing 

an early 2-MW demonstration of the 

IHCPV array in India . 

Low-loss amorphou -metal di tribu­

tion tran formers and the emerging 

power-electronics-based elements for 

the FACTS (flexible ac transmission y -

tern) technology cou ld eliminate much 

of the financially draining technical 

losses in Ind ia's power delivery ystems 

as they evolve toward a truly intercon­

nected nationwide grid . On the demand 

side, the high-efficiency single-phase 

Written-Pole'" motors that EPRI devel­

oped with Preci e Power Corporation 

hold major potential for application 

throughout India's agricultural, com­

mercial, and manufacturing sectors. 

EPRI is exploring-with Thermax, 

Ltd., of India-opportuniti s for col­

laboration on industrial electrotechnol­

ogy applications for water purification, 
medical waste terilization, and food 

proce sing (for example, freeze concen­

tration). Other efforts are focusing on 

ba ttery-powered electric transportation, 

w hich could make a major contribution 

in reducing the constantly visible air 

pollution that choke and ickens peo­

ple in all of the country' large cities. Al­

though automobi les are sti l l  relati ely 

rare in India, authorities are anxious to 

convert to electric power the thou ands 

of two-stroke motorized rickshaws that 

dog the streets . The developer of the 

Horizon advanced lead-acid battery, 

which received R&D support from EPRI, 

ha made an agre ment w ith an Indian 

manufacturing group that is exp cted to 

lead to the technology's introduction to 

the Indian market .  USAlD, meanwhile, 

is funding a demonstration of electric 

power conversion with India's largest 

manufacturer of three-wheeled motor 

vehicles. 

Jeff Seabright, director of USAlD's of­

fice of energy, environment, and tech­

nology, says that his agency has cooper­

ated with PRJ and it member uti l i ti  s 

in the past in pursuit of a common 

agenda of making th U.S. electric util­

ity industry strong in international mar­

kets. Two r cent examples involved the 

USAID-funded sublicensing of EPRI soft­

ware-DSManager to the Ukrainian util­

ity Minenergo and IRP-Manager to the 

Andhra Prade h State Electricity Board 

in India . In other examples, a subsidi.­

ary of w England Electric System 

provided technical assistance through 

USAlD to the Pol ish Power Grid Com­

pany a it e tablished a unit for inte­

grated resource planning, and Central 

Maine Power Company has hosted a 

utility partnershjp for several years 

with NEK, the Bulgarian utility. 

Seabright ay that EPRJ and its mem­

ber could gain further access to inter­

national market by participating in 

uch effort a future USArD project 

aimed at developing prjvate, indepen­

dent power market and at introducing 

integrated re ource planning and de­

mand-side management concepts in In-

dia and elsewhere. 0 

This two-unit,  500-MW coal-fired 

power plant at Dahanu, Maharash­

tra, began operating this year. 

Photovoltaic module manufacturing. Charging battery-powered vil lage lanterns with solar 

photovoltaics. 
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tric project, and- overshadowing all- the 
$17 billion Three Gorges hydro complex, 
which is expected to take 17 years to build 
and to displace a million people when 
completed. Senior officials have said that 
China is looking to attract $20 billion in 
foreign investment for its power industry 
by the year 2000, nearly doubling the sec­
tor's share of total foreign investment, in 
order to achieve a goal of 300 CW of gen­
erating capacity. 

But a ceiling imposed by the government 
in late 1993 on the rate of return permitted 
for planned projects nearing financial clo­
sure (irutially set at 12% and later revised 
to around 15%) is discouraging some in ­
vestment and clouding the intermediate­
term outlook in China. And a decision an ­
nounced last year to bar foreign investors 
from holding majority stakes in future 
large power plants and other projects has 
reportedly staUed talks on several major 
deals. 

Financiers generally expect higher re­
turns to compensate for the increased risk 
of investment in developing countries. The 
government of Pakistan, for example, may 
allow an investment return as high as 
25% to spuI expansion of that country's hy-

China: Shenzhen Energy Corporation's 

100-MW Yeuliangwan power plant 

uses two General Electric aeroderiva­

tive steam-injected gas turbines. 

Philippines: 

735-MW coal-fired 

Pagbilao plant. 

droelectric generating capacity. A possible 
breakthrough for future power expansion 
in China recently emerged in a mandate 
from the Asian Development Bank for a 
consortium developing a planned 1800-
MW coal-fired plant for Shanghai to em­
ploy so--called project finance methods. Un­
der project financing, a portion of future 
revenues from the sale of electricity is used 
to repay the original project loans. Such 
arrangements are widely believed to be es­
sential for funding many of the proposed 
private power projects in Asia. 

While China remains the focus of many 
of the worldwide power generation indus­
try's major players and other global com­
panies, another Asian tiger beginning to 
stir is India. Economic reforms and ex ­
panded privatization efforts that began 
there in 1991-plus a democratic society, 
an English- speaking business community, 
and an EngLish-style legal system-pre­
sent more-manageable prospects to wes­
tern companies. lndia's markets seem 
more accessible i.n other ways as well: half 
of the 35 million television sets now in In ­
dia receive satellite or cable channels, pro­
viding a new window on the outside world 
for more than 60 million people and creat­
ing a mass consumer market almost over­
night. Along with a few Lights, a commu­
nity television set- powered by a diesel 
generator or, in a growing number of in­
stances, batteries cha1·ged by solar photo­
voltaics (PV)- is often the first electric ap­
pLiance that India's rural poor experience. 

India has been a focus for expanding 
government and trade contacts by U.S. of­
ficials and companies since 1992. In May of 
that year, an lndian delegation led by offi­
cials from the ministries of power and non­
conventional energy sources was hosted 
on a tour of American utilities and other 
organizations (including EPRl) by the U.S. 

Agency for International Development. 
USAID and the Department of Energy are 
leading the U.S. government's technical 
training and financial assistance efforts for 
India's power sector as part of a broad­
er campaign to promote trade, invest­
ment, and sustainable development in 
India. Since 1992, Commerce Secretary Ron 
Brown has led a U.S. trade delegation to In­
dia and Energy Secretary Hazel O'Leary 
has twice visited the country to sign some 
two dozen memorandums of understand­
ing for planned business relationships rep­
resenting $10 billion worth of projects. The 
projects primarily involve renewable en­
ergy development and energy efficiency 
programs Linking Indian and U.S. compa­
nies and organizations. EPRJ is a lead sig­
natory for several of these efforts. Secretary 
O'Leary's recent mission specifically cre­
ated an opportunity for EPRI to estabLish 
high-level contacts and enter into substan­
tive discussions in IJ1dia much more 
quickly than might otherwise have been 
possible. 

ln addition to the many state electricity 
boards that generate some power and dis­
tribute electricity, India has several pri­
vately owned utilities that operate modest 
amoLmts of generating capacity. The inde­
pendent, publicly owned Power Grid Cor­
poration operates the fogh-voltage trans­
mission lines and is seeking increased 
interconnections between the regional sys­
tems. The National Hydroelectric Power 
Corporation operates most large hydro 
generation sites, and the National Thermal 
Power Corporation operates many of the 
country's fossil power plants, which for the 
most part burn high-ash coal. Typically run 
at very low load factors, many of the units 
must burn imported oil through the night 
to remain operating because of the low 
turndown capability when firing coal. Elec­
tricity losses in various regions are said to 
range from 20% to 40%, with about half at ­
tributed to T&D losses and the rest to theft. 

lndja's coal-fired plants need improved 
thermal efficiency and optimization tech­
nologies to raise performance and reliabil­
ity. They also need particulate emissions 
controls and upgraded maintenance. And 
there is strong interest in coal beneficiation 
at the minemouth to reduce ash content 



and transportation costs. Several years ago, USAID and EPRl confirmed the feasibility of coal gasification technology as a promising option for increased use of Indian coal for power generation in the future. (Coal gasi­fication almost completely removes ash be­fore combustion, producing a by-product that can be used as a high-quality construc­tion material, something that is also in short supply in some parts of India.) 
Ready markets for 

renewable energy 

Generating tecl1J1ologies based on renew­able energy resources are of particular in-

nity lighting, public health purposes, and communications in the rural areas where most people Uve. Just a few watts to a few hundred watts of generating capability can be enough to transform people's sense of what is possible in their economic exis­tence." Jhirad describes an emotional moment for Energy Secretary O'Leary on her trip to lndia earlier this year, when she visited a village where a mother of modest means proudly explained how new lights pow­ered by PV and batteries had made it possi­ble for her two sons to study at night, im­proving their prospects for a life of dignity terest in India for several reasons. They are and economic self-sufficiency. "Electricity considered directly cost-competitive witli conventional alternatives in far more appli­cations in India than in countries with highly developed electricity supply infra­structures. India has ample renewable bio­mass resources, Like bagasse from sugar production and other agricultural wastes, as well as solar insolation. The technologies could be rapidly deployed in small incre­ments throughout the country to provide basic electricity services. Their use could also form a basis for indigenous technology manufactming. And they have few or no fuel requirements tliat would cost the econ­omy in foreign exchange. "There are unique opportunities for in­novative solutions like photovoltaics in India, as well as in most other developing countries," says David Jhirad, an Ameri­can of Indian origin who was formerly with USAID and is now deputy assistant secretary for international energy policy at DOE. "PV can be deployed on a large scale with many small distributed units to pro­vide basic electricity services for commu-

can open many windows to the world," notes Jhirad. "Electric light opens the way to a world of social, economic, and intellec­tual advancement. Television is, of course, a powerful window on the world. Refriger­ation for vaccines is a window to a level of health care that many people have never known before." Charles Feinstein, senior operations offi­cer in the World Bank's global environment coordination division, says that "there are vast untapped markets for renewable en­ergy technologies in countries like India, and the governments of such countries are starting to commit resources and put in place supportive policies to allow devel­opment of those markets. Countries like India and China are beginning to view renewable energy technologies not just as a potential solution to local environmental problems or as a means of being good citi­zens for the global environment (frankly, limiting greenhouse emissions is not very hlgh on their agendas) but as something that's of strategic and practical importance to their long-term industrial development and economk growth." The World Bank-administered Global Environment Facility is a multilateral trust funded by $2 billion in pledges from devel­oped countries over the next three years as part of agreements under the Global Cli­mate Change Convention. The GEF expects to make a significant portion of its funding 
Indonesia: 500-MW Muara Karang 

combined-cycle plant. 

Egypt: Cairo South combined-cycle 

plant. 

available for renewable energy projects in the developing countries, Feinstein says. "The enormous energy demands in devel­oping countries a.re not going to go away, and meeting them is absolutely essential to improving living standards in those coun­lTies. Yet we must be careful to do this in a way that is efficient and sustainable." Building on experience gained through the CEF and other earlier, limited programs, the World Bank last year launched a solar initiative to accelerate technology commer­cialization and applications, particularly for power generation, in developing cotm­tries. It is expected to include efforts to en­courage the deployment of solar-thermal technologies for applications such as water purification. There is also a great need in the developing world for low-cost solar­tl,ermaJ technologies like improved solar cookers and water-heating systems as al­ternatives to the direct use of fuel wood. An important, potentially large, and vir ­tually untapped source of renewables-based electricity generation is the waste bagasse biomass from India's more Hian 400 sugar mills. The potential for 4000 to 5000 MW i.n industrial cogeneration of steam and elec­tricity from ba.gasse with current -technol­ogy, low-pressure boilers is believed to ex ­ist in India. But until recently, sugar proces­sors had no financial incentive to produce excess steam for power generation. Indian authorities are said to believe that in the longer term, a much larger potential exists for biomass cogeneration from bagasse and other agricultural wastes using compact, high-pressure boilers and-eventually-
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packaged, high-efficiency combined-cycle 
units that feature aeroderivative gas tur­
bines. 

India's two richest, most-industrialized 
states, Maharashtra and Gujarat in the west, 
are the site of most private power invest ­
ment in the counh-y. The furthest along and 
most closely watched of the projects is the 
2015-MW Dabhol plant planned near Bom­
bay in Maharashtra by a consortium led 
by the U.S.-based Enron Corporation. The 
combined-cycle plant is to be fueled with 
liquefied natural gas shipped from a major 
new Enron development project in Qatar. 
GE Capital and Bechtel Enterprises each 
have 10% stakes, and Entergy Corporation, 
the U.S. utility holding company, says that 
it plans to buy a 20% stake. (Unlike most 
other developing cow1tries, which have 
placed limits on foreign equity stakes, the 
Indian central government has decided 
that private investment may account for as 
mud, as 100% of project financing.) 

Dabhol's 695-MW first phase is sched­
uled to begin operating by late 1997, selling 
electricity to the state electricity board un­
der a long-term, govemment-counterguar­
anteed contract. Recently, however, mem­
bers of a coalition of political opposition 
groups that gained control of the govern­
ment in Maharashtra in state elections ear­
lier this year have questioned the lack of 
competitive bidding for the project and 
have threatened to delay it. 

Dabhol is the leader of a pack of eight 
private power plant projects for which rev­
enue counterguarantees have been prom­
ised by the central government and that 
have been placed on a fast track for ap­
proval. As such, it is viewed by many ob­
servers as a test case for future foreign in-

Siemens 

vestment in India's infrastructure. Six of 
the eight projects are being developed by 
U.S. firms-firms that are involved in over 
half of the 41 pending projects opened to 
foreign investment and participation. The 
first two projects for which counterguaran­
tees have been approved have been per­
mitted rates of return on investment of 16-
20% if the plants meet target levels of pro­
ductivity. 

Opportunities abound 

A convergence of need and urgency at 
nearly every level of India's electric power 
sector presents opportunities for the appli­
cation and deployment of a complete spec­
trum of technologies, conventional and ad­
vanced. Factors in this convergence include 
the country's large installed base of under­
performing coal-fired generating capacity, 
which is lacking most emissions controls; 
the country's emerging private power mar­
ket for new generating capacity, with its 
potential for very rapid and enormous 
growth; the virtual absence of industrial 
cogeneralion or efficient end-use technolo­
gies; and a dire need to make basic electric­
ity services available to more of the 80% of 
the population who live in half a million or 
more villages. The technologies needed 
range trom clean coal and advanced envi­
ronmental control systems to state-of-U1e­
art power plant design tools, T&D equip­
ment, and modular and distributed gener­
ating systems (including wind turbines, 
PV, and biomass) to such end-use teclu1olo­
gies as electric vehicles, high-efficiency sin­
gle-phase motors, and water purification 
systems. 

"There is an extremely wide array of op­
portunities for innovative technology, pol-

Malaysia: The Paka 

plant, the country's 

first privately owned 

combined-cycle power 

plant, will have about 

800 MW of capacity 

when fully operational 

in October. 

icy, and financing solutions of every kind 
to address the challenges facing India's elec­
tricity sector today," says Jhirad of DOE. 
"As an organization with a successful track 
record in technology innovation and com­
mercialization for the electric power sector, 
EPRJ could bring tremendous value to the 
scene." 

Jhirad explains, "EPRJ embodies the U.S. 
technology system. Its ability to take tech­
nology through R&D, accelerate its flow 
into the marketplace, and work with a 
large web of equipment vendors, utilities, 
and universities to make it all happen em­
bodies the very notion of innovation and 
dynamism that is what I believe the electric 
power industries in lndia and the rest of 
Asia need. Electric power projects in those 
countries have to serve as multifaceted so­
lutions: they have to solve an energy prob­
lem, an environmental problem, and an eco­
nomic problem, and they must contribute 
to improving the quality of life." 

Noting the tremendous unmet demand 
in l.n.dia for electricity and for technology to 
advance the electric power sector, Jhirad 
says that the convergence of opportw1ity 
for broad participation with Indian energy 
organizations and of strategic develop­
ments under way at EPRI to integrate its 
growing initiatives in India could not be 
more tin1ely. "This is an exciting time for 
EPRJ to be thinking about its role in global 
electrification," adds ]1urad. "India could 
serve as a prototype for how EPR.l could 
collaborate with DOE, other federal agen­
cies, and the private sector to enter the 
rapidly expanding electric power markets 
in developing countries. The benefits to 
both countries would be immense: invest­
ment in high-technology industries and 
jobs in the United States and a sustainable 
electric power development path for In­
dia.'' 

Agreeing with Jhirad is Murthy Diva­
karWli, a leader in EPRl's initiatives in Ln­
dia. "EPRI represents 72% of the U.S. utility 
industry and can view these worldwide 
opportw1ities as a vehicle for enhancing 
value for its members. EPRI can be a cata­
lyst for both its members and its contrac­
tors. Together with DOE, EPRJ can work to­
ward building opp<)rtunities for the U.S. 
electric power industry." • 
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M
easuring the Cost of Transmis­
sion Services (page 6) was writ­

ten by cience writer John Oougla with 
a istance from AH Vojdani of EPRI' 
Power Delivery Group. Vojdani is man­
ager for pow r y t m analy is in the 
Substa tions, Sy tern Operation - & Stor­
age Busines Unit .  Befor joining the 
Institute in 1 993, he was upervi or of 
systems engineer ing at Pacific Gas and 
Electric Company, where he provided 
analytical and compu ter ervice to op­
erations and planning departments for 
11 year . Vojdani  has a master 's degree 
in engineering and a Ph D in electrical 
engineering, both from McGil l Univer-
ity in Mon tr al , Ca nada. • 

D ivers ification i n  the '90s (pag 1 6) 
was wri tten by Le l i e  La marre, 

Journal senior feature wri ter, w i th infor­
mation from Ingrid Bran of the Customer 
Systems Group. Bran, a manager for R&D 
planning and ana l ys i  , cam to EPRI in 
1992 after two year a a eni r analy t 
with Micronomic , lnc. Her earl ier ex­

perience incl ud fou r yt:ar a a load 
re earch ana ly t for S u them Cal i for­
n i a  Ed ison Compa ny and two yea r a 
a market pl anning and r search analy t 
and i nt ma tional econom ist for Union 
Bank. She has a BA in economics from 
California State Univer ity at FuUerton 
and an M in the ame field from the 
Univer i ty of Ca l ifornia at Berkeley. • 

D eveloping Countrie on a Power 
Drive (page 26) wa written by 

Taylor Moor , Journal enior feature 

wri ter, from in terviews and information 
from variou source , incl udi ng severa l 
EPRI ta ff members who have visited In­
dia in recent months. 

Murthy Divakaruni, who ha Jed 
EPRl'  initiati ves in lnd ia,  is manager of 
bu ine development in the Genera tion 
Group' Fossil Power Plant Bu iness 
Uni t . He wa previou ly a program 
manager for fossi l plant opera tions a11d, 
befor that, a project manager for fo i i  
plant controls and diagnostics. Divaka­
runi joined EPRI in 19 1 and worked for 
fi e year a a project manager in nu­
dear plant safety. Between 1976 and 
19 1, he wa with General Electric Com­
pany. Divaka run i earned a BSME at the 
University of Madra , Ind ia; an SME 
at the Ind ian Inst i tute of Technology in 
Madras; an from the Univer ity of 
Cincinnatj;  and an MBA from avier 
Univer ity in Cincinnati .  

Veron ika Rabi is d i rector of EPRI 's 
Customer ystem Group. She joined 
the Institute in 1981 to manage work on 
load management technologie and la ter 
h aded the Demand- ide Management 
Program .  She has h I d her pre ent po i­
tion sine 1 91 . B fore com ing to PR I ,  
Rab] was wi th the En rgy and En iron­
m nta l  Sy terns Divi i n of Argoru1e 

at ional Labora tory for five years and 
al o managed th technical and eco-
11ornic analy i program for DOE's Office 
of Energy Sy terns Research. She has a 
ma ter ' degr e in physic from the 
Weizmann lnst i tu t  of cience in Israel 
and a PhD in physics from Ohio State 
U niversi ty. • 
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Executive Appointments Round Out 
EPRI Senior Management A.umber of executive appointments were made 

at the spring meeting of the EPRl Board of 

Directors. Kurt Yeager, previously the Insti­

tute's senior vice presjdent for strategic development, 

was named executive vice president and chief operat­

ing officer. 

Yeager 

1n armouncing the Board's action, EPRJ President and CEO 

Richard E. Balzhiser said the appointment "recognizes that 

Kurt has the vision, leadership, and vitality to help deliver the 

right technology for the electric utility industry, the nation, 

and the global economy. Kurt is a valuable partner in the 

mission to power the future." 

ln his previous position, Yeager was responsible for strate­

gic development activities, including vital environmental 

issues, exploratory and applied research, advanced innova­

tions, and external relations. Before May 1994, Yeager was 

EPRJ's seruor vice president for technical operations, responsi­

ble for the integrated management of five technical divisions 

and exploratory and applied research. Before joining the lnsti­

tute in 1974, Yeager was director of energy R&D planning at 

the U.S. Environmental Protection Agency's Office of Research. 

The Board of Directors also appointed Robin Jones vice 

president for the Nuclear Power Group (NPG). Jones succeeds 

John Taylor, who retired at the end of 1994. Balzhlser com­

mented on the selection, "Robin's technical expertise and 

management skill will be invaluable assets in realizing l\fPG's 

and its domestic member utilities' goal of expandjng world­

wide nuclear R&D collaboration." 

Jones has more than 30 years of experience in materials­

related research and R&D management. During his 16 years 

with EPRI, his assignments have included leadership of indus­

trywide programs on U1e reLiability of BWR piping, reactor 

vessel internals, and PWR steam generators, as well as on im­

proved teclmology for radioactive waste management. Before 

joinmg EPRJ, Jones was manager of the metallurgy progrnm at 

SRJ lnternational. 

Stephen C. Peck, previously director of the Environmental 

& Health Sciences Business Unit, was appointed vice presi­

dent £or the Environment Group. "l appreciate the depth of 

Stephen's understanding of environmental and health sci­

ences research and his calm, logical way of adding balance 

and wisdom to complex issues," stated Yeager. "1 know he 

will be even more valuable in hls new position." 

Peck's responsibilities include R&D on global climate 

38 EPRI JOURNAL July/August 1995 

Jones Peck Courtright 

change, afr and water quality, and electric and magnetic fields. 

Before joining EPRJ in 1976, Peck was on the faculty of the 

University of California at Berkeley. 

Henry "Hank" Courtright, formerly director of the Cus­

tomer Systems Group (CSC), was appointed vice president for 

client and external relations. l.n his new position, Courtright 

has responsibility for client relations, international relations, 

regulatory relations, and the Institute's Washlngton, D.C., 

office. "Consolidating U1ese important relationships under the 

leadership of Hank Courtright further strengthens EPRJ's abil­

ity to meet the science and technology needs of all our clients 

and stakeholders," stated Yeager. "Hank has an outstanrung 

ability to understand what's needed and make it happen." 

Before joining EPRl in 1992 as CSG director, Courtright was 

vice president for marketing at Buckeye Pipe Line Company, 

one of the country's largest independent oil pipelines, where 

he was responsible for strategic planrung and new business 

development. Courtright previously worked for 1 8  years in 

the electric utility industry and served as director of market­

ing and economic development for Pennsylvania Power & 

Light Company. 

Ozone Consortium Gains Members 

Aublic- p rivate consortium rumed at bringing together 

the scientific resources of Canada, Mexico, and the 

United States in a major·effort to study tropospheric 

ozone concentrations over North America-a consortium that 

EPRJ helped found-now boasts a sizable number of U.S. 

electric utilities as members. 

Representatives of about 50 members of the consortium­

wruch includes U.S. federal and state government agencies, 

academic institutions, environmental organizations, and 

utiLities, as well as the Canaruan and Mexican govern_ments­

attended a White House ceremony in February to sign the 

charter of the North American Research Strategy for Tropo­

spheric Ozone (NARSTO). This document pledges participants 

to coordinate their investigations of ozone formation and 



transport in the lower levels of the atmosphere, where it is a 
major component of urban smog. EPRI was represented at the 
ceremony by Executive Vice President Kurt Yeager. 

The NARSTO effort will synthesize findings from several 
decades of research and will coordlnate new work aimed at 
understanding more reHably how changes in emissions of key 
ozone precursors-nitrogen oxides and volatile organic 
compounds-influence the occurrence of ozone. The results 
will provide guidance in the selection of options for managing 
precursor emissions to achieve the National Ambient Air 
Quality Standard for ozone. (One such emissions manage­
ment effort, for example, is being undertaken by 12 northeast­
ern states and the District of Columbia, which make up the 
Ozone Transport Commission. The group's recently adopted 
plan calls for achieving major reductions of ozone precursors 
from both stationary and mobiJe sources.) 

Among those signing the NARSTO charter were representa­
tives of EPRl, the Edison Electric Institute, and these utilities: 
Allegheny PubUc Service, Atlantic Electric, Baltimore Gas and 
Electric, Duquesne Light, General Public UtiHties, New York 
State Electric & Gas, Niagara Mohawk Power, Northeast 
UtiJities, Northern Indiana Public Service, Northern States 
Power, Ohio Edison, PECO Energy, Pennsylvania Power & 
Light, Public Service Electric and Gas, Southern Company, 
and United lliuminating. NARSTO was conceived in 1993 by 
the U.S. Environmental Protection Agency, EPRI, and the 
National Oceanographic and Atmospheric Administration. 

At the consortium's first meeting, the week after the signing 
of its charter, Peter MueUer of EPRJ's Environmental & Health 
Sciences Business Unit and Jim Vickery of the EPA's Office of 
Research and Development were elected to serve as cochairs 
of the executive steering committee for the next two years. 

Some of the utilities that signed the NARSTO charter are 

participating- along with major federal and state agencies 
and organizations in other industries-in NAJ�O-Northeast, 
a regional study to obtain the atmospheric data necessary for 
understanding the factors that drive ozone events during sum­
mer. For example, some utilities wiJJ participate in a project 
with the EPA and various state environmental agencies to 
instaU modern technology to characterize the evolution of 
atmospheric layers and winds during periods of ozone accu­
mulation. Such meteorological information about the ozone 
transport region is essential for simulating ozone occurrences 
resulting from projected d,anges in precursor emissions. 

Sustainable Development With DOE 

S 
e.nior officials of the Department of Energy and EPRI 
recently heJd their first executive conference to detail 
their Sustainable Electric Partnership plan. Secretary of 

Energy Hazel O'Leary and EPRI President and CEO Richard E. 
Balzhiser kicked off the partnership with a signing ceremony 
last October. 

O'Leary said, "This conference and resulting joint plan 
represent a major initial milestone ln this new expanded 
relationship with EPRI. This partnership is a gleaming exam­
ple of how this department intends to do more with less 
through better leveraging of information and existing funds 
with the nation's electric power industry through EPRJ." 

Ba1zhiser noted, "Electricity is a prime mover underlying 
economic and social development. It is essential that EPRI and 
DOE, representing this country's electricity R&D infrastruc­
ture, work together." 

Key features of the draft plan include the following: 
o A $4-0 million program to stimulate the development of 
advanced air toxics and NO, control technologies for coal­
bw·ning utilities 
O A value assessment of photovoltaic and wind energy 
deployment, and commitments to bridge the gap between 
research and commercialization 
o Milestones for joint research in such areas as power 
electronics, communications, sensor technology, and rea l -time 
controls 
CJ Joint projects to reduce production lead time for metals 
casting, an important competitive issue for U.S. automakers, 
and to analyze cost reduction technologies for U.S. glass 
producers 
o Cooperative agreement on technologies to ensure cost­
effective construction and implementation of advanced light 
water reactor plants, and agreement to expand collaboration 
on R&D for existing nuclear plants in several areas-including 
Life-cycle management, instrumentation and controls, reactor 
vessel .internals and vessel annealing, plant fuel performance, 
and spent-fuel storage and transportation 
o Development of an EMF exposure assessment database 
under the EMF clearinghouse being developed by the Na­
tional Institute of Environmental Health Sciences as part of 
DOE's EMF RAPLD Program 
o Joint assessment of analytical frameworks to explore the 
costs and impacts of alternatives for dealing with potential 
global climate change issues 
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Test Results Available on District 
Heating Turbine at Lithuanian Power Plant 

U 
.S. utility interest in the use of cogeneration plants to 
supply district heat, industrial steam, and power 
prompted EPRI to investigate advanced turbine 

designs developed in the former Soviet Union, where co­
generation is widely used. A recent EPRJ report provides a 
detailed account of the field testing and performance of a 
Russian 180-MW advanced district heating turbine and 
describes the unique features that permit sufficient steam 
extraction with a very low cooling-steam flow rate. Field 
tests of the T-180/210-130 turbine installed at Vilnius Power 
Plant 3 in Lithuania were conducted for EPRI by Joseph 
Technology Corporation. 

Several U.S. utilities have recently assessed the feasibility 
of extracting thermal energy from exfating single-purpose 
condensing plants to supply steam for district heating and 
cooling along with electricity. But converting such unjts 
requires that hlgh rates of exhaust, or cooling, steam enter the 
condenser, which reduces turbine efficiency. EPRI tests of the 
advanced Russian turbine have demonstrated that such 
features as two rotating grid-type ctiaphragms minimize the 
leakage of cooling steam for efficient ex.traction for ctistrict 
heating. 

The EPRI project team visited the Vilnius plant and con­
ducted various turbine tests through the closed grid di­
aphragms: a test for overspeed protection in the idJing mode 
and two types of tests, express and precise, to determine 
the cooling-steam leakage rate. Overall, the tests demon­
strated that the turbine can operate with a minimum lec1kage 
rate through the ctiaphragrns of about l.5% of the nominal 
]jve steam flow rate. TI1us 985% of the steam flow entering 
the condenser is available for district heating. The researd1ers 
estimate that such a low leakage rate-compared with the 
20% cooling-steam leakage rate that is typical in current U.S. 
practice-results in annual fuel savings equivalent to 200,000 
million Btu. 

Using cogeneration to supply djstrict heating and cooling, 
industrial steam, and electricity for the residential, commer­
cial, and industrial sectors can help U.S. utilities reduce their 
thennal generating capacity heat rates by as much as 20°/c, 
while increasing compliance with the Clean Air Act Amend­
ments of 1990. Although single-purpose condensing plants are 
not designed to extract the large amounts of steam required, 
the rotating grid-type diaphragms featured i.n the Russian 
180-MW turbine can substantially increase the efficiency of 
steam e,xtraction. 
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EPRI is evaluating the need for a detailed technical and 
economic assessment of the retrofitting of a typical U.S. single­
purpose turbine with such dfaphragrns and is recommending 
further investigation of the advantages of using them in 
turbines operating with steam extraction. A report on the field 
testing of the Russian turbine (TR-104958) is available from the 
EPRJ Distribution Center, (510) 934-4212. 
• For more i1ifom1ntio11, contact Walter Pi11lle1 (415) 855-2470. 

High-Sulfur Test Center Becomes 
Environmental Control Technology Center 

E 
PRl's High-Sulfur Test Center has been a leading site for 
research in the area of wet and dry flue gas desulfuriza­
tion technologies for nearly eight years. Recently, the 

facility shed its name in favor of a new one: the Environmen­
tal Control Technology Center (ECTC). The change reflects a 
widening of the center's research focus to include other, high­
priority environmental issues even as it continues to serve as 
the largest and most comprehensive facility for flue gas 
emissions conh·ol R&D in the United States. 

The ECTC has taken advantage of its flexibility and capabili­
ties to encompass a broad range of environmental control 
R&D, including work on hazardous air pollutants, NO, 
control, continuous emissions monitoring, and wastewater 
reuse and recycling. The center is well regarded for its equip­
ment flexibility and extraordinarily high data quality and for 
providing the critical step between concept and commercial­
ization. EPRI estimates that for each dollar funneled into ECTC 
research, the utility industry gains $154 in benefits. 
• For mare i11for111ntio11, contact Gary Andes, (716) 795-3397. 

EPRl's Environmental 

Control Technology 

Center (foreground) at 

New York State Electric & 

Gas Corporation's Kintigh 

station 



Food and Agriculture Office Expanding 

E Pru's Food and Agriculture Office-now called the Food Processing Center (FPC)-is expanding in order to further advance electrotechnologies in collaboration with the food processing industry. The goals of this work are to increase productivity, improve product quality, and meet environmental challenges. The FPC offers opportunities for EPR1 member utilities and thei_r food processing customers to become familiar with and apply beneficial electrotechnologies. The FPC will have two branches that will manage and direct R&D and technology transfer activities: one for technology development, located at the University of Minnesota's St. Paul campus under the sponsorship of Northern States Power Company and its partners, and one for technology implementation, located at the Edison Industrial Systems Center (EISC) in Toledo, Ohio, under the sponsorship of Centerior Energy Corporation. "The Twin Cities area is the center for a number of food processing companies and the location of the University of Minnesota, which has a strong food science and agricultural engineering program," says Kevin Lawless, manager of electric marketing and product development at Northern States Power. "The FPC can leverage these resources." Noting Centerior's close collaboration with ElSC, Jim Thompson, the utility's technical support manager, says, ''We recognize EISC's ability to transfer technologies. This is a natural fit to bring energy advances to the food processing industry." According to Amrrli Amamath, an EPRI project manager, "Everyone benefits when EPRI joins with member utilities and their customers to implement energy-efficient and environ­mentally friendly processes for local industries." Partnerships managed by the FPC will have various collaborators, includ­ing electric utilities, research institutions, and universities, who will work together on technology development and implementation. In the first partnership, Midwest Power in Des Moines and Iowa State University in Ames will use a state-of-the-art electron beam facility at the university to remove and destroy 
E. coli bacteria in meats. It is hoped that the results will lead to regulatory approval for widespread use of the technique. Other areas in which the FPC is expected to advance ongo­ing efforts include the following: o Process water recovery- the use of membrane separation technology for water conservation and the treatment of liquid waste streams. 

o Freeze concentration of dairy foods- a  process whereby some of the water in liquid food is converted into ice crystals, which can be recovered. A pilot facility in Fond du Lac, Wisconsin, produced freeze -concentrated dafry product samples for use in market development. Future efforts will focus on commercialization. o Maximizing process mdustry energy efficiency by using pinch teclmology to identify energy reduction and cost-saving opportunrnes. For example, properly sited industrial heat pumps result in additional energy efficiency, including the recovery of waste energy. o Optimizing energy use in the industrial freezing of food. Work at the Unjversity of Californfa at Davis has generated data on magnetic resonance imaging (MRI) spectra and freezer calorimetry for use in developing a mathematical model of the freezing process. The model will help food processors use MRl technology for optimum energy efficiency and product quality during freezing. EPRI is looking for other interested utilities and industries to collaborate on FPC projects and share in the results. 
• For more infonnntion, contact A111111i Amnmnth, (415) 855-2548. 
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RESEARCH UPDATE 

Power Quality 

Solutions to Voltage Sag Problems 
by Marek Samotyj, Power Duality Business Unit 

E 
quipment sens i t ivity to voltage sags 
has become the most important pow­

er q u al i ty concern of the 1 990s . Voltage 
sags are defined as any red uct ion in ac 
voltage up to, but not inc l uding ,  the com­
plete loss of ac power as in an interrupt ion 
or outage . Power systems and the way 
they operate have changed very l i t t le in 
the past 10 years. However, today's ad­
vanced electronic end-use equi pment-in­
c l uding microcomputers, microprocessor­
based con tro ls ,  adjustable-speed drives 
(ASDs ) , and robot ic devices- has dramat­
ical ly greater sensitiv i ty to voltage sags 
than the eq uipment i t  has replaced . For 
example. some ASDs t r ip  off- l i ne for a vol t­
age sag to 90% of nomina l  lasting on ly s ix 
cycles . The inc idence of such equipment 
shutdowns depends on many factors that 
vary f rom situation to si tuat ion-factors l ike 
type of serv ice, type of feeder, and  geo­
g raphic location-but the result is always 
d i sruptive to ut i l i ty customers.  

EPRl's Power Qual ity & Information Tech­
nology Business Unit . in conj unction with 
selected EPRI member uti l i t ies and E lectro­
tek Concepts. has completed a number of 
case studies. and has several other stud­
ies in prog ress , to evaluate solutions to the 
vol tage sag problem . Most of these stud­
ies have focused on power-condit ioning 
equ ipment in end-user faci l i t ies . I n  the 
past , uninterruptib le power suppl ies (UPSs) 
served as the primary protection device for 
sensitive equipment. UPSs typical ly use 
battery energy storage to protect loads 
from shutt i ng down during voltage sags. 
An EPRI case study cond ucted at a semi­
conductor faci l i ty in New Mex ico charac­
ter ized the performance of UPSs. However, 
as the  studies descr ibed below demon­
strate , other technologies can also be used 
effective ly to provide ride-through support 
for crit ical loads. 
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Constant-voltage transformers 

A 1 990-1 992 case study with one ut i l ity in­
volved a large semiconductor manufac­
turer who reported that water ch i l lers were 
t r ipping off- l ine during voltage sag cond i ­
t ions. The problem was traced to a tem­
perature process control ler that sh ut down 
for voltage sags of 20% ( i .e . . to 80% of 
nomina l ) .  The chi l ler motor Itself was unaf­
fected by these voltage sags , but when the 
process control ler tripped , the chi l ler was 
shut down , I f  enough chi l lers had gone off­
l ine d ur ing an event. the ent i re manufac­
turing p lant cou ld have been affected. 

After evaluation ,  it was decided to use 
a constant-vo l tage transformer ( CVT), a lso 
known as a ferroresonant t ransformer. to 
improve the voltage sag r ide-through capa­
b i l ity  of the process control ler. CVTs are es­
pec ia l ly attractive for constant ,  low-power 
loads l i ke p rocess control lers_ (Variable 
loads, especia l ly those with high inrush 
currents . present more of a problem for 
CVTs because of the tuned ci rcui t on the 
output . )  

F igure 1 shows the voltage sag ride­
tl,rough improvement for the temperatu re 
process control ler when fed from a 1 20-VA 
CVT. Use ot the CVT enables the control ler 
to r ide th rough voltage sags of almost 
70% ( i . e  .. down to about 30% of nominal ) . 
Also shown, for reference, is the under­
voltage por tion of the Computer and Busi­
ness Equipment Manufacturers Associa­
t ion (CBEMA) curve . This curve is part of a 
standard developed by CBEMA-and in­
cluded in I EEE Standard 446- 1 987-that 
out l i nes min imum over- and undervoltage 
specifications for computers . 

A f inancia l  analysis of th is CVT appl i ­
cation shows potentia l  net savings of 
$250,000 a year over the l i fe of the equip­
ment 

Magnetic synthesizers 

At a hospita l  served by another ut i l ity, EPR I  
is evaluating a magnetic synthesizer for 
the protect ion of a CT (computerized to­
mography) scanner used in medical imag­
i ng . The scanner pulses an X-ray tube for 

ABSTRACT EPRI has undertaken a number of case studies to evaluate 

solutions to the most important power quality concern of the 1990s-equipment 

sensitivity to voltage sags. Focusing on power-conditioning equipment, the stud­

ies have demonstrated the effective use of various technologies-constant-

voltage transformers, magnetic synthesizers. motor-generator sets, and super­

conducting magnetic energy storage-to provide ride-through support for critical 

loads. In addition, researchers have looked at the role that equipment procure­

ment specifications can play in he/ping to protect sensitive equipment against 

voltage sags. 



longer periods than does a conventional 
X-ray mach ine ,  providing images the con­
vent iona l  mach ine cannot .  But because 
the scanner is control led by a microcom­
puter, i t  is much more susceptib le to vol t­
age var iations than i s  convent ional equ i p­
ment. 

Often used to protect la rge computers 
and other sens itive e lectronic equ i pment .  
magnet ic synthesize rs a re  electromag­
net ic devices that take incoming power 
and generate a clean three-phase ac out­
put waveform, regardless of in put power 
qual i ty. They are general ly used for re la­
t ively large three-phase loads: a load of 
at least several ki lovolt-amperes is needed 
to make these uni ts cost-effective. 

F igure 2 compares a magnet ic synthe­
sizer's voltage sag r ide-through capabi l ­
i ty, a s  specif ied b y  o n e  manufactu rer, with 
the CBEMA cu rve. The graph shows that 
a magnetic synthesizer wil l g ive sensi t ive 
equipment better r ide-th rough capabi l 1 ty 
than that speci f ied in the CBEMA standard . 

Power qual ity monitor i ng of both input 
and output is bei ng conducted at the 
hospital in order to character ize the opera­
t ion of the magnet ic synthesizer. There was 
concern that the synthesizer would have 
problems with the pu ls ing nature of the CT 
scanner load , but at th i s wr i t i ng no such 
problems have been reported. 

Motor-generators 

An industr ial customer of a th i rd ut i l ity was 
concerned about the sensit iv ity of process 
and clean-room equi pment because of the 

F igure 1 Voltage sag ride-through capablHty of a process contro l ler with and without a constant-volt­
age transformer. (The area below a curve represents cond i tions that can cause the equipment to t rip 
off- l ine . )  Without CVT protection , a sag to around 80% of nomi na l vo ltage can cause the contro l le r  to 
trip. With CVT protection ,  the contro l ler can ride through sags down to a lmost 30% of nominal .  The 
CBEMA curve showing undervoltage sensitivity specificat ions for computers is included for reference. 
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chang ing  the polarity of the rotor's f ield 
poles so that each revolution can have a 
d i fferent nu mber of poles . Constant output 
is maintained as long as the rotor is sp in­
n i ng at a speed between 3150 and 3600 
rpm. Flywheel inert ia keeps the generator 
rotor rotat ing above 3 150 rpm for 15 sec­
onds after the power shuts off , wh ich is fast 
enough to produce 60-Hz output under ful l 
load .  

F ig u re 3 presents monitor ing results , for 
a 24-hour per iod , ot the input and output of 
the 35-kVA M-G set used in th i s  1 993 case 
study. As shown in the fig ure, there was a 
voltage sag down to almost 86% in the in­
put . but no voltage sags were recorded i n  

t h e  output a n d  the vol tage regulat ion re­
mained constant .  

Superconduct ing magnetic 
energy storage 

Another technology being app l ied for pow­
er cond it ioning is smal l -scale supercon­
duct ing magnetic energy storage, or micro­
SMES, technology. A th ree-year research 
project with a four th ut i l ity is exami n ing the 
use of micro-SMES equipment to protect 
cr i t ical  loads at three industr ial customers 
-a manufacturer of p lastic bags ,  a manu­
facturer of packag ing mater ia l ,  and a third 
customer to be selected . The project be­
gan in late 1 992 . 

h i gh cost of downt i me in the clean-room 1 00 
area. The equi pment i n  question i nc l uded 
manufactu r ing equi pment for s i l icon wafers 
and support  eq ui pment for gas and f i re 
detect ion . The sensit iv i ty of th is equi pment 
c losely mi r rored the CBEMA curve The sen­
sitive loads were separated from the more 
conventional loads ,  and a motor-generator 
( M-G ) set was used to provide ride-through 
support for the sensi t ive loads . 

M-G sets come in a wlde var iety of sizes 
and conf igurat ions.  The type used in t he  
case study features an elect r ic-motor­
dr iven synchronous generator that can pro­
duce a constant 60-Hz frequency regard­
less of the speed of the machine . I t  is able 
to supply a constant output by contin ua l ly 
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F igure 2 Voltage sag ride-through capabi l ity of a magnetic synthes izer, as specified by the manu­
facturer. Such a synthesizer can be used to protect sensitive equipment, resulting In ride-through per­
formance better than that specified by the CBEMA curve. 
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Figure 3 Input and output voltage of a 35-kVA motor-generator set used to protect process and clean­
room equipment against voltage sags. The measurements, recorded over 24 hours, show a sag down 
to almost 86% of nominal in the input voltage but no correspond ing sag in the output . 
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Micro-SMES equipment uses a super­
conduct ing magnet to store energy in 
the same way that a UPS uses batteries 
to store energy. The ma in  advantage of 
micro-SMES is that a much smal ler space 
is needed for the magnet than is needed 
for batteries. A micro-SMES unit also re­
qu i res fewer e lectrical con nections than 
does a UPS, which should i ncrease rel ia­
bi l i ty and reduce maintenance. And super­
conducting technology al lows very rapid 
charge -discharge cyc l ing of the magnet . 

At the f i rst customer s ite ,  a micro-SMES 
system was instal led to protect a g roup of 
extruders, winders, and controls used I n  
maki ng plast ic grocery bags. T h e  si te i s  
located on a long ru ra l  d istr i but ion feed­
er that exper ienced many voltage d istur-
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bances dur ing the one-year test program. 
I t  was found that the overa l l process of 
convert ing plastic pel lets into spools of 
p last ic bag mater ia l  was sensit ive to even 
minor voltage variations. I n  the year of EPR I 
testi ng at th is site, several i m provements 
for the micro-SMES equ i pment were identi­
f ied . These were implemented when the 
unit was insta l led at the second customer 
si te in April 1 994-a plant that prod uces 
reinforced container corners from recycled 
plastic and that has severa l extrus ion- type 
loads . The resul t  has been I m proved per­
formance. 

Figure 4 presents monitoring results from 
one of the events recorded at the second 
site. The left -hand graph shows a severe 
voltage sag in the in put ; the r i ght-hand 
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F igure 4 Input and output voltage of a superconducting magnetic energy storage un it installed at a 
manufacturing site to provide ride- through protection for critical loads. The input measurements show 
a severe sag , while measurements of the output provided by the un i t to the sensitive equ ipment show 
a much smal ler. shorter sag. 
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graph shows the output voltage suppl ied 
by the micro-SMES uni t to the cr i tical loads. 
The p ickup sett ing for the un i t  in th i s  ap­
pl icat lon-i.e. ,  the user-specif ied vol tage 
level at which the unit tu rns on-was about 
85% of nominal . 

Equipment specifications 

End users can combat voltage sag prob­
lems not only with the technologies de­
scr ibed above but also through their 
eq uipment procurement pract ices. For 
example , they should beg in  to demand 
that equi pment manufacturers provide volt­
age sag ride-t hrough capab i l i ty curves 
( s imi lar to the CBEMA curve and the mag­
net ic synthesizer curve shown in Figure 2) 

so t hat buyers can eval uate equipment 
properly. 

Also , companies should establ ish a 
mechan fsm that rates the Importance of 
equipment to be acquired .  I f  the eq uip­
ment is cr itical , adeq uate r ide-through 
capabi l i ty must be inc l uded at  the time 
of purchase. I f  the eq uipment is not crit ica l  
or i f  its malfunct ion wi l l not cause major 
disrupt ions in manufactur ing or jeopardize 
plant and personnel safety, vol tage sag 
protection may not be justi f ied. 

Another factor to be considered is the ap­
propriate extent of protect ion , The proba­
bi l i ty of exper iencing a vol tage sag to 70% 
or less of nominal Is much lower than the 
probabi l i ty of exper iencing a sag to 90% of 
nominal . Therefore , l t  makes sense that the 
upper l i mit chosen for a ride-th roug h ca­
pabi l ity specif icat ion curve shou ld  fal l in 
the 70-75% range and no higher. The ideal 
value wou ld  be around 50%. 

In the long run 

Voltage sags are among the most impor­
tant power qual ity problems affect ing in­
dustria l  and commercial customers today. 
I ndustr ia l  processes can be part icularly 
sensit ive lo relative ly minor voltage sags. 
Ut i l ities can improve system faul t  perfor­
mance, but it is not possib le to completely 
el iminate faul ts on a system. Therefore. 
customers wi l l  have to improve the r ide­
through capabi l ity of sensitive eq uipment 
in the i r  faci l ities. That can be ach ieved 
through power cond i t ioning or th rough 
modif icat ions in the equi pment itsel f .  



EPAl-sponsored case studies have char­
acter ized and demonstrated severa l pow­
er-condit ioning options. They have ad­
dressed equ i pment protection over a wide 
range-from the use of CVTs to protect 
small process control lers to the use of M-G 
sets and magnetic synthesizers to protect 
complete processes and the use of micro­
SMES tech nology to protect entire faci l i ties . 
More case studies w i l l  be conducted in the 
near future; one study now be ing  orga-

New 
Contracts 

ProJ°EICI 

Customer Systems 

Acl iv1ty-8ased Costi,ig (W02343-20) 

B lolog,cet Deni1nfica1ion of Dr inking Water 
for Rural Communi t ies Demonstration 
(W02662-B4) 

Munrc1paJ Water/Was1ewater Pro1ect: 
Arsenic Trea 1abdlty Options (W02662-S5) 

Sonochemical Upgrading ol Heavy Oi ls : 
Proo(-ol-Concep1 Tests (W03245-24) 

EMF Charac 1eriza l lon ot Elec1ric Vehicles 
and Ballery Chargers (W03254-6 )  

Review ol Demand-S,de Management 
Evaluation Programs (W03269-35 ) 

local Area Expansion Screen ing 
(W03337-22) 

Local A rea Expansion Screening 
(W03337-23) 

Uti l ity Resource Guide tor Manufactured 
Homes (W0351 2- 1 8 ) 

Marllet Assessment for Duct-Seal ing 
Technology (W0351 2-22) 

Bui l o 1ng Cooes and E lecmc \/en lcle 
Issues (W03625· 1 t ) 

Demand-Side Management Commun i ty 
In i tia t ive. R ,dgehaven "Green " Budd ing 
(W03737-5 ) 

Photocalalytlc Ai r-Cleaning System; 
Technical Feasibi l ity Study (W03742-7 ) 

Assessment o( On-Sile Electropyrolys 1 s  o! 
Medical Waste (W03742-8l 

Market Penetration ol Energy -Etncient 
Heal Pump (W03799·3) 

Funding/ 
Duration 

$50,000 
9 months 

$ 100,000 
1 2 months 

$50,000 
15 months 

$70.000 
1 1  mon ths 

$50,000 
9 monlhs 

$90,000 
9 months 

$ 1 60,300 
10 monlhs 

$ 1 1 0 ,000 
10 mooths 

$59 dOO 
6 months 

$50.000 
5 months 

$89,900 
29 months 

$1 1 0,000 
10 months 

$300,000 
1 6  monlhs 

$350,000 
1 2 months 

$1 1 2,500 
5 monlhs 

nized wi l l character ize the performance of 
an active power l i ne conditioner for ride­
through support . 

Power condition ing to improve voltage 
sag r ide-through capabi l ity can be very 
expensive , however. Solutions often re­
quire the protection of virtua l ly an entire 
process, and when that is the case , very 
large energy storage devices must be. 
used .  I n the long run , i t  will be more eco­
nomical to improve the vol tage sag r ide-

through capabi l ity of the actual process 
equipment itself. ASDs provfde a good 
example: some manufacturers now have 
the capabi l ity to resynchronize ASD output 
into a spinning motor, a l low ing the motor's 
inert i a  to be used to r ide through most vo lt­
age sag events . Ongoing EPAI power qual­
ity research is exploring both types of 
solut ions-power condition ing an d equip­
ment enhancement ( inc luding design- level 
solut ions) , 

Con11ac1or/EPRJ Funding/ Con/ractor/EPRI 
Pro/act Manager Pro}eot Durarion Pro/eel Manager 

Environment 

Ven tu re Assocra(es I Long-Term Monitori ng al EBOS $ 1 ,420,800 Meta Enwonmenta l I 
P. s,oshansl ( Envi ronmental Behavior of Organic 83 months A .  Quinn 

Univers11y of Colorado/ 
Substances) Site (W0287B-38) 

M. Jones EMF Exposure of Electric Ulllity Workers $69.700 T Dan Bracken ! R. Ka vet 
1n Relallon to Su9gested Exposure 1 0  monttis 
Guidel i nes (W0:?966- 1 4) 

Fort Worth Water Public Perceptions cl lha Po1enl la l  Department / K. Carnes Ecolog ical Eflecls ol C l imate Change 
$250,000 lndust11a1 Economics/ 
14  mon ths T. Wilson 

M. W Kel logg Co. I (W0304 1 - 16) 
A. Amarnath Response of Trees 10 Aspec1s cl Ozone $ 1 02 .700 Boyce Thompson 
Power Quality & Elcposure (W0331 5-2) 
Eleclrical Systems / 

9 months lnsUtu1e for Plam 
Research I L . Pitelka 

M. Samotyj Low-Magnetic-Field Design for $129,900 J. A. Jones Power 
EDS Management Transmission Lines (W03798-4 ) 1 1  months Del ivery IR Lorden 

Consu l 11ng Serv ices I Magnet ic Field Management Research al $750,400 J . A ,  Jones Power 
R. Gillman the Power Del ivery Cenler (W03959-8 )  1 1  monlhs Del 1very/ R Lorden 

Applied Pec1s,on U1i l i ty and I ndus try Emission Cost Model 
Ana lysis /  S. Chapel (W04082- 1 )  

$198 ,600 ICF Resources I 
1 2  months \I: Niemeyer 

Energy & Environmen1a1 Area and Mobde Source Emission Cost 
Eoonom1cs IS. Chapel Model (W04082-2) 

$199 ,800 National Economic 
1 2  months Research Assoc,ales I 

lo( Niemeyer 
Levy Partnership/ 
S. KondepudJ Genera t ion 
Today Associates I Advanced Displays and Human Factors S, Kondepudi (W03152-27)  

$ 1 1 0,000 Consol i dated Edison Co. 
10 months ol New York/ R  Fray 

Na1lona l  Conference of Nickel Specla t lon Measurements at Oil-
States on Bulld lng Codes Fired Power Plants (W03 1 77-27) 
and Standards I G. Purcell 

$68,000 Carnot IP. Chu 
1 0 months 

Compact Si111ula101 With Emulated $ 1 40.000 PowerGen IR. Fray 
Go tfried Technology I Siemens Man-Machme Interface 1 7 rnoolhs 
S Baruch (W03384- t 9) 

Demonst ration of Compacl Simulalor $240,000 TRA)( Corp IR Fray 

E. Hel ler & Co . / M. Jones Flex ibi l r ty (W03384·25) 1 9  months 
Foxboro I/A Cont1ol Sysrem Emula1lon $757 700 Foxooro Co / R. Fray 

B io-Ox ,dation I M. Jones (W03384-26) 1 8  months 
lntelligen1 Tutoring System for Fossil $90,000 Babcock & WIicox Co. / 

American E lectri c Power Power Plants (W03384-35) 1 1  months R Fray 

Service Corp , I Compact Simulato r for a Circula t i ng $530,000 TRAX Corp , /R. Fray 
S. Kondepudi Flu idized-Bed Boi ler (W03384·37) 23 months 
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Funding/ Contractor/EPRI Funding/ Contractor I EPRI 
Project Dura(1on Pro1ect Manage, Pro/eel Ourauon Pro1ect Manager 

Sorbent Injection lor Removal or Mercury $74.900 Radian Corp / R  Ct,ang Trans,ent Behavior ol Sys1em� With $57.900 Univers11y ol Wa terloo/ 
From Uti l i ty Flue Gas (W03453-7) 9 months FACTS Devices (W02149- 1 5 )  1 7  mon ths R Adapa 
Gene1ic NO, Control l ntel l igenl System $70 ,400 PowerGen /J. Stal/mgs Power System Analys,s Package Sl ,318 ,500 Powertech Labs / 
(W03545-2) 24 months (PSAPAC) :  Advanced Usor I n terface 23 months P. Hirsch 
Forestry Data Analysis fo r Wood Coflrlng $55 ,800 Tennessee Va l ley (W02447-7) 
(W03576-3) 4 monlhs Authonty IE. Hughes �.dvanced Power Transformer Prototype S2 .447 , 1 00  A B B  Powor T&D Co . I 
Deve lopment of an Ash Deposit ion $260,000 Sandia Nalional (W03697-2) 1 7 months S Lindgren 
Predict ive Tool (W03667·2) 23 months Laboratory /A  Mehla Capaony Oe1ermination of Transm,ss ,on $149, 100 J_ A Jones Power 
Steam Tu rbme Therma l Performance $42 1 ,000 Stress Technology I Lone Slructures (W03748-8) 9 mon1hs Dehvery I M McCa!lerly 
Imp rovement (W03849- 1 )  50 months T McCloskey Transmission Line Conduc tor I c ing $86,600 J. A Jones Power 
Des,gn, Developmenl. and Tes t,n_g of $ 1 ,217.000 Carolina Power & ughl (W03748-9) 1 2 months Oehvery IM McCal/er/y 
Steam Tu rbine Per formance Improvement 46 months Co I T McC/osl<ey Damper Placement for Aeol ian V1brat1ons $73.000 J .  A Jones Power 
Ret roli�s (W03849-2) (W03748 - 1 0 )  6 monlhs Dehvery/M McCaierty 
Weld Repa,r Technology lor Turb ine $289,900 J A Jones Applr ed Conductor w,nd Load ing Researc . $62 , 100 J A Jones Power  Ro1a11ng Component (W03963- t ) 1 2  monlhs Research Co. I Phase 2 (W03748 - 1 2) 9 months Delivery IP. Lyons V Vtswanathan 

Manhole and Serv,ce Box Ful l -Scale $84,900 General E lectnc Co . / 
Nuclear Power Demonst ra tion (W03927 • 7 )  3 months R Bernstein 

Un 1 l<ed Power Flow Con1rol le 1 ·  l n ,toal Tasks $280.000 Westonghouso E lectr ic 
Modeling the Ultrasonic I nspection ol $102.500 Iowa S1a1e Un,versi ty / (W04 154- 1 )  7 mon ths Corp /A !:drrs 
Reaclor Componenls (W026B7- l5 )  1 2  monlhs 7: Taylor 

Un lhed Power Flow Controller Transien1 $ 1 65 ,000 Westinghouse E leclnc 
Design Review ol R ETRAN-3D $100,000 Computer S,mulatron and Network Analyzer Scale Model tO months Corp I A l:dns 
(W02853-38) 9 months Ana l ys,s / L  Agee (W07006- 1 )  
Eva luahon o f  BWR Feedwater I ron $166,400 F,netech/P Ml/lert S low Re lease of Fungicides lor Wood Pole $400.800 Oregon State Urnvers,ty I 
Reduction Tec l1n1ques ( W02977-16) 23 months Appl ica 11ons Phase 2 (W07017- t )  62 months B Berns/em 
ASME Code Case Development for $ 1 48 , 1 00  Proto-Power Corp I 
Cured- ,n-Place P,pe (W03052- 1 4 ) 22 months N. Hirota 

Strategic R&D 
MAAP Code Mainlonance (W03068-10)  $263,400 Fauske & Assoc,ates/ 

12 months J. Cl1ao New Approach to Power System Stab1 1 ,1y $ 1 70,000 V&R Co . . Energy 
Cav, tauon Heal (W03 1 70-28 1  $50,000 E-Q uesl Sciences/ and Conl rol: The Genera lized H i l ls 23 monihs Sys1ems Research / 

1 1 months r: Passel/ Method (W080 14·8) D. S0be1ic 
Oeveropmen l or Basehne Data lor Equ,p- $99.500 Sargenl & Lundy I Oevelopmenl or D1agnost1c Tools lor Faull $ 187 ,500 Univers, ty or 1 1 1, no , s . 
men! Qual lfocation Cond1toon Mon , loring 2 1  mon ths F Rosch Oe1ectro11 ,n Rota t i ng  Machinery: Sludy ol 60 mon hs Urban a / M  Wildberger 
(W03186-38) Transient Heat Conduct,on ,n Lam1na1ed 

Generic Se,sm,c Technical Eva1ual1ons ol $96. 100 Vectra Technologies / fhermal Coatings IWD80 t 5-6 )  

Rep lacement Hems , Phase 2 10 mon1hs T Mulford Coherency-Based Method for Power S 1 08,BOO Wast1my1on State 
(W03186-39) System Resoheduhng (W0801 6·8) 21 mon1hs Un,vers, ty / 0  S0ba11c 
Mo,stu,e Separator/Reheate, Sourcebook $54 ,200 J A. Jones Applied Advanced Concepts I n  Energy Resource $ 100,000 ESCA Corp I D. SobaJIC 
(W03186-4 1 )  9 months Research Co IM. Downs: Schedu l i ng and Generation Control .  Con - 1 0 months 
Service Water System Chemica l Addlllon $69.900 Puc kor lus & Assoc iates / s tra10ed Dynamic Dispatch (W080 1 6-9)  
Gu ideline (W031 86-42 )  12  months M. Downs Advanced Concepts in Energy Resource $ 100,000 Neiwor� Managemen1 
Biosphere Model Development for Spent- $6 1 ,300 lntera lnforma11on Schedu l i ng and Gene ration Control · Load B months Technology I 
fuel and High-Level Waste Disposal a t  10  mon1hs Teohnolog ,es/ J Kessler Frequency Conirol (W08016- 1 2 ) D Merewkulam 
Yucca Mounla in (W03294-18) Para l l e l  Coord,nates and Applicatton ta $70,000 Ru1gers Un,vers1 1y I 
Shutdown Therma l Hydraulics Tool Ki l  S59,800 Science Applloat1ons Analysi s and Control (W0801 7-8) 1 1  months M. Wildberger 
(W03333- t6) 9 mon ths l nterna1,ona 1 Corp . /  I n-Service Durab i l i ty o f  Geomembranes $ 1 86,400 Soumwesl Research P. Katra (W08019- 1 1 ) 1 1  months  l nstit ute/0 Golden 
Permanent Rad,a 1ion Sh1eld 1ng Feasib i l ity $50,000 Sargen t & Lundy I Assay for Dietary E�posure 10 Metals $55.000 Umvers,ly ol Wyommg / Study (W00395-4 ) 2 months H Tang (W08020- 10) 17 months J. Matrlce 
Development of Computerized Operabd ity $50,300 Kaman Sciences Corp I Appl l callon of PMsphor Thermography lo $89,700 Mar11 n Mariel la Energy Eva luation Guidehnes for Pip, 1,g Systems 7 months H. Tang Wate rwall Cold -Si de  Temperature 18 months Syslems/8. Dooley (W03395-5) Measuremenl (WOB031 -2 )  
I nvesti gation of Pass,ve Fdms on S1a1nless $75 . 1 00  Unrvers11y o f  Cahlorn1a, Applicat ion ol Chaos Theory lo B011er $ \ 00,000 Marhn Mariella Energy S teel Us,ng Surface-Enhanced Raman 21 months Berkeley / L Nelson Flame o,agnosucs (W08032-2) 1 2 rnon t s Systems/J Sfa/1,ngs Spect roscopy (W03468-9 ) 

Root Cause Advisory  Wo1ksra110n $150,000 FPI l nternatjona l I Behav,or ol AQueous Electroly tes in $150,000 Mart,n Mar iella Energy 
(W03562· 1 ) 15 months A Singh Steam Cycles (W08034· 1 0) 1 2 months Systems/ B  Dooley 

I nstrument Per lormance Ana 1ys1s Sol tware $91 ,400 Edan Engineering Creep/Corrosion Behav,o , of Alloys 111 $ 179.900 Comm,ssron of the 
Sys em (W03785-3) 9 months Corporallon /R James M ixed Oxidants (W08044-3) 24 months Eu ropean Commun,1 1es / 

W Bekker 
Enhancement of Code EDOY-2D $137 .400 Wash lnglon Staie 

Cnem,cal App1 1ca1tons of E leotrohydraull c: $72 ,300 ea1,rornia l nsutu1e o f  (W04048- 1 )  1 3  months U n,vers1ty I J Spanner 
Cav i ta t ion tor Hazardous Waste Cont rol 1 2 monlhs Technology/ M Jones 

Development of a Serv, oe Water .$50,000 Al1ran Co,p . / R. Mahin, (WOB060- 10) 
Corros,on Model (WD4 1 15·2) 9 months 

M icrowave Elfecls on l.lqu,d and Solid $50 ,000 Un1vers11y cl Florida/ 
State Materi als Pr ocess,ng (W08060- 1 2 )  12  months A. Ameme/h 

Power Delivery M icella r Systems for Modula 1 1ng M icro- $160 ,000 Massacnuselts lns1 1 tu1e 
wave Heali ng or Ctiemioal Reaction 32 months of Technology I 

foundation Analysis and Des,gn Software $63,000 J A. Jones Power Processes (W0806Q..1 4) A. Amemarh 
(W0 1 493- 1 4 )  12  months Del111e 1y /A Hirany Welding  Procedures and Evaluat ion o! $1 1 7.900 EPRI NOE Center / 
Revised Tutor,al on I n terconnected Power $ 1 20,200 ECC / 0. ScbaJ/c NOREM for Hydr0Mb1ne Appllca11ons 1 1  months H Ocken 
Sys1em Dynamics (W0 1 9 1 5· 16) 10  months (W09000-30) 

Genenc Heunst,c Scenano Builder tor the $55,500 Na11onal Systems & E ffec\ of Coal Chlonne Content on $693, 100 PowerGen /A Mehra 
EPRI Opera1or Tra ,rnng Simulator 2 months Research Co. /G. Cauley F,re-S1de Corrosion and Fa1e of Trace 31 months 
(W01 9 1 5· 1 7 )  E l ements (W09999· 1 )  
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New 
Technical 
Reports 
Requests for copies of reports shou ld be d i rected 
to the EPRI Distribution Center. 207 Coggins Drive, 
P.O . Box 23205,  P leasant  H i l l . Cal i forn ia 94523; 
( 5 1 0) 934-421 2. EPRI members that fund the busi­
ness unit issu ing a report can receive the report 
free of charge (or, in  the case of bulk orders , for a 
nominal price). Domestic organizations not e l igible 
for EPRI membership pay the l isted pr ice Others 
shou ld contact the Distr ibution Center for further  
Information. 

CUSTOMER SYSTEMS 

Transmiss ion and Distribut ion Benefits ot 
Direct Load Control : Seattle City Light and 
Snohomish Public Ut i l ity District Pilot Project 
Evaluations 
TR- 1 03993 Final Report (RP38 1 7- 1 ) : $200 
Contractor : Quantum Consu l ting , Inc. 
Business Unit: Marketing Tools & DSM 
EPRI Project Manager : G.  Heffner 

Characterization of Energy Storage for 
Transportation 
TR- 1 04559 Final Report (RP24 1 5-3 1 ) ;  $200 
Contractor: Bechtel Group Inc 
Business Unit : Electric Transportation 
EPRI Project Manager : E. Riddell 

CLASSIFY-Profiles, Vol .  1 : Residentia l 
Customer Needs and Energy Decis ion Making 
TR-104567 -Vl Fina l  Report (RP4001 -3) ; $200 
Contractor : National Ana lysts , Inc . 
Business Unit: Marketing Too ls & DSM 
EPRI Project Manager: T. Henneberger  

Quality Function Deployment: A Customer­
Driven Process to Create and Deliver Va lue 
TR - 1 04663 Final Report (RP400 1 - 1  ) : $200 
Contractor: Putnam, Hayes & Bart lett . Inc. 
Business Un i t  Marketing Tools & DSM 
EPRI Project Manager· T. Henneberger 

Effects of Bil l D isaggregation Information 
on Residential Customers' Perceptions, 
Attitudes, and Behavior 
TR-1 04801 Final Report (RP2982- 10) ;  $200 
Conlractor: Cambridge Systematics , Inc 
Business Unit: Marketing Tools & DSM 
EPR I ProJect Manager : P Sioshans1 

Perceptions of Compact Fluorescent Lamps 
in the Residential Market: Update 1 994 
TR- 1 04807 Final Report (RP3249-3) ;  $200 
Contractor: MCM Energy Research. I nc . 
Business Unit : Market ing Tools & DSM 
EPRI Project Managers : M. Evans. J . Kesse lring 

SERV User's Guide: Sizing of Energy 
Recovery Ventilator for Residences 
TR-1 04822 Final Report (RP2034-37) : $200 
Contractor; GEOMET Technologies. Inc. 
Business Urnt : Residential & Small Commerc ial 
EPRI Project Manager: J , Kesselring 

Energy-Efficient Homes in Japan 
TR- 1 04832 Final Report ( RP2034-46): $200 
Contractor : Energy Internationa l , I nc . 
Bus iness Unit: Residentia l & Smal l Commercial 
EPRI Project Manager· J . Kesse l ring 

Field Demonstrat ion of a Residentia l  
Venti lation Contro l ler  
TR- 1 04890 Fina l  Report (RP35 1 2-4) ; $200 
Contracto r · Honeywel l  Inc . 
Business Unit Residential & Sma l l  Commerc ia l  
EPRI Project Manager: J . Kesselr1ng 

Design Descriptfon and Performance Mon­
itoring of the HydroTech 2000 Var iable-Speed 
Heat Pump With Integrated Water Heating 
TR-1 04892 Flnal Report (RP2892-22) : $200 
Contractor. Carr ier Corp . 
Business Un i t: Residential & Smal l Commerc ia l  
EPRI Project Manager: J. Kesselring 

ENVIRONMENT 

Coburning Feed Rate Simulator (COFERS) 
User's Manual  
TR- 1 0474 1 Fina l Report (RP2485-30) : $200 
Contractor · P raxis Eng ineers .  Inc . 
Business Unit Environmental & Health Sciences 
EPRI Project Managers: A . Quinn , I Murarka 

E lectric and Magnetic Fields and Tumor 
Progression 
TR- 104799 Rna l Report (RP2965-2) ; $200 
Contractor Un ive 1sity of Rochester. Department of 
Rad iation Oncology 
Business Un it: Envi ronmental & Health Sciences 
EPRI Project Manager: C Rafferty 

Pentachlorophenol  (PCP) in  Soils 
Adjacent to In-Service Uti l ity Poles In 
New York State 
TR- 1 04893 Final Report (RP2879-9. - 12. -35; 
RP9024-2) ; $200 
Cont ractors : META Environmental , Inc . ; At lantic 
Env i ronmental Services, Inc . ;  Utah State Un ivers ity 
Business Unit: Environmenta l & Health Sc iences 
EPR I Project Managers . I . Murarka ,  A. Quinn 

Vegetation Management by Electric Util ities: 
Use of Herbic ides and Other Methods 
TR-1 04935 Anal Report (W03270); $200 
Contractor· Environmental Management Services 
Bus iness Unit· Environmental & Hea lth Sciences 
EPRI Project Manager: J . Huckabee 

Information on the Fate of Mercury From 
Fluorescent Lamps Disposed in Landf i l ls 
TR- 1 04953 Final Report (RP9055-2): $200 
Contractors: Tetra Tech. Inc . , Frontier 
Geosc iences, Inc . 
Business Uni t: Envi ronmental & Hea l th Sciences 
EPRI Project Manager : I .  Murarka 

G ENERATION 

Economic Evaluation of Particulate Control 
Technologies, Vol .  2: Retrofit Units 
TR- 1 00748 FinaJ Report (RP3083-4): $1 0 ,000 
Contractor. Sargent & Lundy 
Business Un it: Environmental Control 
EPRI Project Managers: R. Chang, R . Altman 

·Cycle Chemistry Guidel ines for Fossi l  
P lants: Oxygenated Treatment 
TR-1 02285 Fina l Report (RP1 403-45 , RP9000- 19 ) ;  
$ 1 0 ,000 
Contractor· Black & Veatch 
Business Un it: Fossil Power Plan ts  
EPRI Project Manager: B .  Dooley 

Methodology for Fleet Deployment 
Decis ions 
TR- 1 03976 Final Report (RP3288) : $1 0 .000 
Contractors :  Decision Focus Inc.: Strategic 
Dec isions Group 
Business Uni t: Fossil Power Plants 
EPRI Project Managers: R , Fray, M. Blanco, 
R Goldberg 

Pol lut ion Prevention Appl ications for 
Solvent Use 
TR - 1 04138 Final Report ( RP3006-6); $ 1 0 .000 
Contractor- Radian Corp. 
Business Un i t :  Environmental Control 
EPRI Project Manager: M. McLearn 

The Economic Impact of Removing Chlor ide 
From Closed-Loop Wet Limestone FGD 
Systems, Vols. 1 and 2 
TR- 1 04563-V 1 , TR- 104563-V2 (RP9026-3) ;  
$ 1 0 ,000 for set 
Contractor · Radian Corp. 
Business Unit: Envi ronmental Control 
EPRI Project Managers : D. Owens . R. Moser 

Cost Maps for Fossil Assets Management 
(Based on a Case Study With Minnesota 
Power Company) 
TR- 1 04566 Fina l Report (RP3288); $ 10 ,000 
Contractors: Decision Focus Inc . ; St rategic 
Decisions Group 
Business Unit: Fossil Power Plants 
EPRI Projec1 Managers : M B lanco. R . F ray. 
R. Goldberg 

Gas Turbine and Combined-Cycle 
Capacity Enhancement: Second 
Interim Report 
TR- 1 046 1 2  Interim Report (RP3401 ): $ 10 ,000 
Cont ractor· Fern Engineering , Inc. 
Business Unit· Foss i l  Power Plant's 
EPRI Project Manager ; R . Frischmulh 

Standard Equipment Coding for Reporting 
Gas Turb ine Reliability 
TR- 1 04758 Final Report (RP2952-5) :  $ 1 0 ,000 
Contractor: Strategic Power Systems, Inc . 
Business Un i t : Fossil Power Plants 
EPRI Project Manager : R .  Frischmuth 

Creep Behavior of Modified 9% CrMo Cast 
Steel for Appl ication in Coal-F ired Steam 
Power Plants 
TR· 1 04845 Final Report (RP1 403-23); $5000 
Contractor: MAN Energie GmbH 
Business Unit: Fossil Power Plants 
EPRI Project Manager. W. Bakker 

Relaxation and Creep of N iCr Bolting 
Alloys for Appl ication in Steam Turbines of 
Coal-Fired Power Plants 
TR-1 04846 FinaJ Report (RP 1 403-23) : $5000 
Cont ractor: MAN Energie GmbH 
Business Unit: Fossil Power Plants 
EPRI Project Manager · W. Bakker 

EPRI JOURNAL July/August 1 995 47 



Introduction to the Marginal Value Approach for 
Fossil Asset Management 

TR-104852 Final Report (RP3288): $10.000 
Contractor: Decision Focus Inc. 
Business Unit: Fossil Power Plants 
EPRI Project Managers: R. Fray. M. Blanco. 
R. Goldberg 

Value-Based Operations and Maintenance 
Practices 

ffi-104853 Final Report (RP3288-4), $10,000 
Contractor. Decision Focus Inc. 
Business Unit· Fossil Power Plants 
EPRI Project Managers: R. Fray, M Blanco, 
R. Goldberg 

Capital Budgeting at Kansas City Power & 
Light Company 
TR-104922 Final Report (RP3611·4); $10,000 
Contractor: Dec1s1on Focus Inc. 
Business Unit Fossil Power Plants 
EPRI Project Managers: R. Fray. M Blanco. 
R. Goldberg 

Field Testing of the T-180/210-130 District 
Heating Turbine at Vilnius Power Plant 3, 
Lithuania 

TR-104958 Final Report (RP2819-30): $10,000 
Contractor Joseph Technology Corp .. Inc 
Business Unit. Fossil Power Plants 
EPRI Project Managers: w. Piulle. E. Petrlll 

NUCLEAR POWER 

Recommended Practices: Cured-in-Place Pipe 
Liner for Rehabilitation of Service Water Piping 

TR-103992 Final Report (RP3052-10); $50.000 
Contractor Northeast UtJlilies Service Co 
Business Unit. Nuclear Power 
EPRI Project Manager: G Adams 

Radiographic Image Storage and Restoration 
TR-104044 Final Report (RP3343-1 -11 -13); 
$5000 
Contractors. The Beller Image: High Energy 
Services Corp ; Polestar Applied Technology. Inc 
Grove Engineering. Inc. 
Business Unit: Nuclear Power 
EPRI Pro1ect Managers: J. Carey, M. Lapides 

Experience With the Use of Programmable 
Logic Controllers in Nuclear Safety Applications 

TR-104 159 Final Repon (RP3406-4 ); $1000 
Contrac1or ABB Combustion Engineer

l

ng Nuclear 
Operations 
Business Unit: Nuclear Power 
EPRI Project Manager· J Naser 

Development of Macrocycle Purification 
Systems for PWR Secondary Water 

TR-104207 Final Report (RP3500-21): $200 
Contractor. IBC Advanced Technologies 
Business Unit: Nuclear Power 
EPRI Project Manager· P Paine 

ORAM�M Dial-CAFTA: User's Manual 
(Version 2.0 for Windows) 

TR-104277 Final Report (RP3333-10, RP3896. 
RP3342. RP3531 ); license required 
Contractors. ERIN Engineering and Research, Inc .. 
Safety Management Services. Inc . Science 
Applications International Corp. 
Business Unit· Nuclear Power 
EPRI Project Manager: P Kal ra 
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Nuclear Plant Life Cycle Management 
Economics 

TR-104326 Final Report (RP2643-35); $10,000 
Contractors: Grove Engineering. Inc .. Polestar 
Applied Technology. Inc. 
Business Unit Nuclear Power 
EPRI Project Managers: J Carey, M. Lapides 

Stress Corrosion Cracking of Alloys 182, 82, 
and 72 Weld Metals in BWRs: Literature Review 

TR-104740 Interim Report (RP2293-1 ); $10.000 
Contractor: ABB Atom AB 
Business Unit' Nuclear Power 
EPRI Project Manager: J. Nelson 

Advanced Technology Training System (ATIS) 
Authoring Manual (Joint EPRl· CRIEPI Human 
Factors Studies) 

TR-104743 Final Report (RP31 11-78); license 
required 
Contractor Galaxy Scientific Corp. 
Business Unit: Nuclear Power 
EPRI Project Manager· L Hanes 

Development and Testing of an On-Line Iron 
Probe 

TR-104816 Interim Report (RP3173-3. RP3388-7); 
$200 
Contractor Babcock & Wilcox Co 
Business Unit: Nuclear Power 
EPRI Proj ect Manager· P. Millett 

Reactor Pressure Vessel Thermal Annealing 
Assessment tor Two PWR Plant Designs 

TR-104934 Final Report (RP.3475-2): $5000 
Contractor Wesunghouse Electric Corp. 
Business Unit Nuclear Power 
EPRI Pr0Jec1 Manager. R. Carter 

Electrochemical Potential Monitoring in the 
PWR Secondary Cycle of St. Lucie 2 

TR-104951 Final Report (RPS416-2); $200 
Contractor NWf Corp. 
Business Unit. Nuclear Power 
EPRI Proiect Manager: P Millett 

POWER DELIVERY 

Static Electrification in the External Oil 
Circulation System of Power Transformers 

TR-1021 12 Final Report (RP14S9-16); $5000 
Contractor· Cooper Industries. Inc. 
Business Unit: Substations. System Operations & 
Storage 
EPRI Project Manager· S. Lindgren 

Nonlinear Control and Operation of FACTS: 
Methodologies and Basic Concepts 

TR-103398 Final Report (RP4000-6); $200 
Contractor· Oregon State University 
Business Unit: Substations. System Operations & 
Storage 
EPRI Project Manager D. Maratukulam 

POWERCOACHt9: An Intelligent Decision 
System for Evaluating Bulk Power 
Transactions 

TR-104394 (RP3581); $10,000 
Contractor: Strategic Decisions Group 
Business Unit. Utility Resource Planning & 
Management 
EPRI Project Manager L. Rubin 

A Primer on Electric Power Flow for 
Economists and Utility Planners 

TR-104604 Final Report (RP2123-19); $200 
Contractor: Incentives Research, Inc. 
Business Unit· Substations. System Operations & 
Storage 
EPRI Project Manager S. Chapel 

Electrical Performance of Conductive Suits 

TR-104640 Final Report (RP2472); $5000 
Contractor. General Electric Co. 
Business Unit: Transmission 
EPRI Pro1ect Manager. P Lyons 

Error Reduction in State Estimator 
Measurements and Modeling Parameters 

TR-104643 Final Report (RP2473- 57). $200 
Contractor· Industrial Research and Development 
Corp. 
Business Unit. Substations. System Operations & 
Storage 
EPRI Project Manager: D. Sobajic 

State Estimation Issues: External System 
Modeling Enhancements, Vols. 1 and 2 

TR-104644-Vl.  TR-104644-V2 Final Report 
(RP3355- I); $5000 for set 
Contractor: Macro Corp. 
Business Unit· Substations. System Operations & 
Storage 
EPRI Project Managers: G. Cauley, D Sobajic 

Guidelines for the Life Extension of Substations 

TR-105070 Final Report (RP2747-9): $5000 
Contractors. Sargent & Lundy, Harold Moore and 
Associates: Doble Eng1neenng Co. 
Business Unit. Substations. System Operations & 
Storage 
EPRI ProJect Managers: J. Porter. M. Hammam 

Transmission Services Costing Framework, 
Vols. 1 and 2 

TR-105121-Vl, TR-105121-V2 Final Report 
( RP3216· 1 ); $200 for set 
Contractors: CSA Energy Consultants; Putnam, 
Hayes & Bartlett. Inc. 
Business Unrt: Substations, System Operations & 
Storage 
EPRI Project Manager: A. Vojdani 

STRATEGIC R&D 

Mixed Oxidant Corrosion in Nonequilibrium 
Syngas at 540°C 

TR-104228 (RPB041-1 ). $200 
Contractor Lockheed Missiles & Space Co .. Inc. 
Business Unit Strategic R&D 
EPRI Pro1ec1 Manager· W. B�ker 

Pipelines to Power Lines: Gas Transportation 
for Electricity Generation 

TR-104787 Proceedings (RP3201-6), $95 
Contractor Energy Ventures Analysis 
Business Unit. Strategic R&D 
EPRI Pro1ect Manager: J. Platt 

Environmental Measurements With an FM Spec· 
troscopic Fast Chemical Sensor, Vols. 1 and 2 

TR-104805-V1 TR-104805-V2 Final Report 
(RPB004·8). $200 each volume 
Contractor: SRI international 
Business Unit. Strategic R&D 
EPRI ProJect Manager· A. Hansen 



EPRI Events 

SEPTEMBER 

1 9-21 
International Conference on Remediation 
of Contaminated Sites 
Prague, Czech Republ ic 
Contact: lshwar Murarka , (4 1 5) 855-21 50 

25-26 
Feedwater Heater Technology Seminar 
Kansas City, Missouri 
Contact: Linda Nelson, (41 5) 855-2 1 27 

27-28 
EPRI/DOE Wind Turbine Verification Program 
Fort Davis, Texas 
Contact: Earl Davis, (41 5) 855-2256 

27-28 
Feedwater Heater Technology Sympo.sium 

Kansas City. Missouri 
Contact: L inda Nelson . (4 1 5) 855-2 1 27 

28 
Risk Analysis of Surface Water Quality 
and Thermal Issues 
Palo Alto, Calttornia 
Contact: Bob Goldstein ,  (4 1 5) 855-2593 

28-29 
Strategic Asset Management for a 
Competitive Utility Environment 
Denver, Colorado 
Contact Mik ie Alves. ( 4 1 5) 854-9000 

28-29 
12th Annual Operational Reactor Safety 
Engineering and Review Groups 
Workshop 
Baltimore.  Ma ryland 
Contact: Susan Bisetti, (4 15) 855-79 1 9  

OCTOBER 

5-6 

Decision Analysis for Environ menta l Risk 
Management 
Palo Alto. Cal i fornia 
Contact: Mimi Warfel , (4 15)  926-9227 

10-1 2  
Achieving success i n  Restructuring 
Electricity Markets 
Atlanta, Georgia 
Contact Susan Bisetti, (4 15) 855-791 9  

12-1 3  
Live Working 2000 Workshop 
Lenox, Massachusetts 
Contact: Jeanne Hei l , (41 3) 499-5701 

1 2-1 :, 
Pollution Prevention Appllcatlons 
JNlng , Texas 
Contact: Lynn Stone, (21 4) 556-6529 

1 2-1 :, 
Seminar on UC.A (Uti l ity Communications 
Architecture) Version 2 
St. Petersburg, Florida 
Contact: Lori Adams, (4 1 5) 855-8763 

1 8-20 
Magnetic Field Management 
Lenox, Massachusetts 
Comae!: Gary Johnson, (41 3) 499-57 1 2  

1 8-20 
1 995 Fuel Supply Seminar 

New Or leans, Louis iana 
Contact: Susan Blsettl, (4 15) 855-791 9  

18-20 
Risk Management in Competitive 
Markets 

Kansas City, Missouri 
Contact Susan Marsland, (4 1 5) 855-2946 

25-27 

EPRI Conference on New Power Generation 
Technology 

San Francisco, California 
Contact: Unda Nelson, (4 15 )  855-2 1 27 

NOVEMBER 

1-3 
PWR Plant Chemists Meeting 

Orlando. Flor ida 
Con1act: Barbara James, (707) 823-5237 

6-8 
Radiation Field Control Conference and 
Decontamination Seminar 
Tampa ,  F lorida 
Contact: Lori Adams, (4 15) 855-8763 

6-9 

6th Conference on Decision 
Analysis for Utility Planning and 
Management 
San Diego, California 
Con1act: Charlie Clark, ( 4 15) 855-2994 

7-9 
Distributed Control Systems Retrofit 
Workshop 
Knoxvi l le , Tennessee 
Contact: Susan Bisetti, (415)  855-79 1 9  

8-9 
Control Coordination Between 
Power Plants and Energy Control 
Centers 

Knoxv i l le ,  Tennessee 
Contact: Susan Bisetti, (4 1 5) 855-791 9  

1 5-1 6  
Opportunity Knocks: The Changing World 
of Energy Services 

Palm Springs, California 
Contact: June Appel , (6 1 0) 667-2 1 60  

28-30 

1995 EPRI International Clean Water 
Conference 

La Jo l la .  Cal ifornia 
Contact Lori Adams, (4 1 5) 855-8763 

28-30 

Utility Motor and Generator Predictive 
Maintenance and Refurbishment 
Orlando, Flor ida 
Contact Susan Biselti , (4 1 5) 855-791 9 

DECEMBER 

4-7 
Reliability-Centered Maintenance 
Newport Beach, Cal iforn ia 
Contact: Denise Wesalaine , (41 5) 855-2259 

5-6 

Vitrification of Low-Level Waste: 
The Process and Potential 
San Anton io ,  Texas 
Contact: Denise Wesalainen, ( 415) 855-2259 

6-8 

Meeting Customer Needs With Heat Pumps-
1 995 
St. Louis, Missouri 
Contact; Linda Nelson , (41 5) 855-21 27 

6-8 

Polymer Technology Workshop 

Palo Alto , California 
Contact; Bruce Bernstein , (202) 293-751 1 

6-8 

Seminar on Resource Planning In a 
Competitive Envi ronment 
Phoenix , Arizona 
Contact: Lynn Stone, (2 1 4) 556-6529 

12-1 4  
North American Electric Vehicle and 
Infrastructure Conference 

Atlanta, Georgie 
Contact: Lori Adams. (4 15) 855-8763 

FEBRUARY 1996 

5-7 

Substation Equipment Diagnostics 
Conference IV 
New Or leans , Louisiana 
Contact: Denise Wesalainen. (4 15) 855-2259 

MARCH 

19-21 
Managing for Biodiversity: Emerging Ideas 
for the Electric Utility Industry 
Williamsburg, Vlrginia 
Contact: Christy Li l l ie, (4 15) 855-201 0  

APRIL 

9-1 1 

The Future of Power Delivery 

Washington, D.C. 
Contact: Lori Adams, (41 5) 855-8763 

MAY 

8-10 

CEM (Continuous Emissions Monitoring) 
Users Group Meeting 
Kansas City, Missouri 
Contact: Unda Nelson. (4 15) 855-21 27 

22-24 
1996 Heat Rate Improvement Conference 

Dallas, Texas 
Contact: Susan Bisettl, (41 5) 855-791 9  
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