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increases in load factor. This is the result of two misconceptions. One is the confusion
between annual load factors, which average about 60%, and daily load factors, which
average 80-85%. The other misconception is that a 100% load factor would be ideal.

Let's take these one at a time. No known or suggested type of load management
is going to be aimed at changing annual load factor. One cannot run an air conditioner
in December to cool a home in July! But daily load factor, even though quite high,
can be improved. However, there is some point of diminishing returns. A system with
a daily load factor during its peak season of, say, 82% might benefit enormously by
load management up 1o a load factor of 90% or 92%. But further "improvement”
could be illusory. It suggests that inefficient peak generating units would have to come
into play more frequently as overall load gradually grows and requires more use of
available plant capacity.

In sum, the paradoxical nature of oad management is only in how it is
understood. With more thorough and widespread knowledge of what it means and how
it can be applied, load management will be seen for what it really is: a group of
specifically useful teols for achieving an even better economic fit between reliable
generaling capacity and customer demand.

John J. Dougherty, Director
Electrical Systems Division
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WHAT WE MEAN WHEN WE SAY “LOAD MANAGEMENT”

Ideas for influencing or controiling load curves have cascaded forth in recent
years from utilities, regulators, users, and manufacturers., Load management
has becomne a buzzword, encompassing so many things that it is hard to use

the term concisely.

What's sinrce Tpad management opportunities are impossible to assess
¢ are allowed to include measures or equipment outside the
toe far into the future to permit reasonable certainty.
are in order, and a more specific viewpoint of load manage-

1t deals with customer loads—by category or m total—as

en from the utility’s side of the eleciric meter.

1t covers a user’s own efforts to shift or reduce his pattern

hen those efforts are stinulated by utility rate incentives.

of instruments, from clock-timed relays to entire computer

‘t energy use (demand) at traditional peak hours or weather-

ls, Energy storage devices that a consumer may install are
1id management, and so are shifts in his operating routine

mand during a selected period.

Annual lpad factors for U.5. utilities
range from less than 50% to almost
80%, with a national average of 61%.
Daily load factors, on the other hand,
range from about 75% to above 90%.
For either type, the range is a function
of geographic and weather patterns
and of the distribution of electric ser-
vice between the extremces of residen-
tial and heavy industrial customers.

For a given system, the daily load
factor does not vary markedly from
one week to the next because it is
indexed to itself: a ratio of two values
from the same day.

Annuaal load factor, furthermore, will
always be a lower value because its
numerator is5 an average of all daily
average demand values during the
year, but its denominator is the highest
peak demand value recorded during
the year. Annual load factor, therefore,
is not useful in gauging the potential
for lcad management benefits on a
system. This is often overicoked or
misunderstood when annual load fac-
tors are cited te characterize systems.

To assess the potential for load shift-
ing, it is necessary to review daily load
facters during the season of highest
peak demand. The lower the load fac-

tor, the greater the load management
potential. At seasons of the year when
peaks are lower, there is capability for
load shifting, but it may not be needed
if the load factor is already high, indi-
cating a generally good distribution of
generating capacity with emphasis on
the efficient units.

Capacity is tailored to load

A utility must have at least as much
generating capacity as its foreseeable
peak demand—plus carefully calculated
reserves in various categories to cover
contingencies and permit orderly main-
tenance.

Generating capacity is a mix of
plants with different cost efficiencies at
different genetating levels, depending
on plant type, fuel, size, age, and so
on. To a great extent this mix is delib-
erate; for example, large nuciear-, coal-,
oil-, and gas-fueled plants are the most
expensive to build {measured in capita!
cost per kilowatt), but they are also
the most efficient in converting raw
fuel energy into electricity, and their
fuel has been the cheapest historically.
However, they cannot be started and
stopped on a daily basis; in fact, they
cannot even “cycle” quickly among
generating levels and are truly eco-
nomical only when running day and
night at the same cuiput. Sa they—at
least the biggest, newest ones—are run
in just that fashion and are called
baseload generators.

Older, smaller plants are cut in for
what is known as intermediate or cy-
cling duty, the daily periods of many
hours during which most of us func-
tion and therefore create demand for
either personal or business reasons.
This electricity is more costly to pro-
duce because the generator must oper-
ate at least some of the time above or
below its own most efficient level and
its age and size probably mean a lower
basic efficiency.

A group of specialized, quick-starting
generators—frequently oil-fueled gas
turbines —are available to mcet the
high, short-duration peaks of demand.
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were usually astute,” and that Lurie
brings “a different intellectual thrust to
the utility R&D community, where he is
considered somewhat of a maverick.”
Lurie was a professor of engineering
science and associate dean of the grad-
uate school at California Institute of
Technology before entering the utility
industry,

Lurie, an original member of EFRI’s
Research Advisory Committee, feels that
RAC would be more effective in setting
research policy and priorities if its utility
representatives had more time to devote
to it. He suggests that a member of RAC
work full-time with EPRI’s planning staff
on a loan basis, similar to the loaned em-
plovee arrangement, for closer liaison
between RAC and EPRI in dealing with
questions of research policy.

Lurie says that when he arrived in
Qctober 1974, “there were few people on
the staff with utility experience and EPRI
then had little understanding of utility
problems.” Lurie also found a “growing
bureaucracy” at EPRI and says he has
already received “stacks of paper” in
connection with an EPRI task force he
recently joined.

Kalhammer shares Lurie’s concern
over EPRI's growing bureaucracy, noting

that “the bureaucratic overburden makes
the work process cumbersome and takes
staff time away from vital planning and
project management activities.” On this
point, Rudasill remarks, “EPRI's crises
are mostly paper-shuffle crises.”

Alfter three years the loaned talent is
now moving in the other direction as well.
QOliver Yu, a member of Rudasill’s tech-
nical assessment group, began an 11-
month on-loan assignment in February
with Commonwealth Edison Co. in Chi-
cage. Yu, an operations research spe-
cialist, is working in Commenwealth
Edison’s Systems Planning Department,
developing models to calculate preduc-
tion costs of power generation and for
long-range planning of generation expan-
sion. He is also mvolved in reassessing
the generation reliability requirements
suitable for Commonwealth Edison’s
long-range planning,

Yu feels he can make a contribution to
the large Chicago utility with his exper-
tise in probability statistics and system
analysis and by virtue of the fresh view-
point he brings as an outsider. In turn,
Yu says he is learning about the problems
“peculiar to a large urban utility,” and
was interested in finding that Common-
wealth Edison works closely with city

government in planning.

Yu says that his hosts at Common-
wealth Edison “have accepted me as one
of them, have been open m communi-
cation, and accommodating in sharing
information.” They had a clear notion
of what his contribution could be and
“quickly lined up specific tasks for me fo
work on,” he says. And Yu notes that he
will be teaching a 10-week course in aper-
ations research this fall as part of Com-
monwealth Edison’s in-house educa-
tion program. The course, which Yu has
taught at two universities in California,
will be open to management and techni-
cal staff members,

David Saxe says he is “enthusiastic
about the results of the Ipaned employee
program so far.” And although he would
like to see more utility and supptlier loan-
ees come to E'RI, he recognizes that the
utilities in particular “just don’t have a
surplus of technical people to spare for
a year. Despite this,” says Saxe, “their
cooperation in sending the people they
have has been gratifying. And the contri-
butions these highly competent profes-
sionals have made by working on utility
problems as temporary staff at EPRI will
benefit the industry as a whole.”
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Council Committee on Power Sources
and Uses, it was suggested that a neces-
sary function of EPRI may be to act as a
catalyst in reminding key energy agencies
and the public when government pro-
grams are lacking.

In speaking of ERDA’s relationship
with EPRI, Swidler explains that because
ERDA must adapt its procedures so that
its expenditures are authorized by Con-
gress, the priorities given to develop
different energy technologies are not
always those the top management at
ERDA waould like to see.

A possible way to remedy this situa-
tion, at least in some instances, is for
EPR], acting of course within its stated
guidelines, to exert influence in the direc-
tion of a less-politicized system of de-
termining research priorities and in favor
of a system that reduces the paperwork
and expedites the allocation of research
funds. You sotnetimes hear it said that on
a contributory plan, where the industry
puts up part of the meney and the govern-
ment the balance, it is hardly warthwhile
going to ERDA because of the additional
expense and delays incurred,” says
Swidler,

He admits this is not an ideal situation,
but understands that it is a difficult one
for ERDA to rectify. He believes that EPR1
can be of “invaluable help in that sort of
climate.”

At the same time, Swidler feels that
EPRI could also serve as a catalyst in
working with the government on demmon-
stration projects—projects that frequently
cost hundreds of millions of dollars.

“Up to now, Congress has shown an
uvnwillingness to provide most of the
funds and to take most of the risks in
demonstrating new energy technologies,””
he remarks, noting that because of the
huge scale of investment involved, EPRI
cannot afford to be the prime sponsor for
large-scale demonstrations.

“Instead, EPRI could act as a catalyst
to bring the project together,” says Swid-
ler. He suggests that EPRI could help
determmine which demonstrations are de-
sirable, on what scale, and then work

with the appropriate federal agencies to
initiate the demonstration program. This
type of action, he feels, could shorten the
project’s time frame, especially in those
phases of the demonstration where the
costs are fairly low and where EPRIs
ability to handle the paperwork could re-
sult in the demonstration getting started
faster than if federa! funds were required
at every stage,

Swidler has long understood that there
are many areas in which research break-
throughs, although not of “cosmic im-
portance,” could, nevertheless, offer tre-
mendous economy incentives. He says
that in the nation’s largest single industry,
“The leverage is so great that any tech-
nological breakthrough may save more
than the whole cost of the industry’s
share of the EPRI program over many
years,

“For example, boiler tube leaks account
for a substantial proportion of units out
of service for repairs. A leak may shut
down a plant representing a quarter-
billion-dollar investinent, entail signifi-
cant repair costs, and force the use of far
more expensive supply sources. If the
industry, through EPRI's efforts, is able
to improve pipe metallurgy and welding
so that unscheduled outages caused by
such leaks are reduced by half, the
savings would represent hundreds of
millions of dollars a year.”

Before the introduction of EPRI, Swid-
ler had voiced his concern over not only
the lack of industry emphasis on R&D,
but also the effect it had on making the
industry less attractive to some of the
nation’s young technical people. Some
years ago he said, “One of the greatest
hidden costs of the industry’s approach
to R&D is that it deflects the best technical
talent to other industries.”

But with EPRI and the recent impor-
tance attached to electric energy research,
he now believes there are many more
opportunities for young people in the
utility industry.

Swidler asserts that the utility industry
is beginning to cvercome its image of
being nonaggressive technologically. He

believes this image could be overcome
even faster if EPRI assumed a direct
research role rather than relying exclu-
sively on contractors.

“The greatest change will come about
as the industry lkes advantage of new
technology,” he says. “For example,
some of the equipment for desulfuriza-
tion will require chemical engineering
training and other technologies will de-
mand a variety of disciplines. [ think the
future opportunities within the electric
utility industry will not be limited to elec-
trical and civil engineers. This will tend to
give the industry a broader perspective,
as well as a more attractive image to
bright technical people coming out of the
universities.”

Whal does the veteran public official
and regulator feel is the main contri-
bution EPRI can make to the industry?
“What the industry has always needed,”
he asserts, “was a research commitment,
a continuous search for the tnost produc-
tive approaches, a total immersion in the
world of science and research under the
best available scientific leadership. |
believe EPRI has brought that needed
arder to electric power research planning,
and 1'm gratified [ was able to help.”

Joseph C. Swidler has held a number of
public positions throughout his career: direc-
tor of the Institute for Public Policy Alterna-
tives in the State Universily of New York,
1974-1975; chairman of the New York State
Public Service Commission, 1970-1974,; and
chairman of the Federal Power Commission,
1961-1965, by appaointment of President
John F. Kennedy.

Swidler began his public career in May
1933, when he becama assistant solicitor of
the Deparlment of the Interior. Later that year,
he became power attorney for the then re-
cently created Tennessee Valley Authorily and
served with TVA until 1957, From 1245 until
1957, Swidfer was TVA's general counsel
and secretary, also serving as chairman of
the Board of the TVA Retirement System.

The man whem some call the founder of
EPRI ramains active in the alfairs of EPRI
through his membership on the EPRAI Advisory
Council afid his langtime relationships with
EPRI management. He also serves as a mem-
ber of the Commission on Critical Choices
for Amaricans and on the Nalional Academy
of Public Administration.
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At the Institute

Energy Film Available

“Energy Realities” is a new 16-mm color-
sound motion picture designed to let the
public know the facts behind the energy
chaoices facing the nation. Praduced by
EPRI, the fitm takes a hard look at present
and future energy conversion technolo-
gies and is now available for purchase.

The film has an interesting and enter-
taining approach to the energy picture.
The on-camera host is an EPRI engineer
who guides the audience through an over-
view of all the popular energy options.
Laboratories and field facilities through-
out the world are visited, and the research
scientists themselves explain why some
of the advanced energy sources will not
be available until the next century.

The film provides a positive but realis-
tic look at salar and other energy options.
It urges conservation and concludes that
because of continuing growth and the
unavailability of other proven sources,
coal and uranium will have to assume
much of our energy burden over the next
20 or more years.

Ideal for civicgroups, school audiences,
and public service television, the 22-
minute presentation helps to dispel some
of the public myths on the energy situa-
tion. For example, the film points out that
sclar power and other new energy sources
are not immediate solutions to the energy
problem; rather, solar and other develop-
ing energy technologies, such as geo-

thermal and fusion, will still provide
only a small share of our energy needs by
the year 2000.

The EPRI film was made jn cooperation
with the Edison Electric Institute, the
American Public Power Association, and
the Nationai Rural Electric Cooperative
Association,

The print cost is being kept as low as
possible to encourage EPRI members to
distribute prints widely, The price is
$135.00 each; bulk prices available on
request. Preview print requesls and
purchase orders should be sent to Film
Counselors, Inc., 500 Fifth Avenue, New
Yark, NY 10036.

Exchange of Nuclear Power Research Information

Eight Eurcpean electric utilities in seven
countries have agreed with EPRI to ex-
change information on nuclear fuel and
reactor core performance for a year.

EPRI's policy is to place in the public
domain the information it develops in the
course of its research. Therefare, the
parties agreed that they will exchange
general information about their current
fuel performance projects and future
plans, so that they may better administer
their own research programs.

EPRI and the Eurcpean utilities will
routinely exchange detailed data and
information on specific projects through

written and oral reparts. The agreement
calls for such information to be kept in
confidence for five years to avoid dis-
closure that might compromise possible
patent interests.

The scope of information covered by
the agreement includes data on nuclear
fuel, cladding properties and behavior,
fuel rod tests in test reactors or power
reactors, fuel bundle performance eval-
uations in power reactors, results of fuel
rod modeling codes and analyses, and
core performance analyses.

The European parties to the agreement
are major or national utilities in West

Germany, Switzerland, the Netherlands,
Denmark, Norway, Sweden, and Finland.
The asscciation {dubbed TUG for The
Utility Group) includes Germany's larg-
est privately owned utility, Rheinisch-
Woestfilisches Elektrizititswerk; Bern-
ische Kraftwerke AG of Bern, Switzer-
land; N. V. Gemeenschappelijlke [Kern-
energiecentrale of Arnheim, Netherlands;
ELSAM Kraftvacrksgruppen of Freder-
icia, Denmark; the State Power System of
Norway; the State ower Board and the
South Sweden Power Company, Sweden;
and Teollisuuden Yeoima QY, Finland.
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Ecological Effects of Rights-of-Way

What are some of the ecological effects
that can ocecur when utility companies
construct power fransmission
What are the possible effects on vegeta-
tion and wildlife from clearing and main-
taining power line rights-of-way through
grasslands, and

lines?

forests, agricultural
lands?

A new study has been initiated by EPR]
to answer these types of questions and to
determine the data available in this area.

Asplundh Environmental Services of
Willow Grove, Pennsylvania, has been
selected as the contractor and will review
the current literature and research on
the subject. Researchers at Asplundh
will also be interviewing utility repre-
sentatives who have been involved in
right-of-way clearing and in power line

construction and maintenance.

“Many utility employees and environ-
mental groups are familiar with right-of-
way effects for their own systems, but
this will be the f{irst major attempt to
compile national information on this
subject,” says Karen Ray Brower of
the EPRI Environmental Assessment
Department.

As part of the study, different regions
of the country will be surveyed to deter-
mine how rights-of-way impact various
ecosystemns. Erosion resulting from cleat-
ing and the use of heavy construction
equipment, for example, may be a prob-
lem in areas with certain types of soail,
climate, and vegetation, but of little
concern in other areas with different
conditions. After evaluating the infor-

mation, Asplundh will identify those
major ecological guestions that remain
unanswered and will recommend appro-
priate research,

"Essentially, the project will enable
utilities to document potential ecological
effects based on research results that
were previously inaccessible,” says
Brower, and adds that this will reduce
research duplication, help pinpoint areas
requiring additional research, and allow
utility decision makers to identify the
most ecologically sound approach to
right-of-way management.

EPRI Negotiates 29 Contracts

Mumbar Titte Duration

Fossil Fuel and Advanced Systems Division

RPZ26-3

RP323-2

APB45-4

RAF785-1

RPEIE-1

APR16-1

RP923-1

Devolopment of the
Zinc-Chionine Battery
tor LMty
Applications

Fusion Expenmental
Power Reaclor (EPR)
Dwsign Tasks

A Prehminary Fro-
posal 1o Study High
Thermal Eficiency,
Radiation-based
Advanced Fusion
Heaciors

Improved Heat Pump
Perlormance and
Retiabiity in Northern
Climutes

Addilional Bailer Cor-
rason Sledy Firing
Coal-Ratuse Malure
al Wisconsin Electric
Oak Greek Unil No. 7

Clean Distillale Fuels
Process Devalop-
ment Pial Flgnt
Conceptual Study

Comparison of Solar
Absorplion and
Wapor Compression
Residential Coahng
Syslems

27 monihs

149 manths

4 months

15 months

18 months

b months

24 months

Caonlracior} Cortractor
Funiding  EPRI Projact Funding  EPAI Prowud
{8000) Managar Purnber Title Durafion (860 Manager
REI82-2 Feasibiity Sludy ol 3 months 22.5 AGUrey
Dry Sorbent S0, Aerolherm
38000 Enargy Removal O. Teixera
Development i
Associales HP982-3 Evaluatian of Perfar- 12 monlhs 48.7 hnois Institute
4 Birk mance Cata 1o of Technology
Fabric Tilters R. Carr
1200.0 Ganaral
Alomic Go.
£, Saolt MNuclear Power Division
24.5 Mathematical AP&13-3 Benchmark Analysis 2 months ga General
Saiences for Transuranics at Eletirlc Co.
Norlhwest, In: 10nCi/g Level M. Lapidss
M. Arnherd
REY71-2 Analysis of Reliabilily / G months 24 7 MUS Corp.
Awailability Dala A Lang
1000 Niagara Systems
Mahawk Power RP813-1  Parametric Sludy ol 25 months 2198  Columbia
Corm. Crilical Heat Flux Lniverslly
o4 Pepper Data ¥, Nilsson
748 g:;':::r'i':g RPBi6-1 Assessment ol 16 17 months 100,00  Gulf States
Inis ' Equipll'nar"ll Aging and Ut[lilie}s Co.
c McGowa'n Qualifications 0. Cain
) Technolagy
&0 Fastar RFERSE-2 Evalualinn and Pre- 35 months 1100.0 MWavai
Wheslar diction of Reutran Resgarch
Energy Corp Embrilllement i Laboratory,
H Labowilz Raaclor Pressure Washinglarn,
Veasael Matenals D.c.
56.0 Texas Electric T. Marstan
Service Co
J. Cummings RF8E7-1 Oparatianal Transignls 4 monlhs 4% 8 Energy Inc.
Controling Param- i.. Agee
eters Study
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FBC Boiler Study Concluded

Information to successfully design a
commercial fuidized-bed boiler is in-
adequate at this time, although sufficient
information may be available to demon-
strate this new type of boiler by the early
1980s,

This was one of the key conclusions of
an EPRI report on a study performed by
Babcock & Wilcox Co,, Alliance, Ohio,
The study assessed the current status of
Auidized-bed combustion boilers and
identified the additional research necded
so that the boilers can be used commer-
cially by the electric utility industry.

Coal makes up about 90% of the na-
tion's estimated recoverable fossil fuel
reserves, but much of this coal is difficult
to burn without violating clean air stan-
dards. Although fuidized-bed boilers

burn coal to produce electricity, the pro-
cess is unusual in that it may contral
sulfur dioxide and oxides of nitrogen and
eliminate the need for additional pallu-
tiocn control systems.

The fuidized-bed process
crushed coal and limestone or dolomite
and Huidizes the mixture by blowing hot
combustion air through it. When the
mixture burns, much of the coal’s sulfur

mixes

reacts with the calcium in the limestone
or dalomite {o form a solid sulfate product
that can be removed along with the ash.
At the same time, the preferred combus-
ton temperature is low enough so that
nitric oxide pollution is reduced. {Nikric
oxide formnation is favored by a high
combustion temperature).

Researchers working on the EPRIE study

found that to remove sulfur, Huidized-
bed boilers currently need three times the
limestone that theoretically would be
indicated. Using this much limestone
could be impractical and expensive, and
the report recommends studies on identi-
fying ways to reduce its consumption,

The report also recommends studies to
evaluate the potential costs of Auidized-
bed boilers so that electric utilities can
compare these costs with conventicnal
coal boilers as soon as possible.

The report also notes the need ta de-
velop handling techniques for the boiler’s
solid waste. This would probably entail
either regenerating the waste or disposing,
of it in landfills.

msmar Tite Ciuration

RPega-2 Deveiopment ot @ A months
Systems Transienis

Simulalor

teasurements of 12 months
Fizsion Product Bela

and Gamma Spectra

lor Gorrelating Decay

Heat Data

RP957-1

Mullidimensignal 24 manihs
Twa-Phasa Flow Sim-
utation tor Steam

Generalor Modeling

AP9E3-1

RF96ES-1 Sotubility of Goaro- 36 months
siva Salls in Ory

Steam

Elecirical Systems Division

RPE49.2 Delermining Load 1% months
Characteristics for
Transient

Performance

AF849-4 Datermining Load 44 manths
Characteristics for
Transien|

Performance

HP3331 Rasaarch Lo Deler- 12 months
mine lhe Accepiable

Emergency Dperating
Temperatures tar

Extruded Dielettric

Cables—Fhasze |

Caniractor f Contracior )
Funding  EPA Project Fungimg  EPA! Frojent
{5000} Manager Number Titla Ouration (R0} Manager
50.0 Energy Inc. RF7B56-1  Undergraurnd 25 months igs.7 Qtio Slale
L Agee Obstacle Delecior Unwersity
Resvarch
Foundation
94.9 AT Cors.
F. Rahn T. Roderbaugh
Energy Analysis and Environment Divislon
250 O Unwersity of FPE34-1 Fiald _Evaluation of 27 months Ba. ¢ Binconcern
F’l!lsburg\{\ Fossible EMecls of H. Korpberg
L. Agee HY Lines on the
Honeybea
1641 Untversity of RP83T-1 In Vilro Toxicily 12 manths 267.3 Battelle,
Geargia Studies on Fossil Cotumbus
T. Passaif Fue! Combustion Latoratories
Particulales J. MeCarrolf
RFP243-1 Primary Energy 13 months 150.0 Massachuselts
. Resources and nstitule of
231.8  Instilu de Reserves Estimation Technology
Rechercha de A Pratt
I"Hydro-
Quebec RPIN10-1  Extensions of Walar 15 months 1583 Unlversity of
T Yau Supply Data Base lar Arizona
25.0 Mechigan Slale E\r‘aluatmn of R&D R. Aifay
Universily rograms
¥. Yau
RP1212-1  incorgarating Unear- & monihs 435 The Futures
lanly in Energy Group
1508 Inslitul de Supply Modals M, Seart
RAecherche de
I"Hydro- fIF1014-1  Revision and Exien- t2 monihz 100.0 Slantord
Cuebec =ion of the Enargy Uriversity
W. Shuta Teshnology Assess- 5 Fgrk
meni Modal (ETA}
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Figure 3 Developmenial porlable power factor meter contains amplifier and hall device in
malded plastic hook and readout near workman's hand. Its accuracy, safety, and light weight

are the principal benefits.

ground pipelines. This empirical data
approach is much more accurale than the
calculatory methods now used.

With the trend toward more joint use of
rights-of-way by pipelines and transmission
lines, this practical engineering approach
will permit both gas and electric utilities to
build more joint-use facilities. As a result of
this project, both industries will be able to
achieve optimum locations for their struc-
tures at a considerable savings in rights-of-
way. Projec! Manager: Frank Young

UNDERGROUND TRANSMISSION

Installation, maintenance,
and auxiliary equipment

As the industry moves to higher power levels
and aitendant higher conducior operating
temperatures in underground transmission
cable, the ability to dissipate heat from cable
through the backfill (caused by losses)
could become a problem to many ulilities
in the future. When this heat cannot be
conducted away, high temperaiures resull,

and a "bakeout” condilion occurs during
which moisture ts driven out of the backiill.
Without moisture in the soil, a high thermal
....slivity is encountered.

A soil is considered stable when heat is
dissipated in such a manner that no net
moisture migration occurs, The probiem
with many soils and thermal sands used
today is that they are unslable, and a net
moisture transport occurs at low operating
temperaiures sc that the cable must be
operated below its normal thermal design
limits,

An efforl under way at the Berkeley
campus of the University of California may
provide a means of eliminating unstable
conditions and the onset of thermal runaway
at higher operating temperatures (RP7841).

Two soil additives are being investigated
by the contractor that would gither improve
moislure retention of ihe soil, and therefore
its thermal conductivity, or promote a con-
dition of soil stability without the need for
water.

The present research efforl should be
completed by June 1977 and may provide
utilities with cheaper, more readily available
backfill materials from local sources.
Project Manager: Tom Rodenbaugh

Present methods used to install pipe-
type cable impose high costs because of
the limited section lengths through which
cable is puiled. Every additional cable pull
required for the installation of a pipe-type
cable means that an additional manhole and
associate equipment must be set up. Without
more precise knowledge of what pressures
the cable is experiencing and the con-
sequences thereof, both ufilities and manu-
facturers have been overly conservative
in their approach to cable instaltation. A
project soon to be completed by Power
Technologies, Inc., addresses this problem
(RP7847).

Tensile and etongation tests for various
sizes of cables (with both aluminum and
copper conductors) have been made. De-
termination of friction faciors for skid wire
materials and cable configurations has
commenced. The consequences of sidewall
pressures will be experimentally determined
on aclual cable samples. The theory derived
from the experimenial and analytic work
will be tested on an actual cable pull. The
results and cable-pulling guidelines will
be published.

Substantial savings may be realizedbyem-
ploying the longer pulling lengths suggested
by this project as a result of the reduced
number of manholes, splices, and eguipment
setups required, Profect Manager: Felipe
Garcia
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Reng Malés, Director

FUEL PRICE FORECASTS

Two of the most comprehensive long-term
fuel price forecasis prepared since the Arab
oil embargo have been released by EPRI's
Supply Program staff (RP758, “'Fuel and
Energy Frice Forecasts”). The forecasts
were developed independenily by Foster
Associates, Inc., and Stanford Research
Institute {SRI) on a regional basis lor the
period 1985-2000. They cover primary fuels
al the point where they first enter the stream
of commerce (e.g., coat at the minemouth};
fuels delivered 1o electric power plants; and
fuels delivered 1o representative transporta-
tion, residential, commercial. and industrial
customers. The studies concentrate on coal,
uranium, crude oil, syncrude (produced
trom coal and oil shale), natural gas, and
high-Btu syngas. It should be noted that the
price forecasis are the coniractors', not
EPRI's. Forecasis of electricity prices are
noi included in the reports.

Prices of coal, the most important fossil
tuel for power generation between now and
the end of the century, are of particular
interest. The two contractors’ base case
price forecasts for high-sulfur coal delivered
to electric utilities in the Middle Atlantic
States and East North Central Slates (prices
were developed for all nine census regions)
are shown in Figure 1 by broken lines. Also
shown is the range of possible prices for
each forecast.

SRI forecasts that high-sulfur coal prices
will rise slowly between 1985 and 1995—
1.3% and 0.8% annually in the Middle Atian-
tic States and East Noith Central States,
respectively—and then decline between
1995 and 2000 to $0.97/10° Btu in the
Middle Atlantic Stales and to $0.78/10° Btu
in the East North Central States. Fosler, on
the other hand, foresees high-sulfur coal
prices rising steadily between 1985 and
2000—1.6% annually in the Middle Atlantic
States and 1.8% annually in the East North
Central States. Foster forecasts that by
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Table 1
PRICE RANGES FOR COAL FORECASTS

1985
Upward variation 1 100%
Downward variation — 35%

15890 1995 2000
+ 100% F115% Fi150%
35% 35% 35%

2000 high-suifur coal prices will be 24%
and 70% higher than SRI's in Middle Atlantic
States and East Norlh Ceniral States, re-
spectively. Of course, lhese prices may not
be typical of those faced by an individual
utility due to such tactors as its mix of coal
purchases, the type of escalation provisions
in its contracts, differenl transportation
cosls, and the specific mines that supply
its coal. Nevertheless, the forecasts indicate
expected trends within regions.

It is not possible to say which forecasl is
more likely to be closer lo actual values.
This is reflected both in the difference be-
tween the two independent price forecasts
and the range of uncertainty in each fore-
cast. it is very important lo point out that
both contraclors assigned wide ranges of
uncertainty to their forecasis. SRI's high
{+100%) and tow (- 50%) case prices are
based only on cost uncertainties and
exclude shori-term markel uncertainlies.
SRl assigns a subjeclive probability of 80%
that the prices lie between the high and low
cases. While the probability is nol symmet-
rically distributed aboul the expected value,
the subjecfive probabililies of the prices
being above the high case or below the low
case are each estimaled to be aboul 0.1.

Among the uncertainties of fulure coal
prices are mine health and safety regula-
tions, strip mining laws, federal land leasing

policies, waler resource ufilization policies,
and air and water pollulion regulalions.
Because many ol ihese are ot a political
naiure, they are difficult to predict. SRI's
high case assumes that most of the uncer-
tainties are resolved so as lo increase the
price of coal, and the tow case assumes that
their resolufion is in the direction that
reduces the price of coal.

Table 1 shows the price ranges that Foster
developed for its coal forecasts. The upward
movemenl in coal prices is felt by Foster to
be influenced by the world qil price. Coal
prices in the extreme case would rise loward
the level of oil prices, although parity would
not be altained. The downward percentage
variation is due primarily 1o increased mine
produclivity.

The SRI figures shown come from a base
case assuming a level of annual production
of 2.2 x 10* lons by the year 2000. SR also
analyzed higher and lower produclion cases.
These do not result in greatly different coal
prices. Prices resulting from a 72% increase
or & 35% decrease in production for the year
2000 are shown by circled points on each
side of the expected price. The SRHi study
reported here draws heavily on coal from
western sources. Alternalive analyses wilh
more emphasis on eastern coal have also
been prepared.

The EPRI Supply Program staff will use







sonable and theoretically well-tounded
behavioral model and then statistically
estimating the parameters of the model,
using historical data.

The expansion of the Annual Industry
Model in RP440 has consisted of a number
af steps. The first efforts were to modity the
input-output table of the model. An input-
output table consists of a matrix, each
column of which displays the recipe of
inputs needed for a given industry per unil
of output produced. The original 47-sector
input-output table was expanded to 53
sectors to allow important energy-using and
supply sectors to be displayed. In addition,
by using econometric methods, Wharlon
has estimated how the input-output coeffi-
cients change with wholesale price changes,

Wharton's second major effort in this
project has been to construct satellite
models of important energy-producing
and -consuming industries, These models
provide more detaflled information about
individual energy-producing sectors than
was available in the long-run annual model.
Econometric satellites have been con-
structed for the cement, coal, and steel
industries.

Professor James Griffin of the Universily
of Pennsylvania has developed a novel
methodology for building satellite models
that allows the input-output coefficients in
a column of the matrix 10 depend on relative
input prices. Using this approach, based on
a synthesis of engineering and econometric
methods, he has constructed an electric
utility satellite.

A workshop was held last January 4 and
5 at EPRl headquarters in Palo Alto to review
progress wilh lhe Wharton Annual Energy
Model and to suggest scenario runs that
EPRI and the electric utility industry would
find informative. Prominent representatives
from the industry were present to advise on
the scenarios, :

Alanother workshop, held at EPRIin April,
Wharton presented the output from its ex-
panded model projecled to the year 2000,
Included were the results obtained from a
limited number of scenaric runs to tesl the
effect on the natianal economy of significant
changes in energy markets. Project Co-
ordinator: Stephen Peck

TRACKING AIRBORNE POLLUTANTS

The transport and interactions subprogram
is one of the major segments of the Physical
Factors Program of EPRI's Environmental
Assessment Department. [ts main goal is
to define the nature of pollutant transport
wilhin the environment and to identify the
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physicochemical reactions that occur during
transport. Such information serves primarily
to clarify the ultimale faie of pollutants and
thereby is an important element in the over-
all goal of the Environmental Assessment
Department, which is lo assess the impact
of energy production an materiats and living
things, particularly on humans,

Within the subprogram, nine research
projects are being funded at over $2 million
in 1977. Five of the studies are being con-
ducted by privale research organizaiions;
the remainder by universities and state
organizations. Emphasis in these studies is
on atmospheric pollutants derived from
coal-burning power plants. For the next few
years, emphasis will continue to be on such
airborne pollutants; however, research is
increasingly being directed toward study of
pollutants in ferrestrial and aguatic environ-
ments and on fuels other than coal.

At present, the main focus of the sub-
program is on sulfur species in lhe atmo-
sphere. Much of the research cenlers on
the $5.5 million Sulfate Regional Experiment
{SURE, RP862), which is designed to relaie
regional concentrations of secondary
pollutants in the atmosphere (sulfates) to
local emissions of a primary precursor (SO,).
While SURE focuses on sulfur oxides, it
will study a number of other pollulants, such
as nitrogen oxides, particulates, and trace
elements. SURE, which is now under way,
involves extensive ground and air monitoring
of pollutants over the entire norlheastern
U.S. for a two-year period. The monitoring
data, along with emissions data, will provide
the basis for assessing lhe electric power
industry’'s contribution to ambient levels of
secondary pollutants.

In addition 1o SURE, a number of other
projects are directed toward studies of suffur
compounds in the atmosphere. One on
plume conversion rates in the SURE region
(RP860) involves research on SO,-sulfate
transformation in plumes from both oil-
and coal-burning facilities. Another, on
dry deposition in the SURE region (RP938},
is aimed at assessing the significance of
deposition of dry pollutants, especially of
sulfur species.

Recent work on the determination of
feasibility of ozone formation in power plant
plumes (RP572) has demonstrated that
ozone is not being formed in amounits
exceeding that in lhe ambient atmasphere.
The presence of high ozone previously
reported by other investigators, therefore,
is not universal. In another profect on
efiluents from coal-fired power planis and
their interaction with the ailmosphere
(RP330), findings suggest that the use of

an electrostatic precipitator considerably
affects particle size distribution of matter
emitted from stacks.

Not all subprogram studies focus on
stack-emitted pollulants. A projecl on air-
borne monitoring of coocling tower effluents
(RP484) is studying salt drift from a cooling
tower 1hat uses brackish water, and one
on atmospheric eftects from waste heat
dissipation at power plant cooling lakes
(RP578) s assessing any inadverienl
weather modification thal might arise from
use of a large cooling lake.

With a sulfur program well under way,
efforis in the subprogram are being directed
to new problem areas. Fufure work will
focus on four areas of environmental con-
cern: formation of nitrogen compounds in
the atmosphere, physical chemistry involved
in the formation of acid deposition and in
inorganic-organic atmospheric reactions,
and contamination related to disposal of
solid waste, particularly ash. In all these
studies, the ultimate goal is to identify the
industry’s contribution to the distribution
of potential contaminants in the environ-
ment. Program Manager: Ralph Perhac

IN-PLANT POWER GENERATION

Mathtech, Inc., recenlly started a 20-month
research project (RP942) aimed at con-
structing models that will forecast in-plant
electricity generation in the industrial sector.
The share of self-generated eleciricity in
manufaciuring has decreased from 25% in
1954 to 14% in 1971 (B3 x 10? kWh), The
projecl is based on the premise that lhis
decline reflects rational decisions. To {ore-
cast the future meaningfully, there must be
an understanding of 1he mctivation for these
decisions.

Technotogy exists for the joint production
of process steam and electricity al industrial
sites, but major uncertainties are boiler
lechnology, availability of fuel sources,
etfecis on air quality, wiltingness of indusiry
to risk investment, reliability, and actual
efficiencies that can be achieved. A number
of federal agencies and independent energy
researchers are advocating a shift back to
in-plant generation. Thus, the future of self-
generation is unclear, with some investi-
gators foreseeing a rapid reversal of past
trends and others predicting conlinuation
or stabilization.

For lechnological reasons the largest
potential impacts on utility loads would occur
in four industries: paper and allied products,
chemicals and allled products, primary
metals, and petroleum refining. RP942 will
aim at developing behavioral models that will




be used lo produce conditional forecasts
of the share of eleciric energy produced
in-plani for these four industries. A fifth
category will include the in-plant generation
by the remaining manufaciuring seclor.
Special concern in this category will focus
onidentifying, if possible, areas of significant
future self-generation,

The models will be based on the economic
theory of the firm along with the extension
of probabilistic choice theory. A number of
engineering cost studies of the potential
forin-plantgeneration have been completed.
These sludies include delailed treaiments
of the technical characterisiics of cogenera-
tion and identify specific situations that are
potentially atiractive for the future joint
produclion of sleam and electricity. The
studies will provide important inputs to the
development of behavioral models that will
also include structural and institutionaf
characteristics of the particutar industries.
By combining the technical information con-
tained in 1he engineering studies wilh the
behavioral approach, the models will attempt
lo identify the degree to which future in-plant
generation might actually be employed in
contrast to the present engineering-based
studies, which estimate an upper limil on
the potential for in-plant generation.

Dynamic industrial demand models

Economics Research Group Ltd. (ERG) has
submitted the final report of Phase | of their
project on energy-conserving technological
change in forecasting manufacturing usage
{RP683), which will be published as an EPRI
interim report in the near future. The objec-
lives of this sludy were twofold: to model the
derived demands for factors of production
(e.g. labor, capital, energy, and other mate-
rials) where the factor markels are viewed
as being in general disequilibrium; and to
examine how the firm utilizes research and
development as a factor input in its altempt
to minimize current and fulure costs of
produclion. The Phase [ report indicates
substantial progress toward these goals.
Meeting either of these objectives will sig-

niticantly improve the state of the art.

Most existing models of industrial demand
for energy can be viewed as based on either
of two assumptions: {1} that firms are able to
adjust completely, with no gost, to changing
prices and other exogenous inputs within
one time period {one year, usually); or (2)
that there are cosis of adjustment, bul the
size of these costs is independent of the
speed al which the changes are made. Both
of these models suffer from several serious
drawbacks, First, it is unlikely that firms
are able to adjust their factor inputs io the
desired levels within one period. Second,
increasing {he speed of adjustment probably
incurs substantial costs. Third, models that
view the world as always being at iong-run
equilibrium ignore the adjustment process
itseli. As a resull, forecasts based on these
assumptions could provide incorrect and
misleading results on the nature of industrial
response to exogenous shocks (e.g., price
or output changes). In addition, the long-run
equilibrium analysis would be unable to
address itseli to such questions as: how long
it takes firms to adjust to the new, higher
energy prices; whether declines in oil im-
porls are temporary or permanent; how
investment incentives affect ihe speed of
adjustment; whether higher energy prices
increase or decrease unemployment. To
address these issues, one must model the
nature of the disequilibrium adjustment and
the costs of adjustment.

Also, in existing literature the process
of technological change is represenied
simply as a response to the passage of time.
Specifically, the models do not consider the
accumulation of knowledge as a process
built into present and future planning strat-
egies and subsequent company decisions,
As a result they cannot explain that lhe rate
af technolegical change fluctuates over the
business cycle, that technical change affects
each factor of production at different rates
and perhaps in differeni directions, and that
policy changes influence the rate of tech-
nological progress. ProjectManager: Larry
Wittiams
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R&D Status Report

FOSSIL FUEL AND ADVANCED SYSTEMS DIVISION

Richard E. Baizhiser, Director

THERMAL-MECHANICAL
ENERGY STORAGE

In spite of ulility need for energy storage,
technical and economic uncertainties have
so far prevented the construction of the first
commercial plant. During the next five years
the thermal-mechanical energy siorage
{TMES) subprogram will evaluate the pros-
pects and accelerate the commercialization
of underground pumped hydro (UPH), com-
pressed-air storage (CAS)—combustion tur-
bine systems, and sensible heat thermal
energy storage(SHTES). These technologies
have significant promise for near-term appli-
cations. Ulility involverment at the earliest
possibie phase and close cooperaiion with
ERDA’s Electric Energy Systems and Energy
Storage divisions wil] be crucial to the suc-
cess of the program.

Feasibility studies

Feasibility studies have been carried oul for
the three near-term technologies. Cne such
feasibility study on a conceptual design for a
pilot /demonstration compressed-air storage
facility employing a solution-mined salt cav-
ern (RP737) was carried oul by General
Electric Co., United Engineers & Construc-
tors, Inc., and Fenix and Scisson, inc. (The
final report for this project will substantiate
the technical and economic potential of CAS
in salt.) Similar studies were carried out for
ERDA on CAS in mined cavern and aquifer.

Another project that will provide input to
the CAS evaluation is an activity being man-
aged by EPRI with funds provided by the
Kansas Utilities Research Study Commitiee.
The objective of the program is to assess the
poiential of CAS in Kansas. The first phase is
an assessment of the applicability of Kansas
geology to CAS and planning and cost-
estimating a site exploration and gualifica-
tion program. This should be compieted by
the end of the year.

These studies and others assessing CAS
in mined caverns and aquifers and UPH
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identified the following areas that are critical
for reducing the uncertainties perceived by
utilities.

o Greater understanding of the pressure
and temperature cycling in salt, rock, and
aquifers

o Optimizing methods for construction of
underground chambers

o Developing modified equiprment designs,
such as high-head, single-lift, reversible
pump turbines for UPH and high-pressure
turbines and combustors for CAS

o Developing improved heat exchangers for
SHTES that use secondary loops

a Integrating SHTES concepts into power
plant designs

The preliminary studies have also con-
cluded that the remaining uncertainties
would be best addressed in a preliminary
engineering design study that could provide
utilities with a firm foundation on which to
base a decision for a demonstration plant.

Preliminary engineering

design for CAS and UPH

An RFP for preliminary engineering designs
of CAS and UPH was issued jointly by EPRI
and ERDA and the responses are now being
evaluated. The lead utilifies and technologies
being addressed are:

Lead Utility Technology
Potomac Electric CAS {mined cavern)
Power Co. and UPH or UPH

alone

Public Service CAS (aquifer)

Indiana

The Cincinnati Gas CAS (existing

& Electric Go. limeslone cavern}
Middle South CAS (salt)
Services, Inc.

Commonwealth UPH

Research Corp.

Start of work is anticipated by mid-1977
with design studies expected by late 1979.

The preliminary design studies are ex-
pecled to better define technical and cost un-
cerlainties (both subterranean and surface),
gstablish broadly applicable anaiylic and
design methods, and identity R&D needed
to advance the first and following genera-
tions of thermal-mechanical energy storage
systems.

If these studies produce satisfactory re-
sults, it is anticipated that EPRI could set
priorities for any R&D required to minimize
technological uncertainties and that a partic-
ipating utility could assemble the infermation
required for the detailed design of a demon-
stration-scale storage project. Further, a
broad cross section of EPR| members will
gain aninsight into the methodology required
to establish the technical and economic fea-
sibility of a technology with some site-related
aspects.

Thermal energy storage

SHTES has been identified as having the
potential for technical and economic feasi-

" bility in the near term. However, a specific

SHTES concept has not been identified
as having a clear edge. Hot oil storage,
saturated water siorage (above or below
ground), heat transter scale, and perhaps
even pebble bed heaters need turther study
on a common technical/economic basis.
In addition, the implications of SHTES's
having to integrate a thermal store with a
specific baseload power plant rather than
the utility networlc have not been adequately
addressed. The first step in the SHTES
project is an in-depth comparison of the
principal concepts.

EPRI and NASA, Lewis Research Center
(acting through an interagency agreement
with ERDA) have initiated a joint activity to
address the questions discussed above. An
RFP was issued in February 1977, and the
study is expected to be completed by Febru-
ary 1978.
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