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FOREWORD

In July 1972, the Federal Power Commission established
a new National Power Survey. Undertaken as a complement to the
Commission's 1970 National Power Survey and earlier Surveys,
the new effort is to be a continuing study of electric power
requirements, resources, and related developments affecting the
utility industry, the utility consumer, the air, water, and
land environments, governmental authorities, and the general
public throughout the contiguous United States:

In establishing the Survey, the Commission stated its
intent that there be broad participation in the work by persons
from the electric utility industry, from organizations
representing consumer, labor, and environmental interests,
and from governmental agencies, organized as advisory committees.
The Commission noted, however, that the function of these
committees would be limited to providing information and advice
to the Commission, and that all determination of action to be
taken and specific policy to be expressed within the scope of
the Survey would be made solely by the Commission.

Subsequently, the Commission established an
Executive Advisory Committee and six Technical Advisory
Committees of the National Power Survey, as follows:

Technical Advisory Committee on Power Supply

Technical Advisory Committee on Fuels

Technical Advisory Committee on Finance

Technical Advisory Committee on Research and
Development

Technical Advisory Committee on Conservation
of Energy

Technical Advisory Committee on the Impact of
Inadequate Electric Power Supply

Technical Advisory Committees were to study and report
on the significant issues in their assigned areas of
responsibility, and to make recommendations to the Commission
as to policies and actions needed to deal with these issues.

Q217915
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The Federal Power Commission's staff representatives
have participated in the deliberations of the Technical
Advisory Committees and Task Forces. While consultation,
suggestions, and technical data have been freely exchanged
between the Advisory Committees and Task Forces and the
staff, the final reports are the products of the Advisory
Committees and Task Forces. . The Commission's own report on
the National Power Survey will be issued separately.

All the deliberations of the Technical Advisory
Committees and Task Forces of the National Power Survey have
taken place in meetings open to the public.

We gratefully acknowledge the participation of the
members of the Technical Advisory Committees and Task Forces
and the others who assisted in these studies.

THE FEDERAL POWER COMMISSION
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SUMMARY

The health ahd efficient growth of the economy
depend importantly upon the availability of sufficient elec-

" tricity supplies. Because of the importance of adequate sup-
plies of electrical energy to the nation's welfafe thé Federal
Power Commission (FPC) added £o the work of its National Power
Survey the TechhicaiﬁAdvisory Committee on the ImpaCt of
Inadequate Electric Power Supply, to provide it and the pub-
lic wifh an 6ve£viéw of mattérs.affecﬁing gbvernmental and
utility-indﬁétry poliéy decisions on the problems of sﬁpply'
adeQuacy. . | | -

o | HoQ did the nation-get.itself'into a situation in
which it faces the proséeét“of inadeduate électric power sup;

* plies? The answer is that we slid into iﬁ...slowly and

| imperceptibly through a long series of séemingly local
unrelated governmental and ﬁtility.actibns (or inactions)
in the late 1960s andieariy 1970s that ultimately provéd
to be related either directly to each other or indirectly
through institutional mechanisms such as the capital market.

sProblems includé:those.relatéd to investment financing, delays’

" in the expénsion of capacity;'uhcertainty in load fdrécasting

: ;and_the increasing risk of fuel shortages.

.

) Actions needed to ensure the reliability of the

ﬁation's.utility SyStéms range broadly from modeét'improve-

ments in system design, control and coordination to a
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complete overhaul of the processes for regqulating rates and ‘

a siting of new facilities. The Federal Power Commission
can contribute directly and by example to a solution of the
industry's financial problems by allowing adequate earnings
on investments subject to its jurisdiction and by approvihg
rate changes speediiy. Second, the Cbmmissioﬁ Ean help to
eliminate one of the most serious deficiencies in utiiities'
defenses against the risk of inadequate supplies of électric
power : the lack of good "software" as opposed to "hardw;re,“
Load forecasting, the evaluation of reliability standards,
rate design and the determination of reasonable and proper
criteria for'the rationing of service during prolongéd short-
ages present difficult analytical and technical problems whose

solution could help to resolve important policy conflicts.

The Commission could seék to advance the state of the art in
analyzing these problems by dipectly supporting research on
methodological improvements. In addition, it could in coopera-
tion with NARUC, begin to develop standards or methodological
guidelines for individual utilities or state coﬁmiséions to
apply to their own pafﬁicular cases. If necessary the FPC
could consider the adoption of rules to éermit discretionary
applicaﬁion of its emergency powers according to the degree
to thch affected utilities had satisfactorily followed its
guidelines regarding software.

State public utility commissions qould be effective

at promoting reliability'and optimum supply by allowing
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electric utilities to earn at levels sufficient to attract
required investment capital and by encouraging them to study
and to adopt, where appropriate, peak-load pricing rate
structures that more closely reflect the long-run marginal
costs of service. . (We note that when capacity is neither
excess nor short, there is no difference between.pricing at
long-run and pricing at short-run marginal cost.) Other
regulatory reforms either to improve cash flow such as allow-
ing constructién work in progress to be included in the rate
base, or to rationalize the selection and approval of new
power plant sites and facilities, would also help to ensure
that capacity could be expanded to meet demand. In addition,
state commissions could take the initiative in working with
utilifies to develop plans_fdr emergency rationing of élec-
tric power_witﬁin their jurisdictioné. Even where commissions
are willing to take the lead, state legislatures should be
alert to ensure that the grant of_such authority to their
commissions is clear and unequivocal. Our brief review of
state legislation on the subject suggests that a great many
states méy.need to examine the statutory grants of authority
to their respective utility commissions for the purpose of
dealing wifh electric shortages. Action by state legisla-
tures may:alSo be required to rationalize the power plant
siting process, to set guidelines for the internalization of
environmentél costs and to provide public utility commissions
with the additional staff and other resources necessary to

develop new policies on rates, emergency rationing and siting.
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Utilities themselves can reduce the chances of .
having to meet excessive demands by actiﬁely exploring ways
to apply long-run marginal cost estimates to ratemaking,
especially in the form of peak-load pricing. Utilities
should accelerate their efforts to test the potential bene~
fits of peak-load pricing as a means of controlling load
growth and improving system load factors. If a shortage of
a capacity materializes--as a consequence, for example, of
a reemergence of historic growth rates in the face of con-
struction cutbacks--it will be important for utilities to
have effective plans for rationing during shortages. Since
utilities know their system operating characteristics best
and can help to ensure that rationing priorities properly
reflect those characteristics, they should work closely with ’
their commissions in drawing up plans to meet shortages of
various magnitudes and duration.

What is an adequate level of electricity supply?
We believe that electricity supply.is adequate if customers'
desired loads in volumes of consumption at current prices
are met with a degree of reliability they find acceptable.
"Acceptable" means that they are willing to pay as much as
it costs to maintain service reliability at the present
level but would not~-if given a choice--be willing to pay
as much as it would cost to increase reliability by any
further amount. Inadequacy can be defined as a situation

where actual consumption (or load) is forced below the
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amount desired at current rates or where reliability is less
than acceptable. But in a very real sense supply is adequate
not just if customers' desired levels of service are met at
current rates but also if current rates are no higher than
long-run equilibrium rates. To put the matter differently,
supply is inadequate whenever current rates would have to be
higher than long-run equilibrium rates in ordér to bring
demand and supply into balance, because in that event new gnd
difficult adjustments would have to take place.

It is important to distinguish optimal electric
supply from adequate electric supply. Supply is both adequate
and optimal (in the long run), if it is adequate aS'défihed
above and rates are equal to the long-run marginal costs of
providing additions to service. According to our definitions,
therefore, supply could be adequate but not optimal. This
would occur whenever demand. and supply were in balance but
were either too high or too low. On the other hand, supply
could be inadeguatelbut.optimal. This situgtion would occur
when three conditions prevailed. Rates were set below mar-
giﬁél costs so that demand was above optimum; nonprice ration-
ipg_was used to hold consumption to the amounts that would
have been consumed at optimal rates; and supply was sufficient
to serve the optimum demand. Despite the restrictiveness of
the;g‘cbnditions this case has some. relevance to policy making
sinc¢ it"may sometimes be better to ration an inadequate elec-

tric supply than to supply an uneconomically high demand.
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Current industry planning practices usually involve
designing increments to éystem capacity in such a way aé to
meet.projected peak loads with a margin of reserve sufficient
to keep-the prpbability of outages at a very low.level. We
believe that more sophisticaﬁed approaches to planning reserve
margins should be undertaken by utilities. In particular, it
is now becoming possible to perform explicit evaluations of
the cost and benefits of increments to system capacity or of
any dther reliability-improving investments. The relevant
guestion is: at what level of reliability does the cost of
an extra unit of capacity equal the extra saving and social
cost derived from putting in the extra capacity?

Despite the best intentions and plans shortages may
develop. A number of alternatives are available for rationing
electricity supplies under shortage conditions. We believe
that plans for refusing service to new customers have the
g:eatest capacity for mischief and are therefore least
desirable for dealing with the problem. They are likely to
be both inequitable and wasteful.ofieconomic resources.

A far ‘more acceptable way of dealiné with electricity
shortages would be to interrupt or to cut back service to
existing custoﬁérs according to some prearranged program.
Many utilities already have plans to respond to excessive
demand with such a series of steps. 1In principle the most
economically efficient scheme for nonprice rationing would

be the one that produced a pattern of electricity usage very
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close to that which would have prevailed if electric service
had been priced as in a competitive market. Although many
complications are likely to prevent full implementation of
any scheme that could accurately substitute for competitive
prices, a reasonable approximation to the competitive result
'might'be obtained by basing rationing priorities on thorough
studies of demand characteristics by customer-group or type.

One way of ameliorating the effects of a shortage
in the service area of a particular utility would be to allo-
cate or spread the shortage across the serQice territories of
a group of utilities who--as a group--might be less severely
affected than the individual utility in question. This
approach raises diffiéult questions concerning the authqrity
and responsibility of the Federal Power Commissidn vis-a—vis
state regulatory commissions and the individual utility com-
panies. _

_The_effécts of shortages--whether of the sporadic
or regular variety--can be grouped broadly into two cate-
gories: short run and long run. Both will be greater or
iesser depending upon the kinds of plans and capabilities
that users have developed for dealing with outages. But in
the short run these plans and capabilities are fixed--deter-
mined by customers' evaluations of service reliability, the
costs of alternative or backup systems, the importance of
the uses to which users put electricity and so on. The long-

run costs of power shortages are the costs that arise from
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implementing changes in customer'preparations. They include
the cost of such steps as installihg'and-operating backup
generating units or energy storage systems and converting

to appliances or other dévicgs using fuels instead of elec-
tricity (net of the cost of the electricity saved). They
may also include less visible but more pervasive costs such
as excessive conservation of electricity and consequent
overreliance on other scarce resources, increased environ-
mental pollution, a reduced rate of techﬁological progress
in some sectors of the economy and changes to less pleasant
life styles. Many of these costs would translate into a
reduced rate of economic growth. Finally, the long-run costs
of shortages include the short-run costs of any outages that
may be expected to occur after all adjustments and changes
in customer preparations have taken-place.

Existing'studies of the costs and benefits of
alternative reliability levels use a measure of potential
short-run costs. This is entirely proper when dealing with the
temporary shortage situations typical of past experiences.
It is also acceptable to use a short-run measure for the
initial stéges-of a prolonged period of supply inadequacy.
Short-term measures would be excessivé for the later stages,
as businesses and individuals began to adjust to new condi-
tions. A major unsolved problem is how to measure the long-

run costs of shortages.
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Even if we restrict attention to the short-run case,
the problem of cost measurement is not simple. In practice,
a number of restrictive assumptions must be made in order to
simplify the task. Studies done to date indicate a short-run
cost of electricity shortages of roughly fifty cents to perhaps
as much as one dollar per kilowatt-hour. Muach work remains to
be done before these estimates (or others) can be accepted

with any degree of confidence.
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I. PREFACE

The rash of canéellations and postponements of
electric generating plant projects in the past two years
has led to a concern that, at some time-toward the end of
this decade, the nation may be confrontéd with shoftages
of electric generating capacity. This is not the first
time that such a prdspect has been a source of concern.

The electric utility industry in the United States
emerged from World War II with a precarious balance between
demand and capacity. Immediately following the war there
was considerable hesitation about adding additional capacity:
predictions of a return to the long-term economic stégnation
(no-growth) of the 1930s suggested that there would be little

or no growth in electric power demand. When it became clear .

that the nation Was entering a post-war economic boom in
which electric energy demand would increase rapidly, the
utility industry very quickly geared up t6 add fhe nécessary
generating capacity. At that tiﬁe, construction lead times
were relatively short and new baséload capacity could be
added within three years. Consequently, by thé ear;y 1950s
the utility industry was fdliy capaBle of meetihg the loads
imposed on it, indluding the répid growth which.accompanied
the mobilization for the Korean War.

During the several economic recessions which
followed the Korean War episode, the industry cut back its

orders for generating capacity as it adjusted load forecasts




downward. This process occurred during the 1954 recession,
to be followed, when rapid economic recovery occurred, by
an upward readjustment of load forecasts and a rapid increase
in utility orders for generating capacity to a hitherto un-
precedented level.! This cycle was-repeated in the recess;on
of 1958 and the recovery in 1959, and in subsequent business
cycles during the decade of the 1960s and the early 1970s.
In short, the utility ihdustry has, in the past, experienced
fluctuations in its expectations, which fluctuations have
been reflected in its orders for generating equipment.
Always, in the past the relatively short lead times for ca-
pacity construction saved the.nation from power shortages.
The National Power Survey in 1964 projected a con-
tinuation of the long-term growth trend of electric energy
demand. But it also signaled a new development in public
policy, designed to reduce generating reserve margins. The
Federal Power Commission, in its National Power Survey,
urged strengthened interconnections and expansion of pool-
ing among electric systems, and suggested that it would be
possible to reduce reserve margins drastically without
impairing reliability. The FPC set as its target reserve

margins of about 15 percent and projected major savings to

! Sellers responded to the decline in orders in 1954
with-a "White Sale" in 1955. Price reductions no
doubt further stimulated the rebound in orders.:



~ be achieved by 1980 as a result of reserve margin reductions ‘
to that level. dne cannot say unequivocally that the FPC's

goal was too optimistic with regard to the level to.which
reserve margins could be reduced without impairing reliability.?
But it is possible that it was partly as a result of the
utility industry's efforts to_reduée reserve margins in res-
ponse to the urging of the Péderal Power Commission that some
sho;tfalls ;n capacity began to appear by 1970. The problem

in any event was compounded by the lower-than-expected reli-
ability of some large new generating units and by environ-
mental pressures, which gave rise to operating problems and
consﬁruction delays. |

The problem of capacity shortages in the future has

been greatly intensified by tpe increase in construction lead
times--from two and a half to three yégré in the 1950s ahd
early 1960s to as much as teﬁ years foi nuclear capacity at
the pfesent time. Thus, the effeéts of any excessive ddwnward_
adjustment in the planning of new generating qapacity may

not appear for as much as a décade ahead. 1In the inter-
vening years, should the need for additional capacity be
recognized, it wil} be far more difficuit'than in the past

to accelerate the schédule_for ihstalling the required

capacity. Consequently, if the conditions presently confronting

2 The Northeast blackout of 1965 caused some utilities to
reevaluate reserve margins and may have been a factor in
the high ordering rates of 1966 and 1967.




the electric utility industry persist, the probability of a
shoftfall'in.eleétric generating capacity may increasé.signi—
ficantly by the early 1980s.

But the prospect of an absoiute shortage of
'generating capacity may not be the most serious shortfall
problem confronting the industry and the country. The
utility industry will pfobably somehow find the means to
provide the capacity necessary to avoid major service
interruptions. 1If a shortfall in capacity were in prospect,
the industry would be iikely té respond by ordering gas
turbine capacity capable oﬁ being installed in the relatively
short period of two to three years (assuming quite optimisti—
cally that manufacturing capacity were not a'bottleneck).

The urgent problem which would be posed under these circum- -
stances is the possibility thét such capacity would impose

a very severe fuel supply problem on the country. Such capac~
ity can neither be fueled by coal nor by uranium; it requires
either gas or oil, the two fuels which confront the United
States with the most severe supply deficiencies. Should the
electric utilities, as a result of inadequate baseload cépac-
ity, be required to improviSé short lead-time capacity to
burn either natural gas or oil, the result is likely to be
greatly intensified pressure on oil and gas markets with the
utilities seeking to bid these fuels away from alternative
uses, and heightened reliance on unreliable foreign suppliers.

Thus, the postponements and cancellations of



coal- and nuclear-fired ¢generating units which have occurred '
in the last two years may have their severest imﬁact not upon

the ability of the electric utility industry td meet peak

demand, but rather upon its ability to sustain the level of

energy consumption planned by its customers.

Finally, although we discuss the ecopomic cost-benefit
trade-bffs of interrupting electric service, we are mindful of
the great public interest in reliable electric service. 1In
the past the public has assumed, and the electric utility
industry planning objective has been, that virtually uninter-
rupted electric service would be provided. Pefhaps the now-
higher cost of providing such a historic degree of reliability
will lead to a change in this objective on the part of.both

the consumers of electricity and utility planners. However,

it is not yet clear that such a change has occurred or that
it should. As electricity has increased in importance and as
it continues in the future to replace scarcer gas and oil in
many critical functions, the public's desire to maintain
reliable electric seérvice may become more intense.

We are led to the view that a reliable supply of
electrical energy remains a crucial ingredient of national

welfare.




II. INTRODUCTION

The health and efficient growth of the economy de-
/ pend importantly upoh the availability of sufficient supplies
of electrical ehergy. In a modern economy, geared to a high:.
ievel of electric service, any but the shortest interruption
of that service is likely to impose losses far in éxcess of
the value of sales lost, as business and factories are forced
to curtail operations and individuals are variously inconven-
ienced--some seriously. Over the longer term electricity is
a crucial input to economic growth; ahd although it is clear
that the growth of power consumption_need not bear precisely
the same relationship to economic growth in the future that
it_has in the past, it is also apparent that an.insuffiCient
supply of electricity is likely to act as a drag upon the
growth of real economic well-being by raising the volume of
labor, machines and materials required to achieve any given
increment in GNP, -

To electricity's historic role has been added anothé;.
special role: the continuing uncertain availability of im-
ported oil and the limited supplies of domestic oil and gas
mean greater-than-ever reliance on coal and uranium resources.
Generated from relatively abundant domestic coal and from
temporarily adequate if not vast uranium resourqes; eleétricity
can contribute toward oil import independence and to the con-
:wservation of domestic oil and gas reserves, both of which
ﬁay Le important for national security and continued economic

well-being.



Because of the importance of adequate supplies of
electrical enérgy to the nation's welfare, the Federal Power
ComE%ssion, on'FebruaryIZS, 1974, % added to the work of its
National Power Survey this Technical Advisory Committee on the
Impact'of Inadequate Electric Power Supply, to provide it and
the public with an overview of matters affecting governmental
and utility industry policy decisions on the problems of sup~
ply ade@uacy.'

A. The Committee's Assignment

fhe FPC is clearly obligated to play a role in the
matter of electric power supply adequacy. Under provisions of
the Federal Power Act it is given a mandate to promote an
"abundant" electrical supply at minimum cost and with concern .
for natural resources.“ While an "abundant"'suppiy may be more
than adequate in some sense of the word, it is surely nothing
less.

This report is intended to provide an overview of
matters affecting governmental and utility industry policy de-
cisions on the problem of supply adequacy, including:

1. Possible actions for reducing the risk of--and

ameliorating the effects of--inadequate supplies;

Federal Register, Vol. 39, No. 46, March 7, 1974, pp. 8962-
8963. ' |

"For the purpose of assuring an abundant supply of electric
energy throughout the United States with the greatest pos-

sible economy and with regard to the proper utilization and
conservation of natural resources, the Commission is empow-
ered and directed...." ("Federal Power Act" [49 Stat. 848;
16 U.S.C. 824a(a)]l.) o




2. Conceptual problems in the definition and evalu-
tion of the concept of "adequate" supplies; and

3. Approaches to estimating the effects of inade-
guate electric power supplies.

B. Organization of Report

This report is organized into several sections.
Section III discusses how we arrived at our present situation
and offers policy options for improving it. Section Iv
examines the principles and problems in the evaluation of
supply adequacy and considers several methods of dealing with
shortages. Section V looks at the probable effects of inade-
quate electric power supplies. In addition, there are two
appendices. Appendix A discuSses energy use in the United
States economy. Appendix B is a roster of Committee members,
many of whom participated actively in the drafting and re-

drafting of this document.



III. BACKGROUND AND POLICY OPTIONS

Is the United States moving inexorably toward a
period of chronic electric power shortages or inadequacies
during the late 1970s and eafly.19805? |

The gathering evidence, collected in this report
and elsewhere, would suggest that the answer is a qualified -
"yes." The answer must be qualified because many of the tech-
nological, economic, financial, politicél and environmental
factors which affect that answer are subject to control by
the public and its elected and appointed representatives_and

hence subject to change.

A companion question to the opening one above might
well be: Given the probability of electric power shortages
" and inadequacies, what will be the nature and magnitude of
their predictably disruptive economic and social effects?

This report examines these and othér related ques-
tions in theit manifold implications. It traces some of the
more important factors which have contributed to the current
state of affairs with respect to the adequacy and reliability
of the nation'é electric power supply. It then suggests some
of the technological, economic and regulatory policy options |
available to the Federal Power Commission, btate regulatory
commissions and the electric utilities which might help to
obviate--and in some cases, eliminate--the proépects of electric

power shortages and their consequences.
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A. The Causes of Our Dilemma

How did the nation get itself into a situation in
which:it faces the prospect of inadequate. electric power sup-
plies? How indeed, given the historical fact that the United
States has for long enjoyed a high standard of electric power-
reliability? The answer, of course, is that we slid into -
it..;slowly, imperceptibly at first...through a long series
of seemingly local, unrelated .governmental and utility
actions (or inactions) in the late 1960s and early 1970s
that ultimately proved to be related either directly to each
other or indirectly through the institutional mechanisms,
such és the capital market, that serve the electric power

industry.

— ~-- Phe~potential causes of insufficient supplywéén be
broken into two major groups, according to whether they would
contribute mginly to capacity shortages or mainly to energy
shortages.® Under the first heading are causes having to do
with investment financing difficulties, expansion delays, and
load forecasting error; under the second are causes related
to fuel availability or environmental restrictions upon

operations.

5 These categories are, of course, interrelated. Shortages

of nuclear capacity, for example, can result in increased
use of oil-burning combustion turbines, and hence contri-~

bute to fuel shortages.
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1. Pinancing Problems

The cutbacks in utilities' expansion plans announced
during the past year are partly a reséonse to reduced load
growth forecasts. But many industry officials ihdicate, and
governmental observers agree, that they are also a reflection
of increased costs of capital investment and financing on one
hand and reducéd earning power on the other. Inflatioh,_tight
money and eroding investor confidence have contributed to a-
general rise in the cost of capital financing. Environmental
standards and construction cost escalation have boosted the
cost of investing in new capacity. At the same time utility
company earnings have tended to drop--in some cases drastically.
The delay by some utility managers in seeking adequate rate
relief, compounded by the lag in some regulatory commission
responses to such requests, lower than expected sales,® and
sharply rising costs of fuel and other inputs have been the
principal sources of earnings deficiencies. They have seriously
impaired the industry's ability to carry out construétion pro-
grams and may have put pressure on some utilities to reduce
these programs to levels dictated by their current ability to

raise capital, rather than by their judgment concerning long-

term growth expectations.

§ Temporary decreases in sales serve to reduce current
revenues without necessarily reducing current capital
requirements. '
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The decline in electric utility earnings levels,
interest~coverage ratios and credit ratings was most pro-
nounced in 1973 and 1974. 1975 has beéen a year of moderate
recovery, yet the willinéness of investors to provide ade-
quate funds for future capital investment ‘is By no means
assured, since the reéovery has not yet produced earnings
levels appropriate to the indhstry's”rélative risk and
capital needs.

2. Expansion Delays

" Although financial considerations probably represent
the most ‘tightly binding constraint upon capacity expansion
today, delays in the process of planning, building and secur-
ing approval for new facilities have also hindered investment
and contributed to cost increases. The list of underlying
causes is all too well known: technical and design problems
with nuclear plants, and_with environmental control systems on
all types of plants; active intervention by environmental and
other citizens' groups at various phases of the approval pro-
cess, both bgfore and after construction; and the fragmentation
and proliferation of agencies having authority over one element
or another of the process. To cite these delays as a causative
factor is not to deny the relevance of the corisiderations raised
by environmentalists and others; but ﬁhe.costs of delay should
be fully recognized, as when the threat of delay itself pro-
motes an ecoqomically dubious course of action such as build-

ing combustion turbines in lieu of baseload nuclear capacity.




3. Uncertain Load Growth Rates

Rapid increases in energy prices, the downturn in
economic activity, the sluggish growth of electricity demand
following the Arab oil embargo, curtailments of natural gas
service to industrial customers and embargoes on new gas
hookups, and the talk of moving toward oil import independence
in part through increased reliance upon nuclear and coal-fired
electricity generation have created a good deal of uncertainty
about the growth of future loads. Will the "pause" of 1974 be
matched by a "spurt" at some_later point in time? Will recent
historical growth rates reemerge, but from a lower-than-
anticipated base? Ot wi}l growth rates continue to be lower
than in the past? Utilifies are finding it necessary to adapt
their methods of planning for system expansion to include the
effects of considerébly more uncertainty in load growth than
heretofore. 1In particular, attempts are being made to improve
the sophistication and accuracy of forecasts by application
of econometric demand estimation techniques, a proceés as_yét
imperfect but potentially more satisfactory than the historic
extrapolation techniques previously relied upon.

| 4. Fuel Availability

The factors contributing to the threat of fuel short-
ages for electric power generation are to some extent. the same
as those for the economy as a whole: the cbntinuing risk of
‘a renewed oil export embargo by the members of OPEC and the

short-run (anq ?osSibly even'iong?fﬁﬁ) inelasticity of supply
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of domestic fossil fuel resources.’ But there are, in addition,
a number of problems peculiar to the electric utility industry.
Its low priority in the FPC's natural gas allocation program
points to a sharp decline in the availability of that fuel for
electricity generation. The effect of actual and imminent
federal emmissions standards is to require the burning of low-
sulfur fuels, which are scarcer than fuels generally, or to
necessitate the installation of controversial SO2 scrubbers. If
scrubbers turn out to be unreliable, or if they are not in-
-stalled in great numbers, shortages of low-sulfur fuels are
likely to occur. Given the heavy reliance of utilities upon
coal, they must be concerned about the availability not only of

coal of the required quality but also of the means of transport-~ .

ing it in quantity from mine to generating plant. It is not
clear that the nation's rail system will be geared up to meet
projected coal transportation.demand, especially if reliance
upon low-sulfur western coal grows. The availability of nuclear
fuel is also subject to some uncertainty. 1In particula;, in-
dustry officials are exéreésing concern about the lack of in-
vestment plans and licensing procedures for new uranium en-
richment and fuel reprocessing facilities for the 1980s and

about the availability of raw uranium itself.® We have, then,

? The uncertainties surrounding federal leasing policy
further complicate the long-run picture.

8 Some officials believe that the tails assay now set for
uranium enrichment is uneconomically high, thus exacer-
bating the risk of a yellowcake shortage in the 1980s or ‘
1990s.
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a situation in which natural gas is becoming effectively
unavailable to meet electric utility needs; the bulk of
foreign oil supply is controlled by a cartel willing to halt
production.iﬁ pursuit of its members "' foreign policy objéc~
tives; the use of increasing amounts of céal is discouraged
by actual or proposed environmental restrictions and'by'the
prospect of inadequate rail transportation capacity; and
finally, the future availability of nuclear fuel is far less
assured than was heretofore thoughﬁ to be the case. |

B. Reserve Margins and Reliabilitz Standérds

'As a result of the preceding faéfofs‘éOﬁtribdting
to both capacity and energy shortages,'the Committee believes
we may be witnessing the emergence of a new intérést aﬁohg
both utility executives and regulatory officials in reevaluat-
iné traditional United States reliability standards.

Historically the industry has striven to maintain
high reliability standards. -Some utilities, for example, try -
to ensure that demand (load) wili not exceed generatinq’capé-'
city on more than once in 10 years.’ Té'achieve these stan-
dards, reséfﬁe mérgins héve'averagéd lSntonésfpercent'df
annual peak load for most utilities. According to the sta-
tistics of the Edison Electric Instituéé(fthe average reserve
margin for the nation ranged from a loQNOE-is.Q_pegcenf to a
high of 23.7 percent duriné the period 1964—1953: In 1973
the average reserve mafgin rose toi27.21péf§ént.$sjatresdlt

of unexpectedly low grqwtﬁ in_1oad§,?;Qwinéﬂﬁéiﬁﬂé;19?4;1975
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recession, load growth (pa:ticula:ly in the industrial sector)
continued to be slower than normal in 1975, with a resulting
increase in_;he_average reserve margin to 33.5 percent.® How-
ever, in view of recent deferrals--and even cancellations-fof )
new installations, a downward trend in reserve margins is
likely to emerge later in the 1970s.
Recent surveys of utility construction plans indicate
the possibility of a serious inadequacy of reserves within the
next decade. As little as 726,000 megawatts of capaci;y now
appear to be planned for December 31, 1983, some 189,000 mega-
watts having bsen deferred or canceled.!® This capacity would

accommodate an annual growth rate of 5.2 percent from 1973 to

1983 if at the end of this period load factors and reserve ‘

‘margins were held at their relatively normal 1973 levsls. But

if the growth of demsnd turned out to be closer to the historic

rate--say 7.2 pércent-—-then the industry reserve margin would

fall to zero by 1983, and the risk of power outages would be

vastly greater than today. _ R
Based upon a 1975 noncOinCident peak demand of

358.2 thousand megawatts, a 1983 peak capability level of

3 The seemingly higher reserve margins of 1974 -1975 may
be deceptive. The capacity of some companies may be
overstated because of a failure to reevaluate capacity
in the light of recent environmental restrictions, e.g.,
on. the burning of high-sulfur coal.

10 National Economic Research Associates, Inc., survey of

construction cutbacks, August 1974; updated by public

-announcements in trade press. Based upon the 1973

ratio,a 726,000 capacity figure for December 31, 1983 .

implies a capability at peak of 688,000 megawatts in

1983.
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688,000 megawatts could sustain a growth rate of 6.0 percent
while preserving 1973 load factors and a 1973 reserve margin
of 20.8 percent. A growth rate of 8.5 percent would reduce
reserves to zero by 1983. These relativeiy higher growth
rates are due to the sluggish growth of peak loads in 1974

and 1975; and they yield a deceptively optimistic picture of
the maximum growth ratio consistent with planned capacity
additions and maintenance of historic reserve margins, since
recovery from the current recession may well cause a temporary
spurt in growth sufficient to offset much of the growth "lost"
during the past two years.

Whether, after the pause of 1974-1975 and subsequent
recovery, growth will resume its historic pace is uncertain.
The downward effect of increasing electricity prices may be
more than (or less than) offset by the upward effects of ris-
ing natural gas prices, natural gas curtailments, high oil
prices, and uncertain supplies of foreign crude. Economic
growth may or may not recover to the trend rate of the 1960s.

When establishing a target rate of system growth in
the face of such uncertainty, utility planners must take into
~account the costs of under- and overestimating required capa-
city by any given amount. If load is underestimated by, say,
15 percent, then reserves will most likely be insufficient to
prevent the risk of major interruptiohs of service. The only
escape might be to install high-cost gas tﬁrbine generators

on a last minute basis if the units and the fuel to be burned
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in them were available. Utility customers would then be stuck
with these expensive sources of power for some time, and the
nation with increased dependence on foreign oil.}!! If, on

the other hand, load is overestimated by 15 percent, the only
cost is that of carrying excess reserve capacity for a period
of time. At a 6 percent rate of growth, excess capacity of

15 percent is reduced to 9 percent after one year and to less
than 3 percent after two years. The costs of carrying such
excess capacity are very likely to be smaller than the costs
of underestimating load growth, especially when power planﬁ
construction costs are escalating rapidly or where new plants
can replace old units having high operating costs. If so,
then planners ought to pick a tafget expansion rate somewhere
above the mean or expected rate of demand growth (assuming
growth rates above or belbw the mean to be roughly equiprob-
able).

The possibility of a growth rate in the 6-percent-or-
above range makes it impossible not to be concerned about the
"risks and costs of inadequate electricity generating capacity.
We note, in addition, that reserve margin deterioration could

become severe in certain regions before statistics based

11 rhat is, utilities could be forced into a situation of
having to install a suboptimal generating mix, one
excessively concentrated upon peaking-type units.
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upon national averages provided any clear indication of the

fact.!?

C. Avoiding or Ameliorating Power Shortages: Policy
Options
At the beginning of this background and policy sec-

tion, the Committee indicated that it saw several policy
options available to the FPC, state regulatory commissions and
the electric utilities themselves which should help to avoid
and améliorate elecgric power shortages, and therefore, their
disruptive social and economic consequences. These recommended
options are summarized below; more detailed treatment of the
problems and conceptual issues that underlie our recommendations
appear.elsewhere in this report..

1. The Federal Power Commission

Actioné needed to ensure the reliability of the
nation's utility systems range broadly from modest improve-
ments in system design, control and coordination to a compleﬁe
overhaul of the rules and procedures goverﬁing rate regulation
and the siting of new facilities. Any consideration of thé
role of the Federél_Powér Commission in the matter of adequacy
and reliability of power must recognize, however, that the
Commission's legal authority to influence maﬁy of the factors

bearing upon electricity supply is plainly circumscribed. Many

12 rThe foregoing discussion has concentrated upon shortages
due to insufficient capacity expansion. The overall risk
of shortages is greater owing to the possibility of fuel-
related shortages or environmental restrictions upon the
operation of certain types of plants; e.g., nondegradation
rules: for air pollution or nuclear plant deratings.
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potentially desirable steps can be encouraged by the Commission
through exhortation and example, but the authority and respon-
sibility for many actions belong to individual companies
(public and private), to the state utility regulatory
commissions, to other federal agencies or ultiﬁately to the
state and federal legislatures. We have tried to keep this
limitation in mind in developing the options discussed below.
First, the Commission can contribute directly and
by example to the solution of the industry's financial prob-
lem by allowing adequate earnings on investments subject to
its jurisdiction. Insufficient rates of return and delays of
many years in giving final rate  approvall?® not only reduce
earnings directly but also set an example of regulatory lag
that diminishes the credibility of the Commission's exhorta-
tions to others. The Commission can improve utilities' cash
flow by modifying its rules governing construction work in
progress and book depreciatiﬁn ratio and by continuing to
ensure the full normalization of tax benefits resulting from
accelerated depreciation, investment tax credits, the imme-
diate deductibility of overhead costs and similar items. |
Second, the Commission can help to eliminate_one of
the most serious deficiencies in utilities' defenses against
the risk of inadequate supplies of electric power: the lack

of good "software" as opposed to "hardware." Load forecasting,

13 We recognize that the problem of FPC regulatory lag is
mitigated by rules that allow new rates to go into effect
five months after filing, subject to refund if not
finally approved.




the evaluation of reliability standards, rate design and

the determination of reasonable and proper criteria for the
rationing of service during prolonged shortages present dif-
ficult analytical and technical probiems whose solution could
help to resolve important policy conflicts. The Commission -
could seek to advance the state of the art in the above processes
by directly supporting research on methodological improvements.
In addition, it could, in cobperation with NARUC, begin to
develop standards or methodological guidelines for individual’
utilities or state commissions to apply to their own particular
cases. Examples of the points to which guidelines might be
directed are as follows:

a. Load forecasting techniques--more frequent
and more skilled use of survey techniques and econometrics,
more sophisticated treatment of uncertainty through sénsitivity
analyses and Monte Carlo“simulations; this wcrk should 'include
analyses of price elasticity. The Federal Power Commission
might consider preparing a survey manual of the latest method-
ology, including critiques thereof, for use by utilities and
state regulators.!*

| b. Reliability evaluation--performance of full
cost~benefit analyses of reserve margins using "expected energy

unserved"” as the basis of computing losses, rejection of rules

1%  por an early example of such an attempt, see-Federal
Power Commission, The 1970 National Power Survey,
Part IV (Washington, D.C.: .U.S. Government Printing
Office, 1969), The Methodology of Load Forecasting.
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of thumb such as a "one-day-~in~l0-years" loss-of-load proba-
bility except as justified by cost-benefit analysis; an essen-
tial part of this work should be to develop better estimates
of the short- and long-run costs of service interruptions.
Such an evaluation would assist state commissions in apprais-
ing the adequacy of planned reserve margins and, hence, of

construction budgets.

c. Rate designf—development and application of
techniques for éomputinq long-run marginal costs!® and for
applying these costs to the design of rates reflecting peak-
load pricing principles. The application of marginal-cost
pricing.principles to rate design should not be viewed as a
routine mechanical process. Accomodation of regulatory con-
straints and of conditions in gas and oil as well as electric-
ity markets will require careful analysis on a case-by-case
basis. The Commission's guidelines should seek to promote °
such. analysis and to focus it effectively upon the critical
problem areas. As regards peak-load pricing, we recognize
that any decision to proceed with full implementation for
residential and small commercial customers should depend
upon a determination that the benefits would exceed the

metering and other costs. At this point in time there is

15 Pricing at long-run marginal cost is the exact equiva-
lent of pricing at short-run marginal cost if capacity
is expanded at the optimum rate; i.e., at a rate that
maintains economic reserve margins.
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insufficient evidence to indicate that such is or is not the
case; we urge that the Commission closely monitor the progress
of the studies underway in this area.

d. Rationing criteria--drafting of a model
state statute in which the need for critical public services
would be.reflected in procedures for the allocation of elec-
tricity supplies during emergencies. Econometrics, surveys,
and other analytical tools should be used to estimate cus-
tomers' capacity to absorb cutbacks in both the short and
long run.

Commission recommendations in the above-mentioned
areas will be helpful only if based upon thorough study of
the probleﬁs and.if made in recognition of the fact that con-
tinued research is essential to the determination of the best
long-term solutions. Neither the Commission nor the industry
should be tied to rigid formulas; rathér they should be free
to develop or to exploit advances in analytical methods and
to incorporate new knowledge into policy decisions. Flexi-
bility is essential to effective management. The Commission
should take care that its guidelines do not interfere unduly
with it. |

2. State Regulatory Authorities

State public utility commissions could be most
effective at promoting reliability and optimum supply by allow-

ing electric ﬁtilities to'garp at levels sufficient to attract
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required investment capitall!® and by éncouraging them to move
toward the adoption of peak-load pricing rate structures that
reflect the long-run marginal costs of service. Utilities
cannot be expected to provide sufficient capadity if they
can do so only at the cost of repeated dilution of stock-
holders' equity; they must have an opportunity to earn a fair
rate of return on their investment in needed facilities.
These.steps--aAequate earnings and rational raté
structures--would improve profitability and hence the ability
of the industry to increase supply, while also discouraging
uneconomic expansion of demand. Adeqﬁate earnings would make
it possible to raise capital; peak-load pricing might contrib-

ute to a reduction in the growth of annual peaks, improving

!

load factors and thus lowering system césts. At the very least
it would place the cost of capacity maintenance and expansion
more fully on the shoulders of those whose demands were re-
sponsible for such expansion than do current rate structures.
Other regulatory reforms either to improve cash flow,
such as allowing construction work in progress to be included
in the rate base, or to rationalize the selection and approval
of new power plant sites and facilities with full opportunity

for all affected parties to be heard, would of course help to

16 This goes beyond setting permiséiblé rates of return at

adequate levels. Those returns must be computed in a

manner designed to provide utilities with an opportunity

actually to earn them. In this connection see the recent
decision of the New Mexico Public Service Commission,

In the Matter of a Rate Filing by Public Service Company ‘
of New Mexico, Case No. 1196, April 22, 1975.
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ensure that.capacity could be expanded to meet demand;. In
addition, state commissions could--independently, or in coop-
eration with the FPC~-establish methodologioel guidelines in
the areas of load forecaéting and reliability evaluation as
noted above, and they could take the initiative_;h Working
with utilities to develop plans for emergency rationing of
electric power within their jurisdictiohs. Indeed, unless
the slowdown in facilities construction is halted, state com-
. missions may find ohemselves with a need to redefine the
"obligation to serve" concept'in a manner reflecting the
utilities' 1nab111ty to conscrlpt capital.

Even where the comm1551ons are w1lllng to take the
lead in dealing with energy shortages,"steteJleglslatures:should
be alert to ensure that the grant of such authority to their.
commissiéns is clea; and unequivocel. Indeed, our.bgief review
of state legislation on the.subjeog_suggeeps:tbat a greet many .
states may need to examine the statutory grants of authority
to their respective utility commissions for the purpose of
dealing with electricity shortages.

Actlon by state leglslatures may.elso be ‘required (a)
to streamllne and to ratxonallze the power plant sxtlng process,
(b) to ensure that environmental protection’ act1v1t1es are pro—
moted wherever Justified on the ba31s of thelr soc1a1 costs
and benefits and that the costs not only of pollu;;on controls

but also of unabated environmental effects a;eﬁpessed through
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to the users of electricity,!’ and (¢) to provide public util-~"
ity commissions with the additional staff and other resources
necessary td-dévelop new policies on rates, emergency ration—
ing and siting.!® |
3. Electric Utilities
Utilities themselves are in the best position to
deal with many of'the problems noted above. In fact, many
utilities both public and private are currently striving to
advance their methods of load forecasting and reliabilify
evaluation for system planning-purposes by including more
explicit analfSes-of the effects of prices, conservation,
demographic developments and economic'conditions. Other com-
panies should follow this lead. Reliability evaluatidn, too, .
can be improved by developing ways to estimate the expected |
costé of outages given long-term load and resource availability
projections. The cost of additional investment to reduce the
likelihood and extent of oufages should be at least as great

as the outage costs thereby avoided.

'7 By taxing emissions, for example. Despite the political

and practical difficulties that this might entail, it
offers the best hope of a rational solution to pollution
control problems.
18 Commissions, of course, have the burden of using such re-
sources as are available to them in an optimal fashion,
. consistent with law, perhaps by liberating themselves from
the tyranny of the rate case cycle, deploying a greater
portion of their resources in generic hearings dealing with
planning, rate structure reform and similar issues. A numbe
of state commissions, notably those in California, Florida,
and New York have instituted generic hearings on rate struc-
ture revision. More such hearings can be expected.. .
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By actively studying and eventually applying long-run
marginal cost estimates to ratemaking in the form of peak-load
pricing, utilities may be able to reduce the chances of having
to meet excessive demands. Uﬁilities should accelerate. their
efforts to test the potential benefit of peak-~load pricing as
a means of controlling load growth and iﬁproviné sfstem load
factors.!?®.

Rational economic pricing by the industry is a de-
sirable objective. Consequently, we are inclined to frown
upon schemes whose primary purpose is to promote the under-
pricing: of electricity--charging less than_the-real.resourcé
cost involved in its generation, transmission and distribution.:
Utilities should, in our view, eschew subsidies. They should
neither seek them from government nor confer them upon cus-
tomers without the most compelling of reasons.

If a shortége of capacity materializes--as a conse-
quence, for example, of a reemergence of historic growth rates
in the face of congtruction cutbacks--it will be important for
utilities to have effective plans for rationing during shortages.

Since utilities know their system operating characteristics best

19 We note in this connection that, at the instigation of NARUC,
the industry is undertaking (through Edison Electric Insti-
tute and the Electric Power Research Institute) a comprehen-
sive review of its pricing practices, with emphasis on the
feasibility and desirability of time-of-day and other peak-
load pricing techniques. This study should shed a great deal
of light on the effect of such techniques, as well as on the
potential of direct load management devices.
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and can help to ensure that rationing priorities properly re-
flect those characteristics, they should work closely with thei:
commissions in drawing up plans to meet shofﬁages of various
magnitudes and duration. (Most large systems have sophisti=-
cated load-shedding procedures for emergencies of very short

duration, but many lack suitable plans for more extended

‘'shortages.) Probabilistic loss-of-load simulgtioh analyses

may help to determine the kinds of "scenarios" that should be
planned for. Price elasticity studies may help to identify
which customer groups would have the greatest difficulty in
reducing demand during prolonged shortages and may help to

establish rationing priorities.




IV. PRINCIPLES AND PROBLEMS IN THE EVALUATION OF SUPPLY
ADEQUACY

Leaders in the electric utility 1ndustry recognlze
that they can solve the problem of providing adequate power
supplies only if they have developed sultable answers to the
following lmportant questlons

1. What is an adequate level of electricity
supply? |

2. What is the.relationship between stpply '
adequacy and costs? - -

3. How can the risks and costs of ifadequate
power supply be included in the sYstem olanning prooess?.

4.: What pr1nc1ples should guide goverpmental
and utility 1ndustry actlons in 81tuatlons where supply
is 1nadequate? |

Sensible answers to these questions do not come
easily and, no matter what the answers, are bound to generate
a certain amount of controversy—-ow1ng to thelr novelty, com-~
plexity and economic importahce. The discussion below is
1ntended to serve as the ba51s for a thorough a1r1ng of the
issues and concepts involved and not.as- the flnal word on the
subject. )

A. Adequacy and Inadequaoy Defihed

The standard economic definition of inadequate
supply.is very-simple- demand;exceeds supply.at'current
prlces (rates) 1t . is deceptlvely 51mple For present pur-

poses the concept of demand must be con51derably elaborated



- 32 -

and as we indicate below, the implications of supply inadequa-
cies for utility or governmental actién may vary considerably
depending upon the relationship 6f'current rates to costs.
Demand in the economic sense differs from demand in
the sense of customers or system load. Demand in the former
case is the level of glect#ic service planned or desired by

0 I1f, therefore, the

customers at rates'currently in effect.?
- actual level of service provided is less than the desired or
planned level, supply is inadequate. But electric service has
at least three major dimensions: load (kilowatts of demand),
volume of consumption (kilowatt-hours of energy) and relia-

| bility (expected service interruptions).ZII It may fail to be
adequate in any one or all of these dimensions. Any'useful
definition of supply adequacy should reflect this fact. The
following attempts to do so: .Electricity supply is adequate

if customers' desired loads and volumes of consumption at

current prices are met with a degree of reliability they find

2 7his is not to say that past rates, or expectations of
future rates based upon past and present experience, do
not influence demand. Clearly they do. The importance
of current rates lies in the fact that those rates are
(in principle) variable in the present. By raising or
lowering current rates the current quantity demanded can
be immediately raised or lowered. (Demand will respond
to price changes if they are large enough.)

21 Reliability is frequently measured in terms of the ex-
pected number of days on which the system cannot meet
its load. But this measure ignores the extent, size
and duration of outages. A better measure is the ex-
pected ratio of energy (kilowatt-hours) not delivered
when demanded to total energy consumption. See Sec-
“tion IV-C below.




acceptable. "Acceptable" means that they are willing to pay
as much as it costs to maintain service reliability at the
present level but would not--if given a choice--be willing to
pay as much as it would cost to increase reliability by any
further amount.

On the other side of the coin, inadequacy may mean
that desired consumptibn is met, but with less than acceptable
reliability. In the extreme it may mean that total planned
consumption (load or volume or both) cannot be fulI§ met if
the utility in question is to maintain a viable service.
Inadequacy can be defined, then, as a situation where actual
consumption is forced below the amount desired at current
rates or reliability is less than-acceptéble.

Inadequacy, as we have defined it thus fér, is a'r
disequilibrium concept. If cufrent ratés are too low, some
form of nonprice rationing ot taxation is required to hold
actual consumption below desired-cohsumption., If rates were
free to move as in a competitive market, such a situation
would not occur. Rates would rise as high as necessary to
choke off customers' desires to consume electricity. How-
_ever, if rates had to rise drastically to achieve this"
.result-;and“well they might if a marked shift in demand or
supply conditions occurred--it is difficult to conceive of.
the resulting equilib:ium as a situation where supply was

"adequate"” in any meaningful sense of that word.
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At this point, the distinction between the short
run and the long run is cruéial. If underlying market
conditions change markedly or rapidly, neither the industry
nor its customers can adjust their patterns of behavior to
conform immediately to the new state of affairs. Nor should

they, since in most cases it would be uneconomic to do so.

'But after a suitable period of adjustment has passed, a new

set of long-run equilibrium rates and quantities can emerge.
In a very real sense, therefore, supply is adequate not

just if customers' desired levels of service are met at cur-
rent rates, but also if current rates are no higher than
long-run eqﬁilibrium rates. To put the matter differently,
supply is inadequate whenever current rates would have to be
higher than long-run equilibrium rates in order to bring

demand and supply into balance, because in that event new

and perhaps costly adjustments would have to take place.

B. Rates, Costs and Supply Adequacy

It is important to distinguish "optimal" electric
supply from "adequate" electric supply. Supply is both ade-~
quate and -optimal (in the long run) if it is adequate as de-
fined abéve and rates are equal to the long-run marginal

costs of providing additions to service.2?? According to our

22 Market imperfections--other than regulatory constraints

‘'on aggregate revenues--may justify deviations from mar-
ginal'cost pricing. Whether deviations from such pricing
for this reason would be appropriate for electric utili-
ties is unclear. '
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definition, supply could be adequate but not optimal. This

would occur whenever demand and supply were in balance but

were either too high (e.g., because of too low prices based

on historical average cost pricing) or too low (e.g., because

of too heavy reliance upon costly peaking units built as a
result of improper planning or an unpredictable spurt in load
growth). On the other hand, supply could be in#dequate but opti-
mal. This situation would occur when three conditions prevailed:
rates were set below marginal costs so that demand was above
optimum; nonprice rationing was used to hold consumption to

the amounts that would have been consumed at optimal rates;

and supply was suffiqient23 to serve the optimum demand. Des-
pite the restrictiveness of these conditions, this case has

sohe relevance to policy making, since it may sometimes be

better to ration an inadequate electric supply than to supply:

an uneconomically high demand..

Rates set equal to the long~-run marginal costs of
service (LRMCs) offer considerable hope of inducing users of
electricity to optimize their uses of electricity, but they
can also raise problems with respect to earnings. If LRMCs
are below average historical coéts——as was the case through-
out most of the 1950s and 1960s--then earnings will be inad-

equate to maintain company profitability and industry growth

23 - In ‘the absence of uncertainty and other market imperfec- .
tions, taxation on subsidization, long-run equilibrium
could not be suboptimal. Some form of subsidy would-
probably be required to ensure this condition on a con-
tinuing basis.



will suffer. If LRMCs are above average historical costs--

as is currently the case--then earnings will exceed the levels
required to raise capital for future growth and will probably
conflict with regulatory restraints.

One way to satisfy earnings requirements while
minimizing the distorting effects of not setting rates at
LRMC is by application of the "inverse elasticity rule."

This rule derives its name from the fact that "elasticity"

is the form in which the responsiveness of demand to price

is usually measured. The procedure is roughly as follows:
Calculate rates on the basis of the LRMC for each class of
customer. Estimate total revenues and compare them with re-
quired revenues. If there are excess revenues, reduce calcu-~
lated rates to meet the revenue requirement, but concentrate
’the:reductions on those. portions of the rate schedules or on
those types of customers for which the likelihood of inducing
an expansion of demand (in the long run) is lowest. If there
are insufficient revenues, raise the calculated rates to meet
the revenue requirements, and concentrate the increases where
the likelihood of causing a reduction in demand is lowest.

The procedure just outlined will work well if
protracted disputes about which elements of demand are least
price elastic can be resolved and as long as revenue require-
ments are set reasonably close to the level required to main-
tain profitability. If revenue requirements fail to reflect

the increasing costs of providing additional service, or if




regulatory lag is excessive, the resulting erosion of earnings
may prevent utilities from raising sufficient capital for
expanding capacity while encouraging demand growth by forcing
excessive deviations from marginal cost pricing. Under such
circumstances, the risk of inadequate electricity supplies
necessarily looms larger.

C. System Planning and Supply Adequacy

Beyond allowing adequate earnings and encouraging
rates that do not deviate too far from long-run marginal costs
are a range of policy alternatives designed to accelerate
additions ﬁo supply, to.improve system performaﬁce, to limit
consumption to economic levels and so on. To know whether it
is really worthwhile to implement any of these alternatives,
it is necessary to compare in some fashion the costs of inade-
quate supply with the costs that are incurred in reducing the
likelihood or the undesirable effects of power shortages.

Current industry planning practices usually involve.
designing increments to system capacity in such a way as to
meet projected peak loads with a margin of reserve sufficient
to keep the probability of outages at a very low level.

Some companies apply a rule of thumb directly to the reserve
margin factor, say, 20 percent. Others set reserves equal to
£he capacity of the largest unit on the system. Still others
calculate a loss-of-load probability or LOLP and design the

system to achieve a given level of reliability, say, one day
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* The target reliability level is

of outage in 10 years.?
usually a rule of thumb. Implicit in these rules of thuﬁb
is a judgment by each utility either that its customers as a
group would be willing to pay the costs of achieving its
targeted service reliability level, because the costs or
inconvenience of lower levels would be even greater or
--what is tantamount to the same thing--that public reaction
to a lesser degree of reliability would redound unfavorably
upon the company. Such reaction could range from customer
protests or boycotts to increased public opposition to rate
increases. Ultimately it could lead to more drastic govern-
mental action..

We question whether this conventional approach to

system capacity planning is adequate today. As indicated
below, it is now becoming possible to perform explicit eval-
uations of the costs and benefits of increments to_system
capacity or of any other reliability improving investments.

A few preliminary studies of this kind have been performed.?®

24 LOLP is defined as the expected fraction of time in
which there are outages of any size, though it is also
commonly defined as the expected number of days per
year on which a system outage of any duration occurs.

25 See, for example, R. Bruce Shipley, et al., "Power Relia-
bility vs. Worth," IEEE Transactions Paper, February 18,
1972; M. L. Telson, "The Economics of Reliability for
Electric Generation Systems," Massachusetts Institute of
Technology, May 1973; and Alvin Kaufman, "Reliability
Criteria--A Cost-Benefit Analysis," Office of Research,
New York State Public Service Commission, August 1975,

OR75-9. I




-39 -

These studies do not proVide.conclusive evidence, but they

do suggest the possibility that historical reserve margins

may not have reflected a proper balance of costs and benefits. .
Second, even if target reliability levels have been correct

in the past, they may be no longer. -

As a first cut at the question of the proper reserve
margin, we must recognize that when consumers of electric power
cannot get power because of inadequate supply, a cost:is -incurred
by the consumer. In some cases it is an implicit cost--in--
convenience, bile, frustration. In other cases, production is
curtailed;'people and machines are idled; plant, equipment
or inventories are damaged; and monetary losses follow. 'All
these'curtailment:costé are external to the: utility, and as a
business enterprise the utility essentiélly“doesrnot,:in a
short-run.profit—maxim%zing sense, have to care about them..

In the long run it must do so, however; for the. economic.
health of its service territory and the satisfaction of cus-
tomers' demands for reliable service are essential to its::
viability and profitability. Moreover, the regulatory pro-
cess will ensure that the utility internalizes some of these .
external costs, because the consumer cannot look to competi-.
tive enterprises willing to provide-extra reliability for a
higher cost. The utility and the regulators then have to
make judgments -about the social costs-involved in different
levels of 'reliability. What costs éfe-imposed on -society by

generation-reldated outages-occurring once every week as- ‘-
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opposed to once every 10 years? Or by outages lasting six
hours on the average, rather than one? The relevant question
ig: - At what level of reliability does the cost of an extra
unit of capacity'equal the extra saving in social cost de-
rived from putting in the extra capacity?

Determining the costs of adding to a reserve margin
is not particularly hard. Determining the social costs avoided
by changing the reserve margin is extremely difficult. The
French have endeavored to do it by developing a plan for load
shedding in the case of energy insufficiency (mainly low water,
since the French system is heavily dependent upon hydropower
and estimating the value of the loss of production at each
level of supply insufficiency. The plan is then to add capac-'
ity to the point where the cost of an extra unit of capacity
equals the reduction in probable loss to society which the
extra unit of capacity provides.

" This sort of calculaﬁion would require a change in
the loss-of-load probability concept (LOLP) as it is generally
applied. The problem with LOLP is that it makes no distinction
between the probability of a small outage and that of a large
one. Since the losseslor inconveniences caused by an outage
depend--among other things--upon its size, reliability should
be measured in a way that includes both the probability of
outages and their likely magnitude, extent and duration. One
such measure is the expected fraction of energy demanded but

not served due to outages--loss-of-energy probability or LOEP




as it is sometimes called. The methods used to calculate LOLP

can be extended quite easily to calculate LOEP. The latter

can then be used to estimate the total kilowatt-hours expected,
.on the average, to be denied to customers when they want them.

If a dollar value can be attached to those kilowatt-hours, then
a utility can measure the cost savings to customers of raising

reliability (1owering LOEP) and compare them with:the costs it

must incur to do so.

Another important area for investigation is the re-
lationship between utilities' legal obligation to serve and
economically determined reliability levels. 1In particular,
some customers may demand more reliable service than would be
economic, taking customers as a whole. In the event of an
outage, many customers would mefely defer activity until ser-
vice was restored; some, however, would lose .their entire sched;
uled output during the outage period, while still others would
suffer losses over and above lost production. The importance
of this last possibility would normally depend upon the kind
of production process involved. For example, some metal-
working processes require constant energy inputs to prevent
ﬁfreezing" of the metal or cooling and spalling of tﬁe fur-
nace linings.

Presumably, such customers would be willing to pay
a premium for more reliable service than might be socially
efficient for the bulk of a utility's customers. In order to

provide such service the utility might install signal-actuated
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cut=off equipment to interrupt those customers who did not ' ’
require the more reliable service. Alternatively, the
utility might install suitable standby equipment, such as :
gas turbines, near those customers desiring a higher level
of service.?® The customer wanting additional reliability
would be required to pay a premium sufficient to cover the
extra cost of serving him.2?? This kind of customer is the
reverse of the interruptible customer, who is willing to
accept less' than average reliability in exchange for a lower
rate reflecting the capacity he saves for the utility.

One additional point concerning reserve margins de-
serves mention. Most reliability studies dealing with

generating-capacity reserve margins have not taken into ac-

count the reliability of the transmission and distribution
networks.?® 1If, say, the distribution s?stem is built to

a lower order of reliability than other components, the
higher level of generating reliability may repreéent a form

of "gold-plating." On the other hand, some portions of a

26 7o connect this capacity to the system as a whole
would require rather complex and far from costless
arrangements, so it is likely that the customer
would do just as well to install it himself.

27 Contributions in aid ,of construction have sometimes
been used as a means. of paying for higher than average
service reliability.

28 L. H. Roddis, Jr., Speech before the American Public
Power Association, Power Supply Planning Committee,
January 28, 1975.
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transmission or distribution system may be built to a lower
order of reliability for sound economic reasons. (Long feeder
lines serving sparsely populated rural and suburban areas are
often planned this way.) By contrast, the generating reserve
margin mus# be great enough to maintain reliability standards
for the highest priority elements of the transmission and
distribution system. This margin will be greater than that
required to maintain the average reliability level of the
system taken as a whole.

D. Allocating Inadequate Supplies of Electricity

When supply is inadequate in a free and competitive
market, rising prices are the means by which scarce supplies
are allocated. This évenue of control generally is not open
to electric utilities. Taxes or ehgrgency penalties could be
imposed throuéh legislative action in lieu of rate increases,
but the likelihood of enactment or enforcement to the degree
required is quite low. If either:were sufficient to choke
off a major shortage, it would surely arouse great political
6pposition. Nonprice rationing--voluntary or involuntary,
planned or de facto--is the most likely, indeed virtually
the only remaining altefnative.

The nature and extent. of nonprice rationing likely
to be required in a shortage depends significantly upon its
~expected duration. If reliability is more or less adequate
and rates are close to long-run equilibrium levels, then short-

ages will tend to be mild and transikery. This was the
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situation generally faced by the industry up to the early
1970s. The principal concern was to develop system interties
and load-shedding plans for shortages of relatively short dura-
tion, perhaps up to a few days' time. Both government and
industry devoted considerable effort to this task.

The situation we face now, though, is something else
again. The late 1970s and 1980s hold the distinct possibility
of chronic shortages--lasting for weeks, months or even years--
during which customers' desired consumption levels might have
to be restrained in order to keep utility systems at even mini-
mally viable levels of reliability. Under these conditions,
the de facto rationing priorities in load-shedding plans could
be replaced by rating systems that were more equitable and
effective than those that were feasible under transitory
shortage conditions. Below we review some possible courses
of action.:

1. Refusing New Customers

One rationing technique used by some gas utilities
and sanitary districts is to refuse to connect new customers.
This might apply across-the-board to all new electricity cus-
tomers or only to those who wanted to install certain types
of units like electric space heating systems. It might be
limited further to one class of customers (e.g., industrial)
or to a portion of one class (e.g., certain types of indus-
tries or customers with demand in excess of 50 megawatts).

One advantage of such a scheme is that it would be easy to
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implement. Another is that it would affect a relatively small
group of people or businesses compared to plans aimed at exist-
ing customers.. |

The very obvious disadvantage, of course, is that
refusing to connect new customers would have a_devastatingly
inequitable effect upon the people refused, who--while fewer
in number than existing customers--hevertheless amount to a
very large number of people indeed. Moréover, the side effects
of such plans would go far beyond the individuals who were de-
nied electric service. For example, refusal to serve new in-
dustrial customers could well prevent entry by new businesses
into markets that needed increased competition, and it would
be likely to stifle economic growth in the areas affected.

In addition, while declining to connect new cus-
tomers might be a mére effective tool for dealing with energy
shortaéés than rate structure adjustments, this approach is
not an alternative for dealing with growth in demand that takes
place among existing customers.??  To the extent that this
growth accounts for the excess of demand over supply, declin-

ing to serve new customers would be ineffective.

29  Average use per residential customer increased from

1,845 kilowatt-hours in 1950 to 8,079 kilowatt-hours in
1973, before declining to 7,907 kilowatt-hours in the
recession-conservation year, 1974. This element of the
industry's growth could have been restricted only by
controls on appliance acquisition--a difficult policy to
accept in a free society--or by rigid enforcement of
user quotas, an equally unpalatable policy. Over the

- long term, it might be possible to affect usage per cus-
tomer by mandatory changes. in equipment design, but this
would be of little immediate benefit at the onset of a
shortage.
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It is not uncommon for state requlétory commis-
sioners to prohibit distributors of natural gas from taking
on new customers during periods of natural gas shortage.
Such actions have been widespread during the past two years.

But there are other energy sources that were able to perform

-the tasks gas had been performing. In the casé of electric-.

ity, there is no suitable across-the-board substitute, so
that a refusal to connect is a decision to deny the customer
the satisfaction of that need by any means.

All in all, plans for dealing with elecﬁricity
shortages by refusing electric service to new customers
appear to have great capacity for mischief and therefore,
even if entirely legal,?° would be undesirable for dealing
with the problem. This judgment does not, of course, apply
to contributions in aid of construction or other charges

related to costs specifically imposed on the system by new

customers but not reflected in rates.?!

30 Some observers wonder whether refusals to serve new
electricity customers would be constitutional or would
conflict with antitrust laws.

31 These charges can properly be based on the assumption

that the new customer is the marginal customer. But in

the case of jointly used facilities, the appearance of

the new customer is no more responsible for the need for
new facilities than is the decision by the existing cus-

tomer to continue to use -those facilities. The cost of
some facilities, e.g., line extensions, is of course

directly ascribable to new customers; in those instances,

charges of the type mentioned above become appropriate.

In this connection, see Alfred E. Kahn, The Economics of

Regulation: Principles and Institutions, Volume 1 (New
York: dJohn Wiley & Sons, Inc., 1970), p. 140.
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2. Limiting the Service Provided to Existing
Customers

One commonly accepted way of dealing with electrioity
shortages is to 1nterrupt serv1ce to existing ‘customers accord-
ing to some prearranged program until the remaining demand for
electriCity no longer_exceeds the supply. Many utilities al-
ready have such multi-step plans. For erample, the first step
may be to reduce voltage. The next may be to call major com- -
mercial and industrial customers and ask them to turn off
equipment.designated as nonessential. A third step may be to
issue an appeal to the puhlic to curtail usage. If.all of the”
foregoing.are inadequate, a utility may begin to interrunt
service to customers for short periods of time.on a rotating

basis, av01ding--if QpSSible—-areas where there are hospitals

and other public service facilities.?? Programs of the sort
described above are designed primarily for random outages of
relatively short duration. They could he effeotive in the
first stages of a prolonged shortage, but other measures are
likely to be preferred in the later stages.

_ Programs for reducing service to all customers on a
sustained baSlS might be des1gned in a variety of ways. They

would almost certainly rely upon the use of quotas established

32 It is often impossible in the short run and costly in the
long run to separate critical facilities from their sur-
rounding distribution areas. Of course, many facilities
of this sort are equipped with emergency generating units--
hospitals being a common example.
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according to such criteria as end-use characteristics, customer
type, size, locétion or time of day and might involve the use

of coupons as well. The goal shoﬁld bé.to enéure that customers
share the burden of inadequate power supply equitably and at
least cost. That burden will be distasteful, but by and large
it should not be as oppressive as it would be if it were borne
solely by prospective customers.

Nonérice rationing can be effective because it is
direct and immediate, and it can be tailored to protect high-
priority uses. But its political acceptability in periods of
persistent rather than intermittent shortages is,-tb say the
least, uncertain. Moreover, the risk of distbrting economic

incentives and consequently of imposing needless costs upon

customers and investors may rise steadily undef'prolonged néh-
price rationing cénditions.

3. Optimal Rationing

The most economically efficient scheme for nonprice
rationing would in theory be one that produced a pattern of
consumption closest to that which would prevail if electric
service were priced as in a competitive market. Several com-
plications make full implementation of such a scheme unlikely.
It would be difficult, time-consuming and therefore costly
to estimate the "competitive" allocation; it would be costly
to administer and to enforce a scheme complex enough to pro-

duce a near-competitive allocation; and finally, considerations

of equity might require an other-than-economic allocation. .
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A reasonable approximation to the competitive result
might be obtained by application of an "elasticity rule" for
a;locating service by quota to customer groups. _Those with the
most price elastic demands (that is, the ones who would re-
spond to any price increase with the largest percentage
reductions in demand) would be required to make the largest
cutbacks from their intended consumption levels. To state
that proposition is also to state its weakness: The political
appeal of a rationing proéram based on difficult-to-establish
"elasticity" criteria is likely to be'slight and could engender
considerable controversy about who has the ability to pay.

4. Inter-Utility Sharing of Shoftages

. One wéy of ameliorating the effects of a shortage
in one region would be to "allocate" or to "spread” the
shortage among several less.affected utilities. This ap-
proach raises difficult questions concerning_the authority
and résponsibility of the Federal Power Commission vis-a-vis
\state regulatory commissions and the individual utility com-
panies. The FPC has marched up to these questions without
answering them, but it has given some. strong indications that
it believes it has the power to require sharing of shortages.

Section 202(c) of the Federal Power Act grants the
Federal Power Commission broad authority to deal with emer-
gencies, including:

...an emergency...by reason of a sudden

increase in the demand for electric energy,

. or a shortage...of facilities for the gen-
' eration or transmission of electric energy....



In particular, the Act empowers the Commission to require
temporary connections of facilities and such generation,
delivery, interchange or transmission as may be necessary
to meet the emergency.

Although the FPC has invoked its Section 202(c)
powers several times since World War II, it has §nly recently
promulgated guidelines as to how those powers will be admin-
istered in the future. The guidelines are set out in Order
No. 520, which was issued on November 29, 1974. Among other
things, Order No. 520(a) establishes regulations for the
filing of applications for "emergency orders" based on claimed
inadequate supplies of fuel for generating stations or inade-
quate supplies of energy for system needs from any source,
and (b) sets out ratemaking principles to be applied in con-
nection with Commission—ordered transfers of capacity or
energy from one system to another.

One of the issues raised by these new regulations
is just how broad the Commission's Section 202(c) emergency
powers are. - The Commission very plainly takes a broad view
of its authority.- It states in its comments on Order No. 520
that the Section 202(c) power is separate and apart from its
authority to engage in general economic ;egulation. For ex-
ample, the Commission asserts that Section 202(c) gives it
authority over the facilities of rural electric cooperatives,
municipalities and federal facilities, such as those of TVA,
even though it does not have jurisdiction over such facili-

ties under other provisions of the Act.
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It is worthwhile to examine the implications of
Order No. 520 for the question asked at the outset of this
subsection. Namely, to what extent is the Commission author-
ized to "spread" or "ellocate" ehortages of one utility to
another? In terms of its articulated view of its power to
"allocate" shortages, the FPC is proceeding tentatively.
When an earlier version of what became Order No. 520 was
proposed on August 26, 1974, the Coﬁmission contemplated that
emergency energy transfers from other systems to an applicant's
system would not result in the shedding of loads of ultimate
consumers served by such'systems. This observation was dropped,
however, from the Commission's comments on the final version
of the Order. 1Instead, the Commission noted the "desirability"
that emergency power or energy transfers should not result in
the dropping of loads of ultimate customers on the suppiying
system. But it added:

However, data available to the Commission

indicate that voluntary conservation and

utility initiated measures. can effect sig-

nificant reductions in load and energy re-

quirements and consideration of a reason-

able and equitable level of such reductions

by the supplying system will not be excluded
from the Commission's review.

Moreover;, the Comm1331on was careful to poiht out
'that“while its purpose in adopfing Order No. 520 was .to
articulate the means for ordering systeﬁs to share capacity
and energy up to the point of curtailing consumption loads,

it did not undertake to establish the outer limits of its
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authority under Section 202(c) to allocate shortages. In- ‘
stead, the Commission would await the developments of speciﬁic
factua; circumstances in particular cases before deciding

the -outer bounds of its Secﬁion 202(c) authority.?®?

It is possible, indeed likely, that hard questiaqns
will arise. For example, assume that the regulatory commis-
sion in State A grants Utility A rate relief sufficient to
enable it to build required generating capééity and thus
serve its customers with a reserve that is just adequate.

The commission in the adjoining State B, on the other hand,
grants inadequéte rate relief with the result that Utility B
cannot build the requisite qapacity and soon suffers shortages.

When Utility B applies under Order No. 520 for an FPC orde#

requiring help from Utility A, the matter reserved by the

FPC in Order No. 520 would be squarely presented.

3  The Commission has said in the past that it lacks author-
ity to ration electric power among ultimate customers [38.
Federal Register 33642 (1974), citing Order No. 445, 47
FPC 75-76:.(1972)1% “Yet, it would seem that the Commission -
would effectively be doing just that if, acting under
Order No. 520, it were to compel utilities to share power
shortages-~that is, if it were to order Utility A to pro-
vide energy- to Utility B even though to do so would cause
a shortfall in Utility A's system. To be sure, Utility A
might well be left to decide just which of its customers
would suffer from the shortage caused by the FPC order
that it send its electricity elsewhere, but the fact that

. the FPC does not select precisely who shall be hurt cannot
reverse the fact that it is the FPC's order that makes
the selection necessary.




- 53 -

If tbe Federal Power Commission were empowered to
regulate the levels qf'retail rates in States A and B in the
first instance, it could in theory prevent this difficult
case. Indeed, some electric utilities, hard pressed by in-
adequate rate relief from their state commission, arqgue,
largely on the basis of Section 202(c), that Ehe Federal
Power Commission already possesses the statutory authority
to regulate retail electric rates. Although no one seems
to doubt that Congress could constitutionally bestow such
power upon the Commission, there is considerable doubt that
it has already done so. Section 201(b) of the Federal Power
Act expressly provides that Part II of the Act [which includes
Section 202 (c)] 'shall apply to the sale of electric energy
"at wholesaie and in interstate commerce" but shall not apply
to "any other sale of electric energy...."3"%

Given the uncertainty surrounding FPC power over
retail electric rates, it seems reasonable to urge that when-
electric power is transferred to states-wheré capacity is
inadequate, rates be charged thaf'fully compensaté customers
in supplying states for their investment in sufficient re-

serve capacity.?’

b In Conway Corp. v. FPC, 510-F.2d 1264 (D.C. Cir. 1975),
the Court of Appeals held that the Commission could’
"consider and investigate" the retail rates of an

-electric utility to determine whether the wholesale
rates it charged municipalities and cooperatives with
whom it competed- at retail were just and reasonable.

3s Federal Power Commission décision in Docket No. RM74-22.
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E. Observations

There is no entirely satisfactory way of allocating
persistent shortages of electrical ehergy. Schemes designed
to discriminate against new customers would tend to affect
living standards inequitably and to restrict economic growth.
Plans designed to share the burden among all customers would
have some of the séme defects but woularprobably be more
acceptable than-those which would concentrate the burden on
new customers. Such plans would be more attractive.in the
short than in the long term, since they make no distinction
between essential and less essential uses, and do not address
the long-term. consequences (jobs versus comfort) of such an

apparently equitable system. More economic rationing schemes.

would probably run afoul of notions of fairness and political
acceptability and, even if implemented, would present formi-
dable administrative-difficulties. Plans to share the bur-
dens among various utilities would depend, at bétfom, on the
presence of more than adequate capacity in at least some
places, and on the ability of the FPC éo conscript supplies .
from the "haves" for the benefit of the "have nots. "

Additionally, the nat£ona1 defense aspects of any
prolonged shortage must be considered. The Department of
Defense has advised this Committee that:

Thé continued a&ailabiiity of'electrié

power at reasonable prices is, of course,

essential and of concern to the Depart-

ment of Defense (DOD)....In...1975 the DOD

will use approximately 1.5 percent of the
total amount of electricity sold in. the
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United States....Without commercial elec-
tric power, DOD could not operate and
maintain facilities or equipment....
Within the Department of Defense all es-
sential communications equipment, weapons
systems and related support facilities
are provided with their own standby gen-
erating units so that as long as the

fuel supply (usually petroleum) lasts,
the DOD could operate. However, this
generating capacity is quite’ small and .
much of the generating equipment is of
high RPM and designed for relatively
short periods of use.?® '

The preceding catalogue of electricity supply
problems, of the difficulties affecting efforts to manage
electricity shortages and of the national security implica-
tions of such shortages cleéfly underscores the need to en-

sure an adequate and reliable supply of electrical energy.

36 ®ag the Department of Defense representative on this com-
mittee has noted, the military would expect to share the
reduction of service to its community and residential type
activities (troop housing, family housing, administrative
buildings, etc.) on the same basis as nearby civilian com-
munities. In industrial type installations engaged in
defense essential activities, however, the DOD would be
adversely affected by reduction of 20 percent or more and
would therefore seek preferential treatment through the
Defense Production Act of 1950 or a similar procedure to
get relief for sudden reduction in power supply. For long
term relief, the Defense Department might build its own
generating facilities at industrial installations.”
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‘ V. TH.E EFFECTS OF INADEQUATE SUPPLY

Power shortages are of two types: Unplanned, more
or less sporadic curtailments of service, and regularly anti-
cipated inabilities to-meet needs.3’ The dividing line is,
of course, a hazy one: as reserve margins shrink, service
interruptions become a more frequent fact of life, and "sporadic"
curtailments become a planned-fof inability to serve.

The effects of shortages--whether of the sporadic or
regular variety--can be grouped broadly into two categories:
short run and long run. Both will be greéter or lesser depending
upon the kinds of plans and capabilities that users have developed
for dealing with outages. But in the short run these plans
and capabilities are fixed--determined by customers' evalua-

. " tions of service reliability, the costs of alternative or
backup systems, and the importance of the uses to which they
put electricity. The long-run costs of power shortages are
the costs that arise from implementing.changes'in customer
preparations. They include the cost of such steps as instal-
ling and operating backup generating units or energy storage
systems and converting to appliances or other devices using
fuels instead of electricity (net of the cost oflthe electri-
city saved). They may also include less visible but more

pervasive costs such as excessive conservation of electricity

37  1osses due to voltage reductions should be included in
one or the other of these groups depending upon the
circumstances.



and consequent overreliance on other scarce resources,
increased environmental pollution, a reduced rate of techno-
logical progress in some sectors of the economy, and changes
to less pleasant life styles. Many of these costs would
translate into a reduced rate of economic growth. Finally,
thellong-run costs of shortages include the short-run costs

of any outages that may be expected to occur after all adjust-
ments and changes in customer preparations have taken place.

A. Two Recent Examples of Shortages

As a prelude to our general discussion of the effects
of inadequate power supplies, we present two examples of re-
cent shortages. We intend that they should serve as a means
of getting a firmer grasp upon'the physical and economic dimen- .
sions of shortages and of making the conceptual discussions
that follow a little more concrete; although we hasten to add
that the effects of shortages can vary widely from time to
time and from place to place depending upon the conditions
peculiar to the situation.

1. British Coal Strike--1972

Many observers expected the coal miners' strike in
Great Britain that started on January 9, 1972 to run a smooth
course and have little effect on the economy. Wage settle-
ments had been averaging 15 percent, and the Conservative
government of Prime Minister Edward Heath had chosen to fight
wage inflation without interfering directly with negotiations

in private industry. But the 280,000 striking miners demanded .
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a 25 percent wage hike at a time when the government had em-
barked upon a strong policy of "voluntary" wage controls. The
government underestimated the determination of the miners to
hold out. It perhaps also overestimated the length of time
that the country could ride out a strike without serious con-
sequences and so maintained its determination to abide by

its policies to curb inflation, despite the high costs of
doing so. - The strike lasted until the miners' demands were
finally met--a period of seven weeks.

On February 11, 1972 £he“government declared a
state of emergency. With 70 percent:of the country's power
dependent upon coal and only a five—Week'supplylof coal in
stock, the government ordered a drastic curtailment of power.
Advertisihg and display lighting were  prohibited. Domestic
consumers were asked to heat only one room. . Commercial estab-
lishments were banned from using electricity-for'heating aﬁd
were required to reduce lighting levels. Voltage reductions
and rotating power blackouts lasting up to four hours were
imposed. -

The power shortage had the severest impact in the
manufacturing sector, particularly in the steel, auto, chemi-
cal and heavy engineering industries. Most of these industries
were required to adopt a three-day workweek. Various union
work-rule restrictions were temporarily suspended to permit
maintenance activities to be scheduled dquring off-periods, and

industry;cooperation was enhanced as a:result of discussions
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held with Electricity Council officials at early stages.
Although productivity went up at first, the shortened workweek
began to disrupt the flow of needed materials and supplies.
Eventually firms had to lay off numbers of their employees.
Some companies tried to squeeze a 36-hour workweek out of the
three production days, but this required expensive overtime
pay and proved economically infeasible. Other industries
closed- down completely. Large continuous process industries
were allowed to operate full-time but were ordered to reduce
their power loads by at least 35 percent.

The coal strike directly affected the supply of coal
to the iron and steel sector, and in the later stages of the

emergency a coal-induced shortage of iron and steel restricted

industrial production more severely than the electricity short-
age itself.

The transportation and communications industries were
also seriousiy affected by the electricity shortage. Traffic
signals did not function, and trains were canceled daily--
causing massive traffic jams and confusion. Despite the dif-
ficulties of tye shortage, the British adapted with little
grumbling, although with decreasing willingness to reduce power
consumption voluntarily.

Electricity industry officials estimate that, over-
all, ehergy savings amounted to 20 percent of consumption
during the crisis period, with 4, 6 and 10 percent of the

total coming from the residential, commercial and industrial .
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classes, respectively. These savings represented 10, 23 and -
29 percent, respectively, of class consumption.

Imports rose sharply, playing a key role in closing
temporary gaps in the economy during the power shortage.
Candles experienced the greatest relative increase in demand
of any import commodity. At the same time exéqrts plummeted.
The balance of payments for February 1972 showed a 32 million
pound deficit, and there were fears of a balance-of-payments
crisis. These fears were short-lived, however. Business con-
fidence perked up after the initial phases of the power short-
age had passed and the demand for imports had backed off.  The
value of exports and imports for 1972 were 9,179 million and
9,866 million pounds, respectively. These compare with values
of 9,746 million and'10,041 million for 1971.

The United Kingdom's Gross Domestic Produce (GDP)’
had been rising in real terms at an annual: 'rate of 4.1 percent’

in the last quarter of 1971. The National Institute Economic

Review estimates that GDP dropped l1l.25 percent during the first
quarter of 1972 and that industrial production fell by 2.75
pefcent;’a 'Based upon an estimate that the manufacturing in-
dustry was at no more than two-thirds of its potential,

The Economist calculated a‘ loss of about 0.4 percent of the

nation's annual output per week during the emergency.?®®

3% The National Institute Economic Review, Number 63, February
1973.

3% The Economist, London, February 19, 1972.
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Using thiS figure and assuming that GNP would have run at an
annual rate of about $143 billion sans strike, the value of
lost output amounts to approximately $85 million per day.
Based upon an estimated cutback of 165 million kilowatt-hours
per day in sales to the commercial and industrial sectors,
this yields an average cost per kilowatt-hour lost of about
fifty cents. This is close to estimates presented below for
the United States.

The Quarterly Economic Review of the United Kingdom -

estimates unemployment at roughly 967,000 at the end of
January 1972 (before the coal strike), which represented 4.3
percent of the labor force. Ih February, an additional 1.6
million were temporarily laid off due to the coal strike.

By March 1 the emergency was over. The British
economy had gone through the power shortage seemingly without
permanent damage. The growth of real GDP rebounded to a 5.4

percent annual rate in the second quarter. The Quarterly

Economic. Review estimates that total unemployment had fallen

to 700,000 (3 percent) by the end of 1972 and that inflation
had declined from.an annual rate of 8 percent in February 1972
to 6 percent by June 1972. We conjecture that the daily costs
of the shortage would have grown considerably had the emergency
lasted longer. As it was, the economy moved back to full

steam before any major collapse of business or industry could

occur.
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2. The Pacific Northwest - 1973

In 1973, the Pacific Northwest experienced an ab-
normal drought year, and by July of that year, the Bonneville
Power Administration (BPA) was supplying only 25 percent of
its normal interruptible power, or 250,000 kilowatts. Most
of this cutback had been made in the spring because of low
reservoir levels behind hydfoelectric dams--a result of below-
normal precipitation and low runoff from surrounding mountains.
In August, the utilities announced voluntary curtailment plans.
By September, the water levels indicated a potential of only
3i billion kilowatt-hours--one-third less than necessary, under
normal conditions--to meet projected demands. The Pacific
Northwest--heavily dependent on hydroelectric power--was faced
with what threatened to be an acute electric energy deficigncy;
even before the rest-of the nation felt the energy crunch.
Utility officials were predicting that a demand reduction of
7.5 percent would be needed to avoid blackouts, and in the
same month, the Washington legislature passed a bill giving
the Governor authority fo order curtailment of energy use by
customers in the State. Later in September the Governor of
Oregon imposed a mandatory ban on outdoor display and sign
lighting. The region's utilities announced a voluntary con-=
servation program whdse goal was a 7.5 percent reduction in
usage.

These efforts were reasonably successful. Overall,

electricity use for November 1973 in the Pacific Northwest
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was almost unchanged from that for the same moﬁth a year
earlier. 1In December it was 10 percent below the correspond-
ing  period of 1972. Industry officials meeting on October 10 -
estimated that voluntary curtailments amounted to 5.6 percent
of expected consumption. (A subsequent analysis showed that
savings averaged about 7 percent over the September-December
period.) Later in October a lack of fuel began to threaten
the availability of imported power énd necessitated some cut-
backs in thermal geheration; but fortunately, November brought
heavy rains, and the reservoir situation improved markedly.
Although voluntary curtailment programs were maintained, the
ban on outdoor display and sign lighting in Oregon was re-
moved. Continued heavy rainfall eliminated the reservoir
storage deficiency by mid-January 1974.%°

| The shortage affected the aluminum industry most
seriously. The Pacific Northwest has.the nation's largest’
concentration of aluminum smelters, all of which rely heavily
on BPA hydroelectfic power. BPA estimates that 1,070 workers
were laid off by aluminum producers following curtailments of
interruptible power; another 10,000 jobs were "affected" in
fabricating plants; and "thousands" of additional joﬁs were

"jeopardized" in manufacturing plants using fabricated

Pacific Northwest Utilities Conference Committee, The
Pacific Northwest Electric Energy Shortage of 1373,
April 1974. - ' ' ' ' '




aluminum.*! It is not known how many jobs in these other
plants were actually lost. Most observers think very few,
since the electricity crunch was over before a major aluminum
shortage could develop. Production of aluminum did decline
by 20 percent during the curtailment period, and spot short-
ages did appear in various parts of the country. 'Some uti-
lities were unable to obtain aluminum for transmission lines,
for example. But the effect of lower aluminum production
was somewhat softened by letting étocks (including government
reserves) decline.  Had stocks run out, conditions in aluminum
markets would certainly have been worse.

\By mid-August, 1973, Reynolds Aluminum waé operating
at only 60 percent capacity at their Troutdale plant and 75
percent capacity at their Longview plant. To help offset
these production losses they reactivated two aluminum-producing
potlines in Listerhill, A;abama, employing 75 workers.
Unemployment at their plants in the Pacific Northwest reached
105, representing a total payroll of nearly $1 million a year.
In April 1973, Kaiser Aluminum was forced to close one potline

at Mead, Washington and delay a May 1 start-up of another.

Aluminum Company of America was able to replace its inter-
rupted power with electricity purchased from other sources.

Martin-Marietta (operating aluminum plants in Oregon and

b1 "BPA Surplus Aids Aluminum“Indusfry," Portland Oregbnian,
December 22, 1973. Aluminum company layoffs amounted to
9 percent of total industry employment.
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Washington) had purchased 424 million kilowatt-hours of "pro-.
visional" (interruptible) power from BPA in 1972. 1In 1973, by
arranging .a 1.8 million barrel shipment of oil to Pacific Gas
and Electric in California, it was able to obtain 550 million
kilowatt-hours to offset its interrupted power.

When the Weyerhaeuser. Company suffered power short-
ages, it applied for_(and\was.awarded) an air pollution vari-
ance for its Everett mill--permitting operation of its boilers:
above capacity to produce enough-steam to operate a small -
turbine generator. This‘variance was awarded by Puget Sound .-
Air Pollution Control Agency with full recognition of the
fact that its action would increase the smoke emanating from
the mill's stacks. . '

Business, industry and residents reduced energy | J
demand through various energy conservation measures including.
air-conditioning cutbacks, reduction of interior and exterigr-
lighting, "lights-out-at-night" programs, removal of hot water
handles from faucets in public washrooms and bans on decora-
ﬁive lighting. Some companies curtailed power and minimized
layoffs by scheduling repair and maintenance work during the - -
shortage period. |

The reports contained in most news articles painted
a fragmented, but generally gloomy, picture of the economic
situation in the Pacific Northwest during the energy crisis.

Were the effects of the shortages as far-reaching as it might
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appear from news accounts? Other observers offer the fol-
lowing comments:

The energy crisis has had an insignificant
impact on employment in the Pacific North-
west~ .. {[There was] no impact in the elec-
tric supply area except for the 1,000 plus
layoffs due to BPA's 1nterrupt1ble con-
tracts. o s o

Oregon...experlenced only a moderate number
of layoffs due to the fuel crisis....*?

The director of the Oregon Employment Division attributed the
above-average unemployment figures-for that-period to seasonal
variations, a national business turndown and unprecedented
immigration."**
We conclude that the overall costs of the Pacifio
.| Northwest: electricity -rshdrtade were rather ‘small. Prior to
the f£all o£f+1973, electricity cutbacks had been restricted
largely - to interruptible serriceRat'alUminum-plants.- The
heavy :rainfall in the winter of 1973-1974 soon eliminated:
the possibility of a prolonged shortege affecting all customers.
Many of the concurrent adverse economic conditions in the
region were traceable to other causes--including, of course, -

the 0il embargo and consequent shortage of petroleum products.

*2 - Internal correspondence from Lou Growney, Pacific Power &
Light Company, April 3, 1974, quoting Dr. Edward W. Reed,
"..Senior:Vice’ President and Economist, U.S. National Bank"
of Oregon, Portland

"3 Ibld., quotlng Ross Morgan, Dlrector of Oregon Employment
pid.,
Division.

. “s  1pid..
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B. Short-Run Effects

The most obvious short-run cost of service inter-
ruptions is, of course, the loss of output due to accidents,
work stoppages, or slowdowns. It ﬁay extend beyond the busi-
nesses and industries directly affected through thé network
of inter-industry relationships to a broad array of firms
throughout the economy. Capital losses constitute a second
type of cost. They include spoilage, damage to plant and
equipment, and personal injury. .Such losses may be particu-
larly importan£ when outages occur without warning. Some
types of manufacturing operations have equipment that is
easily damaged if shut off suddenly, and some types of safety

systems (e.g., ventilation) depend critically upon electric .

power. Finally, nonmonetary factors are not to be ignored.
The time lost, the inconveniences suffered and the anxiety.
experienced by individuals during outages are very real and
important costs.

Thg\short-run costs of interruptions are, of course,
dependent upon their extent and duration, but otﬁer more sub-
tle factors may also play important roles. For example, as
the frequency of outages grows it may become more costly to
maintain backup systems Or preparations in a state of readi-
ness for the next interruption, and it will be harder to plan
around each one. Most factories can easily make up the pro-
duction time lost during an occasional widely spaced outage

but would face a much larger problem if they experienced .




- 69 -

weekly or daily blackouts. Predictability can be important
in many cases. If prior notice of an impending outage can be
given out, users will have time to cut low-priority loads and
to make emergency preparations.

The type of customer affectéd is another factor
that can measurably influence short-run costs. Utility load-
shedding plans give recognition to this fact when they pre-
scribe continuation of service to essential or particularly
vulnerable customers such as police or fire departmehts,
communicaéions faciliﬁies, hospitals, airports and cold~storage
buildings. Equally important, however, are kinds of prepara-
tions customers have made and customer usage patterns at the
time of interruptions. Residential customers, for example,
are likely to be more seriously affected if service is
interrupted at dinnertime, during a Jahuary cold wave or on a
July afternoon when it is 95 degrees and humid than on a
pleasant weekend morning in May. Commercial and industrial
.cuStomers generally will be affected more seriously during
working hours than during off-hours.

If customers have installed backup generating units
or energy storage systems or have purchased appliances and
heating, lighting 6r air-conditioning systems relying upon
nonelectric energy sources, they may be affected very little
in-ény direct way even by outages lasting a considerable period
of time. Indirectly, however, they may feel the effects through

declines in sales, higher costs--or reduced availability--of
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materials and supplies, increased employee absenteeism or
férdiness and slower communications. Customers who are largely
without alternatives to electricify must simply do without.

The greatest short-run costs per kilowatt-hour lost will occur
when imposed upon those in this group who are most dependent
upon electricity by the nature of their technology, business
cﬁaracteristics, past investment choices or preferences.
Examples include cryogenic gas producers, aluminum manufac-
turers and tenants of all-electric homes and office buildings.

C. Long-Run Effects

A customer has certain expectations about the re-
liability of service, formed primarily upon the basis of past

experience. Because of the outstanding record of reliability

posted over the years by the nation's utility systems, most
customers'have come to exéect that very few outages will occur.
and that those that do will be of modest extent and duration.
As a consequence they have, by and large, made few prepara-
tions for prolonged or f;equent outages. If long~term service
reliability were suddenly to deteriorate,_the short-run costs
of outages would be quite high owing to this lack of prepara-
.tion, But if the new reliability situation persisted, customers
would gradually raise their evaluations of the likelihood and
duration of outages. In this new situation the expected costs
of outages might be high enough for some customers to justify
the costs of taking steps to ameliorate them. The long-run

costs of outages are the net out-of-pocket costs to users and .



indirect costs to the economy at large of taking such amelio-
rative steps plus the expected remaining short-run costs of
outages after the new preparations have gone into effect.
Moreover, the long-run costs should be less than the origihally
expected. short-run costs--otherwise it would not have been
worthwhile to change plans.

We note two factors, however, that may inhibit the
adoption of ameliorative steps. First, individual firms will
generally not count the indirect cost savings they produce for
other companies and individuals by improving their own situ-
ation. Second, customers who are particularly vulnerable to
outages may try to convince utility. companies to bear the-
cost of providing more reliable service than is desirable for
most other customers in order to shift the costs of providing
additional reliability onto other shoulders.

A decrease in reliability lowers the gquality of
service received; and if rate§ do not decline correspondingly,
the customer, in effgct, experiences a price increase, albeit
one perhaps less immediately obvious to him. .If, on the other
hand, nonprice rationing schemes are used to limit demand so
as to maintain reliability, the quaiity of service still
declines because the customer is not able to consume as much
as he wishes at whatever time he chooses. Again, he experi-
ences an effegtive price increase. 1In many respects the
long-run effects of inadequate electricity supplies are like

those of a rate increase large enough to choke off the "excess"



demand:. The one area of notable difference is that rate in-
creases would not--reliability held constant--generally induce
customers to. install backup emergency electricity-supply capa-
city.

Decreased reliability or nonprice rationing, if
either'occurs, will reflect the-need to slow the growth of
loads to a level consistent with utilities' ability to expand
capacity. 1If nonprice rationing fails, decreased reliability
will succeed in doing the job--most likely at greater cost.
However, with the exception noted above concerning the incen-
tive to install emergency backup generators, the long-run
effects of shortages are likely to be generally similar in
character“® to the long-run effects of slowed electricity de-
mand. growth under appropriately higher rates. Our object is
now to identify some of the important qualitative differences
between a. high-rate "electricity-restrained" economy and the
economy'that.would have evolved otherwise. We see at least
three:

1. Sectoral Output Patterns--Slowed electricity
demand growth necessarily implies one or more of the follow-
ing events:

a. Some, if not all, consumers of electriciﬁy

use less electricity per unit of income (if households) or

output (if firms) than they otherwise would.*®

v s And probably greater in magnitude.

‘e Increased use of self-generated electricity is another

possibility.




b. The output of some, if not all, firms that
use relatively large amounts of electricity per unit of output
grows more slowly than otherwise.

c. Total income and output grow more slowly
than otherwise.

The first two of these three must give rise to shifts in
sectoral output patterns.

In connection with the first, we may expect a slow-
ing of the growth of industries whose outputs are complemen-
tary with electricity (mainly electrical equipment manufac-
turing) and a corresponding acceleration of the growth of
industries whose outputs are substitutes for electricity (the
fossil fuel-producing sectors)‘’ and of industries whose out-
puts are complementary with fossil fuels (producers of fossil

® The shift toward competing fuels

fuel-burning equipment)."
would reduce the adverse environmental effects associated with
electric power prdducﬁion and transmission, but would raise
those associated with the production of fossil fuels for non-

generating purposes. It would probably lead to increased

fuel imports.

*7  Coal is a possible exception, owing to its extensive use

in electricity generation and to environmental regulations

that may restrict its use in nongenerating applications.
‘e An alternative possibility is that the manufacture of new,
more efficient types of electrical equipment will acceler-
ate while that of older, less efficient types declines.
This situation would offset somewhat the tendency for non-
electrical equipment manufacturing to grow at the expense
of electrical equipment manufacturing.
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Readjustments of sectoral output patterns could be
of such a magnitude that, during a period lasting perhaps
several years, some industries would continue to invest in
new Capacity when if was unwarranted, while others would fail
to invest rapidly enough to accommodate new conditions. The
growth of labor supply in these industries could follow a simi-
lar pattern. As a result of these developments, we would anti-
cipate some temporary unemployment and excess capacity in the
decelerating sectors and some temporary shortages of productive
inpﬁts and ouﬁputs_in the accelerating sectors. Shortages in
the oil and gas markets might be severe, given the apparent
low price elasticity of domestic supply of those fuels. 1In

addition, some firms or households could experience consid-

erable inconvenience or financial hardship until it became
economically feasible to replace existing electrical equipment
with types designed to reduce electricity consumption, or to
use alternative ehergy sources. |

2. Economic Growth, Employment and Wages-—The role
of electricity as an.input to production is per&asive ané com-
plex, and its complexity increases in the long run as technol-
ogy advances and opportunities for substituting one method of
production for another arise.. In practical situations, there
is no easy way to estimate the effects of inadequate electric-
ity upon economic growth. It would be convenient if there
were a fixed ratio between output and electricity, but we know

that it varies from time to time, from industry to industry,
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from region to region and from country to country. Until we
can explain these variations quantitatively in terms of under-
lying production relationshibs, it will be difficult to make
accurate projections of electricity-output relationships.
This is particularly true when futuré conditions are expecﬁed
to differ radically from past conditions (k.g., scarce vs.
abundant electricity), since it is then very risky to place
reliance on historiéal trendd or intuitive foresight. .

The emergefice of a chronic condition of inadequate

power supply does not necessarily require that the growth of

economic output be slower than in the absence of a shortage.
That is by far the most likely outcome if electricity is priced
fairly closely to the long-run marginal costs of service and
any shortage reflects institutional (e.g., legal and proce-
dural) barriers to expansion of capacity or acquisition of
fuel as opposed to low profits. 1If, on the other hand, elec-
tricity rates are kept well below the long-run marginal costs
of service—-owing, say, to the continued use -of historical av-
erage éost pricing in a period of high and increasing long-run
marginal costs--then, parédoxically, the existence of a short-
age may not impose a significant growth éenalty;

How is this_possible? Suppose that long-run marginal
costs exceed average embedded costs. In the presence of regu-
latory lag, any expansion of capécity to meet growing demand
will tend to erode earnings and increase the difficulty of .
raising capital. At the same time, low-user charges will

encourage the expansion of demand.



" Under such conditions, demand growth may outstrip
a utility's ability to increase capacity. If nonprice ration-
ing were successfully used to'restrain consumption to a level
close to that which would- have prevailed under long-run mar-
ginal cost pricing and if utilities were able to expand capa-
city fast enough to maintain economically reliable service at
the more restrained-paée”of'demand growth, then it is Quité
likely that economic growth would be (a) close to what it
would have been under marginal cost pricing and (b) higher
" than it would have been if utility industry capacity had been
allowed to expand (e.g., with the help of gbvernment-subsidies)
ta provide the levels of service demanded at the uneconomically

low rates indicated by historical costs. In this paradoxical .

case,-thé-existence of a shortage reflects a need to restrain
oéeréonsumption; and successful management of the shortage
through nonprice rationing may be superior to subsidizing an’
expansion of capacity.“'A still better solution, given the
administrative difficulties associated with nonprice rationing,
would.probably“be-to let rates rise to reflect'lchg—rdh mar-
ginal costs. -

As in the case of output growth, chronic shortages
of electric power might not inevitably lead to a decline in. .
the growth: of wages or employment. But if output growﬁh"
slowed, it is almost certain that wage growth would also

taper off. Theoretically, employment might still rise, if
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relatively labor-intensive production methods‘® began to be
used in place of relatively machine-, and hence electricity-,
intensive methods. But in fact, unemployment is no less a
problem in most low-wage, labor-intensive economies than it
is in high—wage, machine-intensive economies. Moreover, even
if such a development'reduced unemployment, it wbuld not con-
tribute to an increase in overall affluence.

3. Technological Progress--Perhaps the most unpre-
dictable aspect of a marked shortage of electricity is its
effect upon technological progreés in the methods of production.
Historically, electricity costs have formed a small share of
.total costs in most sectors of the economy and réal electricity
prices have tended to decline. The.developers,and_designers
of new types of equipment and processes have had to pay, in
most cases, very 1itt1e attention to the cost implications of
electricity consumption parameters of new systems. The extent
to which an increased incentive to economize upon the use of
electricity would lead to an excessive diversion of resources
from other R&D activities to conservation, and therefore to
an unwarranted deceleration of the rate of development of

other new technologies, is unknown.

*?*  rThat is, methods requiring more labor per unit of

output but less of one or more nonlabor inputs.
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D. Practical Measurement of-thé Costs of Shortages

Existing studies=of'the"costé and benefits of alter-
_native levels of reliability use measures of short-run outage
costs* to° determine-benefits?i - This is entirely proper when -
dealing with the temporary shortage situations typical of past
experiences. ‘It is also acceptable to use a short-run measure
for the initial stages of a prolonged period of supply inade-
quacy.’ Such a measure would, however, be excessive for the
later stages, as-businesses and individuals began to' compen= - -
sate for the new conditions. ‘A°major unsolved problem: is how
to measure” the long-run costs: -

" Even if ‘wé restrict attention’ to the’short-run case,

the* problem of cost meéasurement is not  simple. In practice,

quite a number of 'restrictive assumptions are typically made
in‘order to simplify the task. First, losses. are assumeéd to
be proportional to the energy not served, regardless of the
size or’timing of the outage. " In actuality, we would expect
very small kilowatt-hour losses. to impose smaller costs per -
kilowatt-hour lost than very large kilowatt-hour losses.
Similarly; outages occurring during business hours may impose-
a higher cost per kilowatt-hour thﬁn those occurring at

other times. Second, capital and nonmonetary losses usually
are ignored;iagtehtion is-:estricted_to-lOSsgs_of income or
outpué. We noted above that damage to plant, equipment, in-
Ventoriesf-ahd people as well--may add costs over and above

those due to lost productive time. We also observed that the .
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personal inconveniences, annoyénces, and anxieties suffered
because of outages, even tpbugh seldom translated into mone-
tary income losses, are important costs. It is arguable that
capital and nonmonetary losses may be no less important than
lost wages or income. Third,.thé distribution of outages
across custbmer types is not treated explicitly. The cost per
kilowatt~hour lost is taken t$ be an average for all customer
groups, who are assumed to suffér energy losses in proportion
to their consumption. Since diréct.monetary costs (and prob-
ably indirect costs®’ as well) vary according to the type of
customer, and since the distribution of outages can be con-
trolled - to some extent; this sihplification severely reduces
the usefulness of the cost estim;tes for-gvaluating load~
shedding or rationing priorities. Fourth, indirect effects
are typically not counted. implicit_in this gpproach is the
assumption that the electricity-shortage is-itself the only
bottleneck; that is, no additional production or sales losses
occur because of indirect effects. Such would be the case,
for example, if all industries suffered equiproportional
direct loséés, which were also ébh;ehiently timed so. as not

to disrupt deliveries.

5%  Those caused by the chain effect of one industry's losses
upon another's--either through lost sales or through
shortages of needed inputs.

U
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The end result of all these restrictive assumptions
is usually a cost per kilowatt-hour given by the ratio of GNP
(or value added in the region) to electricity sales.®!

Such a figure is probably on the high side for the
short-run costs of small interruptions of modest frequency
and duration, and probably is too low for the short-run costs

. .52
of longer or more massive shortages.

Still, it may well be
an épceptable first approximation for most applications;

We summarize below the results of the few full cost-
benefit stuaies-done to date: Shipley, et al., using a value
of $0.60 per kilowatt-hour for the loss per kilowatt-hour of
shortage, find that "existing systems (or rather systems as
they existed in 1967) are more reliable than can be justified"
on the basis of their cost—benefit analysis. "The cost of
interruptions would have to be about $5.50 per kilo&att-hour...

for the system design of 1967 to be the economic optimum...."$53

Telson, using a figure of $1.17 per kilowatt-hour, finds that

s Others use the ratio of wages td electricity sales pre-
sumably on the grounds that capital-related expenses
(measured-before.deduction of losses for wages paid
during idle production periods) will be recovered by
extra production after the outage.

52 Capital losses in the form of damage to plant and
equipment can make the costs even of small inter-
ruptions considerably higher in some vulnerable
industries. :

53 Shipley, op. cit., pp. 2-4.
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"present reliability levels are too high [in the New York Power
Pooll...." But later he conjectures:
At present it seems that the one-day-in-ten-years
criterion is used to plan overreliably, knowing
that because of [construction] delays, actual
operating reliability will be much lower.S5*
Kaufman, based upon an interruption-cost figure of $0.77 per
kiiowatt-hour in 1974, rising to $1.27 in 1985, finds for the
New York Power Pool that the data indicate a maximization of
net benefits somewhere near the one-day-in-one-year level (14.5
percent reserve).%$
Exploratory work described in Appendix A goes some
distance toward eliminating the third and fourth of the re-
strictive assumptions noted above. An inter-industry input-
output model is used to calculate the minimum féasible loss
of GNP due to restricted availability of electric service.
The cutbacks that may be experienced by any one industry are
limited by a set of constraints that impose minimum permis-
sible values for deliveries to final consumers,®® by maximum
permissible values for compensating expansion of less severely
affected industries, and by constraints upon employment and
fossil fuél usage. These factors can then be altered to test

their effect upon the outcome. Initial calculations suggest -

that a 12 percent reduction in electricity supply might

Su Telson, op. cit., pp. 235 and 250.

Households, government and net exports.
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reduce GNP by 7 peréent in the short run. Based upon 1974
figures, this implies an average cost of about $0.50 per
kilowatt-hour. The crudeness of this estimate deserves em-
phasis. It is derived from a purely static model of the econ-
omy. Disruptions in the timing of productive activity or in
the flows of deliveries are not recognized aé ha?ing aﬁy sig-
nificant effect; moreover, techniques of production are as-
sumed. to be rigidly fixed in the model. No substitution of
abundant for scarce productive inputs is possible. 1Its time
horizon is thuslrestricted to that pertaining to short-term
effects. Finally, damage to plant, equipment and persons is

not counted; nor are invisible psychological costs.




APPENDIX A

THE SHORT-RUN COSTS OF POWER SHORTAGES

by

Frank J. Allessio:
Electric Power Research Institute

This Appendix summarizes an exploratory attempt by
the TAC-IEPS to estimate the short-run economic costs of a
one-year 12 percent reduction in the supply of electric power.
No prior qualitative work in this area has come to the atten-

tion of the committee, save for the studies cited in Section V.D.

I. DESCRIPTION OF THE METHOD OF ANALYSIS

. Our analysis of short-run costs relies upon 1963
U.S. inter-industry transactions data, 1963 energy flow data,
and 1963 employment data.! We organized these data into 97
sectors and calculated 1963 coefficients for inter-industry
transactions, energy use, and employment. We converted
estimates of 1972 final demand, normalized to published

control totals from the Survey of Current Business, to 1963

dollars with the use of price deflators obtained from the
Bureau of iabor Statistics. The resulting final demand vec-
tor, together with the 1963 trénsaétions, energy, and employ-
ment coefficients, yielded.an estimate of actual 1972 gross
outputs'expressed in 1963 dollars, energy flows expressed in

Btus, and émployment expressed in number of jobs.

. 1 These were the most recent figures available at the time
the work was done. _
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We used these values of final démand, gross output, .
energy use, and employment as "reference values" for a linear
programming model. The model maximizes gross national prod-
uct (GNP) subject to constraints that limit the size of
deviations from the reference Valueé. Five of the sectors in
the model are energy-producing sectors. They.are coal mining,
crude petroleum anq natural gas production, petroleum refin-
ing, gas utilities, and electric utilities.?

In matrix notation, the structure of the model is

as follows:

Maximize vie X =G | (1)
subject to x $ xmax (2)
(I-A) * X 2> Ymin (3)

m”s X 2 Mmin (4) ‘II’
m*. x £ gm¥ (5)
e « X S gmax (6)

where:

”»

i . v’ is the N-element row-vector of value-added coefficients
‘ I is the NxN unit matrix

A is the NxN matrix of direct coefficients aij

m” is the N-element row-vector of employment coefficients p.

e is the NExN matrix of energy coefficients'eij
X is the N-element column-vector of gross industry

outputs Xi

net exports, which may be positive or qegative. Total
final demand equals household consumption, government
purchases, gross investment and net exports.

2 0il and other imports are deducted from exports to yield



G is GNP

xMa8X is the N-element column-vector of maximum-permissible
gross industry outputs

ymin is the N-element column-vector of minimum-permissible
final demands Yy

MRD g minimum-permissible employment
MWaX js maximum-permissible employment

Emax is the NE-element energy vector of maximum energy
outputs

N is the number of industry sectors equal to 97

NE is the number of energy sectors equal to 5.

The constraints on the ;nduStry output and final

demand vectors ensure that the proéram operates within

. reasonable limits when gross national product is maximized.
The lower bounds for the final demand vector are based.on
historical trends. Specifically, we obtained the data for
final demand (in constant dollars) for the years 1947, 1961,
1966, 1967, and 1972; we then fitted an ordinary least squares
regression line (quantity vs. time) to the data.® We set the
lower bounds in the model at one standard deviation below

| the calculated 1972 regression line value, or the actual

1972 value, whichever was smaller. We based our estimates
of the upper bounds on industry output upon capacity utili-

zation ratios developed by Wharton Econometric Forecasting

3 The years selected are those for which suitable data
were available.



Associates.” In those industries for which no capacity
utilization ratios were available, we set arbitrary upper
limits equal to 20 percent above the actual 1972 value of
industry output. Later, we examined the linear programming
results to ensure that those industries which reached these
arbitrarily imposed limits were capable of doing so. We
set lower bounds on the industry output vector, since the
lower bounds placed on the final demand vector ensure that
the gross output does not go to zero in any industry.

We set bounds upon employment according to the
size of the labor force and the historical pattern of unem-
ployment. In-pafticular, we used the 1972 unemployment rate
of 5.1 percent to calculate the upper bound for 1973 empldy- .
ment, and we used the highest rate of unemployment after 1950
but prior to 1973 (i.e., 5.7 percent in 1963) to calculate the
loweﬁ'bound.

We relied upon capacity utilization ratios to cal-
culate the upper bounds for the output of four of the five
energy sectors. These constraints are in Btus. We set no
upper bound on electric utilities' output measured in Btus,
but we applied a capacity constraint to the gross output of

this sector measured in dollars.

“ The numerator of the ratio is the Federal Reserve Board's
Industrial Production Index, and the denominator is the
level of industrial capacity calculated from the WEFA
model.




IX. DESCRIPTION OF THE RESULTS

To estimate the effects of a sudden shortage of
electric power on the performance of these industries, we
reduced the gross output of the electric utility industry
to 88 percent of its actual 1972 level (as normalized to 1963).
Table 1 reports the results for the 15 mést energy-intensive
industries. The Table distinguishes three classes.of output
losses: greater than or equal to 20 perceht, less than 20
percent but greater than or equal to iO percent, and less
than 10 percent. We prefer to report our estimates in this
fashion rather than as point eStimates because we believe
that the point estimates generétéd by the analysis are sub-
ject to considerable uncertainty. We are more comfortable
in suggesting'that the ordinal ranking of the percentage
impacts as reported in Table 1 is roughly. correct.

'For the economy as a whole, the analysis indicates
that a 12 percent reduction in the annual supply of elgctric
power would cause annual GNP to fall 7 percent below the
level that would have been achieved with an unconstrained
power supply. This estimate is cqnditiohal upon the nexus of
constraints imposed upon the model; it is merely illustrative

and cannot be taken as a guide for policy making.



III. SOME CAVEATS

We recognize that the analytical techniques used
in this exploratory work have severe limitations. Some of
the problems are discussed below.

First, there are difficulties in applying capacity
constraints_to the energy sectors. 1In one case, the problem
stems from the treatment of crude petroleum and natural gas
as a single industry. The data unfortunately do not permit
a finer breakdown of either gross output measured in dollars
or intermediate output measured in Btus. The constraint on
the coal industry is less problematic. But if the average
heating value per ton of coal could be expected to vary
significantly due to changes in the mix of coal-producing
sources, then our constraint.would be only roughly correct.
The constraint on the energy content of electric utilities
is a more difficult matter. One way to interpret this
constraint is to view it as a constraint on generating ca-
pacity, yet it is clear that the total Btu output per year
is not the adequate way to represent generating capacity.
The capacity of the electric power industry to deliver more
power is constrained only during the peak periods, and
considerably more total energy could be delivered during the
year provided that it were delivered off-peak. A more real-
istic approach might be to disaggregate electric energy
inputs to the various sectors into peak-load and baseload

components.




Second, the absence of relative price effects in
our static input-output model means that possible interfuel
and other input substitutions are not included in the results.
In the short run, of course, the choice of inputs is largely
determined by the composition of the capital stock of com-
bustion equipment, so that input substitution, for example,
of fuels for electricity is not likely to be significant.
Nevertheless, other substitution effects--as yet unidentified--
may be important even in the short run. Moreover, even when
substitution is not possible it is not clear that the direct

output loss due to electricity curtailments must be proportional

to the magnitude of the curtailment, as implied by our model.

Third, the required adjustments or the mix of goods
and services proVided to households, government, and the
export sector are assumed to take place freely, subject only
to minimum-value constraints for each type of good or service.
Our model does not admit thé possibility that usets would
choose a different mix of final product or might even save
rather than increase spending on the commodities least affected
by the electricity shortage. In addition, the model assumes
that electric utilities are clever enough to know exactly
which industries must be cuftailed and which should receive
extra supplies to accommodate their increased final demands.

Fpurth, our model--being static in character--
implicitly assumes that any shortage-induced cutbacks in

inter industry deliveries of goods and services will be timed



conveniently, that is, in such a way that each industry never .

loses production time beyond that required by the reduced
availability of inputs. In the real world, delays in ship-

ments due to electricity curtailments may result in temporarily

binding shortages in the markets fof nonelectric inputs to.
production that cannot be made up within the‘year and hence
may lead first to additional output losses and then to unwanted
inventory build-ups of the commodities that were temporarily

in short supply.




ESTIMATED SHORT-RUN IMPACT OF A REDUCTION IN THE AVAILABLE ELECTRICITY SUPPLY BY 12 PERCENT

FOR 15 MOST ENERGY-INTENSIVE INDUSTRIES

Estimated Short-Run Percentage Reduction in Gross Output

$AGO>20

10<8AGO<20

$AGO<10

Primary Nonferrous Metal Manufacturing:
Primary aluminum
Primary zinc
Aluminum rolling & drawing

Primary Nonferrous Metal Manufacturing:
Aluminum casting
Nonferrous forgings

Plastics & Synthetic Materials:
Plastic materials & resins
Synthetic rubber
Cellulosic man-made fibers

Stone & Clay Products:
Cement .
Brick & structural clay tile
Structural clay products .~

Primary Iron & Steel Manufacturing:
Blast furnace & basic steel products
Iron & .steel forgings

other Fabricated Metal Products:
Misc. fabricated metal products
Steel springs
Metal foil & leaf

Metal Containers:
Metal cans

Agricultural Metal Work

Electric Transmission/Distribution
Equipment & Electric Industrial .
Apparatus:

Carbon & graphite products

Petroleum Refining & Related Industries:
Asphalt felts & coatings
Petroleum refining

Local, Suburban & Interurban Highway
Passenger Transportation

Chemicals & Selected Chemical Products:

Industrial inorganic & organic chemicals
Misc. chemical products

Paints & Allied Products

Paper & Allied Products:
Paperboard mills

Wallpaper, building paper & board mills
Paper mills

Manufactured Ice
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APPENDIX B

COMMENTS

Statement by Dr. Samuel H. Schurr**
Director, National Energy Strategies Project
Resources for the Future

I have read the revised final copy of the report of the
Technical Advisory Committee on the Impact of Inadequate
Electric Pbwer Supply, and, in general, feel that this is a
worthwhile document. However, I have reached the reluctant
conclusion that I must dissent from the report's espousal of
peak load pricing and, in particular, its strong support of
long-run incremental cost (LRIC) as the proper means of
achieving peak load pricing. I don't believe that there is
sufficient evidence at this point to support the view that
the introduction of peak load pricing, especially for resi-
dential users, would be a cost-effective step, because of
the failure to take into account the costs and technical
constraints that might be connected with the introduction of
such a pricing system. Also, it is not clear to me that the .
proper approach to peak load pricing, taking not just economic
theory but also practical factors into consideration, would
be by way of LRIC. I do not believe, either, that the
problem of ratemaking under a peak load pricing approach is
necessarily resolved by the use of the reverse elasticity
rule which is suggested in the document.

** Mr. Edward V. Sherry, Manager - Energy Systems, Air
Products & Chemicals, Inc., wishes to concur with the
statement by Dr. Schurr.
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Gordon R. Corey
Vice Chairman
Commonwealth Edison Company
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Chairman and Chief Executive Officer
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Attorney
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. INTRODUCTION i -[5
D A

This Executive Summary, and the complete report upon which it is based, /
are the result of a comprehensive study by the Federal Power Commission's
Bureau of Power on the adequacy of electric power supplies.for the United_.
States and the separate regions of the Nation during the 1980-85 period.

D Commission Chairman Richard L. Dunham asked the Bureau in April 1976,

" to conduct the study and make a complete report the the Commission, stating
at that time his concern over recent trends in the cost of generating plants,
fuel availability, financing difficulties, and other problems concerning
bulk power supply.

Electric power supply adequacy is a responsibility shared by the
Nation's electric utilities, the States, and various Federal agencies, in
particular the Federal Power Commission. Section 202(a) of the Federal
Power Act contains the following national policy statement.

W

"For the purpose of assuring an abundant supply of electric energy
throughout the United States with the greatest possible economy and
2 with regard to the proper utilization and conservation of natural
resources, the Commission is empowered and directed to divide the
% country into regional districts for the voluntary interconnection and
A coordination of facilities for the generation, transmission, and sale
Z of electric energy . . -."

B) The FPC, while directed to assure an adequate electric power supply,

' is not empowered to direct specific industry measures except for certain
actions in emergencies. The FPC's contribution, therefore, consists
largely of the identification of power supply problems and potential
solutions which can stimulate appropriate actions by the utilities, state
regulatory agencies, and the Congress. A continuing emphasis has been on
encouraging greater cooperation among utilities in regional power supply
planning and coordination.

v
SMT 4 hittpihdlhandie net/20271

@
P}
3 .
3 An outstanding example of such cooperative action began immediately
E- following the Northeast Power Failure in 1965. Within two months after
b that disturbance, the major utilities in New York, New England, and the
Du,é‘ HydroElectric Power Commission of Ontario formed the Northeast Power
? g Coordinating Council (NPCC) to deal primarily with improving the adequacy
E g and reliability of bulk power supply in that region. In 1966, the FPC's
g 3 Industry Advisory Committee on Reliability of Bulk Power Supply singled out
< 2 assuring bulk power supply reliability for the Nation.'l/
s
O3 %

1/ Federal Power Commission. Prevention of Power Failures, Vol. II,
July 1967, p. 27.
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Concurring with this view, the Commission recommended that . . .
strong regional organizations need to be established throughout the Nation
for coordinating the planning, construction, operation, and maintenance of
bulk power supply.” 2/ By the end of 1966, utilities had established five
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coordinating councils to improve power supply reliability within their
respective regions.

In June 1968, the National Electric Reliability Council (NERC) was
formed to encourage improvement of coordination at both the regional and
National levels. Today NERC is composed of nine Regional Reliability
Councils covering all areas of the contiguous United States and parts of
Canada. The council boundaries, their names, and acronyms are shown in
Figure 1.

The stated purposes of NERC; are:

(1) To encourage and assist the development of interregional
reliability arrangements among regional organizations.

(2) To exchange information on planning and operation matters
relating to bulk power supply reliability.

(3) To periodically review regional and inter-regional activities
on reliability.

(4) To provide independent reviews of inter-regional matters
referred to it by a regional organization.

(5) And to provide information to FPC and other regulatory agencies.

The fact that electric utilities, regardless of type of ownership,
can participate in the Councils has brought the various segments of the
industry much more closely together. This closeness is enhanced by both
formal and informal participation of the FPC and other State and Federal
regulatory agencies in Reliability Council proceedings.

Since the formation of NERC, a number of positive trends have developed.

Joint ownership of power facilities is increasing, interconnections for
many purposes have accelerated, and perhaps most important of all, it is
now generally recognized that the requirements of the bulk power supply
system must be dealt with on a regional rather than a State or local
basis.

Information relating to the current status of the bulk power supply
system together with detailed plans for its expansion over the following
10 years, with more conceptual plans for the next 10 years, is submitted
annually to the FPC by the Regional Councils pursuant to FPC's Order
383 (issued in June 1969, with Amendments in Orders 383-1, 383-2, 383-3,
and 383-4). This information has been useful to government agencies, the

public, and the utilities themselves in illuminating the long term consequences

and problems of electric power growth.

2/ 1Ibid, p. 88
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NERC issues periodic reports reviewing the prospective adequacy and
reliability of the North American bulk power systems. The two most
recent of these reports 3/ expressed substantial concern over the adequacy
of bulk power supply in the late 1970's and early 1980's.

The Federal Power Commission believes that the adequacy of electric
power in the future is not assured and this concern is reflected by
Chairman Dunham's instructions to the Bureau of Power to undertake this
study and submit a report to the Commission on the prospective adequacy
of power supply by electric utility systems through 1985. As outlined in
those instructions, the report was to consider the following and other
germane matters, among others:

(1) Trends in electric power demand and supply for electric systems,
with special emphasis on the availability of bulk power
supplies for power pool and wholesale service;

(2) Trends in the patterns and costs of generating and trans-
mission capacity and of the availability and costs of fuel
supplies, with identification of incremental costs and their
impact on self-generation costs of systems and system average
costs of bulk power suppliers;

(3) Capital requirements of generating and transmission facili-
ties to meet the needs of electric systems and the access to
and costs of financing for the various segments of the industry,
investor-owned, state-owned, municipally-owned and cooperatively-
owned, which might provide the facilities;

(4) Limitations arising from legal or administrative actions upon
current or future generating and transmission facilities
including, but not limited to, problems in siting, certification,
environment and fuels availability.

(5) Effects of alternative wholesale rate policies, including
average cost, incremental costs, and peak load pricing on
the cost of wholesale service, energy conservation and the
retail customer revenue requirements of wholesale suppliers.

(6) Recommendations to the Commission of actions which should be
taken, if any, regarding the planning and development of bulk
power supply.

A draft of the basic report entitled "Factors Affecting the Electric
Power Supply 1980-85" was completed on July 31, 1976. Copies were provided

3/ National Electric Reliability Council. "Sixth Annual Review of

Overall Reliability and Adequacy of the North American Bulk Power
System," July 1976. National Electric Reliability Council. "Fossil
and Nuclear Fuel for Electric Utility Generation: Requirements and
Constraints, 1976-1985," June 1976.
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to all segments of the electric utility industry as well as other interested
groups and individuals for comment. Numerous constructive responses were
received and incorporated in the final report as appropriate.

The report concludes that additions to the bulk power supply system
3 planned by the Nation's utilities will be adequate to meet demand through
1985 if a number of conditions are met. These include:

(1) Regional load growth not significantly higher than forecasted
levels.

(2) Generation from existing nuclear plants not interrupted by
0 external factors, and completion and placement in service on
schedule of new nuclear plants under construction and set for
completion by 1985.

(3) Completion of coal-fired generatibn additions on schedule, and
availability of coal for these installations.

- (4) Orderly conversion of plants from natural gas to oil or coal.
%S (5)__Time1y additions to bulk power transmission systemsi and

(6) Timely utility rate schedule adjustments, so that an adeqﬁate
..supply of capital is available to finance additional facilities.

\J
n.)]SG

However, the report further concludes that it is highly unlikely that

% all of these conditions will in fact be met. Specific problems which could
£ significantly limit total additions to bulk power supply include:
)E (1) Pricing actions by the Organization of Petroleum Exporting
£ Countries. '
hol
£

-google

(2) Modifications. to nuclear plant desigﬁ céusing delays in completion
1 and operation of such generating facilities.

pd

RN 3
)E ;‘ (3) The possibility of further restrictive amendments to the Clean
4 g ~Air Act which may cause delays in completion of coal-fired plaats,
=& ~and add to their cost.
§ @ (4) Limitations on coal supply resulting from surface mining .

legislation.

(5) Increasing environmental opposifion to both generation and
transmission additions to the bulk power supply system.

Based on these considerations, the report finds that regional shortages
of generating capacity and/or electric energy are distinct possibilities in
the period from 1979 to 1985.
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The staff of the Bureau of Power made several recommendations to the
Commission based on the findings of the report. Among the report's recom-
mendations to help alleviate possible power supply shortages are:

(1) A rulemaking to permit electric utilities to place in effect
cost of service wholesale rate formats which would automatically
adjust rates to reflect changes in all costs allocated to such
wholesale service. This would shorten regulatory lag, avoid
"pancaking" of rate increase requests, protect consumer interests,
and allow better utilization of Commission time to other matters.

(2) A more complete utility conservation reporting program to specify
measures which could be taken if regional capacity or power
shortages develop in the future.

(3) Legislative recommendations to assist Commission efforts to
create additional power pools, centralize electric power .
dispatch facilities to improve reliability, reduce reserve margin
capacity, and optimize economical operation.

(4) Promote regional energy boards to facilitate siting and licensing
approval, as well as resolution of other energy matters most
effectively approached on a regional basis, and greater multi-
State cooperation in planning.

(5) Promote additional intercconnections in regions having inadequate
or nonexistent ties, to increase efficiency and provide for
emergency and economy energy transfers.

(6) Seek legislation to permit the Commission to order wheeling
of electric power on its own motion, with authority to specify
the economic and financial terms for the service provided.

(7) Support amendment to the TVA Act to remove limitations on
interconnections with adjacent systems, to improve regional
reliability; and

(8) Reconsider some boundaries of regional reliability councils, to
improve collection of information relative- to regional requirements.

In addition to its recommendations for action on the part of the
Commission, regional groups, and utilities themselves, the report notes the
importance of consmer conservation efforts in minimizing the need for new
generation capacity, improving the adequacy of electric power supply, and
holding down potential rate increases. A number of utilities have supported
such consumer conservation initiatives as adding insulation in homes through
utility funding for such projects, with repayment to the utility over a
period of time. The report notes that continuation and expansion of these
programs will require additional utility capital, and that investor confidence
in utility rate of return is essential to raise this new capital.
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:)‘ The final report, dated December 1, 1976, is bound separately from
this Executive Summary; copies are available from the Office of Public
Information, Federal Power Commission, on request.

The contents of this Executive Summary are drawn mainly from the
December 1976 report, but additional sources have been utilized as identified
herein.
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I. PEAK LOAD GROWTH AND GENERATION ADDITIONS

Historically, national peak load growth in the United States has
averaged about 7 percent per year (equivalent to doubling every 10
years) with only brief, limited aberrations (See Figure 2). While this
growth rate was relatively constant during the decade of the 1960's, the C
annual peak in most Regions shifted from winter to summer primarily due
to increased air conditioning. Thus, the current and projected peak
loads considered in this study are for the summer period,

As shown in Table 1, the OPEC oil embargo of 1973, the concurrent
tripling of the price of o0il (along with significant increases in the .
costs of other electric utility fuels), and the economic recession of C
the past several years have had a profound impact on electric peak load
growth in the years 1974-1976,

Table 1
Index of 1/ C

Actual Summer Industrial
0 Peak Load Increase Over Production
& Year 1000 MW Preceding Year - 7 (1967=100)
9 —_— R
§ 1972 311.6 . 9.03 120
& 1973 336.2 7.89 128
8 1974 341.6 1.61 127
2 1975 347.7 1.79 118
) 1976 362.2 4,17 130 (Est.)
g
kS 1/ U.S. Department of Commerce, Domestic and International Business C
& Administration.
5 &
S ? The future rate of growth of electric power demand is currently the
g‘? subject of great controversy and uncertainty. The growth of the economy,

the success of energy conservation efforts, and the substitution of

electricity for primary fuels are only some of the more important factors

which will have impact on the increased usage of electricity. While not C
unanimous, the consensus of projections indicates an average growth rate

during 1976-1985 between the historic 7 percent on the high side to 4

percent on the low side. Figure 3 shows the projected national annual

peaks for the 1976-1985 period developed using April 1976 Regional

Council projections, However, the equivalent uniform annual increase

shown of 6.84 percent is somewhat higher than the 6.3 percent given in C
Table 1-1 of the main Bureau of Power report. This resulted from the

use of actual 1976 summer peak load (362.2 gigawatts) rather than the

projected 1976 peak of 379.1 GW used in the report. Since the summer of

9 GMT

Hgan) on 2013-08-21 12:1
www hathitrust.org/acs

g

?:; 1976 was abnormally cool, future projections have not been changed. A

20 curve of projected demand growth at a 4 percent rate is also shown on

¢ E Figure 3. S
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The sharp reduction in peak load growth since 1973 due in large extent ‘
to conservation pressures and the decline in industrial activity. While
commercial and residential sales were increasing by 5.3 and 5.8 percent,
respectively, during 1974-1975, industrial sales were decreasing by 3.7
percent. During 1976, however, industrial loads began to rebound. Table 1
shows that between 1973 and 1976 the Index of Industrial Production increased
by 1.6 percent while peak load increased 7.7 percent, Since economic growth C
and electric power growth are closely related, the commitment by the new
Administration to stimulation of the economy could result in peak load
growth more closely approaching historic levels,

Inspection of the actual demand and capacity curves in the period 1973-
1976 clearly shows the impact of reduced peak load growth on reserve margins c
during that period. The maximum reserve margin was 37.9 percent in 1975. In i
general, reserve margins in the range of 15 to 25 percent (depending on
individual system characteristics) have been found to provide an acceptable
degree of system reliability, If peak load growth in the 1974-1976 period
had been at the historic rate of 7 percent per year, the percent reserve

margin at the time of peak would have been as shown in Table 2. C
Table 2
Summer Peak Load Calculated
With 7% Growth Reserve Margin
Year 1000 MW %
1973 336.2 Actual 21.1
1974 359.7 22.9
1975 384.9 22.0
1976 411.8 18.8 C

Due to the lead times required for base load capacity additions, almost
all capacity added in 1974-~1976 was already well under construction in late
1973. Table 2 shows that, had the unanticipated energy crisis and. economic
slowdown not occurred, reserve margins would have been in the order of 19-
23 percent during this period, indicating that the electric utility industry C

use#pd-google

S08-21 12:19 GMT / httpi/hdbhandle net/2027/mdp. 30015000452865

é planning was well conceived considering the information available when the
g decisions had to be made, Construction plans have been adjusted to bring
& reserve margins to normal levels, on a national basis by 1979, based on
[ current assumptions by the Nation's utilities regarding future load growth.
[ B
D & .
iy The importance of considering the electric utility industry on a regional C

rather than a national basis is emphasized through inspection of Figures 4
through 22, A wide diversity of actual and projected load growth in the
Regional Councils, ranging from a maximum rate of 8.29 percent in SPP to a
minimum of 5.26 percent in NPCC is indicated in Figures 4 through 11 inclusive.
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Such differences become even more apparent upon comparison of the national
projected total percent reserve for the period 1976-1984 (Figure 13)

with the projected reserves in the individual Regions (Figures 14-22).
(The data from which these Figures were developed did not permit extending
the period through 1985). Curve A on these Figures indicates the annual
peak period generation reserve margin at the time of the projected

summer peak load as anticipated in January 1976. Curve B shows the
projected generation reserve margins based on an August 1976 appraisal

of the situation. As shown, there has been substantial erosion of

reserve margins in all Regions between January and August, indicating

the slippage of scheduled capacity additions and some cancellations.

With the increasing lead times on new capacity and the increasing complexity
of the licensing process, together with "normal" comstruction delays, it
is likely that additional slippage will occur, increasing the possibility
of regional reserve deficiencies. While national reserve margins as

shown by Curve B on Figure 12 never fall below 20 percent, regional
reserve margins fall below 15 percent in MAIN and SERC in the early
1980's, and are below 10 percent in SPP in 1982.

About 44 percent, or 136 million kilowatts, of the new capacity
planned by the nation's electric utilities during the 1976-1985 period
is nuclear.Figure 13-22 also show that even a limited nuclear moratorium
(Curve C) would have a serious effect in all regions except ERCOT, NPCC,
and WSCC, while a more extensive moratorium (Curve D) would have a
disastrous effect both Nationally and in almost every region.

During 1976, nuclear power moratoria were presented to the voters
in seven states. All were defeated, by majorities ranging from 58 to 71
percent. Those votes support a November 1976 Harris poll 3/, which
reported that the American public despite some reservations favor building
more nuclear power plants by nearly a 3 to 1 margin (61 to 22 percent).
These developments indicate a greater degree of public understanding of
the need for an adequate supply of electricity.

Due to the complex relationships no attempt has been made in Figures
13-22 to show the possible impact on National or regional reserve margins
of various air and water quality standards. Since pollution control
devices such as flue gas desulfurization and cooling towers may use 5 to
10 percent of the output of affected units, this factor could have a
significant effect on future reserve margins.

ﬁ/ Louis Harris and Associates, Inc. "A Second Survey of Public and

Leadership Attitudes Toward Nuclear Power Development in the
United States,'" November 1976.
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PERCENT GENERATION RESERVE
AT TIME OF SUMMER PEAK LOAD
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Generation Reserve Margin as Forecast in 1976 Council Report to FPC
Generation Reserve Margin as Modified Following Survey of Current
Construction Status in August 1976 ,

Expected Generation Reserve Margin Should No Nuclear Censtruction
Permits Be Issued After September 1, 1976

Expected Generation Reserve Margin Should No Nuclear Construction
or Operating Permits Be Issued After September 1, 1976
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AT TIME OF SUMMER PEAK LOAD

Mid-America Inter-
pool Network

(MAIN)

2

B
c 50
Mid-Continent Area
Raeliability Coordi-
w r nation Agreement
3 3 rt 3 3 3 ; (MARCA)
76 77 78 79 80 81 82\83 84 w
YEAR w o gl
FIGURE 17 2
]
o
I 20f ABC&D aBac
. w
Northeast Power 5
Coordinating Council IT]
(NPCC) = 10}k
2
w
ABC&D 4
{4 (2 w
L 0 Il Il 2 A 1
A 76 77 78 79 80 3
B YEAR
¢ FIGURE 18
D

' s e 'S 2

76 77 78 79 80 81 82 83 84

YEAR
FIGURE 19

LEGEND

Curve A - Generation Reserve Margin as Forecast in 1976 Council Report to FPC

Curve B - Generation Reserve Margin as Modified Following Survey of Current
Construction Status in August 1976
Curve C Expected Generation Reserve Margin Should No Nuclear Construction
Permits Be Issued After September 1, 1976
Curve D Expected Generation Reserve Margin Should No Nuclear Construction
or Operating Permits Be Issued After September 1, 1976
o o g% B Original from
aiizea by Google .
Digitized by \.»OOZIC UNIVERSITY OF MICHIGAN



-20-
PERCENT GENERATION RESERVE Q
AT TIME OF SUMMER PEAK LOAD
50 r
Southeastern Electric
sl Reliability Council C
w {SERC)
>
«
w
2
e 30F A
=
[=]
- D B&C
< A C
< 20}
w
=
(L] B
E 10F C 50 (
W
&
o C
(- 9 0 2 2 i U 1 10 é " 81 8-4 w 40 - -
s 76 77 78 79 8 & E Southwest Power Pool
2 YEAR w (SPP)
™~ w
2 FIGURE 20 5
3 10 ! D nz: 30
3? <
o =
i 20 | <
w
w
£ 2
£ T
~ 50p ©
S -
2 Western Systems Co- z
G ordinating Council g
E w 4Oof (WSCC) & o C
,E > 0 L4 2 n 9 ) )
52 = . 76 77 78 79 80 81 82 83 84
o) & 30}FD 8 YEAR
< B 2z c FIGURE 21
oy - B&C
55 >
5. 2 omf - c
- O w -
I :
2 ©
P58
=] w
m 5 o
5 E 4
r: ‘2 E o 2 'y i 2 1 s 2 2 I C
=k 76 77 78 79 80 81 82 83 84
c Z
2% YEAR
2 g FIGURE 22
%~ LEGEND
=
= Curve A - Generation Reserve Margin as Forecast in 1976 Council Report to FPC C

Curve B - Generation Reserve Margin as Modified Folowing Survey of Current
Construction Status in August 1976 _

Curve C - Expected Generation Reserve Margin Should No Nuclear Construction .
Permits Be Issued After September 1, 1976

urve ; X ner;lo Reserve Margin SKowid:M: . Construction
?Qﬁiﬁi?;%ﬁ iﬁ}f G‘ﬁ{:}.ﬁ e I::ed A':'tergmm m%ﬁ%ﬁﬁﬁgﬁ;: t

Generated for guest (University of
< Domain, Google-dig

Fubli



W

65

t

L)

‘ﬂ‘lSOGOﬂ.SZS

Y

MT / httpefhdihandle nety2027 4

#pd-gaogle

u

Fieeww hathitrust.orgfaccess use

)

igan) on 2013-08-21 12:191

O

O

University of Mi

e-digitized / ht

)

Generated for

Public Domain

- 21 -

II. ENERGY

In the post-World War II period 1945 through 1973, electric energy
production increased at an average annual rate of nearly 8 percent, as
shown in Figure 23. The drastic increase in oil prices by the Organization
of Petroleum Exporting Countries (OPEC) in the last quarter of 1973,
combined with the growing economic recession, had a significant impact
on national energy demands, In 1974, electric energy production increased
only 0.38 percent over the previous year and in 1975 production grew
only 2.57 percent. During the first eleven months of 1976, electric
energy production increased 6.3 percent compared with the same period in
1975, as the nation partially recovered from the economic slump. Electric
utility analysts, and energy forecasters, both within and outside government,
are not confident, however, that the electric energy production growth
rate will at any time during the next tem years, or ever, return to the
historical growth rate. Federal Power Commission staff, having examined
various projections, considers that in the period through 1985, a reasonable
median projection of electric energy production would be as shown in
Table 3.

TABLE 3
U. S. NET ELECTRIC ENERGY PRODUCTION

- FOR SELECTED YEARS
1945 THROUGH 1985

Billions of

Year Kilowatt Hours
1945 222
1960 753
1970 1494
1973 1860
1975 1916
1980 2618
1985 3487

This median projection represents an average 6.5 percent annual
rate of growth during the 1975-1980 period and an average rate of slightly
more than 6 percent annually for the entire 10-year period through 1985.
Actual growth is likely to remain within the bounds of 4 percent on the
low side to 7 percent on the high side.

Generation Mix

In 1975 coal-fired generation accounted for 44 percent of total
generation; nuclear generation accounted for nearly 9 percent; the
remainder was almost equally divided among oil-fired, gas-fired, and
hydroelectric generation.

e o eveserle Criginal from
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Consumption of gas for electric power generation peaked in 1971/72.
Its use by electric utilities is expected to decline at an average
annual rate of 4 percent, In spite of the national policy to reduce oil
demand and imports, electric utility use of 0il will increase until the
mid 1980's, The additional quantities of oil will be required to
satisfy the needs of new oil-fired steam-electric units for which con-
struction was begun prior to the oil embargo, for new combustion turbine

- and combined cycle units, to replace gas in plants which are being

curtailed, and to fill energy gaps where and when they arise. Electric
utility oil usage will stabilize during the 1980-85 period at a level of
nearly 60 percent above that of 1975, A steady decline in oil usage
should take place after 1985. With most of the hydroelectric potential
already exploited, the bulk of the future growth in generation will,
therefore, come from coal-fired and nuclear plants. The projected
generation mix is shown in Table 4.

NET GENERATION
BILLION KILOWATT-HOURS

3500 - /
TOTAL INCLUDES SMALL QUANTITIES /
3000 OF ENERGY GENERATED BY FUELWOOD, .
GEOTHERMAL AND OTHER . /

BILLION KILOWATT HOURS

0
1960 1965 1970 1975 1980 1985

*NOTE: PROJECTIONS BASED ON ASSUMPTION OF A 6% PER YEAR
ANNUAL GENERATION GROWTH RATE DURING THE
PERIOD TO 1985

FIGURE 23
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‘ TABLE 4 - - -

-/ ACTUAL AND PROJECTED
GENERATION MIX

IN BILLION KILOWATT HOURS

Type of 1975 1980 1985
Generation Net Kwh Percentage Net Kwh Percentage Net Kwh Percentage
-~ I .
Coal 852,7 44,5 1227 46,9 1690 48.5
0il 288.6 15.1 465 17.8 465 13.3
Gas 299.6 15.6 255 9.7 205 5.9
Nuclear 171.4 8.9 380 14.5 807 23.6
Hydro 300.5 15.7 285 4-1/ 10.9 300 - 8.6
~ Other-Solar, 3.4 0.2 6 0.2 20 0.1
~ Geothermal,
etc.
Total 1916.2 100.0 2618 100.0 3487 100.0
D) ﬁ:l/ Median conditions; 1975 was an above-normal hydro year.
%‘:
&
< Fuel Mix

In 1975 electric utilities consumed about 28 percent of: the Nation's
total gross energy usage, including coal, oil, gas, and nuclear and hydro-

- ()
2uw'|lf;

n
Af

8 electric power generation., The projected electric - utility fossil and

2 nuclear (U30g) fuel usage corresponding to the generation mix, projected in
D%‘ Table 4 is shown in Table 5 and F1gure 24,

=z

_0,'.’
g
;é’ TABLE 5
£ _—
“g’[ PROJECTED FOSSIL AND NUCLEAR (U30g)
o FUEL REQUIREMENTS
el 1980 AND 1985
=&
v
e
[So I
%5 : 1975 _
ZE Fuel © Units Actual 1980 1985
{ [i+} — T — —————— _— ——
—_~ L
);:_ : Coal Million Tons 406 570 770
2% 0il . Million Barrels 507 800 800
i g Gas Million Mcf 3113 2600 2100
NN U30g Thousand Tons:
e No Recycle 12.7 30.7 61.5
D; £ With Recyle 12.7 29.6 54.5
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FOSSIL FUEL CONSUMPTION
BY ELECTRIC UTILITIES

[7¢]
=
z C
=
S
¥ g
g s
g =
z 3 c
=
[ 1 N 1 1 0
1960 1965 1970 1975 1980 1985 C

NOTE: FUEL DEMAND PROJECTIONS ARE BASED ON THE
GENERAL ASSUMPTION THAT ELECTRIC ENERGY DEMAND
WILL GROW AT AN AVERAGE ANNUAL GROWTH RATE OF
O% PER YEAR DURING THE PERIOD TO 1886

By 1985, gross energy consumption by electric utilities 1is expected to
reach the equivalent of 36 quadrillion Btu., The declining use of natural
gas conforms with national policy. The increasing use of oil, however, does
not and utilities will for the time being depend more heavily on foreign
oil, adding to the dollar drain., The Nation is well endowed with coal
resources and the projected increase in coal demand should not present any
extraordinary mine supply problems. However, the ability of the transport
industry to deliver the growing electric utility industry requirements C
without significant renovation and additions is in some doubt. Indigenous

;i httpgihdlbandie.net/2027/mdp. 38015000452865

i

g uranium resources appear to be adequate to satisfy the cumulative requirements

o of the industry through 1985, but absent an acceptable breeder technology

5. the domestic resources will be strained severely in the nineties.

5

Fuel Prices C
é The strong demand for coal will pull the price of coal upward as the

5 marginal cost of mining the less advantageous resources increase. Although

SE.

overall gas usage for electric power generation will decline, the price of

gas to electric utilities will continue to increase rapidly as the bulk of

the gas is used by utilities in the southwest region where it is sold in : C
unregulated intrastate markets. The already high price of oil probably will

remain relatively ‘stable and future prices will increase only to adjust for

global inflation. The following graphic figure and table shows FPC staff

estimates of future electric utility fossil fuel prices expressed in constant
1975 dollars:
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@

TABLE 6

NATIONAL AVERAGE FOSSIL FUEL PRICES TO
ELECTRIC UTILITIES
(CENTS PER MILLION BTU)

0 Projected Costs'In
Actual Costs Constant 1975 Dollars
1973 1974 1975 1980 1982 1985
Coal  40.5 71.0 8l1.4 110 120 130
011 80.3 192.2 202.0 . 200 200 200 .
2 Gas 34.7 48.7 75.4 155 180 220
The Energy Research and Development Administration (ERDA) estimated the 1974
nuclear fuel cost at 2.15 mills/kwhr (1974 dollars), including a 0.49 mills/kwhr
plutonium credit. The Nuclear Regulatory Commission (NRC) projects the 1982
cost at 5.14 mills/kwhr (1982 dollars), including a 0.68 mills/kwhr credit.
:) .
2 COST OF FOSSIL FUELS TO STEAM ELECT RIC PLANTS
& CENTS PER MILLION BTU
S (IN CONSTANT 1975 DOLLARS)

For Selected Years 1960-1985
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Other Energy Sources

In 1975 other energy sources, principally geothermal, wood fuel and
small quantities of solid waste accounted for 0.2 percent of the total
generation, Geothermal generation and the use of refuse-derived fuels
commingled with coal are expected to increase while solar, wind, and tidal
generation continue to remain essentially in the research and development
stages. By 1985, these forms of generation will contribute only about 0.6
percent of the total. However, solar energy in its more direct form, {i.e.,
not converted to electricity, has enormous potential and is likely to make
significant contributions to overall energy demands in the period after
1980,

Conservation

Conservation actions to reduce electric energy and peak load
requirements are essential to minimize the need for new capacity,
improve the adequacy of the electric power supply and hold down rate
increases. In many parts of the country an effective conservation
measure is upgrading the insulation of existing residences. Analyses
demonstrate that the cost of additional insulation can be recovered
through reduced utility bills and a concept being explored in various
forms calls for utilities to provide the capital for the insulation
programs, with an amortization charge added to the customer's monthly
bills, However, utilities would be forced to raise additional capital
for such conservation programs and the feasibility and cost of obtaining
the extra capital, and thus the effectiveness of the conservation program,
is directly dependent upon the financial market's appraisal of the
adequacy of the utilities' rate of return.

Active utility promotion of consumer conservation efforts has been,
and will continue to be, among the most effective tools to hold demand
growth to the lowest levels consistent with reasonable growth of the
overall economy. Conservation, though, however effective it may be, is
just one of the many actions which must be taken to assure reliability
of future power supplies.
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III. BULK POWER COORDINATION AND TRANSMISSION SYSTEM

The largest and most reliable bulk power supply system in the world
exists today in the United States. This system is international in
scope due to the many interconnections among U. S. and Canadian utilities
and over 500 million kilowatts of electric generation is connected to
this transmission system, It has proved to be adequate in most situations
in the past; however, the future causes some concern,

Central dispatch of the generation facilities of individual utilities
is used as a means to provide the most economical power system operation
and control, The sophistication of centralized control ranges from
manual calculation and voice communication to on-line computer systems
automatically computing optimum system operating conditions and electronically
controlling generation to match those conditions.

The benefits derived from central dispatch of individual utilities
may be further enhanced by expansion to inter-utility centrally dispatched .
controlled areas. Table 7 lists these areas known to have fully integrated
bulk power system central dispatch that have been consummated with

- formal agreements. Including the New York Power Pool which is scheduled

to begin full central dispatch operation in 1977, 38% of the total net
capability at the time of the 1976 summer peak in the Nation was under
this form of control. This capability supplied 36.8% of the peak load.

Four of these central dispatch arrangements are among utilities
owned by a holding company. It 1is obviously easier to obtain management
agreement under those circumstances. It is encouraging to note that
there are five agreements among utilities having individual ownerships
with about twice the total capability of those central dispatch arrangements
by holding companies,

It is undoubtedly true that plans for additional agreements among
utilities have been deferred by the recent problems in the industry.
However, they should be aggressively pursued to optimize system efficiency
and hold down the cost of electricity.
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Net Capability and 1976 Summer Peéak Loads

Inter-Utility Centrally Dispatched Areas
In the Contiguous United States

Centrally Dispatched
Areas

New England Power Exchange

Allegheny Power System

Michigan Coordinated Electric
Systems

Michigan Municipal Cooperative
Pool

American Electric Power

PJM Interconnection

Middle South Utilities

Southern Company

New York Power Pool 1/

Tennessee Valley Authority

Total-Central Dispatch

48 State Total

Centrally Dispatched
As A Percent of 48 States

TABLE CORRECTED 2/11/77

1/ Plans to begin intersystem central dispatch in 1977,

- 28 -

TABLE 7

Net Capability AT
Time of Summer
Peak Load

20,032
6,203
14,635

236

16,980
41,358
11,830
20,853
29,240
23,633

185,000

/U6~

38

1976 Summer

Peak Load

13,079
4,284
10,720

195

9,940
29,264
9,365
17,363
19,544
17,656
131,410
356,603

36,8

A measure of the adequacy of the bulk power transmission system is
its ability to transfer blocks of electric power and energy from one
region to another. This ability is often referred to as the transfer
capability. Interregional power transfer capability across Reliability

Council borders varies significantly.
3000 megawatts exists at some ECAR interfaces, while no such capability
exists at the present time from parts of Texas to other systems in Texas
or to adjoining states., The recent addition of a direct current facility

Transfer capability in excess of

in western Nebraska provides 100 megawatts of power transfer capability
from the eastern U.S. bulk power supply network to the western network,

A recent study by NERC indicates that in calendar 1980, 28,656,000
MWh of electricity, if available, could be transferred from coal fired
generating stations through the bulk power supply network to displace

gas and oil fired generation.

This electric energy transfer could

result in a saving of 3,820,000 mcf of gas and 45,871,000 barrels of

oil, While thes wquantit?és are sizeableﬁgﬁa%ﬁgiﬁgﬂﬂins the question of
UNIVERSITY OF MICHIGAN
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Planning of the bulk power transmission system is handled by individual
electric utilities or by various groupings of them. Minimal input,
during the plan formulation stage, is now received from governmental _
bodies on the local, State, or Federal level.: The FPC in its Order 383

D series recognizes the nine Electric Reliability Councils and requests
annual reports which indicate the existence of some coordinated regional
planning. B o

Current environmental and siting constraints generally have the

effect of delaying project in-service dates bevond those originally
™ -desired. 1Increased participation by State-and Federal regulatory agencies
in the planning process could have the effect of mitigating the delays.
Electric utilities must communicate effectively the requirements and
benefits of a proposed facility well in advance of the need. Various"
individuals or groups may have objections to the construction of a new
facility; however, the overall public interest must ultimately be satisfied.
At the same time, maximum effort is required to minimize any hardships

{
M

2 caused by the construction of bulk power facilitiles,
£ The construction of electric power facilities by all utilities must
g satisfy an economic test, The proposed facility must generate benefits
& which in general exceed its cost. A major factor in this economic con-~

sideration is the time factor. Changing loads and load patterns result
in different system needs at different times. Therefore, some facilities
with long term benefits may not be economically justified at this time,
It is evident that the bulk power transmission system is often constrained
by economic considerations. An example of this occurred in the 1930-40

/m‘)]

27

-
&

fad

% period when economics inhibited the immediate extension of electric

- service to many low consumption rural areas, The Rural Electrification
:E Administration was established to meet that need.

2'% Today there are some areas where additions to the bulk power trans=-

E.g mission network will provide long term benefits; however, economic con-

E § siderations delay their construction. More interconnections to Florida,

-9 New England, Texas, and the Pacific Southwest will be economically

% o Justifiable in the future; however, their construction in the present
el time period offers some benefits and may assist in the achievement of

N & national policy. The economic considerations require study and will

RE perhaps result in innovative solutions.

2:% Finally, the control of bulk power transmission network needs more

S8 refinement. Better use must be made of existing facilities. "Wheeling"

i % of electric power occurs when Utility B allows the transfer of power

; z from Utility A to Utility C over its transmission facilities for the

payment of an appropriate charge. The "wheeling" of electric energy has
generally been accepted by the electric utility industry as necessary
from the national public interest viewpoint, but the ability of FPC to
order "wheeling'" on its own motion could be useful in certain situations.
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IV. DESIGN OF ELECTRIC RATES

Recent increases in fuel costs, construction costs, costs of obtaining
new capital and the general rate of inflation have combined to necessitate
large increases ip electric rates throughout the country.

Figure 26 shows the price of electricity to ultimate customers from
1926 to 1976 in actual dollars and constant 1968 equivalent dollars. It
also shows the Consumer Price Index (1968=100) for that period. These
curves show that by any measure electricity is the best bargain in the
consumer's market basket. Over the period, the Consumer Price Index has
tripled, the cost of a kilowatt hour of electricity in current dollars
is the same in 1976 as it was in 1926, and in 1968 equivalent dollars,
today's price is only 1/3 of the 1926 figure. No other commodity has
such a record.

PRICE OF ELECTRICITY TO
ULTIMATE CONSUMERS

sp 60
1968 EQUIVALENT DOLLARS
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FIGURE 26

Unfortunately, after 43 years of almost uninterrupted decline, the
current dollar cost of electricity began to increase in 1970 and since
then the current cost of electricity has increased by 82% with 67% of
the increase occurring since 1973. This was largely due to the oil
price increase, with concurrent increases in natural gas and coal prices.
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. Also, the high inflation rates of the late 1960's and the early
D 1970’'s had a substantial impact which occurred at the same time that

technological advances could no longer offsét declining unit costs while
the electric industry experienced additional costs as the result of
stringent environmental requirements. Such a rapid increase in the cost
of a basic commodity, regardless of its real value in terms of other
commodities, has resulted in strong public resistance to the full

- recovery of these costs, however justified. Unfortunately, forecast

D upward trends in the price of fuels plus continuing 1nflation will
result in continuing increases in the price of electricity at about the
rate of increase in the wholesale price’ index. This increase will be
ameliorated somewhat by efficiency improvements,

Due to the public distaste for increased rates there is a strong

2 opinion that regulatory’ agencies are not acting in the public interest

if they allow electricity prices to rise to meet increased costs. Quite
‘the contrary is true as long as regulators fulfill their duty to assure
that any increase is cost justified. Only by allowing justifiable rate
increases can regulators insure that the industry remains healthy and
permit it to raise needed capital at reasonable rates. Costs of capital
are an element of cost just as much as fuel. In the worst case, inadequate
rate relief can prevent a utility from providing the 1eve1 of service

the public needs and expects.

o

5

The increases in electric rates have generated interest in load ‘//
management and changes in rate design to leéssen load growth and the need |
for new construction. The interest in changes in rate design comes from
various quarters and reflects various objectives. Conservationists and
environmentalists would like to minimize growth and to make more efficient
use of present systems, thus forestalling the installation of new pollution
sources and the attendant environmental effects of increased fuel usage
both in the production and consumption of such fuels. Consumer groups
seek to minimize rates to the lower income consumer who has been particularly
bard hit by all aspects of inflation, one of the most noticeable of
which is the substantial increase in electric rates. Economists are

- )
/m'i 500045256

7

)
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e

Ed looking to rate design for more optimum resource allocation. Regulatory
S bodies are concerned with equitably assigning increased costs to those
2 customers responsible for such costs and the electric utilities are
§ concerned with maintenance of adequate revenue and the effects of regulatory
~5 2 lag i.e., the time lag between the time cost increases are incurred and
Jja g the time when such increases can be passed on to the ratepayer in the
N g form of higher rates, The current discussions are centered around
~ g inverted rates, flattening or declining block rates, lifeline rates,
84 marginal cost pricing, time-of-use pricing and the use of automatic
25§ adjustment clauses.
o8 y
3§ z The electric rate increases experienced throughout the country for
%,% retail service have also been experienced in rates subject to the jurisdic-
£ a tion of the FPC, i.e,, rates for the transmission of electric energy in
E ? interstate commerce and for the sale of electric energy at wholesale in
2z
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interstate commerce, The latter includes rates for interconnection and
coordination services between utilities with generation and for firm re-
quirements service to distribution utilities without generation or other
sources of supply. Firm requirements service to wholesale customers who

in turn resell to the ultimate consumers, is similar to the firm requirements
service provided to residential, commercial and industrial customers

which are subject to the jurisdiction of the various state commissions,
although some characteristics of service may differ. For example, the
delivery voltage may be at transmission level for wholesale customers
whereas retail customers are served at a distribution voltage.

Because of the similarity of services many of the rate design
issues previously discussed may also be applicable to wholesale firm
requirements service. The interconnection and coordination agreements
on file with the Commission usually take the form of a mutually agreeable
contract between parties providing for mutual services to make optimum
use of existing generation and transmission facilities. To date, rate
design issues have not become issues in rate filings involving such
services although changes in policies with respect to rate design for
firm service can be expected to have an impact on the rate design for
interconnection and coordination services. More effective development
of intercompany or interregional pooling or coordination, this could
presumably be done through the interconnection and coordination services
and rates. However, it must be noted that the Federal Power Act speaks
in terms of voluntary interconnection and coordination of facilities and
the Commission is not empowered to order wheeling through a system for
other than emergency conditions. Such limitations may create obstacles
in restructuring interconnection and coordination practices if voluntary
action 1s inadequate,

On April 26, 1974, the Commission issued a Notice of Proposed Rule-
making proposing to amend the Regulations under the Federal Power Act by
requiring the submission of rate design information by public utilities
as part of their filings of rate schedules. In the notice the Comnission
referred to its policy to develop the role of rate design and the conserva-
tion and efficient utilization of energy resources. The proposed regula-
tions would have required an explanation of each rate design in relation
to conservation as well as cost considerations. In order to clarify the
purpose and intent of the proposed rulemaking, the Commission issued a
revised rulemaking notice on February 14, 1975. The Renotice makes
clear the central role of costs in determining the reasonableness of
rate designs and eliminates the suggestion or implication that the
Commission intends to depart from the principle of costbased rates. On
October 9, 1975, the Commission issued Order No, 537. This order amended
the Regulations under the Federal Power Act and terminated the rulemaking
Docket No. RM7420 with respect to the rate design information. Under
the revised Regulations the Commission requires the submittal of a
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- "Statement P" supporting the rate design of any new rate submittal.
Statement P includes a narrative statement describing and justifying the
objectives of the design of the proffered rate., If the purpose of the
rate design is to reflect costs, the narrative is to state how the
objective is achieved and should be accompanied by a summary cost analysis
that would justify the rate design. If the rate design is not intended

D, to reflect costs, whether fully distributed, incremental or other, a
statement is to be furnished justifying the departure from cost-based
rates. Statement P also requires that where billing determinants, that
is, quantities of demand, energy, delivery points, etc., are on a different
basis than the cost allocation determinants supporting such charges, an
explanation shall be submitted setting forth the economic or other

D) considerations which warrant such departure. With rates being charged

containing more than one demand or energy block a detailed explanation

is to be submitted indicating the ratiomale for the blocking and the

considerations upon which such blocking is based, together with adequate

cost support for the specific blocking. Since the initiation of Order

No. 537 the trend in wholesale rates has been to simplify rate design

and to flatten rates by the elimination of blocking.

)

In issuing Order No. 537 the Commission made the following statement:

"The Federal Power Act establishes criteria for this Commis
sion in the exercise of its rate regulatory authority. Rates must
be just and reasonable, non-preferential and non-discriminatory.
We believe that it would be appropriate for the Commission to con-
sider the extent to which application of marginal cost pricing
principles will result in rates which conform more closely with
these criteria while at the same time achieving the objectives out- !
lined above. The record before us in this proceeding, however, does

: L) .
eu’2027/m‘)15000451865

o not provide a sufficient basis to determine the feasibility of
32 applying marginal cost pricing principles to the design of rates
= subject to our jurisdiction, particularly rates charged to distribu-
£ tor systems for firm power. 5/ Issuance of the subject filing re-
5 a quirements will not prejudice any party's rights, including those
23R of our staff, to offer innovative rate design proposals through evi
:‘E dentiary presentations. Indeed, we believe that this matter should
3% 3_ be examined by all electric systems with a view to determining
2 @ whether alternate pricing mechanisms, particularly those based on
iy} marginal cost principles, for wholesale sales subject to the juris-
< g diction of this Commission would be economically sound as well as
B4 in accordance with statutory requirements, We note that at the
EZE present time a number of studies of rate design alternatives are
Dg-g in progress. We would welcome the introduction into evidence in
%,g 5/ Pricing on the basis of incremental costs, however, is quite common
% § in rate schedules covering power pooling type transactions.,
D =
)23
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rate proceedings before this Commission materials that become
available from these studies to assist us in reaching judgments
that are in the public interest."”

Although there has been widespread and growing interest in the appli-
cation of marginal cost pricing principles, peak load pricing, long run
incremental cost pricing, time of day pricing, daily and seasonal differ-
entials and the like, there have been relatively few filings at the Com-
mission involving such issues with the possible exception of seasomnal
differentials in wholesale pricing. The few cases filed involving time of
day rates have generally been settled prior to hearing. To date no firm
service rates have been filed based on marginal cost principles.

The effects of rate structure and price changes on patterns of electric
use are generally referred to as price elasticity of electric comsumption.
The magnitude of price elasticity and the proper form of rate to better
reflect current economic realities are areas currently receiving substantial
study and debate in many different forums. One such forum is the joint
study by the Edison Electric Institute, and the Electric Power Research
Institute, "Electric Utility Rate Design Study" being conducted at the
request of the National Association of Regulatory Utility Commissioners.
Also, the Federal Energy Administration is conducting some 16 demonstration
projects through the cooperation of various state commissions. FEA is also
currently preparing a report to Congress which will be a report on the
various alternatives in electric rate design. Positive load management,
either in response to pricing or through direct load management devices, has
the potential for substantial desirable effects in the optimum utilization
of our national resources and in the long run reducing overall costs of
electricity to the ultimate consumer from what they would otherwise be. It
should be recognized, however, that even in its most optimistic light such
positive load management probably only has the limited potential to reduce
the magnitude of anticipated future rate increases and will not eliminate
the need for such increases in the future due to the fact that some continued
load growth is anticipated.

The studies now under way on time of use pricing are directed to
determining the proper cost of electric usage on the basis of time of usage
whether seasonally or time of day. This recognizes that there may be
substantial cost differentials existing on various systems for different
periods of usage. Included as a sub-issue in the debates on time of use
pricing is the use of marginal cost as the starting point of the rate design
rather than the traditional fully distributed cost basis.,

Lifeline rates define a minimum number of kilowatt hours required for
residential subsistence and establish a low rate for such usage. Since the
rationale for the lifeline rate is not based on the cost of providing such
service, it departs from this Commission's ratemaking philosophy on cost-
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based rates. However, this Commission only has jurisdiction over sales
for resdle and lifeline rates are, therefore, a matter that primarily
involves the state commissions. This Commission has consistently opposed
Federal legislation mandating lifeline rates.

An inverted rate is an increasing block rate with higher rates for
higher use blocks., Under such rates, the average price increases as
consumption increases. The opposite of an inverted rate is a declining
block rate, that is rates which become lower with increased usage. . The
rationale for declining block rates is largely to track declining costs
gained due to economies of scale. Declining block rates may also be
necessary to track varying load factor/coincidence factor relationships
which affect the collection of demand related costs in one-part rates
not containing a demand charge. One of the reasons given for inverted
rates is to promote conservation by providing a disincentive to load
growth. The problem with such reasoning is that load may occur in other
than high consumption blocks by the addition of new load consumption
customers and by increasing consumption of customers whose usage is the
lower usage blocks as opposed to higher consumption blocks.

Direct load management equipment may be utilized to control consumption.
at the customer level in lieu of customer control of the use patterns of -
consumption in response to price signals produced by time of use rates.

The results of current studies on load research and’ the price elasticity
of demand and energy are necessary to determine the potential, feasibility

and cost/benefit ratios of proposed changes in rate design and load
management. o '

In applying these concepts, the firm féquirementé service to wholesale
customers would appear to be a significant problem since the wholesale
customer's elasticity is no more than a composite of the elasticities of
its ultimate customers. The wholesale customer is 1tse1f made up of
residential, commercial and industrial customers and constitutes a mini-
system similar to its wholesale supplier. The success of time of use
pricing or use of load management”equipment; therefore, can only be
effective if the wholesale customer utilizes pricing policies or load
management equipment similar to those utilized by the wholesale suppliers
to their ultimate consumers. Advocates argue that implementation of
marginal cost pricing at the wholesale level would encourage resale
customers to pick cost minimizing mixes of power sources and not to
influence the usage decision of the resale customers' ultimate consumers.,
This argument fails to recognize that there are great numbers of resale
customers with no generation of their own and no effective ability or
desire to engage in self generation. Such customers are content to
remain distribution customers and not take on the added complexities of
a generation and transmission utility which require standby contractual
agreements, operating personnel for the generation facilities and planning,
management and financial personnel required for the installation of new
generation and transmission facilities, If time of use pricing is
utilized. for a wholesale customer, but not to the retail customers of the
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supplying utility (or vice versa), serious questions of discrimination
can arise. A related issue was recently decided by the Supreme Court in
FPC V. Conway Corp. Et. Al., Slip. Op. No. 75-342, decided Junme 7, 1976.
In the Conway case the court held that the Commission may consider
allegations as to price squeeze, i.e., discrimination between wholesale
and retail rates for the purpose of forestalling wholesale customers
from competing with the supplier at retail. In that case the court
indicated that the Federal Power Act forbids the maintenance of any
"unreasonable difference in rates" or service "with respect to any. . .
sales'" subject to the FPC's jurisdiction and that such prohibition
extends to differences between wholesale and retail rates that are
unreasonable and anticompetitive. The Conway case will have continuing
ramifications on the setting of wholesale rates, including the area of
rate design,

The substantial increases in costs in recent years have been accompanied

by pleas from utilities to eliminate regulatory lag so that rates may be
changed promptly and thus keep the utilities in a sound financial position.
One vehicle to assist in reducing regulatory lag is the automatic adjustment
clause. The most common automati¢ adjustment clause is the fuel adjustment
clause. The Commission has stated in Opinion No. 633, issued on October
30, 1972, that fuel adjustment clauses are lawful and sound as a matter

of regulatory policy. These sentiments were reaffirmed in Order No.

517, issued on November 13, 1974, in which the Regulations were changed

to reflect improvements in the design of fuel adjustment clauses.

An example of another type of adjustment clause is that permitted
by the New Jersey Board of Public Utilities (Board) in a telephone case
in 1973. In that case the Board permitted adjustments for cost beyond
the control of the utility in the following areas: (1) salaries and
wages; (2) depreciation expense; and (3) tax adjustment clause for
changes in the effective tax rate, '

Also, the New Mexico Public Service Commission has recently permitted
the use of an all inclusive automatic adjustment clause which provides
the New Mexico Public Service Company with a 13.5 to 14.5 percent return
on common equity. The utility's earnings are reviewed quarterly and if
they exceed a 14.5 percent return on common equity the consumer rates
are revised downward. If the return falls below 13.5 percent the rates
are adjusted upward.

Two major criticisms of automatic adjustment clauses are the following:
(1) that the clause may be automatically adjusting for certain increases
in costs, whereas the other costs may be declining with no provision for
adjustment for such costs; and (2) that such clauses are a disincentive
to management to keep costs to a minimum. One of the possible answer
to the first criticism might be to utilize a total cost of service
adjustment clause. This would assure that all costs are

Qrigziimﬁ from

Digiized by GOOge UNIVERSITY OF MICHIGAN




- 37 -

being properly adjusted as opposed to selective costs. As to the second
problem, it can be argued that the regulatory time saved in reduced
amounts of rate cases might be utilized in auditing utility decisions to
assure that effective, efficient management exists and the utility's
decisions are in the public interest and designed to keep costs to the
consumer at a minimum. Also, should doubt as to the efficiency of a

2 utility exist, its allowable return could be maintained at the lower end
of range.
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V. CAPITAL REQUIREMENTS AND FINANCING ABILITY

In the six years 1970-75 investor-owned utilities invested $81
billion in new facilities. Since investor-owned utilities provide about
80%Z of total capacity and generation, the entire industry including
municipal, cooperative, state and federal investment over this period C
was about $100 billion. The period was characterized by increasing
escalation of costs, especially construction costs, and by rapid load
growth early in the period, causing utility emphasis on facility
construction. The year-by-year investments were as follows:

TABLE 8 C
Electric Utility Investment in New Facilities
$ Billions
Investor-Owned Estimate
(FPC Data) for Total Industry C
1970 9.9 12.4
s 1971 11.9 14.3
8 1972 13.3 16.7
g 1973 14.8 18.5
8 1974 16.5 20.6
o 1975 14.8 18.5

3¢

81.2 101.0

From 1970 through 1974 the average annual growth in facility in-
vestment by privately-owned utilities was about 14%, but in 1975 in-
.vestment fell back sharply, reflecting the financial crisis of 1974 and
the drop-off in load growth. Consequently, the 1970-75 average growth C
in privately-owned utility investment was about 87 per year.

A median extrapolation of facility investments over the next decade
might be for an average growth rate of about 10% per year, corresponding
to a real growth in facilities of 4 or 57 per year and escalation of 5
or 67 per year. On this basis, the ten year investment requirements C
through 1985 of the privately-owned utilities would be about $240 billion
and for the entire industry about $320 billion. Considering that actual
load growth rates could range from 4 to 7% per year and inflation rates
from 4 to 107 per year the range of industry capital investment re-
quirements over the next decade could be as low as $220 billion or as .
high as $420 billion, approximately 757 of which would be accounted for C
by the privately-owned utilities.

12:19 GMT / httpisihdbhandie net/2027/mdp
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Based on data from the Regional Reliability Councils and other
sources the breakdown of expected capital requirements by ownership
classes over the next decade 1s shown in Figure 27.
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PROJECTED ELECTRIC UTILITY CAPITAL EXPENDITURES 1977 - 1985
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FIGURE 27

Investor-owned utilities have traditionally obtained about 651 of
their capital requirements from external sources. Assuming that this
proportion continues to hold over the next decade, the new-money financing
requirements of investor-owned utilities would be in the range of 100.to
200 billion dollars with annual requirements in the mid 1980's in the
range of 22 to 36 billion dollars a year. Traditionally, the sources of
capital for investor-owned utilities have been approximately 35% common
stock, 10% preferred stock and 55 long-term debt. The requirement to
continually sell new stock as a part of the overall financing makes
investor-owned financing strongly subject to the vagaries of the stock
market. When new stock must be sold at prices considerably below book
value, which was the case in 1974, the holdings of existing stock owners
are diluted and in time a utility could find itself unable to sell stock
and obtain the financing needed for new facilities.

Investors have long regarded electric utility stocks as 'quasi-
bonds', demanding dividend yields comparable to those of high grade
bonds. As interest rates have increased, reflecting inflation, the
prices of utility stocks have declined to provide equivalent yields.
Thus, the avallability of investor-owned utility financing is tied
closely to investor judgments of future dividend yields. These yields,
in turn, are determined primarily by the rate of return on equity
allowed by the various regulatory bodies.
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Figure 28 shows how utility stocks have steadily declined in value
relative to industrial stocks over the past decade.

Figure 29 shows the reduction in electric utility earnings in real
dollars over the period, explaining the growing spread between industrial
and utility stock prices. These trends demonstrate that over the past
decade regulatory bodies have generally not provided returns that investors
regarded as sufficient, in comparison to other opportunities, to maintain
utility stock prices.

COMPARATIVE STOCK PRICE TRENDS
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’)‘ QUALITY OF EARNINGS
. ALL FPC CLASS A & B INVESTOR - OWNED ELECTRIC UTILITIES
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The easing of inflation and the recovery of the stock market in
1975 and 1976 have lessened the financial crisis for investorowned
utilities generally. But as shown in Figure 29, utility stock prices
are still at levels far below those obtaining in 1965. Fifty percent of
utilities still have their securities selling at prices well below book
value and find it difficult to acquire needed financing. Within the
past several years, most regulatory bodies have increased electric rates
substantially in an attempt to provide improved earnings and cash flow
for industry viability and to support construction of facilities to meet
future demands. Measures have included use of future test years, increased
allowable rates of return on equity, addition of Construction Work In
Progress to the rate base and automatic adjustments to maintain the
allowable rate of return. However, it 1s not certain that the measures
taken will completely assure adequate financing in the future. It is
clear that the principal villain in the financing crisis for privately-
owned utilities was inflation and that the most beneficial measure to
alleviate their financing problems would be a progressive. reduction in
the inflation rate. However, a return to double digit inflation would
almost certainly precipitate a new financial crisis for the investor-
owned utilities, because of the lag inherent in the traditional regulatory
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In contrast to the investor-owned utilities, the publicly-owned

8ys tems——

municipal, cooperative, state and Federal --——have not experienced

significant difficulties in securing financing, although their financing

/costs have increased.

Figure 30 compares the interest rates paid for

/ long-term debt financing by municipal and Rural Electrification Admini-

stration borrowers, as
utilities.

ment backing of loans,

p——

compared to those paid by the investor-owned

Basic reasons why the publicly-owned systems avoided the
financial crises experienced by the investor-owned systems include govern-

the fact that public systems do not require

recourse to the volatile stock market and, in most cases, a greater
freedom to adjust rates to keep pace with increased costs.

COMPARATIVE COSTS OF DEBT FINANCING
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Federal taxation.

Data provided by the Regional Reliability Councils suggest that
municipal systems are planning to remain large purchasers of wholesale
power, since their identified generating capacity additions would not
increase their share of self-generation.On this basis, the municipal
utilities would be expected to make capital expenditures aggregating $7
to $13 billion over the next decade.
by borrowing, their financing requirements would be from approximately
$4 to $8 billion over the period. Municipal electric system financing
is achieved principally through the sale of revenue bonds, exempt from

If the traditional 602 1s raised
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It is possible, however, that municipal utility financing require-
ments could be much larger than these estimates. There is considerable
evidence that investor-owned systems are finding joint ownership arrange-
ments increasingly acceptable, and even desirable, because of past and
prospective financing problems. Should this develop into a strong
trend, the magnitude of municipal utility financing over the next decade
could easily double that projected from the announced plans, with a =
corresponding reduction in the amount of financing provided by the
investor-owned systems. There is no indication that municipal systems
would experience significant difficulty in securing even the larger
amounts of financing. The recent Federal Tax Revision Act should make
even more individual investor funds available to the municipal secur-
ities market, via the mutual funds.

The Rural Electric Cooperative Systems have' been the fastest
growing industry segment, reflecting the improving economic status of
agricultural and rural areas. The 1976 Regional Reliability Council
data indicates that cooperative systems aré planning to substantially
increase their share of self-generation over the next decade. However,
more recent data from the Rural Electrification Administration based on
loan applications indicate that Self-generation will rise even more
rapidly than shown by the Council data. The principal cause is a rapid
trend toward jointly-owned generation projects, both with investor-owned
systems and with publicly-owned systems. As in the casé of the muni-
cipal systems, the ability of the cooperative systems to secure finan-
cing has been a major factor in this trend. On the basis of the REA
data, cooperative system financing requirements over the decade are
likely to be in the range of $20 to $40 billion.

Financing for the cooperative systems is not expected to present a
problem since most of the loans are backed by Federal guarantees. How-
ever, the Congress could establish a ceiling for the loan amounts
qualifying for Federal support.
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VI. INSTITUTIONAL FACTORS CHANGING CHARACTERISTICS OF
THE ELECTRIC UTILITY INDUSTRY

Plﬁralistic Nature of the Industry

Although privately-owned electric utilities have traditionally
supplied the greatest share of the Nation's electricity, many communi-
ties and rural areas are served by municipally owned and cooperatively
owned systems. The Federal government is also an important factor in
electric power supply, generating large amounts of electricity, princi-
pally at Corps of Engineers and Bureau of Reclamation hydroelectric
projects and through the Tennessee Valley Authority. There are also a
number of state-owned generating systems. - Typically, the Federal and
State power is wholesaled to individual utility systems for distribution -
to retail customers. Thus, the United States electric power industry is
pluralistic, consisting of a variety of ownership forms with operating
patterns ranging from systems which purchase all their power and provide
only distribution, to those which are vertically integrated from generation
through retail deliveries, to those which provide only generation and/or
transmission services. The systems vary from very small systems with
peak loads of 10 megawatts or less to systems such as TVA with peak
loads greater than 20,000 megawatts.

Although the number of municipal electric utility systems declined
steadily in the early decades of this century, as a consequence of
consolidating with investor-owned systems, there has been very little
change in the composition of the industry in recent years, as shoun by
the tabulation, Table 9.

Traditionally, the municipal and cooperative systems have purchased
large amounts of wholesale power from Federal, state and investor-owned

systems rather than attempting to supply all their needs by self-generation.

Generally, this has been economic, even for purchases from private
systems, because of the better economics possible with large generating
units. It is noteworthy that while municipal systems did not increase
their shares of total capacity and generation over the decade, the
cooperative systems did, almost doubling their shares. This trend
reflects to some degree the ability of rural systems to establish joint
generation and transmission projects, making self-generation economic.
However, the rural electric cooperative systems and the municipally
owned systems as a group are still strongly dependent on purchased
power. Because Federal hydroelectric power is limited, the municipal
and cooperative systems will become increasingly dependent on investor-
owned systems unless they substantially expand their self-generation
capabilities.
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TABLE 9

Ownership Characteristics of the Electric Power Industry

D) 1965
Sales to
Generating Ultimate
Capacity Generation Customers
Billions . Billiomns
D No. MW P4 of kWh % of kWh %
Investor-Owned 289 177,570 75.2 809 76.7 749 78.5
Municipals 15,407 6.5 50 4.7
- 2124 164 17.2
Power Districts 9,151 3.9 42 4.0
D and State
g REA Cooperatives 969 2,309 1.0 9 0.8 41 4.3
5 Federal s 31,600 _13.4 145 13.8 - =
j). TOTAL 3387 236,127 100.0 1,055 100.0 954 100.0
£
S 1975
S
< Sales to
D§ Generating Ultimate
g Capacity Generation Customers
T3 Billions Billionms
RS No. MW Z of kWh z of kWh Z
~ i: Investor-Owned 281 399,434 78.6 1,487 77.6 1,387 79.9
BEg: Municipals 28,554 5.6 81 4.3
&8 2245 : 242 13.9
=y Power Districts 21,289 4.2 93 4.8
& ﬁ and State
€% REA Cooperatives 1050 9,137 1.8 34 1.8 108 6.2
D8 % .
S Federal 5 50,058 9.8 221 11.5 - —
{o2] :,‘:
' TOTAL 3581 508,472 100.0 1,916 100.0 1,737 100.0
Z
K4
3
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Economic self -generation for small systems is now generally

possible only through sharing in the ownership of large generating
plants, either with other publicly-owned systems or with investor-owned
systems. An alternative means for a small publicly-owned system to
satisfy its power requirements is through the availability of wheeling
services, allowing wholesale power to be purchased from any of several
sources, rather than just the adjacent investor-owned utility. C

Traditionally, investor-owned utilities have regarded wholesale
deliveries of electric power to municipally and cooperatively owned
systems as generally desirable, providing a diversified load with an
equitable return. However, the combination of dramatically increased
costs for new generation, financing problems, and the resistance of C
municipal systems to wholesale rate increases needed to cover the cost
increases of their suppliers has, in some cases, caused investor-owned
systems to question the value of continuing to serve municipal and
cooperatively owned systems. The prospect of being unable to purchase
sufficient electricity for future customer needs is, of course, a serious
problem to the publicly-owned systems affected. While participation in
joint generation projects can be a solution, it is not without difficulties, C
requiring the raising of substantial amounts of capital and the establishment
of appropriate arrangements to assure electricity supply at all times.

Roles of Various Organizations

State Commissions

In recent years there has been an evident upgrading of the
capabilities of state bodies responsible for the regulation of
electric utilities. Their staffs have been expanded and become
more sophisticated in the many interactions of electric power
with overall energy use, economic development, efficient use C
of resources and environmental impacts. State commissions, as
in Wisconsin, New York and California have been leaders in
innovative retail rate designs in attempting to achieve more
accurate assignment of costs, in critical examinations of the
economic merit of utility facility construction plans and their
effect on future retail rates and in evaluations of primary
energy supplies and other complex aspects of electric power. C
Thus, in general the state commissions are in a better position
today to correctly evaluate eledtric power problems and initiate
corrective actions.

13-08-21 12:19 GMT / http:i/hdl.handie neti2027/mdp.39015000452865
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Other State Bodies

i

g However, there is also a trend toward increasing involve

£ ment by other state agencies in the approval of utility

2 construction plans. These include bodies such as environmental
control boards, power plant sitting agencies, natural resources
agencies and energy facility commissions. Examples are the
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Maryland Power Plant Siting Program of the Department of

Natural Resources, the California Energy Resources Conser-
vation and Development Commission and the New York State

Board on Electric Generation, Siting and the Environment. '
While the additional regulatory reviews may be fully Just1fied
they do at present add time and complexity'to the establishment of
new electric facilities. In addition they also tend to focus'-
attention on electrié power as though it were an’ issue totally
contained within the state boundaries. In fact, modern electric
power systems are regional in scope and the actions of one
state affect others in the region.

This regional character of electric power supply is more’
recognized by states in some parts of the country than in others.
New England is outstanding in its recopgnition of this fact and
its governors have recently taken some actions which can lead
to effective multi-state participation in regional power”
planning. On a more limited basis, the Southern Interstate
Nuclear Board is an’ example of regional cooperation by states,
in energy matters. -

Overall however, it seems apparent that there is a
considerable distance to go in achieving general recognition.
by the states that electric power is a regional matter and
cannot be dealt with effectively on an individual basis by
each state acting independently. The growing ramifications
and concerns regarding electric power require copoperative multi-
state consideration of the issues and development of acceptable
regional plans which reasonably balance the benefits and costs
for all the states.

Federal Activities

Federal regulation of the electric utilities is spread
across many agencies. The FPC licenses hydroelectric projects
and regulates wholesale electricity sales of jurisdictional
utilities. The Nuclear Regulatory Commission licenses nuclear
plants. The Environmental Protection Agency
establishes national standards for air and water quality ‘control
and through a complex system of state permits and Federal
reviews can prohibit the construction of new plants which it
judges will not meet its standards. The Federal Energy Admin-
stration can prohibit the burning of natural gas or oil in new
power plants. The Coastal Zone Management Act provides for
the establishment of state plans which result in further
circumscribing of utility facility optionms.

P N Original from
pigtized by GOOGle UNIVERSITY OF MICHIGAN



- 48 -

Regional Reliability Councils

In the late 1960's, following the massive Northeast power
failure of November 1965, the electric utilities established
nine regional reliability councils covering the contiguous
United States. The councils provide for membership by all
utility ownership categories and for participation in proceedings
by the FPC and state regulatory bodies. The councils coordinate C
the plans of their members, but have no authority to impose re-
quirements on any utility. Nevertheless, the councils have
proved to be of great value in illuminating regional electric
power issues, in evaluating proposed generation and transmission
Plans and in developing a comprehensive regional overview of
electric power adequacy. C

The councils vary widely in the effectiveness of their
coordination. Some councils consist essentially of the
members of formal power pools with centralized dispatch and
specific capacity and energy commitments. These councils
are tightly integrated and exhibit the best regional planning, C
provisions for contingencies and awareness of the interaction
national, state and regional energy problems. Other councils,
‘however, are very loosely tied together, including utility systems
from vastly different geographic regions having dissimilar
weather patterns and generation types. Such councils are
less effective because they do not really cover a region with
a reasonably definable community of interest or similar
electric power supply problems. In some cases the
councils have established sub-regions to help deal with these
problems, but this has not resulted in the effective coordi-
nation seen in other regions.

As a generalization, it appears that the national electric C
power supply would benefit from additional formal pooling
=4 arrangements with their ability to minimize costly capacity
E requirements, to use the most efficient generating units at
all times through centralized dispatch and to flexibly meet
s a variety of contingencies. It also appears that the boundaries
5, of some of the councils could be redrawn to establish councils
g with stronger joint interests and similar problems and to C
g assemble and report data by more meaningful groupings then at
o4 present.
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. VII CONCLUSIONS

1. Additions to the bulk power supply system planned by the Nation's
electric utility industry appear to be adequate through 1985 if the
following conditions are met:

a. Load grqowth in the electric reliability councils regions does
D) not significantly exceed forecasted levels.

b. Ceneration from existing nuclear plants is not interrupted
by external factors and all nuclear plants under construction
and planned to be completed by 1985 enter commercial service
substantially on schedule.

D c. Coal-fired plant additions are completed substantially on
schedule and fuel is available to them as required.

d. Conversion of plants from natural gas to oil or coal fuel
occurs in an orderly, gradual fashion.

e. Additions to the bulk power transmission systems are made
in a timely manner. :

f. Utilities are allowed timely rate adjustments so that an
adequate supply of capital is available at reasonable cost to
finance additional facilities.

2. It is unlikely that all of the conditions enumerated above will
in fact be met because of the following developments that are currently
evolving: '

L ()
/:.msocoaszaas

7

a. OPEC o1l pricing actionms.

O
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b. Increasing modifications to nuclear plant design effecting
delays in completion and operation of nuclear generating
facilities.

c. Possible more restrictive amendments to the Clean Air Act
that may cause delays in completion and increased costs

D) of coal-fired plants.
™~
i d. Limitations on coal supply due to strip mining restrictions.
3
I e. Increasing environmental opposition to generation and
§;% transmission additions to the bulk power supply system.
:>g~§ Therefore, it appears that regional shortages of capacity
£z and/or energy in the 1979-1985 period are distinct possi-
§9§ bilities.
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3. Despite efforts to maximize generation by coal and nuclear
fuels, the electric utility use of oil will increase. 0il usage should
stabilize during the 1980-85 period at a level of about 60% above that
of 1975. A steady decline in 01l usage should then begin. Impediments
to the timely operation of additional coal-fired and nuclear plant will
impact directly on the consumption of oil. Also, shift from these fuels
to oil will significantly increase the Nation's electric power rates.

4. Electric energy requirements may increase by about 80 percent
by 1985. Generation with coal is expected to double, oil generation is
projected to increase by 60 percent, generation with natural gas is
expected to decrease by 30 percent or more, while nuclear generation --
based on current plans -- will almost quadruple the 1975 level. By
1985, more than 20 percent of electric generation is expected to come
from nuclear plants.

5. Although electric power costs in 1975 had increased by 1.3
cents per kWh since 1969, these costs were only 21 percent higher than
1969 levels on a real cost basis, and only one-third of the real costs
of 50 years ago. Power costs are expected to continue to increase
during the next decade. With continuing cost escalation, electric
utility plant in service in dollars per kW of installed capacity may
increase by 50 percent for the investor-owned sector by the early 1980's.
Such increases, coupled with expected increases in utility fuel and
operating costs, could mean a further 50 percent increase in electric
power costs by 1982.

6. As mentioned, electric power costs could increase by 50 percent
by 1982. Within the generally accepted range of generating reserve
levels (say 15-25 percent), the exact level of reserve is expected to
have a minor effect on power costs. For example, an increase in reserve
levels from 20 percent to 25 percent in 1982 would increase retail power
costs by about one percent. With the uncertainties extant in current
electric utility load forecasts, such an increase may te a small premium
to pay as insurance against either unforeseen load growth due to switches
from scarce and/or expensive primary fuels to electricity, delays in the
nuclear power program or in the expansion in the use of coal.

7. By 1982, the self-generation costs of municipal and cooperative
power systems, and the wholesale power costs on a fully distributed cost
basis of investor-owned utilities are expected to be quite competitive.
This factor should encourage more joint ownership of generating facilities,
along with joint planning and expanded interconnections and pooling
operations. Statutes and regulations which restrict or constrain such
activities should be identified and eliminated.

8. The overall availability of capital for comnstruction of new
electric utility facilities appears to be adequate. However, the lower
financing costs experienced by publicly owned utilities, as compared
to investor-owned utilities is likely to result in a steady increase in
jointly-owned generation facilities.

Original from

Digilized by {*9'2}@3&6 UNIVERSITY OF MICHIGAN




- 5] -

3. VIII RECOMMENDATIONS TO THE COMMISSION

1. Initiate a rulemaking to comsider utilization of a procedure
that would, with appropriate periodic Commission review,
permit an electric utility. to put into effect a cost of
service rate format for wholesale service that would automa-
tically adjust rates to reflect changes in all costs allocated
to such wholesale service. This would shorten the regulatory
lag, and avoid '"'pancaking" of rate increases while still
protecting the customers' interest, and the time saved and
could be better utilized by the Commission to assure that
utility operations and decisions are in the public interest
and designed to keep costs to the consumer at a minimum.

)

)

2, Although the Commission has expressed its concern for
energy conservation and management of electricity shortages
through Orders 495 and 496 and 445, a more complete utility
conservation reporting program should be initiated and other
appropriate measures taken for the curtailment of electric

D) power should it be necessary if regional capacity or energy
shortages develop in the future. :

] 3. Consider additional steps that can be taken, including

o legislative recommendations, to further the efforts of the
Commission to create additional power pools and centra-
lize electric power dispatch facilities to improve reliabi-
1ity, reduce reserve margin capacity, and optimize econo-
mical operation.

9
027/;'31500

4, Take such steps as may be necessary, including legislation
recommendations, to promote and effect the formation of
Regional Energy Boards to coordinate and accelerate siting
and licensing approval and the resolution of other electric

Y

N
£
£
§,§ energy supply matters which are best addressed on a regional
% g basis. Also, encourage more active Federal/State parti-
g:z cipation in connection with the Regional Council activities
\.§ and to encourage more timely multi-State participation in
iz g the regional power planning process.
Do &
=z g 5 Take additional steps that may be necessary and desirable
- to reinforce previous Commission efforts to bring about
E > interconnections among regions having inadequate or non-
% g existent ties to improve reliability and provide for emer-
<5 gency and economy energy transfers.
5%
< 2 6. Seek legislation to permit the Commission to order
gvz wheeling of electric power on its own motion, with authority
£ = to specify the economic and financial terms for the service
B~ provided.
Z3
B
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7. Support amendment of the TVA Act to remove limitations
on interconnections with adjacent systems for the purpose
of improving reliability.

8. In cooperation with NERC reconsider the boundaries and
reporting practices of Regional Councils with the expec-
tation that some reorganization in regions may be
appropriate. Such changes would permit the collection
of more meaningful information relative to regional power
supply requirements.
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CHAPTER I

HOW ELECTRIC POWER SYSTEMS ARE PLANNED AND OPERATED

The smooth and efficient functioning of modern day society is
totally dependent on the constant availability of adequate supplies
of electricity. For it to be available, a great deal of planning,
investment, construction and other work must take place almost
continuously in addition to the daily operation of the electric
supply system. The major elements of this preparatory work are

discussed below,

1. GENERATION

Generating facilities convert the potential energy of fuel,
falling water, radioactive material or other sources, into energy
in electrical form. Generators may be driven by steam turbines,
combustion-gas turbines, water turbines, diesel engines, wind or
tide. Whatever the type of fuel or type of generator, in the
aggregate all the generators of a system comprise the system's
"generating capacity". Generating capacity provides the force that
drives electricity through the power system.

Generating capacity is needed to supply customer requirements
for electricity. The rate of production and use of electricity is
normally expressed in kilowatts or megawatts. It is common practice
to integrate (sum up) the energy produced and used over a period
of 15 minutes, 30 minutes or one hour and express the result, in
kilowatt-hours or megawatt-hours, as the system '""demand". The
largest of these integrated demands is the system 'peak load" for
the period studied (a day, a week, a month, a year, a summer period,
a winter period). For many systems, including Consolidated Edison
Company, the greatest use of electricity occurs during the summer
months. Whenever the annual peak demand occurs, generating
capacity must be available to supply it. In other words, a
sufficient number of generators must be in operation to supply
energy at the greatest rate required by the customers.

The amount of generating capacity that a power supply system
should have, in order to provide reliable service, has long been
one of the central problems of system planning. Forecasts of demand
are the starting point for capacity determination. Such estimates
are not easy to make, with accuracy, for a number of reasons.
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However, the topic of load forecasting is an entire field in itself
and will not be treated here, 1/

Given the pattern of electricity requirements, planning
engineers determine the corresponding generating capacity needs.
Many factors must be carefully considered and their effects
integrated.

One key factor - load - will vary geographically and in time,
in each utility system service area. Like other elements of a
power system, load is a multi-dimensional entity. For a given
system, the load at any specified time is different in different
areas of the system, and varies from hour to hour.

Electric power demands on a system result from the individual
actions of all the customers. A light turned on, a refrigerator
started or stopped, an electric arc furnace in operation, an air
conditioning system operating, all these and many other devices
combine to produce the system demand at any instant. Although the
demands of the individual customers are not intentionally coor-
dinated, the combined demands fall into well-defined patterns.

The patterns vary from city to city, from region to region, but
have some general characteristics in common. Daily loads are
usually high in the afternoon and early evening, low during the
late night and early morning hours. 1In some areas at some times
of the year, there may be two high demand intervals during the
day, with a low load interval between. The magnitude of the daily
variation is different for each day, and it also changes with the
season. Figure 1 shows the 'daily load variation, hour by hour,
for Consolidated Edison Company of New York, for the week of
August 1-7, 1976, to illustrate this fact. It shows very effec-
tively the requirement that system capacity must meet a wide

range of variation in customer demands. Figure 2 shows the hourly
loads of Figure 1 rearranged in order of magnitude, as a '"load
duration" curve. From Figure 2 it can be seen that the minimum
load during the week was 40 percent of the maximum load. The
patterns of Figure 1 and Figure 2, and similar ones for other
weeks, are important characteristics of the demand placed upon

the system's generating units. They show that much of the
capacity is not needed at times, but must be available for use at
other times, The curves indicate the magnitude of "base load"
capacity needed, and the amount of 'peaking capacity" required for
this particular period.

1/ A useful source document on electric load forecasting is

"The Methodology of Load Forecasting'", A Technical Advisory
Committee Report to the Federal Power Commission, published
in Part IV of the FPC's 1970 National Power Survey.
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""Base load" generating capacity is that which is needed
constantly throughout the year to meet minimum loads. If genera-
tors were perfect, and never failed, the generating capacity
needed for ''base load" would be just that which met the minimum
demand. However, generating facilities do fail and do require
repairs and maintenance and, thus, cannot run steadily for indefinite
periods of time. From 5,000 to 7,000 hours of operation in a year
is considered a reasonable running time for base load generators.
As some are taken out of service for various reasons, others must
be put "on line". One facet of prudent planning is a continuous
effort to balance the need for a sufficiency of base load
capacity against the need to avoid excessive investment in tempo-
rarily non-productive facilities.

Of course, ''base load" is only one part of customer demands.
As shown by Figures 1 and 2, demand increases over base load to
some '"peak demand" value. As load increases, additional generating
capacity must be operative to supply the load. Part of this
additional capacity can come from the unused portion of base load
generating capacity. But when a base load unit is fully loaded,
the system operator must decide how to meet further increases in
load. As discussed elsewhere, some power may be purchased from
neighboring systems but the system must be prepared to provide its
share. To put on line a large base load unit is a complex,
expensive and time-consuming process. If it is to run only for a
short time (four to six hours as shown by the upper portions of the
daily curves in Figure 1) the process would be uneconomical.
Therefore, the system planner provides '"cycling capacity' and
"peaking capacity" for the system operator to use. '"Cycling units"
may run some 8 to 14 hours a day, to meet loads above the base
load level. Peaking units are those designed for rapid inexpensive
start-up and shutdown, and may run some 3 to 6 hours a day. In
planning for generating capacity, consideration must be given to
the "mix" of units in terms of base-load, cycling and peaking, 1if
system operating costs are to be kept low.

In choosing the "mix'",the planner has choices in each range.
Base load units may be fired by coal or fueled by nuclear power,
Currently, the use of natural gas as a utility fuel for projected
units is no longer possible and the use of oil leads to expenses
that may not be easily controllable under current conditions.
Hydro energy can only be utilized where the terrain is suitable
and water plentiful. Combustion-gas turbines have much shorter
lead times than steam units but require oil or natural gas as a
fuel and do not come in the 1,000 MW sizes of base load units. A
further choice is the "combined-cycle plant" on which the exhaust
heat of one or more combustion turbine units makes steam for one
or more steam units. Table 1 summarizes the major factors that
system planning engineers must evaluate in decisions regarding new
capacity.
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: TABLE 1
Mafjor Charecteristics of Generating Units

(All Values in Table Are Approximate)

STEAM UNITS HYDROELECTRIC UNITS
CHARACTERISTIC Fossil Fuel Nuclear Fuel Conventional Pumped Storage
Lead Time 8-10 yrs. 11-12 yrs. 8-10 yrs. 8-10 yrs.
Energy Source
Coal Yes -- - -
01l Yes - - -
Natural Gas Yes .- - .-
Nuclear -~ Yes -- -
Water -- - Yes Yes
Water for Cooling Large Amount Large Amount -- --
Suitable for Base Load Yes Yes Depends on No
Geography
Suitable for Cycling Special Design No Depends on No
Geography
Suitsble for Peaking No No Depends on Yes
Geography
Largest Size 1,300 M4 1,300 MW Depends on Depends on
. Geography Geography
(700 M) (300 M)
Cooling Towers Needed Probably Probably No No
Construction Cost High Highest Probably Less Than
For Fossil Steanm
Reliability Less Than Less Than Highest Less Than
Conventional Fossil Conventional
Hydro Hydro
Startup Time in Normal Use Long Long Rapid Rapid
Refueling Time 0 7 wks. per 0 0
year, average
Complexity of Maintenance High High | Low Low
Operating Cost Higher Than Nuclear, Low Very Low Very Low

habi LTI VR Neadea
-

But Less Than
Combustion Turbine

TreoLalild s

N
N

Combustion

Turbines

3 yrs.

No
Yes
Yes

Very Little

No

Yes

80 MW

No

Lowest

Lowest

Rapid

Average

High

Combined Cycle
Plant

7 yrs.
Posaibly

Yes
Yes

Yes

Yes

Not Well
Established

(500 Md)

Possibly
Intermediate

Not Well
Established

Rapid for
Part Load

0

High

High



In addition to, and in the process of, determining the type
of units needed, the planner must determine "how many" and "how
big". The number and size of units, and their location, is a
critical factor in system cost and reliability. There are a
variety of methods for determining how much capacity is needed.
Probability analysis, first applied in the 1930's,has come to
occupy an important place in planning activities.

Capacity planning must project into the future a view of the
characteristics shown in Table 1 (among other factors) and has to
estimate how those characteristics may change. Capacity planning,
looking to the operating problems, must determine the relative
advantages of several small units, brought on-line one at a time
to meet increasing daily load and then shut down as loads decrease,
as compared with a few large units that would continue to operate,
but at part load, as demands decrease, Investment costs and
operating costs are involved in the determination, as well as the
reliability aspects of a few larger units versus many smaller ones.
Also to be considered are the effects on the units themselves of
operation at part load versus frequent start-up and shutdown.

The daily and seasonal load patterns, although primarily a concern
of the system operator, must be factored into the planning of the
system.

Generating capacity reliability is usually discussed in terms
of sufficiency of capacity to meet total peak demand, the frequency
and duration of situations in which capacity is less than demand
and the ability to supply energy requirements over an extended
period. In the past, it was the practice to provide capacity
sufficient to supply the estimated peak demand plus an additional
amount equal to some percentage of the peak demand or equal to the
largest generating unit (or largest two units.) The total
capacity then exceeded the projected greatest requirement by an
amount that was supposed to allow for generator failures, for over-
or under-estimating the load forecast, for extended maintenance
work or for unknown factors. In an attempt to develop procedures
more rational than rule-of-thumb methods, the power industry
began to use probability analysis to compute the capacity needed.
Consolidated Edison Company was one of the earliest systems to
apply probability analysis to generating capacity studies,

Probability methods have now been developed to the point
where many systems use them to factor into capacity planning rele-
vant information as to load patterns, number and size of generating
units, reliability of individual units, delays of unit construction.
Probability analysis, in addition to furnishing quantitative
results concerning system capacity levels to be expected, allows
the planning engineer to determine as closely as possible the
capacity needed to satisfy specified levels of reliability related
to the frequency and duration of outages, the probability of
outages, the probability of positive margin, the probability of
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energy deficiences anf the probabilities of various levels of
capacity shortages. The operations engineer uses probability
analysis to optimize operating reserve and its allocation between
spinning and non-spinning components,

An example of the results of probability analysis is shown
in Table 2, taken from a report of the New York Power Pool.

TABLE 2
New York Power Pool
Reliability - Reserve Relationships b

Member Pool Loss-~of-Load 57 Voltage Customer
Reserve Reserve Probability Reduction Disconnections

% % Days Per Year (Average

12 16 6 65 .3 tol,1

14 18 2 27 . .07 to 0.3

16 20 0.8 8 .02 to 0.1

17 21 0.3 4 .007 to 0.04

18 22 0.13 2 .002 to 0.01

20 24 0.035 0.6 .003 to 0.0025

22 26 0.011 0.3 .00006 to 0.0006

1/ From 1976 New York Power Pool Report to New York Public
Service Commission under Article VIII, Section 49-b of the
New York Public Service law.

However, and the reader must be cautioned strongly, the analyses
represent only models of the system. The inputs into the studies
are estimated loads, expected generation outputs, planned main-
tenance schedules, average experienced forced outage rates obtained
under conditions that can never be exactly duplicated. The
probability that all of the inputs will simultaneously exist at
their assigned values is of a very low order indeed. This means
that the analyses are valid as models only, and that the results
are to be regarded only as indices of relative performance. 1In
reality, this is what the planner desires: the relative benefits
of one choice over another.

In developing the schedule of generating units to be con-
structed, the planner must consider them individually. It is not
sufficient to talk in terms of total system capacity. The planning
process requires addition (or retirement) of individual units. A
unit must be selected of a certain size and type in order for the
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Probabilistic method to function. On large 1,000 MW unit will

O have a different effect on reliability than two 500 MW units, and
the effects of unit size will be related to system size, Studies
of the relationship between maximum unit size and system size
indicate that the largest unit should ordinarily be in the range
of 4% to 107 of the system size, Consolidated Edison's largest
unit, Ravenswood No. 3, with a net summer capability of 972 MW, is
9.8 percent of Consolidated Edison's total generating capability 2/
(summer rating). However in the New York Power Pool, which operates
as a single control area, the unit is only 3.3% of the total NYPP
generating capacity.

The reliability will again be different if the units are
fired by coal or oil or gas, or if they are nuclear or hydro-
electric. Each size and type of unit has a different reliability
associated with it and requires different maintenance activities,
Therefore, the availability patterns of units of different types
differ, For instance, the power output reliability of four 200 MW
hydro units is greater than that of four 200 MW coal-fired units.
For instance, had the 2,000 MW of peaking capacity planned by
Consolidated Edison for Cornwall (Storm King) been available, the
loss of Ravenswood 3 should not have been so damaging to the system.
But the energy reliability of the coal units may be greater than
that of the hydro units, because coal may be readily available
and water may be available only during certain seasons of the
year. The Cornwall installation was planned to be peaking capacity,
and therefore would not be expected to provide power continuously
day after day. However, its projected function as peaking and

. emergency supply would have been valuable in the instance under

O consideration. The reliability of the total generating capacity
supply is a composite of many factors: number and size of units;
type of units; types and sources of fuel for fossil fuel units;
availability of nuclear fuel; capacity available from inter-
connected systems; contractual obligations to supply capacity to
interconnected systems; competence of operating and maintenance
personnel; age of the system's generating units, their locations
on the system, the '"mix'" of base load and peaking units,

2. TRANSMISSION

Transmission lines connect the loads to the system, connect
generating plants together, provide pathways for energy to move
from the generating plant to points near the user. Transmission
refers to movement of electric power and energy in bulk. At
points on the transmission system, power is taken out and sub-

2/ As reported in the April 1, 1977 Response by NPCC to FPC
Order 383-4,
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divided for movement on the subtransmission and/or distribution

system,

1.

2.

7.

Transmission lines have several functions:

Bring power from generating plant to areas where
power is needed,

Connect power plants together for greater reliability
of supply.

Connect substations together for greater reliability
of supply.

Increase transfer capability and voltage control
flexibility.

Improve system stability, to minimize the effects of
"surges' of current, voltage and frequency, thereby
preventing loss of synchronism between generators and
consequent "black outs',

Connect systems together for sharing of reserve capacity,
for emergency transfers of power, for sales of capacity.

Connect systems together to allow construction of
jointly-owned generating units.

Transmission circuits may be constructed at various voltage
levels from 69 kilovolts to 765 kilovolts. The advantage of the
higher voltages is that transmission capacity increases nearly as
the square of the voltage. Table 3 shows typical average overhead
transmission line capacity for various voltage levels. Trans-
mission may also be accomplished by means of underground cable, at
voltages up to 500 kV.

-10-
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TABLE 3

Typical Overhead Transmission Line Capacity
At Various Voltage Levels

Voltage, kV MY Capacity 1/
115-138 100---120 2/
230 350
345 800-1,200 2/
500 2,700-2,900
765 5,700

1/ Wwill vary according to length of line, nature
of the facilities and systems at each end,
weather conditions and load pattern, among other
things, Stability and overload probability may
limit usable line capacity. Operating condi-
tions frequently may restrict ability to
transmit.

2/ Consolidated Edison's transmission is 138 kV
and 345 kV and much of it is underground cable,
which usually has less capacity than overhead
lines at the same voltage.

Reliability evaluation is much more complex for transmission
facilities than it is for generating capacity. The reason for
this is structural and inheres in the nature of transmission.
Generating units can be considered as point sources of power,
whose capacities can be added to obtain a total capacity that can
be matched against total system load. Transmission lines, however,
cannot be treated in this fashion. Lines connect specific points,
line capacities are not additive in general, and lines perform
several functions. A generating plant has the sole function of
providing capacity and energy to the system. Transmission lines
rerform many functions as indicated above.

A transmission line is added to a system for one or more of
the reasons discussed. In some instances, it may be possible to
accomplish the major function of the line by other means.
Stability improvement, for instance, may be effected by means of
fast valving 3/ or by an additional transmission line, in some

3/ An operating procedure which interrupts steam flow to a
turbine momentarily in the event of a system disturbance.
This type of operation requires appropriate design to be
incorporated in the unit.
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cases, Then, a decision must be made as to which option should be
implemented, Economics will affect the decision but other factors
will play a part: the effects on system operating practices, on
reliability, on power transfer capacity, on stability, on future
expansion of the system,

A transmission line (overhead or underground) must be designed
with a number of factors in mind. The major functions must be per-
formed, without undue effect on other necessary functions. It must be
reliably designed for the terrain it will traverse ~- possibly a mile
or less to several hundred miles. Wind forces, icing conditions,
river crossings, soil conditions, lightning storm intensity and fre-
quency all play a part in the design decision for the tower design,
conductors, tower spacing, and other details,

In New York City, much of the transmission is by underground
cable, System planning and design are significantly different for
cable networks than for overhead line networks. The physical
parameters (resistance, inductance and capacitance) are significantly
different and cable behavior, operation and maintenance methods differ
greatly from those factors for overhead lines. For instance, an
overhead line fault can be located relatively quickly, cleared and
the line can go back in service, Cable faults take longer to locate
and repair. Cables require pumps to maintain oil or gas pressure
for cooling and insulating purposes. If the pumps fail, the pressures
must be built up again carefully, and tested, before the cable can
be re-energized.

Expected carrying capacity and voltage level affect choice of
conductor sizes. Normal power flow as well as possible emergency or
abnormal power flows must be considered in the choice of conductors
and other components. The protective relaying system must be designed
to function properly under various possible operating conditions,
must retain stability of system operation and must provide protection
against overloads., The reliability analysis of supply to lines
moving power out of substations to the loads must take account of all
the lines feeding the substation, their originating points, voltage
levels, lengths, terrain traversed, and the weather expected. The
configuration of connections among lines, switching equipment and
transformers within the substation must also be factored into the
study. Reliability analysis of transmission is both a system and
a point-by-point affair that must look at every station supplying
load to customers and take into account every connection between
stations. System planning usually provides alternative and
supplementary paths for flow of power from generating plants to
substations, between substations and between utilities.

In the planning of transmission facilities, detailed attention
must be paid to the physical constraints and environment. Much
attention is paid by utilities to routing of transmission lines
and much effort is expended in preparation of testimony when
legal proceedings are initiated against proposed rights-of-way.
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For the transmission lines, the environment and the physical con-
ditions can be very much different in different parts of a
utility's service area. These differences must be reflected in
the physical characteristics of the line or cable which in turn
may affect the electrical characteristics.

Besides the reliability of each transmission line as a single
component of a system, it is necessary to consider the inter-
actions among lines and generating plants. To give an extreme
example, a single television set turned on or off will affect the
current flows, voltage levels and frequency of all transmission
lines and generating units associated with the system to which the
TV set is connected. Of course, the effect of a single TV set is
well below the sensing threshold of any deévices now in use, and
its effect is too small to be noticeable. But the point is that
every device that draws power from a system affects the entire
system in some degree. The summation of all load changes from
instant to instant is reflected in redistribution of power flows
over an entire system and in redistribution of power generated by
all plants, Mismatches between generation and load cause frequency
and voltage fluctuations as the system adjusts. Power production
at plants can be controlled, by automatic or manual means, to
match changes in load. Power flow over individual transmission
lines cannot readily be controlled without the installation of
special equipment. Of course each item of equipment introduces
some probability of unreliable operation, requires maintenance,
and increases the investment cost.

The establishment of an electric power interconnection must
be evaluated from an economic point of view. This economic criterion ‘
will require that an interconnecting transmission facility serve

several purposes. As the number of interconnections increase,

there will normally be relative increases in the electric power

transfer capability, However, it must be understood that increases

in interconnecting facilities will make it necessary to strengthen

the internal transmission systems of the interconnecting utilities.

More than 21 transmission lines interconnect systems in
New York State and systems in Pennsylvania, New Jersey, Connecticut,
Vermont and Massachusetts. By means of these interconnections and
those with the Canadian power system (over 16 lines connect New
York State with the Canadian power system) more than 5,000 MW
can be moved into New York State under the appropriate conditions.

Electric energy flow in an alternating current network is a
function of the electrical parameters of the involved electrical
facilities and the operating situation at any time. The relative
location of load to generation and the impedance of the connecting
electric network are the significant factors. In some cases,
special equipment installations such as phase shifting transformers,
transformers whose voltage ratings can be changed under load, and
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current limiting reactors are required to assure proper performance
of the electrical facilities.

The construction of power system interconnections in the
New York City area has been limited by technical, economic and
geographic considerations. The island geography of much of the
New York City area and the presence of the Atlantic Ocean as a
boundary limit the possible bulk power supply interconnections to
the area. Interconnections from New Jersey to New York City proper
must cross over or under water., Underwater cable crossings are
very expensive and their relatively low impedance presents techni-
cal problems. The insulated nature of an underwater crossing
limits circuit capability to a value less than that of overhead
lines of the same voltage. If the capability is exceeded cable
damage and subsequent failure can be expected. Repair of cable
circuits is a lengthy and costly operation, Overhead lines can
be loaded much more heavily than cables since the excess heat
caused by the higher current flow is dissipated directly to the
atmosphere, and repairs are less costly.

On July 13, 1977, the New York City area was interconnected
with the Public Service Electric and Gas Company through one 230 kV
overhead line from Linden Power Plant in New Jersey to Goethals
Substation located on Staten Island. A 345 kV underwater cable
from Farragut Substation in Brooklyn to Hudson Power Station in
New Jersey was not in service due to failure of a phase shifting
transformer at the Farragut Substation. This interconnection
cannot be utilized unless the phase shifting transformer 1is
operable, This transformer, originally scheduled for initial
service in May 1972, was damaged during installation and was
returned to the manufacturer for repair., Initial service occurrxed
in December 1972, Other troubles were experienced with this trans-
former during the intervening period until September 1976, when
the transformer failed in service. A new transformer has been
ordered,

Two 138 kV transmission lines from Consolidated Edison's
Jamaica Substation in Queens to the Valley Stream Substation of
Long Island Lighting Company (LILCO) serve to interconnect these
two utilities. LILCO has one 138 kV cable interconnection under
Long Island Sound to Norwalk Harbor in Connecticut, but the power
import capability of this facility is very limited.

Other than the previously described interconnections and
local generating resources, all other electricity supply to New
York City must come from transmission lines that originate north
of the City. Consolidated Edison owns most of the bulk power
transmission facilities in Westchester County.  The Hudson River
provides a formidable barrier to transmission line crossings.
Therefore, the nearest crossings of the Hudson other than the
Farragut cable are located in the vicinity of Indian Point Power
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Station. Two 345 kV lines from Buchanan Substation near Indian
Point extend to Ramapo Substation, which in turn is connected to
Public Service Electric and Gas Company by a 500 kV line and a 345
kV line. Electricity imported through these interconnections

must flow north to Buchanan Substation, if it is to be utilized

by Consolidated Edison.

Current operating studies indicate that the Southeastern
New York Area (SENY) can import over 1,200 MW from New Jersey.
However the one in-service interconnection from New York City
proper to New Jersey had no back-up, hence, the 600-700 MW power
transfer capability of the Linden-Goethals circuit (included in
the 1,200 MW total), could not be considered reliable. Therefore,
the loss of the five in-system Consolidated Edison 345 kV trans-
mission lines to the north severely limited the New York City area
power import capability.

3. DISTRIBUTION

Distribution facilities are the portion of the electric
system closest to the customer, and in the final analysis are
individual to the customer. A generating unit provides power to
the entire system, for use by all customers, Transmission facili-
ties move power between areas or to a specific area. The distribu-
tion system moves power from a point on the transmission system
to specific users of electricity., For this reason, a lower level
of reliability can be tolerated in distribution facilities than in
other parts of the system, since failures affect only a small
number of customers, whereas failures in generation and trans-
mission affect large numbers of customers. Construction of dis-
tribution facilities generally is timed to coincide as nearly as
possible with growth of load. Long-range planning is usually not
required for construction of distribution facilities to the same
extent that it is required for large generating units and trans-
mission lines. Distribution circuits and equipment are individually
much less costly than generating units and transmission facilities,
they have shorter lead times for construction, and can generally
be repaired or replaced much more rapidly. On the other hand, the
number of distribution circuits and facilities is much greater
than the number of generating plants and transmission facilities,
and offers more widespread (geographically) occasions for failures
and undesirable performance.

The design of the distribution system can have a significant
effect upon the ability of a system to maintain service in an
emergency. System design that permits rapid dropping (and
restoration) of relatively small groups of customers, under control
of the load dispatcher, can help in cases where load exceeds
generating capability, If customer load can only be interrupted
in relatively large blocks, "blackouts'" will occur over wide areas
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and restoration of service will be slower. Underground facilities,
while they may improve the scenic environment, may require much
longer time, and more effort, to repair when faults occur. In
congested central city areas, such as much of Manhattan Island and
other parts of New York, distribution facilities are required to

go underground. Maintenance, repairs and upgrading (to meet
increased loads) therefore become more costly and difficult,

Distribution circuits are most easily and least expensively
laid out when geography is the only determinant. That is, loads
near to each other will be served by the same circuit. Considera-
tions of public safety on the other hand, if the sole determinant,
would dictate that completely separate circuits be provided for
hsopitals, water pumping stations, fire and police systems, traffic
lights and other municipal purposes. Distribution systems planners
must always keep costs in mind when extending or rebuilding a
system. As areas change in population density, type of housing,
type of commercial establishment and industry, the distribution
system is also required to change. And, as the loads served by
the distribution system shift from one area to another, changing
in magnitude and pattern, the transmission facilities may also
require modification,

4, THE RELATIVE IMPORTANCE OF GENERATION, TRANSMISSION AND
DISTRIBUTION TO THE SYSTEM AND THE CUSTOMERS

The reliability of service experienced by the customers of an
electric supply system is the composite result of the reliability
of generation, transmission and distribution and includes the
effects of maintenance and operation. There is no simple way to
express quantitatively the reliability of service to a specified
customer or group of customers. The reliability must take into
account the reliability of capacity supply, of transmission supply
to the bus from which the customer's distribution is fed, and of
the distribution facilities up to the customer's service entrance.
An indication of the complexity of the study required is the
following list of information needed to determine the quality of
service at a specified load bus, 4/ 5/

4/ Transmission Planning Using a Reliability Criterionm, Part I
-- A Reliability Criterion. Billinton, Bhavaraju, IEEE
Transactions on Power Apparatus & Systems, January 1970,
Vol. PAS-89, No. 1, pp. 28-34.

5/ A Method for Calculating Transmission System Reliability.

Mallard, Thomas, IEEE Transactions on Power Apparatus & Systems,
March 1968, Vol. 0AS-87, No. 3, pp. 824-834,
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1. Several load flow studies at different load levels,
taking into account possible system component outages.

2. Allowable voltage limits at all busses.
3. Reactive power limits at generating busses.

4., Maximum current carrying capability of all lines and
transformers.

5. Distribution of system load at various busses and the
load duration curves,

6. The output of each generating plant at each of the
load levels studied.

7. The failure and repair rates of the generating units,
lines and transformers in the system.

8. Diagrams showing direct transmission paths to the
specified bus and giving forced outage and scheduled
outage data for all components in each path (lines,
cables, transformers, circuit breakers, etc.)

9. Analysis of possible overload conditions.
10. Stability analysis for different fault conditions.

In view of the inter-relationships among generating capacity,
transmission facilities and distribution facilities, the assign-
ment of relative importance to these system components may not be
appropriate. Surely, perfection in the transmission part of the
system is useless 1f the generating capacity is totally inadequate,
and thoroughly adequate generating capacity is of no value if the
transmission or distribution facilities continually fail. Similarly,
if distribution equipment all over the system never operates prop-
erly, the most perfect generating and transmission facilities are
useless. An electric power supply system must operate as a whole,
as an entire system, in order to fulfill its mission.

5. THE COSTS INVOLVED IN IMPROVING RELIABILITY; THE BENEFITS OBTAINED

The costs involved in obtaining improved performance of a
system will be in some measure related to the degree of improvement
desired. The costs will also be a function of the area in which
improvement is sought. As one example, improved materials can
improve power plant reliability: materials with greater resistance
to wear, abrasion, corrosion, temperature and temperature changes
would make more reliable such items as boilers, coal handling and
pulverizing equipment, fans, burners, gas turbine and steam turbine
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blading. Steam plant condensers could be made more reliable and
would require less maintenance if better means of reducing or
preventing corrosion could be developed. Means of reducing the
effect of polluted atmospheres on transmission line insulators and
components would improve transmission reliability. More attention
to design and layout of plant components and of transmission
facilities might reduce the effect of equipment outages on reli-
ability of supply. Research into the theory of system operation
and control might lead to better methods of operating power
systems, better in terms of reliability and possibly lower in
terms of cost.

Since generating units serve the entire system, improvements
in this area would affect the reliability at all levels. It
would therefore appear that investment in generating plant reli-
ability improvement could be justified to a higher level of cost
than investment in transmission or distribution reliability
improvement, Similarly, it would appear justifiable to invest more
funds in the improvement of transmission reliability than in the
improvement of distribution system reliability. At all events, it
must be recognized that the incremental benefits obtained from
reliability expenditures decrease as the level of reliability
increases,

It is also necessary to recognize the practical factors that
prevent immediate adoption of an improvement by the entire electric
power industry. For instance, if new materials were to be dis-
covered January 1, 1977 for use in coal pulverizers, that would
significantly increase the reliability of these devices, complete
change~over to such materials by February 1, 1977 would be a
practical impossibility., It would in fact, require years and, in
many cases, would never be practical.

New procedures, materials and devices must be carefully
examined and tested before being adopted, and the economic balances
among investment cost, operating cost, efficiency and reliability
require considered evaluation.

6. FREQUENCY AND VOLTAGE

Frequency in discussions of electric power supply refers to
the frequency of alternations of the current and voltage in the
usual alternating-current (ac) system. In the United States,
alternating current systems operate on a frequency of 60 cycles
per second., Direct current systems have some characteristics
that are desirable, but voltage cannot be transformed as easily
as can be done for ac systems,

The frequency of the current and voltage produced by a
generator depends on the rotational speed of the unit and the
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number of "poles' of the '"field" winding. Large generators are
designed with 2 or 4 poles, for operation at 3,600 or 1,800
revolutions per minute., When a generator rotates at a speed
different from its design speed, the frequency of the current it
delivers will differ from 60 cycles per second. The difference
between the output of a generator and the load assigned to it by
conditions will cause fluctuations in current, voltage and power
on the system. As a generator slows down or speeds up, the timing
of its currents with respect to the timing of the currents pro-
duced by other generators will change; this situation is known as
a '"'phase angle shift". Within small limits, generator phase angles
can and do change, But large suydden changes in a phase angle,
which may be caused by a sudden load, short-circuit, failure of a
generator or other reason, cause large oscillations in currents,
voltages and power on a system. These conditions may cayse auto-
matic devices (relays and circuit breakers) to operate and dis-
connect some lines or generating units, These disconnections are
designed to protect equipment from harm due to excess current and
voltage. However, the effect on the system may be to intensify

the disturbance to voltage, power and frequency, and cause
additional disconnections.

This is an instance of the need for careful attention to
design of system protective schemes, which generally require judg-
mental balancing of actions whose effects may be in opposition.
Systems now use automatic devices (relays and circuit breakers)
to disconnect some loads when frequency begins to drop excessively. 6/
The purpose is to prevent local overloads on generators, that
would slow them down and further deteriorate the situation. Manual
"load shedding'" may also be implemented when necessary, the objec-
tive being to maintain load and generation in balance at all times
in any area whose tie lines to other areas have opened. Frequency
is controlled solely by the speed of the system generators, which
in turn is a function of system loads and power input from fuel
(or hydro power). In normal operation, additional load on a
generator causes it to slow down slightly, the speed decrease acti-
vates fuel supply devices to increase the fuel fed in, and the machine
speed (and frequency) return to normal. A decrease in load works
in the opposite direction.

The voltage output of a generator ‘depends upon the frequency
and upon the operation of auxiliary devices that provide direct
current to the "field winding". The voltages at different locations
in the transmission system are a function of the voltages of the
generators, transformers, transmission line characteristics and
system loads. When a "short circuit'" occurs, the voltage at the
point of fault may go to zero, and large currents will flow, fed
by the various generators on the system. The protective devices

g/ Another section of this report contains a discussion of NPCC
"load shedding' practices.
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of the system operate to disconnect the faulty element (line,
transformer or other device), so as to prevent the high currents
from damaging anything. Although voltage at the generating plants
is maintained at a fairly constant level by automatic devices,
voltages at transmission substations will fluctuate somewhat as
loads fluctuate. Voltage at the customer's level will fluctuate
even more. A number of states have established allowable ranges
of voltage variation at the customer level; 8 volts (from 114 volts
to 122 volts) appears to be an average allowable range.

The opening and closing of circuit breakers, lightning strokes,
sudden large changes in load, or other occurrences, may cause
"transient' voltage waves in a system. The magnitude of the
voltage depends on the circuit conditions and the initiating cause.
Normally the transient condition causes no harm and dies out
rapidly. The peak of the voltage wave, however, if excessively
high, could puncture insulation or '"flash over" an air gap, cause
heavy currents to flow and trigger the operation of automatic
safety devices as discussed above. The resultant effect on the
system is a function of conditions immediately prior to the dis-
turbance: Load magnitudes and distribution, generators on line
and the loads they were carrying, transmission circuits in
service and their loads. Cable circuits because of their large
capacitance may offer more potential for problems due to transient
voltages in normal switching. When cable circuits are re-energized
after being disconnected by the opening of circuit breakers, care
must be exercised to assure that the insulating oil or gas pressure
is normal. If, as in the case of Consolidated Edison, power
failures have caused pumps to stop, the entire pumping sequence
must be initiated and all pressure throughout the entire length
of a cable must be restored before it can be re-energized.

Pressure must also be restored (and monitored) at cable ''potheads"
(terminations and connections to other devices) before re-ener-
gization. '

7. INTERCONNECTION

Interconnection among electric power systems has grown since
the inception of central station utilities. Interconnection of
two systems provides benefits to each, but also imposes responsi-
bilities,

An interconnection between two utilities may be in the form
of joint connection to a single bus, a transmission line, or
several connections of either or both types. When two systems
are joined by a single line, power flow over the line can be con-
trolled to a specified value. When the systems are jolned at more
than one point, the total power flow can be controlled but generally
not the flow over any one line (unless expensive equipment is
installed).

-20-
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The reasons for interconnection are many, as discussed above
under Transmission. The effect of an interconnection between two
equally reliable systems is to improve the overall joint reliability
and reduce the overall operating cost. Of course, before an inter-
connection is constructed, the utilities involved oust agree as to
the terms and conditions of construction and operation. Utilities
which depend on privately invested funds, and customer revenues,
for financing system expansion, must review very carefully the
economics of any planned item of construction. Interconnections
among several systems generally strengthen each member of the group
in some way. Currently the electric systems of 39 states east of
the Rockies (including a portion of Texas) are interconnected to a
significant degree. And, these systems become more strongly inter-
connected each year, as new lines are built.

An interconnection between two utilities requires that each
assume specified responsibilities. These may be no more than an
agreement to maintain the interconnecting facilities in good con-
dition, or to exchange small amounts of power or energy, or they
may extend to sharing of reserves, extensive agreements to coor-
dinate planning, and operation of both systems from a single control
center, '

Consolidated Edison is a member of the New York Power Pool,
which consists of the major New York State electric utilities.
These systems have a number of interconnections among them, and
with utilities in other states and in Canada, and have agreed to
assume many joint responsibilities for supplying adequate electric
power in New York State., The Pool is further discussed in other
sections of this report.
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CHAPTER II

THE NEW YORK POWER POOL

The initial New York Power Pool (NYPP) Agreement was signed
on July 21, 1966. The NYPP, as then established, replaced
separate pooling arrangements between groups of upstate and down-
state companies that had been in effect for some time, A later
agreement dated March 31, 1971, was entered into by the seven
orgiinal investor-owned utilities, with the addition of the Power
Authority of the State of New York. The membership now includes:

Central Hudson Gas & Electric Corporation
Consolidated Edison Company of New York, Inc.
Long Island Lighting Company

New York State Electric & Gas Corporation
Niagara Mohawk Power Corporation

Orange and Rockland Utilities, Inc.

Rochester Gas and Electric Corporation

Power Authority of the State of New York

The reasons for the later agreement were principally to
strengthen the organization and to establish, staff, and operate
a Power Pool Control Center facility located near Albany, New York.
The agreement was further modified and the present Agreement which
became effective April 27, 1975, is on file with the Federal Power
Commission as a rate schedule of each investor-owned company.

The purpose of the New York Power Pool, as stated in the NYPP
Agreement, is to obtain the substantial mutual benefits for all
members by ''coordinated operation of their electric systems,
including increased reliability of service and reduced capital
costs made possible by coordinated system planning and reduced
operating costs made possible by the interchange of electric energy
for economy purposes.'" The Agreement establishes the Power Pool
Control Center '"for the principal purposes of (1) coordinating the’
operations of the member companies of the Power Pool insofar as
they may affect the reliability of the bulk power supply on the
interconnected systems in New York State; (2) dispatching energy
requirements on an economy basis; and (3) monitoring the internal
and external operations of the Power Pool to insure unimpaired
overall security of bulk power supply at all times."

The Executive Committee reviews and directs the activities
of the five other committees 7/ of the Pool as well as determines

7/ See Chart, NYPP Organization and Functions.
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policy on all matters within the Agreement and the carrying out of
the Agreement's provisions.

The five committees direct the staff of the Pool, and their
functions are briefly described below:

1.

The Operating Committee establishes rules and practices
required to coordinate the operation of the bulk power
supply system of the Pool's members so as to insure
reliability of service and economic operation with due
regard for environmental factors.

The Planning Committee has the responsibility to
coordinate and develop plans for the installation of
additional generating capacity and interconnecting

‘transmission lines within the Pool. The Committee is

also responsible for the coordination of planning
between the Pool and adjoing pools and regional
reliability coordinating councils to the extent
appropriate,

The three remaining committees, dealing with Energy
Management, Environment, and Public Relations support
the primary functions of operating and planning the
New York Power Pool.

In 1976 the Consolidated Edison Company contributed approxi-
mately 39 percent of the Pool's annual peak hourly demand which
occurs in the summer. Their system energy requirements were about
32 percent of those of the entire pool. Also, Consolidated
Edison's peak hourly demands are 61 percent larger than Niagara
Mohawk Power Corporation, the next largest system. However,
Consolidated Edison supplies the smallest geographic franchise
area of all the members of the NYPP.

TABLE 4

Consolidated Edison Company of New York
Size Relationship To
The New York Power Pool

Percent
Year 1976 NYPP CON ED of NYPP
Peak Hourly Demand in Megawatts 19,262 7,579 39
Energy Requirements in
Millions of Kilowatt-hours 112,000 35,818 32
Owned Generation in Megawatts 29,699 9,880 33
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Since the 1965 Northeast Blackout, there have been no power
interruptions resulting in a complete system collapse until the
recent blackout on Consolidated Edison's system., However, there
have been a number of power interruptions and load reductions
reported to the Federal Power Commission since 1965,

Pursuant to Order No. 331-1 in Docket R-361, utilities are
required to report interruptions of bulk electric power supply
caused by the outage of any generating unit or electric facility
operating at a nominal voltage of 69 kV or higher and resulting
in a load loss for fifteen minutes or longer of at least 100
megawatts, or for smaller systems, one-half or more of the annual
peak load. Also, load reductions due to appeals to the public for
curtailment of usage, load reductions due to system voltage
reductions, and any unusual hazard to the bulk power supply system
are required to be reported. Reports are made by telephone or
telegraph during extended interruptions, followed by a written

report. These interruptions are summarized quarterly in Bureau of
Power Staff Reports.

The following Tables, 5 and 6, list the power interruptions
and load reductions respectively reported to the Federal Power
Commission under Order No. 331-1 for the systems of the New York
Power Pool.
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TABLE 5 ~ 1965-77 REPORTED SYSTEM DISTURBANCES, NEW YORK POWER POOL

UTILITY LOCATION OF

OR SYSTEM

REPORTED INITIATING
EVENT

Page 1 of 5

MW  CUSTOMERS DURATION
LOST ~_AFFECTED HRS. MINS.

11-9-65

-gz-

8-15-67

9-29-68

11-8-68

*4-15-70

DISTURBANCE

Present New York Power Northesst U, S,

Pool (NYPP) members,

nearly all New England
systems and Hydro-

Electric Power Com-

mission, Ontario

Connecticut Light & Power
Co., Hartford Electric
Light Co., United
Illuminating Co.

Western Massachusetts
Electric Co. (CONVEX)
Vermont Electric Power
Co., Inc.

New England Power Co.,
Inc.

Public Service Co. of
New Hampshire

Boston Edison Co.

Central Vermont Public
Service Co.

Rockland, New York-
New Jersey

Orange & Rockland
Util. Co.

Orange & Rockland N.Y.- N.J. Boundary
Util., Inc.

N.Y. State Electric Lockport, N.Y.
& Gas Corp., Niagara
Mohawk Power Corp.

Orange & Rockland Southern New York

Utilities, Inc,

See footnotes on page >

Undesired relay operation

69 kV line tap burmed off.
Generator relayed out-’
bearing vibrationm.

Gunshot 115 kV insulator-
Relay failed.

- Transformer tripped for

unknown reasons,

43,600 30,000,000 Varied from
1 hr. to

13% hrs.

48.0 24,139 1 17

151.0 136,484 2 24

36.0 10,700 - 33

29 13,492 - by



TABLE 5 (CONT'D)

UTILITY LOCATION OF
DATE OR _SYSTEM DISTURBANCE
7-12-71 Consolidated Edison Parts of Mahattan
Company & Bronx, N.Y.
.. 8-18-71 N.Y. State from Trouble occurred

' 4-11-72
4-19-72

o

h i

) 1

A

m——f Lt

< =5-24-72

Teom

A

=

T

fon

= 7-17-72

Syracuse east
and New England

Orange & Rockland
Utilities, Inc.

Orange & Rockland
Utilities, Inc.

New York State
Electric & Gas

Orange & Rockland
Utilities, Inc,

Consolidated Edison
Co.

See footnotes on page >

near Syracuse,
New York

Nyack, New York

Southern New York
State Area

Noxtheast New York
State

New York, Pennsyl-
vania, New Jersey

New York City

REPORTED INITIATING MW
EVENT LOST

Three 138 kV circuits tripped 270
at the Sherman Creek station
interrupting service to two

low voltage distribution net-

works.

Page 2 of 5

CUSTOMERS DURATION

AFFECTED HRS. MINS.
135,000 2/

Fault on & 345 kV line caused 1,4803/ 740,000 1 00

flashover to nearby tree. A
parallel circuit was out of
service for maintenance.

Failure of 69 kV Breaker 108
Bushing tripped two lines

supplying Western area of

System,

Construction crane contact 2/
2-69 kV lines.

Defective oscillator in micro- 132
wave multiplexing equipment

at Richview substation in

Ontario caused 6-230 kV lines

to trip,

Tree contact with line conduc- 240
tors caused the Branchburg-

Ramapo 500 kV line to trip and
subsequently the Lovett-Hillburn

138 kV circuit,

Failure of six 27 kV network 100
feeder cables.

66,646 0 27

75,700
12,000 N.R.

49,298 N.Y.
4,116 Pa.
40,356 N.J.

100,000 13

11

19
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TABLE 5 - 1965-77 REPORTED SYSTEM DISTURBANCES, NEW YORK POWER POOL Page 1 of 5
UTILITY LOCATION OF REPORTED INITIATING MW CUSTOMERS DURATION
DATE OR_SYSTEM DISTURBANCE EVENT LOST  _AFFECTED HRS. MINS,
11-9-65 Present New York Power Northeast U. S, Undesired relay operation 43,600 30,000,000 Varied from
Pool (NYPP) members, 1 hr. to
nearly all New England 13% hrs.

systems and Rydro-

Electric Power Com-

mission, Ontario

Connecticut Light & Power
Co., Hartford Electric
Light Co., United
Illuminating Co.
Western Massachusetts
Electric Co. (CONVEX)
Vermont Electric Power

" Co,, Inc,

New England Power Co.,
Inc.

Public Service Co. of
New Hampshire

Boston Edison Co.
Central Vermont Public
Service Co.

-92-

8-15-67 Orange & Rockland Rockland, New York- 69 kV line tap burned off. 48.0 24,139 1 17
Util. Co. New Jersey

40,

Wi} fEu e

9-29-68 Orange & Rockland N.Y.- N.J. Boundary Generator relayed out- 151.0 136,484 2 24

Util., Inc. bearing vibration.

N.Y. State Electric Lockport, N.Y. Gunshot 115 kV insulator- 36.0 10,700 - 33
& Gas Corp., Niagara Relay failed.
Mohawk Power Corp.

11-8-68

*4-15-70 * Orange & Rockland Southern New York Transformer tripped for 29 13,492 - 1/
Utilities, Inc. unknown reasons.

See footnotes on page 5



TABLE 5 (CONT'D)

UTILITY LOCATION OF
DATE OR SYSTEM DISTURBANCE e
7-12-71 Consolidated Edison Parts of Mahattan
Company & Bronx, N.Y.
- 8-18-71 N.Y. State from Trouble occurred
i Syracuse east near Syracuse,
;3\ and New England New York
— 3-29-72 Orange & Rockland Nyack, New York
- Utilities, Inc.
By .
r N .
' 4-11-72 Orange & Rockland Southern New York
Utilities, Inc. State Area
4-19-72 New York State Northeast New York
— Electric & Gas State
=
m o
be w SR
e}
. = 5-24-72 Orange & Rockland New York, Pennsyl-
on . Utilities, Inc. vania, New Jersey
=
==
=
b 7.17-72 Consolidated Edison  New York City
= Co.
——— "o page >

See

footnotes on page

Page 2 of 5

REPORTED INITIATING MW CUSTOMERS DURATION
EVENT LOST AFFECTED HRS. MINS.

Three 138 kV circuits tripped 270 135,000 2/
at the Sherman Creek station
interrupting service to two
low voltage distribution net-
works.
Fault on a 345 kV line caused 1,480%/ 740,000 1 00

flashover to nearby tree. A
parallel circuit was out of
service for maintenance.

Failure of 69 kV Breaker 108
Bushing tripped two lines

supplying Western area of

System.

Construction crane contact 6/
2-69 kV lines.

Defective oscillator in micro- 132
wave multiplexing equipment

at Richview substation in

Ontario caused 6-230 kV lines

to trip.

Tree contact with line conduc- 240
tors caused the Branchburg-

Ramapo 500 kV line to trip and
subsequently the Lovett-Hillburn

138 kV circuit,.

Failure of six 27 kV network 100
feeder cables.

66,646 0 27

75,700 11

12,000 N.R.

49,298 N.Y. 38
4,116 Pa.
40,356 N.J,

100,000 13 19
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TABLE 5 (CONT'D) Page 3 o
UTILITY LOCATION OF REPORTED INITIATING MW CUSTOMERS DURATION
DATE OR SYSTEM B DISTURBANCE EVENT LOST AFFECTED HRS, MINS,
7-24-72 Consolidated Edison New York City Failure of seven 27 kV network 150 185,000 19 17
Co. feeders.
. 2-20-73 Consolidated Edison Portions of the Failure of circuit breakers 350 356,000 S5/
oo Co. Brooklyn and and other control equipment
P Staten Island to properly isolate a 345 kV
o Boroughs of New circuit breaker with an internal
e York City short circuit.
4:_‘_ - 3-1-73 Niagara Mohawk Power Town of Tonawanda, Explosion at the Food 140 3/ 10
o Corporation New York Machinery Corporation
’ resulted in damage to towers
and conductors of 2-115 kv
60-hz circuits and 4-69 kV
25-hz circuits.
)
= ¥8-29-73 Consolidated Edison Queens Borough of Failure of five 27 kV network 115 50,000 14 50
= Co. New York City feeders.
r"t‘" 2-26-74 Orange and Rockland  Northern Rockland 69 kV circuit breaker 8/ 5,500 3 56
== Utilities, Inc. County, New Jersey  fault.
- =
X 8-5-74 Consolidated Edison  Bronx, New York Reclosure failure of 264 244,000 2
: o Company of New York, a circuit breaker at
;_”’-' i Inc. Fordham substation.
Vo
I -t
G *9-18-75 Orange and Rockland Orange and A fire which originated in s/ 37,500 3 20
* Utilities, Inc. Sullivan Counties, a ceiling light fixture at

New York; portions the Orange and Rockland
of Pike County, Pa. Electric Energy Control
and Sussex County, Center deatroyed all of
New Jersey the Company's super-
visory control center

See footnotes on page 5
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TABLE 5 (CONT'D)

REPORTED INITIATING
EVENT

UTILITY LOCATION OF
DATE OR SYSTEM DISTURBANCE
7-18-75 Orange & Rockland New York Orange
Utilities, Inc. and Sullivan
Counties, and Pike
County, Pennsylvania
10-31-76 Orange & Rockland Port Jervis, New
Utilities Jersey area
'l\’
o
]
12-2-75 Orange & Rockland Orange and

Utilitfies, Inc.
N (Western and part
of Central Division)

1-26-76 Municipal Lighting
Department of
Plattsburgh, New

York

Ses footnotes on page >

Sullivan Counties,
Counties, New
York

Plattsburgh, New
York

facilities at the Middle-
town, New York operations
centers, Because of the
fire'sintensity, a portion
of the Shoemaker Substation,
also at the site, had to be
de-energized.

Fault on 69/34.5-kV trans-
former cauged differential
protective relays to operate
at Company's Shoemaker sub-
station.

Flashover of 34 kV disconnect .

switch caused 69 kV Shoemaker
Substation bus differential
relay operation which opened
all lines (69 kV and 34 kvV)
emanating therefroa,

During the return to service
of a 39.3 MW Shoemaker sub-
station gas turbine umit,

69 kV bus differential relays .

tripped all 69 kV circuit
bte‘kerso

A 230-kV lighting arrester
explosion at Macena Sub-
station resulted in the
loss of all of the City's
load, The City's system
experienced low voltage
for 40 minutes, prior to
the outage.

MW

LOST

30

57

35

50

page 4 of 5
CUSTOMERS DURATION
AFFECTED HRS, MINS,
37,400 40
0,487 1/
27,400 15
7,000 5 15
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TABLE 5 (CONT'D)

UTILITY LOCATION OF REPORTED INITIATING MW
DATE _ OR SYSTEM ) DISTURBANCE EVENT LOST
3-3-76 New York State Elec- Hornell, Buffalo, Severe icing conditions dis- 90
tric & Gas Corp. and Syracuse, New rupted the operation of six
York 115-kV, one 69-kV, and twenty-
four 34,5-kV transmission lines
and forced one 115-kV and twenty
34,.5-kV substations out of service.
3-3-76 Niagara Mohawk Buffalo, Syracuse, Severe ice storm forced 310
Power Corporation Lake Shore, Geneseo, several 115-kV transmission
Rochester, west lines out of service. Storm
Lancaster and Auburn, also disrupted several low
New York voltage diastribution circuits.
7-13-77 Consolidated Edison New York City & Severe thunderstorm. 6,000
Company of New York West Chester County
7-13-77 New York State Elec-  Brewster District Severe thunderstorm. 70
* tric and Gas Company New York
(NYSEG)
8
1
1/ Varied from 5 minutes to 2 hours and 15 minutes
2/ Varied from 3 hours and 7 minutes to 3 hours 29 minutes
3/ 1Includes approximately 350 MW shed by Con. Ed. via 8% voltage reduction.
4/ Outages ranged from 41 minutes to 14 plus hours.
53/ All Staten Island service was restored within 55 minutes.

All Brooklyn service was restored within 2 hours and 32 minutes

6/ Not reported
7/ 29,237 - 46 minutes
1,250 - 1 hour and 38 minutes
8/ Most service were returned after 5 hours and 30 minutes, other
services after 11 hours and 30 minutes.
9/ Eight industrial 60-Hz customers (130 MW) and several 25 Hz customers (10 MW).

Page 5 of 5

CUSTOMERS DURATION '
AFFECTED HBS, MINS,

67,000

106,000

2,725,000

35,000

8/

8/

4
to 25

1
tol

1y,

-13
-31
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DATE
7-20-70

7-28-70

7-28-70

7-29-70

7-31-70

7-31-70

8-3-70

8-13-70 -

8-13-70

TABLE 6 - 1970-77 REPORT SYSTEM LOAD REDUCTIONS Page 1 of 10
NEW YORK POWER POOL
curTaILMeNTi2/  EsT. LoAD
UTILITY LOCATION OF MEASURE REDUCED DURATION
OR_SYSTEM INCIDENT CAUSE INSTLTUTED M __HRS. _ MIN.

Consolidated Edison 3%Z R 4

Company
Consolidated Edison 3%-5% VR 8

Company 1/
New York State 3%-5%2 R 5 30
Power Pool

Consolidated Edison 3%-5%2 VR 7

Company 1/

New York State 3%-5% VR 6 30
Power Pool
Consolidated Edison 3%-52 VR 7

Company 1/
New York State 3%-5% WR 6 30
Power Pool

Congsolidated Edison 3% VR 6 30
Company 1/

New York State 3%-5% VR 6

Power Pool

New York State 3%-5% VR 6 30
Power Pool

Consolidated Edison 3%-5% W 7

Company 1/

New York State 3%-5% VR 4

Power Pool

See footnotes on page 10.
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TABLE 6 (CONT'D)

CAUSE

Page 2 of 10
EST. LOAD
REDUCED DURATION

UTILITY LOCATION OF
DATE OR SYSTEM INCIDENT
8-14-70 Consolidated Edison
Company 1/
8-14-70 New York State
Power Pool
8-17-70 Consolidated Edison
Company
8-17-70 Long Island Lighting
Company
8-20-70 Consolidated Edison
Company
1}
5 9-4-70 Consolidated Edison
' Company
9-4-70 Long Island Lighting
Company
9-22-70 Consolidated Edison
Company
9-22-70 New York State
Power Pool
9-23-70 Consolidated Edison
Company 1/
9-23-70 New York State

Power Pool

See footnotes on page 10.

3%-5%2 W

3%-5% W

3%-5%-8% VR

3%-5% VR

3% VR

3%-5%-8%

3%-5%-8%2 R

3%-5%-8% VR

5%-8% VR

12

11

30

30



9-24-70
- 9-24-70
a 9-25-70
- 9-25-70
Sy 1-18-71
& 1-21-71
w
)
_ 1-27-71
= . 1-28-71
X o
s
i
- 2-1-71
[T
= 2-2-71
I -
g‘_:.
= 2-3-71
2-5-71

UTILITY LOCATION OF

TABLE 6 (CONT'D)

Consolidated Edison
Company

New York State
Power Pool

Consolidated Edison
Cowpany

New York State
Power Pool

New York Power
Pool

New York Power
Pool

New York Power
Pool

New York Power
Pool

New York Power
Pool

New York Power
Pool

New York Power
Pool

Consolidated Edison
Company 3/

See footnotes on page 10

Page 3 of 10
12/
CURTAILMENT = EST. LOAD
MEASURE REDUCED DURATION
INSTITUTED b HBS, _MIN,
5% VR 10
52 W 8 30
3%-52 R 4
3%-5% VR 6
5% VR 3 . 30
6 to 30
5% VR 2 15
to 4
S% W 2 30
to &4
5%2 VR 8 . 30
to 10
3%-5% VR 15
5% VR 12 15
3%-52 R 10
3%-5%2 R 5 30
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6-7-71

6-7-71

6-30-71

6~30-71

7-1-71

7-7-71

8-18-71

Company

Consolidated Edison
Company

Long Island
Lighting Company

Consolidated Edison
Company

Rochester Gas &
Elec. Corporation

Consolidated Edison
Company

Congolidated Edison
Company

Consolidated Edison
Company

See footnotes on page 10.

and parts of Queens,
New York

New York, N.Y.

Long Island, N.Y.

New York, N.Y.

Rochester, N,Y.
& surrounding
area

Section of
Brooklyn, Manhattan
& Bronx

New York City,
N.Y.

New York, N.Y,

instituted to pre-
vent overleading of
circuits following a
circuit breaker
failure.

Combination of heavy 3% VR
loads and large amounts
of unavailable capacity.

Heavy loads due to 32 W
high temperature,

Combination of heavy 3% VR
loads and large amountssl
of unavailable capacityv

Combination of heavy 5% VR
loads and large amounts7/
of unavailable capacity™

To prevent possible over~ 3% VR
loading of incoming tie
lines.

Forced outage of Ravens- 5%-3% VR

wood Unit No, 3,

Widespread system distur- 8%
bance due to transmission
line fault caused system
separation and generation
deficiency.

Page 4 of 10
TABLE 6 (CONT'D) 12/
CURTAILMENT — BST. LOAD
UTILITY LOCATION OF MEASURE REDUCED DURATION
_DATE  ORSYSTEM  INCIDRNT CAUSE __INSTITUTED M4 ERS. MIN,
5-19-71 Consolidated Edisom Brooklyn, Manhattan Voltage reduction 3%2 VR &/

50

35

30

17



TABLE 6 (CONT'D) Page 5 of 10
curTAILMENTYZ/  EST. LoAD
UTILITY LOCATION OF - MBASURE REDUCED DURATION
DATE OR SYSTEM INCIDENT CAUSE INSTITUTED M HRS, MIN,
9-9-71 Consolidated Edison New York, N.Y. " Heavy Summer Loads - 3%Z W 1 27
Company
;f 5-24-72 Congolidated Edison New York, N.Y. Voltage reduction 3% W 71 45
- Company of New instituted as a
o York, Inc. precautionary measure
P due to the inter-
o ruption of the Ramapo-
Ry Millwood 345 kV line.
)
-
el 7-12-72 Comsolidated Edison New York City Critically loaded sub- 5% VR N.Rgl 4
o Company station feeders. Bulk
. power supply not affected.
7-12-72 Consolidated Edison New York City Insufficient capacity. 32 W 4
Company
7-20-72 Consolidated Edison New York City Ingufficient capacity. 5% VR N.RE’ 3
oot Company
E§ ) 8-24-72 Consolidated Edison New York City Insufficient capacity. 5% VR 140 2 30
=R Company
:255' 8-25-72 New York Power New York State Ingufficient capacity. s% R/ N.ng 5
o Pool
A
Eg 2 11-30-72 Consolidated Edison New York, N.Y. Loss of the Pennsylvania 8/ N/ 6
- = Company New Jersey-Maryland Key-
o stone No. 1 unit forced
x» reduction of PJM's scheduled
- deliveries to the New York

See footnotes on page 10

Power Pool.
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UTILITY

LOCATION OF

~DATE _ ORSYSTEM INCIDENT

6-11-73

6-11-73

6-12-73

6-12-73

7-9-73

_gc_

8-10-73

8-27-73

8-28-73

8-28-73

8-29-73

12-24-73

.Consolidated Edison

Company

New York Power
Pool

Consolidated Edison
Company

New York Power
Pool

New York Power
Pool

Long Island Lighting
Company

Consolidated Edison
Company

Congolidated Edison
Company

New York Power Pool

New York Power Pool

New York Power Pool

See footuwotes on page 10

L a,i}.—i-i.’-i.six':':

New York City

New York State

New York, N.Y.
New York State
New York State
Central Long

Island, N.Y.

New York City and
Westchester County,
New York

New York, N.Y.

New York State

New York State

Page 6 of 10
TABLE 6 (CONT 'D)
curTAtLieNT12/  BST. LOAD
MEASURE REDUCED DURATION .
CAUSE . INSTITUTED M HRS, _MIN,
Equipment outages 1/ 9/ N/ 8 41
coupled with high
temperature.
Curtailments were 5% VR N.Rg, 7 k1
implemented to assist
Con Ed in meeting
anticipated demand.
Insufficient capacity 5% VRL/ N.Rg/ 4
to maintain load.
Agsistance to Con Ed. 5 N.Rg/ 7
Insufficient reserve 5% VR, RP, RCI N.Rg/ 11
capacity.
Ingsufficient reserve 3% WR N.Rg./ 6
capacity.
Insufficient reserve RP, RCI N.Rg/ 6
capacity.
5/
Insufficient reserve 5% VR, RP N.RS 5 30
capacity,
Insufficient reserve 54 VR N.BE 8
capacity.
Insufficient reserve 5% VR N.!gl 8
capacity.
s/
Energy conservation. 3% W& N.K¢ 11/

New York State
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UTILITY

DA ORSYSIEM  INCIDENT

8-29-73 Comsolidated Edison
Company

8-30-73 New York Power Pool

8-31-73 New York Power Pool

9-4-73 New York Power Pool

9-5-73 New York Power Pool

1)
Y 1-14-74 Consolidated Edison
' Company

1-16-74 New York Power Pool

2-1-74 Consolidated Edison
Company

See footnotes on page 10

LOCATION OF

New York, N.Y.

New York State

New York State
Eastern New York
State

New York State

New York City and
portions of West-
chester County, New
York

New York State

P 7 of 10
TABLE 6 (CONT'D) ase
CURIAIUENTI—ZI BST. LOAD
MEASURE REDUCED DURATION
CAUSE JNSTITUTED M HRS, MIN,
Insufficient reserve RP N.R%/ 8
capacity.
Insufficient reserve 5% VR, RP, RCI N.R'.s'/ 8
capacity.
Insufficient reserve 5% WR R 8
capacity,
Insufficient reserve 5% VR N.R.il 6
capacity.
Insufficient reserve 5% VR,RP, RCI N.R;/ 10
capacity.
11
Low fuel oil inventory.5% VR N.R‘.S'/ 24_,
0/
Low fuel oil supplies. 3% VR, RP, RCILN.R'?/ 11/
Voltage reduction of 3% VR N.R.él 11/

New York City and
portions of West-
chester County,
New York

1/14/74 decreased due
to increased fuel oil
supply.
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UTILITY
DATE ) M

LOCATION OF
INCIDENT

TABLE 6 (CONT'D)
CURTAILMENE-2Z/

MEASURE
cAUSE _ DSTITUTED

3-29-74 New York Power Pool

5-17-74 Consolidated Edison
' Company

6-10-74 Comsolidated Edison
Company

6-10-74 New York Power Pool

7-9-74 Long Island
Lighting Company

9-13-74 Consolidated
Edison Company
of New York

See footnotes on page 10

New York State

New York, N.Y,

New York City

Northern New
Jersey and New
York State

Long Island, New
York

Manhattan, New
York

State-wide 3%

woltage reduction

in effect since 12-26-
73 by order of the
N.Y, State Public
Service Commission
was discontinued
because of increased
fuel-oil supplies.

High loads and low
capacity reserves.

Trxipping of Indian
Point No. 2 Nuclear
Unit triggered
necessity for full
gystem voltage
reduction.

Partial system
voltage reduction
implemented in an
effort to assist
PJM companies.

To assist NEPEX
companies.

Equipment mal-
function involving
Waterside Nos. 1 and
2 generating units.

3% VR

5% VR

5% VR

5% VR

5% W

" Page 8 of 10

BST. LOAD
REDUCRD
M

DURATION

——

N.R;/

N2/

663

N . R.i/

w22

_HBS. _ MIN,

n.x2/

N.R;/
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TABLE 6 (CONT'D) Page 9 of 10
‘ cURTAILMENT 12/ EsT, LOAD
UTILITY LOCATION OF MEASURE REDUCED DURATION
_INCIDENT CAUSE —ANSTITVIED I RS, _ MIN,
11-8-75 Niagara Mohawk : Portions of St, Fault on NMPC'a Under Frequency (NMPC) 17 20
Power Corpora- Lawrence and Adirondack to Porter relay operation (NYSEG) 6 5
tion (NMPC) Franklin Counties 230-kV line. Islanded
; New York State in Northeast New aystem segment experi-
! Electric & Gas York State enced frequency
Corporation oscillations from
| (NYSEG) 58.8 to 64.5 hertz.
1-3-77 Congolidated Edison Washington Heights An auxiliary relay 8% VR N.Rg/ 15
Company and Riverdale, N.Y,. associated with load-
shedding protective
relaying shorted,
resulting in auto-
matic voltage,-
« 1-17-77 Niagara Mohawk State of New York Reduction measure 5% VR 120 50
% Corporation also Ontario, initiated to
' Canada provided frequency

support to the
American Electric
Power Corporation
(AEP) .

See footnotes on page 10
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i 1-17-77 Néw York Power Pool"

TABLE 6 (CONT'D)

UTILITY LOCATION O

Page 10 of 10

EST. LOAD
REDUCED

DURATION

i .. HBs. __MOU,

States of New York,
Pennsylvania, New
Jersey, Maryland
Delaware, and the

(NYPP) involving:

Consolidated Edison
Company of New York;
Niagara Mohawk Power

District of Columbia

CURTATLMENTLEZ/

MEASURE
CAUSE —JNSTITUTED
NYPP implemented 5% VR, RP

voltage reduction
to provide frequency
regulation support
to western intercon-

ERRRY BRI

o

i

[IRT

HYOIHOIY 40

Corporation; Long
Island Lighting
Company; New York
State Electric and

Gas Corporation;
Central Hudson Gas

& Electric Corporation;
Rochester Gas and
Electric Corporation;
Orange and Rockland
Utklities, Inc.; and
Power Authority of the
State of New York.

-007-.

nected gystems.

/ Utility or pool requested customers to reduce electricity use.
2/ Service interruption of non-critical loads.

3/ Voltage reduction instituted as a precautionary measure.

4/ Varied from 35 minutes to 55 minutes.
5/ Not Reported.

contributed to the capacity shortage.

7/ Limited tie line capacity and loss of the 425 MW Ginna nuclear unit earlier in the day due to boiler feed pump
trouble contributed to the overall capacity shortage.

Mutually shed load.

Public Service Commission.
11/ Until further notice.
12/ VR = Voltage Reduction Percentage

/
/ 10:12 a.m. (3%); 10:20 a.m. (5%); and 1:13 p.m. (8%).
10/ In effect since December 26, 1973; under Opinion No. 73-46 issued December 21, 1973, by the State of New York's

RP - Request of public to curtail non-essential usage

RCI - Request of commercial and industrial customers to curtail non-essential usages
INT - Contractually interruptible loads curtailed

580 9

6/ Outage of Astoria Unit No. 3 due to boiler tube which occurred approximately 2 hours before the peak period

Ginna was returned to full load later the same day.

50



(. The New York Power Pool Agreement establishes the coordination
procedures for members within the Pool. The structure of the Pool
with respect to committees was noted above. The obligations
required of the member systems, including the Consolidated Edison
Company under the NYPP Agreement are summarized in part as follows:

1. System Planning

Each party shall furnish the Planning Committee system load
and capability forecasts, statistical data, and any other informa-
tion which may reasonably be required in the course of the studies
undertaken by the Committee.

2. Installed Capability Reserve

Each party is required to maintain 18 percent system
capability over their maximum peak hour load for a capability
period (summer or winter). Actual capability reserve could result
in a capability deficiency or surplus capability with the deficient
parties being charged and payments made to surplus parties,

3. Operating Capability

. Each party agrees to provide the required minimum operating
reserve as established by the Operating Committee. The operating
O reserve must be acquired from owned resources or through purchases.
More specific information on operating reserve requirements is
given elsewhere in this report.

The Agreement sets conditions for economy energy purchases
among the parties as well. 1In April, 1977, the NYPP instituted
centralized economic dispatch for all the member systems.

Examples of other activities or studies requiring intrapool
coordination and performed in 1976 by the NYPP, as reported by the
Northeast Power Coordinating Council under FPC Order No. 383-4,
are listed below:

1, 1980-82 Study of the NYPP System Voltage and Voltage Control

This study evaluates the capability of the proposed
1980-82 system to adequately control voltage on the 115 kV
through 765 kV systems and recommends additional means

of control, if required.

2, 1980, 1985, 1990 NYPP Transmission Studies

These studies assess the performance of the NYPP
internal transmission systems as posed by the member

. _ -41-
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companies, In addition, numerous alternative reinforce-
ments were considered in the three years,

3. 1982, 1987, 1993 NYPP Transmission Studies

These three transmission studies are follow-on studies
from the above 1980, 1985, and 1990 series above,
wherein the proposed system performances were assessed.
The alternative reinforcements found best in the above
1980, 1985, and 1990 studies were reviewed in these
studies.

Another major activity of the Pool is the preparation of the
NYPP annual submission to the New York Public Service Commission

. on April 1 of a report detailing the electric power requirements,

long-range generation and transmission expansion plans, as well as
projected research and development activities of the Pool members.
This reporting requirement is pursuant to Article VIII, Section
149-b of the Public Service Law of New York.

Interpool coordination on matters of exchanging information
on transmission and generation overhaul and maintenance schedules,
near-term capacity situations, and other operating matters is
handled within the Northeast Power Coordinating Council's (NPCC)
Task Force on Interpool Coordination. Members of this Task Force
are not only representatives from the New England Power Pool
(NEPOOL), Ontario, and New Brunswick (all within NPCC) but also
from the Michigan Electric Coordinated Systems (MECS) and the
Pennsylvania-New Jersey-Maryland Interconnection (PJM). The NPCC
Task Force on Interpool Coordination also reviews system distur-
bances and provides liaison with the North American Power Systems
Interconnection Committee (NAPSIC). NAPSIC is the voluntary
operating organization in which virtually all interconnected power
systems in the U.S. and parts of Canada have membership.

NYPP is interconnected directly with the systems of NEPOOL,
PJM, and Ontario. The interconnection agreements between members
of NYPP, of neighboring pools or systems, are on file with the
Federal Power Commission. :

Figure 3 provides the grographic location and type of inter-
state transmission tie-lines of the NYPP systems,

The latest interconnection agreement between the seven
investor-owned utilities within NYPP and eight members of PJM 8/

8/ Public Service Electric & Gas Co. Potomac Electric Power Co.
Philadelphia Electric Co. Pennsylvania Electric Co.
Pennsylvania Power & Light Co. Metropolitan Edison Co.
Baltimore Gas & Electric Co. Jersey Central Power & Light Co.

-42-
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became effective August 1, 1974, The Agreement provides for
_continued parallel operation of the two areas and calls for both
areas to ''cooperate in the exchange of information with regard to
pertinent matters affecting the planned development and reliable
operation of their respective systems, shall cooperate in the
determination of the benefits of interconnection and of their
installed capacity requirements, and, to the extent possible, shall
coordinate generating capacity and major transmission additions
required'" by the two areas.

Either NYPP or the PJM parties "in the event of breakdown
of equipment, unusual load demands, or unusual or abnormal con-
ditions in the other Group's system resulting in the need for
capacity or energy in excess of that gvailable from sources
within or available to that Group, shall, if called upon, supply
Emergency Operating Capacity, Emergency Energy or Non-Replacement
Energy to the other Group."

The Agreement provides for an NYPP-PJM Operating Committee

staffed by respective area personnel to carry out the terms of
the Agreement,

NYPP INSTALLED CAPACITY

Table 7 provides the list of all the NYPP system's generating
unit capacity (Manufacturer's Nameplate Rating) and summer capa-
bility ratings.

et i Em
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Page 1 of 16
TABLE 7
PRESENT GENERATING CAPACITY OF THE NEW YORK POWER POOL SYSTEMS
Nev York Power Pool (NYPP)
L SYSTEM RAME TYPE OF UNIT TYPE OF FUEL

Central Hudson Gas & Electric Corporation ST - Steam Turbine C - Coal
-~ Consolidated Edison Company of New York, Inc. - NHon nuclear G - Natural Ges
ot Jamestown Municipal Electric System SB - Steam Fower E - Bynthetic
- Long Island Lighting Company - Fuclear Gas

New York State Electric & Gas Corporation SP - Steam Power K - Middle Distil-
P Niagara Mohavk Power Corporation - Ruclear late 01l
o Orange & Rockland Utilities, Inc. SH - Steam HTGR 8 - Heavy 01l

, Powver Authority of the State of New York ~ Juclear N - Nuclear

s Rochester Gas & Electric Corporation IC - Internal combustion

' Village of Freeport® CT - Combustion

City of Plattsburgh* - Turbine
long Sault, Inc.* HY - Conventional
- Hydro

PS - Pumped Storage
e ‘:"‘.i - wdm

L)

£

MY

#Non-members of Northeast Power Coordinating Council nor
signatories to the New York Power Pool Agreement.
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Consolidated Edison Co., of N.Y.

TABLE 7 (CONT'D)

1/ Jointly owned Con Edison 400, Orange & Rockland 200.
2/ Jointly owned with Niagara Mohawk and Central Hudson.

Generator
Nameplsate Summeyr
Rating Capability

Station Name and Unit No. Unit Type Fuel Type (M) (M)
Arthur Kill1 2 8r 8 376.2 335
Arthur K111 3 ST 5 535.5 491
Astoria 1 ST/CT s/c 216 176
Astoria 2 ST/CT s/k 376.5 17
Astoria 3 sr/cT s/x 552.7 534
Astoria k& ST/CT 8/ 563.7 535
Astoria § ST/CT s/s 406.7 375
Bowline 1 ST s 621 1/ kol
Bowline 2 sT s 621 I/ koo
East River § sT s 156.25 130
East River 6 ST S 156.25 130
East River 7 ST s 200 166
Hudson Ave. 2 sT/cT s/K 68.6 52
Hudson Ave. 3 ST/CT s/k 66.3 48
Hudson Ave. L cT K 16.3 1k
Hudson Ave. 5 ST/CT 8/K 226.3 88
Hudson Ave. 6 sT 8 110 I
Hudson Ave, 7 ST S 160 112
Hudson Ave. 8 ST S 160 113
Hudson Ave. 10 ST s 60 b2
Roseton 1 ST s 621 2/ 240
Roseton 2 ST s 621 3/ 240
Ravenswood 1 sT/CT s/G L6 k2o
Ravenswood 2 ST/CT s/ 556 525
Ravenswood 3 sr/cr s/K 1,183.7 1,098

waterside 8 sT s 62.5 36.4

Waterside 9 ST s 62.5 6.4

Page 2 of 16
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2/ station rerated to zero megavatts pending core cooling equipment.

Generator
Consolidated Edison Co. of N.Y. Nameplate Summer
Rating Capability
Station Name and Unit No. Unit Type Fuel Type (§72)] ()
Waterside 7 ST G 81.25 47.3
vaterside 4 ST s 50 29.1
vwaterside 5 ST s 66.25 B.6
vaterside 6 ST [} T4.75 43.6
vaterside 11 ST [ 35 20.4
Vaterside 13 ST S 35 20.4
vaterside 14 sT [] 60 35
vaterside 15 ST 5 60 35
59th St. 7 ST 5 35 23.3
59th st. 8 sT s 35 23.3
59th St. 13 sT [ 57.5 8.2
59th St. 1k ST [ 22 14,6
59th St. 15 ST S 35 23.3
74th 8t. 3 ST s P 21
Thth 8t. 9 ST s 75 52.7
T4th St. 10 ST s 69 L85
Thth st. 11 ST s 35 24,6
Indian Pt. 1 SP/CT Ns/K 291.6 19 2/
Indian Pt. 2 SP/CT N/K 1,038 88s
Arthur Kill cT [ 16.3 16
Astoria 6 cT [ 19.8 16
Astoria 7 CT s 19.8 16
Astoria 8 CT [ 19.8 11
Astoria 9 CcT s 19.8 16
Astoria 10 CcT s 25.0 19
Astoria 11 cT s 25 17
Astoria 12 CcT s 25 2
Astoria 13 cT ] 25 17
Gowanus 1 CT ] 172 13
Gowanus 2 cT s 172 134
Gowanus 3 cT s 172 13
Cowanus 4 cT s 172 13k
Hudson Ave. 1 CcT K 17.1 17
Indian Pt. 3 cT K 19.8 16
Kent G. T. 2 CT K 1k 9




=EM«~wwm4lii=-w~ 1'ﬁi

Page 4 of 16
TABLE 7 (CONT'D)

Consolidated Edison Co. of N.Y. m:: Summer
Rating Capability
Station Name and Unit No. Unit Type Puel Type . (M) (M)

Narrows 1 cT K 196.6 157.5

Nerrovs 2 CT X 196.6 157.5
Ravenwood 8 CT K 22.4 19
o Ravenwood 9 CT K 22.4 19
- Ravenwood 10 cT K 22,4 19
- Ravenwood 11 CT K 22.4 19
- Ravenwood 4 cT K 16.3 16
oo Ravenwood 5 CcT K 16.3 16
. - Ravenwood 6 CT K 15.8 17
. Ravenwood 7 cT K 15.8 17
Waterside 1 CT K 1k 1
59th st, 1 CcT K 17.1 17
59th st. 2 CcT K 17.1 17
Tuth St. 1 CcT K 18.6 17
_ . Thth St. 2 CT K 18.6 17

= &

= ' TOTAL 9,880

v
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Long Island Lighting Co.

Station Name and Unit No.

Northport 1
Northport 2
Northport 3
Northport G. T.
Port Jeff 1
Port Jeff 2
Port Jeff 3
Port Jeff b
Port Jeff G. T.
Glenwood 1
Glenwood 2
Glenwood 3
Glenwood 4
Glenwood S
Barrett 1
Barrett 2
Barrett 3
Barrett 4
Barrett §
Barrett 6
Barrett 7
Barrett 8
Barrett 9
Barrett 10
Barrett 11
Barrett 12
Barrett A. P, G.
F. Rockway 4
chorehanm 1
¥. Babylon 1
. Babylon 2
W. Babylon 3
W. Babylon 4
southold 1

g, Haupton 1

TABLE 7 (CONT'D)

Generator
Nameplate Summer
Rating Capability
Unit Type Fuel Type (1) (M)
ST s 387 386
ST S 387 386
ST s BT 386
s s 16 16
ST s L6 49
ST S L6 )
ST s 187.5 196
ST s 187.5 196
CT [ 16 16
cT s 16 16
sT/CT s 130.4 13
st/cT s 130.4 13
ST s 113.6 114
ST s 113.6 113
st/cT S 205.5 20k.7
sT/cT s 205.5 206.7
CT s 18 15.7
cT s 18 15.7
CT s 18 15.7
CcT s 18 1.5
CT s 18 1.5
CcT s 18 1.5
CT s L2 ko.s
CcT s 4o Lo.s5
CcT s L2 Lbo.s
CcT s k2 Lo.s
CT s 18.6 18
sT s 113.6 11k
CT s 53 51
CT s 18.6 17.3
CT s 18.6 17.3
CT s 18.6 17.3
CcT 8 53 L8
CT 8 14 14
CT S 11.5 11




Page 6 of 16
TABLE 7 (CONT'D) ’

Long Island Lighting Co. ) Generator
Nameplate Summer
Rating Capability

3 Station Name and Unit No. Unit Type Fuel Type (M) (M)
i Montauk 2 : IC s 2 2
. Montauk 3 Ic 8 2 2
Montauk b Ic ] 2 2
P . E. Hampton 1 cT 8 21.5 20
s E. Hampton 2 Ic 8 2 2
- E. Hampton 3 Ic S 2 2
s E. Hampton & Ic s 2 2

P-4 Holbrock 1 CcT [} 56.7 52.8

T Holbrook 2 CT s 56.7 52.8

~ Holbrock 3 cT s 56.7 52.8

Holbrook U CT s 56.7 52.8

Holbrook 5 CT s 56.7 52.8

Holbrook 6 cT s 56.7 52.8

' Holbrook 7 CT s 56.7 52.8

3 Holbrook 8 cT s 56.7 52.8

! Holbrook 9 CT s 56.7 52.8

Holbrook 10 cT s 56.7 52.8

TOTAL 3,727
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Power Authority of the State of N.Y.

Station Name and Unit No.

Moses
Moses
Moses
Moses
Moses
Moses
Moses
Moses
Moses
Moses
Moses
Moses
Moses

Niagara 1
Niagara 2
Niagara 3
Niagara U
Niagara 5
Niagara 6
Niagara 7
Niagars 8
Niagara 9
Niagars 10
Niagars 11
Niagars 12
Niagars 13

Leviston

Moses
Moses
Moses
Moses
Moses
Moses
Moses
Moses
Moses
Moses
Moses
Moses
Moses
Moses
Moses

Power Dam 1
Power Dam 2
Fower Dam 3
Fower Dam 4
Power Dam 5
Fower Dam 6
Power Dam T
Power Dam 8
Power
Fower
Power
FPower
Pover
Power
Power

D

EEEEEEE

TABLE 7 (CONT'D)

Generator

Nameplate Summer

" Rating Capability

Unit Type Fuel Type (M) (M)

HY Q 150 166
HY Q 150 166
HY Q 150 160
HY Q 150 166
HY Q 150 166
HY Q 150 166
HY Q 150 166
HY Q 150 166
HY Q 150 166
HY Q 150 166
BY Q 150 166
HY Q 150 166
HY Q 150 166
PS - 240 240
HY Q ST 50
HY Q 57 50
HY Q 5T 50
HY Q ST 50
HY Q 57 S0
HY Q ST 50
HY Q ST 50
HY Q 57 50
HY Q ST S0
RY Q ST 50
HY Q ST 50
HY Q 5T S0
HY Q 5T 50
HY Q ST 50
HY Q 5T 50

-
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TABLE 7 (CONT'D)

Generator
Power Authority of the State of N. Y. . Nemeplate Sumnmer
Rating Capability

Station Name and Unit No. Unit Type Fuel Type : (M) ()

Moses Power Dam 16 HY ST 50

. Blenheim-Gilboa 1 Ps 250 250
S Blenheim-Gilboa 2 Ps 250 250
i Blenheim-Gilboa 3 PS - 250 250

- Blenheim-Gilboa 4 PS - 250 250

g Fitzpatrick SsB N 883 170

e Indian Pt. 3 sp N 1,125 873
-, TOTAL 5,843
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TABLE 7 (CONT'D)

Tage ¥ 9>

1/ Joint ownership vith Pennsylvania Electric Company.

W . Generator
New York Electric & Gas Corp Nameplate Sunmer
) " Rating Capability
Station Name and Unit No. Unit Type Fuel Type (i) (M4)
Goudey 7 8T c 43.75 L,
Goudey 8 BT c 5 82
Greenidge 1 8T c 20 24
Greenidge 2 8T c 20 23
Greenidge 3 ar c 58.8 55
Greenidge & sT c 112.5 103
Hickling 1 ar c #*.5 33
Hickling 2 87 c k9 50
Jennison 1 sT c 33 35
Jennison 2 T c .5 B
Milliken 1 8T c 135 k3
Milliken 2 ST c 135 LY ¢
Homer City 1 ST c 660 01/
Homer City 2 BT c 660 30 1/
Miscellaneous Hydro HY - - Lo
Niscellaneous Diesel IC - - 13
TOTAL TIY
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TABLE 7 (CONT'D)

Generator
Orange & Rockland Utilities, Inc. Nameplate Summer
: Rating Capability

: Station Name and Unit No. Unit Type Fuel Type (M) (Mw)
Lovett 1 ST S 23 19
e Lovett 2 ST S 23 20
Lovett 3 ST S 69 63
. Lovett 4 ST s 197 197
Lovett S ST s 202 202
T Bowline 1 ST s 621 1/ 201
Bowline 2 ST 5 621 1/ 200

Shoemaker 1 CT K ko 37

Hillburn 1 cT K 37 37

. Hydro 1 HY Q Ly

v TOTAL 1,020

ALISHIAINN

LRI ¥

19

MY

1/ Joint ownership - Orange & Rockland, 200 megawatts;
Con Edison - 400 megawatts.
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Niagara Mohawk Power Corp.

Station Name and Unit No. Unit EZE

Oswego 1
Oswego 2
QOswego 3
Osvego 4
Oswego S
Huntley 63
Huntley 64
Huntley 65
Huntley 66
Huntley 67
Huntley 68
Dunkirk 1
Dunkirk 2
Dunkirk 3
Dunkirk b
Albany 1
Albany 2
Albany 3
Albany U
Colton 1
Colton 2
Colton 3
Trenton 1
Trenton 2
Trenton 3
Trenton 4
Trenton 5
Trenton 6
Trenton 7
School St. 1

school St, 2
School St. 3

School. S ¥

4]
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TABLE 7 (CONT'D)

Generator
Nameplate Bummer
Rating Capability
Fuel Type (M) (1)
S 92 90
S g2 90
s 92 95
S 100 100
s 850 650
c 100 91
C 100 100
o 100 100
C 100 100
C 218 220
c 218 220
c 96 100
c 96 100
c 218 220
c 218 220
S 100 100
S 100 100
S 100 100
s 100 100
Q 10 9.5
Q 10 9.5
Q 10 9.5
Q 1 1.2
Q 1 1.2
Q 1 1.2
Q 1 1.2
Q 6.8 8
Q 6.4 7.5
Q 6.k T.5
Q 7.2 T
Q T.2 T
Q T.2 T
Q 7.2 T
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TABLE 7 (CONT'D)

NIRIRL 3 PRI

Generator
Orange & Rockland Utilities, Inc. Nameplate Summer
Rating Capability
; Station Name and Unit No. Unit Type Fuel Type (M) (MW)
Lovett 1 sT s 23 19
Lovett 2 ST s 23 20
9 Lovett 3 sT S 69 63
— Lovett &4 ST s 197 197
Lovett 5 ST - s 202 202
Bovline 1 ST s 621 1/ 201
Bovline 2 ST 5 621 1/ 200
Shoemaker 1 CT K ko 37
Hillburn 1 CT K 37 37
. Hydro 1 HY Q Ly
w
v TOTAL I,0%

Cay et

.‘.}

&/ Joint ownership - Orange & Rockland, 200 megawatts;
Con Edison - 400 megawatcts.
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Niagara Mohawk Power Corp.

Station Name and Unit No.

Oswego 1
Oswego 2
Oswego 3
Oswego 4
Oswego 5
Huntley 63
Huntley 64
Huntley 65
Huntley 66
Huntley 67
Huntley 68
Dunkirk 1
Dunkirk 2
Dunkirk 3
Dunkirk L
Albany 1
Albany 2
Albany 3
Albany &
Colton 1
Colton 2
Colton 3
Trenton 1
Trenton 2
Trenton 3
Trenton U
Trenton 5
Trenton 6
Trenton 7
School St. 1
School St. 2
School St. 3
School St. 4

Unit Type

TABLE 7 (CONT'D)

Fuel Type

R R R - R R R f R R e R U R R R R R R R
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Generator
Nameplate Summer
Rating Capability
(Mw) (M)
92 90
92 90
92 95
100 100
850 650
100 91
100 100
100 100
100 100
218 220
218 220
96 100
96 100
218 220
218 220
100 100
100 100
100 100
100 100
10 9.5
10 9.5
10 9.5
1l 1.2
1l 1.2
1l 1.2
1l 1.2
6.8 8
6.4 T.5
6.4 Te5
T.2 T
T.2 7
7 . 2 7
T.2 T
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TABLE 7 (CONT'D)

Central Hudson Gas & Electric Corp. QGenerator
Nameplate Sumper
Rating Capability
Station Name and Unit No. Unit Type Fuel Type (MW) (Mw)
Roseton 1 ST s 621 1/ 120
Roseton 2 ST s 621 1/ 120
Dansk 1 ST s T2 ~ 39
Dansk 2 ST 5 62 66
Densk 3 ST s 121 118
Dansk 4 ST S 29 29
Dangk 5 Ic K 2 2.5
Densk 6 Ic K 3 2.5
Coxsackie CcT K 19 19
South Cairo cr K 19 19
Neversink HY Q 27 27
Sturgeon 1 HY Q 5 k.9
Sturgeon 2 HY Q 5 k.9
Sturgeon 3 HY Q L 4.8
Dashville 1 HY Q 1 1.5
Bashkville 2 HY Q 1 1.5
TOTAL 780

1/ Joint ownership.
Central Hudson - 120 megawatts
Con Edison - 240 megawatts
Niagara Mohawk - 240 megawatts

Page 14 of 16
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TABLE 7 (CONT'D)

System Station Name and Unit No. Unit Type Fuel Type
City of S. A. Carlson 2 ST c
James town S. A. Carlson 3 ST c
S. A. Carlson b ST c
S. A. Carlson S ST c
S. A. Carlson 6 ST c
City of Sunrise Highway 9 IC s
Freeport Sunrise Highway 10 IC [
Sunrise Highway 11 IcC )
Sunrise Highway 12 IC S
Buffalo Ave. 1 Ic S
Buffalo Ave, 2 IC s
Buffalo Ave. 3 CcT s
City of Diesel Rgh. 1 IC s
Plattsburg

Generator
Nameplate Summer
Rating Capability
(M) (Mw)
5 5
15 15
13 13
23 20
4] 25
TOTAL 78
2-1 1o7
3 2.5
3.4 2.8
6 5
9.5 10
9.5 10
21 18
TOTAL 50
- 3
TOTAL 3

Page 15 of 16
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CHAPTER III

THE NORTHEAST POWER COORDINATING COUNCIL

On November 9, 1965, the Northeast Biackout interrupted
electric service to some 30 million people over an 80,000 square
mile area for periods of a few minutes to 13 hours. The event
emphasized for the electric utilities of the Northeast the
critical importance of reliability in the design and operation
of electric power systems.

The widespread interruption triggered the most intensive
investigation and analysis in the history of the electric power
industry, After causes of the interruption and the sequence of
events were determined, a Task Force was formed to verify the
events through established engineering simulation programs. The
Task Group then considered possible future contingencies in their
simulations which resulted in changed plans, installation of
special protective equipment, broadened operations control, and
development of planning and operating criteria for the participat-
ing Northeast systems--all directed at minimizing the extent of
any resultant interruption.

At the same time, executives from the Northeast electric
systems began to reexamine the whole philosophy of interconnections
and the procedures for coordinating planning and operations then
in effect, Their conclusion was that, although interconnected
systems in the Northeast provide a high degree of reliability to
the consumer, it could be improved by greater coordination in the
planning of future power systems and in their daily operation.

On January 19, 1966, very shortly after the Northeast Blackout,
executives representing electric systems in New York,. New England,
and Ontario signed a Memorandum of Agreement establishing the
Northeast Power Coordinating Council (NPCC), the first organizacion
of its kind in North America.

The following year, the Federal Power Commission's Industry
Advisory Committee on Reliability of Bulk Power Supply singled out
regional coordination as "the most effective and economical means
for assuring bulk power supply reliability for the Nation. 9/
Concurring with this view, the Commission recommended that ", . .
strong regional organizations need to be established throughout
the Nation for coordinating the planning, construction, operation,

9/ FPC Prevention of Power Failures, Vol. II, July 1967,
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and maintenance of bulk power supply." By the end of 1967, utili-
ties had voluntarily established five coordinating councils to
improve power supply reliability within their respective regions.
Presently, there are nine Reglonal Electric Reliability Councils
which cover virtually all interconnected systems in the continental
United States and bordering provinces of Canada. 10/

The Northeast Power Coordinating Council presently consists
of 21 member 11/ systems which supply about 98 percent of the
electric requirements in New England, New York, and the Canadian
provinces of Ontario and New Brunswick.

The purpose of NPCC as stated in their Memorandum of Agreement
", . . will be to promote maximum reliability and efficiency of
electric service in the interconnected systems of the signatory
parties by extending the coordination of their planning and operat-
ing procedures.'" Full membership is limited to electric utility
systems, whether investor-owned companies or governmental agencies,
which by virture of generating or transmission capacity or con-
centration of load can have a substantial effect on the service
reliability of the interconnected systems.

The work of the Council is done by an executive committee,
three standing committees on system design, operating procedures
and public information, and nine task forces, which carry on
studies of all important aspects of bulk power supply reliability.
In addition, the Council has a technical staff of full-time
employees.

Four distinct planning and operating entities exist within
the NPCC region, two in the United States and two in Canada.
NPCC member systems located in New England are alsoc members of
the New England Power Pool (NEPOOL), and systems in New York State
are members of the New York Power Pool (NYPP)--both of which operate
under formal agreements on file with the Federal Power Commission.
New Brunswick Electric Power Commission and Ontario Hydro are
single entities serving their respective Provinces in Canada.

NPCC's '""Memorandum of Agreement" discussed earlier and their
"Statement of Principles Regarding the Council's Role in Planning"
approved July 8, 1970, form the basis for the overall work of the
Committees, Task Forces, Working Groups, and Technical Staff., 12/
" The '"'Statement of Principles'" lists the following:

10./ See Map of Regional Electric Reliability Councils.
/ See Map on Page and List of Members on Page

/ See NPCC Organization Chart,
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Northeast Power Coordinating Council

Membership List

Member Systems

Boston Edison Co.
Burlington Electric Department
Central Hudson Gas & Electric Corp.
Central Maine Power Co.
Central Vermont Public Service Corp.
Consolidated Edison Co. of New York
Eastern Utilities Associates
Northeast Utilities
Ontario Hydro
Orange and Rockland Utilities, Inc.
Power Authority of the State of New York
Public Service Co. of New Hampshire
Rochester Gas and Electric Corp.
The United Illuminating Co.
Green Mountain Power Corp.
Long Island Lighting Co.
The New Brunswick Electric

Power Commission
New England Electric System
New England Gas and Electric Assoc.
New York State Electric & Gas Corp.
Niagara Mohawk Power Corp.

-65-~

Executive Offices

Boston, Mass.
Burlington, Vermont
Poughkeepsie, N. Y.
Augusta, Maine

Rutland, Vermont

New York, N. Y.

Boston, Mass.

Hartford, Conn,

Toronto, Ontario, Canada
Spring Valley, N. Y.

New York, N. Y.
Manchester, N. H.
Rochegter, N. Y.

New Haven, Conn.
Burlington, Vt.

Mineola, N. Y.
Fredericton, N.B., Canada

Westboro, Mass.
Cambridge, Mass.
Binghamton, N. Y.
Syracuse, N. Y.

Oragral tenrs

o f}- i UNIVERSITY OF MICHIGAN




Northeast Power Coordinating Council Organization
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1. The System Members of NPCC shall report periodically
their 10-year plans (including alternatives) for trans-
mission and generation.

2, NPCC shall evaluate the plans from the standpoint of
suitability for and the reliability of the Northeast
Interconnected Systems and report its assessment and
recommendations to the membership.

One important function of the Council is to provide the annual
response to the Federal Power Commission's Order No., 383-4,
Appendix A-1, Docket R-362, There are presently 10 items in
Appendix A-1 all relating to future load projections, capacity
additions, transmission line additions, statement on adequacy of
plans, load flow and stability studies, communication and control
facilities, and coordinated regional practices. The NPCC Task
Forces, as well as the two U.S. entities within NPCC, provide the
information for the "NPCC - Data on Coordinated Regional Bulk
Power Supply Programs'. These reports, submitted annually on
April 1, are maintained as public information references by the
Federal Power Commission,

The NPCC standing committees direct the efforts of the task
forces. Some current activities of the task forces with duties
directly related to regional reliability are as follows:

A. System Protection

1. Reviews underfrequency performance of nuclear pressurized
water reactors.

2. Development of an NPCC philosophy for automatic reclosing
of transmission lines.

3. Reviews status of the NPCC automatic load shedding
program, :

B. Logd and Capacity

1. 1Issues the load and capacity report as part of response
to FPC Order No. 383-4.

2. Supplies Load and capacity data to the national Electric
Reliability Council.

C. Coordination of Planning

1. Reviews general pool-to-pool transmission interconnection
studies

2. Reviews New England Power Pool and New York Power Pool
analyses of generation reliability and reserve requirements.
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D. System Studies

Examines the reliability of the future systems on two
bases: security of the interconnected power system and
the manner in which they are expected to recover from
various types of disturbances; and the effect of
reliability of the availability of generation and trans-
mission,

E. Fuel Requirements and Avajilability

Submits NPCC expected fuel requirements on a monthly
basis for two years into the future and thereafter on
an annual basis for 10 years.

F. Operating Reserve Policy

Develops revisions to Operating Policy. The policy is
presently reported to FPC under Order No. 383-4, Appendix
A-1, Item 9-h,

G. Interpool Coordination 13/

1., Exchanges on a monthly basis transmission and generation
overhaul and maintenance schedules and reviews the near-
term capacity situation,

2. Reviews system disturbances.

3. Provides liaison with the North American Power Systems
Interconnection Committee (NAPSIC).

All members of the New York Power Pool (NYPP) are members of
NPCC. The New York Power Pool is one of the four areas of NPCC
which provide a focus for electric system planning and operation.
All members of the NYPP are bound by the multi-party pool agree-
ment filed with the Federal Power Commission. The agreement not
only provides the means whereby the member systems can coordinate
system planning and operations (a similar function of the NPCC)
but establishes rates and charges for equitable sharing in the
benefits of such coordinated actions. The agreement also estab-
lishes the New York Power Pool Control Center which coordinates
the operations of NYPP, dispatches energy requirements on an
economic basis, and monitors security of the systems., The Control

13/ Represents NEPOOL, NYPP, Ontario Hydro, New Brunswick operating
areas. Michigan Pool and Pennsylvania-New Jersey-Maryland
Interconnection participate as observers.
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Center can then sell or purchase electric power and energy from
not only the other three area dispatch centers (NEPOOL, Ontario,
New Brunswick) within NPCC but other adjacent system dispatch
centers.

A function of NPCC can be more appropriately viewed as pro-
viding the mechanism for coordinated planning and operations
between the four areas in NPCC,

NPCC reviews the generation and transmission expansion plans
for all four areas within NPCC. The test for each area plan,
including the New York Power Pool, is whether it meets the estab-
lished NPCC "Basic Criteria for the Design and Operation of
Interconnected Power Systems',

NPCC performs a number of studies encompassing two or more
of the four areas. For example, their April 1, 1977, response to
FPC Order No. 383-4 reports for the year 1976 that a New York-
New England interconnection study, which presents a logical
expansion plan to increase power transfer capabilities between
the two areas on a step-by-step basis with estimated costs, was
completed. Also, a New York-Ontario interconnection study was
completed to examine power transfer capabilities between the two
areas for the projected 1980 and 1985 systems so as to determine
the generating capability which might be available in each area
for transfer to the other.

All of the present nine Regional Reliability Councils,
including NPCC, belong to the National Electric Reliability Council .
(NERC) which was formed in June 1968 to encourage improvement of
coordination at both the regional and national levels. Its
stated purposes are to:

1. Encourage and assist the development of interregional
reliability arrangements among regional organizations
for their members;

2, Exchange inforﬁation on planning and operation matters
relating to the reliability of bulk power supply;

3. Review, periodically, regional and interregional
activities on reliability;

4, Provide independent reviews of interregional matters
referred to it by a regional organization; and

5. Provide information to the FPC and other Federal
agencies.
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In addition, NPCC regularly acts as a vehicle for providing informa-
tion requested by NERC and for disseminating NERC reports to the
member systems,

' NPCC is represented on all major NERC standing committees,

NPCC reported in their April 1, 1977, response to FPC Order
No. 383-4 participation in the following NERC reviews:

1. A Study of Interregional Energy Transfers for the
Year 1980

2, Fossil and Nuclear Fuel for Electric Utility Generation:
Requirements and Constraints - 1976 through 1985

3. Sixth Annual Review of Overall Reliability and Adequacy
of the North American Bulk Power Systems

Besides NPCC's membership in NERC, NPCC maintains two Inter-
area Coordination Agreements between the Executive Boards
constituted under the Mid-Atlantic Coordination Agreement (MAAC)
and the East Central Area Reliability Coordination Agreement
(ECAR) ~-both being other reliability councils., Each of these
agreements establishes an inter-area review committee to:

1., Exchange information on respective activities and
decisions, including system future plans and forecasts;

area on the reliability of bulk power supply in the
other area and report findings to the respective

‘ 2. Examine the effects of activities and decisions in one
parties.

NPCC has entered into joint inter-area studies with both
ECAR and MAAC. Under the direction of a Joint Inter-Area Review
Committee, the MAAC-ECAR-NPCC (MEN) Study Committee directs two
working groups:

1. The MEN Future Systems Working Group studies inter-
regional transmission electric power transfer
capabilities.

2. The MEN Operating Studies Working Group performs power
transfer capability and limited reliability assessments
during the time of summer and winter peaks for each
year. For example, the '"1977 Summer Operating Study"
was completed in May 1977 and includes:

-70-
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a. Appraisal of Normal Operating Conditions;

b. Summary of 1977 Summer Emergency Transfer
Capabilities; and

c. Appraisal of Network Stability.

The Northeast Power Coordinating Council participates by way
of its members in the North American Power Systems Interconnection
Committee (NAPSIC). 1In 1962, representatives of interconnected
systems throughout the United States and parts of Canada met and
laid the groundwork for a voluntary international organization to
coordinate the operation of a developing coast-to-coast inter-
connected network. This led to the formation of NAPSIC. As of
today, there are ten NAPSIC operating areas within three major
interconnected systems in the U,S, and Canada: the Eastern,
Western, and Texas Interconnected Systems. NPCC comprises about
18 percent of the total peak load demand in the Eastern Inter-
connected System (EIS) while EIS represents about 75 percent of
the total peak demand for the entire U.S. and eastern Canadian
interconnected systems,

The principal goals NAPSIC set for itself were to coordinate
frequency, operating criteria related to time error, and tie-line
bias settings. NAPSIC publishes an Operating Manual which includes
twenty-two Operating Guides, The Guides also address emergency
operating procedures. Although the Guides establish general criteria
to enunciate generally accepted principles and codify minimum
operating criteria for coordinated operation, they are not explicit
enough to be used as detailed specifications for system operation,

NAPSIC's contribution to reliable system performance is
enhanced by its close liaison with planning entities, regional
reliability councils, and the National Electric Reliability
Council,

FPC's HISTORICAL ROLE IN PROMOTING RELIABILITY

The Commission seeks to influence the planning, coordination
and operation of the Nation's bulk power supply system in part
through a series of reports which the councils and utilities are
required to file at various times, and in part through attendance
at meetings of the regional councils.

Order No. 383 issued on June 25, 1969 and subsequent amendatory
orders (current Order No. 383-4), issued December 13, 1976) provide
for extensive reports on existing generating, transmission, envi-
ronmental, communications and safety equipment as well as planned
future equipment, operation and loads in each of the nine regional
councils, Reports are submitted to the appropriate state commis-
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sions. Much of the data contained in these reports are summarized
by the Bureau of Power in a series of Staff reports. The Order
No. 383-4 report requirements are in the process of being revised
extensively in order to provide more uniform reporting among the
individual regional councils.

Order No. 445 issued January 11, 1972 states the policies the
Commission will observe under the voluntary action concepts of
Section 202(a) of the Federal Power Act, in minimizing the conse-
quences of bulk power supply interryptions or shortages. The
general intent is to provide guidance to those who operate electric
utilities as well as to those customers who are faced with power
supply interruptions or shortages. Each jurisdictional utility
and utility holding membership in a regional council was asked to
make the following information public and, at the same time, to
submit the information to the Commission: load shedding programs,
emergency power and shutdown facilities, facilities available for
startup, availability of continuous power for communications and
control facilities as well as provision for scheduling maintenance
outages and maintaining relays that affect the overall reliability
of the interconnected network. Most utilities have complied with
Order No. 445 by submitting initial reports, but few are providing -
revised reports when substantial changes in equipment or operating
procedures occur,

The Commission also requires reports during certain emergencies
that occur on electric utility systems. Pursuant to Order No.
331-1 issued on May 21, 1970 utilities are required to report
interruptions of bulk electric power supply caused by the outage
of any generating unit or electric facility operating at a nominal
voltage of 69 kV or higher and resulting in a load loss for
fifteen minutes or longer of at least 100 megawatts, or when the
load loss is more than one-half of the annual peak load. Reports
are made by telephone or telegraph during extended interruptions,
followed by a written report. These interruptions are summarized
quarterly in Bureau of Power Staff reports and released through the
Commission's Office of Public Information.

Pursuant to Qrder 438 issued on March 15, 1974 utilities are
required to report on Form 237A (coal) or Form 237B (oil) weekly
during fuel emergencies. Because each utility has unique fuel
requirements, the individual utility determines when a fuel
emergency exists., When many utilities experience a fuel emer-
gency simultaneously, the Commission issues emergency orders for
limited term data collection so as to obtain all necessary data
in the most convenient format, For instance, after the imposition
of the Arab oil embargo in October, 1973 the Commission issued
Order 497 (series) initially on December 7, 1973 implementing
Form 23 (series), the Monthly Electric Utility Generation and Fuel
Planning Report Form, Shortly after the United Mine Workers struck
in 1974, the Commission issued Order No. 515 on November 7, 1974
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which implemented weekly reporting of coal deliveries, consumption
and stockpiles at major coal burning utilities.

Commission personnel attend NERC Executive Board meetings as
official observers. They attend annual meetings, executive board
meetings of the regional councils, as well as some regional council
committee meetings, Order No. 383-4 specifically provides for
state commission personnel to attend regional council executive
board and committee meetings also. In eight of the nine regional
council areas, the Commission has assisted in the formation of
State-Federal Coordination Committees (consisting of personnel
from the staffs of state commissions and Federal agencies). Com-
missioners are welcome at these meetings. The Coordination Committee
meetings are open to regional council personnel or utility repre-
sentatives only by direct invitation. The Coordination Committee
in the NPCC area has been inactive during recent months due to the
inability of several state commission staffs to obtain funding for
attendance at such meetings.
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@ GLOSSARY

1. Breaker Closing Switching Surge

When any device is connected to or disconnected from an
operating electric system, '"transient" electric voltages and
currents are established. The "transients' disappear rapidly
under normal conditions, but their magnitudes, for a few hundredths
of a second, may be much higher than normal. Electric circuit
characteristics are such that the transients travel along trans-
mission lines very rapidly, building up "wave fronts'" of voltage
and current. Under some conditions, the magnitudes of the trans-
ients may be large enough to damage equipment or cause the
operation of devices designed to protect equipment from damage.

A circuit breaker in '"closing" (connecting a device or a line

to the system) or in "opening" (disconnecting a device or a line)
initiates a transjient (surge) of the type described above.

2, Bus (or Busbar)

An electrical '"bus' is an electrical connection between
several transmission lines or facilities (transformers, circuit
breakers, generators),

. The physical form of a bus may be a large bar of copper or
aluminum, a long large diameter (6 inches) tube, or rectangular
arrangement of either, or a length of wire suspended from insula-
tors. For a 3-phase circuit, a group of 3 such elements constitutes

the "3-phase bus'". All elements of such a bus are identical. In
theory a bus is generally considered to be a single point, regard-
less of how many lines, etc. are connected to it, with no electrical
characteristics except the perfect ability to conduct electricity.
In practice, a bus must have physical dimensions and electrical
characteristics (resistance, inductance, capacitance). For most
purpusas e magnlXude of tieaa characieristiecs is negligible,

3. Circuit Breaker

A circuit breaker is a device designed to coanect and discon-
nect some device from an elactric clrcuit., A circuit breaker is
so designed that even when the current flowing through it 1s much
greater than normal, little or no damage will be done when the flow
of current is interrupted by the "opening' of the "breaker". A
circuit breaker is 'closed" (a connection is made between a device
and the system, or between two transmission lines) when it is
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desired to "energize' a device or circuit, The "closing'" of the
"breaker" may be done manually, it may be done by an electric or
spring-loaded device under electrical control of an operator, or

it may be done automatically by means of a relay. A "relay" 1is a
device which senses conditions on a circuit (voltage, current,
power, frequency or other characteristic) and initiates an automatic
action by means of an electric impulse.

Circuit breakers may be "opened" (disconnected) manually or
electrically by an operator, or electrically and automatically by a
relay. Relays are usually arranged to sense overloads, low
frequency or low voltage, ''short circuits' or other undesired
situations, and initiate "opening" of a '"breaker" accordingly so
as to disconnect lines or equipment,

4, Conductor

A conductor is a wire (or group of wires combined to act as a
single wire) which allows electricity to pass through it readily.
But a metal structure (transmission line steel tower, for instance)
can also act as a "conductor'" when it becomes part of an electric
circuit, Thus, if one of the '"phase wires'" of a transmission line
is brought into contact with the steel of the tower, the tower will
“conduct" electricity to the ground.

5. Double.Circui; Line

An overhead transmission circuit (line) is a set of three con-
ductors which together constitute a system of transferring electric
power from one place to another., Each of the conductors is
suspended from towers (or poles or other structures) located at
intervals along the "right-of-way". The right-of-way may be along
a railroad, the side of a highway or street or a path cut across
open country, If the towers support one set of three conductors,
the line is referred to as a "single-circuit line". 1If the towers
support two sets of three conductors each, the line is referred
to as a "double-circuit line".

6. Major Transmission Line

"Major' is a relative term, For a system whose transmission
circuits operate at 69,000 volts (69 kV) and 120,000 volts (120 kv),
a "major" line would be one of those operating at 120 kV, designed
to transmit a large amount of power. For the Con Edison system,
the 500 kV lines to other systems are considered "major" inter-
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connections; the 345 kV lines are considered "major" interconnections,
the 138 kV lines would not be considered "major", if the power trans-
mitted by them is small compared with that transmitted by the 345 kV

lines.

7. Megavolt-Ampere (MVA)

One megavolt-ampere is one million volt-amperes. One volt-
ampere is the product of the volts and amperes assocliated with a
circuit, their magnitudes being such that their product is unity.
Thus, 10 volts and 0.1 ampere is 1 volt-ampere; 2 volts and 1/2
ampere is 1 volt-ampere.

The MVA associated with an alternating current circuit is a
measure of the power that would be flowing in that circuit if the
voltage and current were 'in phase'". That is, if the voltage and
current reach their peaks at the same time during each of the 60
alternations per second, the two are said to be '"in phase" and the
MVA is the actual power, If the current and voltage reach their
peaks at different instants, they are said to be "out of phase"
(by so many degrees), The actual power when current and voltage
are "out of phase' is equal to the product of MVA and the ''power
factor". The '"power factor'" is the cosine of the "angle' between
current and voltage, where "angle'" is the time difference between
the peaks, expressed in angular measure.

8. Oscillation

Oscillation refers to the cyclic movement of a quantity about
some normal or average value. For instance, the normal voltage
of an alternating current circuit may be 120 kV. Voltage oscilla-
tions are said to occur, if the voltage increases above and decreases
below 120 kV at some uniform or non-uniform rate. In an electric
circuit disturbance, the frequency of alternation of the voltage
above and below 120 kV usually is not constant, the voltage may
reach 125 kV or 130 kV, drop to 100 kV or 110 kV and "oscillate"
in that manner, at the same or with different magnitudes of voltage
for seconds or minutes. Current may also oscillate about its
normal value, and then power will also oscillate,

9. Phsse-Angle Regulator
A group of transformers connected in a certain way and especially

designed for use in shifting the phase of one circuit with respect
to another. Alternating current circuits are those in which current
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and voltage vary from zero to maximum, and reverse their direction
of flow, at a regular rate (60 times per second, or "60 Hertz",

for U,S, electric power systems). The characteristics of electrical
transmission lines (resistance, inductance, capacitance) cause the
peak of the variation (current and voltage) to recur regularly at
different times in different circuits. This difference in times

of occurrence of the peak of the "wave" of current (and voltage) in
different circuits is referred to as a "phase shift". For reasons
related to the electrical characteristics of system networks, the
“phase shift" in normal operation may be large between circuits
connected to different networks or to different parts of the same
network, ''Phase'" as used in this discussion refers to the time of
occurrence of corresponding magnitudes of current (or voltage) on
different circuits.

As a result of "phase shift" (or "phase angle" difference)
between two circuits, large undesired currents may flow when these
circuits are connected to form a loop. The phase angle regulating
transformer, by means of its special windings and connections),
adjusts the phase of one circuit with respect to another so that
the "phase angle" difference is small and the undesired currents
are reduced to a tolerable level. In so doing it controls the
power flow between the points to which it is connected.

10. Phase-To-Ground Fault

"Phase" in the sense used here refers to a physical part of a
clrcuit: one of the circuit wires or a device attached to one of
the wires. A ''three-phase" circuit is one which uses three
circuit wires to transmit power, These wires may be identified as
A", "B", "C". '"Ground" in the sense used here refers to the
earth or to some structure connected to or supported by the earth
(a building, a transmission line tower, an automobile),

"Fault" in the power system sense refers to an unintended
electrical connection, which allows undesired currents to flow.

Thus, a '"phase C-to-ground fault" means an unintended (acci-
dental) connection (touching) of the circuit wire identified as
"Phase C" and '"ground". An accidental connection of this type is
often called a '"short circuit"; it causes undesired currents to
flow which, depending on the circumstances, may cause damage,
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(.‘ 11, Stability

A system is said to be "stable" when a disturbance causes only
a brief departure from its operating state followed by operation
at a new "normal" state.

"Instability" describes a circuit condition in which a dis-
turbance causes a prolonged departure from normal operating values
of currents, voltages, power and phase angles and failure to return
to a new "normal" state,such that parts of the circuit must be
disconnected. On an electric power system, a disturbance may be
failure of a generator, accidental "opening" of a line (discon-
nection of the line from part of the circuit), "short-circuit" of
some line or device (accidental connection to some part of the
circuit) or other accident, or a sudden increase or decrease of
load in large magnitude, Any of these disturbances may cause system
frequency, voltages, currents and power flows to change. If the
system frequency returns to normal within a few seconds, and if
voltages, currents and power flows become steady at their new values,
the system is said to be "stable'". The system is said to be
"unstable" if any disturbance is accentuated by the system itself,
and causes additional, greater changes in frequency, voltage,
currents, etc., to the extent that automatic devices (or manual

o devices) operate to disconnect facilities to prevent damage,

3§ 12. Substation

Q A substation is a location at which electric power in bulk

is received from one or several sources, and is sent out to one or
several locations. The voltage of the incoming power may be
transformed (changed) to a higher or lower voltage before the power
is sent out.

At a power plant, the voltage of the power produced by the
generator is relatively low (some 18,000 volts to 33,000 volts)
and it is "stepped up" at the power plant substation for trans-
mission at 120,000 volts, 345,000 volts or other voltage level.

At a switching substation, the incoming power may or may not
be moved through a transformer (voltage level changer) and will
generally be connected to a bus (see definition) so that it can be
distributed over several outgoing transmission lines,

At a distribution substation, power received in bulk at a
high voltage is transformed to a lower voltage and sent out in
smaller amounts over several lower-voltage lines,
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0 A substation may contain,. among other items, structures for
supporting transmission lines, circuit breakers, switches for
connecting circuit breakers to lines, relays and associated devices
for automatically operating circuit breakers, and metering equip-
ment for measuring and recording voltage, current, power and other
electrical quantities.
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STATE OF NEW YORK
DEPARTMENT OF STATE
ALBANY NY, 12231

Basil A. Paterson
Secretary of State

Mr. William Matuszeski August 13, 1982
Assistant Administrator

Office of Coastal Zone Management

United States Department of Commerce

3300 Whitehaven Street, N.-W.

Page Building 1

Washington, D.C. 20235

Dear Mr. Matuszeski:

I am pleased to submit New York State's Coastal Management Program and Final Environmental Impact
Statement.

As Secretary of State, I have been designated, pursuant to the Waterfront Revitalization and Coastal
Resources Act of 1981, and Chapter 464 of the 1975 Laws of New York State, to prepare and implement a coastal
management program. This document is the culmination of years of local, state and federal government efforts, as
well as those of groups representing civic, environmental, development, and other interests.

The public and government officials have had numerous opportunities to shape this program. Public
meetings, held in 1978, were followed by public hearings in early 1979 conducted by this agency. Legislative
hearings were held in late 1979. There were over 1,000 meetings to assist in the preparation of this document. As a
result of the comments received, the State's program uses a networking approach enforced primarily through the
existing New York State Environmental Quality Review Act.

In accordance with .the provisions of Section 102(2) (c) of the National Environmental Policy Act of 1969,
1,500 copies of the Draft Environmental Impact Statement on the proposed New York State Coastal Management
Program were circulated for review and comment to Federal, State, regional and local government agencies as well
as to numerous private interest groups. In response to the many comments received, numerous changes have been
made to the program.

In accordance with the requirements of the Coastal Zone Management Act regulations (Section 923.48), a
letter from the Governor will follow after the minimum ten-day review following the notice of availability of the
Final Environmental Impact Statement. This review period is a requirement of the New York State Environmental
Quality Review Act regulations (6NYCRR Section 617.9).

Upon completion of the Federal review process, we anticipate New York State will have an approved
Coastal Management Program in September, 1982.
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Ch, 841 . LAWS OF NEW YORK

ment of environmental conservation out of any moneys in the state treas-
ury in the general fund to the credit of the state purposes fund and not
otherwise appropriated, to defray the expenses of the department includ-
ing personal services, operation and maintenance, in carrying out the
provisions of article thirty-four of the environmental conservation law
8s added by this act® Such moneys shall be payable from the state treas-
ury on the audit and werrant of the comptroller on vouchers certified or
approved in the manner prescribed by law.

) ECL § 4-010] et seq.
§ 6. This act shall take effect immediately.

WATERFRONT REVITALIZATION AND COASTAL RESOURCES
. Memorandum reluting to this chapter, see Executive Memoranda, post

CHAPTER 842
Approved July 27, 1981, eﬂect_!v'e as provided in section 2

Passed on message of necessity, See Const.. Art. IX, § 2(b)(2),
and McKinney's Leglslatlve Law § 44

AN ACT to amend the executive law, in relation to watotfront rovitaliza-
tion and the coastal resources

The People of tha State of New,York, represented in Senate and Assem-
bly, do enact as follows:

Section 1., Subdivision one of section nineteen hundred eleven) subdiv-
ision two and the opening paragraph of subdivision five of section uaine
hundred - fifteen and the opening paragraph of section nine hundred six-
teen of the exacutive law, as added by a chapter of the laws of nineteen
hundred eighty-one amending the executive law relating to waterfront
revitalization and the coastal resources, as proposed in legislative
bill number §. 1244 - A. 1646° are amended to read as follows:

1. "Coastal area" shall mean (a) the state’s coastal waters, and (b).

the adjacent shorelands, including landlocked waters and subterranean
waters, to the extent auch coastal waters and adjacent lands are stron-
g8ly influenced by.each other including, but not limited to, islands,

wetlands, beaches, dunes, barrier islands, cliffs, bluffs, inter-tidal’

estuaries and erosion prone areas. The coastal area extends to the limit
of the state's jurisdiction on the watsr side and inland only to encom-
pass those shorelands, the uses of which have s direct and. significant
impact on the coastal waters. The coastal area boundaries are as shown
on the coastal area map on file in the office of the secretary of state
as -required in section {nine hundred fift:een] nine hundred fourteen of
this article.

! Probably should be section nine hundred eleven,
11981 McKinney Session Laws, Ch. 840.

1696

Additions in text indicated by underline;

TV

£
E

2. 1
provide
and nir
a vatel

The
zation:

hundre¢
such p1

the - wi

determ:
each of
cumstas
In
rage tl
local
srnmen
sectiol

toc
facd

deletior -



1981 REGULAR SESSION Ch. 843

2. The secretary may provide technical and financial assistance as
provided in sections [nine hundred sixteen and] nine hundred ' seventeen
and nine hundred eighteen to any local government for the preparation of
a waterfront revitalization program for the purposes of this article.

The secretary shall approve any local government waterfront revitali-
zation program as eligible for the benefits set forth in section [nine
hundred seventeen) nine huhdred sixteem of this article if he finds that
such program will be consistent with coastal policies and will achieve
the - waterfront revitalization purposes of this article. In making such
determination, the secretary shall find that the -program incorporates
each of the following to an extent commensurate with the particular cir-
cumstances of that local government: '

In recognition of the state policy set forth in this article to encou-
rage the revitalization of waterfront areas in a manner consistent with
local objectives, the following benefits shall apply where a local gov-
ernment waterfront revitalization program has been approved pursuant to
section [nine hundred sixteen] nine hundred fifteen of this article.

§ 2. This act shall take effect on the same date as such chapter of
the' laws of nineteen hundred eighty-one_takes effect.

' 1981 McKinney Session Laws, Ch. 840.

ALTERNATE ENERGY PRODUCTION, PARTICULARLY BY
SMALL HYDRO FACILITIES

Mewmnreudnnm veluting to this chapter, see Erecntive Memornadn, Jrast

CHAPTER 843
Approved and effective July 27, 198]

AN ACT to amend the energy law and the public service law, in relation

to co-generation, and small hydro and alternate energy production
facilities

The People of the State of New York, represented in Senate and Assem-
bly, do enact as follows:

Section 1. Section 21-106 of the energy law, as added by chapter five
hundred fifty-three of the laws of nineteen hundred eighty, .is amended
to read as follows: : .

§ 21-106. Co-generation, small hydro and alternate energy production
{fecility development] facilities. 1. For the purposes of ‘this article:

a. The term "co-generation facility" shall include any facility with
an slectric generating capacity of up to eighty megawatts, together with
any related facilities located at the same project site, which is fueled
by coal, gas, wood, alcchol, solid wastes, refuse-derived fuel, water or

delétions by [brackeis] - . _ ' 1697
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I. INTRODUCTION

It is the policy of the State to conduct energy planning in an
integrated and comprehensive manner through development
of a long-range State Energy Master Plan, which shall provide
the framework for energy-related decisions made throughout
the State (Energy Law, Sections 3-101 and 5-110).

Consistent with this State policy, the State Energy Office is
required to prepare and biennially review and update as
necessary a State Energy Master Plan and Long-Range Electric
and Gas Report. The Plan, which must be approved by the
Energy Planning Board, contains a forecast of State energy
consumption, a forecast of electricity and gas demands, a
strategy to meet the State’s energy needs, a statement of
specific energy policies, and recommendations for administra-
tive and legislative action to implement State energy policy.

This document presents a summary of the first update to the
State Energy Master Plan, which was approved by the Energy
Planning Board on March 25, 1982.*

The principal goal identified in the first Plan of reducing the
State’s dependence upon petroleum, particularly foreign
petroleum, through increased conservation in all consuming
sectors and maximum diversification of the State’s fuel mix,
and in a cost-effective and environmentally sound manner, re-
mains the central theme of the updated Plan.

Significant progress has been made by the State over the
past few years toward achieving this goal, although, as noted
below, the State remains highly dependent on expensive and
insecure supplies of petroleum. Over the period 1978 to 1980,
New York’s energy profile has undergone profound changes:

e total energy requirements have declined almost 9 percent;

e petroleum dependence has dropped from 65 percent to 57
_percent; -

* dependence on OPEC oil has dropped from 36 percent of
total energy to 29 percent;

® energy consumption per unit of gross state product has de-
clined over 6%; :

® natural gas has increased from 14 percent of the State’s
energy consumption to 19 percent; and

e the contribution of renewable resources to the State’s
primary fuel mix has increased by 15 percent.

Despite these positive developments, the State remains
significantly dependent upon expensive petroleum, especially
imported petroleum, to meet its energy requirements. Indeed,
total expenditures by New Yorker’s for energy reached $23.4
billion in 1980, a 46 percent increase over 1978.

The updated State Energy Master Plan provides a blueprint
for reshaping the State’s energy future. It sets forth four basic
strategies to reduce New York's reliance on expensive im-
ported oil:

* Increased penetration of conservation technologies and
strategies into every aspect of energy use;

* Increased use of renewable energy resources, particularly
those indigenous to the State;

* Improved use of natural gas; and

* Accelerated use of plentiful domestic fuels such as coal for
electricity generation.

with full implementation of the Master Plan, which will re- '

quire the active involvement of all responsible State agencies
and substantial efforts by the private sector and energy con-
sumers, New York can diversify its fuel mix and reduce its
dependence on OPEC oil from 54 percent of petroleum use to
a mere 14 percent.

By 1996, oil consumption in New York State could be
reduced by approximately 97 million barrels per year, pri-
marily due to the effect of increased conservation, increased
use of renewable resources and coal conversions. Coal utili-
zation would increase from 9 percent of total State primary
energy consumption to 19 percent and utilization of renew-
able resources would increase from 8 percent to 13 percent of
total primary energy consumption. Petroleum use for elec-
tricity generation would decline from 31 percent to 6 percent.
The cumulative savings resulting from full implementation of
the SEMP recommendations are projected to be approximate-
ly $10 billion over the planning period.

Full implementation of SEMP recommendations would also
have a significant and favorable impact on the State’s
economy, resulting in the creation and support of an esti-
mated 25,000 jobs and $467 million in earnings annually over
the planning period. Finally, the SEMP recommendations
would, if implemented, have a limited incremental effect on
the environment.

. NEW YORK STATE ENERGY PROFILE

New York State’s energy profile is significantly different
from that of the nation as a whole, in terms of the types and
sources of fuel used and the patterns of energy consumption.

® The State is far more dependent upon petroleum and es-
pecially imported petroleum than the nation as a whole, as
illustrated in Figures 1 and 2. New York relies upon petro-
leum for 57 percent of total energy consumption, com-
pared to 41 percent for the nation. Moreover, the State’s
reliance upon foreign oil, particularly OPEC oil, to meet its
petroleum needs is far greater than that of the nation.
Therefore, the risk of a major petroleum supply disruption is
a major concern.

* Figure 3 shows that New York’s pattern of energy use differs
markedly from that of the nation, with far greater consump-
tion in the residential (including a large muiti-family hous-
ing component) and commercial sectors and considerably
less energy consumption in the industrial sector.

¢ As seen in Figure 4, New York's consumption of energy in
the generation of electricity also differs significantly from
the national profile: -

—much more petroleum is consumed in New York (31 per-
cent vs. 12 percent);

—much less coal is consumed (16 percent vs. 49 percent);

—more hydro power is consumed (22 percent vs. 13 per-
cent); and

—somewhat more nuclear power is consumed in New York
(16 percent vs. 11 percent).

Therefore, strategies to help contain rising costs in this sec-

tor, such as the oil to coal conversion program, are vital.

Figure 5 indicates that New York’s averall per capita energy
consumption is well below that of the nation, demonstrat-
ing that New Yorkers are not prolific consumers of energy
despite the State’s harsh climate. In 1980, New York’s per
capita consumption had dropped to 74 percent that of the
nation, compared to 81 percent in 1965. it should be noted
that the relatively low level of per capita consumption re-
flects, in large measure, substantially lower than average
per capita consumption in the industrial and transportation
sectors.

*On March 20, 1980, the Energy Planning Board approved the first
State Energy Master Plan and Long-Range Electric and Gas Report
(SEMP), thus completing the State’s initial effort at comprehensive
and integrated State energy planning.
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* Reflecting the State’s patterns of energy use, total expendi-
tures by New Yorkers for energy reached $23.4 billion in
1980, a 46 percent increase over 1978 energy expenditures.
Expenditures on petroleum products grew from $9.7 billion
in 1978 to $15.2 billion during 1980, as illustrated in Figure
6. Energy has over the past decade become a major factor
in the cost of doing business, in the household budget and
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New York's energy profile highlights the need for New York
State to adopt and implement policies designed to promote in-
creased conservation in all consuming sectors and to diversify
the State’s primary fuel mix in a cost-effective and environ:
mentally sound manner.
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FGURE 3 Primary energy consumption by sector, 1980
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HI. NEW YORK STATE ENERGY POLICIES

energy policies, listed below, are the major of the up-
dated State Energy Master Plan, from which recommendations
for legislative and administrative action flow. Together, these
policies provide the basis for a secure, cost-effective and en-
vironmentally sound energy future, supportive of continued
economic growth.

New York:State Energy Policies

1. The State’s consumption of petroleum products must be
reduced. The economic cost and vulnerability to disrup-
tion resulting from the State’s continued disproportionate
reliance on oil strongly support actions to shift to'less cost-
ly and/or more secure energy sources.

2. Conservation. and renewable resources must make a
greater contribution to energy supply and will require
substantial additional government support to do so, at
least in the near term. In many applications, conservation
and renewables appear to be the least costly, ‘most
economically productive and environmentally benign
means to satisfy a significant portion of the State’s current
and anticipated energy requirements. Government action
must enhance the respective contributions to be made by
conservation and renewables in meeting those re-
quirements.

3. The State of New York and its agencies should encourage
the efficient use of natural gas and stimulate efforts to
secure additional supplies of natural gas from sources that
are economic, and compatible with environmental,
public health, and safety standards in order to reduce
New York’s dependence on oil. Natural gas is and will
likely remain an economic and environmentally compati-
ble alternative to oil. This policy will help insure that sup-
ply and demand remain balanced throughout the plann-
ing period.

4. The increased use of coal must be promoted where
economically feasible and consistent with applicable en-
vironmental standards. Compared to continued use of oil,
particularly in the utility sector, use of coal will result in
economic advantages, given current and forecast cost dif-
ferentials of supply over the forecast period. Increased
utilization of eastern coal is likely to stabilize regional
energy costs and will stimulate regional economic devel-
opment.

5. Regional cooperation, coordination, and action must be
promoted to enhance the region’s energy supply pros-
pects. Interconnection of New York's electric and natural
gas supply systems with Canada should -bé pursued as a
vehicle for reducing costs and oil dependence to the ex-
tent economic and feasible. interconnection may also les-
sen the adverse impacts on the State’s environment from
construction and operation of energy supply facilities.

6. New nuclear power plants beyond those now licensed or
under construction should not be included in the State’s
electricity supply plan at this time. There is first a need to
develop a fully adequate national nuclear waste disposal
program, and a need to clarify substantial uncertainties

, Sal ol cag

rent inventory of licensed nuclear plants.

Bvailability of the state’s cur-

7. All consuming sectors must be given increased choice
among competing energy forms, including conventional
fuels, conservation, and renewable resources. Increased
chaice will benefit consumers by increasing price compe-
tition among energy forms, and will benefit the State by
stimulating innovation and efficiency improvements.

8. Government must act to remove any existing legislative
and administrative barriers inhibiting the development of
energy sources, competition among fuel forms and
energy conservation, except where such action would
clearly compromise public health, safety or environmen-
tal quality. Justification for any such institutional barriers
must be reexamined in light of compelling State energy
needs.

9. The State’s electric and gas utilities, as well as PASNY,
should encourage and stimulate conservation and effi-
cient use of energy by their customers. Electric and gas
utilities should become more active purveyors of conser-
vation and renewable resource technologies.

10. No person should be without adequate heat or should be
forced to forego conservation improvements by reason of
inability to pay. A commitment to protect public health
and safety requires no less.

11. The energy research, development and demonstration
programs being pursued in New York must be expanded
and must emphasize those technologies that will, over
the mid- to long-term, mitigate energy cost increases and
energy supply interruption. Formal and informal coordi-
nation of the numerous energy RD&D programs through-
out the State is essential to assure that these activities sup-
port and complement State energy policy.

12. In view of the extensive reliance on oil in the transporta-
tion sector, the State should continue to take action to
maximize the efficient use of energy in this sector. More-
over, the relatively energy efficient mass transit and rail-
road systems throughout the State must be maintained to
prevent shifts of mass transit and railroad riders to less ef-
ficient automobiles.

13. Comprehensive energy emergency preparedness activi-
ties, directed at mitigating the adverse economic and
social impact of an interruption in petroleum supplies,
must be continued and increased in order to protect
public health and safety.

IV. DEMAND FORECASTS

The updated SEMP presents a forecast of State energy con-
sumption by fuel type, sector and end-use; a forecast of State
electricity and gas demands; and a forecast of electricity peak
demand and consumption by utility over the next fifteen
years. The forecasts are consistent with and provide for the
energy requirements of a growth economy and take account
of the changed relationship between energy demand growth
and economic health. Energy demand is not seen to increase
in direct lock-step with growth of the econ'omy as it has in the
past. Rather, increased efficiency and effective conservation in
the energy system are seen as slowing the increase in demand
for energy while permitting the economic growth which
results from greater efficiency.

The forecasts reflect significant conservation resulting from
rising energy prices, mandated efficiency standards and State
conservation programs now underway. They consider, in a
systematic manner, the interrelationships of economic ac-
tivity, fuel prices, national and State energy policies, fuel
substitution, conservation and renewables, as well as the
availability of conventional fuels.
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Major highlights of the energy forecasts adopted by the
Energy Planning Board include:

¢ Total end-use energy consumption will decline at a rate of
0.1 percent per year over the next 15 years;

e Gasoline use in the transportation sector will decline at a
rate of 0.8 percent per year over the next 15 years;

¢ Statewide electricity consumption (sales) will increase at.an
average rate of 1.7 percent per year over the next 15 years;

o Total statewide electricity peak demand will increase at an
average rate of 1.5 percent per year over the next 15 years;

¢ Electricity prices will increase in real terms at an average an-
nual rate of 0.4 percent per. year over the forecast period,
consistent with the SEMP recommended electric supply

" plan; :

® Total statewide natural gas demand will decrease at an
average rate of 0.6 percent per year over the next 15 years;
and

e Natural gas prices will increase in real terms at an annual
average rate of 5.2 percent per year over the forecast
period, reflecting the impact of decontrol of new natural
gas supplies (post April 1977) as scheduled in 1985.

Figure 7 presents the forecast of end-use energy consump-
tion by fuel type adopted by the Energy Planning Board.

FIGURE 7
New York State End-Use Energy
Consumption by Fuel Type, 1980-1996

Average Annual

__Trillion BTU __ Percent Change

Fuel Type 1980 1996 1980-1966
Electricity 367.1 478.6 1.7
Natural Gas 592.6 541.6 -0.6
Petroleum Products 1,783.2 1,639.7 -0.5

Res., Com., and Ind. 737.9 628.6 -1.0

Transportation 1,045.3 1,011.1 -0.2
Coal 69.2 90.0 1.9
Woad 30.9 47.0 2.7
Solar 0.1 3.1 239
Total End Use Energy -

Requirements 2,842.8 2,800.0 -0.1

V. MASTER PLAN ELEMENTS

The updated Energy Master Plan provides supply strategies
for energy conservation, renewable resources, and each con-
ventional fuel type. In addition, the updated Plan addresses
the impacts of energy costs on low-income citizens; contin-
gency planning; transportation; and research and develop-
ment issues. The updated Plan also contains proposals for
legislative and administrative action, which are derived from
the broad energy policy expressed in the Energy Law and the
more specific policies approved by the Energy Planning
Board.

Full implementation of the recommendations in the up-
dated Plan would significantly reduce the State’s dependence

on imported petroleum; substantially diversify the State’s fuel
mix; significantly increase the efficient use of energy, and the
use of renewable resources in the State; moderate the ex-
pected increases in energy costs; contribute to the State’s
economy; and provide for a more secure and environmentally
sensitive -energy future. '

A. Conservation

Energy conservation and increased efficiency represent
New York State’s least expensive, environmentally safest and

~ most economically beneficiat supply option available. Con-

servation activities create jobs, reduce the burden of energy
costs and retain energy dollars within the State’s economy
rather than exporting the dollars out of the State.

New York has in place a broad range of energy conservation
programs which have already helped to reduce the State’s oil
consumption. Together, governmental programs and rising
energy prices have resulted in greater conservation of energy
than was envisioned only a few years ago. Total end-use
energy consumption in New York declined by almost 9 per-
cent between 1978 and 1980.

Even with the conservation gains achieved to date, the po-
tential for cost-effective conservation remains great. To a large
extent, continued conservation actions will occur through the
normal workings of the marketplace, spurred by rising energy
prices. However, certain barriers still exist which limit realiza-
tion of much of the potential for cost-effective conservation.,
The principal impediments include lack of objective and ac-
curate information, high front-end costs, and certain institu-
tional barriers.

The SEMP conservation program has three major objectives:

—expand the use of energy audits and the availability of
conservation information and technical assistance;

—provide financing assistance and tax incentives for the im-
plementation of hidgh front-end capital cost conservation
improvements; and

—mandate conservation actions where market forces are in-
adequate to trigger voluntary actions.

To accomplish these objectives the Energy Planning Board
has recommended the following actions.

* Expand the State Energy Office energy audit and technical
assistance programs and provide State funding for such ef-

forts to the extent that Federal funding is no longer avail-
able.

¢ Expand the energy audit provisions of the Home Insulation
and Energy Conservation Act to cover small commercial
buildings.

® Establish a $10 million energy grants program for public
K-12 schools. This program would be administered by the
State Energy Office, with the assistance of the State Educa-
tion Department, to address the larger inventary of conser-
vation projects awaiting implementation in our public
schools.

e Establish an energy grant program for State-supported
public housing.

* Provide increased capital reimbursements for conservation
measures in public and non-profit facilities which receive
operating cost reimbursements from the State.

e Establish a self-sustaining $20 million fund, to be adminis-
tered by the State Energy Office, to provide low interest
loans at below market interest to hospitals, colleges,
schools, and public care institutions which are privately -
owned (non-profit), and to local governments for energy
conserving and renewable resource capital improvements.



® Establish a self-sustaining loan fund to be administered by
the Division of Housing and Community Renewal to pro-
vide loans at below market interest rates for conservation
improvements in Mitchell-Lama housing.

¢ Authorize the Power Authority of the State of New York to
make conservation improvement loans for customers
served by municipal or cooperative utility companies.

¢ Amend the State Tax Law to provide an additional business
investment tax credit for investments by industry and com-
mercial firms in acquiring and constructing energy conserv-
ing property and equipment.

® Require the owners of multi-family dwellings which receive
governmental assistance, are subject to rent regulation, or
are being converted to cooperatives or condominiums, to
conduct energy audits and implement conservation
measures. T

Figure 8 presents estimates of the impact of conservation
resulting from adoption of these recommended actions.

FIGURE 8
CONSERVATION PLAN IMPACT* (TBTU's)
1986 1991 1996
Residential 2.5 8.6 9.0
Commercial 4.2 9.1 12.9
Industrial . 8.6 17.2 25.8
TOTAL 15.3 349 47.6

*Numbers shown represent reduction in end-use energy require-
ments beyond those contained in the energy demand forecast.

B. Renewable Resources

A renewable resource is an energy form which can be con-
tinuously replaced by natural ecological or physical cycles
and sound management practices. The term includes a variety
of energy forms indigenous to New York: solar, wind, hydro-
electric power, and biomass in all its forms {wood, agriculture
wastes, municipal wastes). While not a renewable resource
technology, cogeneration is addressed in this section because
it too is a non-conventional means of producing electricity,
and because it faces many of the same problems as renewable
resources.

Increased development of renewable resources and cogen-
eration provide important energy and environmentai ad-
vantages. Renewable energy supplies, by definition, are less
susceptible to depletion than conventional energy forms, are
relatively immune to sudden price increases or artificial inter-
ruptions in supply, and add diversity to New York’s energy
supply system. Renewable energy forms are also generally
benign in terms of environmental impacts. Further, the in-
creased development of renewable resources will create new
job opportunities in the State instead of exporting our wealth
to pay for conventional fuel imports.

Rising prices for conventional energy supplies and recent
State and Federal actions have helped create a favorable
climate for renewable resources and cogeneration. Certain
financial, technical assistance, technological and regulatory
problems must still, however, be addressed by the State and

Federal government to realize the full potential for renewable -

energy technologies. The following recommendations address
these issues.

.

Amend the State Tax Law to provide an additional business -
investment tax credit for renewable resource investments.

Establish a self-sustaining $20 million fund, to be adminis-
tered by the New York State Energy Office, to provide low
interest loans to hospitals, colleges, schools, and public
care institutions which are privately owned (non-profit),
and to local governments for renewable resource and
energy conserving-capital improvements.

Establish a 25 percent Federal tax credit for builders of new
private solar residences where sofar design provides 40 per-
cent of the heating requirements.

Amend the Federal Internal Revenue Code to allow invest-
ments by business and indusiry in renewable resource
equipment to be depreciated over a five year period.
Amend the Federal Internal Revenue Code to provide a tax
credit for residential passive solar systems.

* Amend the New York State Alternate Energy Production
Act of 1980 to include all oil-fired cogeneration facilities.

The Public Service Commission should ensure that natural
gas supplies, which are available after priority attachments,
are provided to those facilities which will use natural gas in
the most efficient manner.

¢ Extend the applicability of the Federal Energy Regulatory
Commission ‘“‘short form”’ license application regulations
and the licensing exemption. provisions of the Energy
Security Act of 1980, to include small hydro facilities up to
15 MW at all existing dams.

Figures 9 and 10 present the direct energy and electricity
production impacts associated with implementation of these
recommended actions.

FIGURE 9
RENEWABLE RESOURCE PLAN IMPACT*
Direct Energy

(TBTUs)

1986 1991 1996
Passive Solar 0.3 0.8 1.5
Active Solar 0.1 0.3 0.5
Wood 1.5 4.3 7.1
BioGas _ 3.5 3.1 5.7
Resource Recovery 1.1 5.2 4.2

*Numbers shown represent reduction in end-use energy require-
ments beyond those contained in the energy demand forecast.

FIGURE 10
RENEWABLE RESOURCE PLAN IMPACT*
‘ Electricity Generation

(MWw) .
1986 1991 . 1996
Small Hydro 0 27 325
Cogeneration 208 412 600
Resource Recovery 50 63 82
Wind 12 82 307

*Numbers shown represent additions over the capacity projected in
the Electricity Supply Plan.
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C. Natural Gas

Natural gas will continue as an important element of new
York’s fuel mix over the next fifteen years. There are sound
economic, environmental and energy security advantages as-
sociated with natural gas in New York State as an alternative
to imported petroleum. Although the price of natural gas is ex-
pected to increase substantially in real terms due to the
scheduled decontrol of most natural gas in 1985, average
prices are projected to remain slightly lower than distillate oil
prices in most New York demand sectors at the end of the
planning period. :

Because natural gas is a clean burning source of conven-
tional energy, environmental considerations also favor its con-
sumption over other fossil fuels, especially in urban areas of

New York State where air quality is a concern. Natural gas is -

also a preferred fuel since approximately 93 percent of New
York's current gas supply originates from domestic sources as
compared to only 30 percent of the State’s petroleum sup-
plies. .

Figure 11 shows the anticipated sources of natural gas sup-
plies for New York State distribution companies over the next
fifteen year period.

FIGURE 11
NEW YORK STATE GAS SUPPLY BY SOURCE
(BCH

1981 1986 1991 1996

New Gas (Post 78) 188.4 314.2 403.4 4493
Old Gas (Pre 78) 356.5 197.4 92.7 44.7
Canadian/Mexican 12.8 58.4 59.2 16.8
LNG/SNG 11.5 135 13.5 134
Alaskan 0 0 5.0 5.0
Other* 95,2 . 942 99.2 155.4

*Primarily natural gas from tight sands, shale and deep (greater than

15,000 square feet) formations.

Considerable uncertainty surrounds specific projects as-
sociated with these supply sources. Consequently, New York
State gas distribution companies should actively pursue the
acquisition of additional natural gas supplies, such as the pro-
posed Boundary Gas-Tennessee Project to import Canadian
natural gas, and increase indigenous New York State natural
gas supplies which are likely to be competitive with oil.

To insure that economic sources of natural gas supply are
available for future use by New York consumers, the Energy
Planning Board has approved the following policies:

e New York State should oppose any federa! legislative or
regulatory efforts to accelerate the deregulation of natural
gas wellhead prices contained in the Federal Natural Gas
Policy Act of 1978.

¢ Natural gas supplies should be acquired by New York State
gas distribution companies:

—whenever they can be delivered to New York markets at
a price that will be equal to or less than the delivered
price of imported oil; or

—whenever it is demonstrated that acquisitions are in the
public interest.

¢ Natural gas should be priced to consumers in a manner that
will:
—encourage New York consumers to rely on natural gas in-

stead of oil in markets where use of gas is an economic al-
ternative to imported-oil;

—encourage efficient use of gas by all consumers; and

—advance the policies and objectives of the State Energy
Master Plan.

D. Electricity

The electricity supply plan approved by the Energy Planning
Board reflects several major strategies directed at shifting the
electric system fuel mix from overdependence on expensive
imported oil, providing an adequate and reliable supply of
electricity to sustain continued economic growth, and
moderating consumer costs. The specific strategies include:

* completion of all baseload electric powerplants currently
licensed and/or under construction;

* the phased conversion of twenty-one existing oil-fired
powerplants to coal;

* increased use of small hydro, solid waste, cogeneration and
wind technologies to produce electricity;

® increased levels of electric energy imports from Canada;
and

* greater use of pymped storage hydroelectricity.
Figure 12 depicts the updated SEMP electricity plan.

Implementation of the proposed electricity supply plan will
reduce oil consumption in the electricity sector by nearly 37
percent, from approximately 63.5 million barrels per year in
1979 to approximately 40.3 million barrels per year in 1996.
Coal consumption will triple from about 8.5 million tons per
year in 1979 to about 25.9 million tons per year in 1996. Total
hydro electricity generation will increase from 23.6 billion
kwh ta 26.9 billion kwh in 1996. The contribution of cogener-
ation, resource recovery and wind facilities would increase
from approximately 0.3 billion kilowatt hours in 1980 to 4.6
billion kilowatt hours in 1996. Canadian electricity imports
would increase from about 9.2 billion kwh in 1980 to about
14.5 billion kwh in 1996. These changes in electricity produc-
tion are expected to reduce consumer costs by $10 billion
through 1996,
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New Facilities

Under Construction

Shoreham
Somerset
Nine Mile Point 2

Licensed

Arthur Kill
Jamesport
Lake Erie

Planned

Pumped Storage Hydro

Qil to Coal Conversion

Ravenswood 3
Lovett 4 & 5

Arthur Kill 3

Arthur Kill 2
Albany 1-4
Danskammer 3
Danskammer 4

E.F. Barrett 1 & 2
Port jefferson 3 & 4

Alternative Generation

FIGURE 12

ELECTRICITY SUPPLY PLAN

(1981-1996)

Capacity (MW)

813
625
1,080

700

850

1,000

(MW After Conversion)

Fuel Date
Nuclear 1983
Coal 1984
Nuclear 1986

Coal/RDF 1987
"~ Coal

Coal

1991
1989

PS Hydro 1987

(Cumulative Additions Since 1979)

Small Hydro
Cogeneration
Solid Waste
Wind

Canadian Imports

Energy (Billions of KWH

per year)

923 1983
387 1982-83
491 1983
333 1984
39 1984
137 1986
231 1986
348 1987
348 1987
1981 1986 1991 1996
111 266.5 490.8 725.0
26.7 230.5 3225 3735
32.0 169.5 353.5 395.5
0.2 4.5 13.5 58.5
1981-1983 1984-1987 1988-1996
10.5 12.5 14.5 .
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E. Coal

Coal is an abundant and economic domestic energy source.
Coal use is expected to increase dramatically within New York
State over the next fifteen years, as shown in Figure 13,

FIGURE 13

FUTURE COAL CONSUMPTION
IN NEW YORK STATE

(10 tons)
. 1986 1991 1996
Electric Utilities 15.8 233 25.9
Industrial 2.7 3.1 3.7
Coke Plants : 3.2 3.3 34
Retail Dealers 0.1 0.2 0.2
New Technologies 0.0 1.8 4.6

The largest coal use increase is expected to occur in the pro-
duction of electricity. The Energy Planning Board has en-
dorsed the construction of three new coal or coal/RDF power
plants and the phased conversion to coal of nearly 5700 mega-
watts of existing oil-fired capacity. The first phase, consisting
of 3594 MW, includes facilities where there are substantial
assurances that the conversions will be economic, are tech-
nically feasible, and can satisfy all appropriate environmental
standards. Phase Il conversions, consisting of 2044 MW, in-
clude those facilities (Ravenswood 1 and 2, and Northport
1-4) where there is less assurance of successful conversion.

While theré "has been considerable activity in the past
several years, limited real progress has been made in acceler-
ating the use of coal in the State. The slow pace has resulted
from many factors, including uncertainty concerning Federal,

" State and municipal environmental requirements; uncertainty

concerning the potential economic benefits and risks; and
financing problems.

To address these concerns and help insure increased coal
use, the Energy Planning Board has approved the following ac-
tions and recommendations:

* The utility coal conversion program should be imple-
mented in a phased manner.

* The recommendations of the Governor’s Clean Air Task
Force should be adopted by Congress as changes to the
Federal Clean Air Act. The principal recommendations are:

—provide voluntary coal conversion with the same statu-
tory exemptions from certain requirements of the act as
are available to PIFUA mandated conversions; while vol-
untary and ordered conversions are treated alike in regu-
lations implementing the Clean Air Act, some have ar-
gued that this is inconsistent with the Ianguage of the act;

—provide the-State with resource management flexibillty to
trade emissions from different sources through use of the
so-called “‘bubble’” concept. This concept could both re-
duce air pollution and permit_coal conversions to pro-
ceed without violating environmental standards because
emissions from coal conversions could be offset by an
equal or greater decrease in emissions from other
sources;

" —provide a more flexible method for Federal management
of the State Implementation Plan process; and

—eliminate Prevention of Significant Deterioration (PSD)
for Class ll and 1 areas, and require Best Available Con-

trol Technology for new or significantly modified sources. .
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* The Congress shou!d modify the Federal Internal Revenue
Code to provide an additional 20 percent investment tax
credit for industries converting from oil and gas to coal
through 1990.

* An accelerated depreciation schedule for recovering the
costs of new industrial coal using equipment should be
adopted by the Federal government.

F. Petroleum

The updated Master Plan emphasizes the need for the
Federal and State governments to pursue policies aimed at re-
ducing dependence on petroleum, particularly foreign petro-
leum. New York has made progress in the past two years in
reducing its consumption of oil; however, the State remains
vulnerable to petroleum supply disruptions and price in-
creases to a significant degree.

Although New York State can and is doing much to reduce
demand for petroleum, it can do little on its own to improve
its oil supply situation. The Energy Planning Board has, there-
fore, called for the following federal actions to improve the
security of petroleum supplies within New York State.

» Continue and expand Federal synthetic fuels activities.

* Encourage a shift to Western Hemisphere supply sources
for oil imports.

¢ Provide uniform tax incentives for construction of petro-
leum storage facilities to replace aging facilities and in-
crease storage capacity.

G. Transportation

Nearly one-half of all petroleum products consumed in New
York State are consumed in the transportation sector, a sector
consisting of mass transit systems (subways and buses); com-
muter railroads; long-distance intercity railroads and buses;
automobiles; trucks; airplanes; ships and barges. It is therefore
important for the State to seek to maximize the efficient use of
energy in this sector in order to achieve the principal Master
Plan goal of further reducmg our reliance on imported petro-
leum.

The updated Plan concludes' that, unlike other sectors
which rely heavily on petrolem and for which a number of
State actions are proposed to reduce its use significantly, the
State, acting alone, is quite limited in its ability to substantially
reduce consumption in the transportation sector. Indeed, the
Plan notes that the most pressing concern for the State may be
maintaining the relatively high efficiency of the existing trans-
portation system.

To promote energy efficiency and further reduce petroleum
use in the transportation sector, the Energy Planning Board
has approved the following recommendations:

¢ Place a surcharge on all speeding citations for violation of
the 55 MPH speed limit.

¢ Continue studies of the possibility of the use of tandem
truck trailers on certain highways.

¢ Amend the transportation law to reform the economic regu-

lation of the State’s motor carrier industry in accordance
with the 1981 Governor’s Program Bill #164.

® Promote the use of wind deflectors and other fuel saving
devices on trucks.

* Establish an expedited maintenance and rehabilitation pro-
gram for the New York Barge Canal.

¢ Expand Park and Ride activities.

¢ Enact legislation to stimulate vanpooling and ridesharing
through tax incentives.
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* Teach energy efficiency driving techniques.

¢ The Federal government should ensure adequate funding
for the operation, maintenance and upgradmg of mass tran-
sit systems,

¢ The Federal government should ensure the continued im-
provement of rail service.

* The Federal government should continue to provide sup-
port for highway maintenance and rehabilitation for States
like New York where the cost of repairing an aging systern is
beyond current financial capability of State and local gov-
ernments.

H. Rising Energy Costs and Low Income Households

Increases in residential energy costs affect New York and
other northeastern states more than the rest of the U.S., due to
the region’s- colder climate and older housing stock. More-
over, the burden of these rising energy costs falls most heavily
on low income households, which not only have less money
to spend but also are more likely than other New York
households to live in old, energy-inefficient, oil heated dwell-
ings, particularly multi-family dwellings. The elderly living on
relatively fixed incomes are particularly hard hit, since they
are likely to need additional heat or lighting because of poor
health and declining perceptual abilities.

Many government actions to help alleviate energy burdens
on low-income and elderly households have been taken dur-
ing the past few years. These actions have been helpful. New
Yark State, however, must continue to support increased
funding for Federal energy assistance programs and more flex-
ibility in the use of available funds. The Federal government
should:

* Provide continued funding for the Federal Home Energy As-
sistance Program (HEAP) at a level not lower than the pres-
ent $1.87 billion.

¢ Continue the Federal Weatherization Program, but encour-
age weatherization of urban buildings, coordination. with
other programs, and greater program flexibility.

I. Contingency Planning

Experience since the 1973-74 Arab oil embargo, including
the 1977 natural gas emergency and the 1979 gasoline supply
emergency, demonstrates New York State’s vulnerability to
sudden disruptions of energy supplies. Reliability of supplies,
particularly imported petroleum, will continue to be a major
concern throughout the planning period.

The State’s need to maintain a standby emergency pre-
paredness program, already strong in light of the State’s ex-

ceptional vulnerability to supply disruptions, has become’

even stronger because of the Federal government’s recent
withdrawal from an active emergency preparedness role. If an
oil supply emergency occurs, the burden of responding ta it
will fall almost entirely upon the State. In order to meet this
responsibility, New York State must provide fundmg for the
following:

¢ A continuous petroleum supply and price monitoring pro-
gram and up-to-date standby electronic data processing
capability.

¢ A periodic review and update of the State Energy Emer-
gency Plan, addressing all forms of energy emergencies.

* Standby transportation fuel emergency measures, such as
minimum purchase and odd/even.

* A standby State fuel set-aside program.

State actions, while necessary, will not be completely suf-
ficient, however, to handle a serious supply disruption with-

out Federal assistance. The State Energy Master Plan proposes
the following Federal actions necessary for effective response
to a serious supply disruption:

¢ Continuation of Federal Energy Data Collection Programs.

¢ Continuation of the Emergency Energy Conservation Act
(EECA) Program with Adequate Funding.

® Acceleration of the filling of the Strategic Petroleum Re-
serve using public monies to fund such acquisitions should
be continued; additionally, DOE should undertake an eval-
uation of alternatives to building new underground storage
facilities, including acquiring interim storage capability such
as leasing temporary facilities or construction of above
ground steel tanks, and the establishment of a system of
Regional Petroleum Reserves, required by statute, shouid
be implemented.

* Authorization of a Federal standby petroleum product and
allocation program to replace the Emergency Petroleum
Allocation Act.

J. Research and Development

Meeting New York's energy needs requires developing all
options open to the State. Conservation, coal, renewable, and
indigenous energy sources and nuclear resources are attrac-
tive because they are economic and available. All resources
must be explored and, if found promising, developed and
demonstrated to ensure meeting the State’s need in an
economical, safe and environmentally sound fashion. The
State’s current energy research and development program has
taken a comprehenswe approach through the cooperative ef-
forts of the PSC, ESEERCO, NYGAS, ERDA, the utilities, in-
dustry, universities, local government agencies within the
State, national organizations and the Federal government.

All major organizations in energy R&D must continue to
communicate and cooperate with one another to ensure that
the always limited RD&D resources are most effectively util-
ized. Funds must be used as advantageously as possible to
promote the well-being of New York residents as well as the
national interest.

VI. CONCLUSION

The updated State Energy Master Plan provides a blueprint

. for reshaping New York’s energy future. The recommenda-

tions in the Master Plan would, if fully implemented, signifi-
cantly reduce the State’s dependence on imprted petroleum;
substantially diversify the State’s fuel mix; and increase the ef-
ficiency of energy use, and the use of renewable resources
and coal in the State. Figure 14 illustrates the impact of full im-
plementation of these recommendations on New York's
future fuel mix.

Furthermore, the Plan projects cumulative economic sav-
ings in the State of at least $10 billion by 1996 as a result of im-
plementation of the broad range of proposed actions. The
substantial savings to consumers associated with the Plan will
flow through to the State’s economy and greate significant ad-
ditional income for other purposes. Full implementation of the
Plan’s recommendations will result in the creation and_sup-
port of 25,000 jobs and $467 million in earnings annually by
the year 1996. Finally, the Plan’s recommendations would, if
implemented, have a limited incremental effect on the State’s
environment.




FIGURE 14

Total primary energy consumption

NEW YORK STATE, 1980 and 1996
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