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FOREWORD

The Energy and Environmental Systems Division at Argonne National
Laboratory is investigating the aspects of electric utility system reliability
that could be affected by future energy policies or technologies. The work is
being pétfofmed for the Office of Technical Programs Evaluation, Assistant
Secretary for Policy and Evaluation, U.S. Department of Energy. The investi-
gation is being made from two perspectives -- the customer's and the utili-
ty's. This report is concerned with the customer perspective of reliability
and describes Argonne's efforts to date on that subject. As the report
indicates, additional activities related to the customer view of electric
utility reliability is continuing at Argonne. Additionally, study related to

the utility perspective of reliability is progressing concurrently. -
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ELECTRICAL SERVICE RELIABILITY:
THE CUSTOMER PERSPECTIVE

M.E. Samsa, K.A. Hub, and G.C. Krohm
ABSTRACT

Electric utility system reliability criteria have
traditionally been established as a matter of
utility -policy or through long-term engineering
practice, generally with no supportive customer
cost-benefit analysis as justification. This
report presents the results of 1initial study
of the customer perspective toward electric
utility system reliability, based on critical
review of over 20 previous and ongoing efforts to
quantify the customer's value of reliable electric
service. A possible structure of customer classi-
fications is suggested as a reasonable level of
disaggregation for further 1Investiyation of
customer value, and these groups are characterized
In terms of their electricity use patterns.
The values that customers assign to reliability
are discussed In terms of internal and external
cost components. A list of options for effecting
changes iIn customer service reliability 1is set
forth and some of the many policy Issues that

. could alter customer service reliability are
identified.

1 SUMMARY AND CONCLUSIONS

Traditionally, electric utility system reliability has been discussed
in terms of the utility’s generator and transmission line reliability criteria
aé used in system expansion planning. Although most utilities have some
criteria to which system expansion is designed, there is generally no suppor-
tive customer cost-benefit analysis used to justify the reliability target
levels which are usually established as a matter of utility policy or through

long~-term engineering practice.

Within the last decade several major electrical power outages have

increased public awareness of the effects of widespread losses of service.

i



Customer groups, regulatory commissions, utilities and policymakers are
questioning current reliability practices in an effort to determine the social
costs of providing different levels of electric service reliability. Service
reliability is defined as the level of continuity and quality of electrical
supply to a utility customer’s end-use device. In question is how the cus-
tomer’s needs for power and the utility’s requirements to supply power might
be satisfied most equitaﬁly as energy and capital become less available and as
new technologies are introduced.into the utility systems. These questionslcan
be better addressed as researchers learn more about the value of electric
service reliability to various customer groups and how this value relates to
the expected frequency and duration of power interruptions, and to various

economic and demographic characteristics.

As the major energy technology developer and policymaker, the U.S.
Department ot Energy (DOE) is studying the potential effects associated with
alternative technological and policy options as they relate to electric
service reliability. This report presents results from the initial activities
of one of these studies, focusing on the customer perspective toward utility

system.reliability.

The objectives of this report are: (1) to present a brief review of the
literature and of current efforts to quantify the customer’s value of reli-
ability, (2) to provide an initial structure for classifying customer groupo
that is appropriate for future analysis of utility reliability, (3) to
set forth a list of options for altering service reliability, and (4) to
identify some of the many related policy implications. This document 1is an
initial and interim report of these efforts. Additional work related to the

customer perspective, and the utility view as well, is continuing at Argonne.

1.1 VALUE OF RELIABILITY STUDIES

Major emphasis was placéd on the review of previous and ongoing efforts
to quantify the value to the customer of electrical service reliability. This
review has found that nearly all of the previous studies that estimate this
value have relied upon easily obtainable surrogate social cost indicators such
as gross regional or national product, wagés and. salaries, or value added by
manufacture. In general, these studies assume that ag aggregate social value

of reliable electricity is directly proportional to one of these indices for a



specified geographic area divided by the electric.kilowatt-hours consumed in
the same area. This aggregate levei of quantification is insufficient from a
policy evaluation standpoint because of wide diversity in service areas and
associated customer mixes, and because of wide variation in customer losses
resulting from power interruptions. These indices are also inadequate because
they provide only a crude indication of customer losses and are insensitiveAto
variations in interruption frequency and duration.that have been shoﬁn to be

important factors to many customers.

Four works referenced most frequently in discussions about electric
utility reliability are those of M.L. Telson (1972, 1975), R.B. Shipley, et
al. (1972), and A. Kaufman (1975). The customer value of reliability as

estimated in each of these reports is shown in Table 1.1.

Each of the four works estimates the value of electric service reli-
ability in an effort to determine, 6r to demonstrate a methodology for deter-
mining, a socially optimum level of reliability. Telson and Kaufman adopt a
probabilistic approach to determining a- socially optimum level of utility
generation reliability, while Shipley, et al., analyze only one year of
actual data but consider both generation and transmission reliability.

Based on comparisons of marginal customer costs and utility eipenditures at

Table 1.1. Value of Reliability Estimates

Author Methodology : I Estimate
M.L. Telson . New York Power Pool (NYPP) Wages/
(1972) NYPP Industrial & Commercial kWh ’ $1.17 /kWh
M.L. Telson’ a. NYPP Wages/NYPP Industrial &
(1975) Commercial kWh S $1.22/kWh
b. U.S. Wages/U.S. Industrial &
Commercial kWh : . -$ .57/kWh
R.B. Shipley, : ’
et al. (1972) GNP/Total U.S. kWh A $ .60/kWh
A. Kaufman ' Peaking generation owning NYPP Value Added

(1975) & operating costs in $/kWh ¥ NYPP Elec. Revenues $ .77/kWh



various levels of reliability, each author concludes that utility reliability
exceeds its social optimum; their results range between 5 to 10 times the

optimum level.*®

Fifteen other U.S. and European studies have made estimates of the
value of electric utilify reliability to various customer groups. Most of
these estimates are also based upon indirect indicators of customer losses.
Although the results of these estimates are not directly comparable because of
differences in the scope and dollar value of each, an order of magnitude
variation exists among the various approximations of the customer's inter-—

ruption losses.

The U.S. Department of Energy, Division of Electricai Energy Systems
(DOE/EES) and the Electric Power Research Institute (EPR1) are now in the
initial phases of efforts related to electric utility system reliability.
Both EPRI and DOE/EES are developing methbdological approaches for the quanti-
fication and analysis of utility sysfem cost, reliability and customer valua-

tion.

The study fouﬁd to be most appropriate for quantifying the value of
electrical supply reliabilityA is the consumer survey activity underway by
Ontario Hydro. This Canadian utility has intitiated a series of five detailed
surveys to estimate the customer's losses resulting from various power inter-
ruptions and to identify customer preferences with respect to duration and
frequency of outages. The results of only one surVey, that of.large manu-
facturers, are now available. Preliminary data on four other customer groups
are available, but final results may not be known for several months.  The
four customer groups include small manufacturers, residential customers, farm
customers, and other general rate class customers, including commercial and
institutional users. Table 1.2 summafizesbsome of the aggregate customer

losses as based on Untario Hydro's surveys.

ATwo of these studies, Telson (1972) and Kaufman (1975), have computational
errors; Kaufman's work also employs several unsupported assumptions.
These have a significant effect on the conclusions reached in the original
works, and have thus been accounted for in reporting this range. See Sec-.
tions 3.1 and 3.4 for additional detail.



"Table 1.2. Aggregate Customer Losses

Outage Large Small : - Residential
Duration . Manufacturers Manufacturers? _ Sector?
S/kW $/kW/hr . $/kW $/kW/hr . $/kW $/kW/hr

1 min .60 36.00 .85 51.00 - -
20 min 1.80 5. 40 2.77 8.31 . 0.03 0.09

1 hr 2.67 2.67 4. 39 4.39 0.03 0.03

2 hr 4. 60 2.30 -_— —_ — —_—

4 hr 6.02 1.51 19.92 4.98 0. 06 0.02

8 hr 8.83 1.10 31.50 . 3.94 —_— -—.

aPreliminary; subject to change.

—- Outage duration not sampled in survey.

Based on the comprehensiveness of Hydro’s large industrial customer
survey and preliminary results from their other surveys, it appears that
this work is the best available empirical data on perceived cﬁstomer losses
resulting from electrical power interruptions. Hydro’s survey work will
ultimately address a wide range of individual customer groups and will appar-
ently address nearly every important factor determining the customer’s cost of
electrical power reliability. Of course, Hydro’s data are not directly
transferable to other service areas. However, because of the level of dis-
aggregation, it would seem possible to develop a methodology that would allow

the transfer of customer loss relationships to other utility service areas.

Two other surveyé, one Ey Consumers Power Company (CP) and the other
by General Public Utilitiés'(GPU), were also reviewed. Both of these surveys
are of interest because they provide perspective on customer reaction to power
interruption, but unfortunately are limited in any attempt to quantify the

customer’s value of reliable service.

1.2 CUSTOMER CLASSIFICATIONS AND COMPONENIS OF VALUE.

Each customer has a unique set of electric energy requirements and

level of incurred losses resulting from an interruption of service. These

vary widely even among customers engaged in neariy identical activities.



Therefore, any attempted aggregation of customers will reflect this wide
variability. The value to a customer of reliable electric power is dependent
upon his service requirements and perceived interruption losses. These, in
turn, are functions of a number of independent factors, including equipment
design, availability of emergency back-up generation, ambient weather condi-

tions, time of day or year, geographic factors, and others.

1t is not practical from the viewpoint of national policy evaluation
to attempt to quantify the characteristics of individual customers and service
areas. Nor is it sufficient, because of the diversity in service areas and
customer mixes, to use the broad customer value indices that have been used in
the past. The most practical approach is to classify customers into a manage-—
~able number of groups defined by general electricity-use characteristics and
values of electric service reliability. Such aggregations should facilitate
both data acquisitioﬁ and the modification of existing data to conform to

different customer mixes and service areas.
A reasonable disaggregation of customers includes the following groups:

Large Manufacturers,
Small Manufacturers,
Commercial,
Institutional,
Agricultural, and
Residential Customers.

[« N0V, B~ VSR R

These groups are listed in the general order of decreasing individual customer
demand and increasing periodic load variation. Large manufacturers are charac-
terized by a generally high and uniform demand for electric power. Resi-
dential customers are characterized by fairly low demand.per customer that

may vary daily or seasonally by as much as 50 to 80% or more.

The value of electric service reliability to customers must be at least

as great as the product of expected economic losses causcd by a service
‘interruption and the probability of that interruption occurring, summed over
all possible interruptions. However, the customer's value of reliability may
be greater than this computation would indicate because of certain external,
" or non-dollar costs, that are inCurted as a result of electrical service
interruptions. Examples of external costs include effects on the customer's
comfort, convenience, or safety, but may also include indirect customer costs
such as the release of environmental pollutants due to inoperable pollution

control devices.



It is often difficult for both the customer aﬁd utility analyst to
quantify and thus assign a value to external costs. However, these costs may
be the most important factors in decision-making for some individuals.
Despite the difficulty in assigniﬁg values to external costs (or benefits),
the customer does.so, at least implicitly, for "every product that is pur-
chased. Thus this component must be recognized, to the extent possible, in

determining the customer’s value of reliability.

Key constraints to assigning values to electric service reliability
by customer groups are the wide variability and large uncertainty associated
with operating environments and interruption costs as well as those of ex-
ternal costs. Much of the Qngoing work, particularly by Ontaric Hydro, is

seeking to narrow the bands of uncertainty of the customer’s internal costs.

1.3 OPTIONS FOR ALTERING SERVICE RELTIABILITY

Numerous operational and technical options are currently or may poten-
tially be available to alter customer service reliability relative to the
level nominally provided by the utility. Each option may be classified
according to whether it is selected by the utility or customer during the
design phase, and whether it is activated by the utility or customer during

day-to-day operations. The various options include:

Class A: Customer selected during design phase —--
Customer activated during operation phase

1. Supplemental emergency power generation

2. In-house generation with utility backup

3. Storage devices

4. Voltage regulators and
power supplies

uninterruptible”

Class B: Utility selected during design phase --
Customer activated during operation phase

1. Customer peak demand charge
2. Time-of-day pricing
3. Voluntary public appeals

Class C: Customer selected during design phase --
Utility activated during operation phase

1. Interruptible service contracts
2. Pulse-controlled devices
3. Special supply provisions



Class D: Utility selected during design phase --
Utility activated during operation phase

1. Generation reserve, configuration and
interties

2. Transmission configuration and design

3. Distribution configuration, design and
maintenance

4; Operational procedures

Some cost 1is associated with each option available for altering
customer service reliability. Depending upon the type of option, its cost may
be borne by the utility or by the customer either directly or indirectly
through the utility rate structure. The cost relationship between reliability
and equipment options such as emergency poﬁér generators, special supply
provisions and generation, transmission, and distribution subsystem design are
relatively easy to quantify for a particular customer or utility. A generic
estimate of these relationships, however, is complicated by the wide diversity
of customer requirements and utility system designs and practices. Neverthe-
less, the cost associated with each of the options available for altering
customer service reliability is intimately related to the customer’s per-
spective of value and willingness to pay for a specified level of utility

- reliability.

Other considerations enter into the customer’s electricity requirements
and value of electrical service reliability. Most notable is the option to
use a different power source such as natural gas for process heat, or steam
for mechanical drives. Another option includes a process designed for
temporary or decreased (but continued) operation in the event of an electrical
power failure. The extent to which these options are available will affect a
customer’s value of electric reliability because they will tend to decrease
losses during electrical power interruptions. The options have not been
included above because they do not alter the customer’s electrical service
reliability, but affect his ability to continue operations despite power

interruptions.

1.4 POLICY

A variety of policy issues are directly or indirectly related to

utility system and customer service reliability. = A major area of curreant



interest to DOE is the system integfation effects of new technologies, parti-
cularly decentralized energy technologies (DET). DETs are both electric and
non-electric energy sources that are small in comparison to today’s centra-
iized generation facilities, and which may be located near a load center or
end-user. These systems may rely on conventional fuels or on renewable enérgy

sources such as direct and indirect solar energy.

Major issues .that need to be resolved, if DETs are to be successfully
implemented, are associated with their optimum arrangements in terms of
ownership and contréi, and the operational effects of these systems on
society”s energy infrastructure. DETs that rely on intermittent renewable
resources such as direct solar conversion and wind generation will h;ve a
component of availability that is dependent upon prevailing meteorological
conditions. The extent to which the supply intermittence may correlate with
customer demand or affect the customer’s service reliability and incurred

costs is largely unknown.

Other major problem areas and issues that may arise, or that have
arisen, in association with electrical reliability are related to the fol-

lowing areas:

1. Rate relief and rate structure,
2. System design and planning practices,
3. Utility price and service respousiveness to various
customer classes,
4. Appropriateness of reliability assessment methodologies,
5. " Load shedding priorities and customer equity,
6. Emergency power pricing criteria,
7. Long~-term economic impacts,
8. Derating of generation facilities for environmental causes, and
9. Relative costs and benefits of a national transmission network.

1.5 CONCLUSIONS

A review of existing and ongoing studies of the value of electrical
service reliability to the customer has shown that many of the past efforts
take the form of indirect estimates. These studies attempt to quantify the
value of reliability in terms of aggregate economic indices which are insen-
sitive to regional variations in customer ﬁixaapd which do not account
for the customer’s sensitivity to voltage reductioﬁs and the frequency or

duration of interruptions.
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More recent work seeks to quantify less aggregate customer losses
through the use of customer surveys. Although a more disaggregate quantifi-
cation of customer losses is far superior to the use of a single social or
economic index, problems associated with the generalization of these data and
their transferability to deﬁographic areas outside the survey region exist due
to unique customer, load, and other characteristics of each utility service

area.

Ontario Hydro’s recent customer survef data have been found to be most
appropriate for future efforts in national and regional evaluations of elec-
trical service  reliability. These data on customer losses can likely be
modified $0 as to conform to ditterent customer mixes and service areas using
readily available regional or local economic and demograﬁhic information. If
these data should remain substantially unchanged with time, conclusions

about reliability might easily be made when translated to U.S. service areas.

The customer’s value of electrical service reliability depends not only
upon his expected economic losses resulting from an interruption of service
(internal costs), but also upon his perceived external .or non-dollar costs.
These costs are difficult to quantify but may be the most important factor in
the value systems of some customers. None of the previous nor angoing studies
will provide data sufficient to quantify the value that customers assign to
external costs associated with power interruptions. Thus, it is expected that
adequate data related to the external cost component of value will remain de-

ficient for some time.

Numerous operational and technological options for altering service
reliability on a systemwide or more selected basis have been identified. The
current or future avaiiability of these options will affect the customer’s
willingness to pay for the level of reliability provided by the utility. A
generic estimate of the customer’s and utility’s costs and benefits associated
with any of the identified options is complicated‘by the wide diversity of
customer requirements and utility system designs and practices. The evalua-
tion of some options is further complicated by a lack of quantitative data as

to their effect on the utility’s system and customers.

Numerous local, regional, national, and international issues are

related to questions concerning electrical supply reliability. Of particular
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‘and current interest to the U.S. Department of Energy is the system integra-
tion effects of new decentralized energy technologies, primarily those depen-

‘dent upon renewable resources, such as solar conversion and wind generation.



12

THIS PAGE
WAS INTENTIONALLY
LEFT BLANK



13

2 OBJECTIVES AND BACKGROUND

The general subject of reliability of electrical service from the
customer and utility points of view is under inquiry. Service reliability is
defined as the level of continuity and quality of electric supply to a utility
customer’s end-use device. Questions typical of those currently being asked

by customer groups, utility commissions, utilities, and policymakers include:

1. What are the social costs and implications of having
different electric supply reliability criteria?

2. What are the reliability preferences of various cus-
tomer groups and how can a utility system be tailored
to meet those preferences?

3. How will new intermittent supply technologies inter-
face with the utility system and how will these affect
customer reliability and utility planning?

4., What are the costs and benefits associated with re-
liability alterations in the generation, transmission,
and distribution parts of the supply system?

5. How are various levels of reliability valued by diverse
customer groups and what are the functional relation-
ships between value and expected customer interruption
frequency, duration, and geographic distribution?

In general, this report ‘represents a review of work related to these and

other questions on the value of electrical reliability to the customer.

The objectives of this paper are (1) to present a brief review of the
literaturc and of current efforts that quantify the customer’s value of
réliability, (2) to provide an initial structure for customer classification,
(3) to set forth a list of options for altering customer reliability, and (4)
to identify some policy implications related to electric utility reliability.
This document should be viewed as the first reporting of current ANL efforts

on electrical reliability for the DOE Office of Technical Programs Evaluation.

Investigations of electric service reliability can be separated into
those considering the suppiier's views and those considering the consumer’s
views. Excluding secondary impacts from 1os§ o{ electrical service, one can
specify the proper reliability criteria for design‘by'baiancing the supplier’s
marginal costs to changé reliability against the customer’s costs for the same

change in reliability. The customer can choose of course from numerous
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available supply options the one most economically justified, such as the
purchase of backup equipment, as weil as options provided by the utility.
Before discﬁssing consumer values and options, a short discussion of the
electric ptility system design practices will provide perspective on some

important aspects of reliability.

Historically, electric utilities have apprbached generation, trans-
mission, and distribution reliability planning as separate and sequential
functions. Although most utilities have some criteria to which system expan-
sion is designed, no apparent supportive cost/benefit analysis is generally
used to justify the selection. Rather, system reliability target goals have
often been a matter of utility policy> or. engineering practice established

through long-term use.

Reliability planning for geﬁgration facilities is generally much more’
advanced than it is for transmission or distribution facilities. This prior-
ity is assigned because of several reasons: .first, generation facilities are
usually the largest individual cost investmenf of the utilities; second, a
failure to have sufficient capacity available to meet the aggregate customer
demand can potentially(affect the entire utility service area; and third, the
generation sector is easier to analyze because the facllitles can be con-
sidered as a collection of point sources with forced outages dominated by the
probability of mechanical failure. (Transmission and distribution facilities

‘need to be considered as line sources with failure incidents partlally depen-
dent upon the geographic distribution of customers and on environmental

exposure.)

Generating capacity reliability is usually discussed in terms of the
sufficiency of capacity to meer total peak demand. Tn the past,”it wao the
practice to provide enough capacity to supply the estimated peak demand plus
an additional amount equal to some percentage of that démand, equal to the
largest generating unit, or largest two units, depending upon the utility.
The total capacity then exceeded the projected greatest electrical demand by
an amount (réserve margin) that was supposed to allow for generator failures,

for underestimating the load, and for extended maintenance work.

In an attempt to develop procedures more rational than rule-of-thumb

methods, the power industry began to use probability analysis to compute their
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required capacity. Generation loss of load probability (LOLP) is the expected
fraction of time that system generation will not be sufficient to meet esti-
mated customer demand. LOLP is generally calculated on an annual basis of 365
days or sometimes based on 260 weekdays per year. A fairly common LOLP
criterion adopted by most utilities that use this technique is one day in ten

years or on an LOLP of 2.74 x 10~%4 assuming a 365-day period.

First introduced in the 1930s, probability methods have now been
developed to the point where most ufilities use them to factor into capacity
planning relevant information as to load'patterns, number and size of generat-
ing units, forced ohtage and maintenance of individual units, and delays of
unit construction. Probability analysis allows the planning .engineer to
determine the capacity needed to satisfy specified levels of reliability
through consideration of such aspects as the frequency and duration of genera-=
tion outages and the probability of the occurrence of outages, of positive
reserve margin, of energy deficiencies, and of various levels of capacity

shortages.

The reason for the greater complexity of reliability evaluation of
transmission facilities over that of generating capacity lies in the inherent
nature of transmission itself. Transmission -lines connect specific points,
and may be connected in many different patterns, each of which may need to be
evaluated in terms of its level of reliability. They also perform such
functions as bringing power from the generating plant to the demand area,
connecting power plants and substations together, connecting systems. together
for sharing jointly-owned or reserve capacity, emergency transfers of power,

and galee of capacity.

Transmission lines (overhead or underground) must be designed with a
number of factors in mind and for the terrain traversed. Wind forces, icing
conditions, river crossings, soil conditions, lightning storm intensity and
frequency all play a part in 'the engineering decision for the towers, conduc-
tors, tower spacing, and other factors that ultimately affect the transmission

system's reliability.

~Reliability analysis of transmission is generally both a system and a
point-by-point process that looks at every station supplying load to customers
and takes into account every connection between stations. System planning

usually provides alternative and supplementary paths for flow of power from

¢
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generating plants to substations, between substations, and between utilities.
However, as in the case of generation reliability, the customer reliability
criteria designed into transmission facilities is often based upon rules-of-

thumb that have been practiced by design and planning engineers in the past.

+

The distribution system moves power from a point on the bulk power.
transmission system to specific users of electricity. A lower level of
reliability is often tolerated in distribution facilities than in other parts
of the system because distribution failures affect only a small number of
customers, whereas failures in generation and transmission may affect larger
numbers. The probability of a utility experiencing a distribution line

failure is usually greater than for a transmission line failure because of the
greater number of such lines. Thus, most of the customer outages are caused

by failures in the distribution system.

Long-range planning 1is usually not required for construction of distri-
bution facilities to the same extent that it is required for large generating
units and transmission lines. Distribution circuits and equipment are indi-
vidually much less costly, théy have shorter lead times for construction, and
can generally be repaired or replaced much more rapdily. On the other hand,
the number of distribution circuits and facilities 1is much greater and offers
more’ geographically widespread occasions for failures and undesirable perfor-

mance.

Customer reliability from distribution is generally controlled by using
varying degrees of sectionalizing and automatic control and reset devices.
Most utilities have no rigorous method for determining distribution reli-
ability. According to a‘iarge Wisconsin utility, '"Distribution substations
and feeders are designed by 'seat of the pants' methods without any predeter-
mined calculation of reliability. We assume that adequate service is being
provided if service interruptions are not excessive and customer complainﬁs

are kept to a minimum."}

This Wisconsin utility, like many others, is studying the possibility
of utilizing distribution voltages that are higher than those now in use in
their system. Higher voltages will mean additional load .and customers per
feeder line as well as extended lengths of lines. The reliability level
proposed for their new design 1is roughly that level being experienced by their

customers as derived from historic records. '~ The theory is that customer
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satisfaction will be maintained if their present level of distribution reli-

.ability is not altered.

Whereas the utility approach to designing electrical systems to desired
reliability criteria is understood, the estimation of reliability criteria
suitable for individual customers or for classes of customers is not well
founded. This shortfall is due partly tovthe multiple values that the cus-
tomer places on various uses of electricity and partly to variation in values
among customers of even the same class. Generating system reliability and
associated costs for various levels of reliability have entered into facility
design for 40 or more years. The quantification of the customer’s value of
reliability has been déveloping only within the last decade. Indeed, the
various investigators of customer value have used different measures to

allocate cost for loss of service.

The customer’s loss, or loss function, might be expressed in various
férms. One is to express the losses as a function of the energy (kilowatt-
hours) not used. In this instance, a simplified expressidn of cost for the
1osf electrical generation is some constant times the energy not provided
during the outage. Another functional form is the expression of loss in terms
of the peak demand (kilowatts) that might be provided during a period or
season. Another approach is to express the loss in terms of the duration of
the outage; the loss increasing as the duration increases. Some existing
information confirms the wvalidity of this latter approach. The form of the
relationship for the loss may be linear or exponential in duration. From data
accumulated through customer inquiries, it has been obséfved that customers
are concerned with frequency as well as duration.2 To some extent the inclu-
sion of frequency may represent an experieﬁce factor, e.g., an outage of omne
or two per year is tolerable and the customer feels no need to reduce the
rate, but an outage rate of three per year would justify expenditures to
decrease the rate to one or two per year. Each outage of a specified duration
in this example does not represent a fixed cost to the customer. T'he quanti-

fication of the frequency effect is not found in the ongoing studies.

Like most actions that affect society, the loss of electrical service
by the customer can cause internal as well aS'ex;g:nal losses. Noncustomers
can experience losses, e.g., someone using the products manufactured in a

plant that loses electrical service may have to bear costs because the plant



18

is unable to supply the needed product. In addition, there are the environ-
mental and health costs associéted with unreliable services. These costs in
most instances are not included in the internal costs. The literature in most

cases does not provide records of such costs.

Some of the literature provides information on customer’s loss func-
tions, but it is not known how representative these customer loss functions
are. One of the ongoing efforts of ANL’s activities in reliability is to
establish a reference U.S. utility system in terms of both the supply network
and the number and classes of customers. This reference system is necessary
to explore 'the electrical supply'costs and costs for loss of service to
customers at various levels of reliability. In general, one would expect that
the magnitudes would vary among utilities even though a -certain class of
customers had identical electrical consumption. Nevertheless, the synthesis
of a reference U.S. utility system and its customers will advance the state of
'existing analyses. With such a refefence classification. it will be passihle
to rank the classes of customers that benefit from various levels of reli-

ability and to balance customer values against utility values.

At present, most customers contract for staadard electrical service.
For example, very few ‘customers have interruptible power contracts. It is
possible for customers to increase reliability by either special arrangements
with the utility or by installing their own emergency and hackup electrical
systems. These ownership options might not be exercised if the ‘utility were
to provide comparable services. A portion of this report discusses thec
options that could be available to the customers to change their service
reliability in order to accommodate their particular needs. The costs for

each of these options are not included in the discussion.

The development and ultimate commercialization of small, dispersed
electrical generation systems that utilize renewable resources such as dircct
solar, wind, low-head hydro, Biomass, and others, may have significant impacts
on electric utilities and their industrial, commercial, and residential
customers. -Many reliability-associated impacts are likely to be a result of
integrating decentralized; intermittent capacity into existing supply net-
works. Impacts not only will be of a technical and economic nature, but may
also include customer preferences, legal, and institutional issues. The

purpose of present efforts by the DOE Office of Technical Programs Evaluation
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is to eyaluate the potential system integration effects, and, in particular,
the effects of decentralized renewable energy technologies cdnsidering the
objectives of major stakeholders -~ the utility and its various customer

groups.

This report first reviews the state-of-the-art analysis and aata on
the customer value of reliability. This section is followed by a discussion
of suggested classifications of customers. A section on options to alter
customer service reliability by both customer and utility actions is then
presented. Finally, some policy considerations felating to reliability

are briefly described.
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Ontario Hydro Report No. PMA 76-5, Toronto (1976).
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3 ELECTRIC UTILITY RELIABILITY STUDIES

Efforts have been made in the last decade to estimate the customer's
value of electric service reliability. Generally, this value is assumed to be
equal to the customer's losses incurred during a power interruption, and
losses are assumed to be represented by indices such as gross national or
regional product, wages and salaries or value added by manufacture in direct
proportion to the electric energy (kilowatt-hours) not served due to a power
interruption. Some estimates also quantify value in terms of a customer loss
component proportional to the customer's electricity demand (kilowatts).
These ‘''steady state'" estimates assume the same value for electrical service
whether or not the '‘customer is receiving powef or experiencing an interrup-
tion. Others have pursued a variety of customer surveys to estimate the
customer's losses; and yet others are founded upon theoretical economic

models.

Usually, the underlying purpose for these estimates is to derive -an
optimum level of electric utility (usually generation) reliability by balanc-
ing the customer's losses against the utility's costs associated with certain
levels of utility reliability. This section reviews many of the previous
studies undertaken to quantify customer value of reliability. The works most
frequently referenced and others most useful for future efforts have been
reviewed in some detail. These reviews cover a feporting of the estimated
customer value as well as a description and critique of the major assumptions
and processes contained within each of the studies. For completeness, the
results of other more limited estimates of the value of reliability to the

customer have also been reviewed and tabulated.

3.1 TELSON, 1972

One of the earliest and most frequently referenced works in the area of
‘electric utility system reliability valuation is that of. M.L. Telson.l 1In his

1973 MIT Energy Laboratory report entitled The Economics of Reliability for

Electric Generation Systems and his doctoral thesis of the same title, Telson

attempts to provide an order-of-magnitude estimate of a socially optimum level
of utility system generation reliability. Results are based exclusively on
New York Power Pool (NYPP) data modeled through a series of simplifying
assumptions. These results are in disagreement with more recently available

empirical data.
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Much of the MIT report is devoted to a review of three quantitative
measures of generation system reliability: 1loss of load probability (LOLP),
frequency and duration (FAD), and loss of energy probability (LOEP). Telson
selects the latter as being most useful for the purposes of measuring the
benefits éo the system’s consumers due to the level of reliability because the
FAD and LOLP concentrate on measuring the expected amount of time in the
planning period in which there will be a generation deficit, without focusing

on the seriousness of the events.?2

LOEP is the expected fraction of system energy not served through loss
of load incidents. The LOEP model uses the LOLP method and weighs each LOLP
shortage by the proportion of energy not served. Since the fractions of
energy unserved are smaller than the fractions of time spent in .outage for
each incident,‘LUEP will always be 1less than LoLp. 3 Although LOEP 15 less
than LOLP, it is not broportional to LOLP for any system through time, since
the system”’s load duration curve and unit forced outage rates are likely to

change with time.

Telson’s approach to finding a socially optimum level of generation
reliability is to construct relationships for the cost of system expansion and
for customer losses resulting from unserved energy as functions of system
LOEP, C(LOEP) and L(LOEP)‘respectively. The socially optimum level of reli-
ability is defined as that value of LOEP for which the sum of C(LOEP) and

L(LOEP) is minimized.

System expansion costs, C(LOEP) are based on an NYPP expansion study
that computed the present value cost of expanding a system over 20 years at
different levels of LOEP by using unit additions of 600 MW assumed to be
installed when the specified LOLP criteria is violated. NYPP‘s graphical
output was fitted by Telson to give the following relationship between cumu-

lative present worth of annual charges (1981 dollars) and LOLP:

C(LOLP) = {34.5 - 0.75 10g10(260 X LOLP)} x 109

for. 1/260 > LOLP > 1/26, 000. . (3.1)
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A system expansion cost relationship, as a function of LOEP, was
required. Telson's approach was to investigate several generation expansion
strategies using a linear program technique to select the least present value
cost system in each strategy. Each expansion begén with a 20,000 peak MW
system similar' to that of NYPP- and having a peak'demand growth of 8% per
year while maintaining the initial shape of the load duration cu;ve. Each
expansion strategy was initially subjected to a constant reserve margin
constraint specified as a percent of peak load. Each system configuration was
then analyzed by a probabilistic simulation model (PROSIM) to determine the
LOLP and LOEP for each of six 5-year periods in each expansion strategy.
(Telson's planning horizon is 20 years, but he'uses 30 years in the cost
optimization model to eliminate end effects.) It was found that maintaining a
constant percentage reserve margin caused system LOEP to decrease from period
to period. = Further, that within reasonable limits, any period's reserve
margin could be altered to arrive at a desired LOEP for that period without
significantly affecting the LOEP for other periods in the expansion stra-
tegy.4 Thus by utilizing a trial and error combination of linear programming
and probabilistic simulation, Telson was able to expand optimally the genera-
tion system (in terms of cost) at various levels of LOEP held nearly constant
throughout each expansion strategy. Since the,PROSiM model calculated LOLP as
well as LOEP, a functional relationship between these two values could be

investigated.

An examination of the results of six expansion strategies lead Telson
to conclude that, for the particular load duration curve used, tﬁe:e was a
linear 20 to 1 relationship between LOEP and LOLP (i.e., LOLP = 20 x LOEP).
Although recognizing that a linear relationship does not hold in general,
- Telson argues that-it may be valid over certain ranges of LOLP and LOEP; his

expansions covered a range of LOEP between 8 x 1074 and 2 x 107°.

Telson claims that by substituting LOLP = 20 x LOEP (or any linear
relationship) into Eq. 3.1 and differentiating with respect to LOEP results

in

d (C(LOEP)) o= (2.3)(.75)(109)

d LOEP LOEP ) ' (3.2)
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Equation 3.2 is subsequently combined with the derivative of the customer loss
function to solve for LOEP where system costs and customer losses are minimum.
Telson's results are marred by a technical error in an incorrect formulation

of d (C(LOEP))/ d (LOEP). The correct formulation of the derivative is

d (C(LOEP)) - (1/2.3)(.75)(109) (3.3)
"~ d LOEP LOEP )

All other things being equal, the use of the proper deriQative would alter the

magnitude of Telson's final conclusions by more than a factor of 5.

It should alsu Le uvted that an examination of Telson's six system
expansion strategies shows an average proportionality ‘constant'" of about 27
with a standard deviation of 9.5 based on 36 pairs of LOLP and LOEP. If three
strategies noted by Telson as having '"reasonably close" values of LOEP for
each expansion period are examined, the average proportionality constant
remains about the same and the standard deviation decreases to 8.4. This fact
is important because Telson later converts the derived optimum LOEP to an LOLP
measure using a linearity assumption based on a proportionality constant

- of 20,

Telson proceeds to make a rough estimate of the customer loss function

by assuming that losses are linearly related to unserved energy. He argues
that the "linearity assumption is ... good over ranges of energy curtailment
which are small relative to customer needs; i.e., it losses are great enough

that it pays the consumer to obtain backup generation, the loss function
saturates at this point. This does not seem to be a problem over the ranges

of LOEP we ...investigate."?

To estimate this relationship Telson assumes that the perceut of
energy unserved causes a like percentage of total wages associated with the
interrupted economic activity to be lost. He argues on one hand that the
assumption underestimates attendant losses because the effects of a loss of
load linger beyond the duration of the loss of load event. And, on the other
hand, that "this function will overestimate losses because it assumes that
consumers will keep their average output per kilowatt-hour constant throughout
time whereas they are bound to become more efficient when they are reconnected

thus reducing the losses calculated when using the linearity assumption.'®
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In computing the loss factor per kilowatt-hour interrupted, the
assumption is made that all wages are related to the energy production that
occurs during daytime hours. / Thus, the LOEP in Eq. 3.4 is the LOEP based on

a 12-hour per day load duration curve, LOEP’.

The wage proportionality constant is based on a 1969 wage and salary
figure for New York State of §$55 billion. (Corresponding industrial and
commercial consumption is " 47 million MWh.) This figure is escalated at 47
per year to 1981 dollars. The present value of wages expected to be paid for
20 years past 1981 is then determined assuming a continued annual escalation
of 47 and a discount rate of 8%. A value of $1200 x 109 results. This is
the proportionality constant for the same time frame for which C(LOEP) was
determined. Thus, the consumer loss function becomes

L(LOEP’) = 1200 x 109 (LOEP’) dollars. - (3.4)

It should be noted that part of Telson’s justification for selecting
an LOEP based model (over an LOLP or FAD based model) for customér losses "is-
that customer losses escalate in faster than linear fashion with respect to
the length of the ou;age‘duration, and therefore the larger the mean shortage
duration, the worse the system. However, as long as the mean shortage dura-
tion and energy loss is not excessive ... it does not really matter much if the
outage time occurs in larger segments or in a greater'number of.smaller
segments. "8 . ‘ »

If this were true, it would also be a justification that the loss
function given in Eq. 3.4 is conservative in that it overestimates the cus-
tomer’s losses. This may be a valid approximation for a limited segment of
utility customers, particularly the residential sector. However, as is noted
in the discussion of Ontario Hydro’s survey of industrial and commercial
customers (Section 3.7), the consumer’s loss function ($/kWh) is a strongly
decreasing functidn of outage duration, approaching an asymptotic value for
outages of 16-24 hours duratiqn.9 On this basis, Telson’s premise conflicts
with more recent empirical data. By assuming linearity and a wage-related
proportionality constant, he attempts to proVide a reasonably conservative
(high) estimate of customer losses.10 Hisg assumptions, however, may actually
lead to an underestimation of industrial and commercial losses resulting from

'service interruptions of < 24-hour interruptions.
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Another rather significant inconsistency exists in Telson’s formula-

tion of the consumer loss function, L(LOEP). He states,
Note that we are relating losses to (energy unserved), and
that a problem arises if we carelessly relate losses to
system LOEP ... Most production takes place over the daytime
hours; it would be incorrect to associate all wages to all
kWh produced. For the sake of convenience, and for the
purpose of estimating an approximate relevant factor, we
will assume that wages are related to that energy production
which occurs during daytime hours, and this is how we
will compute the proportionality constant for L(LOEP) U 3 &

He goes on to note that the use of a 24~hour load ‘duration curve and a
12-hour load duration curve (7:30 AM - 7:30 PM) will yield approximately equal
measures of energy unserved, but that the use of a 12-hour curve will produce
‘an LOEP that is probably twice as great as the use of a 24-hour load dura- .

tion curve. .

Telson’s statement 1is not necessarily in error, since LOEP is the
summation of all probabilities that energy goes unserved in a specified time
period divided by the enefgy that would have been served if all customer
demand had been satisfied during that same period. The rationale is that the
majority of the total .probability that energy goes unserved is a result of
contributions during the peak period, the 12 daytime hours. Thus, the prob-
ability of energy going unserved is about the same whether a 12-hour or
24-hour period is considered. The LOEP, however, may be greater if the
probability of energy unserved is divided by energy demanded by customers.in

the 12-hour period as compared to that of the 24-hour period.

The problem is that the LOEP® in the customer loss function stated by
Eq. 3.4 of Télson's argument, is an LOEP based on a 12-hour load duration
curve. This function cannot be differentiated with respect to the LOEP
specified in the system expansion‘cdst function C(LOEP), siqcé the LOEP of the
of the cost function is presumably based on a 24-hour load durétion.curVe.

Thus, it appears that
L(LOEP) = 2400 x 102 (LOEP), - (3.5)

based on his argument that LOEP = 2 LOEP’.



27

~Based on his assumptions (and formulations), the result of Telson’s
work 1is that the socially optimum loss of energy probability (LOEP*) for

system generation capacity is
LOEP* = 1.45 x 10-3. (3.6)

He converts this result to a socially optimum loss of load probability

(LOLP*) by multiplying by a proportionality constant of 20 and gets
LOLP* = 2.9 x 10~2. : (3.7)

The LOEPs and LOLPs referred to by Telson are based on 260 weekdays
per year, but can be converted to a 365-day basis by multiplying by 260/365,

since almost none of the probability of lost load will result on the weekends.
Thus

LOLP*, o = 2.07 x 10-2, (3.8)

Since the present 1 day in 10 year LOLP planning criterion is equivalent to

= -4 '
LOLP10 2.74 x 1074, (3.9)

Telson concludes that typical systems may be foughly 100 times more reliable
than is economically optimum. This excess reliability factor is substantially
reduced, however, if (1) the proper formulation of d C(LOEP)/d LOEP is used,
(2) the average_ratio of LOLP and LOEP is used, ahd (3) if Teison's own

argument regarding L(LOEP) and L(LOEP’) is credited. A side-by—si@e compéri—

son of the two calculations is presented below:

Telson's Calculation Corrected Formulation
d (C(LOEP)) _ = (2.3)(.85)(109) d (C(LOEP)) _ = (1/2.3)(.75)(109)
d LOEP LOEP d LOEP LOEP
LOLP = 20 x LOEP A LOLP = 27 x LOEP
L(LOEP") = 1200 x 107 LOEP’
LOEP° = 2 x LOEP
L(LOEP) = 1200 x 109 LOEP L(LOEP) = 2400 x 109 LOEP

d (L(LOEP)) 1200 x 109 d (L(LOEP))
d LOEP d LOEP

= 2400 x 109
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Set sum of derivatives equal to 0 Set sum of derivatives equal to O

(2.3)(.75) (109) (1/2.3)(.75) (109) , ,
. ~ = 1200 x 109 = 2400 x 109
LOEP LOEP* LOEP LOEP*

LOEP* = 1.45 x 10-3 - LOEP* = 136 x 10~%

LOLP* = LOEP* x 20 . LOLP* = LOEP* x 27
LOLP*365 = LOLP* x (260/365) LOLP*355 = LOLP* x (260/365)
LOLP*3¢5 = 2.07 x 10~2 LOLP*3¢5 = 2.61 x 103
LOLP* LOLP* ‘

__26_5. = 75.5 ) ’ ————3—65 = 9-5
LOLP;, LOLP]
or l ' ‘ or
LOLP*3g5 = 75.5 d/10 yrs . LOLP*365 = 9.5 d/lO‘yFs (3.10)

Thus, without an examination of the possible uncertainties surrounding -
these results it might be concluded that, given proper formulation and appli-
cation of Telson’s assumptions, typical utility system generation reliability
standards may be 10 times,frather than, as conéluded by Telson, 100 times too

high.

Further insight can be obtained by examining Fig. 3.1, a graphical
representation of the C(LOEP), L(LOEP), and C(LOEP) + L(LOEP) functions
plotted against generation system reliability, R345, where R3gs = 1 — LOLP3gse

The results shown are those based on the corrected formulation. The
‘system expansion costs and customer losses afe divided by the initial peak
megawatts'ofv the system (20,000 MW), as a scaling factor. As shown, the
calculated economic optimum reliability level of 9.5 déys per 10 years 1is
centered in a very broad minimum that could easily vary anywhere‘from 5 to 15

days per 10 years.

Another way to analyze these curves is to assume some nominal absolute
uncertainty in the value of the L(LOEP) and C(LOEP) functions. Even if the
best cost and customer loss data were available, an uncertainty estimate of
+ 2% would probably be unreasonably low. Yet even wi;h this small uncer-
tainty, the magnitude of possible error in the value of C(LOEP) + L(LOEP) at
the calculated optimum reliability is + $30x/kW. This figure is enlighten-
ing in view of the fact that within the entire range of reliability shown
(0.5 - 25 days/10 yr);:C(LOEP) + L(LOEP) varies slightly less than $40/kW,
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It is interestiﬁg, too, to look at the average cost difference of
expanding a systenl at the préseht reliability criteria and at the economic
‘optimum. The 20-year present valued difference, based on a one day in ten
year LOLP criterion and the optimum 9.5 d/10 yr LOLP, is about $0.75 billion.
This is only 2% more than the optimum system that would expand at slightly in
excess of $34.5 billion. By itself, this difference would cause only abqut a
1% change in the customer’s bill, since only about half of a utility’s capital
investment is for generation. As Telson notes, éince this average excess cost
adds only a small.fraction to the customer’s electricity bill, the consumer
may be sufficiently risk averse to pay the additional amount for the added

level of generation reliability.

Although Telson’s work has
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Because of very rough

conclusions are of little value as
" Source: Derived from Telson, M.L., The
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investigating the effects of total system reliability on various customer

groups.

3.2 TELSON, 1975

Another of Telson’s works (perhaps more widely read) is a Bell Journal
of Economics and Management Science paper published in 1975.12 In the

article entitled The Economics of Alternative Levels of Reliability for

Electric Power Generation Systems, the author presents two upper bound es-

timates of consumer loss functions and adopts a somewhat different marginal
cost approach to comparing generation costs and expected losses than is

presented in his earlier MIT report.

His approach is to calculate the reduction in expected energy deficit
. made possible by the addition of one-megawatt unit (unit n+l) to a system at a
_given level of LOLP. The reduction in energy defiéit by the addition of unit
n+l is simply the energy expeéted to bé generated by this unit when it is
assumed to be last in the loéding order. Since the unit size is small, the

-expected megawatt-hours of energy generation in period k is approximated
by '

Etlk (P, ) x (£) x (LOLP) x (1 M) C(3.11)

where

Pn+l = 1 - forced outage rate of unit n+1,'

hours in period k, and

.

LOLP

loss of load probability in period k
without the unit n+l addition.

Expected generation over the unit’s lifetime is discounted to the date
of installation. This wvalue, when multiplied by the current marginal net
revenue from the sale of eléctrical energy, results in the total discounted
sales revenue. Discounted sales revenue is then compared to the present cost

of adding an additional megawatt of capacity; operating costs are neglected.

By Telson’s calculations, 1ifetimé generation from unit nt+l is 16.2
discounted megawatt-hours representing $480 of discounted sales revenue. The
estimated cost to install an additional megawatt of capacity is $100, 000.

These results assume the follbwing:
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Unit Lifetime = 30 yrs

Discount rate = .10 per annum

Sales revenue = $30/MWh
P, =0.9
H = 360 hr = 260 d/yr x 18 hr/d + 13 periods/yr
LOLP, = 1/2600 = 1 d/10 yr

Recognizing that most customers value energy lost at much more than

its sales price, Telson makes two estimates of consumer losses. The first is

a large upper bound estimate given by the ratio of the gross product of an
area to the industrial and commercial electrical energy consumed in that
area. He argues that this value is an overestimate of losses because (1) by
excluding residential consumption in the denominator, residential losses are
valued the same as industrial and commercial losses, given a power interrup-
tion; (2) through flexibilities of operation, customer disconnection will
occur only after generation capacity falls by some margin below customer
demand; and (3) some of the economic output is delayed or is only partially

but not completely lost.

A smaller large upper bound on consumer losses is defined as the

ratio of wages and salaries in a given area to the electric energy consumed by
the industrial and commercial customers. This estimate is similar to that
provided in Telson’s earlier (1972) MIT Energy Laboratory feport. He calcu-
lates this value for New York State and the total U.S., arriving at customer

loss ratios of $1223 and $574 per megawatt;hour, respectively.

Since a $100,000 investment would produce 16.2 discounted megawatt-
hours of electric energy, each discounted megawatt-hour costs $100, 000/16.2 =
$6170 to produce.. Customer losses, in the absence of this energy, for the
state of New York would be $1223 per megawatt hour unserved —-- a factor of 5,
less. Thus, Telson conciudes that if LOLP levels were closer to 5 days in 10
years, the additional unit would be expected to generate more electricity, and
therefore the cost of producing the additional megawatt-hours "would more
nearly equal the upper bound estimate of their value. He also suggests that
éince the national customer loss ratio (function) is so much smaller than the
one for New York State, his conclusions may be valid in many other areas of

the country, if not for most of the nation. It is emphasized that Telson’s
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1975 results approximate the results obtained from his 1972 work when the

corrected formulation is applied.

Although it’ is not Telson’s purpose to specify the desirable level of-
electric generation reliability, he states that it would seem possible to
reduce generation system feliability target levels to perhaps a 5-day in
10~year criterion, while not seriously affecting the quality of service as
perceived by most customers due to the much higher unreliability of the

distribution network.

As with the earlier MIT report, Telson presents only a rough estimate
of the value and cost of électrip service reliability. He suggests that,
whatever the generation reliability criterion, load shedding briorities should
be determined beforehand so that in the event thaﬁ load'shedding is necessary
it can be-accomplished wiﬁh a minimum of social losses. He makes no attempt,
howeQer, to identify what those priorities should be by estimating the loss
function by customer group. Thus, with regard to present reliability ques-
tions, the 1975 study provides little insight over that of Telson’s earlier
work at MIT.

3.3 SHIPLEY, PATTON, AND DENISON, 1972

~

In an IEEE paper entitled Power Reliability Cost vs. Worth,13 R. B.

Shipley et al. adopt a somewhat different approach than M.L. Telson for
estimating the optimum level of system reliability. The most important
difference 1is that these authors take an integrated approach toward reli-

ability (they refer to it as service availability) in that they consider

not only the generation sector of the utility but also the transmission and
distribution sectors. Second, their viewpoint is of the nation as a whole;
hence they use national statistics and data to describe the power system.
Third, the authors make an aﬁaiysis of the service reliability for an average
poﬁer system existing in 1967, rather than the approach)ot a planning per-

spective as used by Telson.

"~ The authors are quick to acknowledge that the use of national data and
their very rough approximations in formulating the probleﬁ render their
results inapplicable to any specific utility or service region. Nevertheless,
this concession does not detract from their primary objective, which was to
"provoke discussion and further research into the cost of power interruptions

and the optimizing of system design considering this cost.”
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Reliability, or service availability, is defined as the kilowatt-houfs
(energy) actually supplied to consumers.divided‘by the kilowatt-hours that
would be supplied if there were no service interruption. This concept can be
related to Telson’s terminology in that system availability is similar to
1-LOEP. There are some differences, however; in that Telson’s approach is
'probabilistic and considers only generation reliability. On the other hand,
although Shipley et al. make inferences from one year of statistics, they

consider the entire utility system.

The authors’ customer loss function is formulated under the assumption
that production of all goods and services (GNP) ceases during a power inter-
ruption. . For convenience in comparing customer losses with system costs, the
loss function is expressed on a capitalized basis per kilowatt of peak load as

follows:

GNP

Customer Loss ($/kW) m (1-A) = 25,600 (1-A) (3.12)
where

GNP = 1967 gross national product,

kW = peak load kilowatts,

carrying charge rate = 0.15, and

il

service availability.

They argue that in addition to the total value bf the annual outpat pf
goods and services of industrial and commercial activity, GNP also reflects .
(at least to some extent) the nation’s comfort, convenience, and aafety.
Thua, although a large portion of residential customer losses involve these
secondary factors which are difficult to quantify, the use of GNP reflects
their losses. The authors also emphasize that this expression is valid only
for relatively small deviations from the level of reiiability provided by

present systems.

The authors also éalculate the ratio of GNP to kilowatt-hours in 1967
and find a value of $0.60/kWh; This value is somewhat lpwer_than those
estimated for industrial power interruptions in fhe United States t$0.95-
$1.50/kWh).14,15  However, these other estimates do not take into account

portions of the GNP not affected by power outages. They state:
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It seems possible that some portion of the GNP would cease
during a power interruption with resultant loss of goods and
services. Other portions of the GNP might suffer additional
losses due to spoiled product or damagéed equipment. Finally,
some portions of the GNP would be virtually: unaffected by a
power interruption.

Yet, they do justify the use of GNP as a national averape customer loss

measure by assuming that the additional losses from spoilage and equipment

damage exactly balance that portion of unaffected GNP.

In. constructing the owning and operating cost relationship of a
utility system as a function of service availability, the authors make the
aaaump‘tion that the only factor influencing service availability is rhe degree
of redundancy, and hence investment, in the power system components. Their
methodology is reproduced in Appendix A. All operating costs are ignored for
the purposes of the analysis, thus neglecting a very real cost contribution

made by system fixed maintenance costs.

Shipley et al. begin by determining one point of this function that
corresponds to the system design as it existed in 1967. Total reported
investment in generation, transmission, and distribution in that year was

obtained from Federal Power

Commission (FPC) reports. |

Service availability of the bulk 300 — [ —

power portion of the system TOTAL CAPITALIZED COST

(generation and transmission) was

also estimated from FPC reports 200
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l
[
I
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roughly approximated using the SERVICE AVAILABILITY

previously mentioned redundancy

Fig. 3.2. Economic Optimum Service Avail-
ability -- Distribution Costs

Held Constant

assumption.

The authors’ results are

presented in Figures 3.2 and Source: Same as Fig. 3.3. source.
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and 3.3. In‘Fig. 3.2 distribution design, and hence distribution cost, is
held constant. The ratio of generation and transmission costs is also held
constant over the system cost versus availability curve. The economic optimum
availability is shown to be somewhat less than the availability provided by
the system design of’ 1967. They conclude that customer interruption costs
would have had to be about $5.50/kWh rather than $0.60/kWh for the system
design of 1967 to be the economic optimum design, which, they note, would not

seem possible on an average basis.

Figure 3.3 1is similar to |
Fig. 3.2 except that both genera- |
. ) 300 — APITALIZED COST ]
tion and distribution costs are 3 ToTaL ¢ ZED cos || z
-4 -_—
held constant and only trans- S || 5 -
. . z SYSTEM INVESTMENT w
mission design and costs are - || W
< > o
varied. Here the optimum avail- & 2001~ ! J: 257
" Df \ue
ability is closer to the avail- < g‘ E: !—85—
. 3 B z 2 =27
ability of the 1967 system but g = 252
o 2 =
z > z
somewhat less than that actqally § 100 — CAPITALIZED CUSTOMER EI :'I §<.—.
. . = INTERRUPTION COST sl 2|
provided. If interruption cost = ' 2 2l | 2
: g o) x s
was about $1.60/kWh, the 1967 T &
(S)
L
system would be the economic ’ ) I
0 | )| | | Y
optimum. The authors also 9972 9976 9980 9984 9988 9992 .9996 1.0

. SERVICE AVAILABILITY
indicate that this value seems to

be outside the range of possi- . )

Fig. 3.3. Economic Optimum Service Avail-
, ability -- Generation and Dis-
Based on approximate cost models, tribution Costs Held Constant

bility on an average basié.

sh e
ipley et al conclude that Source: R.B. Shipley et al., Power Re-

power systems may (author’s liability Cost vs. Worth, IEEE
Transactions on Power Apparatus
and Systems, pp. 2205-6 (July-
excessive service availability. Dec. 1972).

emphasis) be designed to provide

This work is interesting in that it is the only attempt found to
address all segments of the utility system. It 1s, however, limited in that it
analyzes only one opefa;ing year rather than taking a broader ranged probabi-
listic approach. Furthermore, the authors do noﬁ analyze, despite the ability

of their model to do so, distribution costs versus the level of'reliability.

'
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The authors note that part of the cost associated with a power inter-
ruption results from effects on comfort, convenience, and safety, but do not
attempt to quantify these costs in terms of customer’s willingness to pay.
Rather, it is argued that the use of a GNP-based loss function reflects these

‘

losses.

Although no attempt is made to quantify the loss functions of the
various customer groups, the authors recognize that difficulties arise because
of the rather large differences in the dollar value of electrical service
continuity. Thus, this paper provides little.in the line of disaggregate
customer loss functions or the willingness of the various customer groups to

pay for alternative levels of service reliability.

3.4 ALVIN FKAUFMAN, 1975

As Director of the Office of Research of the New York State Department
of Public Service, Alvin Kaufman prepared a document entitled, Reliability

Criteria —— A Cost Benefit Analysis.17 In this work, the author attempts

to compare the costs and benefits accruing to the New York Power Pool service
area between 1974 and 1985 at three levels of generation reliability. Kaufman
selected loss of load probabilities of one day in ten years, five years, and

one year for comparison.

While giving the illusion of a rather vigorous cost/benefit analysis,
Kaufman develops his approach through a series of simplified and unsupported
assumptions. Consequently, the methodblogy and results are of little value in
present and future efforts concerning electric utility system reliability. A
lengthy and detailed evaluation of Kaufman’s work does not appear warranted in
view of the nominal value of the author’s methodology and results to future
reliability studies. The interested reader is referred to the author’s
original work. Because of the frequent reference to Kaufman’s report, and for
the sake of completeness, a brief summary of the author’s assuwptions and

methodology is presented in Appendix B.

In general, Kaufman erroneously estimates the cost of eleétrical
service interruptions to the New York Power Tool to be $U.77/kthin 1974 and
$1.27/kWh in 1985. He concludes that a shift from an LOLP réliability
criteria of one day in ten years to one day in one year would.result in

capital savings. The resulting electricity rate decrease would be minor,
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however, and may not be worth the inconvenience that would result. Unfor-
tunately, the author’s unsupported (perhaps unjustified) assumptions and some
technical errors, generate a rather skeptical view of the validity of his

results.

3.5 CONSUMERS POWER COMPANY, 1977

Consumers Power Company (CP) is an investor-owned utility headquartered
in Jackson, Michigan. In 1976 CP serviced a total of 1.1 million resi-
dential, 121 thousand commercial, and 8 thousand industrial customers.
Electrical sales in 1976 were 24.9 million megawatt—hours, and system generat-
ing capacity as of January 1, 1977, was 5897 MW. The 1976 winter system peak
was only slightly larger than the summer peak at 4281 MW and 4185 MW, respéc-

tively.18 '

As part of an attempt to develop reliability standards to be used for
economic system design, for planning system improvements, and for determining
maintenance schedules, CP initiated a service reliability opinion survey.19
The survey was conducted among residential electric customers through tele-
phone interviews. Two different groups of customers were involved in the
study. The control group was composed of customers who had not experienced an
outage at home within one month. The outage group consisted of customers who

were interviewed within ten days after they had experienced a power failure.

The control group was interviewed during December, 1975, and January,
1976. This group was included in the survey to provide a benchmark fér answers
given by the outage group customers; the final control group sample contained
430 customers. Customers were interviewed after it was determined that they

had not experienced a recent outage.

The interviews of the outage group were conducted on a monthly basis
from January through September, 1976. The outage group was divided into five
duration categories as shown in Table 3.1. The duration categories were
established to determine what effect the length of the ﬁower interruptions had
on customer attitudes. Various criteria for selecting customers were esta-
blished in an effort to sample customers with as much variance in outage
exposure conditions as possible. ' The major criteria were: that .weather con-
ditions and geographic location should vary, time-of-day and time of vyear
should vary, and no scheduled outage should be included. The interviews were

conducted up to ten days after the outage but not on the same day as the
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Table 3.1. Outage Group Interruption and Sample Sizes

Final
. Duration Interruption Sample

Category Length (Min) Size

1 2 - 89 284

2 90 -"179 : 263

3 180 - 299 224

4 300 - 479 173

5 480 or more 131

outage occurred. Only adults who had been at home at the time of the outage

were eligible for the interview.

In general, CP’s survey shows very little difference between the
attitudes of the outage group customers and those of the control group; In
most cases, differences in responses did not indicate statistical significance
at the 95% confidence level. CP’s conclusion was that "this tends to signify
-that the effect of a power interruption did not greatly irritate most cus-
tomers. Customers who experienced an outage may have become more under-
standing of the fact that electric power may be lost on occasion through
various uncontrollable circumstances. They abparently found out that they

were able to cope with the situation.”18

Significant findings with respect to control and outage group responses

include the following:

1. In a question about the perceived seriousness of various
durations of outages, there was a small difference in the
ratings of hypothetical outages by the control group cus-
tomers and the outage group. 'Lhe outage group ratings were
slightly less severe for all outages of less than eight
hours. CP interprets this response as to indicate that
after experiencing an outage, customers become more tole-
rant about loss of power.

2. In a question regarding frequency of outages, no statisti-
cal difference occurred among the control group and combined
outage group in the number of power interruptions customers
could accept in one year without being severely incon-
venienced. Each group’s response was nearly identical.
Where responses differ, the outage group’s responses are
presented first: '
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Qutage Duration Mean Acceptable Number Per Year
<1% hrs : 3.7
-3 hrs 2.8 & 2.9
3-5 hrs 2.1
5-8 hrs 1.6 & 1.7
>8 hrs ‘ 1.2 & 1.4

3. Most customers did not favor an increase in electric

' rates to provide more reliable service nor did they
want rates reduced with the likelihood of more power
fajlures. A larger percentage of the control group
customers were more likely to want to pay higher
rates for better service reliability than the outage
group (16.1% and 9.1%, respectively). Approximately
7% of the customers in both groups would favor paying
lower rates with a chance of less reliability. There
was no statistical significance with regard to group
difference toward paying lower rates for less reliable
service.- There is, however, statistical significance
regarding the two groups responses toward higher rates
and better reliability.

The outage group was analyzed in many different ways to determine
what type of conditions or circumstances were likely to change the attitudes
of customers affected by power interruptiéns. Analysis was made by (A) the
duration of the outage, (B) by the time of day the outage occurred, (C) by the
season of the outage, (D) among customers who had experienced more than one
outage, and (E) among customers of different types of communities. In many
instances these different factors did have a slight effect on the attitudes

and irritation levels as shown below:

A. Duration of Change

1. Customers who had experienced an outage of longer than
eight hours consistently rated the seriousness of
hypothetical outages less severe than did customers who
experienced outages of shorter durations.

2. Customers who had experienced outages of over eight
hours would be likely to accept more outages, regard-
less of length, than customers who experienced shorter
outages. Customers who experienced an vutage of less
than 1% hours would be likely to accept fewer
-outages.

3. -Customers who had experienced outages of five hours
or longer would be more inclined to want to pay
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higher rates for more reliable service. Approx—
imately 127% of these customers said they would rather
pay higher rates to ensure more reliable service and
fewer outages.

Customers having experienced longer outages men-—
tioned more specific inconveniences through unaided
recall than did customers who experienced shorter
outages. Loss of heating, lighting, hot water, and
cooking were mentioned most frequently among cus-
tomers who experienced an outage longer than eight
hours.

Time of Day

The time of day that tho outage occurrod had no eigni-
ficant effect on the seriousness ratings given to
either the actual outage experienced or hypothetical
outages of different situations.

No significant differences occurred in the number of
outages customers would accept in one year in relatlon
to thé time the oOutageé occutrred.

Season

Customers who experienced outages in the winter rated
the seriousness of the actual outage more severe than
did customers who experienced outages in the spring or
summer. This may be partly attributed to a greater
incidence of outages of over eight hours included in
this study that occurred during the winter.

Customers who experienced winter outages would accept
more interruptions throughout the year than other
customers. This again may be due in part to the
greater incidence of outages over eight hours that
occurred in the winter compared to the other seasons.

Multiple Outages

Customers were asked if they had experienced any
additional outageés within the year to determine the

" effect of multiple outages on attitudes. Customers who

had two or more additional outages other than the one
related to the interview rated the seriousness of their
recent outage more severely than did customers who
experienced only one other outage or no other outages.

Customers who experienced four or more outages would
accept more shorter outages of less than three hours
than other customers.
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E. Community Type

1. Urban customers were likely to accept fewer outages of
three hours or less in one year than rural, village,
and suburban customers. ’ ’

2. No significant difference occurred among customers
living in different types of communities in relation to
the seriousness ratings given to outages of different
duration categories.

In general, the above results are qualitative representations of more
detailed statistical tabulations presented in CP’s report. .These results are
interesting in that they provide perspective on residential customgrs' re~
actions to various levels of power interruption as compared with those of a
control group. However, except for one question related to the customer’s
interest in paying more for more reliable service or paying 1less for less
reliable service, the survey does little to quantify residential customer’s
value of reliability. Evén where customers expressed such interests, no
attempts were made to quantify how much more or less the cﬁstomer would

be interested in paying.

It is also unfortunate that CP did not attempt to quantify the cus-
tomer s out-of-pocket expenses or the existence of hazardous conditions
existing in the home during the various power outages experienced by the
outage group; these would have helped to quantify the non-dollar costs that

residential customers incur.

Customer responses to several questions are counterintuitive. These,
CP argues, can perhaps be explained by customers becoming more tolerant with
power outages as they are subjected to increasingly more outages of longer
duration. The result that customers who have experienced long outages would
be willing to accept more outages (regardless of length) without being severe-
ly inconvenienced than those who experienced shorter outages may indicate that
the customer’s satisfaction with utility reliability is conditioned by their
prior experience. This same subset of outage group customers, however, are
also those who expressed more of a willingness to pay for more reliable

service as compared to others in the outage group.:
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3.6 GENERAL PUBLIC UTILITIES, ONGOING RESEARCH¥*

General PuBlic Utilities' (GPU) investigation in the area of customer
effects resulting from power interruptions was self-initiated and resulted in
response to the works by Telson, Kaufman, and Shipley et al., that were
previously reviewed. 1In a report prepared for GPU by a research team from the
Center for the Study of Environmental Policy, Pennsylvania State Univesity, it
is argued that these works are '"(1) underdeveloped regarding socioeconomic
costs and benefits, (2) inappropriately directed toward broad national issues,
(3) severely limited on the 'social' side of socioeconomics, (4) void of
information on the cost of power interruptions from the viewpoint of the
consumer, and (5) lacking in 1intormation an burden disitribulion among dif

. . 2
ferent socioeconomic classes.”

It is also argued that these studies provide an inadequate data base
for coping with service-area-specific questions because of their use of
aggregate national or sctatewide luss indicves such as GNP; valuc-added, or
wages and salaries. (This limitation is also explicitly recognized by the
other authors.) GPU also notes other areas of inherent bias in these previous
works in that the aggregate loss indices do not include the costs iﬁposed on
the household or residential sector and that they implicitly assume that

future marginal impacts are equal to the average historical impacts.2!

Tn an atrtempt to provide a satisfactory inforwation base for service-
region-specific policy setting, GPU, through contract to Lhe Center for the
Study of Environmental Policy, has initiated consumer surveys of three groups
in the Reading and Altoona, Pennsylvania, areas.?22 Groups being surveyed
include residential customers, industrial, "and commercial customers (busi-

ness), and community leaders. The use of the survey instrument is intended to

*General Public Utilities (GPU) 1is a holding company for three operating
companies in New Jersey and Pennsylvauia -~ Jersey Central Power & Light Co.,
Metropolitan Edison Co., and Pennsylvania Electric Co. Through these compa-
nies, electrical services are provided to 4 million persons within a service
area encompassing about half the land area of the two states. Megawatt—hour
sales in 1977 total 30 million, with 35% going to residential sales, 23% to
commercial, and 36% to industrial users. Fuel sources were 56% coal, 33%
nuclear, and 11% other fuels. (General Public Utilities 1977 Annual Report
to Stockholders, Reading, Pa.)
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explicitly incorporate "the most important source of information on the value
of reliability standards -- the consumer." It is also hoped that the surveys
will provide a basis for showing the relationship between ‘costs to individual

consumers and synergistic social effects due to widespread outages.23

Each survey describes the following scenario and asks the respondent

to answer between 10 and 22 questions:24

In late July, the entire eastern half of the United States
is caught in a heat wave. On Tuesday, July 31, the heat wave
has already lasted three days. In the Reading area, the
temperature at 8:00 in the morning is 90 degrees and by noon
has reached 98 degrees. The humidity is 86 percent.

At about 11:30 in the morning, the electricity goes off and

the entire Reading area is without electricity until after

11:00 that night. In other words, Reading has no electricity

for almost twelve hours.

Business and community leaders are told that this type of blackout is
apt to occur on an average of once per year for the next ten years; resi-
dential respondents are not. Each respondent is told to keep in mind all the
dimensions of their community that would be affected by such a blackout and to
think in terms of all people in the community. Residential customers are
reminded that:

.sselectricity provides energy for 1lighting, refrigeration,

air conditioning, as well as for many other uses in your

homes and businesses. It powers such things as elevators,

street lights, fire alarms, traffic signals, water systems,

sewerage systems, gas station pumps, and computers. Indus-

tries use electricity to power production. Hospitals are

dependent, too. These are only a few of the many uses of

electricity!

The residential customers are asked - how they think such a blackout
would affect various groups and activities or concerns in their community.
To each queftion, the respondent may answer by checking: 1. very bad, 2.
somewhat bad, 3. no effect, or 4. good effect. The respondent may also

specify why that response was chosen. The questionnaire specifically asks

how each respondent perceives the effect on:



44

Groups Activities or Concerns
Elderly, '~ Public Safety,
High-rise residents, ' People's fear of crime,
Residents in high-crime areas, People's happiness with the community,
Low—income people, Special activities -- clubs,
Middle-income people, sporting events, etc.
Handicapped, s :

Police, A

People like themselves.
Residential customers are also asked to déscribe the major problem the commu-
nity would face as well as the major problem they themselves wqpld face. They
are asked to estimate and describe their dollar losses and asked if they
are satisfied with their electricity reliability over the past 12 months.
In addition to standard demographic data such as housing type, age, sex, and
.income level, the respondent is asked how often they would be willing to put
up with such a blackout. The choices are: (1) monthly, (2) annually, (3)
once in ten years, and (4) never. Early responses show a very high peféentage

choosing once in ten years.23

Business leaders are asked a somewhat different series of questions
concerned primarily with their perceived effects on their own business,
employee safety, and general economy of the area. (It must be remembered that
these respondents were told that such a blackout would occur on an average of
once a year for ten years.) This group is also asked about their satisfaction

Awith the present level of service reliability and to estimate their dollar

losses.

Community leaders are asked to respond to questions that relate to
project—specific e€ffects as well as general community-related effects such as
the economy, general quality of life, and people's satisfaction with the

community and public safety.

The major thrust of GPU's survéy activiFieé is to determine the effect
of a blackout on various social indicatorﬁ, which are held hy some sociolo-
gists to be expressions of the measure of the noneconomic dimension of social
well-being. Examples of social indicators‘include attitudes toward job
satisfaction, community services, personal health and safety, racial preju-
dice, and the like. Proponents of the use of social indicators hold that
these indices balance economic measures that are relatively easy to quantify

and to communicate and which are consequently accorded an exaggerated impor-—

tance 1n social assessments.
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One problem arises from GPU’s technique for measuring social indica-
tors. The primary function of social indicators is to provide a statistical
time series measure of social concerns.2’  This function requires the re-
searcher to sample a population periodically by asking, "How do you now feel
about that situation?" rather than, "How do you perceive a hypothetical .
situation as affecting you?," as is being attempted by the GPU study team.
Consumers often perceive bad situations as worse than they actually turn out
to be, whereas the effect of relatively minor situations might be perceived as

being less of an inconvenience than they actually are.

GPU’s results will perhaps give a qualitatively insightful perspective
of a customer’s aggregate perception of a particular outage scenario.
It is debatable as to whether residential,reéponses can be combined with those
of business and community leaders, since the latter two groups’ responses are
based on their perception of having one 11% hour outage each year, wheréas

the residential survey is based on a perceived isolated incident.

A major shortcoming in GPU’s survey is that no attempt is made to
quantify the willingness of various customers to pay to avoid the outage they
describe in their questionnaire. (Nor is there an attempt to determine a
customer’s ability to pay.) Their questionnaire describes only one outage;
they do not investigate a customer’s perception of shorter power interrup-

tions. Thus, their results will certainly be of limited value in ANL’s

present efforts.

3.7 ONTARIO HYDRO, ONGOING RESEARCH

Ontario Hydro is a publicly owned utility servicing the Province of
Ontario, Canada. Hydro provides retail electrical service directly to large
industrial and rural consumers, and wholesale service to 334 associated
municipal utilities. System generating capacity is 18,700 MW, and total
primary retail electrical energy sales in 1975 were just under 76.2 million
MWh.28 "

In 1974 the Ontario Energy Board (Ontario”s energy regulatory commis-
sion) conducted -hearings on Hydro’s rates. One of the major concerns was
Hydro’s large reserve margin, which resulted from decisions to build generat-
ing capacity when prevailing economic conditions showed a large growth poten-

tial in the demand for -electrical energ.y.29 Because of the Energy Board’s
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decision that the aspect. of system reliability ought to be investigated, Hydro
initiated a program of studies that include the evaluation of alternmative
levels of reliability of power and energy supply from the viewpoint of select-

ed customer classes and of the Province as a whole.

Under the supervision of the Power Market Analysis Department of
Ontario Hydro, a series of five surveys were planned and initiated. These

surveys cover the following customer groups:

1. Large manufacturers (>5 MW peak)
2. Small manufacturers (<5 MW peak)

3. Commercial and institutional (general rate class other than
manufacturers)

4. Residential, and

5. Farm.

The only report available in final form is that on the large manufacturers.
Preliminary data, hased on partial returns, are available for some of the
other customer groups. To date Hydro has not applied its results in any
decision or policy issues‘within the utility. Rather its current approach is

to limit efforts to data collection and statistical presentation of results.

3.7.1 Large Manufacturers

In general, the goal of Hydro’s activities is to provide current and
local data on the proper amount of the géneracluu or diotribution system

reserves. Specifically, the large manufacturers survey was designed to:

1. Obtain customer estimates of costs and other effects of
electrical energy supply interruptions, voltage varlations,
frequency variations, and energy rationing,

2. Gather data on industry groups for use in planning and operat-
ing the system, and

3. - Obtain information for use in seeking consumer cooperation
to reduce adverse effects of operating problems that might
occur in the future. :

This survey was initiated with a letter sent to all c¢ustomers in the
large user gruup. Ontarie Hydrn staff then visited each member of the group
td deliver and discuss the questionnaire which was left with the customer for
completion. Follow-up visits were made to expedite response. Customers with

a total of 199 contracts were asked to complete questionnaires. There were
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172 responses, which are considered representative of large users in terms of
geographical distribution and type of industry. Hydro identified 24 industry
groups, but in order to maintain confidentiality, the respondents were com—

bined into 12 industry groups when reporting cost of interruptions.

The sum of the respondents' peak demands in 1975 was 3900 MW; their
energy use in that year totaled 17,500 GWhr. This energy use is 87%Z of the
total electricity consumption for all 199 potential respondents and about 25%

of Ontario's electrical generation in 1975.

Among a series of other questions, respondents were asked to estimate
the costs of interruptions for nine specified durations (<1, 1, 20 min, 1, 4,
8, 16 hr; 1 day; 1 week). In the questionnaire, cost of interruption was

defined to include:

1. Cost because of loss of production,

2. Out-of-pocket expenses such as labor, materials
(spoilage), overhead, cleanup, etc., and

3. Damage to production equipment, if any.

Reported cost estimates covered only the costs incurred by the user. They do
not include any costs to the community such as unpaid wages, or the cost
incurred by others because of delays in delivery. Respondents indicated
confidence in their estimates ranging from 30 to 100%, the average being

747 .

Figure 3.4 presents the cost estimates for individual industry groups.
Because the respondents varied widely in size, individual cost estimates would
not indicate the relative sensitivity of each group (or respondent) to an
interruption. The cost estimates for each group, therefore, were divided by
the sum of the peak demands of the respondents in the group, producing an
estimate of cost in $/kW of peak load. Other factors might be used for this
purpose, but Hydro maintains that the use of peak demand at least partially
eliminates the size factor and is a readily available value. For the indus-
trial group, peak kilowatts is also a reasonable estimate of average demand

because large industrial users' demand curves are relatively flat.

It is interesting to note the wide variations of minimum and maximum
costs about the average cost lines in Fig. 3.4. 1In nearly every case, the
range of cost estimates varies at least an order of magnitude above and below

the average over a large range of outage duration.
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USER ESTIMATED COSTS, $/KW/HR

Figure 3.5 shows the band
of averége user-estimated cost of
interruptions.versus outage
duration. ~Also shown is the

overall average cost as a .func-
‘ tion of. outage duration. The
wide variation in average costs
corresponds to the wide variation
of industry groups represented,
yet it 1is encouraging to note
that the industry group’s average
cost curves displays a well-de-
fined

characteristic shape.

Figure 3.6 shows a plot of

the rate of change of overall
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Fig. 3.6. Rate of Change of Interrup-
: tion Costs ,
Source: Ontario Hydro Survey on Puwer
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76-5, p. I1I-8 (April 1977).
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average large manufacturer losses
as a function of outage duration. As
the figure indicates, the function
is a strongly decreasing oné for
outage. durations of less than 4-8
hours.

approximately $.50-.60/kW/hr* 1is

An asymptotic value of

approached as nutage durations
increase to greater than 20 hours.

Because large industrial is charac-

#*Dollar losses divided by peak demand (kilowatt) divided by outage duration
(hours); strictly not dollar losses per kilowatt-houtr unserved during

interruption.
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terized by a high load factor, the peak demand may be considered an appro-
priate approximation for the average demand. In this case, Fig. 3.6 may
be interpreted as customer losses per unit energy (i.e., per kilowatt-hour),
or approaching an asymptotic customer loss value of $0.50-0.60/kWh. Although
not direétly comparable because of different dollar values, it is interesting
to compare this value with estimates made by Telson ($0.57/kWh) and Shipley
et al. ($0.60/kWh) based respectively on ratios of wages and GNP to natiénwide
kilowatt-hours generated. However, as mentioned earlier, Ontario Hydro's
results show éhe loss function approaching the asymptotic value from above and
would, consequently, tend to rebut Telson and Shipley's argumént regarding the

use of asymptotic‘cuotomer lusses aund average onutage durations.

Ontario Hydro's survey of large manufacturers goes much further than
quantifying custumer losses. For example, the respondents were asked to
indicate, over ranges of outage duration, the relative importance of incon-
vience, hazard, and dnllar cooto:. Respuuses indicate that dollar cost,
regardless of duration of interruption, is the most important factor, and that
it became progressively more important with the duration of the interruption.
Inconvenience was second when the duration was one_minute or less; hazard took

second place when the interruption lasted 20 minutes or more.

The survey sampled customers perceived losses as a function of fre-
quehcy of interruption ranging from one/year to two/day, although tho results
are not published in their report. Losses are estimated assuming no advanced
warning or with advanced warnings of one and two hours. The fact that about
one~third of the customers felt that losses could be substantially cut if they
were given advanced warning is published in the report, but the magnitude of

loss reductions is not.

Another interesting survey result is the effect of voltage variations
on customer production. Normally, utilities reduce voltages in steps, first
5%, then 8%. A 5% voltage  reduction would. curtail production activities of
about 17% of the respondents, and an 8% reduction would curtail production
activities of about 38%. The extent of the curtailments is not specified, nor

was this information requested in the survey.

Industrial customers responded to additional questions too numerous to
mention here. Some of these were concerned with the number of employees that

would be laid off in various interruptions; others were concerned with inter-
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ruptible loads and the customer’s abiiity to .segregate loads; still others
sampled the customer’s attitude toward electric power rationing and. conser=-
vation, -and the amount of standby capacity available for emergency generation.
Regarding rationing, 118 out of 158 respondents prefefred.less frequent
interruptions of the same total duration; 30 preferred the opposite; 10 were
indifferent. The overwhelming preference by industrial customers for fewer
but longer outages seems reasonable in light of the customer’s loss function
shown in Fig. 3.6. Note that this result contradicts customer preferences
. assumed by Telson and other previous investigators, who assume that interrup-

tion frequency is insignificant and has little effect on customer losses.

3.7.2 Small Manufacturers3l

Only preliminary results based on 3574 usable. responses to about
14,000 mail surveys are currently available. These should be viewed as

tentative and subject to change.
The principal findings are as follows:

1. Small industrial losses range from $0.27-$1.90/peak kW for
a momentary (<1 min) interruption and from $0.90-$6.53/kW
for a one-hour interruption. Average values are presented
in Table 3.2..

2. Only 194 fespondents, or about 5.47%, had emergency standby
equipment.

3. Start-up time for a one-minute interruption averages less
than one hour.

4. A majority of respondents could tolerate a 5% voltage re-
duction. A 107 voltage reduction would cause curtailment
of production for most respondents.

5. Eighty percent of the respondents reported that emergency
interruptions would cause serious hazard to humans or to
the environment.

6. . Most respondents would prefer less frequent but longer in-

terruptions rather than more numerous but shorter interrup-
tions covering the same total duration.

3.7.3 Residential Customers

. A marketing research house was contracted to précess the residential

questionnaires. Preliminary results are based on 1239 usable returns.
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A hypothetical question was placed before each respondent offering
them an alternative electric energy supply from an assured system without any
interruptions. Respondents were asked how much more they are willing to pay
for such a system, given interruption durations of their existing system of 20
min., 1 hr, and 4 hr per day. The answers given were in percentages of
existing householders’ bills, providing a relative answer but not an absolute
one. The number of initial responses was very low. Accordingly, the survey
is Being repeated with clarification sought for the consumer’s dollar value of
the reliability of the system. Residential customers are chrrently paying
about $0.02 per kilowatt-hou;.

Highlights of the survey are:

l. A large majority of residential consumers prefer
to have more frequent power interruptions but of
shorter durations rather than fewer but longer in-
terruptions covering the same total outage duration.

2. The perceived worst occasion for interruptions were:
5:00 to 7:00 p.m. and 6:00 to 8:00 a.m.; Sundays,
Mondays, and Fridays; and during winter.

3. Under the condition of a 20-minute per day power in-
terruption, half of the respondents had no interest in
paying a premium for an "assured system.". However,

257% said they would pay as much as a 10% premium for the
assured system; few would pay more than that. - '

4. An 80% majority would choose the assured system at a
premium of at least 5% if interruptions reached 4 hours
per day; 507 at least a 10%Z premium; 25% would pay as
much as a 20-507 premium.

5. Expressed interests in the premium rate assured system
are interpreted as perceived customer losses due to in-
terruptions. These are also presented in Table 3.2.

3.7.4 Farm Custo_mers31

Over 6000 responses have been received from an initial mailing of
25,000 questionnaires to a sample of large farm accounts. Responses have not
yet been coded, but a visual inspection of the returns indicate that many
farmers can assign costs to interruptions and that they are aware of the

consequences of a lower level of system reliability.
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3.7.5 Commercial and Institutional3l

Two groups in this rate class are being surveyed: retail trades
and services, and governmental agencies and institutions. Thée retail éuryey
has undergone several pilot tests. From these returns, Hydro is confident

that many proprietors are able to détermine their losses. due to an inter-
ruption. Note that the data presented in Table 3.2 are not a result of
preliminary returns, but rather are based on a theoretical approach developed
by Stanford Research Institute (SRI). Hydro has indicated that available
documentation of SRI‘s methodology is difficult to analyze and plaées little

confidence in its output.32

3.7.6 Evaluation and Availability of Results

Based on the comprehensiveness of Hydro’s survey of large industrial
customer and preliminary results from their other surveys, it appears that
their work is perhaps the best available empirical data on perceived customer
losses resulting from electrical power interruptions. Their survey work wiil
ultimately address a wide range of individual customer groups and, appafently,
nearly every important factor determining the cost (or value) of electrical

power reliability. Hydro’s data is, of course,'not directly transferable to

Table 3.2. User-Estimated Interruption Costs31

Outage Large Small Residential Commercial
Duration Manufacturers Manufacturers Sectord SectorP
C$/kW  $/kW/h $/kW_ 5/kW/h $/1W__ $/kW/h  S/kW $/kW/h
1 min .60 36.00 .85 ° 51,00 - - .02 1.20
20 min 1.80 5.40 2.77 8.31 .03 .09 .34 1.02
1 hr 2.67 2.67 4.39 4.39 .03 .03 l.03 1.03
2 hr 4.60  2.30 - - - - 3.09 1.55
4 hr 6.02 1.51 19.92 4.98 .06 .02 5.15 1.29 -
8 hr 8. 83 1.10 31.50 3.94 e - 9.27 1.16

aPreliminary, subject to change

bBased upon a theoretical methodology developed by SRI for Bonneville Power
Authority.32 _ : ' ' '

-- Outage duration nor sampled Lu survey
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other service areas. However, because of the level of disaggregation, it
would seem possible to develop a methodology that would allow the transfer of

loss relationships to ald in estimating costs for other areas.

It will be several months before Hydro’s residential, commercial,
and governmental survey results are available in final form. Results from the
small manufacturer’s survey should be available within about 2 months, and the

farm survey results some time after that.

Since survey results are summarized only in the final reports, not
all of the available data are as yet published.' Hydro does not attempt to
analyze the results they nhtain, but prooent their fiudiugs In a manner that

allows the reader to make his own evaluation.

3.8 EUROPEAN AND OTHER STUDIES

A.number of other'domestic and Furnpean studico that attewpl Lu
estimate the Valug of electric utility reliability have been published since
the mid-1960s. Exclusive of a sméll 1973 IEEE survey of California industrial
and commercial customers and some European surveys, .most of these efforts
estimate customer losses during service interruptions by indirect methods.
These include wages lost per hour of outage, wages lost per kilowatt-hour
associated with an outage, and gross national or state product lost per

kilowatt-hour. Table 3.3 summarizes the methods and results of these studles.

The customer costs presented here are not directly comparable because
of differences in the scope and dollar value of the estimates. Nevertheless,
it is noted that many of the estimates vary by more than a factor of ten. 1In
general, the greater nuﬁber of customer cost estimates that have been made
over the last decade are based on easily obtainable indirect indicators of
customer losses. Only one of the domestic estimates shown in Tabie 3.3 is the
product of a customer survey that attempts to qnantify the loscco a3 a func-
tion of outage duration (IEEE, 1973). The survey shows commercial sector
losses per kilowatt-hour increasing with outage duration. On the other hand,
- Ontario Hydro’s figures based on an SRI methodology, show commercial losses
per kilowatt-hour relatively constant with outage duration. It is emphasized,
however, that Hydro streéses the fact that their results ére pfobably not
accurate and that substantial differences may be present in their final

results.33
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Table 3.3 Methods and Results of Miscellaneous European and
Domestic Value of Electric Reliability Estimates
Study’ Method Scope of Interest Estimated Cost
Sweden, 1966 2 ‘Survey Swedish General Industry S .40/uWh + §.20/kW
Sweden, 1969 b Swedlsh Domestic $ .60/kWh
Swedish Industrial $ .30/kWh + $.08/kW
Swedish Commercial $ .80/kwh
Swedish Agricultural $ 1.20/kWh
Swedish Transportation $  .50/kWh + $.12/kW
Worth of Goodwill $.14/KkW
Total: $ .50/kWh + $.20/kW
Norway© Survey Norwegian Industry Excluding
Petroleum Melting Industries $ .70/kMh + $.07/¥W
Modern Manufacturing, 1969 d - United States General Industry $ .95/kWh
Hausgaard, 1971 Wages /Hour New York State $ 2.17 million/hour
New York State Economic Develop-
ment Admin., 1971 Wages/Hour Central Manhattan $ 2.5 million/hour
P.E. Gannon/IEEE, 1971 € - United States' Highly Auto-
mated, Low Demand Industry $10.00/kWh
United States' Less Auto-
mated, High Demand Industry $ 1.50/kWh
Institute for Electrical, and
Electronics Engineers (IEEE), 1973  Survey California Maximum Industry $ 2.68/kWh + $1.89/kw
California Median Industry $ .83/kWh + $ .69/kW
IEEE, 1973 Survey California 15 Min. Commercial $ 7.54/xWh
California 1 Hour Commercial $ 6.74/kWh
California >1 Hour Commercial $16.16/kWh
Environmental Analysts Inc., 1975 £ Wages/kWh Wisconsin Industry & Residential $ 1.00/kWh

Stanford Research Institute
(SRI), 1976

National Economic Research Asso-
clates (NERA), 1976

D.J. Khazzoom/Stanford U., 1976
Federal Power Commission, 1976 &

Systems Control, Inc. h

Wages/kwh + Restart
Costs

GNP /XWh
Gross State Product/kWh
GNP/ kWh

Northwest Power Pool, Short Term
Northwest Power Pool, Long Term
Northwest Power Pool, Long
Qutages

United States in 1983
California

United States
California Residential

$21 million/hour
$14.5 million/hour .

$ 1.36/WWh
$ .6l - $1.20/kWh
$ . .64/kWh
$ . .50/kWwh
$ .10/kWh

a Mattsson, B., Economy Versus Servtce Reliability in Sweden IEEE Spectrum, Vol. 3, p. 90 (May 1966), cited by

Shipley, et al., in Ref. 13.

b Coats of Interruption in Electric Supply, Swedish report from Committee on Supply Interrupcion Costs (Sept.
1969), cited by C.R. Heising in response to Shipley, et al., in Ref.

C.R.
Ref. 14.
Ref. 15.

I -V

g The Adequacy of Future Electric Power Supply:

Heising, personal communication, cited by Shipley, et al., in Ref. 13.

A Cost Benefit Approach to Capacity Planning for Wisconsin Utilities Service Area, Environmental Analysis Inc.,
(Nov, 1975) pp. 27-28, prepared for Wisconsin PSC and Stern, G.B., Wisconsin PSC, personal communications (May 1978),

Problems in Policy, Technical Advisory Committee to the FPC on the

Impact of Inadequate Electric Power Supply, p. 75, in press when cited in memorandum to the New York State Public

Service Commission from the Commission's Office of Research, Re:

Are Utilities Goldplated?,
h Testimony by Edward P, Kahn before the New Jersey State Board of Public Utility Commissioners,

April 14, 1976.

Docket #762.194

citing a Systems Control, Inc., report to the California Energy Commission, p. DZ ot .Kahn's testimony.

All others: Ref. 34, p, 119,



56

The studies discussed so far are examples of studies that assume a
static planning brocess. These efforts seek to define the social costs of
having inadequate generating capacity. As shown in the discussions of Telson,
Shipley et al., and Kaufman’s works, the ultimate goal of these studies is
also to estimate the costs of providing alternative levels of system reli-
ability and to provide a basis for. determining the optimal level. Thus,
these types of studies could be used to establish targets for the amount of

generating reserve to be planned for by the utility.

Another class of studies receiving attention recently addresses the
economic issues allied with generating capacity expansion planning taking into
gonsideration ‘the dynamic characteristics of the utility planning process.
These studies may use the target reliability levels established in the static
social costs and benefits associated with a matrix of alternative expansion
plans and growth scenarios. Each of the three studies published to date
conclude that the cost of planning and building too little capacity is greater

than building too much capacity.34736

Since these studies derive from the static planning process investi-
gations, it 1is not likely that their results could be considered any more
definitive than the results of the studies upon which they are based. Al-
though a detailed and critical review of the dynamic planning proress studies
is beyond the scope of this current effort, such an analysis in the future
might prove useful in defining or resolving DOE policy issues associated with

utility reliability.

3.9 DOE, DIVISION OF ELECTRIC ENERGY SYSTEMS, ONGOING RESEARCH37

In December, 1976, the Division of Electric Energy Systems (DOE/EES)
issued a request for proposals (RFP) for research in tﬁe area of '"system
effectiveness" analysis. The term effectiveness is used by DOE/EES to describe
the overall attributes of a large-scale electric energy system in an attempt
to view that system in terms of its> cost, availability, performance, and

worth.

The RFP and subsequent contracts were initiated in recognition that
the effectiveness analysis, as in use today, involves sequential evaluations of

cost, availability, performance, and worth of alternative system rationaliza-
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zations. The present approach fails to deal with the fact that these system
attributes are not independent and therefore must be coupled to achieve the

proper evaluation of the system.

The RFP goes on to indicate several deficiencies in earlier works,
~notably:
l. The lack of a consistent methodology for quantifying

customer class tolerances to system availability and
performance,

2. The indirect and unrealistic approach of -present méthods
as well as their limited scope and remote level of ab-
straction, and

3. Thebfact that no-general theory exists for defining a

meaningful measure of the worth of availablllty as viewed
‘by the customer.

The Division of Electric Energy Systems is seeking to resolve these
deficiencies and to develop a framework of sound theoretical concepts upon
which a theory of system effectiveness analysis might be developed. The
objective of the program is to provide the utility industry with analytic
tools that it may need in the future to assess their own level of effective-
ness -—.a future in which the utility may be required to assess the worth of a
given system design or be required to provide different levels of service

reliability to meet the needs of different customer classes.

The total program budget is in excess of $1.8 million with performance
periods that beganvin fiscal year 1978 and are of two to three years duration.
Five prime contracts and two subcontracts have been let. The five major
contracts ere with Systems Control, Inc., (3 yr, $542K), SRI Internatioual
(1-1/2 yr, $175K), University of California, Berkeley (3 yr, $300K), ECON, Inc.,
(2 yr, $416K), and Texas A§M Research Foundation (2 yr, $480K).

The overall system effectiveness program objectives are clear; how-
ever, it 1is much too early in the performance period of the individual con--
tracts to make an adequate .evaluation and analysis of their approach and

anticipated results:

3.10 ELECTRIC POWER RESEARCH INSTITUTE, ONGOING RESEARCH38,

The Electric Power Research Institute (EPRI) has recently requested

Iproposels and is now negotiating two contracts for the development of a
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methodology to assess the value of.electric utility feliébility to con-
sumers. Each of these efforts would take different approaches tdward quanti-

fying that value.:

Ope proposal by National Economic Reséarch Associates (NERA) of
New York suggests the development of a theoretical demand equation for elec-
tric reliability in each of the following sectorsf indpstrial, commercial,
residential, and transportation. Because the contract has not yet been
signed, no additional information regarding NERA’s proposeﬁ'appfoéch is
available. A five-month performancé period was proposed for this study, so
EPRI results may not be available for six months to a year after the contract.

N

wnrk boginsg.

The second approach was proposed by Resource Planning Aséociatco
(RFA) uf Cambridge, Massachusetts. RPA proposes a survey approach similar to
Ontario Hydro“s. RPA’s proposed one-year effort would begin with a review of
Hydro’s survey activilles and, according to EPRI, hope to refine the ques-
tionnaires and procedures and extend the SICs covered in Hydro's earlier
work. Results are not expected to be available for at least 18 montﬁs. EQen

then, it is not known to what extent actual survey data will be available.

It is unfortunate from the éoint of view of our effort that EPRI’s
results will not be available earlier. NERA has a long history in electric
utility economic studies and their approach. and results could prove useful.
Likewise, RPA’s survey results rnnld provide a very good U.S. benchmark of
industrial and commercial customer losses that might be correlated with
Ontario Hydro’s survey results. These efforts will be qlosely ﬁonitored S0
that their results can be further reviewed and, 1f wnseful, inpprporaLed into

our effort as early as possible.

3.11 THEORETICAL ECONOMIC MODELS

Each of the studies previously reviewed have relied on costs esti-
mated by an external appraiser of the subjective valuafions of customers to
‘hypothgtical situations'as measures of the value of electric service reli-
ability. This section discusses how customer preferences for electrical
service, as revealed in the marketplaée, might be used to measure the value of
service reliability. First, general concepts of the classical "Marshallian"

welfare approach are reviewed. TheseAgeneral concepts are then expanded in
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the discussion of a consumer welfare model that includes comboneﬁts of pos-
sible trade interruptions (reliability). Empirical work necessary to test and

implehenﬁ.anthélfare model.bf reliability is very iimited.' Some,preiiminary
work that uses a welfare model and.contains reliability assumptions is com-

mented upon.

3.11.1 General Welfare Model for Reliability Analysis

Although a theoretical welfare model of trade with pbssible interrup-
tions is not known to have been developed for éppiications that estimate the
consumer’s value of electrical service reliability, Tolley and Wilman39 have
used such a modél to analyze the costs of 0il embargoes. By analogy, an oil
embargo is similar to an interruption in electrical services. Tolley and
' Wilman determine a loss function for supply interruptions and show how society
sets its level of consumption and production to maximize social wglfare. A
similar use of economic welfare fheory has frequently been used to analyze
- questions of ﬁeak load pricing40{4l’42 and mechanisms for sharing the costs

of reliability.43

Common to the works cited above is the postulation of a social welfare
function for measuring the éosts and benefits of a policy or market change to
consumer well being. "Welfare" as used in economic theory takes on a special-
ized meaniﬁg, much narrower -than its significance in everyday usage. An
economic welfére function is a way of describing an individual;s (or an
aggregation of individuals’) preferences between various real or hypothetical
_alternativeé. It does not measure the intrinsic value of choices by -some
normative standard; it wmeasures the relative value of certain consumption

sets, or bundles, in pecuniary terms.

Applied welfare analysis normally strives to quantify consumer gains
or losses through the use of consumer surplus. In.its'simplest terms, con-
sumer surplus is value minus cost. . It measures the difference Bétwéen what a
consumer‘is'willing to pay for a certain amount of ; good7§nd the price he
actually must pay. Consumer surplus measurements are derived from well-known

conditions for consumer utility maximization.44'

An important obstacle to the use of the consumer surplus, as derived
by Marshall, is that a constant marginal utility of income 1is assumed.

Critics of Marshallian consumer sufplus point out that as the price of a good

\
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decreases, all other things being equal, the consumer’s real pufchasing power
from income increases. However, in applied welfare analyses, itlis generally
assumed that the good in question comprises a small enough portion of the
consumer;§ budget so that moderate price changes will not substantially alter

the consumer’s real purchasing power.
! .

A long-run demand schedule,

2(q), is shown in Fig. 3.7. Each

point on the demand curve represents
" incremental value to the consumer for

fhe last unit of goods purchased.

Given a uniform price, P,, the

uAnsliAL uUTILITY, $/UNIT
\\ |

consumer will purchase q, amount of

goods. At this equilibrium demand

point, the last unit pﬁrchased has. a 5 . q;

marginal value to the consumer that is , QUANTITY DEMANDED

just equal to the price. Hence, for ' »

the final,“or marginal unit purchésed, Fig. 3.7. Long-Run Demand Schedule
the consumer derives no benefits for

which he does not pay -- he derives no "surplus" benefits. ,But.for all

.incremental units of good preceding q,, the marginal utilities are shown by
the demand curve to be of greater value to the consumer. With the purchase of
qp units at uniform price Pg, the consumer derives some incremental surplus
benefit from each unit preceding q,. The incremental consumer surplus for
unit qj is given'by the difference between the unit price that the customer
would be wiliing.to pay at q1 and the uniform price actuélly paid at equili-
Abrium consumption q,, 1.e., P] - Py. Total consumer surpius is the integral
under the demand'curve from zero to gq, units,‘léss the customer’s total cost

for the purchase qp units of good, or

Tbtal Utility -‘Total Costs,

' fqo {K(q) - Po}dq,

0

q ,
/ 2(q) dq - P _q_ -
0 .

Consumer Surplus

Consumer Surplus

(3.15)

Consumer Surplus
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where:

2(q) = long-run demand schedule
qo = equilibrium demand, and
Pq equilibrium unit price.

Equation 3.15 gives the consumer surplus for a single consumer.
Aggregating across individual consumers poses some theoretical problems but,
in principle, the total level of consumer surplus for the market can be

developed by summing individual surpluses.

A customer’s welfare benefits from the provision of electrical energy
can be measured by the level of consumer surplus. Under perfect reliability,
with no threat of supply interruption, the welfare function is equivalent to

consumer surplus, or

q, :
W(qg) =/ Ua)dq - Poa, (3.16)
0 A
where:
W(qy) = Consumer welfare with no threat of
interruptions.

Eq. 3.16 represents the consumer welfare function with perfect supply
reliability. In realit&, long~term demand is influenced by unreliablity of
supply. More precisely; the demand schedule, and thus consumer welfare is a
function of reliability. 1In the model put forth by Tolley and.Wilman39
the treatment of possible oil embargoes accounts for supply reliébility in -
terms of the probability of an embargo (supply interruption) qccurring
using short-=run and long-run consumer demand functions. Some form of‘this
model might also be used in a theoretical treatment of electrical service
reliability if the probability of being without power due to a service

interruption can be compared with the probability of an oil embargo.

There are difficulties in drawing é complete ‘analogy between elec-
trical,suppiy unreliability and the Tblley and Wilman treatment of oil embar-
goes. In géneral, Tblley.and Wilman calculate an optimal pricing strategy for
a commodity which has historically been characterized by perfect supply
reliability but which has recently been embargoed and for which there remains
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some probability of future embargoes. They do so Sy calculating consumer
welfare under the threat of supply interruption. Estimating the consumer’s
value of electrical service reliébility by any similar theoretical economic
model would require the calculation of consumer welfare under varying levels
of elecgrical supply reliability. Empirical evidence needed to estimate
customer demand functions at different levels of reliability are not available

in the economic literature.

3.11.2 Aﬁplications

Optimal pricing strategy is one area of investigation that may employ
an economic model approach. Alcthough the theoretigal literature contains
numerous examples of utility pricing schemes thaf maximize welfare functious,
two recent papers stand out for theif unusual implications. Crew and Klein-
dorfer2 employ a producers’ and .conSumers' welfare model to analyze the
effects of alternative priocing setrategies for peak and off-peak power when
reliability is not perfect. They sﬁow that when perfect reliability is not
assumed, multiple pricing -optimality can occur due to the nature of the
welfare function. They provide a framework for felatiqg the optimal choice of
reliability levels to the cost of rationing excess demand. Wenders®3 uses the
welfare maximizing approach to show that off-peak customers should bear .a
portion of the system capacity cost becausé:that capaciry contributesn to their
reliability even in off;peak hours. This conclusion is, of course, at odds
with the traditional conclusion that peak load customers should bear the

entire capital cost of the capacity needed for peak load.

Although these and other studies can reach faclle eonélusions about
pricing schemes that optimize the abstract welfaré functions, the lack of
empirical work on electricity demand functions that depend on reliability have
limited the application of a general welfare model to calculating actual
consumer value of electrical service as a function of reliability. In order
to determine this relationship, it is necessary to calculate the change in
consumer welfare between various levels of reliability. These calculations
are not possible at this time because the functional dependence of long- and
short-run demand schedules with respect to reliability are not known. Thus,
although it may be possible to estimate long- and short-run demand for an

existing level of reliability, data are not available from which to determine
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how demands,would change in . response to shifts in reliability. There may
be an’approﬁriate set of approximations and assumptions that would enable the
model used by Tolley and Wilman to be applied in estimating.the value of
electrical service reliability using existing empirical data. The development
and justification of that set of assumptions would require further development
of the model and. its theoretical basis as applied to electrical service

~reliability.
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4 CUSTOMER CHARACTERISTICS AND COMPONENTS OF THE VALUE OF RELIABILITY

Each individual customer has a unique set of electric energy require-
ments and level of inéurred losses resulting from an interruption of service.
These will vary widely within any attempted aggregation because a wide vari-
ability is present even among customers engaged in nearly identical activi-
ties. A customer's value of reliable electric.power is dependent upon his
service requirements and perceived interruption losses. These, in turn, are
functions of a number of such independent factors as equipment or process
design, availability of emergency back-up generation, ambient weather con-

ditions, time of day or year and geographic location.

As pointed out in the previous section, many of the earlier attempts
at quantifying the customer's value of electric reliability relied upon easily
obtainable surrogate social indicators like gross regional or national product
or wages and salaries. More recent work seeks to quantify less aggregate
customer losses through the use of customer surveys. Although a more dis-
aggregate quantification of customer losses is far superior to the use of a
single "social index," problems associated with the generalization of these
data and their transferability to demographic areas outside the survey region
exist due to the special mix of customers in each service area and unique

local economic conditions.

Nevertheless, it is not practical from a national policy evaluation
“viewpolint to attempt to quantify the characteristics of all individual custom-
ers and service areas. Nor is it sufficient, because of the diversity in
service areas and customer mixes, to use the broad indices that have been
used in the past. The most practical approach is to classify customers into a
manageable number of groups broadly defined by their general electricity-use
characteristics and values of electric service reliability. Such aggregations
should facilitate both data acyuisition and the modification of available
existing data to conform to different customer mixes and service areas.
Ideally, data modification should be accomplished using readilf available

regional or local economic and demographic information.

A reasonable disaggregation of customers is that being used by Ontario

Hydro in their present customer survey work, These include the following six

groups:



68

1. Large Manufacturers,

2. Small Manufacturers,

3. Commercial,

4. Institutional,

5. Agricultural, and

6. Residential (Urban and Rural).

4.1 CUSTOMER CHARACTERISTICS

The electricity use characteristics of large and small manufacturers
(collectively referred to as industrial customers) are similér. Industrial
customers normally have a relatively large demand (kilowatts) for electric
power that remains quitée stable from day to day or season to season. In
general, larger industrial customers, with more continual production activi-
ties, have the most uniform dcmand for electiic eueryy. Smaller customers
who may run only two shifts per day with no weekend production have lower
demands during evenings and weekends. However, these smaller cuestomero

exhibit a fairly constant demand during production hours.

A Industrial electricity use can be broadly segregated into four func-
tions: electric drives, electrolytic processes, direct heat, and other
uses like electric controls, space conditioning, and lighting. Thc approx-

.imate annual percentages of total U.S. industrial electricity consumption used
for each of these purposes are shown in Table 4.1l. Ahant 17 of all industrial

electricity consumption derives from onsite generation by tho cuatomer.

Table 4.1. Functional Uses of Industrial
Electricity Consumption

Function Percent of Total
Direct Drives 80
Elecfrolytic Prucesses 12
Direct Heat 5
-Other ' | 3
Total ) | 100

Source: Patterns of Energy Consumption in the United
States, Stanford Research Institute, prepared for the
Of fice of Science and Technology, Executive Office of
the President, Washington, D.C., p. 68 (Jan. 1972).
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Over 660 billion kilowatt-hours of electrical energy was purchased by
industrial consumers in 1974. This figure accounts for 39% of all électrical
energy sales to customers in that year{2 The market share of electrical
energy cohsumption by industry has declined slightly over the past two dec-

ades, despite its growth through time.

Because. of the very large number of different products and processes
used in industry, it is not possible to generalize about the power and energy
levels of major equipment and process steps. At best, those industrial
processes that consume unusually large amounts of electrical energy might
be catalogued. However, because the value of electrical supply is less
dependent upon the magnitude than it is upon the existence of the supply, the
éatalogue would have 1little significance. A comparison of the electrical
energy requirements of U.S. manufacturing groups by 2-digit standard indus-
trial classification (SIC) is shown in Table 4.2 for 1974 along with the value
added by manufacture during that same year. As shown in the table, five of
the six 1argest'consumers of electrical energy (SICs 33, 28, 26, 20, and 32
and 29) have ratios of value added to electrical consumption that are less.
than the national average. Thus, although value added is only an indéx of
of possible power interruption losses, it would seem to indicate that industry
losses resulting from power interruptions may not be —proportional to the
magnitude of electric energy demand, and thus it may not be approbriater

to identify large electric energy consuming processes.

Commercial and institutional demand curves are relatively high but
constant during the daylight hours of the normal business day and fall off
during the nighttime hours. Evening demand may fall off graduélly due to the
accommodétion of evening shopping hours in mény retail outlets. These classes
of customers also show seasonal variations as a result of space conditioning
and seasonal differences in 1lighting, which constitute their major energy

requirements.

Several types of institutional customers perform fairly low electricity
demand functions that may be critical to the maintenance of sociél order. It
is not difficult to imagine such critical needs in hospitals, police and fire
comhunications, prisons, or community water departments supplying high-rise

office or apartment buildings.



Table 4.2. Electricity Consumption and Value Acded by Manufacture

by Major Indust-y Groups =- 1974

(2)

(1) ( (3)
10° kwnh 10° kwh . 10° $ (3)

SIC Irdustry Group Purchased Generated Value Added (1) + (2)
20 Food and Eindred Products 36,879 2,657 44,769 1.13
21 Tobacco Products 1,028 - 3,217 3.13
22 Textile Mill Products 26,908 375 13,169 .48
23 Apparel (excluding Textiles) 6,357 - 14,943 2,35
24 Lumber and Wood Products 14,791 500 11,534 .75
25 Furniture and Fixtures 4,064 ' 56 6,983 1.69
26 Paper and Allied Products 40,870 27,383 19,096 .28
27 Printing and Publishing 8,993 - 23,610 2.63
28 Chemicals and Allied Products 124,168 18,711 44,432 .31
29 Petroleum and Coal Products 27,340 3,475 9,951 .31
30 Rubber and Misc. Plastics 19,039 651 14,826 .75
31 Leather, Leather‘Products' “1,509. 15 3,120 2,05
32 Stone, Clay, Glass Products 28,856 600 14,600 .50
33 Primary Mezals 163,319 22,385 37,297 .20
34 Fabricated Metal Products 25,199 105 35,221 1.39
35 Machinery f{excluding electric) 26,062 355 52,495 1.99
36 Electric and Electronic Equip. 24,658 171 36,902 1.49
37 Transportation Equip. 28,375 - 44,973 1.58
38 Instruments & Related Products 235 - 13,674 58.19
39 Misc. Manufacturing Industries 3,922 - 7,667 1.95
Totals: 612,572 78,439 452,479 0.65

Sources: Annual Survey of Manufacturers 1974 - Fuels and Electric Energy Consumed, Table 6

Statistical Atstracts of the United States, 1977, Table 1376

oL
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Approximately 30% of all electrical generation is consumed by com-
‘mercial and institutional customers. This proportion has increased somewhat
since 1960, nearly balancing the slight relative decline in industrial con-

sumption.3

Residential and farm customers show even greater temporal variability
in their demand for electrical power than do commercial and institutional
customers. Demand, particularly by residential customers, is very strongly
dependent uypon seasonal weather variations and also -exhibits very pronounced

daily peak demands during the early morning and early evening.

Figure 4.1 shows the

monthly-averaged electrical 2000

energy use for two samples of //ﬁNWALMRCMNTWMNG

single family homes in Madison, 1800 — . —
" Wisconsin. The sample of homes

with central air conditioning 3 100 m

show electrical energy demands i

during the peak summer months §‘W°" : ' 7

that are about 807 greater than g '

their fall/winter/épring av- glmo%- 7

erages. Summer demands by homes E 1 A

with no air conditioning, on the 1000,1— Nl“ fv’\\ ',‘ 'l\‘ 'A\'rV:

other hand, show summer peaks Vo \ ,\,\f‘ LA

that are generally less than the 200 = \\No:;(LN;HOMNG B

winter peak and are comparable to | |

the non-summer average demand. squ 1873 ! 1974 g9

The effect of residential summer YEAR

peaks on utility systems has

become more pronounced in the
Fig. 4.1. Monthly-Averaged Residential

past derade with the increased Electrical Demand, Madison,
use of air conditioning. ' Wisconsin, Housiug Sample

Source: Mitchell, J.W., G«I. Venkatarn,

Daily load variations in g .
: Energy Use in a Sample of Homes in

the residential and farm sectors Madison, Wisconsin, IES Report 72,

are primarily a result of domes- -Energy Systems and Policy Research
. ' Group, Institute for Environmental

tic uses of cooking equipment, Studies, University of Wisconsin,

hot water, and lighting. During Madison, p. 19 (Feb. 1977).
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periods of food preparation, refrigerators are usually being opened and closed
more frequently and thus are required to run more frequently. Also, indoor
food preparation during the summer adds not only its own demand, but a secon~-

dary demand due to the added heat that is removed by air conditioning.

Nationwide, about 34% of all electrical generation is consumed by
the residential and farm sectors. This percentage has also increased slightly
from 1960 when residential sales accounted for nearly 29% of the electric

energy consumed in the United States.%

4.2 CUSTOMER VALUES

In order to estimate the overall values of reliability, it is desirable
to aggregate customers who not only have similar wuse characteristicu; but
who aloo have slwmllar values of reliability and a similar willingness and

‘ability. to pay for any given level of service reliability.

A customer’s ability to pay for alternative reliability levels is
dependent upon the availability of economic resources in comparison to the sum
of all other financial requirements. The willingness to pay is a function of
the alternatives available to the customer and his eipected return. That is,
the rational customer would not be expected tn pay the utility (u provide
added reliability if it does not benefit him to a corresponding extent.*
These customers wonld aleo not be eapected to pay for utility: provided reli-
ability ;f the same level of service can be obtained at less cost by construc-
ting in-house emergency back-up generation or executing some other option that

may be less costly.

The following discussion nf the customer’s value of reliability
assumes that all customers who are willing to pay for an alternative level of
reliability also have sufficient financial resources to enable them to do so.
If cost of service 1s an increasing function of service réliability, the
assumptivn then is surely valid for decreases in reliability. For increases
~in reliability, the assumption is not likely to be violated within small

variations of a few percent increase in the customer’s electricity costs.

*This strict statement that assumes marginal benefits to be greater than or
equal to marginal costs may not tell the whole story in that some customers
may be willing to pay a slight premium for more reliable service as an
insurance factor against uncertainty in their marginal cost/benefit analysis.
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The value of electric service reliability to particular customers (or
customer classes) is subject to their service requirements and perceived
interruption losses (or costs) modified by the probability that a service
interruption will occur. Clearly, a customer’s value of reliability must be
at least’ as great as the product of expected economic losses caused by a
service interruption and the probability of that interruption occurring,
summed over all possible interruptions. However, the customer’s value of
reliability may be greater than this because of certain external or non-dollar
costs that are incurred as a result of an interruption. R.B. Shipley et al.
recognized such costs in their 1972 IEEE paper when they referred to the
‘effects of power interruptions on customer comfort, convenience and safer.y.5
But external costs may also include ‘indirect customer costs such as the
release of additional environmental pollutants due to inoperable pollution

control devices.

Unfortunately, external costs are often difficult to quantify and thus
it is difficult to assign a value to them. This valuation problem exists not’
only for the utility analyst, but for the customer as well. However, external
costs may be the most important factor in the decision processes of some
individuals. It is not usually possible for a customer to accurately per-
ceive, or even to identify, the external costs associated with a level of
service reliability that has not actually been experienced. This phenomenon
is exemplified in the recent customer survey by Consumers Power Company.6
When two groups of customers were asked to rate the seriousness of various
durations of power outage, the group of customers who had recently experienced
those outages uniformly rated each duration category as less serious than did
the group of customers who had not experienced any recent power outage. This
survey was only of residential customers, and it should not be inferred that
all customer élasses, or even residential customers in all service areas, will

_tend to overestimate the seriousness of an outage if they have not recently

experienced one.

It Is lwportant to mention that although it is difficult for the
customer to value external costs (or benefits), he does so for nearly every
product that is purchased. The evaluation of external costs and benefits may
not be very visible in the purchase of small items, but for large items like
an automobile, external factors such as the vehicle manufacturer and dealer

reputation become important considerations.
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A customer’s internal costs (direct dollar costs) and external costs
due to an interruption in electrical service will vary extensively and will
depend upon numerous independent factors. Even two customers subjected to
identical power interruptions and incurring identical dollar losses, may be
exposed to divergent external costs. And, in accordance with the individual
customer’s tolerance to those costs, each may value more reliable service by

differing amounts.

Figure 4.2 is one example of possible customer interruption costs and
values of reliability drawn from an infinite number of possible sets. Actual
relative costs and values may vafy significantly from those shown. 1In the
base plane uf the figufe, customer regimes in internal/external cost space are
shown for the six customer groups whose use characteristics were previously
"descrihed. The fact that thcoe regimes aie shuwn as a range ot internal and
external costs is intended to porttéy the existence of uncertainty in the
estimation of these costs. The relative pnsttioniﬁg, oisecy, and shape of
these regimes, as well as scales assigned to each of the axes will vary

according to geographic area, intra-group customer mix, season, aggregate
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outage characteristics (frequency, duration, etc.), and other factors.
Synergistic social effects in New York City may well add greater unit external
costs to an. extended outage than would be experienced in Springfield, Illi-

nois, for example. -

The vertical dimension of Fig. 4.2 represent the value that each
customer group mightbassign to, and be willing to pay for, an increment of
service reliability. These aré also subject to a significant amount of
uncertainty and variability as indicated by the irregular upper limit of each
bar. Each.customers group's value is a function of its aggregate tolerance
toward both the internal and external costs incurred as a result of the
ffequency and duration of power interruptions that define the cost regimes in
the base plane of the figure. Again, it is only the concept of the inter-
relationship between internal costs, external costs, and value that is
portrayed in Fig. 4.2. Actual relative positioning and magnitudes may differ

significantly.

As 1is 'readily apparent, the key constraints to assigning values to
customer's electric service reliability are the great variability and large
uncertainty associated with the customer's operating environment and interrup-
tion costs. Much of the ongoing work, particularly by Ontario Hydro (and
perhaps EPRI) is seeking to narrow the bands of uncertainty in terms-of the
customer's internal costs. Additional data and a methodological procedure for
comparing and transferring data to other service regions are lacking at this
time. The work currently under way by EPRI and DOE/EES may be directed toward
making advances in these deficient areas, although it is too early within the
per formance periods of these studies to make detailed evaluations as to the

contributions they may make.
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5 OPTIONS FOR ALTERING CUSTOMER SERVICE RELIABILITY

Service reliability is defined as the level of continuity and quality
of electric supply to an electric utility customer’s end-use device. Numerous
technical and operational options are presently or may potentially be avail-
able to alter customer service reliability relative to its existing level.
Each particular éption may be classfied by whether it is utility or customer
owned or selected and whether it is activated or initiated by the utility or
customer during day-to-day operations. In the case of utility owned or
initiated options, alterations in service reliability may affect only some or
all customers in the utility’s service region, a geographic-subregion, certain
customer classes, or even selected individual customers, dépending upon the
option selected by the utility. Customer owned or activated options, on the
other hand, primarily affect the service reliability of individual customers.
Large numbers of certain customer-operated options in any single service area,
however, may also affect the service reliability of other customers, or even

the entire service area.

Figure 5.1 cléssifies several generalized options' for altering cus-
tomer service reliability by customer or utility selectionm during the design
or planning phase and by customer or utility activation during the operating
phase. Decisions regarding customer selected and customer activated options
(Class' A) vare made by the customer, largely independent of the utility’s
decision processes. Likewise, decisions regarding utility selected and
utility activated options (Class D) are made by the utility, largely indepen-
dent of the customer’s decision processes. There is of course some level of
influence between the customer and utility with respect to decisions regarding
these options. TFor example, the customer will be influenced by his expecta;
tion of the quality and price of utility provided services; the utility will
be affected through the regulatory process and its perception of customer
requiremente. These influences are less direct and less well defined than for

the other classes of options.

Options selected by the ‘customer and subsequently activated by the
utility during the operational phase (Class C) are usually arranged under
special contracts that specify the exact requirements. Contracts vary among

utilities and within utilities as well, depending upon the frequency with
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DESIGN PHASE: SELECTED BY...

THE CUSTOMER THE UTILITY

Class A Options: Class B Options:

1. Supplemental Emergency 1. Customer Peak Demand
Power Generation Charge

THE 2. In- House Generation With | 2. Time-0f-Day Pricing
CUSTOMER Utility Backup

3. Voluntary Public Appeals
3. Storage Devices .

OPERATIONAL 4. Voltage Regulators &
PHASE: | - . Uninterryptible Supplies
ACTIVATED Class C Options: Class D Options:
BY.... 1. Interruptible Service 1. Generation Reserves, Con-
Contracts . figuration, & Interties
THE 2. Puleo-Controlled Devices | 2. Transmission Configuration
UTILITY & Design

3. Special Supply Provisions _
‘ 3. Distribution Configuration,
Design & Maintenance

4. Operational Procedures

Fig. 5.1. Generalized Options for Altering Customar Scrvice Reliabilliy

which certain. options are employed, the level of service flexibility; and
other factors. Nevertheless, for the selection of each Class C option, there
is a large degree of customer-utility interaction or negotiation, Once

selected, however, the utility generally controls its operation.

Class B options are those selected by the utility and activated by the
customer during day-to-day operations. For the options listed in Fig. 5.1,
customer-utility negotiations take place via the regulatory process through
which the final rate formulas are determined. Once approved by the regulatory
commission, it is the customer who determines his own pattern of electricity

use during daily operations.

Within each of the four classes of options are several technologies or
operational procedures that may be employed by the utility or its customers.

Each of these is discussed in greater detail in the following sections.
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5.1 CLASS A OPTIONS: CUSTOMER SELECTED/CUSTOMER ACTIVATED

Customer selected and activated options are typically housed on the
custoﬁer's property and under his di;ect controi. In general, this class of
options is employed only to increase the customer’s electrical service reli-
ability. The term "customer" implies some level of electricity purchase from
the utility. Thus, electricity consumers without any electrical connection to
the utility grid -- those who consume only what they generate themselves with

no reliance on the utility -- are excluded from consideration.

Customer selected and activated options vary over the entire spectrum

of associated dependence on the utility, and include the following:

1. Supplemental emergency power generation,

2. In-house generation with utility backup,

3. Storage devices, and

4. Voltage regulators and "uninterruptible" supplies.

Supplemental emergency generation activated in the event of a utility
supply failure is perhaps the most common option employed. Many industrial
and commercial customers and even some residential customers have such back-up
devices. Industrial and large commercial customers may use gas ‘turbines or
diesel generators; smaller emergency power generators are not capable of
carrying all of the customer’s normal load, but usually are sufficient to
operate critical components such as process controls and lighting in industry,

sump pumps and emergency lighting in commercial establishments, and resi-

dential lighting.

At the other end of the. spectrum is nearly total in-house generation
with reliance on the utility for electricity only when the in-house generation
fails. This option is wusually considered only by the largest industrial
consumers who might consume hydrocarbon fuels and process wastes or even
hydro-power to generate electricity. Cases also exist where the customer
ie capable of generating electricity in excess of his own requirements.
Often, this excess generation is sold to other nearby customers or sold to

the electric utility for use throughout their grid.

Energy storage devices may also be used by utility customers to in-
crease their level of reliabiiity. Because electrical energy cannot itself be

stored, it has to be converted to some chemical, thermal, mechanical or
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electrochemical form for that purpose. Examples of some selected storage
technologies and possible applications are included in Table 5.1. Thermal and
electrochemical storage systems are in wide use by industrial, commercial, and
residential customers. Cﬁemical and mechanical storage systems have been used
primarily but not extensively by industrial customers. Electrical services,
when available, are used to "chargé" the storage devices. During an interrup-
tion of electrical services, the stored energy may be used directly or recon-
verted to electricity. These storage options are generally connected in
parallel to the normal service and can be employed by manual or automatic

switching in the event of an interruption of utility services.

Some utility rustomers, cuch aoc those willi vuvwputer facllities, require
not only a continuous but also a high quality supply of electrical energy-
Quality refers to the nearness of delivered voltage and rufrent to oyotcm
specifications. Under normal operations utility-provided voltage and curreul
frequeﬁcy vary somewhat with respect to delivery specifications (120 V, 240 V,
etc., and 60 Hz). . Occasional switching on the customer side of the final
step—down transformer and other day-to-day activities by customers on the same
feeder line may also cause short-term voltage and current fluctuations. Also,
during peak demand periods, the utility may selectively reduce its delivery

voltage to reduce some of its load.

Customers who require a higher quality of service than that provided

by the utility may install either wvoltage rcgulators or "uuluterruptible”

Table 5.1. Examples of Current and Potential Storage Technologies

Type Storage Medium - Appllcations
Chemical Hydrogen Combustion
Thermal ) Water; Crushed Rock Process & Domestic
; Hot Water; Space

Conditioning

Mechanical Flywheels Mechanical Drives;
Electricity Genera-
tion

Electrochemical Batteries - Emergency Lighting;

Process Controls;
Communications
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supplies depending upon the tolerances of their equipment. Customers re-
quiring a very high quality electrial service might install what is termed
uninterruptible pdwer supplies. Two types of systems are in use today, and
both incofporate a storage device as a buffer between the utility’s service
and the customer’s equipment. One type uses a motor-flywheel-generator
arrangement. The motor is run directly by the utility-provided electricity
and imparts its shaft energy to the flywheel where ‘it is stored as kinetic
energy of rotation. This energy is subsequently used to turn the generator to
produce electrical power for the customer’s equipment. With this arrangement,
the generator and equipment are filtered from utility supply variations and
the customer’s equipment can be protected against a éomplete interruption of
utility supply. The length of the interruption that it can be protected
against is a function of the surplus energy stored in the flywheel, which is

dependent upon the flywheel’s mass and rotationadl velocity.

The second type of uninterruptible power supply utilizes a ''battery
floét" between the utility supply and the customer’s equipment. Utility
provided alternating current (ac) is converted to direct current (dc) and
continuously charges a bank of batteries. Energy is also continuously removed
from the battery bank as dc and'converted to ac for use by the customer’s
equipment. Thus, the equipment is never directly connected to the utility
supply. Variations in utility service are completely filtered by the battery
bank. This device may also sustain equipment operation for some time in the
event of a complete electrical service interruption. The length of time over
which equipment operation can be maintained depends upon the storage capacity
of the battery pack and power requirements of the customer’s equipment. (A
capacitor or capacitive circuit may replace the battery pack, but this option
generally will not be able to provide power continuity for the extended

periods of time possible with batteries.)

Customers who do not require a high degree of service reliability might
install voltage regulators. In general, voltage regulators are variable-tap
traneformers that monitor their output voltage and automatically change taps
to maintain that voltage within specified limits. A voltage control range of
* 10% is nominally accepted by U.S. electrical equipment manufacturers. This
range is usually controlled in steps of *17%, *2% or 157 depending upon equip-

ment tolerances.l
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Two major disadvantages are associated with variable-tap voltage

regulators. First, because the voltage corrections are made incrementally
rather than continuously, the customer’s equipment may still see power tran-
éients caused by the tap switching operation. These transients can be some-
what reduced by the addition of an electronic filtering circuit between the
voltage regulator output and the customer’s equipment.. The second major
disadvantage of variable-tap regulators affects the electric utility. During
periods when the utility initiates a systemwide voltage reduction to achieve
some measure of load relief, a customer’s voltage regulator begins to draw

additional current, nullifying the load relief sought by the utility.

5.2 CLASS B OPTIONS: UTILITY SELECTED/CUSTOMER ACTIVATED

Utility selected-customer activated options for changing reliability
include those that are characterized generally by voluntary actions to reduce
demand during periods of overall high demand for electrical services, or
simply to control their periodic maximum demand in general. These options may
be implemented by the utility either through the rate structure or through
public appeals during periods of severe capacity shortages. This class of
options include:

1. Customer peak demand charge,

2. Time~of-day pricing, and

3. Voluntary publlc appeals.

The peak demand charge concept was first developed in the early 1890s
in England by Hopkinson and Wright. The objectiQe was to allocate at least
some of the cost of providing sufficient capacity to moot thc ecustomers
maximum demand equitably. The charge is proportional to a customer’s maximum
demand (kilowatts) during a specified period (usually one month) and serves to
prevent customers from imposing unnecessarily high kilowatt demands on the

utility system.2

A more recent concept, that of time-of-day pricing, is presently
being studied by several U.S. utilities and has been implemented by other
utilities for some industrial customers. This option seeks to reallocate a
portion of the aggregate customer demand occurring during daily system peak
periods to those daily periods when system demand is lower by pricing peak-

period energy consumption (kilowatt-hours) at a higher rate.
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Both the peak demand charge and time-of-day pricing can be viewed in
two ways. First, these rate structures are closer approximations to incremen-
tal pricing of electrical services than those provided by the various average
cost of service rate structures. This aspect, in and of itself, does not
affect service reliability. Second, because of the higher charge imposed due
to periodic peak demand or system peak period energy consumption, some elec-
tric utility customers will choose to demand fewer kilowatts during the
system’s peak period. Thus, these pricing methods can be viewed as a means of
peak load management that has the effect of increasing system reliability
during the peak periods. Assuming that the same amount of energy (kWh) will
be consumed with or without exercising one of these options and that no system
design chénges are made, the increases in system reliability during thé peak
periods will be only partially offset by decreases in system reliability
during off-peak periods resulting from additional off-peak demand.

A third option for increasing system reliability during peak periods
'is through voluntary appeals by the utility to its customers through a public
medium such as radio or television. This option is usually exercised by
electric utilities during periods of critical on-line capacity shortages. As
some customers reduce demand, the operating capacity reserve margin increases,
the probability of loss of load decreases, and system failure becomes less

likely.

In each of these cases, whether customer peak-period demand is reduced
by price incentive or penalty, or whether customer demand reduction is strict-
ly voluntary, it is always the customer’s choice to perform a specific action
-~ be that tu reduce or to maintéin a certain demand level. It is emphasized
that the customer who chooses to reduce demand because of price incentives
or public appeals is not considered to have experiénced a loss of service,-
since a choice coﬁld equally well have been made to continue or even to
increase demand. Individual choices to reduce demand, however, do benefit
those customers who choose to continue their requirement for electrical
service, by effecting an increase in system reliability. Thus, in one sense,
it is possible for customers to benefit from a partial reduction in their
demand, which has the effect of increasing theAreliability of the portion of
services they elect to continue demanding from the utility system. Certainly,

it would be very difficult to quantify the extent to which this possible
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feedback compensateé for the customer’s choice to reduce a portion of his

demand.

5.3 CLASS C OPTIONS: CUSTOMER SELECTED/UTILITY ACTIVATED

This class of options affecting the customer”s electrical service
reliability covers special contractual arrangements between the customer and

the utility. Specifically, these are:

1. Interruptible service contracts,
2. Pulse-controlled devices, and

3. Special supply provisions.

Interruptible service contracts and the use of pulse-controlled
devices generally decrease the affected customer’s Jlevel of servics reli-
ability. Like the Class B options, however, the execution of these two
options tends to provide additional operating flexibility to~tﬁe utility and

tends to increase system reliability during peak demand periods.

interruptible service contracts are usually available only to large
industrial customers. In consideration of a lower rate schedule, the utility
reserves the right to interrupt services to the customer in accordance with
provisions specified in the contract. Contract provisions might specify the
maximum frequency, duration, and total normal energy requirements that may be
interrupted in a yearly period as well as the amount of advance notice re=
quired to be given by the utility. Depending upon the physical arrangements,
the utility may actually disconnect fhe customer’s load or the customer may be
contractually bound to disconnect his load within a specified time limit. 1In
the latter case, the contract may also sﬁecify severe cost penalties for
failure to disconnect within that time limit.3 In 1970 about 32% of U.S.

utilities offered interruptible service contracts to their customers. 4

Pulse~-controlled devices are essentially electrnniéally operatcd
switches selectively controlled by means of a coded pulse riding on the
nominal 60Hz current provided to the customer. Because it is not possible for
the control pulse to propagate through transformers, it is necessary to
initiate the signal on the customer side of the final step—~down transformer or

install a filter circuit to bypass the pulse signal around the transformer.
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A utility operator might .control remote pulse generation devices located
at the customer’s side of the transformers via microwave communication equip-
ment.> .Since the control switch can be coded to recognize and respond to
only certain signals, the utility can interrupt service to selected consumer
- processes or appliances, .and may even restrict the interruption to certain
geographic areas or customer classes. Several U.S. utilities are presently
experimenting with these devices applied to residential hot water heaters and

air conditioners.

Individual customers such as hospitals, communication facilities and
computer facilities, who require a higher level of service reliability than
normally proVided by the utilty, may contract for special supply provisions.
These provisions would generally be specially designed or arranged subtrans-
mission and distribution facilities. Specifically, a customer may desire
feeders that can be energized by more than one substation, the installation of
an underground feeder, or a high degree of distribution system sectionalizing

and automation for protection against substation or distribution failures.

5.4 CLASS D OPTIONS: UTILITY SELECTED/UTILITY ACTIVATED

The utility has perhaps the most varied selection of options available
for altering their customer 1level of service reliability. These encompass
options related to the:

1. Generation subsystemn,

2. Transmission subsystem,

3. Distribution subsystem, and

4. General operational procedures.

As previously noted, options that alter the reliability of the generation
subsystem potentially affect all of the utility’s customers. Changes in the
level of reliébility of the transmission subsystem may, under certain condi-
tions, alter the level of reliability to fewer Eustomers, and changes in the
distribution subsystem will affect even a smaller number of the utility’s

customers.

. Numerous options are available for changing generation subsystem
reliability. These include generating cépacity'reserve, interties with other
utilities, overall generation fuel and unit capacity mixes, multiple fuel

-capability at individual stations, degree of decentralization of generating

capacity, and the utility“s scheduled maintenance,prdcedures.
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Generating capacity reserve is the most frequently referenced option
in discussions regarding utility reliability because of the large capital
investment needed to provide whatever reserve capacity is considered appro-
priate  and the small fraction of time during the year that it is operated.
Some amount of reserve capacity is necessary to cover uncertainties in the
peak demand forecast, and to substitute for base and intermediate load capac-
ity that may be forced out of operation due to unexpected causes, scheduled
maintenance, or because of partial derating for environmental or other
reasons. Clearly, the more reserve capacity available to a utility, the
better protected it will be against unanticipated wunit outages, extended

maintenance schedules, or higher than expected peak demand.

A utility may also rely . on interties with neighboring utilities to
increase its level of generation reliability. Electrici;y purchased through
interties (transmission lines connecting two or more utilities) may be under
either a firm or emergency contract arrangement. Under a firm purchase
contract the selling utility treats the purchasing utility just like another
customer and provides electrical powér upon demand. The firm purchase con-
tract may specify limitations on one or both utilities. Under emergency
intertie arrangements, utilities generally negotiate short-term sales and
purchases of electrical power during periods of need. The selling utility
provides power only if sufficient capacity is available and is under no
obligation to do so. Hence, by either a firm or emergency intertie with
neighboring service areas, a utility can increase its own reliability. This
expedient often serves as an economical alternative to the construction of
additional reserve and 1is usually a favorable arrangement for all utilities

involved.

Another means of altering the utility’s generation reliability is by
varying degrees of generation fuel mixture. The more diversified a utility’s
fuel mix, the less dependent that utility is upon interruptions in the supply
of any single fuel type. The effect of fuel diversification was very evident
during the recent national coal strike. Those utilities strongly dependent on
coal found themselves short of sufficient fuel to meet their customer’s
demand. Emergency purchases and public éppeals to curtail demand were the
only measures that enabled many utilities to survive the critical fuel shor-
tage. Diversification of fuels, however, does subject the utility to the

greater probability that any one of their fuel types will be interrupted.
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Along these same lines,'multiple fuel burning capabilities in a
utility’s generating facilities also serve to increase their reliability.
Many utility boilers can be designed for relatively quick conversion to either
coal, oil, or gas. The ability to burn any of these fuels in the same boiler

guards against a supply interruption of any one of the fuels.

Regardless of the number of fuels that can be burned in any generating
facilify, generation reliability can be enhanced by larger onsite storage of
fuels. This strategy is particularly true for coal and oil burning facili-
ties, since these fuels are relatively easy to store. It should be noted that
many eastern utilities had increased their coal supplies from a 30~ to 90-day
supply in anticipation of the recent coal miners” strike. However, because of
the extreme length of the miners’ walkout, even the additional provisions were
inadequate in many cases. On the other hand, Canadian utilities who import
much of their coal from the United States, were not affected by the coal
strike because it is normal practiée for these companies to store up to 12
months” wofth of coal supplies. This is a general practice because barge

- transportation via the Great Lakes 1is interrupted for most of the winter.

Because of their storage capabilities, supplies of fossil and nuclear
fuels are relatively assured as compared to some renewable sources such as
- direct and indirect solar energy. These sources of energy, although inexhaus-
tible are randomly intermittent. The relationship (if any) between solar-
based energy source availability and a utility”s load profile is largely
unknown, but is being investigated at this time. Thus, the effect of solar-
based generation either by small dispersed systems or large ground-based
centralized electric power facilities is largely unknown. Also important with
regard to transmission reliability are the effects of centralized versus
decentralized power generation, either with solar or conventional fuels; this

aspect is discussed later.

Another area of utiiity praétices that may affect generation reli-
ability is the utility’s generation plant maintenance procedures. Generally,
scheduled maintenance is performed during off-peak seasons to provide for the
maximum availability of capacity during the seasonal peak periods. The degree
to which a utility is able to perform all of its scheduled maintenance during
the off-peak season will affect generation reliability. Time and capacity

contingencies and thc amount of power a ntility is willing to purchase in
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order to perform off-peak season maintenance are important factors affecting
reliability. Other contributing factors are the size and quality of the

utility’s maintenance force.

Transmission subsystem reliability is influenced mainly by the physical
configuration of the utility’s transmission network, its design specifica-
tions, and exposure conditions. A system’s configuration determines the
utility’s ability to reroute electrical power to customers in the event of a
fault in a line segment. The extent to which a utility has installed auto-~
mated control and switching devices, as well as its level of backup equipment,
will determine the rate at which the customer’s power is restored given a

transmission segment failure and an appropriate line configuration.

The majority of all transmission iine failures is related to exposure,
which refers to the length of line segment between two points and prevailing
environmental and meteorological conditions. The shorter the line segment,
the less likely it is that it will be advcrocly affected Ly severe environ-
mental conditions. Decentralized energy systems located near load centers
would be associated with shorter transmission lines than would larger centra-
iized generation systems serving the same collection of load centers. Shorter
lines offering less environmental exposure should therefore provide a higher
level of reliability to the customer. But, reliability is also dependent upon
system configuration and the extent to which generating capacity and load
centers are interconnected.. Interconnection requires additional transmission
facilities,'and these are subject to enviromental exposure and failure.
Optimum system design depends on many varying factors for each utility and
cannot be determined without consideration of existing and planned generating

plants and demand center growth projections.

Since ‘environmental exposure is the major cause of transmission line
failﬁres, the extent to which a utility "over-designs" its transmission
facilities also affects customer reliability. Of major importance in trans-
mission line design are the historic frequency distributions of high winds and
ice storms. Future expectations of adverse weather conditions are based upon
historic data and transmission lines are designed accordingly. Design cri-
teria vary by utility but are usually expressed in terms of the structures’
ability to withstand the maximum sustained wind velocity expected once per
specified period, or some maximum ice loading if the utility experiences

occasional ice storms.
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Underground transmission facilities, though not the most efficiént, are
an obvious means of eliminating many adverse environmental conditions to which
overhead lines are éxposed. They are much more costly, can carry less power,
aﬁd require 1longer repair times in failure modes such as flooding, short

circuiting, and others. : -

Besides the utility’s physical system and the level of reliability it
provides, some of ‘the utility’s operating procedures will also influence
the rgliability of service experienced by various groupé of customers. Most
notable are the utility’s priority sequence for loading shedding and its
operating flexibility for delaying that action. Numerous measures are
executed by a utility before it becomes necessary to shed load. Typically, a
utility will call for emergency power purchases from neighboring utilities,
disconnect its interruptible customers, and make public appeals for voluntary
cutbacks before load is dropped. These options were discussed previously.
The utility is also a large consumer of its own electricity, and thus has the
capability of <curtailing a portion of its own load before interrupting its

customer service.

Another longer ranged policy practiced by many utilities is to maintain
its older generating units rather than retire and decommission them. " These
older units serve as additional reserve capacity although they are typically

not as quick starting as newer gas turbine or diesel generators.

In the event that load shedding becomes necessary, the customer’s
reliability can be affected by the utility’s policy toward customer interrup-
tions. Typically, voltage reductions or "brown-outs" are impleménted first.
A utility can usually curtail up to a maximum of 5% of its load by reducluyg
voltage by 8%. As noted previously, some customers will need to curtail their
production at substantially less than the maximum voltage reduction. When
voltage reductions are not sufficient, customer disconnection becomes ne-
cessary, This process is usually initiated at the substation level with some
utilities capable of shedding increments of 15-20 MW. Other utilities can
shed load only in larger increments. Load is shed typically by geographic
area, and thus the utility is capable of distinguishing customer classifica-
tions only to the extent that they may be concentrated geographically. In
many cases, however, a.mix”of customer classes exists in any specified area.

Exceptions to this generalization are large industrial customers served
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directly by the utility via a separate substation and large areas of resi-

dential customers.

Utilities have formulated plans for load shedding nriorities as urged
by the Federal Power Commission in Order 445, January, 1972.6 Normally,
predominantly residential areas are the first to be dropped when load shedding
becones necessary. The extent to which existing load shedding priorities are
equitable to all customer classes is a major qnestion presently being asked by

many utilities and regulatory bodies.

5.5 COSTS OF RELIABILITY-ALTERING OPTIONS

Some cost is associated with eaeh uf,the options that is available for
altering customer service reliability. Tne costs of the various options may
be borneAdirectly by the utility or by the customer either directly or
through the utility’s rates. The cost relationships between reliability and
equipment options such as emergeney power generators, special supply provi-
sions and generation, transmission, and distribution subsystem design are
relatively easy to quantify for a particular customer or utility. A generic
estimate of these relationships, on the other hand is complicated by the wide

diversity of customer requirements and utility system designs and practices.

The ‘class of options selected by the utility and activated by ‘the
customer (Class B) is strictly voluntary on the customer’s part. Very little
quantitative understanding exists with. respect to the -effect of a customer
demand charge or time-of-day pricing on the system’s loed pattern and, thus,
on the system’s level of reliability. No U.S. utility has yet initiated wide
scale time-of-day pricing although some are experimenting with the concept.
Likewise, the amount of load relief available through public appeals for
voluntary cutbacks can only be estimated, based upon a"particular utility’s
prior experiences and will vary in accordance with existing weather and other

conditions.

Nevertheless, the costs associate& with all of the options available
for altering customer service reliability are intimately related to its value
to customers and their willingness to pay for it at a specified level.
Some options mey be available only to some customers and some utilities.
Thus, in estimating a particular class” willingness to pay, it will be ne-

cessary to determine the cost of all options for which adequate quantitative
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data 1s available since the customer decisions will be based on the least-

cost alternative that satisfies the customer’s requirements.

5.6 OTHER CONSIDERATIONS

The options discussed in this section are those that directly affect
the customer’s level of electrical service reliability and hence only include

. the ones that provide electricity for customer use.

Other considerations enter into the customer’s requirements and value
of electrical service reliability, of.which the most notable are options to
use a different power squrce like natural gas for process heat, or steam for
mechanical drives.  Another possible option is a process designed for tem-
porary or decreased (but continued) operation in the event of an electrical
power failure. The extent to which these other typés of options are available
to customers affects their value of electric reliability because they tend
to decrease their losses during an electrical power failure. These options
have not been discussed in detail because they do not alter customer elec-
trical service reliability, but do affect the ability to continue operations

in spite of power interruption.
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6 POLICY ISSUES

Policy issues related to customer electrical service reliability have
grown out of the recent and dynamic state of affairs experienced by the
utilities, their customers, state and federal regulatory agencies, and federal
technology R&D organizations, such as DOE. These issues are particularly
complex because of the integrated nature of electricity use in nearly every
day-to-day activity engaged in by American society and the large capital and

fuel intensity present in U.S. electric utilities.

The current state of affairs is dominated by major concerns about all
forms of future energy évailability, environmental and socioeconomic effects
of energy production and use, high unemployment, rising inflation, and a tight
capital market. These and other influences have caused the various interest
groups, or stakeholders, to question previously accepted methods of operation

in an effort to relieve the strain that these factors have caused.

In many cases, the objectives of the various stakeholders are in
conflict with each other and require compromise to achieve some viable action
that will improve the present state of society. The question of electric
utility system and customer service reliability management brings into view
many such objectives that ultimately need to be formulated into a comprehen-
sive action poliéy. The DOE Office of Technical Programs Evaluation under the
Assistant Secretary for Policy and Evaluation seeks to define policy actions
that will improve today’s energy (and economic) situation in as equitable a
fashion as possible By considering the objectives of all involved or inter-

ested parties, rather than those of a single entity.

6.1 PROFITABILITY AND RATE STRUCTURES

To formulate such policies with respect to electric utility system and
customer service reliability, the major issues involved need to be defined.
First, electric utilifies are regulated monopolies and must seek approval from
state and federal regulatory agencies for most matters related to capital
expansion and customer rates. Because they are monopolies, the utility’s
charter requires the provision of electric power to its customers upon demand.
This proviso has previously been interpreted as requiring the utility to

provide as high a degree of reliability as reasonably possible to all of
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its customers. Many utilities are now finding it difficult to get approval
for sufficient rates to continue to provide reiiaﬁle service in the manner to
which they are accustomed -- genefally by a large generating reserve margin.
A recent example is that of the Southern Combany'that provides electrical
services to four southern states.l Because of its inability to gain approval
for increased rates, Southern is alloﬁing its capacity reserve to decline from
20 to 15% in an effort to keep pace with growing demand and their investors’
expected rate of return. The decline in reserve capacity will surely affect

* Southern’s reliability.

Most utilities are experiencing problems similar to those of Southern.
The high cost associated with providing reliable electric service and the
corresponding higher rates required from the utility’s customers is one of the
most important issues facing the utility industry. As a result of this issue,
utilities and state regulatory agencies are questioning the conventional means
by which a desired level of reliability is provided. Questions are being
raised and new techniques sought in terms of electricity pricing mechanisms
and transmission and distribution subsystem design to achieve reliability in a
more cost-effective manner. Time—of—day pricing is also a popular issue that
became of interest because of technological developments that make.time-of-day
netering possible. At variance are the relative benefits and éésts associated
with this pricing mechanism. Some utilities are experimentally investigating

the effects of time-of-day pricing with industrial and residential cuctomcras.

6.2 SYSTEM DESIGN AND PLANNING UNCERTAINTY

Historically, utilities have treated separately the reliability
criteria of generation, transmission, and distribution. Some are now beginf
ning to address the problem of coupling these subsystems in an attempt: to
evaluate and optimize the overall system design. This is an important prob-
lem, because some have charged that the highly capital-intensive generation
subsystem has been overbuilt and that the added reliability provided by the
generation facilities does not benefit the customer because of the lower level
of reliability in the transmission and distribution systems. Utilities have
previously considered generation reliability as the critical component because
of the long lead times necessary in its construction and because of the

widespread effect imposed by deficient supply.
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A contributing issue, therefore, in terms of utility practices relates
to the long lead times required to construct new generating capacity. Much of
the increase in lead time that developed in recent years is a result of
regulatory delays. These have a significant effect on.construction cosfs,
planning dncertainty, and reliability.' Some recent studies have attempted to
analyze the social costs associated with over- or under-building generation
capacity in view of future uncertainty,z‘6 and have concluded that the
lesser costs are those associated with over-building. Ihese results, however,
are not founded upon detailed analyses of customer interruption costs nor
evaluations of alternatives to new capacity construction; this cléss of study

requires further investigation.

6.3 SYSTEM INTEGRATION OF NEW TECHNOLOGIES

New technologies will also have an effect on utility system reli-
ability. The Department of Energy  is developing several technologies that
will be applicable for electric utility generation and others that might be
used by the utility”s customers. In the evaluation of DOE’s development
programs, it is necessary to consider the potential beneficial and adverse

effects that these new technologies may have upon society.

A class of systems of interest to DOE is decentralized energy tech?
nologies (DET). These DETs are both electric and non-electric energy sources
that are small in comparison to today’s large centralized energy facilities
and may be located near a load center or end-user. These systems may rely on
conventional fuels or on renewable energy sources such as direct and indirect
solar energy. The versatility of these small power systems enables them to be
owned or controlled by the customer or by the utility, and they may be con-
nected to or. be independent of some centralized power network. Examples
include solar photovoltaic, wind, run-of-river hydro, biomass conversion,

cogeneration and energy storage technologies.

The key issues associated with this new breed of technologies encom-
pass not only costs and environmental concerns but also, and perhaps of more
importance, the effects of integrating these technologies into power systems
as they are evolving when the DETs reach commercialization potential. Major
issues that need to be resolved, if DETs are to be successfully implemented,

are concerned with the optimum arrangement in terms of system ownership and



96

control and the effects of the operation of DETs on society’s energy infra-

structure..

Those decentralized energy technologies, in particular, that rely on
intermittent, renewable resources, such as direct solar conversion and wind
generation, will have a component of availability totally dependent upon
prevailing meteorological conditions. The extent to which the supply inter-
mittence may correlate with customer demand is largely unknown, as are the
mechanical forced outage rates associated with these technologies. These are
critical factors in terms of the ability of these technologies to be inte-

grated into the utility system.

System integration includes not only technical aspects but also
economic, legal, institutional, and customer utility preferences. A major
tactor related to each of these areas is customer service reliability. Future
use of solar-based technologies could save nonrenewable fossil and nuclear
fuels, but there may be some added cost to the consumer. A component of that
added cost may be in the form of decreased service reliability. The extent to
which customers and utilities can tolerate changes in the level of reliability
they now experience or provide, and the dollar and nondollar costs associated
with those changes, is largely unknown. These are primary factors that will

determine the acceptability of the new technolgies.

The evaluation of alternative DETs with respect ta canst, reliahility,
ownership, and other aspects of system integration is the key tn NNE’s program
decision process and will also aid in the definition of the optimum set of
end-state social conditions. Subsequent studies can then evaluate alternative

policies for evolving the desired end-state conditions.

6.4 HETEROGENEITY OF CUSTOMERS

Because of rising electricity costs coupled with a high overall
inflation rate, utility customers and state regulatory commissions are begin-
ning to seek methods by which a utility might more closely approximate and be
more responsive to the heterogenous reliability requirements of its various
¢ustomer classes. Nationally, the three major customer classes (residential,
commercial, and industrial) each .consume about a third of the total electric
energy sales. Thus, in the provision of tailored reliability and the imposi-

tion of its associated costs, the utility needs also to consider equity among
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its various customer groups. Critical to this whole question of customer-
Atailored reliability 1is the practicélity' of providing a system capable of
operating in this fashion.

6.5 RELIABILITY ASSESSMENT METHODOLOGY

Also important is the economic methodology employed in performing
reliability analysis. Early work in the field has attempted to use a marginal
micro-economic approach to illustrate that present ;eliability levels are too
high. These studies, however, show a very broad minimum that is subject.to
considerable uncertéinty. They also have little meaning in terms of the
present price structure'éeen by the customer who pays, for the most part, only
an average price for electricity. The closest approach to marginal pricing,
and perhaps the only one that will ever be practical to apply, is some type of
block rate structure that approximates incremental pricing. (On- and off-
peak, time-of-day priciﬁg is an example of a two-block structure.) If incre-
mental electricity prices are not presented in the rate structure, the cus-
tomer is not able to respond to them. Thus, since wide differences in reli-
ability probably make only very small changes in the average price of elec-
tricity, the value of making a large effort to change customer service reli-

ability is questionable.

6.6 LOAD SHEDDING PRIORITIES

From time to time when load shedding becomes necessary to maintain
: systém integrity, the utility must decide which groups of customers are to be
affected as well as how they are to be affected. At issue are the relative
customer losses as functions of interruption frequency and duration and time
of occurrence. The magnitude of the unquantified social costs incurred by
some customer classes and the potential for other costs that have not yet been
recognized by the utility analysts constitute another key problem area. Not
every utility’s load shedding priorities, then, should be, nor can be, the
same because of the differences in the utility’s physical configurations. The
determination of socially optimal and equitable load shedding priorities will
require further investigation and analysis of data not currently available.
Without sufficient data for a large number of situations, it is difficult to

determine the level to which generalizations might be made.
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6.7 EMERGENCY POWER PURCHASES

~ Another important issue relates to the long-term effects associated
with the choice made by some utilities of planning for a lower level of
reliability than supplied by neighboring utilities. 1If they later attempt to
provide a higher degree of customer service reliability through increased use
of ‘interties, obvious inequities would develop among the utilities that could
generate a decrease in the level of cooperation now practiced by nation’s
utility industry. This type of situation might thus require federal action to
mandate and regulate the level of reliability to be designe& into eéch sep-

arate utility, or to regulate emergency power pricing.

The same type of situation might develop if U.S. utilities adopted a
‘reliability level significantly lower than that of Canadian utilities.
Apparent international conflicts could arise if the United States were to rely
consiétently on Canadian utilities for intertie power yet not be able to make
return contributions. This type of situation might even have effects beyond
‘the utility industry, and could also affect the United States negotiations on

other energy products such as natural gas.

6.8 LOCAL ECONOMIC STABILITY

Little is known with regard to the long-term economic and quality-of-
life effects associated with the adoption of lower levels of electric reli-
ability. = Questions now being raised are concerned wilith the luug=term Llwpacls
of reliability on industrial site selection or relocation, and consequently on
the employment potential within a service aréa.VA During a period of high
unemployment and concern about socioeconomic impacts, the issue of industrial

relocation is very important.

6.9 ENVIRONMENTAL DERATING

Frow time tu tlme utilities are required to derate some of their
generating stations because of environmental reasons -- high ambient air
pollution or high thermal discharges. This type of requirement often occurs
on hot summer days wheﬁ electricity demand is quite high, and can place the
utility in a critical situation with respect to its capacity sufficiency. To
date, no detailed analysis has been performed that considers public health,
safety, and economic factors in an attempt to proﬁide a definite policy toward

plant derating for environmental reasons.
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. 6.10 NATIONAL TRANSMSISSION NETWORK

A final pblicy'issue is that of a national transmission network. This
proposed concept is an extension of the regional reliability council concept
that was developed and implemented in the late 1960s. Formalization of " a
national transmission network would require additional interaction and co-
'~ operation between the regional reliabilify councils and the construction of
new transmission facilities to strengthen existing interconnections particu-
larly between the Rocky Mountain/Pacific Coast states and the Midcontinental/
Eastern states. A strong national transmission network would allow for the
transfer of electrical power over iong distances, and thus improve the reli-
ability of all U;S. utiiities. At issue is the cost-benefit ratio of such an
endeavor. Are the added customer costs for new construction and adminis-
trative responsibilities, which may be partially offset by éavings in genera-
ting capacity, worth the increment of reliability provided to the customer and
nation? The concept of a national transmission network will likely evolve as

an increasingly important regulatory and congressional issue in future years.
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APPENDIX A

- METHODOLOGY USED IN SHIPLEY, PATTON, AND DENISON’S STUDY OF RELIABILITY*

Consider an existing electric utility system with a capital investment
of Io and a service availability (reliability) of Abr Let system investment
be separated into three. components: generation, transmission, and distribu-

tion. Thus, for the existing system

Io = Igo + IFO' + Ido (A.1)
where

Igo = investment in generation im existing system, N

Ito = investment in transmission in existing system,

Ido = investment in distribution in existing system.

If we define the service availability of each of the three system components

as

service availability of generation in existing

&
Il

system,

Ato = sgervice availability of transmission in existing
system, and

Ado = gervice. availability of distribution in existing

system,
then the availahility of the existing oyotem is
Ao = Ag_ Ar, Aq,- (A.2)

Each component of the existing system is highly reliable, and thus has
a service availability nearly equal to unity. Hence we may represent the

availabilities of each component by

*Shipley, R..B., A.D. Patton, and J.S. Denison, Power Reliability Cost vs. "orth
IEEE Transactions on Power Apparatus and Systems, PP 2204-2212 (July-Dec. 1972).
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Ago = 1= ego’
Ato = ; - et,, and
Ado = 1 - Edo,

where €go° Sty and €d, are positive and much less than unity. Substituting

into A.2 we get

| AO - o= (l—ego) (l_eto) (l-e‘do)o ’ . (Ao 3)
Expanding the right-hand side of this equation gives

bo = 1- 80 T fto T tdo Tigotte *%tobdo Fegotdy T tgottoédo‘

The last four terms are each products of two or more very small

numbers and can be set equal to zero. Thus,

A, = ] - ego.- eto - edo

or

Ao 1 - (1-g) - (1-A¢ ) - (1-Ag ),

then

[}

Now suppose that the degree of redundancy in a component of the -
system, and hence the associated investment, is the only factor influencing
availability. Supposing further that any network is composed of a number of
the existing systems oberating in parallel, the availability of the network

- in terms of the éxisting system is given as follows:

Ay = 1~ (l—Ago) & A : (A.5)
Ap = 1 - (1-Ap ) ¢, L ' , (A. 6)
nd .

. . .n o n . e
A = 1- (1-Ag ) ® - (1-A¢ ) © - (1-aq) ¢ (A.8)
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where

ng = number of ekisting generation systems operating in parallel,
ngy = number of existihg transimission systems operating in parallel,  and
‘ng = number of existing distribution systems operating in parallel.

Then the total investment I .in the network having availability A is

1 = ng IgO + Ny ItO + nd Ido.' (Ac 9) .
Solving Egqs. A.5, A.6 and A.7 for ng, N, and nq and substituting in Eq. A.9
yields:

1n(1-A 1n(1-A 1n(1-A ,
In(1-45) I+ An(1-A¢) I 4+ H_(L Ig (A.10)
ln(l—Ago) >0 - ln(l—Ato) o ln(l—Ado) o

This expression gives network investment in terms of the availabilities of the

different components of each identical parallel system composing the network.

The cost of intérruptions in terms of the availability of generation,

transmission, and distribution components of the network is given by

C = k (l—Ag) + (1-A¢) +  (1-Ay) (A.11)
where '

C = cost of interruption, and

k = proportionality constant.

The generation, transmission, ahd distribution availabilities that
minimize the total cost, I+C, are the solution of the following set of

equations:

91 ac

aAg+ 2Ag =0

A1 ac , , _ : , . :
S+ o~ =0 _ ‘
Ay Ay . (A.12)
31 3C
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Note that 3C/8A; = 3C/3Ay = 3C/dAg = -k. Thus, the optimum network is
achieved when the incremental cost of providing service availability is the
same for each portion of the system and is equal to the incremental cost
of service interruptions. Performing the operations indicated in Eq. A.12

and solving for the optimum availabilities yields

N,
k ln(l—Ago)
”\It
Ap ;1+———°—.and . :
k 1a(l-A¢ ) . (A.13)
o T4
‘Aq =14 —2—

k In(l-Ag )
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APPENDIX B

METHODOLOGY AND ASSUMPTIONS USED IN KAUFMAN’S STUDY Of RELIABILITY*

The following Sriefly summarizes and highlights the methodology and
assumptions used by Alvin kaufman in his cost-benefit analysis of electric
utility system reliability in the New York Power Pool service area between
1974 and 1985.

of 1load probabilities of one day in ten years, five years, and one year.

1.

2.

‘ "

An LOLP program is used to determine the relationship
between LOLP and reserve margin as a percent of summer
peak demand.

It is argued that the social benefits that accrue because
of the provision of a generating reserve are equal to the
value of the outages that do not occur. Thus, it is ne-
cessary to determine the number, severity, and length of
loss of load incidents assuming no reserve capacity (items
3-6 below.)

The annual number of loss of load incidents with no reserve
is determined using the LOLP program to generate the dis-
tribution of days. per year that various percentages of peak
load cannot be met. Load is not lost whenever demand sur- .
passes available capacity because of standard operating
procedures that allow an 8% voltage reduction to reduce
load by 5% (Case A), and a 5% voltage reduction worth 3%

of the peak load (Case B). Kaufman determines that 51 out
of 260 days per year would have a loss of load incident
with the ability to reduce voltage by 8%. A total of 156
days per year would have loss of load incidents if only a
5% voltage reduction were available.

The average severity of outages is then assumed to be the
modal value of the outage distributions exclusive of the
class of outages that would be covered by voltage reduc-
tions. For Case A, the modal severity 1is 7.7% of the peak
and for Case B, it is 4.7% of the peak. Based on NYPP’'s
load duration curve, these values are met or surpassed for
10 hr and 7 hr per year respectively, but Kaufman argues
that it is not likely that they would be surpassed tor these
lengths of time on any single day.

*Kaufman, A., Reliability Criteria -- A lost Benefit Analysis, New York State
Department of Public Service, Office of Research Report 75-~9, Albany, N.Y.

“(June 1975).

The author compares the costs and benefits résulting from- loss
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The average length of outages, in the absence of reserve
capacity was estimated by experienced engineers to range

from 1 min to 4 hr. Kaufman assumes an average value of
2 hr. Thus, the outages that would occur in the absence
of reserve capacity are:

102 hr/yr @ 7.7% of peak
312 hr/yr @ 4.7% of peak

Case A) 51 outages/yr x 2 hr/outage
Case B) 156 outages/yr x 2 hr/outage

i

Because the hours of estimated outage will be spread through-
out the year, the peak on a given day will be less than the
maximum annual peak. To compensate, Kaufman assumes the use
of a winter peak in a summer peaking system. Thus, the out-
age severities in the absence of reserve capacity become 102
hr/yr at 7.7% of the winter peak and 312 hr/yr at 4.7% of the
winter peak.

With no reserve, a small shortage in capacity leads to a loss
of load. With reserves, however, the outages will be less
frequeut. With no aepparent rationale, Kaufman selects the
"average" outage with reserves available at 4 hours and to
comprise 20% of the maximium (summer) peak. These are assumecd
to occur at a rate determined by the LOLP selected for analy-
sis. In Kaufman’s methodology the outages du nut occur uni-
formly each year, but rather are assumed to occur in a single
yearly period with the frequency of occurrence specified by
the LOLP. That is, in the author’s 1l2-year analysis loss of
load occurs each year for the 1 d/yr LOLP; the first, sixth,
and eleventh years for the 1 d/5 yr LOLP; and the first and
eleventh years for the 1 d/10 yr LOLP. In all other years,
no outages occur. {(Note that the author’s assumptions for
the 1 d/5 yr LOLP and the 1d/10 yr LOLP cases really assume
al d/4 yr and a 1 d/6 yr LOLP because the analysis is per-
formed for only 12 years.)

The benefit that accrues to society is the present value of:
the economic losses that would have occurred if no reserve
margin was provided, less the stream of losses that occur
when the reserve margin is present, less the owning and
operating costs of the peaking capacity.

Owning and operating costs are determined assuming sunk costs
prior to 1974; new peaking capacity additions at $130/kW plus

5% annual inflation; $0.70/Kw fixed charges plus $0.60/kWh fired;
and a ?20% charge on the capital cost of the reserve capacity"

for capital, tax, and miscellaneous expenses.

Upon checking Kaufman’s calculations, it was found that the
the total cost of new peaking units was added to the annual
owning and operating cost in the year that capacity was in-
stalled. The 20% charge was levied against this cost each
successive year, which is contrary to the author’s expressed
assumption and double-counts the capital cost of new capacity.
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The value of social losses per megawatt-hour of unserved
energy is determined in the following manner: A loss

factor as the ratio of New York State value added to total
state electric revenues ($VA/SREV). This factor is then
multiplied by the in¢remental unit cost of the peaking reserve
which is defined as the ratio of annual peaking reserve owning
and operating costs divided by the megawatt-hours of annual
operation ($ peak operating costs/ MW reserve x 2 hr/d x

260 d/yr ). The value of social losses is assumed to es-—
calate at 2% per year. Resultant estimates for social

losses are $770/Mwh in 1974 and $1270/Mwh in 1985.

Kaufman is inconsistent in his estimate of social losses
per megawatt—hour of unserved energy. The factor defined
as the ratio of New York state value added to total
electric revenues can be written as the ratio of value
added divided by the product of total megawatt-hours times
the average sale price per megawatt-hour, or

$VA__ _ $VA 1
SREV =~ Total MWH = Avg $/MWH

The unit cost of providing reserve generation is a
incremental cost

Unit Reserve

Generation Costs INC $/MWH
It is inconsistent to calculate consumer losses per
megawatt-hour of unserved energy by multiplying value
added per dollar of average electric energy revenues
times the incremental unit generation costs for peaking
capacity as the author has done. That is

SVA X Unit Reserve - — SVA x 1
SREV “Generation Costs Total MWH (Avg $/MWH)

x (INC $/MWH)

This does not equal 3VA X 1 as the author
Total MWH . (Avg $/MWH)

has assumed. Using Kaufman’s data, the incremental cost of
providing peaking generation is about twice as great as the
average sale price of electricity. Therefore, he overestimates
consumer losses by approximately a factor of two.
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