85-5

OCCASIONAL PAPER NO. 9

DECISION ANALYSIS APPLIED TO ELECTRIC
UTILITY RATE DESIGN

Prepared for

The National Regulatory Research Institute
2130 Neil Averue
Columbus, Ohio 43210

By

ROBERT K. KOGER
NORTH CAROLINA UTILITIES COMMISSION

JOHN R. CANADA
NORTH CAROLINA STATE UNIVERSITY

EARL R. MACCORMAC
DAVIDSON COLLEGE

JUNE 1985



EXECUTIVE SUMMARY

Introduction

This research report demonstrates how decision analysis can be used
to bring more structured and logical decision making to the complex
matter of electric utility ratemaking. It also provides the results of a
nationwide survey of regulators and utility rate managers regarding the
weights (importance) they place on ratemaking objectives.

The aspect of electric wutility ratemaking, which deals with
apportioning costs and structuring rates among customers, has been a
problem for the electric utility industry since its inception. It has
become increasingly controversial in the last decade because of the rapid
rise in the nominal price of electricity. Prior research has determined
that there is no one "correct" method of costing, but that the selection
of a costing method depends on one's pricing or ratemaking objectives.
However, pricing objectives in the electric utility industry are multiple
and often conflicting.

The Analytic Hierarchy Process, a decision analysis technique, is
used to address the problem of weighting priorities among pricing
objectives. A normative model is developed for use by decision makers
and national and regional preference values are determined. Such values
afford an individual decision maker a reference standard for comparison
purposes. Also, responses from various regions of the country are
compared to determine sensitivity of pricing objectives to system
operating characteristics. :

Background

During the 1970s, the design of electric utility rates became a
national issue for study--primarily because it was perceived that a
different means of pricing could help restrain the rapidly increasing
costs of electric power. Of the various studies of rate design, the most
prominent and comprehensive one was carried out under the auspices of the
Electric Power Research Institute at the request of the nation's state
utility regulators. This study produced many important findings, as well
as focused needed attention on certain controversial areas of ratemaking.
However, it did not adequately address the problem concerned with
determining and meeting a decision maker's pricing objectives.

The concept of pricing by objective is not new to the electric
utility industry. For example, electric utilities for years practiced
market building techniques such as declining block rates, discount rates
for electric heating, etc. [25]. Pricing objectives, however, need to be
viewed from the broader perspective of strategic planning. Utility
executives use strategic planning and strategic goals to guide decisions
in a consistent manner. This helps to coordinate action and move a
company in a desired direction. Pricing by objectives can determine the
extent to which strategic goals are met [25]. For example, prior to the



1970s, increased sales growth for many utilities resulted in lower
per-unit costs and higher profits. In today's environment of high costs
and difficult financing for capacity additions, generating plant
construction for many utilities impairs returns to stockholders as well
as impacts ratepayers adversely. Therefore, a wutility in such a
situation might choose a goal of reducing sales in order to try to
maintain or increase profits.

The Survey

The demonstration of a means of explicitly setting priorities or
weights for multiple ratemaking objectives was a major purpose of this
research. Within this broad purpose, two subpurposes were also
undertaken. One subpurpose was to arrive at regional and national
weighted pricing objectives of electric utility rate managers and state
utility regulators. The other was to examine these weighted objectives
in terms of what possible ratemaking changes they might require if
implemented. These purposes were pursued by polling regulators and
utility rate managers nationally on their ratemaking objectives. The
polling was done in the context of a pairwise comparison procedure
necessary for use with a decision analysis technique called the Analytic
Hierarchy Process (AHP) [17]. Next, the results of the analysis were
examined to ascertain the degree of impact that different operating
characteristics of utilities might have on the ratemaking objectives.
This was done by segregating the responses on a regional basis. From
these analyses, some judgments could be made: on suitable rate design
changes to meet a decision maker's explicitly determined ratemaking
objectives, given various circumstances.

Application of Decision Analysis

Given a simple decision problem, it is easy enough to consider in an
informal, in-the-head analysis all the various factors that may impact
the problem [21,22]. The complexity of the allocation of costs and
design of electric utility rates, however, 1is such that an informal
analysis is very difficult to do well.

Decision analysis is a term used to describe a formal and systematic
approach to problem solving. Decision analysis developed in the last 25
years and is a discipline for use in the analysis of important and
complex decisions. It resulted from the combining of the fields of
systems analysis and statistical decision theory.

There have been a variety of decision analysis methods developed
which are designed to assist a decision maker in logically choosing among
multiple alternatives or objectives. In this research, the Analytic
Hierarchy Process was employed. The AHP was initially developed by Saaty
in 1972 and has been used in a number of decision problems [31].

The AHP was chosen for this research for several reasons including

ease of use 1in obtaining preferences from a large group of decision
makers across the country. More importantly, it appears to have a
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definable mathematical foundation and its hierarchical framework appears
to structurally follow the way the mind works in considering a multitude
of elements which comprises a complex situation. Like various other
decision analysis methods, it is applicable in areas where attributes
with nonstandard measurements must be compared with each other or with
attributes defined in monetary or other standard values. An example of
such an attribute, having no standard measurement, would be the
ratemaking objective, fairness.

The AHP is simple to use in practice, particularly with ready-made
microcomputer programs now available. A brief technical description of
the AHP procedure follows. The general approach of the AHP is to
decompose the problem by hierarchical Jlevels (determined by the
relationships of the elements within the problem). The shape of the
structure tends to be pyramidal, but this hierarchy is not an exclusively
disjunctive tree structure. Higher placed nodes (goals) are allowed to
dominate a multiplicity of lower placed nodes in the structure. Pairwise
comparisons of elements on the same level are made with respect to the
elements or nodes in the level directly above them. The degree of
preference or intensity of the decision maker in the choice for each
pairwise comparison is measured and these measurements are placed in a
matrix of comparisons.

Use of the AHP in Electric Utility Ratemaking

As stated earlier, there are multiple electric utility ratemaking
objectives, and they are often conflicting. After an extensive review of
the various ratemaking objectives, it was determined that they could be
combined and formulated into five with certain ones having important
subelements. They are as follows:

(1) revenue requirements--the effectiveness of rate design in
ensuring recovery of all reasonably incurred costs;

(2) simplicity--ability of rate design to be understandable to
consumers;

(3) stability--effectiveness of rate design in minimizing large
‘adverse price changes to customers;

(4) conservation--ability of rate design to effect conservation of
resources utilized in production of electric power; and

(5) fairness--effectiveness of rate design 1in providing rates
which are considered "fair" between and among customers and
customers classes.

The ratemaking objectives on which the questionnaire was based can
be shown in the hierarchical framework on the following page.

From observation of the hierarchy, it can be seen that the second
level of elements consists of the five major ratemaking objectives.
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These are interpreted to mean that rates would be designed to promote
each according to its importance in terms of satisfying the overall rate
design objectives of the decision maker. For example, 1if the
conservation objective were determined to have a 100% weight, then rates
‘that promote conservation should receive complete consideration without
regard to any other factor. This would not Tikely be the case, however.
A more reasonable expectation would be that each objective would receive
some weight and a prioritization of ratemkaing objectives would have to
be established.

On the third level of the hierarchy are the subelements or the more
narrowly defined objectives which relate directly to the second Tevel
objective. By obtaining the preference weights of the subelements, a
further refinement of a decision maker's preferences are available for
use in arriving at a rate design which meets his objectives. The
percentage weights that regulators and utility executives placed on these
objectives at the time of the survey are shown below. A more complete
discussion of regional findings and the weighted subelements are given in
the report.

National weighted ratemaking objectives

Weights
Objectives Regulators : Utilities
Revenue Requirements 35.3% 48.1%
Conservation 16.5% 8.0%
Stability in Rates 13.4% 17.4%
Fairness 25.7% 19.7%
Simplicity 9.1% 6.8%

As can be seen, there is a degree of conformity found between
regulators and utility rate managers on several of the major objectives.
Both regulators and utility rate managers place the greatest weight on
designing rates to meet revenue requirements with the second highest for
each being the fairness objective. The utility respondents did, however,
place relatively more weight on the revenue requirements objective. The
most substantial difference between the two groups 1lies in their
judgments of the weight to be attributed to the conservation objective.
Regulators would assign about twice as much important to this objective
as would the utility representatives. This Tlikely means that utility
respondents are more skeptical about the positive impacts conservation
can have on the utility system and its customers. It is particularly
interesting to observe how these weights vary on a regional basis, given
the different operating circumstances of the utilities. This report
attempts to draw some tentative conclusions from these variances by
regions.
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Summary

This research is unique in its effort to introduce decision analysis
techniques into electric utility ratemaking at the initial stage of
determining and weighing pricing objectives. By 1implementing the
decision analysis technique demonstrated herein, decision makers should
be able to more logically and correctly arrive at ratemaking decisions.
The explicit determinations of ratemaking objectives should facilitate
discussions regarding which objectives are to be strived for and what
trade-offs among ratemaking objectives may be necessary. Furthermore,
the ratemaking weights resulting from the national and regional survey
should be useful in guiding individual decision makers. Finally, the
recent development of a micro computer based program for the simple and
and direct application of the AHP to decision problems should encourage
and facilitate its use in electric utility ratemaking.
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Foreword

The bylaws of The National Regulatory Research Institute state that
among the purposes of the Institute are:

...to carry out research and related activities directed to
the needs of state regulatory commissioners, to assist the
state commissions with developing innovative solutions to
state requlatory problems, and to address regulatory issues
of national concern.

This report helps meet those purposes, since the subject matter
presented here is believed to be of timely interest to regulatory agencies
and to others concerned with electric utility regulation.

Douglas N. Jones
Director
June 1, 1985
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1. INTRODUCTION

1.1 Statement of Purposes

The contents of this paper were selected from a more Tlengthy
research paper prepared by the authors. The original research had two
major, interrelated purposes. One was to demonstrate that decision
analysis can be used to bring more structured and logical decision making
to the complex matter of electric utility ratemaking.1 (Decision
analysis is a term used to describe a formal and systematic approach to
problem solving.) The other was to close two significant and related
gaps in utility ratemaking research left by prior work. Completion of
this latter purpose was shown also to satisfy the first. The gaps in the
ratemaking process referred to and addressed by this research can be
described in general terms as follows:

(1) The absence of a procedure for explicitly weighing choices
among multiple and often conflicting pricing objectives and

(2) The absence of an effective procedure for "blending" marginal
and accounting costs in a way which could meet the economic efficiency
pricing objective.

The importance of these will become clearer subsequently. The
authors, however, believe that the first issue, or the development of a
procedure for explicitly arriving at ranked and weighted choices among
pricing objectives, is of much greater interest. Therefore, the second
part of the research results are discussed only brief1y in this paper.

1.2 Previous Research

During the 1970s, the design of electric utility rates became a
national 1issue for study--primarily because it was perceived that a
different means of pricing could help restrain the rapidly increasing

1 Ratemaking, as used in this paper, refers to the determination of
the level and form of rates to customers and customer classes. It
does not dinclude the determination of the overall revenue
requirement of the utility.



costs of electric power. Of the various studies of rate design, the most
prominent and comprehensive one was carried out under the auspices of the
Electric Power Research Institute at the request of the nation's state
utitity regulators. In the electric utility industry, it is generally
referred to as the Rate Design Study (RDS) or as the Electric Utility
Rate Design Study (EURDS). The RDS involved countless experts from all
areas of the electric utility industry, consumed miilions of dollars, and
took approximately seven years to complete following its initiation in
1975 [11]. The RDS produced many impertant findings, as well as focused
needed attention on certain controversial areas of ratemaking. However,
it did not adequately address the problems referred to above which are
concerned with determining and meeting a decision maker's pricing
objectives.

1.3 Concept of Pricing by Objective

Prior to discussion of determining priorities and/or meeting given
pricing objectives, some discussion of why pricing objeétives are
relevant is required. The concept of pricing by objective is not new to
the electric utility industry. For example, electric utilities for years
practiced market building techniques such as declining block rates,
discount rates for electric heating, etc. [25].

Pricing objectives, however, should be viewed from the broader
perspective of strategic planning. Utility executives use strategic
planning and strategic goals to guide decisions in a consistent manner.
This helps to coordinate action and meove a company in a desired
direction. It should be observed that regulators may have different
goals. In any case, pricing by objectives can determine the extent to
which strategic goals are met [25]. To elaborate with a brief example,
prior to the 1970s, increased sales growth for many utilities resulted in
Tower per unit costs and higher profits. In today's environment of high
costs and difficult finmancing for capacity additions, generating plant
construction for many utilities impairs returns to stockholders as well
as impacts ratepayers adversely. Therefore, a utility in such a
situation might choose a goal of reducing sales in order to try to
maintain or increase profits.



In the electric utility industry, however, ratemaking tends to be
somewhat circular in nature, and outcomes of certain actions tend to be
difficult to predict. Pricing affects demand for electricity; demand
affects costs; and costs affect pricing. Furthermore, pricing objectives
can act either exogenously or interdependently in the ratemaking process
because given pricing objectives may or may not be affected by costs.
For example, the decision to meet a noncost-based pricing objective, such
as to help poor people through a "lifeline" rate, would (by definition)
not be affected by cost considerations. Yet providing rates below costs
may affect customer demand which could change overall system costs.2 The
diagram shown below illustrates, in simplified form, the role of pricing
objectives in the ratemaking process.

Pricing Rate
Objectives Design

Costs

To explain the feedback effects further, assume the hypothetical
situation discussed previously. That is, a particular utility may have
an important goal to increase or maintain profits by reducing electricity
sales. With this goal, conservation 1in usage might be effectively
induced by simply instituting inverted rates--the more one uses, the more
one pays on a per unit basis. An alternative ratemaking decision which
might also cause a reduction in sales would be to base rates on marginal
costs (under current cost conditions, marginal costs exceed accounting
costs for most utilities). By charging rates that reflect marginal or
incremental costs of supplying power as opposed to rates based on average

2 ‘Selling power below cost to this group may result in increases in
their demand which might affect peak demand for the system and
increase generation costs.



(accounting) costs,3 the result is likely to be higher rates in periods
when power is more costly to produce. This should lead users with more
elastic demands in those time periods to reduce their demand. This, in
turn, should result in better utilization of the existing facilities and
reduce the need for additional plant. As a consequence, costs per unit
would be expected to stabilize or fa11.4

In the converse situation, - induced <conservation, based on
noncost-based inverted rates or on incorrectly calculated marginal costs,
could adversely affect the company by causing demand to decrease more
than the economics of the situation dictates. Excess or idle generating
plant could result, causing higher unit costs and lower profits. In this
situation, the initial objective of reducing growth might have to be
modified and a new objective of reducing excess generating plant adopted.
Also, it should be kept in mind that, at the same time this goal is being
pursued, there are other goals and objectives that would be expected to
require consideration. Furthermore, they may be conflicting. For
example, another objective might be to maintain pricing stability; i.e.,
to avoid frequent shifts in rates to consumers. vStiI] another objective,
on which regulators might focus, is the question of fairness of the rates
among customers. In other words, would these rate design changes be
equitable to each of the customer c]asses?5

If more than one objective is to be considered (and that is Tikely
to be the normal situation for a decision maker), the question arises as
to what kinds of trade-offs should be made among those objectives. In

3 Marginal cost measures the change in total cost due to a unit change
in the output produced. It ecan also be referred to as the
opportunity cost. Average cost is equal to the total cost divided
by the number of units. As used in ratemaking practices, average
costs reflect all historic investments at their original price less
depreciation. Consequently, there is no rigorous link between a
utility's marginal costs and a utility's average costs (also
referred to as accounting or embedded costs) [17].

4 This, of course, sets forth part of the argument put forward by
proponents of marginal costing.

5 For costing and ratemaking purposes, customers are grouped into
classes. The three major classes are industrial, commercial, and
residential. Also, a class may contain subclasses as "all-electric"
heating customers.



order to consider appropriate trade-offs, however, priorities must first
be assigned to the various objectives, even if done on an implicit or
intuitive basis. In the absence of any formaltized decision analysis
" procedure for ratemaking, it appears that these decisions are generally
being made that way currently. Research on the human mind, though, has
shown that it is very doubtful that all the issues in complex problems
can be adequately considered on an intuitive or implicit basis.

Given this further explanation of pricing objectives, the purposes
of this research can now be more fully stated.

1.4 Ascertaining Ratemaking Priorities

The demonstration of a means of explicitly setting priorities or
weights for multiple ratemaking objectives addressed one significant
research gap and comprised a major purpose of this research. Within this
broad purpose, two subpurposes were also undertaken. One subpurpose was
to arrive at regional and national weighted pricing objectives of
electric utility rate managers and state utility regulators. The other
was to examine these weighted objectives in terms of what possible
ratemaking changes they might require if implemented. These purposes
were pursued by polling regulators and utility rate managers nationally
on their ratemaking objectives. The polling was done in the context of a
pairwise comparison procedure necessary for use with a decision analysis
technique called the Analytic Hierarchy Process (AHP) [31]. Next, the
results of the AHP were examined to ascertain the~degree of impact that
different operating characteristics of utilities might have on the
ratemaking objective. This was done by segregating the responses on a
regional basis. From these analyses, some judgments could be made on
suitable rate design changes to meet a decision maker's explicitly
determined ratemaking objectives, given various circumstances.

1.5 Meeting the Efficiency Objective Through

Traditional Costing Practices

A single pricing objective, economic efficiency, was next singled
out to study how it might be met within the context of traditional



costing and ratemaking practices. This constituted the second major and
specific purpose of this research. The justification for placing
particular emphasis on this pricing objective was twofold. First, it can
be argued that its achievement would result in meeting several other
specific pricing objectives--namely, the objectives of fairness,
conservation, and revenue requirements. Second, the assumption of its
primary importance was consistent with the emphasis placed on it by the
RDS. The RDS was prompted by a desire to hold rates down [25], and it
was assumed that the achievement of economic efficiency is closely
identified with that goal by many ratemaking experts.

This research then made a second important assumption--that a large
majority of utilities and regulators desire to and will continue to
follow traditional accounting costs in electric utility ratemaking.
These two assumptions, however, presented a contradictory situation. The
achievement of economic efficiency is generally considered to be possible
only if goods or services are priced at their marginal costs. There is
no theoretical basis for believing that economic efficiency would result
from basing rates on traditional accounting costs. Nonetheless, this
research addressed the questions of whether and how this contradiction
can be circumvented. Specifically, it determined whether there is a
means to integrate marginal costing into traditional costing practices,
preserving the apparent values inculcated by decision makers to
traditional costing but yet obtaining the advantages of marginal costing.
(As indicated earlier, the details of this part of the research will not
be covered fully in this paper. However, a brief summary of it is given
in the context of a decision analysis framework developed in Chapter 6.)

1.6 Costing Practices

The results of the national survey show that basing rates on
costs-of-service 1is considered to be a very significant ratemaking or
pricing objective. The RDS determined, however, that there is no single
correct costing method for attributing costs of providing electric

service to customers or customer groups, but that the costing method



chosen depends on one's pricing objectives.6 For example, if a decision
maker believes that fairness and equity dictate that embedded costs of
plant should be considered in determining the distribution of revenue
requirements (hence, rates) among customers, then a traditional
accounting costing procedure would be more appropriate. On the other
hand, if the decision maker's primary objective is economic efficiency,
then he should consider choosing a marginal costing procedure. (Many
would also argue that rates based on marginal costs are the most fair.)7

Even after this initial costing decision is made, further complex
costing decisions remain. For example, there are several competing
costing methodologies for attributing costs of jointly used plant under
both the traditional accounting and marginal costing procedures. The
choice of any of these methods can have a material effect on the level of
revenue requirements attributed to each of +the customer classes.

6 "For some, admitting the subjectivity of choosing a methodology for
measuring costs and of choosing additional goals for rates may be a
disillusioning loss of innocence that erodes their confidence that
an objective standard can be discovered for equitable pricing of
electricity" [24].

7 "Clearly there are possible areas of public policy in which
conceptions of fairness may conflict with economic efficiency. But
it is by far the greater wisdom to recognize that, for the most
part, the major departures from economic efficiency in our public
policies today are also demonstrably unfair; and that, for the most
part, movement 1in the direction of economic efficiency is also
compatible with increased fairness. It is fair, as a general
proposition, to 1impose costs on people in so far as they impose
costs on society" [19].



1.7 General Plan of Work

One decision that had to be made early in the preparation of this
study was how much explanatory or background material to include on the
general subjects of utility operations, ratemaking, and decision
analysis. It was decided that sufficient information should be given to
enable persons less experienced in these areas, as well as those more
familiar with the subject, to critically evaluate this research and make
use of its results. A brief history of electric utility pricing, the
central aspects of ratemaking, and some limited details on the operations
of an electric utility are provided in Chapter 2. Readers more
knowledgeable about the electric utility industry may want to give less
attention to this chapter. A discussion of decision analysis is
contained in Chapter 3. ‘

The plan of work followed the general sequence'set out eariier in
describing the principal areas to be studied. For convenience of
discussion, the research can be considered to be divided into two major
areas with the first area receiving the emphasis in this paper on the
reporting of 1its results. The first part of the research examined the
general aspects of decision analysis, application of the Analytic
Hierarchy Process to ratemaking, and an analysis of the results of the
nationwide survey of decision makers' ratemaking preferences. The
possible effects of emphasizing various pricing objectives on utilities
with different operating characteristics are also discussed.

The second part of the research which is not covered in detail in
this paper builds upon the previously discussed assumptions that one
pricing objective is paramount (economic efficiency) and that it must be
" met through primary reliance on traditional accounting costs. A specific
area of utility costing was then examined in detail from the standpoint
of attaining this objective--the matter of attributing the costs of
jointly used production plant among customer classes (the most
controversial area of costing). Both marginal costing and accounting
costing for attributing costs to customer classes were examined
including the individual alternative costing methods within each of these
major costing methodologies. This was accomplished by applying each to a

group of synthetically created but representative utilities. From these



applications, conc]usions were drawn on the effects of various operating
characteristics on costing outcomes. As a result of this research, a
procedure was suggested for integrating marginal costing results into the
- traditional ratemaking practices for the purpose of meeting the economic
efficiency objective.

The importance of which costing method is selected can hardly be
overstated in terms of the impact that these cost allocation decisions
have on the relative level of rates for the three major customer classes.
On a nationwide basis, hundreds of millions of dollars of revenue
requirements are subject to being shifted from one customer class to
another depending on the cost allocation method chosen by the utilities
and/or their regulators.

1.8 Questions to.Be Answered

This research attempted to answer the following questions:

1. Can decision analysis materially aid a decision maker in the
complex and controversial matter of setting electric utility rates?

2. Is it possible to utilize a decision analysis technique to
explicitly determine the weighted priorities among multiple and
conflicting electric utility ratemaking objectives?

3. What effects do different utility operating characteristics have
on the selection of ratemaking objectives?

4. Under the assumptién that a decision maker desires to strive to
design rates to meet the economic efficiency objective, can it be done
through primary reliance on traditional costing methodologies in setting
customer class revenue requirements?

5. Under the same assumptions of assigning primary important to the
economic efficiency objective, what effect do different system demand and
supply characteristics have (a) on the choice of a traditional costing
method chosen to meet the economic efficiency objective, and
consequently, (b) on the revenue requirements attributed to the
individual customer classes?



1.9 Contributions of This Research

This research was unique in its effort to introduce decision
~analysis techniques into electric utility ratemaking at the initial stage
of determining and weighing pricing objectives. By implementing the
decision analysis technique demonstrated herein, decision makers should
be able more logically and correctly to arrive at ratemaking decisions.
The explicit determinations of ratemaking objectives should facilitate
discussions regarding which objectives are to be strived for and what
tradeoffs among ratemaking objectives may be necessary. Furthermore, the
ratemaking weights resulting from the national and regional survey should
be useful in guiding individual decision makers.
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2. OVERVIEW OF ELECTRIC UTILITY RATEMAKING

2.1 History of Electricity Price Changes

When Thomas Edison first started generating and distributing
electric energy for lights in New York City in 1882, it is possible that
he had the vision to anticipate that the use of electricity would
permeate our total society and cause major changes in the way we live and
work. However, it is unlikely that he could have foreseen the probiems
that would occur in the pricing of electricity--at least, not in the
degree of complexity or intensity that has occurred in the last decade.

Electric utility pricing, or rate design, has always been a
significant concern to those who were trying to administer or regulate
the sales of electric power. As a whole, the great majority of consumers
appeared to be generally satisfied with utility pricing for most of the
decades following the first sales of electricity. It is no wonder. The
following graph, Figure 2.1, illustrates how both the nominal and real
prices declined from 1892 through about 1970. The prices for power were
as little as one-fifth the prices at the turn of the century [32]. On a
real basis the comparisons were even more dramatic.

The public, of course, has a short memory, and when prices began to
rise rapidly in the early 1970s, 1loud dutcries of protests spread
throughout the nation.

2.2 Reasons for Price Increases

There are several reasons for the sharp upturn in prices that began
in the 1970s and is still continuing. The economies of scale that had
been achieved through larger and more efficient generating facilities
became effectively exhausted by the 1970s. The rate of inflation rose
and hovered at double-digit levels in the 1970s, and to compound this
problem, the time for construction of generating plants doubled and
tripled, taking up to 15 years in some instances [20, 32]. This is
significant because many regulatory commissions require utilities

11
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to include the cumulative financing costs of these plants in their
overall capital cost as opposed to treating the carrying costs as part of
yearly current expenses. New safety and environmental constraints, of
'course, were responsible for a significant portion of these delays. As a
result of all these factors, the cost of new production facilities
skyrocketed [20,32]. Coal- and nuclear-fueled generating plants that
were planned and built in the 1960s and early 19703 at $100 to $400 per
kilowatt (kW) of capacity seem cheap today compared to the high costs per
kW of similar and more recent plants. Some nuclear plants with expected
completion dates within the 1985-1987 time frame will cost $4,000 per kW
or $4 billion for a 1000-megawatt plant. Such large increases in cost of
total plant in service have created major ratemaking problems for the
utilities involved. In addition to the increases seen in cost of plant
facilities, the average cost of total fuel used in production of
electricity has risen by approximately 500% since the Arab oil embargo of
1973 [2].

These rapid cost increases forced utilities to begin to request
large and frequent rate increases in the 1970s, but consumers were not
ready to see them granted. During the years of steadily falling
electricity prices, people and industry significantly increased their
electricity usage, one reason being that they had come to expect stable
or declining rates. Suddenly, they were faced with electric utility
costs which represented a more significant portion of their net income.
In the past 10 years, typical electric bills have increased from 1.64% to
2.5% of median family income [14]. As customers began to experience the
continuous requests for rate increases in the 1970s, they became
concerned and formed 'grass roots' campaigns and customer interventions
in many states to try to hold down the level of utility rates. This led
to heightened regulatory and Jlegislative activity and resulted in
nationwide interest in rate design. One manifestation was a call by
many, both within and without the electric utility industry, to examine
the traditional pricing methodologies that had been followed for years.
Both the efficiency and the fairness of the means of pricing came under

question.
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2.3 Key Decisions by Regulators

In the overall determination of an electric rate case, a regulatory
commission must make three key decisions:

(1) The overall level of revenues the utility should be allowed to
collect;

(2) How the overall level of revenues should be apportioned to each
class of customers; i.e., how much to collect from each class; and

(3) The structure or design of rates within a class that will yield
the revenues determined appropriate for that class.

In the period prior to the 1970s, regulatory bodies dealt almost
exclusively with decision number (1) above--the determination and setting
of an overall level of revenues. By default, this left the allocation of
revenue requirements among classes and the design of rates largely to the
utilities. The public had little interest because of the steadily
declining cost in the unit price of electric power. A1l of this changed
with the frequent rate increase requests. Decisions (2) and (3),
regarding who pays and how, began to become méjor concerns of consumers
and regulators [20].

2.4 Optimum Production Plant Design

In examining rate design questions, it is important to understand
the economics involved 1in selecting the optimum types, or mix, of
generating plant facilities to be used in transforming an energy source
such as coal, uranium, 0il, etc., into electricity, and in turn, how this
selection can affect the cost responsibility of customers or customer
classes. The nonfeasibility of storing electric power makes .it necessary
for output to follow the time-varying fluctuations of demand season by
season, day by day, and hour by hour. This means that utilities must
build enough capacity to meet the highest demand they face and must cycle
plants on and off in order to follow the time pattern of demand. The
time of system peaks tends to occur the smallest fraction of the time
while a base level demand must be provided almost continuously. The
production facilities that are the most fuel efficient in terms of fuel
cost are the most capital intensive. The ones that are the least capital
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intensive tend to have the highest fuel costs. Theréfore, efectric
utility systems should use a mix of production technologies with various
fuel efficiencies and capital costs to minimize costs [8].

The optimum mix of generating facilities would, of course, depend on
the daily, weekly, and yearly total system locads for any particular
utility. Total load is defined as the sum of all the customers' demands.
The load tends to be lowest at night, when most people are asleep, and
highest during the day, when most appliances are 1in use and more
factories are in production. In warmer parts of the United States, where
widespread air conditioning exists, the peak load usually occurs in late
afternoons on hot summer days. In cooler climates, the yearly peak tends
to occur on cold winter days [13]. Some systems in more moderate
climates experience relatively balanced summer and winter peaks.

A large utility might have a hundred separate generating units in
service at the time of system peak. To better understand how a system
might be dispatched from a cost standpoint, consider the following
example utility system as shown in Table 2.1. , ‘ '

The units are listed in Table 2.1 in ascending order of costs to
operate. Units 1 and 2, the large nuclear and coal units, are the
cheapest to run and are operated around the clock on a baseload basis.
Units 6, 7, and 8 are peaking units and are only operated during the peak
hours of the day, which in this case is the afternoon as shown in Figure
2.2. Units 3, 4, and 5 are considered intermediate units. Their fixed
costs and variable costs are more in balance. They are generally started
up in the morning and shut down in the evening. Figure 2.2, which is not
to scale, illustrates an economic dispatch of the units throughout the

day.

2.5 Impact of Load Factor

It is important to understand the concept of load factor in costing.
If it is assumed for further illustrative purposes that the total load is
made up of just two customer classes, residential (A) and industrial (B),
it is informative to study the implications of each class's load factor.
For XYZ Utility, the systém peak week is shown in Figure 2.3 and is
exemplary in terms of relative load factors of most utility systems.
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Table 2.1 XYZ Utility

Unit Capacity (MW) Fuel Oper. Cost (¢kWh)

1 1000 Nuclear 0.9
2 800 Coal 1.6
3 300 Coal 2.4
4 200 Res. 0i1 5.5
5 150 Res. 011 6.0
6 50 #2 011 10.0
7 50 - #2 0i1 10.0

8 50 #2 011 10.0

SOURCE: Electricity, 1982, EPRI, Palo Alto, California.
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On Tuesday, the system peaks with the residential class having a
maximum demand of 1700 megawatts and the industrial class, 900 megawatts.
The residential class curve (A) illustrates a class with a low load
factor (load factor is average load divided by peak load), fluctuating
throughout the week with sharp afternoon peaks. The industrial class
load curve (B) shows a much higher load factor. This situation normally
results because of the industrial class's greater utilization of power on
an around-the-clock basis. In this example, serving the residential
customer class with its low Tload factor requires the installation of
almost twice as much generating capacity as the industrial class, but the
residential class does not purchase twice as much electricity. This
higher ratio of fixed costs to sales makes it very obvious that the per
unit costs of serving the lower load factor class (in this case, the
residential class) is greater [13].

2.6 Translating Cost to Rates

In the early years of electric generation and distribution, rates
were initially set on a flat charge basis and calculated on the number of
electric Tights connected or number of rooms in the house or building.
This simple concept soon became obsolete as wider usages of electricity
developed and low-cost metering devices became available. It should be
noted that even some of these simple flat rates recognized time of use in
that they did not count bedrooms in computing the room total [30]. With
meters, more cost discriminating rate schedules could be formulated.
These rate schedules attempted to recognize the cost characteristics of
electrical usage, which classically are customer costs, "demand" costs,
and energy costs. Customer costs are those costs that can specifically
be identified to vary with the number of customers on a system. Demand
costs are those costs that can be identified with meeting the maximum
rate of electrical usage, and since plant must be built to meet the
maximum demand at any time during the year, demand costs are comprised of
the annual fixed costs of the plant facilities that are required to meet
that rate of usage. Energy costs are those costs which can specifically
be identified to vary with number of kilowatt-hours (kWhs) produced.
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The above breakdown of cost characteristics of service is necessary
in attempting to determine cost responsibility by customer or customer
class. To charge solely on some average per unit basis (such as kWh)
would be discriminatory against high load factor customers as shown
~earlier because the unit costs to serve them are lower. Also, it might
not be economically possible to maintain a system of substantial price
discrimination to such customers; at least it would not have been in the
past. Because of their size, large industrial customers have always had
the option of installing their own generating units and have exercised
this option when it éppeared that they could generate power more cheaply
for themselves. The threat of such actions has tended to hold rates to
industrial classes closer to costs. However, as time has passed, the
economies of scale associated with the installation of Targer and larger
centralized genérating units have gradually precluded the economic
installation of generating units for exclusive use at most industrial
sites, hence lessening the possibility of industrial customers opting off
the system. Nevertheless, for the most part there appears to be a.
general belief by most rate designers that a customer class whose usage
permits more efficient utilization of the system's facilities should

share in the related savings through recognitien in its rates.

2.7 The Problem of Joint Costs

It should now be clear that the first major complication in basing
rates on costs is caused by the nonstorageable nature of electric power.
The consequence of not being able to store electric power is that the
cost of power varies over time due to the changing electrical demands of
the customerskand the different facilities that are called on to meet
those demands at any time. In the traditional costing approach, the
second major complication involves the problem of joint costs. There is
fairly good agreement on how to assign cost responsibility for the energy
cost component and some general agreement in assigning cost
responsibility for the customer cost component which is relatively much
less significant. However, personnel from utility firms, consulting
organizations, and regulatory bodies have consistently failed to agree on
a costing methodology for allocating peak demand-related costs.
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2.8 Accounting versus Marginal Costing Methodologies

There are two major <costing approaches for determining cost
'responsibi1ities imposed by customers on the system for use in the design
of electric utility rates. One approach is the traditional methodology
which has been discussed briefly. This methodology looks at historically
incurred costs. It is also referred to as the embedded cost approach, or
as an accounting or average cost-based (AC) methodo1ogy. The
distinguishing feature of this méthodo1ogy is that it attempts to
apportion cost responsibility for previously incurred nondepreciated book
costs of plant (plus annual operating expenses) to customers or customer
classes. In contrast, the marginal costing (MC) approach attempts to
determine what it would cost to provide additional units of power. It
looks at current or future costs. All historically incurred costs are
considered to be "sunk" costs and, consequently, irrelevant. Decisions
made which resulted in the incurrence of those costs are no longer
subject to being changed and therefore are alleged to be of no
significance in setting rates that would providé accurate price signals
to consumers.

-

2.9 Problems with Either Method

In application to the .electric utility industry, both of these
general costing approaches suffer deficiencies. One problem with
traditional costing has already been mentioned--the judgments involved in
allocating costs of jointly used plant. The judgments in this process
are of substantial importance given that the electric utility industry is
the most capital-intensive industry in the United States economy and that
a major portion of a utility's system investment is in jointly used
generating plant [32]. Consequently, customer class rate levels can be
significantly affected by choice of allocation method. For this reason,
rate analysts and regulators have historically focused attention on
finding an appropriate method(s) to wuse to allocate the cost
responsibility of production plant. There have been at Teast 29
different accounting cost methods suggested for allocating
production-related plant facilities, with some dating back to the early
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1900s [12]. This may somewhat exaggerate the problem in that there
appears to be three or four basic methods with the rest being variations
of them, but as long as there is more than one method, or no agreement on
which method is correct under a particular set of circumstances, the
problem remains.

It should be noted, however, that neither can proponents of marginal
costing agree on . one universally acceptable method to be used in
computing additional or incremental costs of service. Furthermore,
marginalists must struggle with_the problem of not having total marginal
costs_equate to the overall costs which the utility may recover under
regulation. By 1law throughout the nation, rates set by regulatory
agencies are established to produce a total revenue requirement which is
based on providing a utility an opportunity to earn a fair return on its
embedded not-yet-depreciated investment in plant plus an allowance for
reasonable operating expenses. Consequently, the estimated revenues to
be produced by marginal cost-based rates are unlikely to equate to the
total system revenue requirements as found to be fair and reasonable by
the regulatory agency under which = the Utility operates. Many
traditionalists maintain that this problem of having to scale marginal
costs up or down to eliminate the reven;e discrepancy renders the use of
marginal costing for = electric utility ratemaking theoretically
unsupportab]e.8 The use of any éccounting cost methodology in
apportioning costs to customer classes should, by definition, add up to
the total revenue requirements because these procedures all begin with
this total figure.

8 To counter this  criticism, marginalists have suggested
reconciliation procedures which would minimize the effects of
deviations from marginal costs.
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2.10 Importance of Pricing Objectives

Given the disagreements over how to determine cost responsibility,
it is not surprising that since the early days of electric distribution,
pricing on the basis of cost responsibility was not the only ratemaking
objective considered in the design of rates. Even if costs could have
been accurately determined, other ratemaking objectives would have
required recognition. In fact, some observers have suggested that the
"great rate debate" which flared in the 1970s between the proponents of
marginal cost pricing and advocates of embedded costs or traditional
ratemaking was really an argument over ratemaking objectives.

The debate generated substantially more heat than 1light, and
produced more emotion than credible analysis. Advocates of
embedded costs were known to remark that the only good
marginalist was a dead marginalist. Devoted marginalists,
attempting to convert their embedded cost adversaries, assumed
all but true believers in marginalism were heathens.

As the dust settlies, it is easier to view the rate debate as a
tradeoff among often conflicting ratemaking objectives. Rates
are designed to meet numerous objectives; efficiency, equity,
continuity, revenue stability, etc. The marginalists sought an
increase in efficiency, by designing rates which closely track
the structure of incremental cost. The traditionalists saw
this as a violation of the equity and continuity rate
objectives. [3]

The final RDS report on "Costing for Ratemaking" [25] concluded that
all costing methodologies are based on underlying assumptions which
attempt to reflect real-world costs and that there is no single "right"
costing method. It does go on to add that this does not mean one cannot
derive costs and apply them to ratemaking gquestions. Instead, it states
that one should clearly enumerate and rank his ratemaking objectives from
which he then "can derive costing methods (or mixes of costing methods)
which best meet those objectiveé" [25].

This subjectivity of costing should properly raise a cloud of doubt
over all cost studies submitted either by utilities or intervenors in
formal rate cases because of the potential bias which may be incorporated
into the studies. For example, can their pricing objectives be
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ascertained? What pricing objectives does a particular cost study
enhance or deter?

The number, the lack of a unit of common measure, and the complexity
~and inexactness of their meanings make it extremely difficult to consider
and make tradeoffs among the ratemaking objectives. The RDS tried to
address these questions: Why have utility pricing objectives and what
are the appropriate pricing objectives? It did not provide any
assistance on how pricing objectives should be ranked or weighted.

In 1961 Bonbright listed eight ratemaking objectives which have

largely become accepted by regulators and utility managers. They are as
follows:

1. The related, practical attributes of simplicity,

understandability, public acceptability, and feasibility of

application.

2. Freedom from controversies as to proper interpretation.

3. Effectiveness in yielding total revenue requirements under

the fair-return standard.

4. Revenue stability from year to year.

5. Stability of the rates themselves, with a minimum of

unexpected changes seriously adverse to existing customers.

6. Fairness of the specific rates in the apportionment of total

costs of service among the different customers.

7. Avoidance of undue discrimination in rate relationships.

8. Efficiency of the rate classes and rate blocks in

discouraging wasteful use of service while promoting all

justified types and amounts of use:

a. In the control of the total amounts of service supplied by
the company and

b. In the control of the relative uses of alternative types of
service. [25]

Bonbright stated that three pricing objectives are primary:
(1) the revenue requirement or fair-return standard, (2) the fairness of
rates in apportioning cost responsibility, and (3) the optimal-use
objective which says that wasteful use of service should be discouraged
while all "beneficial" uses should be promoted.

In 1978 Congress reacted to rising electric utility rates by passing
the Public Utility Regulatory Policies Act (PURPA). PURPA set forth
three purposes, or ratemaking objectives, for the pricing of electricity:
(1) conservation, (2) efficiency, and (3) equity [25]. These do not
include all relevant objectives such as revenue adequacy, but they
obviously reflect the concern regarding higher rates and the belijef that
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adherence to these pricing objectives or purposes would help hold rates
down. There are very close parallels between the objectives of Bonbright
and PURPA's stated purposes. In fact, each‘of the PURPA purposes appears
"to be included within the list of ratemaking objectives set forth by
Bonbright. There have been additional pricing objectives offered by
others. Some of these are (1) cost minimization, engineering
efficiency, (3) 1income redistribution, and (4) below-cost rates for
essential needs (life-line rates) [25]. Chapter 4 reviews the various
pricing objectives in detail.

2.11 Efficiency as a Ratemaking Objective

The efficiency objective requires further discussion now. As stated
in the introduction, attempting to find a means to achieve the efficiency
objective through a traditional costing approach constitutes a major
aspect of this research. This objective or some form of it has received
the most concentration in recent years. As indicated earlier, it could
be strongly argued that it was the search for efficiency that prompted
the seven-year nationwide rate design study described earlier. There is,
however, disagreement over the definition of efficiency. In this paper
it will be defined as economic efficiency. Under this definition,
efficiency means setting rates that would tend to promote the optimum use
of all society's resources. . It means providing only those additional
increments of power that are priced at a value that is equivalent to the
cost of providing them.

By definition, the achievement of economic efficiency in ratemaking
requires that a marginal costing methodology be selected. The
neoclassical theory of economics is grounded in the theory that pricing
on the basis of marginal costs equates to the most efficient allocation
of resources. Simply stated, consumers will demand electricity until the
price exceeds the marginal value to the consumer of the last unit
consumed. If the price for electricity is set below marginal cost, then
consumers will demand it beyond the point at which the cost of producing
electricity exceeds its marginal value. If the price is set above
marginal cost, then less will be demanded and more of other goods will
have been consumed than is economically efficient. Conceptually, basing
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electricity prices upon marginal costs should improve the allocation of
the total bundle of resources available to society.

In discussing efficiency as a ratemaking objective, the different
perceptions of its meaning make it difficult to ascertain the priority a
decision maker would assign to it. Efficiency can mean efficiency in the
allocation of resources as defined in the context of marginal cost
theory. It can also mean the efficiency of the utility or "utility
efficiency." Proponents of this definition of efficiency hold that the
appropriate efficiency objective for electricity pricing is the optimal
use of the electric utility's facilities and resources. A similar
definition of efficiency is the concept of "engineering efficiency"
adopted by the Ontario Energy Board in the Ontario Hydro case. The Board
described engineering efficiency as the efficient allocation and use of
resources in producing and distributing electrical energy. The term also
was defined to incorporate operational or technical efficiency of the
utility [25].

The latter definitions of efficiency are somewhat vague. One means
cited for the achievement of utility efficiency or engineering efficiency
is the minimization of a utility's average total cost per kilowatt-hour.
However, it is not clear how this minimization might be achieved. To use
an extreme example, a decision could be made to arbitrarily 1limit
customer demand to eliminate the need for additional capacity additions.
This would 1ikely hold down average KWH costs, but at what total costs to
society? ‘

26



3. APPLICATION OF DECISION ANALYSIS

3.1 Introduction to Chapter

Given a simple decision problem, it is easy enough to consider in an
informal analysis all the various factors that may impact the problem
[21,22]. The complexity of the allocation of costs and design of
electric utility rates, however, 1is such that an informal analysis is
very difficult to do well.

This chapter addresses the matter of applying decision analysis
theory to electric utility ratemaking. It begins with a discussion of
man as an information processor or decision maker. A discussion of the
general decision analysis process follows. Lastly, a relatively new
decision analysis technique, the Analytic Hierarchy Process, is reviewed
for use in conjunction with determining weights to be assigned to
multiple and often conflicting electric utility ratemaking objectives.

3.2 The Limitations of Man as an Information Processor

This section discusses the importance of a formal decision analysis
process when dealing with complex matters. The mind's deficiencies in
receiving, processing, and integrating complex information and data are
described.

Man's capacity to accept input (information) and produce outputs
(responses) is limited. Human memory is usually thought of as consisting
of two parts: (1) a long-term memory, which houses all our factual
knowledge, and (2) a short-term, or working, memory, which holds the
information currently being processed. It is generally assumed that our
working memory is very limited and can hold only a small subset of the
information in our long-term memory. When information or data is no
longer being used, it is dropped from working memory [1].

In this discussion, reference will be to short-term memory since
that . is where decision making takes place. George A. Miller has found
through empirical research that humans are normally limited in the number
of symbols that they can carry in their short-term memory. The number

varies between five and nine with the mean being seven [26]. Besides its
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Timited capacity, any overload of the human processing system normally
results in a decrease in response rate. References to, and summaries of,

experiments which demonstrate this effect are described in Davis [6].
" One such experiment shows that man's ability to respond to musical tones
reaches a certain level and then declines sharply as an overload point is
reached.

The worid provides more input than man can process. To cope, man
must filter much of this input. Normally, information is filtered on the
basis of the probability of its being important or unimportant. Input or
information is filtered by an individual in the following ways: (1) by
his referring to his previously established frame of reference, (2) by
his following his normal decision procedure, or (3) by making arbitrary
choices because of stress of time, etc. In regard to the first,
individuals construct means of determining the importance of input on the
basis of their experience, background, custom, etc. On the second,
decision procedures can serve as filters by identifying relevant data and
screening out factors not important to the decision. Making decisions
under stress, however, can change the whole filtering mechanism. During
such periods, filtering will increase, and only the stimuli perceived to
be the most important will be considered [6].

Davis maintains that the frame of reference concept also applies to
man's mental processing procedure. He points out that it would be
difficult and tedious for a .person to establish a new processing routine
for each new stimulus received. Instead, and he alleges that this occurs
over an extended period of time, the brain establishes a means whereby it
can identify and categorize data which correspond with the human
understanding of the surrounding environment. Then when input is
received, it is theorized that these frames of reference are called into
play and, as a result, reduce processing time. The drawback is that this
process may work to block data that appear inconsistent with an
established frame of reference. This, along with man's inherent
limitation on his ability to effectively receive and utilize input data,
leads to information perception errors. Man also has deficiencies in
integrating information. '"Humans are not usually consistent in patterns

of choice when faced with different types of information and values" [6].
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Decision analysis, and specifically the Analytic Hierarchy Process,
which 1is described subsequently, appears to offer a means to overcome
some of the 1limitations humans have with processing the data and
. information associated with complex probliems.

3.3 Development of Decision Analysis

As stated in Chapter 1, decision analysis is a term used to describe
a formal and systematic approach to problem solving. Decision analysis
developed in the last 25 years and is a discipline for use 1in the
analysis of 1important and complex decisions. It resulted from the
combining of the fields of systems analysis and statistical decision
theory. Systems analysis grew as an offshoot of the engineering field
and received attention because of its ability to capture the interactions
and behavior of complex situations. Statistical decision theory, on the
other hand, was concerned with logical decisions in more straightforward
but uncertain situations [7].

The merger of these two concepts resulted in a discipline that can
facilitate logical decision making in complex, dynamic, and uncertain
situations. It should also be pointed out that decision analysis is a
normative approach to decision making and not a descriptive one.
Becision analysis incorporates procedures that are designed to help a
person make decisions which would maximize attainment of his cbjectives
[7].

There is no guarantee, of course, that a good decision (as defined
as being logically approached and made) will produce a good outcome (as
judged by the decision maker) or that a bad decision will produce a bad
outcome. Most people, however, would prefer to make decisions based on
some logic because it is believed that doing such would provide the best
chance of producing good outcomes. This 1is an important point to
remember in decision making regarding electric utility rates. Because of
the Tlarge existing stocks of electrical appliances and equipment
presently owned by consumers, responses to many rate changes may occur
gradually, and consequently, it may be difficult to fully assess the
effects of a certain set of rates within a short time frame. Also, no

one has yet formulated a set of criteria for evaluating whether
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particular ratemaking objectives have been satisfied fully or, if not, to
what degree. One must usually rely on the reasonable assumption that
logical decision making has a higher probability of attaining one's
ratemaking objectives than would otherwise be the case.

Following a formal decision analysis approach should also improve
communications among all parties to the decision. By explicitly setting
forth the values of probabilities one would place on given actions, it is
very possible that some of the disagreement between decision makers might
disappear. In any case, the arguments should become better focused.

In summary, decision analysis provides a structure in which complex
problems can be broken into parts, analyzed, and put back together in a
formal and logical fashion which facilitates their solution. Further,
decision analysis helps to alleviate man's limited short-term memory and
his corresponding limitation on analysis, integration, and resolution of
complex problems involving significant input or information. Also,
certain decision solutions may be counterintuitive. Formal structuring

of such problems should produce fewer erroneous conclusions.

3.4 Description of General Decision Analysis Procedure

The general decision analysis methodology can be illustrated
graphically in Figure 3.1 below.

Prior

Information

Deterministic | | Probabilistic | | Informational |, pacision +— Act
Phase Phase Phase

Information |
Gathering

Figure 3.1 Decision analysis cycle

SOURCE: Stanford Research Institute, Decision Analysis Group
Readings in Decision Analysis, 1977, Menlo Park, CA,
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Not all complex decision problems, of course, would require a
decision maker to proceed through each of the three phases:
(1) deterministic, (2) probabilistic, and (3) informational. The first
phase, deterministic, comprises a system for defining and valuing
variables which would affect the decision. No consideration of
uncertainty is included in this phase.

The second phase, probabilistic, brings any uncertainty associated
with the variables into the analysis by assigning probability values to
them. This phase also incorporates the assignment of risk preferences of
the decision maker.

The third phase, informational, evaluates the results of the first
two phases to determine the economic value of reducing uncertainty in the
variables. Comparison of the cost of acquiring additional information
with the value to be obtained from it determines whether an iteration of
the procedure (as shown in the above diagram) should be made [7].

The deterministic phase of the decision analysis procedure deals
with modeling of the problem and its analysis. It generally comprises
the following: (1) the 1identification of alternatives, (2) the
establishment of possible outcomes, (3) the selection of system
variables, (4) the creation of a structural model, (5) the creation of a
value model, and/or (6) the creation of a time preference model. One or
more runs on the model(s) can be made to determine sensitivity to
decision and to state variables [7]. In this research, the Analytic
Hierarchy Process was used in the deterministic context to facilitate the
explicit determination of decision makers' preference weightings for

multiple and conflicting electric utility ratemaking objectives.

3.5 Analytic Hierarchy Process

There have been a variety of decision analysis methods developed
which are designed to assist a decision maker in logically choosing among
multiple alternatives or objectives. In this research, the Analytic
Hierarchy Process was employed. The AHP was initially developed by Saaty
in 1972 and 1973 and has been used in a number of decision problems [31].

The AHP was chosen for this research for several reasons, including

ease of use in obtaining preferences from a large group of decision
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makers across the country. More importantly, it appears to have a
definable mathematical foundation, and its hierarchical framework appears
to follow structurally the way the mind works in considering a multitude
“of elements which comprises a complex situation. Like various other
decision analysis methods, it is applicable in areas where attributes
with nonstandard measurements must be compared with each other or with
attributes defined in monetary or other standard values. An example of
such an attribute, having no standard measurement, would be the
ratemaking objective, fairness.

The general approach of the AHP is to decompose the problem by
hierarchical 1levels (determined by the relationships of the elements
within the problem). The shape of the structure tends to be pyramidal,
but this hierarchy is not an exclusively disjunctive tree structure.
Higher placed nodes (goals) are allowed to dominate a multiplicity of
Tower placed nodes in the structure. Pairwise comparisons of elements on
the same level are made with respect to the elements or nodes in the
level directly above them. The degree of preference or intensity of the
decision maker in the choice for each pairwise comparison is measured,
and these measurements are placed in a matrix of comparisons. The
measurements are made on the following preference scale: if "A and B are
equally important," assign the number 1 (A is the row value in the matrix
and B the column for this particular comparison); if "A is weakly more
important than B," assign the number 3 to "A" with respect to "B"; if "A
is strongly more important than B," assign the number 5; if "A is
demonstrably or very strongly more important than B," assign the number
7; if "A is absolutely more important than B," assign the number 9. The
even numbers (2, 4, 6, and 8) are used to represent compromises between
preferences. The matrix of comparisons is next constructed with
preference weightings measured as above. For inverse comparisons, such
as "B to A," the inverse of the ranking for "A to B" is used [31].

To illustrate the AHP briefly herein, Saaty presents a problem in
estimating the brightness at four chairs from differing distances from a
single light source [31]. The matrix of comparison of judgments with
respect to brightness at the four chairs, A, B, C and D was found to be
the following (Figure 3.2).
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Brightness A B C D
A 1 5 6 7
B 1/5 1 4 6
c 1/6 1/4 4
D 1/7 1/6 1/4 1

Figure 3.2 Comparisons of brightness

By normalizing the principal eigenvector of the above matrix, Saaty
arrives at a vector of priorities (0.61, 0.24, 0.10, 0.05) where each
value of this vector represents the priority for that row [31].

At this point, Saaty would run a consistency check on the weights
given to the preferences. Saaty's definition of consistency is
mathematically measured by the approach of the maximum eigenvalue (Kmax)
of a matrix to the size of the matrix, n. The formula 75(Amax - n)}/(n-1),
and it produces a consistency index (C.I.). By computing a random
index (R.I.) of a '"randomly-generated reciprocal matrix from the scale 1
to 9, with reciprocals forced" and dividing this number into the C.I.,
the consistency ratio (C.R.) or the degree to which consistency deviates
is determined. A consistency ratio of 0.10 or less is considered good
[31].

It should be pointed out that this notion of consistency and
"allowed" deviation 1is contrary to the traditional requirement of
transitivity of preference. Saaty, however, maintains that absolute or
perfect consistency is not required and that the degree of consistency is
what is important in most cases. His reasoning is as follows:

We note that consistency in any kind of measurement cannot be

taken for granted. A1l measurement, including that which makes

use of instruments, is subject to experimental error and to

error in the measuring instrument. A serious effect of error

is that it can and often does lead to inconsistent conclusions.

A simple example of the consequence of error in weighing

objects is to find the A is heavier than B, and B is heavier

than C but C is heavier than A. This can happen particularly

when the weights of A, B, and C are close, and the instrument

is not fine enough to distinguish between them. Lack of

consistency may be serious for some problems but not for

others. For example, if the objects are two chemicals to be
mixed together in exact proportion to make a drug,
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inconsistency may mean that proportionately more of one
chemical is used than the other, possibly leading to harmful
results in using the drug.

But perfect consistency in measurement, even with the finest
instruments, is difficult to attain in practice; what we need
is a way of evaluating how bad it is for a particular problem.

By <consistency we mean here not merely the traditional
requirement of the transitivity of preferences (if apples are
preferred to oranges and oranges are preferred to bananas, then
apples must be preferred to bananas), but the actual intensity
with which the preference is expressed transits through the
sequence of objects in the comparison. For example, if apples
are twice as preferable as oranges and oranges are three times
as preferable as bananas, then apples must be six times as
preferable as bananas. This 1is what we call cardinal
consistency in the strength of preference. Inconsistency is a
violation of proportionality which may or may not entaijl
violation of transitivity. Qur study of consistency
demonstrates that it is not whether we are inconsistent on
particular comparisons that matters, but how strongly
consistency is violated in the numerical sense for the overall
problem under study. [31]

3.6 Utility Ratemaking Objectives

The problem of determining the preferences or weights decision
makers would assign to electric utility ratemaking goals or objectives
required many pairwise comparisons and, hence, under the AHP, involved
several matrices. For that reason and for accuracy, a large mainframe
computer was used to make all the calculations required in this part of
the research. It is recognized, however, that it is sometimes easier to
understand the mechanics of a procedure if a simple application requiring
no complex computer calculations is first demonstrated. Appendix A
outlines the use of the AHP in a decision regarding the purchase of a new
car. For readers not having prior contact with the use of the AHP,
perusal of this example is recommended.
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4. USE OF THE AHP IN ELECTRIC UTILITY RATEMAKING

4.1 Introduction

The Analytic Hierarchy Process has been reviewed briefly in the
previous section. This section proceeds to the development of a decision
hierarchy and questionnaire, in the AHP format, for ascertaining decision
makers' weighted preferences or rankings of electric utility ratemaking
objectives.

As stated ear]ieh, there are multiple electric utility ratemaking
objectives which are often conflicting. Nevertheless, choices must be
made. Presently, decisions which place more weight on one ratemaking
objective versus another appear to be made on an implicit rather than an
explicit basis by many decision makers. The use of decision analysis,
and specifically AHP, should ensure more nearly complete consideration of
all factors and alternatives and, furthermore, permit more open
discussion of the tradeoffs which must be made among objectives. To
decide among ratemaking objectives or how much one should sacrifice one
goal to achieve another, regulators and 'rate managers should have a
concept of a utility's present and likely future operating situation.

The pricing policies that develop from consideration of the
ratemaking objectives will influence three groups: (1) customers making
decisions on what electrical appliances and equipment to buy and when to
use them, (2) utility planners making investment decisions among supply
alternatives, and (3) investors making decisions on whether to buy the
utility's stocks and bonds [25].

In the abstract, a utility rate analyst or regulator is Tlikely to
have a given set of ratemaking objectives with certain preferences. As
indicated previously, however, the individual circumstances of a
particular utility should be taken 1into account 1in determining the
weightings given to the various objectives or subobjectives by a decision
maker. . For example, the capacity reserve level of a system could make a
difference. If a utility has existing or projected excess generating
capacity, it may place less emphasis on the conservation objective than a
utility might with thin capacity reserves. Also, the capacity mix of the

system could influence ratemaking preferences. For example, assume a
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system has a large proportion of oil-fired generation (high operating
costs). It may concentrate more of its conservation efforts on an
attempt to decrease overall usage as opposed to reducing peak demand
'through shifting load to off-peak hours. Also, a utility's demand curve
(as opposed to supply side considerations) may influence the weights
given various objectives. Electric utilities' operating characteristics
tend to vary across regions of the United States. To test for regional
patterns, the questionnaire responses on ratemaking objectives were

aggregated on a regional as well as a national basis.

4.2 The Questionnaire

In preparation of the questionnaire, a hierarchy of electric utility
ratemaking objectives was determined after extensive literature review
and discussions with colleagues. It was determined that the various
ratemaking objectives as enumerated by Bonbright, PURPA, and others could
be combined and formulated into five major categories with several having
important subelements. Efficiency (per se) was not selected as a
ratemaking objective to be included in the questionnaire for two reasons.
First, there are disagreements on the definition of efficiency and which
costing methodology should be followed in pursuing this objective.
Second, the meaning of efficiency can be interpreted to include several
of the other objectives.9 The five major ratemaking objectives and a
brief definition of each follows:

(1) revenue requirements--the effectiveness of rate design in
ensuring recovery of all reasonably incurred costs;

(2) simplicity--ability of rate design to be understandable to
consumers;

(3) stability--effectiveness of rate design in minimizing
large adverse price changes to customers;

9 0f the five objectives set out below, it can be argued that the
objective of economic efficiency includes '"revenue requirements,"
“rate stability," and "conservation." As indicated earlier, many
would also argue that it includes "fairness."
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(4) conservation--ability of rate design to effect
conservation of resources wutilized 1in production of
electric power; and

(5) fairness--effectiveness of rate design in providing rates
which are considered "fair" between and among customers
and customer classes.

Several of these objectives have subgoals or subobjectives because
their meanings tend to be very broad. In regard to revenue requirements,
for example, it is important to determine the relative weights decision
makers place on any related subobjectives that could affect revenues.
Revenue recovery (adequacy), revenue stability (avoidance of large swings
in revenue 1levels to the utility), and reduction in sales (energy
conservation) are possible subobjectives that could impact the revenue
requirements goal.

Similarly in regard to conservation, is it more important (and to
whatbdegree) to reduce the need for generation plant capacity addition
requirements or reduce energy use? Also, the ratemaking objective,
fairneés, is extremely difficult to define. By asking decision makers to
indicate their preferences through pairwise comparisons of a number of
factors thought to be related to decision makers' perceptions of
fairness, it should be possible to better determine their definition of
fairness and also to find out the weights they place on individual
elements of ratemaking. With respect to achieving the goal of fairness,
the following factors were chosen for determination of their relative
weights: (1) rates which reflect "reasonable" residential rates; (2)
rates which reflect "attractive" industrial rates; (3) rates that track
costs of service; and (4) rates that reflect comparability to prices of
other energy forms. The terms "attractive" and 'reasonable" as used to
describe rates for industrial and residential customers, respectively,
were applied with the intention of measuring how much preference, if any,
might be given to these customers by regulators and rate managers.

The questionnaire, requesting decision makers to make pairwise
comparisons between the ratemaking objectives and subobjectives,
respectively, also asked that any disagreement in the choice of
objectives be noted. Few expressed any dissatisfaction with the Tist of
objectives or with the hierarchy of objectives as set forth. Some did
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question the meanings of certain objectives and a few further defined or
redefined some of the objectives prior to responding. A very small
number of the responders failed to indicate their preferences involving
comparisons-between other objectives and the objective, '"comparability of
electric rates to other energy prices," citing lack of relevance. The
questionnaire and comments from three anonymous responding decision
makers are attached in Appendix B.

4.3 The Hierarchical Framework

The ratemaking objective on which the questionnaire was based can be
shown in the hierarchical framework shown in Figure 4.1.

From observation of the hierarchy, it can be seen that the second
level of elements consists of the five major ratemaking objectives
previously discussed. These are interpreted to mean that rates would be
designed to promote each according to its importance in terms of
satisfying the overall rate design objectives of the decision maker. For
example, if the conservation objective were determined to have a 100%
weight, then rates that promote conservation should receive complete
consideration without regard to any other factor. This would not likely
be the case, however. A more reasonable expectation would be that each
objective would receive some weight and a prioritization of ratemaking
objectives established.

On the third level of the hierarchy are the subelements or the more
narrowly defined objectives which relate directly to the second level
objectives. For example, as indicated earlier, the objective, fairness,
can have many meanings to people. Two decision makers could assign the
séme weight to fairness and yet have totally different views on costing
allocations to classes or how to reflect fairness in the rate structure.
By obtaining the preference weights of the subelements or objectives
shown on the third 1level, a decision maker can obtain a further
refinement of his notion of fairness, and he can make better decisions in
regard to his total ratemaking objectives. The subelement, energy

conservation, can be seen to have a relationship to revenue
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requirements as well as conservation. The reason for its tie-in with
revenue requirements is that changes in energy usage can cause
significant and immediate changes in revenue requirements. Therefore, it
"is necessary to consider that relationship in determining the overall set
of weights at which a decision maker would arrive through the use of the
AHP. The remaining structure should be self-explanatory given the
earlier discussion of each element or objective. Neither the objectives
of stability nor simplicity have any subelements, and therefore, none is
shown.

4.4 Handling of the Questionnaire

The questionnaire, which follows the format suggested by Saaty
[31, p. 34], and shown in Appendix B, requested decision makers to make
pairwise comparisons corresponding to the hierarchical structure above.
In order to obtain as rational and valid results as possible, decision
makers were advised that they could send back the questionnaire on an
anonymous basis. A few availed themselves of this agreed-upon condition.
The questionnaires were coded only to distinguish between regulators and
utility respondents. In some cases, postmarks of anonymous respondents
were used to segregate them by regions.

To analyze the responses, the Triangle Universities Computation
Center (TUCC) facilities were used. A standard TUCC pregram for
calculating eigenvectors and the maximum eigenvalue for each matrix of
comparisons of objectives was accessed. The maximum eigenvector for the
first matrix provided the weights of the major objectives. Each of the
subobjectives was then weighted by the weights of the appropriate major
objective(s) to arrive at a weighting for each subobjective or
subelement.

The consistency ratio for each matrix of comparisons and an overall
consistency ratio for the total hijerarchy were also calculated.
Responses exhibiting high inconsistency ratios for the hierarchy were not
used. In a further analysis of the results of the responses, the revenue
requirements and the rate stability objectives in the hierarchy were
omitted in order to compare more closely the responses on the remaining
objectives. These two objectives impacted the results in such a
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substantial way that it was difficult to compare the other objectives.
Lastly, the responses were complied on a regional basis and on the basis
of whether the respondent was a regulator or a utility rate manager.

4.5 Response to Survey

The questionnaires were mailed to 184 state regulators in 49 states
and the District of Columbia in June 1982. Members of the North Carolina
Utilities Commission were not asked to respond formally; however, one
member of the North Carolina Commission assisted in a pretest of the
questionnaire, and that response is included. A total of 89 regulators
from 46 states completed and returned the questionnaire. Four responses
were thrown out because of high inconsistency. QOne response was returned
too late to be included in the analysis. Whereas Saaty states that a
target consistency ratio (C.R.) of not greater than 0.10 is desirable,
the .individual C.R.'s of the four rejected were 0.833, 1.060, 0.722, and
1.389. The remaining responses were judged to be acceptable even though
some were somewhat high. However, because of a desire to consider the
~responses on a regional basis and a desire to have as many responses as
possible in some of the regions, these were left in the total. The
average consistency ratio of the 83 remaining responses analyzed was
0.164. This figure is higher than desired but still appears to be in a
reasonable range based on other similar studies reviewed. For example,
this C.R. is not out of line with the C.R.'s in several studies reported
by Saaty. |

The Nebraska Commission responded that it did not regulate electric
utilities. This reduced the number of commissioners to 179.
Consequently, 89 out of 179, or approximately 50% of the regulators in
the United States (not —counting the remaining North Carolina
commissioners), who have jurisdiction over electric utility rates
responded. The responses were treated as being statistically
representative of the total population of state regulators. In other
words, the responses were considered to have been returned on a random
basis, and those who failed to respond did it through inadvertence. In
discussing the results with Dr. Larry Nelson of the North Carolina State
University Statistics Department, consideration was given to the standard
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practice of attempting to sample 5% of those not responding to ensure
that this assumption is valid. However, because of the large response
and because of the anonymity of several of the respondents, it was
determined not to make such a sampling. Based on some random contacts,
it is believed that the ones not responding did so out of inadvertence
and that the total population can be represented, within statistical
1imits, by the respondents. On this basis, 95% confidence limits on the
preference weights were ca]cu]ated.lo

The questionnaire was also mailed to 104 of the larger utilities in
the United States. Sixty-five responses, or approximately 63% of those
surveyed, responded by returning the completed questionnaire. Two
responses were rejected because of their high consistency ratios, 0.731
and 0.523. Again, a few others had somewhat high C.R.'s, but they were
left in the total for the reasons given eér]ier. ‘The number of states
 served by the utilities from which the 63 remaining responses were
received totaled 41. The average consistency ratio of the 63 responses
was 0.149. This is slightly higher than the 0.10 strived for but is
somewhat lower than that of the regulators. The responses were treated
‘as being statistically representative of the total population of electric
utility rate managers, and 95% confidence 1limits on the preference
weights were calculated.

The next chapter summarizes the information on preference weights
for ratemaking objectives on both a regional and national basis as
received and calculated from the responses. First, a single response is
examined in order to illustrate fully the analysis procedure followed.

10 A normal distribution curve is assumed.
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5. RESULTS OF AHP ANALYSIS

5.1 Introduction

This chapter examines the results of the national survey from three
perspectives. First, a single respondent's preferences are analyzed in
detail for the purpose of more fully explaining the procedure followed
for all the responses. Also, some possible ratemaking steps are
hypothesized to meet thisArespondent's determined preferences. Second,
the national results are reviewed, and differences found between
regulators and utility rate managers are discussed. Third, the responses
are divided into the nine Electric Reliability Council Areas11 as shown
in Figure 5.1 and results compared among areas in an attempt to examine

effects of different uti]ity operating characteristics.

5.2 Analysis of Single Respondent's Ratemaking Objectives

The respondent, arbitrarily selected for analysis, is a utility rate
manager for a Midwest utility providing electric power in the MAIN
Electric Reliability Council area. This respondent was first asked to
make pairwise comparisons between each of the major ratemaking objectives
of: (1) revenue requirements, (2) conservation, (3) fairness, (4)
stability (in rates), and (5) simplicity. For example, this respondent
considered the fairness ratemaking objective to be strongly more
important than the conservation objective and indicated that by checking
the appropriate block in the questionnaire. By placing his "X" closer to
side B (designating the side on which "fairness" is listed) than to side
A (designating the side or which "conservation is listed), he indicated
that fairness was the predominant objective of the two in his opinion.

11 The North American Electric Reliability Council (NERC) was found by
the electric utility dindustry in 1968 to promote reliability and
adequacy of bulk power supply in the electric utility systems in
North America. NERC is comprised of nine separate councils. While
several of the regions extend into Canada, only the U.S. portions of
those regions are considered in this paper [28].
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(The closer the "X" is placed to one of the objectives, the greater the
weight it 1is given relative to the other). The portion of the
questionnaire illustrating the procedure for indicating preference

between two choices is shown below:

WITH RESPECT TO ELECTRIC UTILITY RATE DESIGN: .

A 2 > i > E 8
= g8 29 =9 2g (g 2
[ ™ Qi -] i (-] o
28 E2 153 33 139 (33 |i3 y? EE|
. i P _
Conservation X Fairness

His indicated preference between these two objectives, as well as
his other preferences, was next translated into numbers using Saaty's
ratio scale and put in matrix form. The results were as follows:

B
r —— N

Rev. Conser- Sta- Sim-

Reqts. vation Fairness bility plicity
Rev. Reqts. 1 5 3 3 7
Conservation | 1/2 1 1/5 " 1/5 3
A Fairness . 1/3 5 1 5 5
Stability 1/3 5 1/5 1 5
Simplicity 1/7 1/3 1/5 1/5 1

As a further explanation of its interpretation, the second column
space of the third row contains a 5. This corresponds to the "X" under
"Strongly Important" in the questionnaire form above and indicates his
degree of preference for the fairness objective over the conservation
objective. The other entries in the matrix were derived in the same way.
The next step is the computation of a vector of priorities from the above
matrix. This consists of calculating the principal eigenvector of the
matrix. For illustration and comparison purposes to the calculations
given by the computer, the weights of this respondent's major ratemaking
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objectives are approximated with a hand calculator similarly to that done
for the car example in Appendix A. The first step in approximating the
weights is to normalize each column in the matrix. The elements in each
resulting row are then added with the sum being divided by the number of
elements in the row. This results in the following normalized matrix:

0.500 0.306 0.651 0.319 0.333 0.42
0.100 0.061 0.044 0.021 0.143 0.07
0.165 0.306 0.217 0.532 0.238 + 0.29
0.165 0.306 0.044 0.107 0.238 0.18
0.070 0.021 0.044 0.021 0.048 0.04

It is of 1interest to note that the above approximation resuits
compare to those that were calculated by the computer as is shown below:

Priority Weights

Approximation Computer
Revenue Requirements 0.42 0.43
Conservation 0.07 0.06
Fairness 0.20 0.31
Stability 0.18 0.16
Simpticity 0.04 ' 0.04

As can be seen, the approximation method produces results which are

12 The consistency ratic for

fairly close to the computer-derived results.
this matrix of preferences was calculated by the computer to be 0.13 or
very close to the 0.10 C.R. deemed to be good by Saaty. (The C.R. could
have been approximated by hand as shown in the car example, but the
calculations are quite lengthy.) It can be seen that this rate manager
gives highest priority (0.43) to designing rates that will enable the
company to meet its revenue requirements. The lowest priority weights
are assigned to designing rates to promote conservation and which
are simple to understand. The second highest priority (0.31) is given to
the matter of fairness of the rates to the different customers or

customer classes.

12 The computer-derived results are used in the further calculations of
this decision maker's priority weights.
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After the weights for these five objectives have been explicitly
determined, more information must be obtained before these priorities can
be systematically applied to the design of rates. For example, how does
one interpret fairness? Does fairness imply that cost-of-service studies
should be followed exclusively? Does it mean favoring one customer class
over another? Does it mean setting rates no higher than alternative
competing energy sources?

Similarly in terms of the conservation objective, thch kind of
conservation efforts should be emphasized--ones that Tlead to energy
conservation or reduction in peak demands? These are the types of
questiohsv that can ’best be answered by ascertaining the weights of
certain subbbjéctives or subeiements that relate to the major objectives.
These subelements were previously discussed and identified hierarchically
in Figure 4.1. Specfffca11y, the respondent was asked to make judgments
on the importance of the level three subelements relative to those
objectives to which they are linked on level two.

The subelements of the fairness objective for this particular
decision maker are next analyzed. The first step is similar to that
followed for the major objectives; i.e., to place the preferences
expressed on the questionnaire into numerical form in accordance with
~ Saaty's ratio scale. The principal eigenvector of the matrix is then
calculated. The matrix of preferences is as follows:

Reasonab]e Attractive
With Respect Rates that Residential Industrial Price

to Fairness Track Costs Rates Rates Comparability
Rates that ‘

Track Costs 1 4 4 4
Reascnable

Residential

Rates 1/4 1 1 3
Attractive

Industrial

Rates 1/4 1 1 1/3
Price

Comparability 1/4 1/3 3 1
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The computer arrived at the following weightings (rounded here to

the nearest one-hundredth):

Rates that Track Costs=-=====-==v=-==--em-wceoao—n- 0.54
Reasonable Residential Rates-------------cocece-- 0.20
Attractive Industrijal Rates~=--~=====--c-cc-ec-—-- 0.11
Price Comparability-==========-==-==c--c--co-c---- 0.15

The objective, revenue requirements, has three subelements--revenue

adequacy, revenue stability, and energy conservation. As stated earlier,

energy conservation was included as a subelement of revenue requirements

as well as a subelement of conservation on the theory that energy

conservation efforts could produce some short-term changes in revenues

without corresponding changes in expenses. In other words, reductions in

usages over the short run could cause net income to fall if costs do not

fall by an equivalent amount of the revenue loss. By intluding reduction

in energy usage as a subelement of revenue requirements, it can be

determined how much concern this matter is to decision makers. For the

individual response under study, the matrix of preferences of these

elements is as follows:

With Respect to Revenue Reduction in  Revenue
Revenue Requirements Adequacy Energy Usage Stability
Revenue Adequacy 1 5 3
Reduction in Energy Usage 1/5 1 1/5
Revenue Stability 1/3 5 : 1

The principal eigenvector of the matrix calculated by the computer

gave the following results:

Revenue Adequacy=-=======<====-====----=-==---- 0.62
Reduction in Energy Usage-------=~==wwecce== 0.08
Revenue Stability~-====---v-cmmmemcacnccanax 0.30

As was expected,

the weight (concern in this case) assigned to an

impact on revenues from any potential effort to reduce energy usage was

relatively small.
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In regard to the subelements of the conservation objective, which
are reduction 1in energy usage and reduction 1in generating plant

requirements, the decision maker under study expressed the following
" preferences:

Reduction in
With Respect , Generating Plant Reduction in

to Conservation Requirements Energy Usage
Reduction in

Generating Plant
Requirements 1 7

Reduction in :
Energy Usage 1/7 1

This results in a relative weighting, in respect to conservation, of 0.88
for reduction in generating plant requirements and 0.12 for reduction in
energy usage, indicating little interest in pursuing energy
conservation.l3 The subelements of each related major objéctive are next
mu]tip?ied by the priority weight attributed to that major objective to
arrive at an appropriate weighting for each subelement. For the major
‘objective of revenue requirements, the priority weighting was 0.43. This
- weighting is then mu1t1p1iéd by the relative weight of each subelement of

revenue requirements to arrive at the following overall weights of the
subelements:

Composite Weight
Relative X Relative Weight = Associated with

Weight of Revenue Reqts. Revenue Reqts.
Revenue Adequacy 0.62 0.430 - 0.27
Revenue Stability 0.30 0.430 0.13

Energy Conservation 0.08 0.430 0.03

13 The consistency ratio for the total hierarchy was 0.13 which is
higher than the desired 0.10 but only slightly.
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This weighting is then multiplied by the relative weight of each
subelement of fairness to arrive at the following weights of the
subelements:

Composite Weight

Relative X Relative Weight = Associated with
Weight of Fairness Fairness
Rates that Track
Costs 0.54 0.31 0.17
Reasonable Resi-
dential Rates 0.20 0.31 0.06
Attractive Indus-
trial Rates 0.11 0.31 - 0.03
Price Compar-
ability 0.15 0.31 , 0.05

For the conservation objective, the priority weighting was 0.06.
This weighting was then multiplied by the relative weight of each
subelement of conservation to arrive at the following weights of the

subelements:
Composite Weight
Relative = X Relative Weight = Associated with
; Weight of Conservation Conservation

Reduction in

Energy Usage 0.125 0.06 0.008
Reduction in

Generating

Plant Reqts. 0.875 0.06 0.053

However, reduction 1in energy usage is a subelement of revenue
requirements also. Therefore, the total weight to be attributed to
reduction in energy usage is 0.008 + 0.030 = 0.038 or approximately 0.04.
The objectives of rate stability and simplicity have no subelements.
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The priority weights of elements or objectives that this particular
decision maker takes into account in his ratemaking responsibilities are
now explicitly expressed as follows:

Pricing Objectives Proportional Weights

Revenue Adequacy

Revenue Stability

Reduction in Energy Usage

Reduction in Generating Plant Reqts.
Rates that Track Costs

Reasonable Residential Rates
Attractive Industrial Rates

Price Comparability

Stability in Rates

Simplicity

QOO0 O0ODO0OOOCOO0O
[
~

[ne]
1]
-
o
o

As can be seen, revenue adequacy (.27), revenue stability (0.13),
and stability in rates (0.16) are important pricing objectives to this
decision maker. In fact, their combined total, for this decision maker,
represents over 50% of the weights to be attributed to all of the
ratemaking objectives stated. It may be helpful, because of their
combined weight, to omit these objectives from consideration temporarily
and examine the remaining objectives. Designing rates on the basis of
costs also received substantial weight (0.17), but it is a subelement of
the fairness objective, and it is left in the remaining group for
comparison purposes.

The weights of the remaining objectives are shown below as their
actual value and then as normalized to sum to 1.00 to reflect the
omission of the three objectives.
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Normalized

Reduction in Energy Usage 0.0114 0.03
Reduction in General Plant Reqts. 0.05 0.12

Rates that Track Costs 0.17 0.41

Reasonable Residential Rates 0.06 0.15

~ Attractive Industrial Rates 0.03 0.07
‘Price Comparability 0.05 0.12
Simplicity 0.04 ‘ 0.10

I =0.41 z = 1.00

If the remaining objectives are examined (under the assumption that
the revenue requirements and rate stability objectives will be met), it
can be seen that designing rates on the basis of costs receives the
greatest weight (0.41) from this decision maker. It dis generally
acknowledged as stated earlier, however, that the development of costs is
not an exact science and that the choice of costing -method depends on
one's pricing objectives. = This matter is addressed in more depth in
later chapters. v

This decision maker (assuming other considerations are equal) might
choose a costing method and/or rate design that slightly favors the
~residential customer class (assigned a 0.15 weight) and one which
maintains some price comparability with alternative fuels (0.12 weight).
In the design of the rate structure, he may give some favorable
consideration to imposing higher demand charges or possibly TOU
rat3515 in order to depress peak demand or its growth and, hence, delay
construction of new generating plant requirements (0.12 weight).
Reduction in energy usage or energy conservation is of little concern to
this decision maker (0.03). His utility probéb]y has 1ittle oil-fired or
high-variable cost generation; therefore, there is no heed to try to

reduce energy consumption per se.

14 It should be remembered that approximately 0.03 of the total 0.04
weight attributed to the energy conservation objective was derived
from 1its relationship with revenue requirements. By assigning
revenue requirements a zero weighting, it eliminated any weighting
contribution from the revenue requirements objective as it relates
to energy conservation.

15 Referred to as Time-of-Day (TOD) or Time-of-Use (TOU) rates.
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When compared to the national results (which are discussed in more
detail in the next section), this respondent's interest in implementing a
" means to reduce the need for new plant construction is observed to be
less than that expressed by regulators and utility rate managers on the
“average. The corresponding measures of the weight of this objective as
derived on a national basis were as follows (in percentages):

Respondent 12.0

Utilities (National) 19.7
Regulators (National) 23.4

For the Reliability Council Area of MAIN in which this respondent's
utility serves, the average weights attributed to this objective were:

Respondent 12.
Utilities (MAIN) 9.

0
9

The substantially Jlower weight given to this objective by the
decision maker and the other MAIN respondents could indicate the
possibility of the utilities in the region either having or approaching
an excessive reserve situation in generating plant facilities. If this
is true, one would not expect as an aggressive effort to implement load
management or similar plans in this region as compared to some other

regions, particularly SERC.16

A comparison of each of this decision
maker's preferences with those of other utility rate managers in the
nation and in MAIN provided the results shown below. Certain preference
weights of the selected decision maker and the mean response of the
utility rate managers in the MAIN area are highlighted by enclosed boxes.
These enclosed weights indicate a difference in results, when compared to

~ the national average of utility managers, of approximately 100%.

16 In SERC (southeastern states), both regulators and utility rate
managers put a very high priority on reduction in generating plant
requirements. The comparative weights assigned this objective by
SERC regulators and rate managers would be 32% and 36%,
respectively.
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(Respondent)

Selected

Decision Utility Rate MAIN

Maker Mgrs. (U.S.) Utilities
Revenue Adequacy 27.0% 33.4% 32.7%
Revenue Stability 13.0 11.1 11.2
Reduction in Energy Usage 4.0 5.0 0.5

Reduction in Generating

Plant Reqts. : 5.0 6.6
Rates that Track Costs 9.2 14.3
Reasonable Residential Rates 6.0 4.9 3.3
Attractive Industrial Rates 3.0 3.1 4.5
Price Comparability 5.0 2.5 4.0
Stability in Rates 17.4 12.0
Simplicity 4.0 6.8 8.9

Each of the highlighted objectives would appear to signal concern
over the possibilfty of excessive capacity in the MAIN area. The
relatively Tlow priority assigned to reducing need for generating
facilities, the higher priority assigned to rates tracking costs, and the
higher priority assigned to price comparability to other fuels suggest
that possibility.

We now summarize how this decision maker's weighted ratemaking
preferences would 1likely affect the structuring of rates. His first
priority would be to establish rates that would provide the overall
revenues found to be reasonable by his regulatory agency (27% weight).
Second, he puts significant emphasis on designing rates that track costs
(17%). However, as stated earlier, costs can be determined several ways.
It may be that this decision maker would opt for the use of marginal
costing, but most Tikely he would be in the majority of decision makers
who choose to continue to follow the traditional accounting costs in
setting rates. Given that he attributes more weight to achieving
reasonable residential rates (6%) than attractive industrial rates (3%),
he might be slightly influenced to select a costing method which favors
the residential class of customers. The responses from his region's
regulators place relatively 1less importance on costs (7.2%, from
Table 5.5) and more emphasis on reasonable residential rates (9.3%). If
- we assume that these responses are indicative of his own state's
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regulators, a conflict could develop because of these differences in
objectives.

Designing rates to influence conservation appears to be of
relatively Tittle interest to this utility decision maker--particularly
in trying to achieve energy conservation. However, he might have to
argue strenuously against rate structures such as inverted rates because
the regulators in his region strongly support energy conservation
(14.5%). Hopefully, the economic value of implementing or not
implementing energy conservation steps for this particular utility would
be discussed prior to any final actions.

Similar to other wutility managers in the United States, this
decision maker assigned relative high priority to stability in rates
(16%) which indicates a desire to make only gradual changes in rates.
For example, he might oppose mandatory TOU rates if it meant severe price
changes for any group of customers. (He might also oppose them if he has
excess capacity.) He dis in further agreement with the nation's
utility managers 1in that he is concerned about revenue stability
(13%), and hence, would likely include in his design of rates a means of
collecting more of his fixed cost requirements on the Jlower monthly
usages of customers. This might be done through higher customer
charges, higher block charges for lower usages, or higher demand charges
for those customers with demand billing meters. He is not particularly
concerned about simplicity of the rate design (4%).

5.3 Survey Results on Nationai Basis

Certain national and regional data were presented in the previous
section for comparison with the selected respondent's weighted ratemaking
objectives. This section focuses on a comparison between the national
results obtained from regulators versus those from utility rate managers.
Table 5.1 presents a summary of the findings on the five major ratemaking
objectives.
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Table 5.1 National weighted ratemaking objectives

Weights
Objectives Reguiators Utilities
Revenue Requirements 35.3% 48.1%
Conservation 16.5% 8.0%
Stability in Rates 13.4% 17.4%
Fairness 25.7% 19.7%
Simplicity 9.1% 6.8%

Figure 5.2 shows these results in graphic form.
One interesting result from this survey is the degree of conformity
found between regulators and utility rate managers in their weightings of

several of the objectives.17

As can be seen, both regulators and utility
rate managers place the greatest weights on designing rates to meet
revenue requirements with the second highest for each being the fairness
objective. The utility respondents did, however, place relatively more
weight on the revenue requirements objective. The most substantial
difference between the two groups lies in their judgments of the weight
to be attributed to the conservation objective. Regulators would assign
about twice as much importance to this objective than would the utility
representatives. This 1likely means that utility respondents are more
skeptical about the positive‘impacts conservation can have on the utility
system and its customers. The differences between regulators and utility
rate managers can be better analyzed by examining the subelements of each
of the objectives shown above. Table 5.2 provides the weights found for
the various objectives and/or -their subelements. Ninety-five percent
(95) confidence 1limits around the means of each of these weights are
shown also.

17 However, a Chi-squared statistical test does indicate that the two
sets of responses are statistically different at the .05 level of
significance. See Appendix C.
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Table 5.2 Composite 1ist of ratemaking objectives.

Weights
Ve

Objectives Regulators Utilities
Revenue Adequacy 20.4% * 3.1% 33.4% = 3.3%
Revenue Stability 8.1% * 1.3% 11.2%+ 1.2%
Energy Conservation 11.0% £ 1.6% 5.0+ 0.8%
Reduction in Generating

Plant Regts. 12.3% * 2.6% 6.6% * 1.4%
Cost of Service 10.1% * 1.8% 9.2% * 1.6%
Reasonable Residential Rates 8.3% % 1.5% 3.1% * 0.7%
Attractive Industrial Rates 4.2% *0.8% 4.9% * 0.9%
Price Comparability 3.2% * 0.6% 2.5% * 0.6%
Stability of Rates 13.3% £ 2.1% 17.3% £ 2.2%
Simplicity ' 9.1% * 1.9% 6.8% + 0.9%

These mean weights are shown in graphical form on Figure 5.3. It can
be seen that both groups give highest weight to the matter of designing
rates that produce adequate revenues. However, the utility rate managers
assign 33.4% of the total composite weight to this objective compared to
20.4% for regu]ators. This wide difference may be caused, in fact, by
the failure in recent years of rates established by regulation to enable
utilities to earn their allowed rates of return. Figure 5.4 displays
this situation graphically.

Regulators and utility representatives agree that the second most
important individual objective or component of an objective is rate
stability. It is not unexpected to find significant weight attributed to
this objective in that many of the complaints fielded by utilities and
regulators in recent years have focused on the instability of rates. For
example, the people who bought "Gold Meda]]ion" homes in the late 1960s
probably did not anticipate the sharp rises that would occur in their
heating bills, and many have complained loudly as a result. The utility
representative appear to be slightly more sensitive to this matter than
regulators--probably because the uti]ifiés heavily promoted the use of
electricity prior to the 1970s.
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In regard to the subelements of the fairness objective, both groups
agreed that having rates track or be based on costs of providing service
is the most important factor in determining fairness of the rates as they
apply to different customer classes. Utilities attribute substantially
less weight to the other three subelements of the fairness objective
(reasonable residential rates, attractive industrial rates, and
comparability of prices with other energy sources). Regulators, however,
assign significant importance to the objective of reasonable residential
rates. This kind of finding on the part of the regulators 1is not
unexpected and probably underlines the 1mportance of other customer
classes intervening in general rate cases in order to protect their fair
treatment in the division of cost responsibilities among classes.

Given that concern for revenue and rate stability received such
~substantial weight, it was decided (as stated in Chapter 4) to make a
second set of comparisons by omitting revenue adequacy, revenue
stability, and rate stability from the list of ratemaking objectives in
the interest of highlighting differences in the remaining ratemaking
objectives. However, a resurvey was not done. Instead, it was assumed
that the objectives were independent; i.e., no interactions between the
revenue requirements objective and the reduction in energy usage (or
energy conservation) objective. A zero weight was assigned to these
three objectives which effectively normalized the percentage weights
assigned to the seven remaining objectives. It also served to modify the
proportion of weight assigned to the energy conservation objective since
its revenue effect no longer was a factor. Table 5.3 gives the results.
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Table 5.3 Normalized weights of reduced number of objectives.

Weights

Objectives Regulators Utilities
Energy Conservation 7.2% 3.6%
Reduction in Generating Plant

Reqts. 23.6 19.7
Rates that Track Costs 20.5 25.3
Reasonable Residential Rates 16.0 14.6
Attractive Industrial Rates 8.0 8.5
Price Comparability 6.2 7.2
Simplicity 18.5 21.1

As with the single decision maker selected for analysis, the
interesting point here is that, with the revenue influence removed from
the energy conservation objective, much more importance is attributed to
reducing the need for new generating plant than to trying to encourage
reductions in energy consumption. As can be seen, reducing plant
requirements receives top priority by regulators. No doubt regulators
are concerned about the strong upward pressure new construction has on
rates. Utility managers are only slightly less concerned.

5.4 Regional Analyses

Electric Reliability Council Areas (designed herein as regions) were
analyzed to determine if any major differences in responses could be
observed across them, and if so, what particular costing and rate design
procedures might be called for in those regions. The country was divided
into the nine areas or regions, as discussed and shown previously in
Figure 5.1, and responses were aggregated on that basis. The regional

weighting results are shown in Table 5.4.18

18 The SERC and NPCC regions are chosen for detailed comparison
beginning on page 69. A Chi-squared statistical test of significant
difference is made on their responses and reported in Appendix C. A
similar test should be conducted on other regions prior to
comparison of the results between them.
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Table 5.4 Regional Ratemaking Objectives
Regulators
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To highlight extremes across regions, the highest weight received
from any region for each objective is shown in boxes. The number of
respondents from each region is also shown. The numbers of respondents
" are somewhat misleading because the number of eligible respondents in
each region varies significantly. For example, in the ERCOT (Texas)
region, there are only three regulators and two responded. However,
because of the fewness of the total respondents, reasonable confidence
1imits could not be established.

To better analyze the difference in expressed ratemaking weights

across regions, one needs to know the circumstances affecting the
utilities that serve in the regions. The influences that might
significantly affect a utility's operations and, hence, choice of
ratemaking objectives are the following: (1) fuel generation mix,
(2) growth rate of demand, (3) system load factor, (4) location from fuel
sources, and (5) demographics of the service area. It has been found,
though, that fuel generation mix has the most influence on a utility's
costs of producing power and the rates it must charge. [32] Figure 5.5
shows average electricity prices charges by utilities by type of primary
generation fuel for the years 1973 and 1981.

Figure 5.6 provides a state-by-state comparison of the cost of
electricity to an average residential customer using 1000 kWhs per month.
The parallels between type of generating and high or low cost power can
be observed. For exampls, in the Northwest the majority of generating in
a state such as Idahd is from hydroelectric facilities and as a result
rates are low. This can be contrasted with the New England states that
have heavy amounts of o0i1 generating and, consequently, high rates.

To illustrate these differences further, Figure 5.7 shows primary
generation by fuel by regions for 1982 and as projected for 1992.
Regional load factors are showin in Figure 5.8. These data should be
helpful in analyzing the effects of system operating characteristics on
weights attributed to ratemaking objectives. For this purpose, the
utlity managers' responses are reviewed rather than the regulators'
responses on the theory that the rate managers are more cognizant of the
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impact of utility operating characteristics on their utility costs and
rates.

Two reliability regions are chosed here for specific study, SERC
(comprised of the southeastern states) and NPCC (New England states).
The SERC region is in the faster growing sunbelt of the nation and, with
the exception of Florida, depends little on oil generation. The NPCC
areas, in contrast, is experiencing slower growth and relies on oil for
much of its generating fuel (see Figure 5.7). The ratemaking objectives
of the utility managers in the two reigons were found to be as followed
(sémp1e sizes are given in Table 5.4):

Weights19
Pricing Objectives SERC NPCC
Revenue Adequacy 29.9% 36.1%
Revenue Stabi1ity 11.6 10.3
Reduction in Energy Usage 4.3 6.1
Reduction in Generating Plant Reqts 12.1 5.8
Rates that Track Costs 7.4 8.3
Reasonable Residential Rates 3.1 5.6
Attractive Industrial Rates 3.0 1.8
Price Comparability 1.5 1.8
Stability in Rates 22.2 16.9
Simplicity 4.9 7.3
Z = 100.00 z = 100.00

If revenue adequacy, revenue stability, and rate stability are
" omitted under the assumption that they will be met and the remaining
objectives normalized, the following weights are obtained:

19 A Chi-squared statistical test between the sets of weights for the
pricing objectives for the two regions indicates that they are
significantly different at the .05 level. See Appendix C,

69



Reduced Number of . Weights’
Pricing Objective

SERC NPCC

Reduction in Energy Usage 1.1% 4.9%
Reduction in Generating Plant. Reqts. 35.7 19.0
Rates that Track Costs ' -~ 23.6 24.1
“Reasonable Resjdential Rates 9.8 16.8
Attractive Industrial Rates 9.6 4.9
Price Comparability 4.4 5.4
Simplicity 15.8 24.9
L = 100.00 L= 100.00

In both regions, energy conservation is rated rélativeiy Tow in
relation to encouraging conservation that would reduce the need for
additional generating plants. However, the SERC respondents place
substantially more emphasis on the Tlatter. This, no doubt, reflects the
faster growth in peak demand in the SERC regions,za’ The NPCC regions
states, however, also Eave an interest in Tleveling: their load so that
they can reduce the amount of the time that théy must depend on high cost
oil-generating facilities. Based on these responses, neither appears to
be in the possible over-capacity position of the MAIN region utilities.
Both the SERC and NPCC regions attribute approximately equal weight to
designing rates that track costs. The New England region, with its high
rates, puts higher pkiority, in terms of fairness, 1in achieving
reasonable residential rates. The SERC respondents place approximately
equal weight on their concern for: reasonable residential rates and
attractive industrial rates. The Southeast, of course, has been engaged
in trying to attract more high-paying industrial jobs for several years
now, and this is 1ikely a factor in their weightings of these objectives.
Neither places much weight on the need for price comparability of
electric rates with other fuels. Both are somewhat concerned about the
simplicity or understandability of their rates, but the NPCC respondents
are more concerned. This may reflect, in part, the higher rates in their
region. Figure 5.8 shows that the load factors of both regions are
expected to increase. The SERC region starts at a lower level but grows

20 The projected 10-year annual peak demand growth rate is 65% greater
for SERC than for NPCC [28].
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faster in terms of percentage growth. A movement to higher load factors
would 1ikely indicate the need for more baseload generation either from
existing or new plants. The next chapters on costing will illustrate the
influence of load factors on costing results.

The data for additional regional analyses are included in
Table 5.4. These analyses are left for future research. Decision makers
in a region should particularly be interested in any major discrepancy
between priority weights kassigned by regulators versus utility rate
managers. It is possible that further clarification and discussion of a
system's operating characteristics might enable a consensus to be reached
on certain of the kobjectives. On other objectives (such as revenue
requirements), it is likely that the regulators and utility manageré will
continue to differ on the degree of priority that should be assigned to
them. | .

5.5 Importance of Costing

Discussions have been included in the previousbsections on what rate
structuring might be necessary to meet given ratemaking objectives under
differing utility system operating characteristics. It is clear that a
utility's circumstances should, and do, affect ratemaking objectives.
Little, however, has been said about which costing methodology'one should
choose, based on one's ratemaking objectives. The importance of costs
has been demonstrated by the fact that both regulators and utility rate
managers attribute substantial weight to the fairness objective (second
only to meeting the revenue requirements objective) and that both
consider costs-to-serve to be the most important factor in determining
fairness.

The problem arises, however, regarding which costing method to
choose. At the first level of decisions, a decision maker can choose to
base rates on either marginal costing or accounting costs or some blend
of the two. As stated before, marginal costing supports the achievement
of economic efficiency, but accounting costs have traditionally been
preferred and followed by decision makers. However, it can be argued
convincingly that the objective of economic efficiency, even though not
measured independently in the survey, can be imputed substantial weight.
This 1is because one could include portions of the objectives rate
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stability, conservation, and revenue requirements. The reason that
economic efficiency can be inclusive of these three objectives is that,
theoretically, rates designed on thé basis of economic efficiency (hence,
" marginal costs) could do the following:

(1) Improve rate stability to customers by more accurately charging
for use, therefore minimizing large rate shocks resulting from setting
rates on the basis of lower imbedded costs.

(2) Induce efficient conservation practices by charging rates which
reflect the incremental cost of power at times when power is more
expensive to supply; and

(3) Enhance the utility's possibility of collecting revenues
adequate to cover its costs by matching rates and costs more closely.

Some ratemaking experts, as previous1y indicated, would also argue
that the economic efficiency objective would incorporate the fairness
objective as well.

The final part of this paper briefly summarizes the development of a
decision framework and a procedure for following traditional costing
- methodologies but, at the same time, attaining the approximately
equivalent result of a marginal costing approach. The determination to
‘use the Tlatter approach depends, of course, on the relative weight a

decision maker places on the economic efficiency objective.
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6. DEVELOPMENT OF DECISION FRAMEWORK AND
BRIEF DISCUSSION OF ADDITIONAL RESEARCH CONDUCTED

The results of the national survey of decision makers in the utility
industry showed that there 1is substantial priority assigned to the
objective of having rates track costs. As stated earlier, however, there
is much dispute over how to define or compute those costs. Moreover, the
RDS confirmed the 1likely. continuation of that dispute by finding that
there is no one correct procedure for determining costs, but that the
method chosen depends on one's pricing objectives; i.e., which costing
method meets a decision maker's perceived notions of equity and/or
efficiency.

Based on surveys of current costing practices of utility regulatory
commissions, the large majority of commissions (and hence, utilities
under their jurisdictions) are using traditional accounting-derived costs
as a basis for apportioning costs among customer classes. Several
commissions did indicate that they take into account marginal costs in
_ the design of rates after costs have been allocated to customer classes
by accounting costs. Only a few commissions reported the use of marginal
costs to apportion costs to customer classes [5,15].

The fact that several decision makers are reflecting marginal costs
in the design of rates appears to indicate their concern about achieving
the economic efficiency objective. Their actions could indicate a trend
toward greater acceptance of marginal costing as a basis for designing
rates.

The use of marginal costing assumes that economic efficiency would
be assigned substantial weight by a decision maker in the setting of
electric rates. A given decision maker, however, may have other
ratemaking objectives which are of equal or higher priority. A general
decision analysis framework was arrived at to facilitate making judgments
in electric rate setting matters. The suggested procedure is given
below.
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Step 1
The first step in the procedure is to ascertain the weights a

decision maker(s) would assign to the various ratemaking objectives and
subobjectives. This report has discussed the mind's limitations,
particularly in regard to making the complex tradeoffs that are involved
in determining weights of multiple and conflicting objectives. The use
of a structured decision analysis procedure such as the Analytic
 Hierarchy Process was demonstrated and suggested for weighting ratemaking
objectives. There are other weighting methods, but the AHP appears
superior 1in several ways including the opportunity to mathematically
check one's consistency of choices.

After explicitly determining a weighted set of priorities, a
decision maker may desire to reevaluate or hodify them. For example,
possible modifications, 1in desired priorities, could result from
discussions, negotiations, and/or compromises with any other decision
makers dinvolved. Such interactions on these levels should help focus
- attention on exactly where disagreements 1lie and result in better '"bottom
line" decisions.

Finally, a tentative set of ratemaking objectives is established and
put in ordered priorities.

Step 2

Parallel to ascertaining a weighted, tentative set of ratemaking
priorities, system demand and supply characteristics (both present and
future) need to be reviewed. Preferably, this should be done in the
context of developing accounting and/or marginal cost-based rates. The
possible impact of specific system characteristics should be considered
in setting ratemaking objectives. For example, if system generation
relies heavily on high-priced oil, then the objective of conservation of
energy might need to be given a greater weight than an objective of
reducing or conserving the system's peak demand.

If cost-of-service studies are to be made, then a decision maker
must next decide if the economic efficiency objective is of sufficient
weight to require marginal cost studies. If so and assuming marginal
costs are not equal to accounting costs, then revenue reconciliation

procedures must be implemented.
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Step 3
After completing the determination of tentative weights for a set of

ratemaking objectives and making an analysis of the costing studies, an
attempt should be made to establish criteria for measuring the degree to
which particular alternative costing methods and rate designs meet the
set of ratemaking objectives. This, of course, would involve judgment
since the cause and effect relationship of rate design changes versus
demand changes in the electric utility industry tends to be long run.

Step 4

The final step in the general procedure would involve evaluating the
final rates against the set of ratemaking objectives selected and
determining whether additional studies or information is needed prior to
final agreement on the class rate levels and design of the rates. This
total process is 1in the context of the decision analysis framework
described in Chapter 3.

The flow chart suggesting how decision analysis can be used in
electric utility ratemaking matters is shown in Figure 6.1. This chart
can be generally followed for any given set of weights for the ratemaking
objectives. It also shows how the objective of economic efficiency
(through marginal costing) can be incorporated into the overall
determination of rates.

The second part of our research included the testing of this concept
on synthetically created, but representative, utilities. One important
finding was that specific utility circumstances dictated which accounting
cost allocation method was '"correct" in terms of meeting the economic
efficiency objective. This finding would probably hold true for most
other ratemaking objectives as well. This indicates that there is no
reason to expect neighboring utilities to utilize the same cost
allocation methods, even 1if agreement is reached onm a given set of
ratemaking objectives, unless their supply and demand characteristics are

very similar.
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APPENDIX A
SIMPLE EXAMPLE OF AN APPLICATION OF AHP

Assume a person (the author of this paper in this case) has
decided to buy a new car and he has eliminated all but three for various
reasons. The three remaining possible cars are: (A) a $8500 Honda,
(B) a $13,000 Buick, and (C) a $7500 Chevrolet Citation. Also assume
the factors he is now considering in‘his‘purchase decision are as fol-
lows: cost, gas mileage, maintenance, appearance, and resale value.
Following the AHP, a decision hierarchy could be constructed as shown
in Figure A.1.

First, pairwise comparisons are made between the characteristics
or attributes of a car with respect to their importance in the selection
process. To facilitate these comparisons, Saaty's ratio scale, as dis-
cussed earlier, will be used faor indicating one's measure or prefarence
for one attribute versus anbther; In the car problem, Table A.1 is
used to Tist the results of the pairwise comparisons of the character-
istics considered with respect to selection of a car. (The author's
judgments and preferences are used fo}vthis example.)

The first row compares the cost chafacteristics with the other
characteristics. In the first column of the first row, a one is placed
because cost is compared with itself. The second column space of the
first row contains a three which indicates that the cost characteristic
is weakly more important when compared to good mileage. In the last
column of the first row, cost is considered very strong or of demon-

strated importance when compared to resale value (indicating my
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Table A.1 Matrix of comparisons

In Respect to Low Good Low Stylish High Resale
Satisfaction Cost Mileage Maintenance Appearanca Value
Low Cost 1 3 5 7 7

Good Mileage 1/3 1 5 7 5

Low Maintenance 1/5 1/5 1 3 5
Stylish Appearance 1/7 1/7 1/3 1 3

High Resale Value 1/7 1/5 1/5 1/3 1
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preference to keep a car about six to ten years). The entries in the
first column are the -eciprocals of the first row indicating the inverse
relation of relative strength of the other characteristics when compared
with the cost characteristic. Similar statements could be made about
the other rows and columns.

After obtaining the pairwise judgments, the next step is the com-
putation of a vector of priorities from the above matrix. In terms
of matrix algebra, this consists of calculating the principal eigen-
vector of the matrix. When normalized, the eijgenvector becomes the
vector of priorities [31]. Standard programs are available for com-
puting the eigenvector of a matrix. Large-scale computers give the
most accurate results but microcomputers closely approximate them,
Saaty also lists some approximation methods that can be done by hand
calculators. One of the allegedly better ones is as follows:

Oivide the elements of each column by the sum of that

column (i.e., normalize the column) and then add the ele-

ments in each resulting row and divide this sum by the num-

ber of elements in the row. This is the process of averaging

over the normalized columns. [31]

If this approximation method is followed for the car example,
each column of the matrix of comparisons is normalized to obtain the
matrix in Table A.2. Next, the elements in each row are added and
divided by the number of columns.

Therefore, the column vector of priorities, expressed as a row
vector, is (.47, .29, .13, .07, .04) which provides the priority rank-
ings for the characteristics of cost, mileage, maintenance, appearance,

and resale value, respectively., It can be seen that cost is signif-

jcantly more important to the author than any other characteristic.
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Table A.2 Narmalized matrix

~ -

.55 .66 .43 .38 .33 .47
18 .22 .43 .38 .24 .29
.11 .045 .09 .16 .24 .13
.08 .03 .03 .C6 .14 .07
.08 .045 .02 .02 .05 .04

Table A.3  Weighting of the matrix

1 | 7 7 (.a7) (278
331 7 5| .29 1.79
20 .20 1 3 s|l.as) = | s
163 .143 .333 1 3| |.07 .34
143 .20 .20 333 1] |04 L .22
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dowever, the manner in which these priorities can systematically be
abplied to influence the author's decision regarding which car to buy
has not yet been shown. Prior to doing that, though, Saaty's method
for checking for the degree of consistency in the judgment or weightings
of these characteristics will be demonstrated. Again, for illustration
purposes, a rough approximation method will be used. To be more accu-
rate, a computer is required because the maximum ejgenvalue of the
matrix must be calculated. To find an approximation for the maximum
eigenvalue of the matrix, multiply the matrix of comparisons on the
right by the solution vector of priorities obtaining a new vector (see
Table 4.3).

If corresponding elements of this vector are divided by the solu-
tion vector, the following numbers are obtained: 5.87, 6.17, 5.31,
4.86, 5.5. By taking the average, an approximation of the maximum

aigenvalue (A__ ) for the matrix is obtained {31]. This number is 5.54.

max
(On a computer, 5.50 was found to be the equivalent and more accurate
figure.) The c]oservthe maximum eigenvalue is to n, the number of
activities representad in the matrix, the more consistent the result
is supposed to be. As stated in Chapter 3, Saaty has developed a con-
sistency ratio (C.R.) for determining whether the deviation from con-
sistency is large enough to require reconsideration of the weights
assigned to the various characteristics or attributes by the decision
maker in the pairwise comparisons., Prior to calculating the C.R., the

consistency index (C.I.) must be determined since its value is needed

in calculating C.R. The formula for C.I. is as follows:



. _ max 5.54 - 5 -
C.l. = T or =T - 0.135

Now C.R. = C.I./R.I., where R.I. is the random index and is de-

fined by Saaty as being the consistency index of a randomly generated
reciprocal matrix form with reciprocals forced. Based on a large number

of trial runs, Saaty provides the following table of R.I.'s [31].

Table A.4  Random indexes

N R.I. N R.I.
1 0.00 8 1.42
2 - 0.00 9 1.45
3 0.58 10 1.49
4 0.90 11 1.51
5 1.12 12 1.48
6 1.24 13 1.56
7 1.32

A consistency ratio of 0.10 or less is considered good. Readers
interested in further discussion and mathematical support for these
calculations and contentions are referred to Saaty [31]. For the car
example, the C.R. for the first matrix would be .135/1.12 or 0.12, which
is very close to 0.10. The next step in the car choosing example is
to evaluate each car in respect to each characteristic., This is dane
by making pairwise comparisons between the cars relative to each char-

acteristic. The following table illustrates this step.
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Table A5  Pairwise comparisons of subelements

Relative to .| ‘ - Relative to
Cost A 8 C Mileage A 8 C
A 1 s w3 A 1 9 s
B /5 1 w7 K B -1 1/9 1 1/6
c 3 7 1 Cc 1 1/5 5 1
Amax = 3.066 kmax = 3.163
Eigenvector = 0.28, 0.07, 0.65 Eigenvector = 0.73, 0.05, 0.22
C.I. = 0.066/2 = .033 C.I. =0.31
C.R. = 0.033/0.58 = .06. ... C,R. = 0.81/0.58 = .14
Relative to Relative to
Maintenance A 8 C - Appearance A 8 c
A 1 5 A 1 1/5 1/3
B 1/3 1 3 B 5 1 3
c /5 1/3 1 ‘ c 3 1/3 a
Apax = 3.04 Anax = 3.04
Eigenvector = 0.64, 0.26, 0.10 Eigenvector = 0.10, 0.64, 0.26
c.I. = .02 c.I. = .02
C.R.= .03 C.R. = .03

Relative to :
Resale Value A B C
A , 1 7 5
B8 1/7 1 1/5
Cc 1/5 5 1
A = 3,18

max "
Eigenvector = 0.71, 0.07, 0.21

C.I. = .09; C.R. = .15
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The eigenvectors of each 3*3 matrix comprise a larger 5*3 matrix

shown below.

~ Cost Mileage Mainten. Appear, Rasale

r -
.28 .73 .54 .10 .72 gg
8 | .07 .05 .26 .64 .07 13
¢ | .65 .22 .10 .26 AN N A

To obtain the overa]i ranking of the cars, the abdve matrix is
multiplied by the column version of the row vector of the weights of
the characteristics (.47, .29, .13, .07, .04). This is equivalent to
weighting each of the above five eigenvectors by the priority of the

corresponding characteristics and then adding to obtain the following

results:
A= .46
B =.13
C = .41

Therefore, by considering all the factors explicitly (costs,
information, and personal preferences), the formal decision process
indicates that the author should buy a Honda even though it is more
expensive initially than a Citation and even though the author places
significant weight on initial costs. The Buick came in last with a
low preference weighting.

One advantage of placing any complex decision, particularly one
that requires tradeoffs among objectives, into a formal decision making

structure is that it permits the examination of reasons for the cutccme.
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For example, if more than one decision maker is involved, it may be
péssible to reach accord more easily on a given cgurse of action. if
there were disagreement, for instance, between the author and nis wife
regarding the car choice, she could question and disagree on the weights
given the various characteristics or how the cars should be judged rela-
tive to them. In other words, if more than one decision maker is in-
volved, the expTicitness of a formal decision analysis approach such

as AHP allows one to determine where disagreements are and concantrate

on their resolution.
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APPENDIX B

QUESTIONNAIRE AND COMMENTS OF SELECTED RESPONDENTS
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INTRQCLCTIS

Ae are intarestad in datarmining the imogrranca ratamakers ang utilities
slace cn certain factars invaived in alectric utiiity ritemaking. We would
very much acpreciata your helo. [t will aniy take a2oout 13 =minytas of your
time, and we celieve you will te very intarestad in the overall resultz 23 =a
comoiled From acress the country. Your individual resconsa will te kept <an-
fidential, and, in fact, you need net indicate wno you are if you so choosa.

‘i nave ini=ially salseead five -ajor fictars and 2igns cnaariying “203srs
3r sudrIcIsrs wunich we saliave anczmoass the major constizraticas oF afacIrts
rata casign. (7 you teliaye we nave smicttag a significant fictzsr, alaasa ngea

it o us.

following tha methed used by Jrofagsar Themas Saaty in his The lnalveis
diarapchy Zracass, we are asking you t3 ccmpoare tne ficiars saleciid is celng

M0ST signiTicant in the consideraticn af dasigning 2iectric ritas is fzilows:

A. REVENUT REQUIREMENTS (2ffactivaness cf raca Zesign in snsuring
recovery of all reascnadly incurrea c2s73)

3. SIMPLICITY (ability of rate desicn %o he undarstandable t2 censumer)

C. STABILITY (affactiveness of rats design in minimi:ing larze idversa
price changes 3 customers)

0. CONSERYATICN {ability of rata design %2 2f¥fact canservation of
rasources utiiized in procuction af alectric zcwer)

2. FAIRNESS (erfactiveness of rata <dasign in craviding ratas wnien are
cansidered "fair® hetwesn and among custImers ind cusismer classas)

PLEASE TURM TO THE NEXT PAGE NOW AND [NDICATE THE WEIGAT QF YCUR PREFESXENCES.
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QUESTTONNALRE

Plaasa indicata your srafarance of 7ow the faczars 1istad uncer 4 ind 3
rank in imoertanca o are inotter Sy clacing ane ang aniy sne ‘¢ claser 3 A

if you zhinx <he “actor uncer A is more imcortant tnan the FicIsr uncer 3. [
you think tne actor under 3 is mere imogreant Inan the ficlr ;nder‘A: 3laca
your "x* closar =0 3. For 2xampiae, i¥ you think ine cinsideriticn oT revenue
Jequirements is more imoortant than tne Simplicity <riterion in tche casign ot
rates, then vou wouid olace an “x" 3 the jeft of the Igual [moortance calumn.
The closer you place your "x* to colusn A, the more imoortance you dre indicaling
far Jevenue Aequirsments relative ta Simplicity. [f you consicer Simalicity more
imoarzant, chen you would olaca your "x“ t3 the rignt of the Icual ImccrTance
calumn. Alsa, you may place your "x“ sSatween dasignatad calumns “or further
rafinement af your gpinion. 2leasa procsed.

W{TH RESPEST TO ELESCTRIC UTILITY RATE DESIGN

cOM ML
3 'zx za 133 gw 34 =4 sz 23

p— R RN RN
Revenus Aeauirements I i ; } } i Pl l b b T bt conservacion
Aevenwe deowtrmency | | | | | | ] { Pl b o faremess
Simolicicy b ’ i ] T J 41 i conservatton
Simolicity IR I Pobob 0 1 Savemess
Comervacion i oo b | Pl ] Faimess
Sustitty : NN T T é . levenua 2equirements
seagtlity i b b0 ] Canservacion
Fatrmess P Loy [ P P | sueiliey
Seamliey Py N i ] PoL b b simetierty

Mow, scme of the major faciars or g0als have undariyina suoractors ar sud-
goals. W11l you slaasa make similar one-to-one cocmparisons catween the suogoals
wWith regpect ta ncw aiacn impacss one ar more of the majar Factars, as indicated.

Firct, with raspect 0 dasigning ratas 0 meet the critaricn of Revenue
Requiremsnts, pleasa camoare :he -~slative imoortince 37 2evenue ecavery |idezuacy!,
Revenue 3tapility (aveicanca of large swings in ravenue lavels g the utility),
ang Reduction in Ensrgy (Sales): i.e., the imoartanca of 23ch 25 it imoac:s the
Aevenue Requirements 33ai. ‘'ie nave labeled tha subgoals under <columns C and 2
as ollaows.

The instructions ire the same,
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The following is reaquestad sut is scticnal ‘in any avenr, individual
rasgonsas will not Se mace suodiic nor reiaiseq in :nv Torm).

T. Area of zsunctry in wnich vour company is locatag, i.e., M.2., etc.

2. Stata

3. lame af Ccmpany

3. Your lame

3. ?Please check nere if yocu desire 2 summary a7 the rasuits

3. Please return 3s =2arly as gossibia the Juesticnnaire zarzicn £3:
fabert X. Xogar. Chairman

Nortn Carglina Utilitias Commissicn

P. Q. 30x 391

Raleigh, North Cargiina 27802

Tel. No. (319) 733-4072
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Comments

Comments of Requlator X

[ did have some trouble with answering that portion of the ques-
tionanire relating to faijrness. For example, those being polled are
asked to differentiate between Reasonable Residential Rates and Attrac-
tive Industrial Rates. Although it is not articulated, [ take the
question to be--should the residential class be subsidizing the indus-
trial class, or vice versa? Absent a number of caveats, neither view
would seem proper and therefore answers on either side of equanimity
are inapropos. Equipoise is impossible given my understanding of what
[ think the questionnaire is asking because you obviously can't be
equally in favor of both.

In the same section are those questions dealing with the concept
of Price Comparability with Other Energy. [ was somewhat unsure as
to what was being asked. Was the question, for example, should we price
electricity for resistance heating at a cost comparable to alternate
heating fuels (natural gas, propane, middle distillates)? Such a pric-
ing strategy, however, would bear no relationship to cost and would
be difficult if not impossible to justify on any reasonable basis.
The only justification I can see for such a concept is setting inter-
ruptible and therefore discretionary natural gas purchases pegged at
a parity with or below the alternate oil price so long as commodity
costs are reasonably covered.

Comments of Requlator Y

Thanks for the opportunity to participate in your guestionnaire.
I don't believe you have omitted a significant factor. Definitionally
they seem to parallel with those in PURPA:
PURPA QUESTIONNAIRE

Conservation by end user.

)
Efficiency of use of facilities ) Conservation
and resources by electric utility )

( Simplicity
Equity ( Stability

( Fajrness

Revenue Regquirements
We have exerted considerable effort in trying to balance these

factors as is indicated in my response to the attached questionnaire.
I qualify conservation as the efficient use of energy rather than simply
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reduction in use and equate tracking costs with marginal supply costs
and the related revenue requirement adjustments.

Comments of a Utility Rates Manager

I am returning a completed guestionnaire forwarded with your let-
ter of June 21, 1982. I must admit that completing the gquestionnaire
was a very interesting exercise. My first reaction when reviewing the
five items of importance to ratemakers and utilities that you are inter-
ested in can be put in the context of an answer to a multiple choice
question as "all of the above." What made completing the questionnaire
so interesting yet difficult was the matrix approach whereby one was
required to discriminate between the perceijved relative importance of
each of these items.

I chose to use this survey as a means to probe the importance
my own two managers of cost and rate design ascribe to each of these
rate design ¢riteria. [ also independently completed the survey. After
this was done, the three of us gathered to discuss the results. In
doing this mini-survey, I discovered just how subjective the responses
to this type survey will be. We represent three individuals in upper
and middle management, who have worked very closely together on rate
design during the past decade of regulatory complexities. In complet-
ing the survey, initially, there was significant diverse opinions ex-
pressed by each of us as to certain of the comparative items, We
discussed each item to arrive at a consensus carefully reviewing the
meaning your survey ascribes to the various criteria being evaluated.
We reflected upon the experience in rate design we've had in the past
including where our company rates were, where we now are, and where
they are going. The judgments we have made to support those directions,
etc., and finally settled upon are indicated on the enclosed, completed
survey form,

We completed the survey, we enjoyed doing it, we learned something
from doing it, but by no means was it an easy task. The gquestionnaire
is very subjective. Any summary analysis of positions taken across
the country by regulators and utilities will have to be viewed with
that in mind.
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APPENDIX C

CHI-SQUARED TESTS OF INDEPENDENCE

The chi-squared test can be used tc determine whether there is
a relationship between two or more classes or groups of data. First,
a null hypothesis is made that the classes are independent of each
other., If the computed value for chi-square is greater than a given
leve] of significance, then the null hypothesis is rejected. In these
tests, a .05 level of significance is used.

Test 1: For the two sets of natjonal ratemaking weights shown
on page 70 for regulator and utility managers, the null hypothesis would
be that there is no relationship between the two sets of weights; that
is, that the weights are independent of each other,

A contingency table is constructed from the data bejow.

Objectives , Regulator Utilities Totals
Revenue Requirements 35.3 48.1 83.4
Conservation 16.5 8.0 24.5
Stability in Rates 13.4 17.4 30.8
Fairness 25.7 19.7 45.4
Simplicity 9,1 6.8 15.9
Totals 100.0 100.0 200.00

Expected Weights

Qbjectives Requlator Utilities
Revenue Reguirements 41.70 41.70
Conservation 12.25 12.25
Stability in Rates 15.40 15.40
Fairness 22.70 22.70
Simplicity 7.95 7.95
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4 T cmrmp——
re
2 (35.3 - 41.7)° 95)2
2. (353 - 41.7) . 8.8 -7.95)°
IT7 735 -3
d.f. = (r-c)(c-1) = 4

a at .05 = 9.488
Therefore, do not reject null hypothesis.' The weights of the regu-
Tators and utility rate managers are detarmined to be statistically

independent of each other.

Jest 2: Detekmine if there is a significant difference between
the responses of the SERC and NPCC Regions.
Hy: There is a significant difference between the weights for
the two regions.

The data and ccntingency table are shown below.

Objectives SERC NPCC Totals
Revenue Adequacy 13.% 24.9 38.5
Revenue Stability 6.9 7.6 14.5
Energy Conservation 10.4 7.8 18.2
Reduction in Generating Plant Regts. 19.0 9.9 28.9
Cost of Service 10.0 12.9 23.0
Reasonable Residential Rates 7.6 6.7 14.3
Attractive Industrial Rate 4.8 4.4 9.2
Price Comparability 5.0 3.1 8.1
Stability of Nates 13.3 10.6 23.9
Simplicity 9.3 12.1 21.4

Totals 100.0 100.0 100.0
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Expected Weiaghts

Objectives SERC NPCC
Revenue Adequacy 19.75 19.75
Revenue Stability 7.25 7.25
Energy Conservation 9.10 9.10
Reduction in Generating Plant Regts. 14,55 14.55
Cost of Service 11.50 11.30
Reasonable Residential Rates 7.15 7.15
Attractive Industrial Rates 4,60 4.60
Price Comparability 4.05 4.05
Stability of Rates 11.95 11.95
Simplicity 10.70 10.70

The number of cells with less than 6 is not over 20%; therefore,

the chi-sguared test is still considered valid.

d.f. = 9; x% = 8.00; at a = .05; x° = 16.919

The hypothesis is not rejected. There is a significant difference

between the weights for the two regjons.

99



10.

11.

12.

LIST OF REFERENCES

Anderson, J. R. 1983, Retrieval of information from long-term
memory. Science 220:25-30.

Cambridge Reports, Inc. 1982. Choices for the 80's, American
attitudes on electricity pricing and economic growth. Union Carbide
Financed Survey, Cambridge, Mass.

Chamberlain, John H., Charles T. Dickson, and Robert M. Spann.
1982. Impacts of time-of-day rates on average electricity prices
and utility load factors. Paper issued by ICF, Inc., Washington,
D.C.

Coyle, Eugene P. 1982. Average and excess demand once again.
Public Utilities Fortnightly, June 24, 51-52.

Damerschen, David R. and Philip L. Stark. 1982. A public utility
rate design survey by states. Public Utilities Fortnightly,
July 22, 46-47.

Davis, Gordon B, 1974. Conceptual Foundations, Structure and
Development. McGraw-Hill, New York.

Decision Analysis Group. 1977. Readings in Decision Analysis.

2nd ed. Stanford Research Institute, Menlo Park, CA.

Decision Focus, Inc. 1982. Integrated forecasting model; Syn-
thetic Fuels Study, Vol. 2. EPRI, Palo Alto, CA.

Doran, John J., Frederick M. Hoppe, Robert K. Koger, and

William W. Lindsay. 1973. Electric Utility Cost Allocation Manual.
National Association of Regulatory Utility Commissioners, Washing-
ton, D.C.

Eisdorfer, Kenneth, 1982. A critique of a coincident peak version
of the average and excess demand method. Public Utilities Fort-
nightly, September 2, p. 56.

Electric Power Research Institute (EPRI). 1975. Rate Design Study,
Plan of Study (RDS No. 50, September 24). EPRI, Palo Alto, CA.

Electric Power Research Institute. 1977. Rate Design and Load
Control: Issues and Directions, A Report to the National Associ-
ation of Regulatory Utility Commissioners. RDS No. 61. EPRI,
Palo Alto, CA.

101



13.

14.
15.

16.

17.

18.

19.

20.

21.

22.-

23.

24.

25.

26.

Electric Power Research Institute. 1982. Electricity: Today's
Technologies, Tomorrow's Alternatives. EPRI, Palo Alto, CA.

Electric Week, February 1983, p. 7.

Elrick and Lavidge, Inc. 1979. 1979 Survey of state and federal
regulatory commissions electric utility rate design and load man-
agement activities. RDS No. 80, June 7, EPRI, Palo Alto, CA.

Ferguson, John S. 1982. A methaod of calculating coincidence fac-

tors. Public Utilities Fortnightly, September 2, p. 57.

Gordian Associates, Inc. 1979. An evaluation of reconciliation
procedures for the design of marginal cost-based time-of-use rates.
RDS No. 69. EPRI, Palo Alto, CA.

ICF, Inc. 1981. Costs and Rates Workbook, Part II: Learner's

Gu1de and Part III Case Studijes. RDS Nos. 93A and 93B. EPRI,
Palo Alto, CA. o |

Kahn, Alfred E. 1982. Some thoughts on telephone access pricing.
Paper based on comments delivered at Workshop on Local Access:
Strategies for Public Policy, St. Louis, MO, September 14-17.
Distributed by Natwona] Econom1c Research Assoc1ates Inc., New
York.

Kaufman, Alvin and Barbara Da?y 1977. Electric Utility Rate
Reform. Congressional Research Service, Library of Congress, Wash-
ington, D.C.

Keeney, Ralph L. 1979. Decision analysis: how to cope with in-
creasing complexity. Management Review, September, p. 24,

Keeney, Ralph L. 1981. Seminar on Power Plant Siting, Washington,
0.C. Sponsored by EPRI, Spring 1981. ‘

Kennedy, Jay B. 1981. Comments made on the subject of capital
substitution in ELCON Rept. No. 16, 3rd quarter, 1981. ELCON,
Wash1ngton 0.C.

MacCormac, Earl R. 1982 Lifeline: equitable or inequitable?
Electric Ratemaking 1(2):47.

Malko, J. Robert, Darrell Sm1th and Rebert G. Uhler, 1981. Topic
paper 2: Cast1ng for ratemak1ng, Rate Design Study (RDS) No. 85.
EPRI, Palo Alto, CA.

Mi11er ‘George A. 19%6. The mag1ca] number seven, plus or minus
two: some limits on our capability for processing information,
The Psychological Review 63(2):81-91.

102



27.

28.

29.
30.

31.

32.

Nevil, David R, 1983. Testimony before the North Carolina Utili-
ties Commission. Docket No., E-2, Sub-61, Carolina Power and Light
Company.

North American Electric Reliability Council. 1983. Electric Power
Supply and Demand 1983-1992, Annual Data Summary Report for the
Regional Reliability Councils of NERC. North American Electric
Reliability Council, Princeton, NJ, July.

Public Utilities Fortnightly, March 3, 1983, p. 10.

Putnam, Hayes, and Bartlett. 1979. A procedure for developing
electric utility rates. RDS No. 72. EPRI, Palo Alto, CA.

Saaty, Thomas L. 1980. The Analytic Hierarchy Process. McGraw=-
Hill, New York.

U.S. Department of Energy. 1983. The Future of Electric Power

in America: Economic Supply for Economic Growth; Report of the
Electricity Policy Project. DOE/PE-Q045, June,

103



