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CHAPTER 1

INTRODUCTION

Purpose

The purpose of this research is to develop a method and pro-
cedure for measuring managerial efficlency among electric utility
companies., The measure of efficiency proposed would be the result of
the relationship between a measure of an individual company's past
performance and a measure of best possible performance for the same
company for the same period of time., It is hoped that the techniques
developed in this research will be a major contribution to measuring
managerial performance by providing a deterministic and consistent

method for determining such a measure.

Nature of the Problem

The cobjective of regulation is to insure that the customer
receives satisfactory service at the lowest possible cost, and also
to allow owners of the utility to receive just compensation for their

investment and efforts.

Regulation by governmental bodies has evolved from the earliest
form of regulator -- competition. Charters or franchises were freely
granted for the construction of competing utilities in many larger
geographical service areas. It was not unusual in some of these large

aresas to have more than two companies providing the same service; in



New York City there were as many as six gas companies serving that
city at one time (40).

Competition between utility companies might have assumed many
forms, but the primary one was price competition. This usually degen-
erated into "cut throat" price wars designed to eliminate the competitors.
After the price war, instead of the consumer benefiting, as might be
expected, prices were usually raised abnormally high so that the sur-
viving utility might recoup some of the losses sustained during the
price war.

Another disadvantage to the consumer arising from competition
between utilities stems from the fact that utilities typically require
high investments in capital assets. In the past, the duplication of
these assets together with operating expenses frequently resulted in
greater cosis for the service to the customer. The above disadvantages
suggested that competition could not always serve the function of a regu-
lating service.

The courts then appeared as a regulative body to protect the
interests of consumers, Since the courts exist to resolve disputes
involving specific instances, they failed in the regulation capacity.
Continuous regulation is necessary by men with technical competence and
experience. The judicial procedure is also costly and timeconsuming.

Direct legislative control has also been attempted as a means of
regulation through the granting of franchises and charters, and through
statutes defining the obligations of public utilities. The disadvantages

of this method are similar t¢ those of the courts. Successful regulation



must be a continuing process. The legislature, with their infregquent
sessions and their inevitable precccupation with a multitude of other
responsibilities, lacked both the time and the competence to adminlster
the proper control.

The failure of the above alternatives as methods of regulation
resulted finally in the formation of regulatory commissions, Under such
an arrangement the legislature delegates its regulatory authority to an
administrative agency which carries out the policy in accordance with
standards and procedures prescribed by the legislature. This agency,
the commission, is composed of full time qualified employees who can
provide continuous supervision and can act immediately when questions
arise,

Under all other forms of regulation up to the time of the com-
mission, the consumer was usually receiving less than satisfactory serv-
ize and paying a premium for it., Since the commission form of regula-
tion did result in better service to the consumer at a reasonable price,
the public has viewed the commission as a device only to assure the pub-
lic of a continuation of this treatment. It is probable that most com=-
missions have leaned in this direction in the past. But the commissions
are also responsible for protecting the rights of the utility.

In a competitive industry the right to earn a reasonable return
on an investment is not guaranteed, but is established through the action
of economic forces over a long period. Through the application of these
forces a competitive industry may have a number of companies which will
survive, Among these, there will be a variation of investment return in

general proportion to the degree of efficiency with which each firm



is managed,

A public utility, in which commission regulation replace compe-
tition, should have the right to receive the same privilege as a
company in a competitive situation with regard to its rate of return.
At present, however, the utilities are basically operating on a cost-
plus basis which in itself does not provide a means of reward for effi-
ciency. If, for example, a commission were to establish earnings at
seven per cent of the rate base, a utility would be entitled to earn
soven per cent whether it kept its expenses down or up. If a company
were to have difficulty earning the seven per cent return, the commis-
sion would probably grant a rate increase, I1If, however, a company earn-
ing its seven per cent managed through efficient management to reduce
significantly its expenses, enabling its return to rise to eight per
cent, the commission would probably lower the rates.

It can be seen that there is also a lack of incentive for the
utility to maintain a mipnimum investment. With a greater rate base the
utility probably will be entitled to earn more money in terms of a
raturn on its investment. Clearly then, the regulated utility 1s oper-
ating in a cost-plus atmosphere and consequently is being deprived of
the oppertunity to be recognlzed and rewarded for managerial efficiency.

To be just, regulation should establish (a) a rate of return
which provides the lowest cost to the customer commensurate with the
quality of service rendered, (b) a fair return to the investor, and
{c) a sound financial condition for the company's operation. The last
provision is particularly necessary for companies in a growing industry

such as the electric utility industry, since such companies must secure



capital for expansion in the competitive market.

Regulation performs an economic function and is not a punitive
process. The problem that exists -- that of no allowance for efficiency
in utility operation == has been recognized for many years. One of the
earliest delineations of this problem is the Mountain States Telephone
and Telegraph case in 1917 (PUR 1917B) in which the Colorado Commission
noted that the company's efficient and economical operations should have
a bearing in deciding the permissable fair rate of return; for "to hold
otherwise would be to penalize economic, efficient and honest manage-
ment."

Mr. Justice Brandeis said in 1923, in his concurring opinion in
the Southwestern Bell Telephone Company v. Public Service Commission
of Missouri (262 U.S. 276) case:

The compensation which the Constitution guarantees an

opportunity to earn is the reasonable cost of conducting

the business. Cost includes not only operating expenses but

also capital charges. Capital charges cover the allowance,

by way of interest, for the use of the capital whatever the

nature of the security issued therefors the allowance for

risk incurredy and enough more to attract capital. The

reasonable rate to be prescribed by a Commission may allow
an_efficiently managed Utility much more. (underlining added).

Many more court and commission decisions could be cited conveying
the same concept, that efficiently managed utilities should be entitled
to a reward for thelr efficiency. Thus the task is no longer to recog-
nize that a problem exists, but rather, to find an appropriate solution.

In defining the problem, it appears that in order to arrive at
a method for providing a reward for efficiency of management, a measure-
ment of efficiency must first exist. And for a measurement of efficiency

to exist implies first that a measurement of actual performance compared



to a measurement of optimal performance for the same period of time
must be available. This optimal performance will hereinafter be
referred to as "standard performance.™

Quality of performance, whether excellent or poor, is not the
result of one day's or even one year's operation. In a utility it is
probably the result of many years of operation, since much of the
effort and invéstment is for the future, to meet anticipated growth
and conditions. An investment in a new generator installed over the
past two years, for example, may result in management's being judged
as excellent or peoor, depending on future events. If in five years
there is excess generating capacity resulting in higher investment
charges than necessary, higher salaries, etc., then a measure of man-
agement efficiency for that particular five year periocd might indicate
poor performance.

If it were possible to take the utility company into the labora-
tory and look at its operation in retrospect, it would probably be pos-
sible to see how it might have been operated differently to provide
adequate service but at a cheaper cost. A measure of efficiency could
then be derived by comparing actual operations with the reconstructed
ideal operation. Since of course a company's operation for a given
period can't actually be recreated in a laboratory, perhaps the next
best thing would be to construct a model of the company, which could be
brought into the laboratory. Figure 1 illustrates these two approaches

to experimentation (2).
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Figure 1. Direct and Indirect Experimentation.

Such systems studies, using a representation of the system
(called a model) are conducted frequently and enable us to make infer-
ences about the actual system. The use of models, then, is replacing
"direct” by "indirect" experimentation. It is necessary that the model
be of the mathematical type rather than of the physical type due to the
nature of the utllity system under consideration.

It has been previcusly stated that performance is a result of
oparation over timejy thus it will be necessary to derive information
about model performance by following the change of state of the model
resulting from the succession of events affecting the model. This can
be accomplished by programming the digital computer to follow the cor~

responding changes in the model and to make the numerical calculations.

This technique is called "digital simulation.™



After the model has been determined and the first run made,
additional data is necessary for a standard operation. These are data
associated with feasible alternatives which the company might have
tiken during the course of the study period. In the simulation,
since the operation is under certainty, it is possible to determine

which alternative should be selected by utilizing available data.

Importance of the Problem

The lack of an adequate means of measuring regulated utility
performance in order to determine an efficiency rating for its manage-
ment is a serious one. This means would be the first step towards
achieving a plan whereby utilities might be rewarded for above average
managerial efficiency. The importance of the need for such a plan
is indicated in a speech delivered in October, 1962, by Chairman
Swidler of the Federal Power Commission (4) when he stated:

If the industry or its consumers can suggest a workable

substitute for the present system of awarding approxi-

mately the same rate of return irrespective of individual

company performance, it can make a large contribution to

the cause of effective regulation in the over-all public
interest.

A satisfactory method for determining managerial efficiency
and subsequently the installation of a workable plan of incentives
would bring important benefits to many people. Utility management
would benefit directly., With the increased emphasis on cost reduction,
each item of expense would be closely scrutinized to assure that it
contributed to greater efficiency. With a record of performance
bonuses, equity capital would cost less and would encourage further

investment. If a company has an inferior record, either from the absence



of a bonus or a reduction in the equity return, pressure for improve-
ment would be brought to bear on management by the stockholders.

The customer would benefit through rates lower than would other-
wise have been in effect without such an incentive for management.
Further reduction could come from the willingness of the management
to share the performance bonus with the customer. Being economically
minded the company would provide faster and more efficient service.

If a workable solution were achieved between the commission and
the companies it regulates, it would alsc tend to assure continucus
regulation while releasing the commission to devote more time to other
functions. The relationship between the commission and the utility
companies should improve, since there would no longer be basis for the
attitude that the commission, in order to help the consumer, must be
harsh on the utility.

To understand further the importance of this research, a look
at some statistics for the electric utility industry should be helpful.
This will give amplification to the benefits listed above and the wide-
spread effect that it could have on the entire economy. See Table 1,

Revenues, Expenses and Utility Plant for Private Electric Utilities,

1952-1961 (43).

It is apparent that if commissions were successful in implement-
ing an incentive program, and if this were to have only a small effect
on revenues, expenses, and total utility plant (or investment), then a
sizable dollar change would result.

In view of the significant potential benefits to utility manage-

ment and the consumer, it appears that there is a real need for an
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acceptable measure of utility performance, enabling an incentive

method to be developed and installed.

Table 1. Revenues, Expenses and Utility Plant for
Private Electric Utilities, 1952-1961

Revenue for
Electric Operatina Total Utglity

Year Service Expenses Plant

Millions of Dollars

1952 5,426 2,577 20,636
1953 5,940 2,801 23,165
1954 6,317 : 2,880 25,358
1955 6,934 3,076 27,318
1956 7,521 3,356 29,499
1957 8,054 3,638 32,436
1958 8,478 3,703 35,295
1959 9,144 3,916 37,889
1960 9,697 4,097 40,456
1961 10,257 4,316 42,549

1Data cover private operating companies only.
2Excludes taxes and depreciation.
3Less reserves for depreciation and amortization.

Scope of Study

As indicated by the literature survey in Chapter II there has
been no satisfactory method or technique developed which can provide
a measurement of actual performance for a regulated utility company
in comparison to a satisfactory and acceptable standard of operation.
The term"satisfactory and acceptable" is used from the viewpoint of a

regulatory body for the purpose of rewarding the utility for above
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average performance,

The attempts at evaluating performance of industrial organiza-
tions, including utilities, have suffered from the absence of a suita-
ble comparative standard. Thus, the results of such attempts have been
of the relative type =-- comparisons among utilities, or even between
utilities and competitive companies. Although these methods have not
produced a satisfactory means of rewarding utilitles, they have remained
the only approach probably due to & lack of analytical techniques, or
of interest among persons capable of developing a new look at the prob-
lem.

The scope of this study was to introduce and test a technique
for establishing a standard of operation and, subsequently, a measure
of performance for a regulated electric utility company. Utilization
was made of the principles of system simulation with the high speed
digital computer,

Briefly, the procedure followed in this research was to develop
a model based on those aspects of the utility which make the most sig-
nificant continuing contribution to the factor selected as a criterion
for comparison purposes. The model was then translated into a simula-
tion language for the digital computer. Actual operating and growth
data was collected from a test company for a selected period of time.
This data was programmed into the model, which was then simulated on
the computer for the selected time period. The results were considered
to be the actual performance for that particular company.

Next, knowing the load growth that the company actually exper-

ienced during this period, it was possible to simulate the operation
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of the company utilizing "ideal” decisions and solutions, since the
operation was now being conducted under "certainty." The results of
this run are called the "standard of operation.™

The measure of efficiency is the relationship between the
standard of operation derived from the second simulation run and the
results of the first run. In order for this relationship to indicate
efficiency it is convenient to think of efficiency as the relationship
of output te input. 1In the case of an electric motor, efficiency is
measured by output divided by input, where input will always be greater
than output due to friction. The accepted concept that efficiency is
a number equal to or less than unity was adhered to in this study.

The measures of actual performance and standard performance are cost
figuresj therefore it is necessary to divide the standard performance
measure by the actual performance measure in order to result in an
efficiency measure equal to or less than unity.

The cost figure used as the measure of performance is the present
worth value of all costs generated by the model during the simulation
runs. Since the costs so generated during the different simulation
runs occur at different times and are of different magnitudes they are
difficult to compare as such, As explained in any engineering economy
text book =-- such as Grant and Ireson (14) -- one method of comparing
alternative series of disbursements and receipts is the present worth
method using an appropriate interest rate.

The model developed for representing the utility company during

the simulation is based on the results of statistical analysis of cost
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data for many companies. Since this study involves companies of
varying sizes it is necessary to have a common figure for comparison
purpcses. One which seems appropriate is cost per kilowatt-hour gen-
erated, since it is this figure which efficient management is striving
to keep at a minimum, and for which the customers are charged. A
management deserving of a reward for an efficient operation is one
which has maintained a lower cost per kilowatt-hour generated than it

otherwise might have done.

Limitations of Study

In developing the model it 1s necessary to keep in mind the
purpose of the study -- to determine managerial efficlency. Thus it
suffices to include in the model the areas under management control
which make significant contributions to costs. It is not beneficial
to include c¢ther areas in order to have a "large" model or to make it
appear more "realistic," Of necessity then, a part of the research
must determine those areas of the company operation which should be
included in the model. This is based on the results of the statistical
analysis conducted in Chapter III.

Although data for 23 companies is used in the statistical
analysis, only one company is used to test the validity of the model,
Data for this company is also used to explore the various alternatives
for arriving at a measure of performance. In securing the data for
these alternatives it i1s necessary to develop some hypothetical data
by extrapolation and interpolation. This limitation on the use of

actual data would not be a handicap to a regulatory body if this
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procedure were to be adopted. It would only be necessary to accumu-
late this data over the period of time which would later be simulated.
it is not the purpose of this study to make any statement as to
the managerial performance of the one company used for test purposes.
The technique for doing so is developed and its application will be
illustrated by the use of data for this particular company. The
model as developed might require modification for application to
other companies, since it is tailored to fit the test company. The
operating policies of the model would remain the same but the number
of generating units might need to be increased.

It is expected that the basic model or an expanded version of
the basic model would serve for any company operating under the juris-
diction of a single regulatory body, based upon the assumption that
companies within this area are subject to similar managerial decisions
along with external factors which management cannot control but with
which they must all cope. For example, some geographical areas are
experiencing spasmodic growth rates while others may have a very
steady growth. If such varying conditions are found among companies
operating within the same jurisdiction of a regulatory bedy, then per-
h2ps the model would require modification. It would seem fair to
recognize any added managerial difficulty which one company might face

compared with the others.
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CHAPTER II

LITERATURE SURVEY

Performance Measurement

Simon (30) in his book Administrative Behavior has an inter-
esting discussion of efficiency. He feels that the scientific manage-
ment movement added another meaning to efficlency. In quoting from the
Encyclopedia of the Social Scliences he said:

The foundation of modern scientific management may be

dated from F. W. Taylor's paper, 'A Piece Rate System'

in which he described his plioneer method of establishing

standards of job performance at the Midvale steel plant.

When such standards were set, it became customary to refer

to the ratio of actual performance to the standard perform-

ance as the efficiency of labor, a use somewhat different

from that of the mechanical engineers, who apply the term

to the ratio of actual output to an actual input.

Simon goes on to say that the criterion of efficiency requires
that results be maximized with limited resources. A "good" (efficient)
public library is not one that owns all the books that have ever been
published, but one that has used the limited funds which are allowed
to bulld up as good a collection as possible under the circumstances.

Harrington Emerson (9), another pioneer in the scientific man-
agement movement, is reported to have defined efficiency as "the rela-
tion betweer what is accomplished and what might be accomplished.™ It
is precisely this definition of efficiency which 1s used in this study

and for which a measure is sought.

A search of the literature was made to determine if such a
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measure of performance is available, and, if there is not, to see
what éttempts.héve been méde in this area.

- An early investigation into the measurement of industrial
efficiency was done by J. A. Scott {27). He made mention of a npmbér
of existing methods for arriving at a measurement of efficiency, some
of which will be discussed. The first is The Investors of Stock
Exchange Measurement, used By the sharehelder or potential share
. holder. The measurements are mainly based on comparisanS'with past
results, the most commen oﬁes being: 1) per cent dividend on issued-
capital, 2) previous net profits, 3) per cent of ne%iprofit to net
worth, 4) per cent of current assets to current liabilities,-and_5)
per cent of each asset to totalrassets. The heasuremehfs ére.ali con-
cerned either with the firm's capacity to earn profité or its financial
stability. |

Another measuremént, similar to the first, is The AUdifdr's

Mzthods of Measurement. It consists of ratios or percentages as fol-
lows: 1) per cent net profits to sales, 2) per cent gross profit to sales,
and 3) per cent sales to net worth. These ;étios.gfe”séﬁérated'f:omwthe
first because he felt thaf they.involvé;information'notrnbrmally avail;,
able to- share holders, This is not true today since such information
is available in most combanieé‘:annuél reports. There are numerous
other ratios which may be calculated and which serve various neéds;
For a. complete treatment.of ratios and what they mean, the reader is
referred to publications by analysts such as Dun and Bradstreet (38).

The Works Accountant's Basis of Measurement may be undertaken in
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larger concerns where cost accountants are employed. The measurements
are of the rate per ton or gallon produced, or as percentage to sales,
output, or to direct labor. They are then compared with previous results,
or, in some cases, to other similar firms where their compilation has
been carried out on an identical basis.

Another technique adopted for measuring efficiency is commonly
known as budgetary control. This measurement is the comparison of the
actual results of operation with the budget.

Scott's own contribution to this field is a method he calls the
Functional Survey. He claims that the total efficiency of a business
is a combination of the efficiency of each of these business functions:
1) design, 2) purchasing, 3) production, 4) warehousing and packing,

5) selling =nd distributing, 6) finance, and 7) general administrative
and management. Scott develops a questionnaire for each of the above
functions and assigns points for each question, broken down into a

scale with eleven possibilities. The proportion of points to be awarded
for various factors presents a thorny problem. It would be difficult
for even two authorities to agree on the assignment of points, thus
making it almost impossible to obtain a definite index of efficiency.

According to Scott, some consulting engineers claim that after
two or three days spent in a given plant, they can roughly assess its
relative productive efficiency. For example, "I should think Factory B
is about 50 per cent efficient."™ Factors on which this appraisal would
be based include such items as plant layoutj office layout; use of
facilities; lighting, heating, and ventilationj employee moralej manage-

ment morale; etc. It is probably true that a reasonable relative
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position might be gleaned by these consultants, but such an approach

15 far too uncertain and subjective to serve the purpose of this study.
None of the above methods, in fact, have met with any degree of success
in specifically determining the efficiency of a firm,

Another point rating system has been developed by Martindell
(20) and is called the Management Audit Procedure. This is a procedure
for systematically analyzing and appraising the overall performance of
management, The Audit examines ten categories or functions of the
organization and the rater subjectively assigns a certain number of
points to each category to reflect his rating., The total points are
the measure of the management in that company. The subjective nature
of assigning points precludes a satisfactory method for establishing
a definite Index of efficiency.

In the abstracts and indices under areas related to managerial
performance, many articles are concerned with the performance of man«
agars and individuals, or even groups, but not with complete company
organizations. As determined from a search of these articles, the con-
ventional approach, in which managers are placed in the uncomfortable
position of "playing God,™ is the one in which the manager actually
judges a subordinate's performance. This method requires skill and
delicacy not possessed by many managers. McGregor (21) feels that no
manager possesses nor could acquire the skill necessary to carry out this
responsibility effectively. Actually, few would be willing to accept
it if they were fully aware of the implications involved,

A new approach to this conventional method is Peter Drucker's (8)

concept of "Management by Objectives," This approach requests the
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subordinate to establish short-term performance goals for himself. The
superior's role is to help the man relate his self-appraisal and his
plans for the ensuing period to the realities of the organization.
Shapton (28} proposes a similar approach when he considers that
thare are two main areas of endeavor in the development of a functional

measurements program:

1) To establish objectives, set goals within these objectives,
make plans to achieve the goals, and measure the resultsy
that 1s, the measurement of achlievements in relation to

goals.

2) To develop quantitative measurements of activity applicable

to specific areas within a function wherever possibles;

that is, the measurement of indexes in relation to standards.
What Shapton suggests that functional measurement actually does, is in
effect, to ask each function to do a better jobj that is, "walk the
second mile," The quantitative measurement does not appear to be some-
thing which could be used between companies, and probably not even
between departments within the same firm., It must inherently be sub-

Jective in nature, based on standards which are the result of one's
Judgment.

Schleh (26) feels that the main purpose of measuring management
is to indicate the direction toward which an individual should be going
and to give him encouragement in that direction. This theme is evident
in the plans he discusses., Other than the appralsal system which has
been noted before, he refers to the budget system which Scott also
mentioned. Schleh feels such systems dry up imagination and initiative;
also, he feels that managers often fight for increased budgets and then

merely try to keep within them.
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The American Management Association (41) questions how far one
can or should go in arriving at managerial performance standards based
on numerical quantities. For example, a company could decide to use
money as the basis for the standards of performance for a plant manager.
This could be done by a carefully conceived budgetary system with pre-
determined costs and accurate estimates of income. But, if, in staying
within his budget and providing a satisfactory income, the plant manager
cuts maintenance costs so severely that his production equipment falls
apart later, his earlier "efficient performance” was actually substand-
ard., This certainly indicates that performance standards do not result
from a budgetary period, but are dynamic over a longer perlod of time.

Evans (12) is one writer who feels that money should be the cri-
teria of performance. He says, "Good management is the kind that makes
money," and also, "Good management is the type that saves money." As
do many others, he feels that one of the most vital obligations of
management is that of adequately rewarding stockholders «- to retain
present investors and to attract new ones. There i1s certainly no argu-~
ment here, but he does not propose a method of converting this flow of
money into-a measure of performance.

The use of some expression of performance referring to money is
not new. The early method of measuring executive performance was to
relate profits to the veolume of sales. Weinwurm (34) isolates a number
of limitations to this measure. Among them are the difficulty of deter-
mining the "correct" figure to use for profit, the number of circumstances
beyond managerial control which affect profit, the different results

depending on the time period surveyed, and the lack of attention given
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to the capital invested in the enterprise and the earning requirements
of the investment.

At the time Weinwurm made his views known, the British Insti-
tute of Management and the British Productivity Council established a
center for interfirm comparison (36) (39). There is nothing new in
any of the ¢riteria developed. Ratios were used similar to those sug-
gested before, i.e., profits to sales, profits to assets, etc. The
ratio which they regarded most highly is the return on real capital
employed in the business. 1In using this ratio there is still the need
to determine profit, as well as the amount of capital invested. Weinwum
feels that current accounting practices do not furnish adequate informa-
tion to determine the amount of capital invested in a particular enter-
prise.

The Interfirm Comparison center also accumulates information
which enables competitors to compare particular aspects of current
operations, For example, the time taken to make a standard product by
one company may be compared to the time a competitor takes to make the
same product., Thls comparison, of course, provides only a relative
measure and does not really provide a measure of performance.

A method typical of many is Performance Analysis developed by
Edwards (11). He was concerned with the volume of work performed and
the manpower utilized. According to Edwards his method accomplished
such purposes as improving management, controlling backlogs of work,
and better scheduling of work. At the outset of his analysis, reports
were collected containing information on the amount of work done and

the time spent. These reports were used for establishing statistical
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performance standards. After the standards were established, a periodic
measure of output was compared with the standard output to provide a
performance effectiveness measure, A chart was maintained by months
showing the status of the entire ocrganization. This approach certainly
provides an individual company with information which can be helpful,
but it would not serve for comparison of separate firms, since it would
not be a valid standard for any type of rigorous use,

Another approach to the measurement of relative performance
consists of estimating a given utility's real productivity and compar-
ing this with a standard. The term "productivity" has been used to des-
cribe the relationship between output and any or all of the associated
inputs. Barzel (1) and Kendrick and Creamer (17) have examined the
appropriateness of the output-per-unit of input technique as a measure
of productivity change. According to Barzel, working specifically in
the electric power industry, the effects of economies of scale proved
to be the significant reason for productivity increase other than tech=-
nical advancement. Allowing for these effects, he concluded that pro-
ductivity measures were satisfactory in the electric utilities.

The problem with this approach is that it is still a relative
measure of efficiency. Should the historical performance of the par-
ticular firm be taken as the standard? Or should some statistical aver-
age of a group of firms be utilized? It appears that regardless of how
the standard is determined it cannot be certain that it is the exact
one.

Drucker (8) develops a measure which he calls Contributed

Value. This is the difference between the gross revenue received by a



23

company from the sale of its products or services, and the amount paid
out by 1t for the purchase of raw materials and for services rendered

by outside suppliers. In other words, it includes all the costs of

all the efforts of the business and the entire reward received for

these efforts, It is similar to an economy study which considers actual
cash flows but not book transactions or results generated by the account-
ing depariment. It would be necessary to consider a long period of

time to obtain an accurate picture of performance, The problem asso=
ciated with determining a standard for the productivify method would

also be a problem iIn this method.

A technique developed by Iulo {15) is a different and recent
approach to the development of a measure of performance, and is con-
cerned only with electric utilities. JIulo feels that in an industry
as complex as electric utilities it is rather difficult to say that a
company has achieved S0 per cent perfection, or 50 per cent, or only 10
per cent. For this reason he has chosen to measure relative efficiencyy
i.e., which ones out of a group of companies are in the top 10 per cent,
which ones are in the bottom 10 per cent, etc. The position within the
spectrum of efficiency occupied by a particular company can be compared
to the industry average, to the best utility, or to some other point.

The approach used was to examine between 30 and 40 factors which
seemed to be important, were measurable, and were relatively insensitive
to short range managerial action. Further investigation led tc the
isolation of seven factors which seemed to have the helpful property
of accounting for about 75-80 per cent of all unit cost variations

among the companies studied for the years 1952 through 1957,
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The seven factors found to be significantly related to unit

electric costs were:
(1) the size of the steam-electric generating stations of
individual utilitiess
(2) the capacity of utilization of individual utilities;
(3) the level of steam-electric fuel costs in the area

sarved by individual utilities;
{4) the level of hydroelectric "fuel" costs of individual

utilitiesy
(5) +the distribution of the market among consumer classifi-

cations of individual utilitless

(6) the average consumption of energy per commercial and

industrial consumer of individual utilities; and

(7) +the average consumption of energy per residential

customer of individual utilities.

These factors were then used to develop an "estimated standard
cost" for each particular utility in each year of the study, based on
average figures for all the utilities. The actual unit costs of the
company were then compared with this -- the hypothesis being that a
utility whose actual unlt costs were conslistently above these stand-
ardized estimated costs would be relatively inefficient and one whose
actual unit costs were consistently below would be efficient.

The results of Tulo's study are presently indicative rather
than final. One problem which could arise 1s that of dealing with a
company which indicated a wide variation -~ a large difference between
the estimated and actual unit costs. This could indicate that some
other factor or factors were operating which were not among the seven
original factors. Should this company be removed from the study or
should the facteor or factors be determined and considered for all the

other companies?

In connection with the standard, it should be observed that it
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is a result of the average values for all the companies included in the
study for each factor. This produces a relative measure instead of an
absolute one. Taking statistical results of a large number of companies
and using these to make statements about the individual companies does
not appear to be a satisfactory basis by which a commission could oper-
ate a reward system for efficiency.

Thus there have been many methods and systems proposed for deter=-
mining the effectiveness, or for appraising the results of an organiza-
tion. Some have obvious faults, while others appear satisfactory to some
degree. But preventing them from providing a true measure of performance
there is one common failure =-- the standard. As Brown (3) stated, "We
can never be entirely sure that the most successful enterprise might not,

under other cenditions, have been more successful."

Simulation

It was the objective of this research to develop a method whereby
this standard might be determined =- a standard which represents a level
of operation which the firm could have been expected to achieve. Since
this method chosen involves digital computer simulation, it was felt that
a search of this literature would be worthwhile.

With the advent of electronic computers, there has been a con-
siderable increase in the number of simulation studies of complex indus=-
trial operations. Formerly the labor of hand computation precluded the
investigation of any but the simplest systems, and otherwise restricted

the use of the simulation model to a single plant configuration. Because
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of its great possibilities, simulation is being hailed as one of the
decades great advances in the science of business management.

Simulation provides the ability to operate some particular
phase of a kusiness on paper or in a computer for a period of time.
This enables various alternatives to be tested. Management can then
evaluate the results of the various alternatives and make better oper-
ating decisions. It can learn results before they happen. As has
been pointed out before, system simulation by digital computer offers
the analyst a laboratory device for observing a model of a system in
action.

As an indication of what simulation has been used for up to
the present. The author offers the following examples. The H. J.
Heinz Company (29) has used simulation with such effectiveness that a
whole new approach to achieving the lowest practical costs of distribu-
tion has resulted. The model representing the distribution system takes
into account each of the important factors involved: transportation
rate structures, warehouse operating costs, the characteristics of
customer demands, costs of labor and construction, factory locations,
product mix, etc.

Since the model represents the essential parts of the actual
distribution system, it permits the operatlion of the system in such a
way that a year's transactions can be studied under close scrutiny.
Various alternatives can be evaluated prior to their installation in
the real distribution system.

Another simulation process was developed at the El Segundo

Division of Hughes Aircraft Company (18) whereby actual shop operating
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dzta contalned in an existing data processing system is used as input
to an IBM 7090 computer. The process for simulation of the El Segundo
Fabrication Shop was used as a study tool to evaluate the effects of
various management decisions on the operation of the shop.

There are other examples cited in the bibliography (7), (10),
(25), (45) and many more uncited examples in which simulation tech-
niques are employed, In addition to manufacturing operations it has
been used tc study such complex problems as military strategy, traffic
contrel, and other processes which do not lend themselves to analysis
by other techniques.

When talking about large-scale digital computers used in simu-
lation work, one point should be kept in mind. Although computers are
frequently called "electronic brains" they are by no means "thinking
machines" in the human sense. A computer is merely a mathematical
"beast of burden" which will do only what it is specifically told to
do., But it does its assigned Jjob with a speed and accuracy far beyond
any other known means. Instructions to the computer must be precise
and detailed. These are called the computer program.

The examples cited have used programs designed specifically to
handle the particular problem involved. To spare the author the labor
of designing a computer compiler language, an avallable simulation
compiler language called "Dynamo" was used, along with its associated
program language. This simulation language was developed in conjunction
with the development of Industrial Dynamics by Professor Jay W. Forrester

at the MIT School of Industrial Management.
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Industrial Dynamics is a philosophy which asserts that organi-
zations are most effectively viewed from the control system perspective,
and treats the organization as a system of flows. (A complete descrip-
tion of Industrial Dynamics is published in a book by Forrester titled
Industrial Dynamics (13).) Decisions are viewed as the controllers
of these flows. As Roberts (24) explains it and as Figure 2 indicates,
a decision is based in part on information about the contents of the
source level, and on other information ~-- thus contreolling the rate of
flow to the destination level. The flows may involve men, money, mater-

ial, orders, capital equipment, and information.

Source Rate Destination
Level of 37 Level
v ' Flow 4 ve

Decision

J

(Other Informa- ;

tion Inputs)

Figure 2. The Declsion as a Controller.

Industrial Dynamics is designed to enable management to view
the behavior in certain functions, and then to see the effects on this
behavior resulting from change introduced in another factor in the sys-
tem. An analysis of trends and patterns is thus possible. It is not

intended that specific numerical information regarding any one factor

will be produced.



Dynamo was developed to facilitate the application of Indus-
trial Dynamics after the model has been constructed. Its use is
explained in complete detail in a manual entitled "Dynamo Users Manual"
(23). With this program language a model might be simulated on an IBM
7094 computer enabling ten years operation by months to be performed in
30 seconds, Not only is the speed tremendous but also the model size
may be extremely large. The largest model that Dynamo can handle is
one consisting of about 2000 equations.

Since this study recreated a historical operation, it is not an
Industrial Dynamics study. However, the simplified simulation language
of Dynamo did make its use desirable. For the reader, a knowledge of
Industrial Dynamics is not necessary, but a knowledge of the Dynamo
language may be of interest. A simplified discussion of Dynamo is pre-

sented in Appendix D,

Summary
This literature search may be concluded with the following

statements:

1. There exists no measure of performance that can serve as a
satisfactory basis upon which a regulatory commission could build a sys-
tem of rewards for managerial efficiency.

2. With the advent of high-speed digital computers and asso-
ciated simulation languages, such as Dynamo, 1t is possible to develop
a model of a utility company and to simulate its operation over time,
enabling the achievement of a satisfactory measure of performance.

3. This research will serve to extend the bounds of knowledge

in this area.
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CHAPTER III

COST ANALYSIS OF ELECTRIC UTILITIES

Introduction

Over a period of time certain major areas of utility operations
account for a significant portion of total operating expenses and capital
outlays. By examining a common factor such as cost per kilowatt-hour
generated, the researcher can find variation between companies in both
total cost and in various components of total cost. This variation
results from many factors, including managerial ability.

The area within a utility organization to be represented by the
mathematical model iIs selected using three criteria. First, the area
must make up a significant portion of the total operating expenses.
Second, it must account for a significant portion of the total plant
investment, and third, it must be responsible for a large part of the

total variation in cost per kilowatt-hour generated,

Uniform System of Accounts

In a discussion of regulatory bodies in Chapter I, it was empha=-
sized that commissions are the governing bodies at the state level for
the regulation of public utilities. It has been quite common in many
states for the commission also to have jurisdiction over the railroads,
Thus, many commissions are frequently referred to as railrocad and public

utilities commissions. To be of mutual assistance, the state commissioners



31

have formed an association called The National Association of Railroad
and Utilities Commissioners, frequently referred to as NARUC.

One of the goals of NARUC, which has been very successfully
achieved, was the development of a uniform system of accounting, with
subsequent revisions, At the 1958 Annual Convention of the National
Associatlon of Railroad and Utilitles Commissioners, the following reso-

lution was adopted {44}:

WHEREAS, the Committee on Accounts and Statistics of
this Association, after extended study and many confer-
ences, recommends certain changes in the uniform system
of accounts for electric utilities heretofore adopted by
this Association, as set forth in a draft dated October 1,
1958, of a Revised Uniform System of Accounts for electric
utilities including accounts for nuclear power operations,
which has been presented by said Committee to the Associa-
tion; and

WHEREAS, this Assoclation believes that uniformity in
utillty accounting is most desirable in the public interest;

RESOLVED, that the Revised Uniform System of Accounts for
electric utilities submitted by said Committee be recommended
to the Commissions represented in the membership of this
Association for consideration, and for adoption in their
respective jurisdictions, with such modifications only as
they may deem necessary in the public interest.

Due to the interest of all State Commissions and their desire
to have uniformity in utility accounting, this goal has been achieved
and is maintained. Uniformity is especially valuable to this type of
research -- where data from utilities all across the United States are
compared.

For privately owned electric utilities the operating expense
accounts are divided into six areas as followsy 1) power production
expenses, 2) transmission expenses, 3) distribution expenses, 4) cus-

tomer accounts expenses, 5) sales expenses, and 6) administrative and
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general expenses. Thus the total operation and maintenance expense is
the sum of these six accounts. The detalls of all items which appear
in each of the accounts is outlined in the latest publication of the

NARUC, entitled Uniform System of Accounts for Class A and B Electric

Utilities (44).

Also outlined in the same publlication are the plant accounts,
the ones which contain the investments in property, equipment, etc.
These accounts are classified as follows: 1) intangible plant, 2) produc-
tion plant, 3) transmission plant, 4) distribution plant, and 5) general
plant, Complete details of the items which appear in each account are
outlined.

There should be no question of the comparability of the available
data with this degree of uniformity among the accounts of all the pri-
vately owned electric utilities. The Federal Power Commission collects
these data, compiles and publishes them. Since the data received by the
Federal Power Commission are a matter of public record, other associa=-
tions are able to compile the statistics which suit their particular

needs, and many of these are also published.

Selection of Utilities for this Study

This study is generally applicable to a wlde range of commissions,
although certain modifications might be necessary when making regional
studies. In an attempt to make the study as meaningful as possible,
certain guidelines were followed in selecting the companies for which
data was used.

The type of power plant which the utility has employed is a major
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consideration. It was decided'thgt utilities using principally sfeam
production, with as much as 5 per cent of other types of production
weculd be acceptable for this study. It was felt that comparing a
coméany which used primarily all hydroelectric genération with one
using all.steam would not yield meaningful results. ©Of the companies
selected, the largest percentage of kilowatt-hour genmeration by hydro
for 1963 was 1.6 per cent, compared to 3,4'pex cent for the same cémpany
ten years earlier. Other than hydro and steam, internal combustion
generation accounfed for some production, bpt of the companies selected
it was always less than 0.1 per cent, and in most cases, non-existent.
During thé period of study, huclear generation was instalied by one of
the companies selected,' In 1963, the last year inéluded in the study,
the totalrgeneration for other than fuel-fired steam was still dnly
3.8 per cent for this company. |
A company must own and Operafe its own power plant. Some utili-
“ties are distributors only --'a situation ma@? possible by purchasing~
wholesale the entire amount of electricityﬂrequired for its system.
.This company woqld'have transmiésian; diéﬁribgtidn, cugto@é: ééCoﬁhting_
and sales expenses, but not productibn'as experiénced by the others.
This type of operation is quite common among small municipally owned
systems but is 6nly occasionally found ameng privately owned companies.
| Another consideration in selecting companies was the ultimate
use of the electricity, since it would be more meaningful if the broad
range of users for each company included in the study were similar. Thus

all the companies selected serve at least residential, commercial and |



industrial customers. This restriction was necessary in order to elim-
inate the possibility of including a company which did nothing but gen=-
erate electricity, and then wholesaled it to another company. Its
costs for distribution, sales, and customer accounting would be mis-
leading,

It is common for privately owned utility companies to perform
more than one public service. For example, one company may be a gas
distributor or a water distributor or both, as well as an electric util-
ity. Again to make the study as flawless as possible, another limita-
tion was added -- that the utility be only an electric utility. $Since
scme electric utilities have divorced themselves from these other func-
tions only in recent years, it was necessary to insure that the utility
was only an electric utility during the entire pericd of time covered
by this study.

The limitation process resulted in a cross section of the utili-
ties in the eastern half of the United States. This was highly desir-
able and probably would have been forced into the selection procedure
had it not naturally resulted. The obvious reason that the West was
not included is the large amount of hydroelectric generation in that
area.

The resulting study group of 23 utility companies from 12 states
is not an exhaustive figure, but does represent most of the companies
wnich would meet the criteria outlined above. The only reason for not
including some companies which met the qualifications was to eliminate
a duplication of companies from a particular area, where a lack of var-

ijation made their inclusion seem superfluous., A list of the 23 companies

is found in Appepdix A.
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The purpose of the anélyses of thé collected data is to examine
the total cost and the cost of each component of the total cost fof
both the operational and investment phases of the utility: There are
three individual analyses which provide the_ﬁecessary information. If
these three treatments of the data provide similar results, then the
purpese of :this section will have been accoﬁplished.

Ahaly§is of Expense

The first analysis is to investigate the operating expenses for

each of the six areas defined in the Uniform System'of_Accounts and

“compare these with the total for all six areasy :that is, with the total
operating expenses for the Company. Table 2 is a composite of the elec~
tric operating expenses for éll_class A and B privately owngg electric
_ utilities'in the United Statés for_the fears 195i—l963. Thérresulfs of
this analysis indicates that the production department is responéible
for'more than half of the total operating expénses for all ,of the pri-
vately owned electric utilities in the United States. |

Table 3 gives the_éamé information for the sampleaof 23 utilities.
Agéin the production deparfment for the 13 year period accounted fo;
more than half of the total operating expenses. The results are very
similar for each of the other categories. It is apparént that there is
no trend away from the average figure for the production department;.
This may béiseen in Figure 3.

The distribution department is second in its contribution on total
operating expenses, Since it is considerably less significant than the

production department -- 16.9 per cent compared to 56.3 per cent on the




Table 2.

Electric Operating
Eleciric Utilities

Expenses for all Privately Owned Class A and B
in the United States (Per Cent of Total)

Operating 1951

Expenses 1963 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1363
Production 56,2 57.6 56,7 56,4 54,6 56.2 56.6 57.1 55.3 55.5 55.4 56.4 56.5 56.7
Transmission 3.2 3,0 3.3 3.3 3.3 3.3 3.2 31 3.3 3.4 3.4 3.2 3.2 3.1
Distribution 16,7 17.2 17.4 17.5 18.3 17.4 17.1 16,7 17.1 16.8 16.8 15.8 15.6 15.4
Customer Acct 6.5 6.4 6.0 6.5 6.7 6.5 6.5 6.4 6.7 6.8 6.6 6.5 6.4 6.4
Sales | 3.6 3.2 3.2 3.3 3.4 3.4 3.4 3.4 3.6 3.7 3.8 3.7 3.8 4.0
Administrative

General 13.8 12.6 12.9 13.0 13.7 13.2 13.2 13.3 14,0 13.9 14.0 14.4 14.5 14.4
Total 100,0 109,0 100.0 100.0 100,0 100,0 100,0 100,0 100,0 100,0 100.0 100.0 100.0 100.0
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Table 3. Electric Operating Expenses for 23 Selected Privately Owned Class A and B
Electric Utilities in the United States. (Per cent of Total)

Operating 351

Expenses 1963 1951 1952 1953 1954 1955 19%6 1957 1958 1959 1960 1961 1962 1963
Production 54.6 57.5 56.4 55.0 53.3 54.6 55,3 55.4 53.5 53.2 53.3 53.9 54.7 5H%.5
Transmission 2.9 2.6 2.7 2.7 2.8 3.0 2.9 2.8 3.2 3.3 3.2 2.9 2.9 2.8
Distribution 17.2 17.0 17.6 18.6 19,0 13.0 17.6 17.3 17.% 17.5 17.0 16.6 16.0 15.6
Customer Accts 6.7 6.4 6.6 6.6 6.8 6.8 6.8 6.7 7.1 7.0 6.9 6.7 6.5 6.5
Sales 4,4 3.8 3.9 4.0 4.2 4,1 4,1 4,0 4,3 4.4 4.8 4.8 4.9 4.9
Administrative

General 14,2 12,8 12,8 13.1 13,9 13.5 13.3 13.8 1l4.4 14.6 14.8 15.1 15.0 14.7
Total 100.0 100.C 100.0 100.0 100.0 100.C 100.0C 100.0 100.0 100.0 100.0 100.0 100.0 100.0
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average -- there is little reason to consider it as an alternative.
Further support of this decision is apparent by observing the trend

of the distribution costs as seen in Figure 4. It appears that in the
foreseeable future the distribution costs as a per cent of the total
operating expenses will be less significant not only for the 23 com=
panies selected but alse for all the companies.

Analysis of Plant Investment

The next analysis is concerned with investment in the utility
plant. The intent of this part of the investigation is to determine
the portion of the total plant investment for each area accounts. The
percentage of the total will be the basis for comparison.

Table 4 is a composite of the electric utility plant for all
class A and B privately owned electric utilities in the United States
for the years 1951-1963. A look at the table indicates that there are
two areas which, together, account for approximately 80 per cent of the
total plant over the 13 year period. Each accounts for approximately
the same -- production for 41.5 per cent and distribution for 39.6 per
cent. Table 5, in which the comparable data are presented for the 23
selected companies, indicates similar results =-- production with 40.5
per cent and distribution with 40.0 per cent. These findings indicate
that either of these two areas, if used alone, would attribute to a
significant portion of the total plant.

Figure 5 conslders the same data in graphical form. During this
13 year study period there is a trend indicating that a larger portion

of total plant 1s represented by the production department. Likewise,



Table 4.

Eleétric Utility Plant For all Privately Owned Class A and B Electric
Utilities in the United States. (Per cent of Total)

100.0

'100.,0

100.0 100.0

Utility 1951 -
Plant 1963 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963
Intangible 6l 01 ©1 ©1 01 0.1 0,1 01 0,1 0.1 0.1 0.1 0.1 0.0
- Production 41.7 401 40,0 40.7 4l.4 41.8 4l.2 40,7 41.5 42,4 42,6 42,7 42,5 42,0
Tramsmission 15,7 14.9 15.3 15.5 15.7 15.6 15.5 15.7 15.9 15.8 15.6 15.7 15.9 16.2
Distribution  39.4 41.4 41.2 40.3 39.5 39.2 40.0 40.3 39.4 38.7 38,7 38,6 38.6 38.9 .
' General 3.1 35 3.4 3.4 3.3 33 3.2 3.2 3l 3.0 30 2.9 2.9 29
Total 100.0'160.0 100.0 100.0 100,0/100.0 100.0 100.0 1060.0 100.0

184




Table 5, Electric Utility Plant for 23 Selected Privately Owned Class A and B
Electric Utilities in the United States. (Per cent of total)

Utility 1951

Plant 1963 1951 1952 1953 1954 1955 1956 1957 1958 1999 1960 1961 1962 1963
Intangible 0.0 0.1 0.0 0.0 0,0 0.0 0.0 0.1 0,0 0.0 0.0 0.0 0.0 0,0
Production 40,5 39.7 39.4 40.0 39,7 39.8 39.2 38.6 40,2 41,2 41,8 41,9 41,4 40,0

Transmission 15.1 12.6 12.9 14,3 14,9 14,9 15.0 15.3 15.6 15.4 15,1 15.1 15.6 16.0
Distribution 40,0 42.0 42,2 40.9 40.2 40.5 41.3 4]1.6 40.0 39.4 39.1 39.0 39.0 39.1

General 4.4 5.6 5.5 4.8 5.2 4,8 4.5 4.4 4.2 4,0 4.0 4.0 4.0 4.0

Total 100.0 100.0 100,0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
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Figure 6 indicates an opposite trend in the distribution department --
less of the total plant is being accounted for by this area. The data
for utility plant investment for the 23 selected companies is tabulated
in Appendix C.

To summarize the analysis of the utility plant data, trends show
that if a single area is to be selected the area which is increasing over
time (the production department) would seem to be a better choice than
the one which is decreasing (the distribution department).

An interesting observation noted from viewing the graphs of both
the production and distribution operating expenses and investments is
the close cerrelation between the curves for all the companies and for
the 23 selected companies. The cycles and overall trends are approxi-
mately the same. This would indicate that the 23 companies are a repre-
sentative sample of all the companies. There is a shift in the actual
values, a result of imposing limitations on the selection of companies.
For example, by including companies with no more than 5 per cent of the
generation from a source other than fuel-fired steam generation, some
companies which had large amounts of hydro=-electric generating equip-
ment were eliminated. Since the initial investment is higher for hydro-
electric generators than for steam, the production investment for a
sample of companies using all steam generation would be expected to be
lower than for the composite companies, This is indicated by Figure 5.

No attempt will be made to explain or account for either the
magnitude or direction of the shift in the other figures, since it

would serve no useful purpose here and would not alter the results of
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this research in any way. In fact, because of the apparently close
correlation between the data for 23 selected companies and all the
companies, the following analyses of the data will be concerned only
with the sample group of 23 companies,

Analysis of Variation in Expenses

Another statistical analysis of the data will provide some
useful information for this study. The analysis of expense data at
this point has only revealed which areas are accountable for a portion
of the total expenses. This is necessary, but it is not sufficient.
Variation in the costs must be considered. To investigate variation
it is necessary to convert all cost data to a common basis. Cost per
kilowatt~hour generated is used as a basis for comparison among the
companies,

To explain the significance of this analysis, assume that
altheugh the production department is reSpohsible for over half of
fhe total expenses, the cost per kilowatt-hour for each company is
exactly the same. This indicates that regardless of the type of manage-
ment a company might have -- elther good or poor -- it will have no
affect on production costs. It is necessary that the results of the
medel be sensitive to management decisions, If good decisions are
made, it is expected that the output from the model will yield lower
costsy and likewise if bad decisions are made, the output will yield
higher costs. Therefore, an area producing costs which are relatively
constant for all companies would be valueless for inclusion in the model

to be developed,
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A basic premise underlying the study is that the variation in
total cost per kilowatt-hour between different companies and even for
the same company during different periods of time is at least in part
due to managerial performance. This assumption 1s certainly more rea-
sonable than stating that there is no difference among the 23 selected
companies as far as managerial performance is concerned. This would
suggest that the companies were either well-managed, poorly managed, or
fell in exactly the same place in between.

In Appendix B the conversion of all operating expense data to
the common basis, cents per kilowatt-hour is tabulated for all 23
selected companies by code number and year. The data is presented for
all six areas as designated by NARUC as well as the total.

It may be recalled that from the previous analysis the produc-
tion department accounted for over half of the total electric expenses,
Again in investigating the portion of total investment for which each
area accounts, it was determined that the production department and
the distribution department account for almost an equal amount -- about
40 per cent. It was concluded, however, that due to the trend of both
areas the production department would be the more desirable of the two.
This prior knowledge of the relationship of the cost and investment
producing areas will be helpful in conducting the following statistical
analysis. If the total variation in the total cost can be explained by
the variation in the production department c¢r even the distribution

department, then it can be expected that there is sufficient information

to select the area to be modeled.



itotal range of variation.
'{Ttion and distribution expenses to account for a large portion of the

‘same directionror not. For example, when total expenses vary upwards,

~ indicates, as seen in Figure 7, that there is an apparent correlation

 conduct any of the calculations needed for this analysis, no detail of
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In Table 6 the range of variatién is expressed as.the differ-
ence between the high and low values for each year and for the overall
years. It‘is interesting to note that there is a considerable améunt
of variation in the production department and the distributipn.depart-

ment. In fact, these two areas could account for a large part of the

'Although indications show. sufficient variation among the produc-

total variation, it is difficult to determine whether they are in the

do. production expénses also vary upwards? Is the converse true? An
insight into this may be obtained by plotting the average annual cents

per kilpwaitfhbu; for the production, Qistribution-and total costs. This

batween these expenses, although it is not high.

Based on.the:discﬁssion thus fér,iit wbuld:be%impossiblerto make
a statement as to how much of the total variation. is the resulf of
either or Bgfh.the production'and'distribution'departments. Multiple
regression and correlation analysis enébles the data to be analyzed and
this information.prévided¢

A "canned" program titled "A General Multiple Regression and
Correlation Analysis Program for the Burroughs-5500 Computer" by Charles
L. Clark (5) was used to conduct this test.

The computer used is located in. the Compqter Center of the Geéfgia

Institute of Technology. Since it Wés not necessary for the author to




Table 6. Range of Variation Expressed as Cents Per Kilowatt-Hour by Years
for Total, Production and Distribution Expenses,
Year Total Production Distribution
Low High Diff Low High Diff Low High Diff
63 0.390 1.026 0.636 0.227 0.605 0.378 0.052 0.163 0.111
62 0.398 1,059 0.661 0.232 0.637 0.405 0.053 0.185 0.132
6l 0,394 1,095 0,701 c.218 0.699 0.481 0.056 0.198 0.142
60 0.428 1.122 0.694 0.208 0.722 0.514 0.057 0.216 0.159
59 0.422 1.116 0.694 0.190 0.725 0.535 0.059 0.219 0.160
58 0.407 1.181 0.774 0.160 0.737 0.577 0.063 0.268 0.205
57 0.395 1.230 0.835 0.152 0.857 0.705 0.066 0.223 0.157
55 0.367 1,246 0.879 0.158 0.835 0.677 0.069 0.246 0.177
55 0.374 1.198 0.824 C.174 0.719 0.545 0.070 0.231 0.161
54 0.370 1.234 0.864 0.167 0.715 0.548 0.063 0.266 0.203
53 0.368 1.257 0.889 0.126 0.747 0.621 0.081 0.273 0.192
52 0.367 1.255 0.888 0.142 0.772 0.630 0.078 0.267 0.189
51 0.415 1.253 0.838 0.163 0.761 0.598 0.085 0.284 0.199
O:ii 0.367 1.257 0.890 0.126 0.857 0.731 0.052 0.284 0.232

Y4
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the theory behind it is presented., If the reader desires to investi-
gate the technique further he is referred to the technical bulletin
associated with Mr. Clark's program and with any of a number of mathe-
matical statistical books. For a rather simplified explanation Advanced

Methods and Models by Springer, Herlihy and Beggs (32) is recommended.

The data for this analysis consists of observations on six inde-
pendent variables and one dependent variable for 23 companies for the
years 1951 through 1963 inclusive. This totals 299 observations on the
seven variables, The seven variables are the costs/kwh for each of the
six areas of expense, together with the total accoxding to the Uniform
Systems of Accounts referred to previously. The total cost/kwh is the
dependent variable -- being completely determined by the six areas of
expense which go to make it up. The data is tabulated in Appendix B.

The results of the tests are tabulated in Table 7. For conven-
ience the variables have been designated as follows: Xl, production;

X

transmissiony X,, distributiong X4, customer accountsj X5, salesy

2! 3’

X6, administrative and general; Y, total. It will be observed that
the X's represent the independent variables while the Y represents the
dependent variable.

The first analysis inveolved the use of the six independent
variables, It was known beforehand what the results would be since the
total can vary only as one or all of its parts varies. 1In other words,
the variation in these six variables would have to explain the variation
in the total. The results showed that the "Coefficient of Determinationv

did equal 100.0 per cent as anticipated. This coefficient is a measure
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of the propcrtion of the total variation in the dependent variable
that is explained by the independent variables operating in combinatlon
with one another.

The remaining tests were concerned with the two variables which
prior tests have favored -~ Xl, production, and X3 distribution. The
results indicate that the two variables operating together can explain
about 96 per cent of the variation in Y and when separated, Xl still
explains about 88 per cent of the total variation. This is to say that
the variation in cost per kilowatt~hour for production costs is suffi-
cient to account for 87.5 per cent of the variation in cost per kilowatt-

hour for the total costs.

Conclusions

In view of the evidence revealed thus far it is concluded that
no further statistical analyses need be performed on this data. The
production department does satisfy the requirements expressed at the
beginning of this chapter for serving as the area to be modeled to
represent an electric utility company. It represented 60 per cent of
the total operating expenses, 40 per cent of the total plant investment,
and explained 87.% per cent of the variation in the total operating

costs.
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Table 7. Coefficients of Determination for Expenses of

23 Selected Privately Owned Electric
Utilities, 1951~1963

Coefficient of
Determination

Variables
Dependent Independent
b4 Xl’ x2, X3

Y X3

Y X

1

1.0000
0.9598
0.5967

0.8752
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CHAPTER IV

DEVELOPMENT OF A GENERAL MODEL

Introduction

With the selection of the production department tec represent
the operation of the electric utility company, it becomes necessary to
determine exactly which of the production should be included in the model.
The criteria for the selection of factors should include (1) their
susceptibility to managerial control, (2) some assurance that the result-
ing model does represent this area significantly, and (3) the ease of
including them in a mathematical model. To give the reader a clearer
understanding of the problem, space will be devoted to an explanation
of the basic operation of a power production department.

With this background, a discussion of the factors selected and
the results of a statistical analysis will be presented. Following this

will be a detailed description of the construction of the model.

The Production Department

The purpose of this department is to produce electricity. The
energy in the fuel or in the falling water is converted to electriclty
at the power plants where the generators are housed. The power plant
may contain one generator, called a unit, or many generators or units,
normally driven by an internal combustion engine or a turbine, either

steam or water driven. Since this study 1s confined to steam driven
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‘plants, all remaining discussion will be restricted to this type.

The conventional types of fuel used in producing steam are
natural gas oil and coal. Of the many factors which must be consid-

ered in the selection of a particular fuel, Skrotzki and Vopat {31)

- hzve suggested the following:

1) energy content

2) ‘price

3) unit opérating efficiency

4) handling cost

5) refuse disposal

6) operating labor

7) maintenance

_'Although energy cqntent\rgferslﬁq thﬁ heatinngalue pe;‘unit
(for'ékémplé, BTU per toﬁ?or.bgrrel)'aﬁdrpurﬁhasing price is quall?
guoted on a price per ton or barrel, the two are commonly combined into
an expression of cdst'perfmiri{oﬁ}BTU'é;

The unit operating effipiency is determined by éﬁé ability of
the unit to convert the heat content of the fuel into an outpﬁt of
kilowatt-hours. Efficiency is usually a design function and once the
unit is constructed, its efficiency is determihed. The significant
design factors affecting steam plant efficiency are'temperatures and
pressures. The trend of temperature and pressure back to 1916 may be
seen in. Figure 8.

The relative efficiency of steam éenerators can.sé measured ih
terms of the bounds of coal required to pfoduce a kilowatt-hour of

electricity.” In 1892 it took about 8 pounds of coal, in 1916 almost 4
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pounds of coal, and in 1959 about 0.9 pound of coal, Today the newer,
larger high=-pressure and high-temperature units can produce a kilowatt-
hour with less than three-fourths of a pound of coal (33).

The handling costs for the fuel supply are less with natural
gas. All that is required is a connection to the meter and the instal=-
lation of some contrel valves. 0Oil requires higher costs than natural
gas, primarily due to the storage tanks required and pumps for unloading
and transfer. Coal is the most expensive fuel toc handle since it requires
elaborate unloading equipment, bunkers, weigh scales and distributing
belt conveyor systems. For a plant containing a number of units, this
cost per unit is minimizéd since the same unloading equipment is common
to all the units.

There is no problem in disposing of the ash content with either
natural gas or oil, however, use of coal requires removal of ashes from
the furnaces and a method for its disposal. At times the ashes are in
demand for road building purposes and may be sold.

Labor costs in steam plant operation are usually highest when
coal is the fuel used, followed next by oil, with natural gas requiring
least.

Skrotzki and Vopat have concluded that maintenance is the most
difficult factor to evaluate, and only extended experience with a given
fuel can provide accurate figures. Thus, no general statement as to
which is the most costly can be made.

After the fuel has been selected and the design and construction

completed, another relationship becomes important -~ that of amount of
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fuel required versus the size of the loads placed on the generator.
This relationship may be expressed either by a mathematical expression
or graphically. Graphically, the relationship is referred to as a heat
rate curve or an input-cutput curve. The manufacturers normally provide
a heat rate curve for each unit, and these are based on the design
specifications. A typical heat rate curve 1s reproduced in Figure 9.
It may be seen that the most efflicient point of operation is rnot at the
maximum rated capacity. For this typical curve, a demand of X2 would
require the consumption of Yl BTU of energy every hour that X2 is
demanded. Because of the magnitude of the BTU's, the Y is usually
expressed in millions of BTU's,

Many privately owned electric utilities have more than one unit
in thelr generating system. Because the units almost always differ in
efficiency, the loading will be determined by economics. The calcula-
tions for determining the economic loading may be performed by hand,
but today computers are being used to perform this function., The com-
puter calculates which units should be operated each hour for the most
economical operation of the whole system. Figure 10 shows how various
units may be called into service during the day in the operation of a
plant which consists of three units., Unit 3 is the newest, largest and
most efficient unity unit 1 is the smallest and oldest, thus the least
efficient of the three.

The power plants must have some reserve or standby capacity.
Otherwise it would be necessary to curtall power to some of the company's

customers if one of the units failed at a time of peak load. Frequently



59

some or all of this capacity may be available from an interconnection
with another company or companies.

Fuel costs are the largest single item of the total production
costs. According to Justine and Mervine (16) the cost of fuel repre-
sents about 60 to 75 per cent of the total costs. Supervision and
labor are the second largest expense -- accounting for 10 to 25 pef
cent of the total. The remaining 10 to 15 per cent are accountable to
maintenance. Any miscellaneous supplies and expenses are insignificant
compared to the total.

Maximum economy in the production department is not the results
of minimizing operating costs only. It is secured when operating costs
plus the costs of the investment are at a minimum. The investment costs,
as used in this study, include any cash flow that results from making
an investment in the power plant.

The largest item of investment costs is the cost of the gener-
ating equipment and construction. The Federal Power Commission (37)
publishes cost data for plant construction in the United States. Figure
11 was compiled from their latest publication to indicate the magnitude
and range of costs, expressed as dollars per kilowatt of capacity, for
some coal fired units installed in 1962 and 1963. Although the scatter
diagram does not indicate it, for a given set of conditions, the cost

per kilowatt of capacity varies inversely as the total size of the unit.

The reason this diagram does not support this statement is that the 26

units plotted represent 24 different companies {two companies are each

represented by two units).
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The general factors affecting the investment are location,
the manner in which fuel is received, the value of the plant site,
and the development program for that particular plant. Since these
factors are not consistent between companies or even between plants
of the same company, it is little wonder that the scatter diagram is
so random.

Costs of securing the capital also vary from unlt to unit and
company to company and should be included in the investment costs.
Although no detailed discussion will be made of these costs, they
include the flotation costs of bond and stock issues, short term bank
loan costs, premiums or discounts received on securlty issues, internal
costs of retained earnings, and any other costs associated with the use
of money from outside sources for plant construction.

Additional cash flows resulting from the ownership of generating
equipment are property taxes to various government agencies, and insur-
ance. These figures are usually directly proportional to the size of
the investment, and are determined by local conditicns.

An often overlooked cash flow associated with this investment
results from the income tax structure. By having an investment in depre-
ciable assets, a certain portion of the total investment may be written
off annually as a depreciation charge. The method of writing off the
asset is subject to approval by the Internal Revenue Service, but one
of the most common methods is the double-rate declining balance. Regard-
less of the method chosen, the annual charge is used to reduce the tax~

able income, which in turn reduces the actual amount of income taxes to
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be pajid, 1In effect then, the larger the investment, the larger the
annual depreciation charges and the lower the income taxes.

In planning a generating system, management must consider the
operating costs and the investment costs over a long period of time.
It must choose the system best suited, under the current and anticipated
local conditions, to provide satisfactory generating capacity and output

for the lowest possible total cost., This is maximum economy.

Selection of Factors for the Model

The basic operation of a production department is here summarized
so that the selection of factors to represent this area will become more
obvious., First, a demand for power is recelved by the power plant. A
calculation either by hand or computer should have already been performed
to determipe which unit or units can most economically generate a spe-
cific demand. Since the demand changes from hour to hour, requiring
hourly decisions as to which unit or units to use, it seems logical and
reasonable to simulate the operation of the production department by the
hour. This necessitates then, the inclusion in the model of a factor
to generate an hourly demand which represents the demand the company
actually experienced,

The next factor involves the selection of the unit or units used
in meeting the demand requirement. It may be recalled that the relation-
ship between the demand or load on a unit and the energy required per
hour to generate this load is the heat rate curve. With the heat rate
curves for each unit and the cost of fuel for each unit on a cost per

BTU basis, it is possible to calculate the cost for generating a given
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load on each of the available units. The minimum cost then determines
which unit to use each hour. In this phase there are two factors which
need to be included in the model == the input-ocutput relationship,
usually expressed graphically as a heat rate curve, and the fuel costs,
including any changes which occurred during the study periocd.

Since it is the cost of actually having the fuel in the furnace
ready to be ignited that is meaningful -- the fuel costs should include
the cost of transporting and handling, enabling a realistic comparison
and placing the costs on a comparable basis.

Included in this phase of the model is the selection from hour
to hour of the unit which will provide the most economical operation.

It is necessary to keep a tabulation of the kllowatt-hcurs demanded and
generated as well as the fuel cost incurred., These figures will be part
of the total costs of operation and will be used for comparison purposes
later.

The factors mentioned above do meet the criteria for the selec-
tion of factors stated at the beginning of this chapter. Other factors,
considered and omitted due to the criteria, include, first, labor costs.
Due to the increased use of automation as a result of computer advance-
ment, the use of labor 1s decreasing with the newer, larger units. Even
without these advances, there is not a direct relationship between the
number of employees and the size of the plant. It may take approxi-
mately the same number of personnel to operate a plant twice the size
of another plant. Also, with the union shops, management does not have

complete control over the wages paid. It is felt that a given management
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will be consistent in its attitude toward the degree of automation
desired for its own plant. In other words, in considering different
size units to meet their growth, the labor requirements would be simi-
lar for each alternative, thus labor costs would not contribute signif-
icantly to the variation in total operating costs.

Maintenance costs were also omitted as a factor in the model.
The maintenance contribution to total operating costs is between 10 and
15 per cent. Apparently the variation in maintenance costs is not sig-
nificant since Skrotzki and Vopat concluded that maintenance is a most
difficult factor to evaluate. They could not determine that any one
type of fuel was responsible for more maintenance than another. It is
also felt that the company would again be consistent in its maintenance
program, regardless of the type or slze of the units selected.

In a previously mentioned study by Iulc, we can see the effect
of the factors selected on total cost. Iulo attempted to explain the
variation among electric utilities in unit cost of electricity. Of many
factors which he considered, he found seven which accounted for about
80 per cent of the total cost per kilowatt-hour variation among the com-
panies used. Of these seven, there are three which would meet the cri-
teria of selection for this model. These are plant size, capacity
utilization, and steam-electric fuel costs.

It is obvious that the operating factors so far selected involve
the three factors listed from Iulo's study. Plant size has its effect
on operating cost varlation since efficiency is directly proportional

to plant size. Thus a utility which is fortunate enough to be able to
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operate only large size units will certainly have cheaper fuel costs
than other utilities which are operating a series of smaller units.
The size of the units is a factor which management controls.

The effect of capacity utilization on cost variation is a
result of the shape of the heat rate curve, It will be remembered
from Figure 9 that there is an optimal point of operation. If the
capacity of the units can be utilized so that they are all operating
at or near the optimal point on their respective heat rate curves, then
the total fuel costs for that period of time will be minimized. Of
course any other utilization of the available capacity of the units
would result in higher costs -~ thus the effect of capacity utilization
on operating cost variation.

Steam electric fuel costs are the cost of actually getting the
fuel into the furnace, and are expressed in cents per million BTU's,

It is not the total fuel coét for generating a given quantity of elec~
tricity. As has been previously mentioned, this cost of fuel referred
to by Iulo includes the transportation costs, the handling costs, and
the cost of the fuel at the mine or oil field., It is obvious that among
utilities across the country there would be a large variation in fuel
costs expressed in this manner.

Data for these three factors was collected for the 23 companies
previously selected for this research. An attempt was made to secure
the data for the same 13 year period covered by the other statistical
analyses. However, the only data available at the time the study was
made was for the years 1962 and 1963. This data was used combined with

the other factors to determine the extent of the total variation in
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productien costs per kilowatt-hour geﬁerated.

The size of the steam-electiric generating plant, as Iulo uses
it, 1s the average name plate cepacity of the larger plents that com-
prise at least one-half of the total generating capacity of that par-
ticular utility. To get this informatien.it was neceseery to list the

size of all plants for eaeh of the 23 utilities, then, starting with the

- largest and taking them in descending order, to select enough of the

plants te dccount for at least one-half of the total -company capacity,
The average of these plahts is the figure that is used to represent the
plant size ef the utility. Using this figure based on the larger sized
units gives weight to the fact -that the larger units do in reality
account for the majority of the generation.

The capacity ut1lizat10n figure is also used as Iulo defines it.
It is the rat1o between the total number of kllowatt-hours generated by'
a utility during the year, and the maximum possible kllowatt-hours
that could have been_generated_by that particular utility during the
year. |

.The data for the fuel costs are-pyblished-by the National Coal

Association in-a publigation'ealled Steam-Electric Plent Factors for

various years (42)}. The data used are referred to as "as consumed"
fuel costs and are presumed to include the cost of the fuel delivered |
at the boiler. Under this def1n1t10n the "as consumed” cost would also
reflect the det cost of, or amount realized from, the disposal of the
'aehes; o

Using these three factors as independent variables and the
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production department cost per kilowatt-hour as the déﬁendent variable,
the data was analyzed by the statistical technique introduced in Chap-
ter III =~ the multiple regression and correlation analysis. For the
two year period, 1962 and 1963, and for the 23 companies selected for
this research, the coefficient of determination is 0.7322. The varia-
tion in the three independent factors, acting together, is sufficient
to explain 73.22 per cent of the variation in the production department
cost per kilowatt-hour generated. The magnitude of this coefficient is
such that the model, using the factors so far selected, will be repre-
sentative of the actual production department.

It is necessary to include in the model factors which will rep-
resent the investment costs as previously discussed. Using the initial
investment in each unit as a base, the other investment costs can be
determined, It will be necessary to include the depreciation method,
the income tax rate, the property tax rate and the insurance rate.

In Chapter I it was stated that the present worth method would
be the basis for comparing the different results. Thus, a procedure
must be included in the model to generate or provide the appropriate

present worth factor throughout the time period simulated on the com-

puter.

The QOperating Section of the Production Department Model

Having completed a selection of the factors, we can now show the
development of the model to include these factors. The discussion will
follow the structural sequence found in Figure 12. The modeling of the

operating end of the production department will be divided into two
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Determination of
Hourly Demand

Economic Loading
of Generators

//

/
Unit No, 1 Unit No. 2 Unit No. 3
Generation Generation Generation

\“—-—_

Total Total Fuel
Generation Costs

Figure 12. Block Diagram of Production Department Operation.

phases of which phase one is concerned with the determination of the
hourly demand, and phase two is involved with the economic¢ loading of
the generators and the resulting total fuel costs.

Determination of the Hourly Demand

The purpose of this phase is to enable the model to simulate
the actual hourly demand with reasonable accuracy. Using one hour time
intervals, the total cycles for a five year study would be 43,800,
This means that 43,800 separate hourly demands would be necessary for
the model to operate. There are two possible means of providing this
information. First, the 43,800 separate demands could be stored in the

program, requiring, if punched cards were used, approximately 2400 cards.
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Another means of providing this information is to develop a
procedure within the model to approximate the demand each hour. It is
nct necessary that each hour of actual demand correspond respectively
to an hour of simulated demand. If at the end of each month of opera-
tion there has been an equal number of each size of hourly demand,
then the accuracy of the study will not be impaired. If, for example,
the demand for the last hour in a particular month were 300 kilowatts,
and in the simulation study this same 300 kilowatts of demand occurred
in the middle of the month, the overall results of the study would be
unchanged.

The second method of introducing the demand into the model was
selected for this study. The number of cards required and the key
punching necessary for using actual hourly figures was prohibitive.

In many companies, to tabulate the demand each hour for a number of

past years would be a major undertaking. If a satisfactory method of
recreating within the model the actual demands is accomplished, this
alone will be a significant accomplishment. This method would cer-
tainly provide more flexibility to the model, facilitating an easy addi-
tion of additional years to the study periocd.

The development of the method chosen is based on the fact that
the demands follow certain behavior patterns. Once the patterns are
determined, only a minimum of other information is required. The first
investigation centered around the pattern that the hourly demand fol-
lowed over each 24-hour period, from midnight to midnight. The general

pattern, as pictured in Figure 13, is approximately the same from day
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Load
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Figure 13. General Pattern of a Daily Load Profile,

to day and from month tc month, The author refers to this pattern as
a daily load profile.

There are many factors which serve to make up the profile. In
the residential area the major loads are ranges, water heaters, lighting,
refrigeration, air conditioning and heating, and miscellaneous small
appliances. Each of these loads has a regular daily pattern or opera-~
tion. For example, the operation of ranges would be expected to produce
three distinct peaks during the day corresponding to the three normal
meal times. A typical day's use for a single range is shown in Figure
14, Combine the single range profiles for all the customers of a util-
ity and this profile could look like the profile presented in Figure 15.
Although the single profile could be expected to vary considerably from
day to day, the combined range profile would not. This is a result of

the randomness and diversity of operation of each of the thousands of
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customers. Each of the other components of residential load could be
similarly analyzed wlth similar results.

The two other major areas of locad -- commercial and industrial --
have altogether different load profiles. An industrial processing
company which has a continuocus operation would have basically a hori=-
zontal line for a load curve. A commercial department store might show
a profile spread over the entire 24-hour period, but greatly reduced
from 9 P.M. to 8 A,M. These profiles are presented in Figures 16 and
17 respectively.

The general daily load profile presented previously in Figure 13
is a composite of all the individual profiles. Although the general
pattern is not expected to vary significantly from day to day, there are
reasons why the pattern may change from season to season. Temperature
fluctuations affect the operation of heating units, air conditioners
and refrigeration. The number of daylight hours per day affects the
peak and duration of the lighting load. A particular industry which may
account for a large portion of the utility's load might be affected by
the seasons. For example, citrus packing houses and concentrate plants
operate seasonally. When the citrus has been picked and processed,
these plants completely close down. For these reasons and many others
it is desirable to include a sufficient number of daily load profiles
to compensatea for seasonal variation.

Since the magnitude of the points on the profile will vary from
day to day, it is necessary to convert the vertical scale from load

expressed in kilowatts to load expressed as a per cent of peak load,
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Figure 14, Typical Daily Icad Profile for cne Range

Load

k. - —

12 6 Noon 6 12

Figure 15, Typical Daily lcad Profile for all Ranges
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Figure 16, Typical Daily load Profile fecr a Continuous
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Figure 17. Typical Daily load Profile for a large
Department Store
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Thus each hourly load may be determined from the profile if the maximum
daily lcad is known. Therefcore the next step in this phase is to
include in the model a method of providing the daily peak.

It is not important in this study to correlate each actual daily
peak to the same simulation day, so long as each actual peak is repre-
sented, The month was selected as the time interval for the purpose of
generating daily peaks. Thus the determination of the daily peaks for
each particular month is independent of all the other months.

For a given month, the maximum daily peak and the minimum daily
peak were selected. All other daily peaks for that month would fall
between these two peaks. If all the peaks in between the maximum and
minimum peaks were ranked in ascending order and plotted, they would
form a pattern., If this pattern were to form a straight line, the
determination of the intermediate points, given the end points, would
be simple., No information was found by the author to indicate what
type of pattern this data would provide. Therefore, any specific in-
formation regarding this will be postponed until actual data is col=-
lected and analyzed for a specific company. If a pattern other than
a straight line results, then a correction factor can be applied.
Assuming a straight line pattern, the hourly demand for a month can be
generated in the model with knowledge of the maximum and minimum daily
peaks for that month, and the appropriate daily load profile.

Even though the hourly demand is now available in the model, an
important adjustment must be made. This is necessitated by the differ-

ence in the peak demands as reported by the utility companies, and the
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peak demands required. The demand required is an average peak demand
over the one-hour period -- not the instantaneous peak for the hour
which may have occurred for only a small portion of the hour. Figure

18 illustrates the difference between the two. In hour A, Y1 represents
the instantanecus demand and Y2 represents approximately the average
hourly demand. Therefore an error would be introduced by using Y1 as
the hourly demand. The extreme case is illustrated in hour B where the
instantaneous demand Yé is exactly the same as the average., There was
no fluctuation in demand over the hour == an unusual case, although
possible. Without an adjustment factor, every hour would be treated as

if it were the second type.

Hour A Hour B

Figure 18. Instantaneous Hourly Demand Versus
Average Hourly Demand,

Demand data is rarely reported for any time interval less than
one hour. Therefore there is little or no data that can be analyzed

to determine what the adjustment factor should be, However, it can be
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determined by a trial and error method when the model is completed, and
validated on an actual company.

The determination of the hourly demand by the model may be sum-
marized by the data presented in Figure 19. With the three patterns in-
cluded in the model, it is necessary to provide only two data points
from the actual company data for each month of the study in order for
the model to generate an average demand for each hour in each month.

The suitability of this method will be determined in the validation
study.

Economic Loading of the Generators

The model developed consists of three generating units -- unit
1, unit 2 and unit 3. Three un.ts were selected as the optimal number
to demonsirate the simulation technique being developed in this study.
If the use of three units can be accommodated in the model, then more
than three could be accommodated with a duplication of effort in pro-
gramming and computer time.

The use of the term "economic" indicates that the loading of the
units will be done so as to minimize the cost. Of the factors selected
for the model, the only ones concerned with the costs of operating the
units are those involved with the fuel costs. Thus the objective of
the economic loading of the units as described here is to minimize the
total fuel costs.

For an individual unit the fuel cost per hour of operation is
determined by the average demand during that hour, the million BTU's

which that unit requires to generate the demand, and the fuel cost per
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undertaken it is necessary to discuss a characteristic of the generating
units. At the lower end of the heat rate curve the trend is such that
the BTU's required to generate the lcad are increasing at a much faster
rate than the rate at which the load is decreasing. Therefore the
economics of the cost of operating a unit are such that a lower limit

is placed on the lcad for which the unit will be used. In Figure 9,

Xl is used to illustrate this point. The operation of a unit with this
heat rate curve would occur in the range between Xl and Xa.

Step one begins as soon as the hourly demand is determined. At
this point none of the three units bear any load. Each unit is now
loaded to either its maximum capacity or to the amount of the demand,
whichever is smaller., With each unit loaded, the total fuel cost to
operate each unit for an hour at this load is determined, since the heat
rate curve and the cost per million BTU's is stored in the model. The
cost of operating each unit is compared one with another and the one oper-
ating at the lowest cost is selected. The load of that unit and the cost
for operating that unit for that hour are stored in appropriate locations
so that they will be accumulated for the entire period of operation.

Step two begins by subtracting the load being generated in step
one from the total hourly demand, to determine the demand remaining.

The two units are each loaded to either their maximum capacity or to the
amount of demand, whichever is smaller. Occasicnally the remaining
demand may be less than the minimum demand, so that no generation will
occur in this step or in the following step., It is remotely possible

that an hourly demand in step one could be less than the minimum. In

this case there would be no generation for that hour by the three units.
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Figure 20. Flow Diagram of Economic Loading of Three Units.
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As in step one, the cost of operating each unit for that hour is com-
puted and the one with the lowest cost is selected. The load on this
unit and the corresponding cost are each added to those of step one.

Since only one unit remains, step three is rather simplified.

If there is any remaining demand and if it exceeds the minimum for this
unit, the load is placed on this unit and the corresponding cost is
determined, These figures are also added to those of step one and

step two respectively. These totals yield the overall generation for
that hour, end the corresponding cost for that hour. The difference
between the total demand and the total generation is the amount of
electricity that must either be provided from some cother scurce or
curtéiled.

Regardless of the method chosen to provide for this other demand,
it is possible to associate a cost with each kilowatt-hour of electricity
so demanded. For example, if this amount is purchased from another
utility company, there is an agreed rate. Determining a charge for
other methods of providing for this remaining demand may not be as
simple as the example, but for the purposes of this research some reason-
able estimates will be satisfactory.

The sequence of these three steps assumes there are three units.
Since units are usually installed one at a time, it is conceivable that
at the beginning of the study period there might be only one unit, with
other units added later. This presents no problem since it is necessary
only to set the capacity of any of the later units to zero until they

become operational, at which time their capacity, within the model, will
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be changed.

During each hour of simulation the sequence of these three steps
is followed. The totals from each hour are accumulated so that at the
end of the study period cumulative totals for overall demand, generation,

fuel costs and costs of other generation are available.

The Investment Section of the Production Department Model

The investment costs to be considered in developing the model
are: 1) the investment itself, 2) the associated cost of securing the
necessary funds for the investment, and 3) the property taxes and insur-
ance on the equipment and plant. A benefit resulting from the invest-
ment is the income tax shield provided by depreciation. Since it will
offset the costs it should be included in the model.

Investment and Capital Costs

The investment in a generating unit is the total of all amounts
paid to make the unit operational, including all money expended for
such items as the land and land rights, structures, boiler plant equip-
ment, turbines, generators and all miscellaneous power plant and elec-
tric equipment. The total amounts for these items is strictly accounted
for in the companies' records and is available as a total figure for
each unit. This information can be placed directly into the model.
Capital costs are defined as the difference between the amount
of money secured and the amount of money paid back., Since the money
paid back is done so over a period of time, it is necessary for compari-
son purposes, to convert all the costs to some standard figure, It has

already been stated that the present worth method will be used to
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accumulate all the costs of the simulation study. Therefore this
method will be used to explain and determine capital costs.

The capital costs resulting from any method used to finance
the investment are not as well defined as the investment costs. One
reason for this, is that there are many combinations of the various
methods of securing funds. One combination is the use of retained
earnings, short-term bank locans, and eventually a bond issue or stock
issue. Other possibilities are a bond issue at the time of construc-
tion, or the complete use of retained earnings. Securing capital by
each of these combinations would probably result in different costs.

As an example of what the capital costs might be for one of
these methods, assume that a $25,000,000, 4 per cent, 20 year bond issue
is floated at the time of unit construction. If the customary semi=-
annual interest payments are made, the borrowing costs consist of 40
semi-annual interest payments of $500,000 each, plus the administrative
costs. Using the present worth method and an appropriate discount rate,
the present worth of these future payments can be calculated. If this
computation were to yield a figure of $28,000,000 the capital costs
would be $3,000,000. Frequently a premium is received for the issue
or a discount is allowed. This changes the amount received for the
bonds and influences the cost of capital accordingly.

With funds obtained from a combination of various sources the
determination of the cost of capital becomes complex and difficult.
Also, because of the wide choice of financing possibilities and the

uncertainty of which one or ones will be encountered in the application



83

of this model; the exact formulation for including the costs of capital
in the model will be delayed. When the validation study is conducted
on a specific company and the method of financing observed, a decision
will be made as to how to include this factor in the model.

Property Taxes and Insurance Costs

Property taxes are generally paid to the local government
which has jurisdiction over the plant location. The rate structure
and the plant valuation varies from area to area. If original cost of
the plant is used, the investment previously discussed would be the
base for the tax calculation. However, it is common for some other val-
uation to be used, usually expressed as a per cent of the total original
investment. If the tax assessor uses something other than 100 per cent
valuation, it is possible for the tax amount itself tc be expressed as
a per cent of the investment, Investigation of the company records will
yield the amount of taxes and the amount of the investment. The per cent
of the invesiment for a selected year is the factor which is included
in the model.

Insurance costs will be handled in the same manner, The amount
of insurance premiums paid for a selected year will be expressed as a
per cent of the investment accumulated up to that year. This per cent
will be included in the model. It is suggested that any year during the
study period be used as a representative year. Any rate change in either
the insurance rate or the property taxes, should alsc be included in the
model.

Income Tax Benefit Resulting from the Investment

Income taxes constitute disbursement similar to those for



- operation, proﬁerty taxes, and insﬁrance. The amount of income taxes
is a function_of the gross income received from the opération of the
company, the allowable deductions, and the income tax rate. The amount
of income tax is determined by applying the tax rate to the net tax-
able income -- the gross income less the deductioqs. The larger the
amount of deductions, the less the net téxable.income and tﬁe less-
the income taxes. This factor is working in the opposife diiection of
the other factors associated with the investment.

Many factors affect the determination of taxable net income,
but enly investment in depreciable propérty will be considered as a
part of this study.

The;e are generally three types of depreciation methods avail-
able, classified as rapid write-off, §ﬁ;aight-line,'and slow write«off.
The impprtahce of the time value of money;.1s the key to deciding between
.the rapid and slow writé-off types of depreciation. The‘fapid“write-
off yields a greater financlal. advantage over ithe other two types.when

income tax rates are high. A cqq@ition;wa;rgntlpg a

PR
I 1

occurs when the téx:réée!in Ehezdisfant futﬁ;e:&s engcted to be con-w
siderably increased,

The straight line method owes its popularity te the fact that
prior to 1954 it was the only method encouraged by federal tax rules,
and many firms have continued it.out.of‘éimple procedural inertia.
While the simplicity of the straight-line methdd has apbgal_to many,
in the utilities the‘rapid write-off is the most commonly used for

income tax purposes, even though the utilities often uée_straight-line
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depreciation for accounting purposes other than income tax,

The rapid write-off method will be used for the simulation
study. The Internal Revenue Service readily recognizes and accepts
two methods of rapid write-off: the double-rate declining-balance
methed and the sum-of-the-year-digits methed. The two methods pro-
vide basically the same effect on income taxes, allowing the choice
between them to be a matter of the author's convenience. Since the
declining-balance method is the simpler of the two, and because it is
also compatible with the programming techniques of the Dynamc language,
it will be used in the model,

In any declining-balance depreciation accounting, a given
depreciation rate is applied each year to the remaining book value
to determine the depreciation charge for that year. The remaining
book value is that portion of the cost of an asset that has not already
been written off in a previous year. For example, if a 10 per cent
rate is applied to an asset that cost $50,000, the depreciation charge
in the first year is 0.10 ($50,000) = $#5,000. 1In the second year the
charge is 0.10 ($50,000 - $5,000) = $4,500. 1In the third year it is
0.10 {$45,000 - 4,500) = $4,050. This procedure continues for the
remaining years of the depreciable life of the equipment, or until it
is disposed of, Figure 21 presents a plot of the resulting annual first-
of=year book values if the calculations are continued for a 15 year per-
iod. For comparison purposes, the straight-line results are presented
by the broken line.

The declining-balance method becomes the double-rate declining-

balance method when a depreciation rate i1s double that of the allowable
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straight-line rate for an asset with a prospective zero salvage value
and a given estimated life. The rate is calculated as 8 per cent by
dividing 200 by the estimated life in years. This is the maximum rate
allowed by law and is the one which will yield the most rapid write-off.

It is this rate which will be used in the model.

Present Worth Conversion

It has been stated in a previous discussion (Chapter I) that
this study will use the present worth method of comparing receipts and
disbursements over time., It is necessary, then, to include in the model
a procedure which will convert all the costs amd the income tax benefits
as they occur, to a present worth figure.

According to Grant and Ireson (14), there are two conventions
commonly followed in present worth conversions. The first is called the
end-of=-year convention. The name is descriptive in that all costs or
receipts which occur during a year are added together and assumed to
occur as a lump sum at the end of the year. The other method is the uni-
form=flow convention. Again, as the name implies, the receipts and dis-
bursements are recognized as occurring uniformly throughout the year
rather than concentrated at the end of the year.

The cash flows occurring in this model are comprised of some
flows which occur annually and some which occur monthly. The property
taxes and insurance payments are normally made on an annual basis.
Although income taxes are normally considered as an annual expenditure,
payments are made periodically throughout the year against an estimated

figure. Fuel costs are probably the most uniform cost over time.
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Since Kilowatt-hours are being generated constantly throughout the
year, fuel costs are occurring at the same rate. Actually the cash
paid to the fuel supplier is generally done monthly, and is still a
uniform flow compared to the end-of-year flow,

It is clear that neither convention will conform exactly to the
timing of all the cash flows., Grant and Ireson have the following com-
ment on this:

All things considered, the uniform-flow convention probably

comes somewhat closer to describing the way most cash flow

occurs than does the end-of-year convention. MNevertheless,

it is desirable to recognize that either is merely a conven-

tion to facilitate compound interest conversions; neither is

a completely accurate reflection of the way in which cash flow

is expected to take place.

Generally the uniform-flow convention utilizing the continucus
compounding method of developing the conversion factors is more appli-
cable in mathematical models. This method will be used in this simu-
lation study. The development of the continuous compounding expressions
for single payment present worth factors is found in most engineering
economy textbooks. The factor is the value of e " where r is the nominal
interest rate and n the number of years.

A procedure will be included in the model to provide the single
payment present worth factor at the end of each month and at the end of
each year. This will allow the conversion of the costs paid monthly and
annually. The only information required for the calculation of the fac-
tors is the interest rate,

Inclusion of any given interest rate in the model is no problem.

What interest rate to use does present a problem. The term "interest
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rate" as used here is the minimum attractive rate of return which a
company uses in comparing alternative cash flows by a compound inter=

est method -- in this case the present worth method. There are probably
as many thoughts on what rate to use as there are writers on the subject.
One suggestion is capital rationing. A complete presentation of this
may be found by Joel Dean in his book Capital Budgeting (6). This method
assumes that many investment projects are available and the prospective
rate of return each will yield may be estimated. The projects are ranked
in descending order on the basis of the rates of return and the required
accumulated investment. The rate of return of the last project allowing
the cumulative total of investments to equal the amount of capital avall-
able becomes the minimum rate of return,

Another idea is that of using the cost of securing money. A text

on financial management such as Lindsay and Sametz (19} presents the costs

of securing the funds from each of many sources. Combining the costs
for these various sources by the weighted average method will provide a
figure which could be used as the interest rate desired. Support for
this method may be found in Weston's text (35).

Others feel that using the cost of borrowed money would not allow
for a profit. Thus this figure would arbitrarily be increased to give

the owners some advantage in return for the risk of borrowing and being

in business.

Another theory is advanced by Modigliani and Miller (22}. One
of their propositions states:

the average cost of capital to any firm is completely inde-

pendent of its capital structure and is equal to the capitali~
zation rate of a pure equity stream of its class.
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In other words, the cost of capital is equal to the expected earnings
per share divided by the market price of a share of common stock., It
is recognized that this proposition is based upon some rather limiting
assumptions underlying a well-defined mathematical model. As such, it
is doubtful that its strict application to a realistic business situa-
tion could be defended in every instance.

Since this research is not primarily devoted to a determination
of the cost of capital or the minimum attractive rate of return, no
additional theories will be mentioned. Of the ones presented, the
latter is clearly the easiest to apply and the necessary information
appears in the company records and in many market publications. Pri-
marily for these reasons then, the annual rate of earnings per share
divided by the market price of the common stock will be used in the
model as the interest rate for calculating the continuous compounding

present worth factors.

Summary

This chapter has developed and introduced in a general manner
all of the considerations necessary to simulate the production depart-
ment on a computer,

A brief description of the operation of a production department
has been presented with the hope that the development of the general
mathematical model which follows will be easier to understand. All fac-
tors which the previous statistical analyses indicated should be included
have been discussed, With this phase of the study complete, it is

possible to validate the model by taking data from the records of an
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electric utility company, placing this data in the model, operating the
model over a period of time, and then comparing the simulation results
with the actual results. In the next chapter this activity will be dis-

cussed.
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CHAPTER V

VALIDATION STUDY

Introduction

The general model described in the previous chapter is trans-
lated into a specific model through the use of the Dynamo language.
This model will be used to simulate the operation of an electric utility
company, and to test various alternatives by changing some of the oper-
ating input data. These alternatives will represent courses of action
which the company could have followed. To assure that these results
will be meaningful and realistic, it is necessary to validate the model.

The validation process consists of selecting all the necessary
data from an operating company and simulating the company operation
over some historical period of time. If the model does represent that
phase of the company as intended, the results of the simulation using
the actual data should compare favorably with the actual results of the
company's operation validating the model,

The company chosen for the validation study is one of the pri-
vately owned utilities selected for the statistical analyses described

earlier in this study. The company will not be referred to by its actual

name, but rather will be called "XCO"., XCO served an area of approximately

1700 square miles and received about 60 million dollars annually from the
sale of electricity to its 180,000 customers.

Investigation of XCO's generating capacity growth reveals that the
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latest plant went into operation with the completion of unit number

one in September, 1937, The installation of this plant is significant
in that the use of coal as a fuel is a departure from the use of oil as
a fuel at the company's other two plants, XCO now has five units in
operation at this coal-burning plant -- the last one having been com~

pleted in the latter part of 1965.

The model will accommodate three units, therefore, it was decided
that the validation study period would begin at the first of 1958 when
only one unit was available, and continue for three years -- a period
which would include the installation and operation of unit three. The
choice to use only the coal=burning plant was enhanced by the fact that
the results of operating this plant are reported separately in the com-
pany's statistical reports. This is important when comparing the simula-

tion results with the actual results,

Description of the Company Data Required

The data required for this study is divided into data on the gen-
erating units, and other company data. The data required for the gener-
ating units includes the maximum capacity which could be depended upon
under normal operation conditions, Also needed is the minimum capacity
requiring the generator to be put into operation (usually approximately
30 per cent of the maximum). Knowledge of the exact date of installa-
tion of each unit is also necessary.

One other‘cost figure is also needed ~-=- the cost of fuel. Since
all three units involved in this study use the same fuel, the cost which

the company pays for fuel for each unit will be identical, and these
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costs will be stated monthly for the three year period. In order to
accumulate the fuel cost for each unit, heat rate curves are also
required for each of the units.

In actual operation generating units are down many times during
the year for both scheduled and unscheduled periods. Since the down
times affect the total kilowatt~hours generated and the corresponding
fuel costs, they must be included in the validation study. Therefore
data concerning the time each unit is taken out of service and put back
into service must be included in the model.

Other data required from the company is the monthly maximum daily
peak demand and the monthly minimum daily peak demand. To determine the
correction adjustment for the daily peaks, it will be necessary to analyze
the peaks for each day of sample months. The data to perform this will
be required. The number of correction adjustment patterns to use will
be considered. For example, will the same pattern serve the entire study
period or will it vary from season to season or year to year?

Determination of the daily load profile is required. In previous
discussions it was noted that this profile will be expected to vary from
season to season. Therefore, typical days from each of the seasons will
be sampled and some average profiles will result for each of the four
seasons. The hourly adjustment will be determined from experimentation
on the model, and not from company's data.

Company policy dictates that at least one unit of the other plants
will be in operation, a good practice which provides instant reserve
capacity. The capacity of these units which are spinning without a load

is called spinning reserve, At the time that the coal-burning plant
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represents approximately one-half of the total generating capacity of
the system, this policy is relaxed. A factor is included in the valida-

tion model establishing the total generation which will be provided at

the other plants.

Company Data Used in the Validation Study

The generating plant under study will be referred to as the Gan
plant. Gan 1 was installed on September 15, 1957, with a generating capac-
ity of 125,000 kilowatts. Gan 2 was installed on November 15, 1958, with
a generating capacity of 130,000 kilowatts., Gan 3 was installed on
October 15, 1960 with a generating capacity of 180,000 kilowatts. The
minimum operating capacities for the three plants were considered as
40,000, 40,000 and 55,000 kilowatts.

The monthly coal bill expressed as cents per million BTU's is
shown in Table 8. This data was taken from the company's monthly finan-
cial reports for the period covered.

Data for the down times of the three units is compiled in a log
at the power plants. A sample of this log for Gan 1 for 1958 is shown
in Table 9, Similar information was available for the other years and
the other two units, and is included in the model. It was necessary to
convert the time from day and hour to a time compatible with the model.
Since the simulation is for each hour, starting with O hour at midnight
on December 31, 1957, all the times must relate to O hour. Thus the
first outage occurred at time 707 and the unit was back in service at
time 830, for a total down time of 123 hours.

The daily instantaneous maximum demands were available from
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Table 8. Monthly Cost of Coal for XCO, in
Cents/million BTU's

1958 1959 1960
Jan. 39.58 35.58 31.94
Feb. 38,70 33.65 32.14
Mar. 37. 14 35043 32. 56
Apr. 36.88 34.89 31.69
May 36.02 33.87 31.84
June 36,77 36,06 3l.68
July 36.71 34.77 32.47
Aug. 34.52 34.40 33.26
Sept. 33,79 34.63 32.66
Oct. 33.35 33.75 32.53
Nov. 34.84 33.52 3.7
Dec. 35.35 32.16 31.94

company records. Also the hourly instantaneous demand for the period
1955 to 1965 were available on punched cards. A printout of these cards
provided sufficient information to determine satisfactory daily load pro-
files and correction factors. The data on the punched cards is coded

so that the day of the week is shown for each day.

To calculate the daily load profile for each of the four
seasons, a sample week was randomly selected from each of the seasons
for 1959. The weeks selected were the weeks beginning on January 19,
April 13, August 24, and November 2, The daily load profile for each
day was calculated and an average for the week computed. This was
intended to give weight to the different profile which represents
Saturday and Sunday as compared to the week days. A plot of these four

profiles is presented in Figures 22 through 25.



Table 9. Log of Outages for Gan 1, 1958
our IN Type of Unavailable
Date Time Date Time Cause of Outage Outage Hours
1/30 10,454 2/4 3.53P Revisions to coal chutes and minor Maint. 123
repairs
2/7 4,03A 2/7 2.11P Lightning Arrestor ruptured by Forced 10
Lightning ,
3/26 10.45A 3/28 4,57P Ruptured Tube in "B" cyclone Forced 54
5/14 10,45  5/26 1,27P Tube ruptured in 1A cyclone Forced 278
6/13 11,182  6/15 1.16P Leaking tube in economizer Forced 38
7/26 9.04A 7/27 10.51P  Leaking cyclone tube Forced 38
8/1 10,42  8/13 8.044 Acid clean boiler and minor repairs  Maint. 273
8/13 11,384  8/14  11.45P Fire in furnace skin casing Forced 37
9/28 10.33P 9/30 5.39A Repair leak in slag tap cooling Maint. 30
coil
10/19 12,45P 10/20 4,31P Leaking tube in 1C cyclone Forced 27
11/21 8.11F  12/5 5.114 General Maint. of Boiler Overhaul 322
12/12 11.2%P 12/13  11.00A Leak in Boiler slag tap cooling Forced 12

coil

L6
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The correction facéor adjustment used for determining the daily
peak was calculated for each year. To calculate the correction factor
by months it is necessary to compare the straight-line estimate with the
actual maximum daily peak, for each day of the month. For an approxi-
mation of the correction factor for a year, using a sample of six months
(every other month beginning with January) the monthly factors were each
computed and averaged together for each year., The resulting correction
factors appear in Figures 26, 27, and 28.

The hourly adjustment necessary to compensate for the difference
between the highest hourly demand and the average demand for each hour
will be 9pplied to the correction factor. Although this adjustment has
no direct relationship to the correction factor, since both are percent-
ages applied to the daily peak, it is a convenient location to introduce
the adjustment into the model. After this adjustment is performed, the
resulting correction factor will be referred to as the correction factor
modified.

Heat rate curves for Gan 1, Gan 2, and Gan 3 were provided to
the company by the manufacturer at the time of their installation. These
curves are the theoretical curves and are the only ones available. The
company has not conducted any studies to determine if, under the actual
operating conditions, different heat rate curves might result. Three
curves for each unit are available, each for a different constant cir-
culating water temperature -- 65°F, 759F, and 85¢F.

The company suggested that the 75°F curves be used. It was

decided that during the warm months a different curve would provide more
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accurate results., This was accomplished in the model by modifying the
BTU per net kilowatt-hour, which is obtained from the heat rate curve.
A suitable adjustment will be determined by experimentation.

The heat rate curve for each unit is shown in Figure 29. Only
the 759F curves are shown, since they are the basis for those included
in the model.

To compensate for the operation of the other two plants, a base
generation load of 8l megawatts is included during the time Gan 1 is in
operation alone. As soon as Gan 2 is in service this base generation
at the other plants is reduced to 55 megawatts. When Gan 3 is installed,
all base generation at the other plants is neglected., The 81 megawatts
represents the largest of the units at each of the other plants, and
the 55 represents the largest unit at one of the plants plus the second

largest unit at the other plant.

Results of the Validation

The complete model used for the validation study is given in Appen-
dix D,

To check the validity of the model, three outputs from the simu-
lation are compared with actual company operating results. These actual
results are published by the company in an annual report of the company's
financial and operating statistics. The comparisons will be on the fuel
cost for operating Gan plant, the kilowatt-hours generated at the Gan
plant, and the total generation demanded by the total system. The results
are shown in Table 10,

The comparison indicates a very close relationship between the
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actual and simulated results. Another indication of the satisfactory
operation of the model is seen by comparing the portion of the total
generation at Gan to the total company generation demanded for both the
simulation and actual operation. In 1958 the simulation for Gan gener-
ated 41.8 per cent of the total and the actual was 40.4 per cent. In
1959 the simulation was 59,7 per cent compared to 56,6 per cent, and
in 1960, 66.4 per cent compared to 65.5 per cent. The total for the
three year study was 56.8 per cent for the simulation and 55.3 for the
actual results., These results also suggest that the simulation model
is behaving very closely to the actual operation of the company.

The results obtained were based on the use of 5 per cent as the
adjustment to the instantaneous demand. The heat rate curve necessary
to produce these results was the 70°F curve for winter and the 75°F

curve for summer.

Conclusions
The results indicate that the selection of all of the factors
is satisfactory. Further modification of the adjustments could probably
make possible a closer correlation of the actual and simulated results,
However the results appear to be acceptable for the purpose of this
study. The following chapter will utilize the basic¢ model to conduct

experiments as required for this research.
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Table 10. Validation Results versus Actuwal Results
MWH Gen-
Per erated Per Total MWH Per
Year Fuel Cost Cen‘t1 Validation Cent Demanded Cent
1958 3,006,000 102.6 829,700 105.5 1,986,800 102.1
1959 4,601,000 101.8 1,325,900 105.7 2,220,800 100.,5
1960 5,324,000 94,4 1,647,700 101.1 2,480,100 99.7
Total 12,931,000 98.8 3,803,300 103.6 6,687,700 100.7
|

Actual ‘
1658 2,930,371 786,405 1,945,211
1959 4,517,800 1,254,750 2,209,186
1960 5,642,001 1,629,143 2,487,104 f
Total 13,090,172 3,670,258 6,641,501

lThe per cent is the ratio of validation results to actual results.
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CHAPTER VI
DETERMINATION OF A MEASURE OF PERFORMANCE

Introduction

The validation of the medel having been completed, a tool is
now avalilable to conduct studies specifically intended to develop a
technique for measuring managerial performance, It is reemphasized at
this point that the objective of this research is not to develop a
specific measure of performance for the particular company being used
in this research. Rather, the objective is to develop a technique
and procedure which will make a measurement of this sort possible.

For this purpose the company previously used for the valida-
tion study, XCO, is used. It is necessary to select a time period,
after which various alternatives are selected and simulated on the
computer model. The results of these runs will be discussed and a
measure of performance presented.

The purpose of using various alternatives is to determine
whether a better investment pattern and selection of unit sizes could
have been followed by the management. The definition of best is the
lowest total present worth cost as previously discussed.

Additicnal cost information necessary for this phase of the
study includes cost of installation for each unit, method of financing,

insurance rates, property tax rates and federal income tax rates. Also
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necessary is a cost figure for each kilowatt-hour of electricity that

is not generated at Gan plant.

Selection of Study Period-

To prﬁvide a basis for this selection, it is helpful-to con=
sider the growth'péttern of the company and the installation pattern,
Figure 30 provides a plot of this information. At the beginning of
1958, the gemerating capacity was adequéte for the peak load and at the |
end of 1963 it appeared to be adequate. Approximatgly the same excesé
capacity was available at each point, the exﬁess being expressed as a
percentage of the peak locad. There are also other reasons for using
this period. ‘

In the validation study the first three years of data were
already in the modgl. Also, during this six year period only three
units were in operation. Thus no modification will be necessary to the
basic moéel. Six years is a sufficient period to provide several alter-
native generating installation patterns. Thﬁrefore, the sixiyear périod

from 1958 to 1963 was selected as the study period.

Selection of the Alternatives

Figure 30 presented the actual installation pattern the company
followed with ifs:gehefétiné units.” This existing pattern is referred
to as alternative A and is the same 6ne'used for the validation study.
Ihvestigation of the growth pattern_suggesté other managemeht patterns
which the company could and might have fdllowed had it known with cer-

tainty what the growth pattern would be.
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While many possible patterns could be considered, a study of the
growth rate suggests certain obvious possibilities. The first is that
of using a single large unit for the overall period under study. A 350
megawatt unit would provide sufficient capacity for this period. This
size unit is more efficient than the units used in alternative A. The
question to be considered is whether the extra investment at time zero
would be offset by the reduced fuel costs. Also, the effects the other
cost aspects might have on the total costs is not certain. This alter-
native is referred to as B, Figure 34 presents a comparison of this
alternative and the next two. ,

Alternative C is suggested as a compromise between A and B. It
is not expected fo be the optimum but neither is it expected to be the
poorest., It consists of an initial unit size of 150 megawatts and a
second unit of 200 megawatts which would be placed in service in November,
1960.

Alternative D was expected to be the best solution, since the
capacity remains as close as possible to the annual peaks. It begins 5
with the same 150 megawatt unit as in C but, instead of installing a 200
megawatt unit, a 130 megawatt unit is installed in November. The total
capacity remains unchanged until November, 1962, at which time a 70
megawatt unit is installed. The investment cost of this pattern will
be at minimum, but it is uncertain as to whether this will be sufficient
to offset the higher fuel costs resulting from using smaller less effi=-
cient units.

The three alternatives suggested are in keeping with the same
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technological advances which the company has found acceptable. No rad-
ical changes are to be introduced, such as adding a nuclear unit or
switching to hydro-electric generation. All of these are possibilities
but are not in the scope of this study. A measure of performance can

be secured by remaining consistent with the philosophy which the manage-

ment has been following regarding the type of generation to be used.

Modifications to Validated Model

It is necessary to modify the model to eliminate the possibility
that a particular alternative might be unknowingly favored. For this
reason the unit down times will not be included in the model. It would
be very difficult to estimate the down times for other units. Thus, by
not including any down times, all of the alternatives are being treated
equally.

The base generation at other plants was withdrawn from the model.
Company policy will determine the amount to use with each of the other
alternatives. If this figure is left out for all four alternatives
there is no bias toward any one of the plans. In conjunction with this,
Gan plant will not generate all the system requirement even though there
is no arbitrary base generation at the other plants. This is due to a
combination of the demand of each hour and the minimum generation imposed
on each generator. The minimum, it will be recalled, is the point on
the heat rate curve beyond which it is economical to operate that unit.

If only one unit is serving Gan for the entire period of time,
the other generation would be the sum of all of the hourly generation

demands which were less than the minimum for the unit. However, with
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two units, it is the balance not generated by the most efficient unit
which must be compared with the minimum capacity of the remaining unit.
If the remaining demand is less, then this amount is transferred to
the other generation account. With three units this process would
involve the complexity of the demand remaining from the first two more
efficient units.

Since some other generation will occur, and it will be different
for each combination of units and sizes, a cost must be attached to
it so that the alternative can be fairly compared. The results will
be used for relative comparison between the alternatives. Therefore
if the cost is reasonably realistic the ocutcome of the comparison will
be unchanged,

The company has two other plants which will be used for providing
this additional generation. The only significant variable cost asso-
ciated with the operation of these plants for other generation is the
fuel cost. From information in the company's operating statistics cal-
culations were conducted which yielded a fuel cost of approximately 0.5
cents per kilowatt-hour generated. This is the figure which establishes
the cost for additional generation.

The cost of the units is needed, not only to reflect the invest-
ment, but also as a basis for calculating the insurance costs, taxes
and depreciation. All costs for alternative A will be used to determine
the costs of units for the other alternatives, by interpolation and
extrapolation. The insurance rate for alternative A will be used on all

the other alternatives. The same procedure applies for property taxes.
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The costs of installing Gan 1, Gan 2 and .Gan 3 were $18,347,357,
$14,443,492, and $19,489,280 respectively. The cost per kilowatt of

capacity of the first unit is always higher than the second or third

unit since it is charged with land and right-of-ways which are one~time _

costs. Costs for structures and improvements and miscellaneous equip-
ment for the first unit is higher_than for the succeeding units as there
is 'somes carry over in thé use of some of this equipment. Therefore
a base cost of installing the first unit was established as the differ-
ence; between the cost of uhit one and unit two. It was arbitrarily
assumed that this base would be cénstant regardless of the size of the
first unit. The variable cost was approximated by the cost per kilowatt
of capacityi for unit two.

‘The base cost was assumed to be $3,903,865 and the variable cost
was assumed to be $115.55/KW. Table 11 contains the results of the

cost estimation procedure for:-all units used in the B, C and P alterna-

tives

Table 11. Cost Estimates for Alternative Units
Unit size -KW  Total Cost Cost,/KW
350,000 . $44, 346,365 | $126.70
200,000 23,110,000 115.60%
150,000 21,236,365 141.60
75,000 ' 8,666,250 115.60%

H
These units will not be the initial unit in the plant.
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The. cost of capital needs to be considered in this phase of
the study, If the single securify issue were made at the time a unit

was complete, then the problem would be simple, However, this was not

~the case with this company. Unit one was installed in September, 1957.

In July, 1957, an $18,000,000, 5 per cent first mortgage bond issue
was offered and sold for a premium. In September, 1957, some common
'stock.ﬁas sold which yielded $5,931,908. In July, 1958, a $25,000,000
4,25 per cent f;rst mortgage bond issue was made and the bulk of it was
used to call the $i8,000;000 5 per cent issue made in 1957. Teo con-
tribute to the compiéxity,'short £erm bank loans as WE;I as retained
earnings were used during the construction period‘for partial financing
of the construction. fhere were no records made évailable'to the author
indicating the actual sources of funds used to finanée the installation.

Due to this problem, it was decided to use the investment as it

was reported for each unit and to discount any future investment back

to the present,wlith the earnings rate as the discbunt rate, The deter-

mination of the true cest of capital for e  h-ﬂnit igvéstment presents

a formidable problem and is cértainly'wﬁﬁq, oh$idefétﬁon'iﬁ a separate

:study.

An insurance rate was determined from'the total annual insurance
premium which the company'paid in 1965 on the Gan plant. The total
investment at that time included Gan 4 but the rate per dollar of invest-~
ment should be reasonably constant, The,ﬁotal premium was $56,335 or

é rate of 0.0008185 dollar per dollar of investment. The property taxes

for 1965 were $331,666 for a rate of 0.004819 dollars per dollar
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investment. These rates are included in the model to be used with
each alternative.

The income tax rate used in this study is 50 per cent. This
falls just short of the incremental rate which a corporation at that
time paid on all taxable income in excess of $25,000. There is no
state income tax in the state in which XCO operates.

Additional heat rate curves are required for the units used in
alternatives B, C and D, For the purposes of this study it was decided
to interpolate and extrapolate from the existing curves and assume that
the company would be in keeping with the technical level acceptable to
them in alternative A. The curves so estimated are shown in Figures
31, 32 and 33. Another actual curve was available from the company for
a 260 MW unit which was installed after this study period. The estimated
curves are included in the model with reference to the alternative for
which they are required,

The annual earnings rate of the company is used as the annual f
interest rate in the present worth conversions. The rates are as fol-
lows: 0,027, 0,021, 0.018, 0,018, 0.021, and 0.019 for the years 1958
through 1963 respectively. These rates are programmed into the model,

The fuel costs for the first three years were included in the
model for the validation study. The fuel costs for the next three years
are added to the model so that complete fuel cost data is in the model
for the period 1958 through 1963. The same is true for the monthly de-

mand data. It has also been updated to include the data for the overall

period.
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Results of the Alternative Simulation Studies

As previously outlined, each alternative was programmed into
the model and the simulation was carried out for the same period of
time with the same growth rate of demand, The results of the computer
simulation for each alternative are shown in Table 12, The total cost

is the present worth of all of the costs which occurred throughout the

study period.

Alternative B is the least expensive plant to provide services

for this period of time.

the total capacity of the three unlits exceeded those of other alterna-

Alternative A is the most expensive since

tives. Interesting is the fact that there is a variation among the

other three alternatives of $7,653,000 -- a significant difference to

accrue over six yearse.

Table 12, Results of the Simulation for all Alternatives

Alternatives A B C D

Fuel Cost 43,281,000 45,650,000 38,290,000 35,382,000
Other Generation

Costs 10,973,000 4,199,900 17,546,000 22,291,000
Investment Cost 50,917,000 44,247,000 43,117,000 42,188,000
Property Tax cost 1,230,100 1,197,400 982,170 898,740
Insurance cost 208,930 203,370 166,820 152,650
Income Tax credit 7,369,400 7,044,400 5,935,400 5,441,900

TOTAL COST 96,465,000 85,756,000 91,672,000 93,409,000

Gan Generation

Cost MWH 13,549,000 14,918,000 12,155,000 11,122,000
Total Generation

MWH 15,839,000 15,839,000 15,839,000 15,839,000
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In analyzing the results, alternative B is the lowest primarily
because of its ability to generate the largest portion of the total
kilowatt-hour demand of the system. Thus fewer of the kilowatt-hours
were charged to the cther generation cost at 0.5 cents per kilowatt-hour.
Also, the average fuel cost of generating electricity with alternative
B is the least expensive of the four alternatives at a rate of 0.306
cents per kilowatt-hour. It is 0.320, 0.315, and 0.320 cents per kilo-
watt-hour for alternatives A, C and D, respectively.

These significant reductions in unit fuel cost are more than
sufficient to offset the higher investment cost. Alternative B is also

favorable regarding the income tax benefit when comparing it with alter-

natives C and D. It is $1,109,000 better than alternative C and $1,602,500

better than alterpative D. When compared with alternative A the differ-

ence is close -- $325,000,

Measure of Performance

The measure of performance is defined in Chapter I as the ratio
of the standard performance measure to the actual performance measure,
The standard performance measure is the cost of the best alternative.
In this example, it would be the cost associated with alternative B --
$85,756,000. The actual performance would be the cost associated with
the alternative representing the actual investment pattern. This would
be the cost for alternative A -- $96,465,000.

The measure of performance is $85,756,000/96,465,000 or 0.889
which may be expressed as 88.9 per cent. This measure indicates that

the company's performance could have been 11.1 per cent better than it
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actually was. This calculation, 0.111 x$96,465,000, yields $10,709,000
which is as expected (96,465,000 - 85,756,000}, If the results of alter-
native D were to be considered as the actual performance, then the meas-
ure of performance would be 91.8 per cent and for alternative C it would
be 93.5 per cent., There are many alternatives which the company could
have followed which would have provided poorer results than alternative
A. 1If this had happened, then the measure of performance would have

been lower than 88.9 per cent.

Recommendations for Adoption

These results are based on estimated cost data and heat rate
curves for the alternative courses of action. Thus the measure of per-
formance is considered an indication of the performance rather than a
specific measure. If a commission were to adopt this method for deter-
mining managerial performance. It might consider the following recom-
mendation,

First, when a company considers the installation of a unit, it
would be required to secure alternative bids from the manufacturers
and provide this information to the commission. This information would
include cost data and heat rate curves for generators which were avail-
able to the company. With this data, many alternatives could later be
simulated for the specific company and the results would be realistic.

Second, a committee consisting of representatives of each of the
power companies should be organized. They would make decisions regard-

ing the arbitrary assumptions made in this study, for example the cost
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of other generation, the interest rate to use, and the freatment of
cost of capital.

Otherwise, the same procedure followed in this study for secur-
ing the data is recommended. Perhaps the validatién study could be
experimented with further, but this is not viewed és a critical point

by the author.

Conclusions

The resulis of'appIYihg the alternatives to the model have pro- .
vided the type of information expected. The magnitude of the specific
reéults was not necessarily as anticipated. Alternative B probably_wbuld
have been difficult for management to accept, and even more difficult
to sell to the directors of thé company. Thus it would have taken an
astute ﬁanagement to select such an alternative. This is an indication
that this type of study is essential and can be used by the utilities
for planning purposes, The measure of performance determined for XCO

indicates that this method will meet the objectives of the study.
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CHAPTER VII
CONCLUSIONS AND RECOMMENDATIONS

The literature abounds with methods for measuring managerial
performance but none is applicable by regulatory commissions for the
purpose of basing a reward for above average managerial perfofmance.
The developmént of a simulation model to represent an electric utility
operation fbr détermining a measure of managerial pe;formance is a new
approaeh. This apprcach allows thé actual performance of a utility to
be comparable to5possib1e performance during the samé'periods of time.

Twenty-three coﬁpahies”were selected as the sample to sfudy.' |
Analyseé in éhépter III.reVealed.that among the éample the production
department accounted for 60 per cent of the total operating expenses
and 40 per cent of the total plant investment. Multiple correlation
studies -showed that among the sample 87.5 per cent of the variatien in
the total operating costs was attributed to variation in the production
costs. Consequently, the production department was accepted as being
satisfactory for the purpeses qf this study to fepresent the operation
of an électric utility company.

The general model is de§e10ped in Chapter IV. The hour was
selected as the basic unit of time for simulating the operation. A
procedure was developed to provide accurate hourly demand information

in the medel with a minimum of demand information as input. The

introduction of actual heat rate curves for the company's generators and actual

fuel costs provided the remainder of the information required for the determination
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of the economic loading of the generators during the simulation study.
This provided the operating cost information. The other costs considered
in this study were those associated with the investment. These included
the cost of capital, insuvrance costs, property taxes and the income tax
effect resulting from the depreciation of the production equipment.

The comparison of the costs for simulation operation of each
proposed alternative was made using present worth equivalents. It was
necessary to consider the minimum attractive rate of return to be used
for discounting all of the costs to the beginning of the study period.
Chapter iV a2lso contains the necessary mechanics for accomplishing the
actual disceunting during the study, utilizing the continuous compound-
ing technique. The general model was translated into a computer model
using the Dynamo language, Data was collected from a selected company
and used to operate the model on an IBM 7094 computer for validation
purposes. The simulation results and the actual published results for
the same time period were compared. Chapter V presents the details of
this validation study. The conclusion was that the model does provide
acceptable operating results.

The same company which was used for the validation study was
also used for determining a measure of performance by the method pro-
posed in this study. Alternative investment patterns were considered
which management could have followed, Each of these alternatives and
the actual pattern followed for this same period of time was simulated.
A comparison of the present worth equivalents for each of these
alternatives provided a measure of performances as outlined in Chapter

VI.
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The alternatives selected were not exhaustive. They did appear
to consider what could be called the extreme points of the set of all
possiblé points or alternatives. The important result of this study
is not that the best alternative was considered but rather that alter-
natives can be selected whicﬁ do provide significantly different results
than those chosen by management. By the use of the extreme points it
should be a quick process to select the optimum alternative by the
process of elimination. The results of the alternatives selected did
reveal a significant difference between results, 1In this particular
case it was an extreme point which was the optimum,

The hypothetical nature of the study is recognized. It was
necessary to make assumptions regarding costs and heat rate curves for
the alternative patterns of unit lnstallation. Suggestions were made
which would make possible the use of actual data should this method be
adopted by a regulatory body for measuring managerial performance,

This method does provide a technique for establishing a measure
of performance which is completely independent of the results of other
companies' operations. It is a measure of actual performance compared
to possible performance. It can be stated that a method has been devel-
oped for measuring managerial performance in the regulated electric
utility industry. This method can be adopted by a commission for appli-
cation within its jurisdiction. It is expected that the nature of this
technique would result in consistent and fair treatment for all the com-

panies to which it is applied.
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Recommendations

The following suggestions are made for possible future research:

1. The development of a measure of performance is the first step
toward fulfilling the need to reward managerial efficiency in the regu-
lated utilities. With a measure of performance available, the next step
is the devélopment of a procedure for translating the measure of perform~
ance into a reward for the utility.

2. Since this study has been conducted with electric utilities,
further research could be performed by developing simulation models for
the other industries. Applying the same techniques used in this study to
these models would provide a measure of performance for these other
utilities.

3. Further research could be accomplished by developing a model
with a different simulation language or developing a simulation language
specifically for this type of study.

4. Investigation of the use of the model for other purposes
within the electric utility is another possibility. This could include
the use of the model for investigating investment pattern proposals.

By varying the daily load profile which could be effected by a sales
promotion, the effect on fuel costs and total generation could be deter=-

mined,



APPENDICES




130

APPENDIX A

A LIST OF TWENTY-THREE PRIVATELY OWNED

ELECTRIC UTILITIES

A sample of 23 privately owned electric utility companies was

selected for this study., The companies chosen, listed in the order

in which they appear in Federal Power Commission publications, are as

follows:

1.

2.

3.

4.

5.

6.

7s
8.
9.
10.

11.

12,

13.
14,
15.

16.

United Illumiﬁating Company (Connecticutt)

Potomac Eiectric Power Company (D.C.)}

Florida Power Corporation (Florida)

Florida Power and Light Company (Florida)

Gulf Power Company (Florida)

Tampa Electric Company (Florida)

Savannah Electiic and Power Company (Georgia)
Commonwealth Edison Company (Illinois)
Indianapolis Power and Liéhtho%pany'(inaiénaj
Public Service Company of ihdiana, Inc. (Indiéna)'
Louisiana Power and Light Company (Louisiana)
Mississippi‘Power Company (Mississippi)
Mississippi Power and Light Company (Mississippi)
Atlantic City Electric Company (New Jersey)

Jerséy Central Power and Light Company (New Jersey)

Columbus and Southern Ohio Electric Company (Ohio)




17.
18.
19,
20.
21,
22,

23,

The

will be used

Ohio Power Company (Ohio)

Duquesne Light Company (Pennsylvania) -
West Penn Power_Company.(Pennsylvania)
Dallas Power and Light.Company (Texas)
Houston Lighting and Power Company (Texas)
Southwestern Electric Power Company (Texas)

Texas Electric Service Company (Texas)

number listed beside each company is the number which

to reference each company in the remaining appendices.
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APPENDIX B

OPERATING EXPENSES FOR TWENTY-THREE SELECTED
COMPANIES, 1951-63

Operating expense data for electric utility companies is pub-
lished annually by the Federal Power Commission. From this the data
for each of the 23 selected utilities was tabulated on punched cards,
by years, fcr the six expense areas as designated by NARUC, for the
total expenses, and for the total kilowatt hours generated. An Algol
program was written so that the punched card data could be presented as
a per cent of the total and also as cents per kilowatt-~hour, The out-
put of this information is presented on the following pages.

In the column titled "CO-YR" the last two digits are the year,
and the preceding digit(s) is the number assigned each company in
Appendix A. The kilowatt-hours are expressed in millions of KWH and

the amounts are expressed in thousands of dollars,
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APPENDIX C

PLANT INVESTMENT FOR TWENTY-THREE SELECTED

COMPANIES, 1951-63

Plant investment data are available for electric utility
companles in Federal Power Commission publications., This data for
the 23 selected companies was recorded on punched cards. An Algol
program enabled this data to be presented as a per cent of the total
for each area of investment. The output is presented on the following
pages for each year,

In the column titled "CO-YR," the last two digits are the
year and the preceding digit(s) is the number assigned each company in

Appendix A. The amounts are expressed in thousands of dollars.
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APPENDIX D
DYNAMO MODEL

Dynamo is a computer program for translating mathematical
models into a program which enables the model to be simulated on a
digital computer, Dynamo consists of a number of algebraic relation-
ships that relate the variable one to another. The dynamo model is
the list of all of these relationships or equations. The format for
each equation is specific, therefore limited. The Dynamo User's Manual
(23) provides the exact punching format for the 58 equation formats
which may be used.

Since this is a simulation model, it is necessary to provide a
methed for moving the model through time, The formulation of the
model is such that each equation in the model must be solved at each
point in time during the simulation. This provides a new valve for
each variable at each time point. The time notation used in the model

structure is shown in Figure 35,

JK KL
interval interval

TIME

Figure 35, Time Notation.
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The present time is denoted as time K, the previous point in
time is time J and the next point in time will be time L. The respec=-
tive intervals between these points are referred to as intervals JK and
KL. The values found at time J for all variable will be used at time
K to solve again all of the equations. In this model the time interval
was selected as one hour. Thus for a one year simulation period, each
equation is solved 8,760 times,

The model of the electric utility company developed in this study
has been translated into the dynamo language. It is presented on the

following pages.
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ALTERNATIVE A
125MW,y 130MW, 180MW

CP1l=125

APLlI=18347357

Teil=1

CP2i=130

APZ2I=14443492

P2l =7656

CP3I=180

AP3]1=19489280

TP3l=24444

BGUP1=8a1

BONPZ2.K=STEP(26,4,T656)

MNG=40

I1A.K=TABHLIGNL +MW1A.K,40,125,5)

IlBoK=TABHL(GN]L +MWIB.K+40,12545)

[LC.K=TABHL(GNL +MWIC.K440,1254+49)
GN1#=10.66/10.87/10.78/10.69/10.60/10.51/10.42/10.33/10.24/10.15/1
0.07/10.02/9.97/%.94/9.92/9.91/9.90/9,91

12A.K=TABHLIGNZ yMW2A.Ky40+130,5)

12B.K=TABHL{GN2 MW2B.K,40,130,5)

[2C.K=TABHLI(GNZyMW2L.K+404130,5)
GN2#=10.50/10.43/10.36/10.30/10.23/10.16/10.,09/10.02/9.96/9.89/9.8
3/9.79/9.76/9.73/9.72/9.12/9.73/9.75/9.178

T3ALK=TABHL{GN3 MW3A4.K¢554180,51

I3B.K=TABHL(GN3,MW3IB.K,55,180,5)

[3IC.k=TABHLIGN3I+MW3C.K,55,180,5)
GN3#=10,11/10.07/10.03/9.99/9.95/9.92/93.88/9.83/9.80/9.76/9.72/9.6
BIG.64/9.60/9.5T/9:54/9.51/9.49/9.47/9.46/9.45/9.45/9.445/9.45/9.4
5/9.455

UNIT DOWN TIMES

FOR VALICATICN STUCY CNLY

D10 K=STEP(-P1,T70T)
D1ULK=STEPLPLl,830}
020 .K=STEP(~P1,892)
02U.K=STEP(PL,902}
03D.K=STEP{=-P1,2027)
N3U.K=S5TEPI(P],2081)
D40, K=STEP(-P1,3215)
Q4U.K=STEP(P1,3493)
05D.K=STEP{~-P1,3935)
O5U.K=STEP(PL1,3973)
060,K=STEPI=-P1,4953)
D6U,K=5TEP{Pl,439])
NID.K=STEP(-P1,y5111)
DTU.K=STEPIP1,5384)
uUsD,K=STEPI-~P1,+5388)
DBU.K=STEP(P1,5425)
9D .K=STEP(-P1,6503)
O90.K=STEP(P14+6533)
ClOB.K=STEP[-P1,6997)
N10U.K=STEPIP1,7024%)
OL1D.K=STEPI-P1,7796)
O11U.K=STEPI(P1,8118)
012D.K=STEP{-P1,8303)



454
4SA
454
454
454
454
45A
454
45A
45A
45A
454
45A
45A
454
45A
454
45A
454
454
454
454
45A
454
454
454
454
45A
45A
454
454
45A
454
45A
45A
45A
45A
45A
45A
454
45A
454
45A
454
45A
45A
45A
45A
45A
454
454
45A
454
454
454
454
45A
457
454
45A

0Ol2U.K=5TEP(P1,8315)
G130.K=STEP(-P1,8B06)
J13U.K=STEP{Pl,8862)
Ol4DK=5TEPI-Pl,9143)
014U.K=STEP(P1,9198)}
0150 .K=5TEP{-P1,9559)
015U.K=5TEP(P1,959T}
0l6D.K=STEP(-P1,10006)
016U.K=STEP{P1,10038)
017D K=STEP{-P1,1067T7)
O17U.K=STEPIP1,10753)
018D.K=5TEP{-~P1l,11681)
D18U.K=STEP{Pl,11698)
018D .K=STEP(-P1,11892)
Ol9U.K=STEPIPL1,12739)
020D .K=STEP{-P1,13323)
D20U.K=STEPIP1,13591)
1J21D.K=STEP{-P1,16031)
D21U.K=STEP{(P1,16087T)
N22D.K=STEP{-P1,+17327)
022U.K=STEPIiPL,1T336)
023D.K=STEP{-Pl,17711}
D23U.K=STEP(PL,17729)
024D.K=STEP(-P1,18743)
024U.K=STEP{P1,18774)
0250 .K=STEP{-P1,19390)
D25UK=STEPI[Pl,19443}
D260 .K=STEP(-P1,19871)
026U.K=STEP{P1,19919)
3270.K=STEP{-P1,20400)
D2TU.K=STEPIP1,20403)
D280 .K=STEP{-P1,20699%)
N28U.K=STEP(P1,20748)
029D .K=STEP(-P1,21383)
029U.K=STEPI(Pl,21438}
0300 .K=STEP(~-P1,21864}
O030U.K=STEP(P1,22003}
U3LD.K=STEPI-PL,22485)
031U.K=5TEP{PL1,22510}
0320 .K=STEP(-P1,23063)
032U.K=STEP{Pl,23144)
N33D.K=STEP(-PLl,24238)
033U.K=STEP[(PLl,24732)
N034C.K=STEP(-P1l,25682)
D34U.K=STEP{P1,25732)
051D K=S5TEP[-P2.,K,7772)
051U.K=STEP{P2.K,T781)
052C.K=STEP(~P2.K,8433)
N52U.K=STEP(P2.Ky8494)
D53D.K=STEPI-PZ2.K,8590)
O053U.K=STEP{P2.K+8743)
54D .K=STEP(-P2.K,9566)
054U K=STERPIP2.K,3567)
055N .K=STEPI=-P2.K,9570)
055U .K=STEPIP2.K.9571)
156D K=5TEP[-P2.K+9646)
056U.K=STEP[P2.K,9701)
DSTD.K=STEP{-P2.K,9900)
A57TU.K=STEP(P2.K,990T7)
0580 .K=STEP{-P2.K,9912)
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158U.K=STEP{P2.K+9916}
0590 .K=STEP{-P2.K.:9990}
10591 K=STEP(P2.K,10003}
060N.K=STEP[=-P2.Ky10319)
N60U.K=STEPIP2.K,10375)
0610 .K=STEPI-P2.K,10487)
O61U.K=STEP{P2.K,10542)
D620.K=STEP[-PZ.K,11302)
U62U.K=STEPIPZ.K4s11308)
D630 .K=STEP(-P2.K,11495)
D6E3U.K=STEPIPZ2.K,11551)
N640.K=STEP({-P2.K412191)
064U.K=STEPIP2.K,12209)
065D .K=STEP[—P2.Ky12845)
N65UK=STEP[P2.K,14060}
D66D.K=STEP[-P2.K,14067)
066U.K=5TEPIP2.K,14186)
067D .K=STEPI[-P2.Ky15026}
D6 TU.K=STEP[P2.K,16031)
D680, K=STEP(-P2.K,17207)
O68UK=STEP[P2.K,1T7262)
0690 .K=STEP[-P2.K,y17735)
D6FU.K=5TEP{PZ2.K,17765)
OT0D.K=STEPI[-P2.K,18071)
OTQUK=STEPIP2.K,18086)
DT1D.K=STEP|-P2.X,18239)
OT1ULK=STEPIPZ2.K,18260)
NT2DK=STEPI-P2.K,2020T)
DT2UK=STEPIP2.¥,20252)
UT3D.K=STEP(=-P2.K,+20375)
OT3U.K=STEPIP2.Ky20386)
DT4D K=5TEP(-P2.K,20401)
NT4U.K=STEPIP2.K,y2057T)
OTH0.K=STEP{-P2.K421359)
OT3U.K=5TEPIP2.K,21366)
OT6DK=5TEP{-P2.K,21556)
OT6U.K=STEP{P2.K,2160T)
DTTD.K=STEP({=-P2.Ks+21659)
OTTU.K=STEP{P2.K,21683)
OTBD.K=STEP{-P2.K,23235)
DTBUK=5TEPIP2.Ky23345)
N7I0.K=STEP[-P2.K4+25317}
NTFU.K=STEPIP2.K,25%81)
080D .K=STEPI(-P2.Ks26149)
RBOU.K=S5TEPIPZ2.K,2615T)
P1D1.K=010.K+DlULK
P1D2.K=020.K+D2UK
PLD3.K=03D.K+03U.K
PID4.K=04C.K+D4U.K
P105.K=05D.K+05U. K
P1D6.K=D6D.K+D6ULK
P1OT.K=DTD.K+OTU.K
PID8.K=08D.K+0BU.K
PLD9.K=0SD.K+09U. K
PID10.K=GLl0D.K+D10U.K
PIU11.K=C11D.K+D11U.K
PID12.K=C120.K+012U.K
PID13.K=Cl3D.K+013U.K
P1D14.K=Cl4D.K+0Ol4U.K
PI1D15.K=C150.K+015U.K
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PID16.K=CLl6D.K+0L6U.K
PIN1T7.K=C1TD.K+D1TU.K
PI1D18,K=C18D.K+(218U.K
P1019.K=C1l90.K+019U.K
PlD20.K=C20D.K+020U.K
P1DZ21.K=C21D.K+021U.K
PlD22.K=C22D.K+022U.K
PI1D23.K=U23D. K+023U.K
PLDZ24.K=024D. K+024U.K
PLDZ25.,K=025D.K+025U.K
PID26.X=026D. K+026U. K
PlD27.K=C27D.K+02TU.K
PlD28.K=020D.K+028U.K
P1D29.K=029D.K+029U.K
P1030.K=C30D.K+030U.K
PID31.K=EC31D.K+031UL.K
PID32.K=C32D.K+032L.K
P1033.K=033D.K+033L.K
P1D34.K=C34D.K+034U.K

PIDC1eK=PlD]1.K+PLD2 . K+P1lD3 . K+P1D4.K+PLlDS.K+P1D6K+PLIDT7.K+P1lDB.K
PIDCZ.K=PLlD9.K+PID10.K+P1D11.K+P1D12.K+P1DL3.K+P1D14.K
PIDC3.K=PlD1l5.K+PLD16.K+P1D17.K+P1D18.K+PLD19.K+P1D20.K
PlUCG«K=PLD2L«K+P1D22.K+PLDZ23 K4PLID24 . K4+PLID25.K+P1D26.K
PIDCS5.K=P1D27T.K+P1D28B.K+P1DZ29,K+PlD3Q.K+P1DIL.K+PL1D32.K
PlDC6.K=PLD33.K+P1lD34.K
PIDC.K=PlDC1.K+PLDC2.K+PLDC3.K+PLlDCG.K+PLCCS.K+PL1DCH.K

P2D1.K=051DK+051U. K
P2D2.K=052D.K+052U.K
P203.K=053D.K+053U.K
P24 . K=054D.K+054U. K
P205.K=(1550.K+055U.K
P206.K=(156D.K+D56U. K
P2DTK=05TD0.K+(5TU.K
P208.K=058D.K+058U.K
P2D9.K=D59D.K+059U.K
P2010.K=C60D.K+060U.K
P2111.K=C61D.K+061L.K
P2D12,K=062D.K+0620L.K
P2013.K=C63D.K+U63U.K
P2D14.K=Co40D.K+064U.K
P2D15.,X=C65D.K+065U.K
P2D16.K=0h6D.K+066U.K
P2ULT.K=CATD.K+D6ETU.K
P2D1B.K=C68D.K+U68U.K
P2D19.K=C69D.K+069U. K
P2N20.K=CT0D.K+0TOU.K
P2D21.K=C7lD.K+D71U.K
P2N22.K=CT20.K+072U.K
P2N23.K=D073D.K+073U.K
P2D24.K=CT4D.K+0T4U.K
P2D25.K=CTSD.K+DTSU.K
P2D26.X=076D.K+D76U.K
P2027.K=CTT0.K+07TU.K
P202B.K=CTB8D.K+078U.K
P2D29.K=LT9D.K+0T9U..K
P2D30.K=CB0D.K+080U.K

P2DC1.K=P2L1.K+P2D2.K+P2D3.K+P204 . K+P205.K+P206.K
P2DC2.K=P20T.K+P2DAB.K+P2DF . K+P2010.K4P2D11.K+P2D12.K
P2DC3.K=PZD13.K+P2D14 . K+P2D15.K+P2D16.K+P2D17.K+P2D18.K
P2DL4.K=P2D19.K+P2D20.K+P2D2]1 K+P2D22.K+P2D23.K+P2024,.K

165



44A
521

41A
6
41A
6N
414
&N
12a

TA

10A
10A
45A
45A
45A
45A
45A
45A
45A
45A
454
454
454
58A

X1
284
Xl
X2
58A
Xl
X2
S5BA

X1

166

P2DC5.K=P2D25.K+P2D26. K+P2D27.K+P2D28 . K+P2029.K+P2D30.K
P20C W K=P20Cl.K+P2DC2.K+P2DCI.K+P20CH.K+P2DL5.K+0
Pl=125

MHMX K=TABHL(RNDY ' N¥MC Ky 147241) MONTHLY MAX MW PEAK
RNDY®=401/403/350/342/326/321/335/333/348/351/352/406/395/374/391/
3657368/ 370/354/374/3837400/433/452/449/7425/421/408/426/64127409/40
B/630/420/435/529/521/499/464/455/468/460/452/462/46T71467/462/537/
5T2/7320/552/5171/531/500/495/527/551/565/558/652/5T77/581/522/520/53
T/540/544/562/56T7/54T7/597/637

MWUMN.K=TABHL(ANDY ,NMC.K,1+7291) MONTHLY MIN Mi& PEAK
ANDY#=2317229/209/213/203/197/211/201/229/209/196/222/242/240/7230/
242/24T/231/226/227/248/238/7251/248/7255/270/7285/2T75/275/218/273/29
1/26%/28C/290/295/305/329/324/285/300/299/7295/2971/211/307/312/7331/
362/3TT/7325/317/7370/340/340/367/7377/347/3T7/7352/377/407/367/347/36
T/3B7/392/738T/402/392/4027452

MWDL.K=MWDL.J+(DT) (MWD .J+0} TOTAL SYSTEM MuwH

MWDL=0

MWD K={MWDD.K) (DLPC.K) /100

MWDD . K=MWMN ,K+].K

LK==l Jd+ 0T (I1laJ=12.0=13.0+0)

i=0

{1.K=PULSE{DDD.K+24,+24)

[1=0

12K=PULSE([KyT44,NHM.K)

12=0

[3.K=PULSEITILl.KyT44 NHM.K)

13=0

DLPC «K={DLP.K])(CFM.K])

CFM.K=CF.K-CFA CORRECTION FACTOR MAOLIFIED
CFA=,050

CRoaK=CLl.K+C2.K

CleK=CFSBU.K+LF58D.K+CF5FU.K+LF59D. K+CFO60U.K+CFHBODLK
C2.K=CFOIUK+LFOLIDLK+CFH2UK+CFOE2D.K+CFH3ULKHQ
CF58ULK=STEP{CF58.K,1)

CF580.K=STEP[-CF58.K,BT761)

CFS99U.K=STEP{CF53.K 8761}

CF590.K=STEP{-CF59.K,17521)

CFO0ULK=STEPICF60.K,17521}

CF60C.K=5TEPI-CF60.K,26281)

CF6ELIU.K=S5TEPICF6l.K262811}

CF610.K=STEP{-CFH6]1.K,35041)

CF6E2U.K=STEPICF&62.K,35041)

CF62L.K=STEP{-CF62.K,43801)

CF63U.K=STEP{CF&63.K,43401)

CFS5B.K=TABHLIYRSByUueKslr3l,1) 1958 CORRKRECTION FACTOR
YR58#=1.00/1.01/1.01/1.00/1.02/1.06/1.10/1.09/1.09/1.14/1.13/}.16/
1.15/1.14/1.13/1,11/1.10/1.09/1.07/1.06/1.05/1.04/1.03/1.02/1.01/1
00/.99/.997.99/.99/1.00

CF53,K=TABHLIYR59,U.K:+1,31,1) 1959 CORRECTION FACTOR
YR59#=1.0G0/.99/1.00/1.01/1.05/1.08/1.10/1.11/1.17/1.18/1.18/1.17/1
f16/1.14/1.13/1.12/1.11/1.10/1.08/1.08/1.06/1.05/1.04/1.03/71.0271,
01/1.01/1.00/,99/1.C0/1.00 .

CFO0.K=TABHLIYROO,U.Ks1,431,1) 1960 CORRECTION FACTOR
YROO#=1,00/.99/1.02/1.03/1.05/1.08/1.10/1.11/1.11/0.12/1.14/70.14/71
«13/1.12/1.11/1.10/1.09/1.08/1.07/1.06/1.05/1.04/1.03/1.02/1.01/1.
00/1.00/2.00/1.00/1.00/1.00

CFHL.K=TABHLIYRO6I ,UKy1431,1) 1961 CORRECTION FACTOR
YR61#=1.00/1.02/1.05/1.05/1.08/1.09/1.09/1.12/1.147/1.14/71.16/1.16/
1.15/1.14/1.14/1.12/1.11/1.11/1.09/1.08/1.07/1.06/1.05/1.,04/1.03/1
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.02/1.01/1,01/1.00/1.00/1.00

CF62.K=TABHLIYRE2,)U.Ky1,31,1) 1962 CURRECTION FACTOR
YR62#=1.00/1.01/1.01/1.00/1.02/2.03/1.05/1.06/1.08/1.09/1.10/1.10/
1.09/1.08/1.08/1.07/1.07/1.06/1.05/1.04/1.03/1.02/1.01/1.0C1/1.00/.
99/.98/.99/.997.99/1.00

CF6E3.K=TABHLIYRE63,U.K,y1,31+1) 1963 CORRECTION FACTOR
YR63#=1,00/1.01/1.02/1.02/1.03/1,06/1.08/1.08/1.10/1.09/1.19/1.10/
1.10/1.09/1.08/1.08/1.07/1.07/1.06/1.05%/1.05/1.04/1.03/1.02/1.01/1
«01/1.01/1.00/1.00/1.0G/1.00

UeK=U JH DT IX2.4-Q. U}

X2+ K=PULSE[14+24+24)

Xe=0

Q.K=PULSEINDM,.K,T44 ,NHM.K)

Q=0

u=1

ODDLK=(1/NDMLL.K) [(MAMX . K-MWMN.K]

NOML1.K=NDM.K-1

DAILY LDAD PROFILE

DLP.KSLPA.K+LPB.K4LPC, K+LPD.K+LPE.K+LPF,K+LPG.K+0
LPA.K=LPlU+K+LPID.K+LP2U.K+LPZD.K+LP3U.K+LPID.K+LP4U.K+LP4D.K
LPB.K=LPSU.K+LPSD.K+LPOU.K+LPED. K+LPTU.K+LPTD.K+LPBU . K+LPBO.K
LPL.K=LPIUK+LPIDLK+LPIOU.K+LPL1OD.K+LPLLIlULK+LPL11D.K+LP12U.K+LP12D.
K
LPD.K=LP13U.K+LPl3D.K+LPLlGU . K+LPLAD . K+LPLSU.K+LPISD.K+LPlEU.K+O
LPEK=LP16DK+LPLTULK+LPLITD K+LPLBU.K+4LPLBD.K+LP1SU.K+LP190.K+0
LPFeK=LP20U.K+LP200.K+LP21U.K+LP2l0D.K+LP22U.K+LP22D.K+LP23U.K+0
LPG.K=LP23D.K+LP24U.K

LPlU.K=STEP(LPLl.K, 1)}

LP1D.K=STEP(-LPl.K,2161)

LP2UK=STEP(LPZ2.K,2161)

LP2D.K=STEP{-LP2.Ky4345)

LP3U.K=STEP{LP3.K,4345)

LP3ID.K=STEP([-LP3.K,6553)

LPGU.K=STEPILP&4.K,+6553)

LP4D.K=STEP{-LP4.K,8761}

LPSU.K=STEPI(LPL.K+8761)

LP5D.K=5TEP(~-LP1.K,10921)

LPOUK=STERILPZ2.K,10921)

LP6D.K=STEP({=~LPZ.K+13105)

LP7U.K=STEPILP3.K+13105}

LPIC.K=STEP(-LP3.K,15313)

LPBU.K=STEP{LP4.K,15313}

LPBD.K=STEP{-LP4.K,17521}

LPYULK=STEP{LP1.K,17521)

LPID.K=STEP{-LPLl.K,19681)

LP10U.K=STEPILP2.K,19681)

LP10D.K=STEP(-LP2.K.21865]}

LP11ULK=STEP{LP3.&,21845)

LPLLIDB.K=STEP({-LP3.X,24073)

LP12U.K=STEPI(LP4.K,24073)

LP12D.K=STEP(-LP4.K,26281)

LPL3U.K=STEP(LPLl.K,26281)

LPL3D.K=STEP(~LPLl.K,28441}

LPl4U.K=STEPILP2.K,28441)

LPLl4C.K=STEP{-LP2.K,30625}

LP1S5U.K=STEPI(LP3.K,30625)

LP15D.K=STERP{-LP3.X,32833)

LP1O6U.K=STEPILP4.K,32833)

LP16D.K=STEP[=LP4.K,35041)

LPLTU.K=STEP([LPLl.K,35041)



40A
454
45A
454
45A
454
45A
454
454
45A

SBA

49A

12A
497
Th

12A
494
TA

124

A
TA
51A
TA
S54A
18A

S4h

LPl70.K=STEP{~LPLl.K,37201)
LPIEU.K=STEP{LP2.K,37201)
LPL1BR.K=STEP{-LP2.K,3938%)
LP1SU.K=STEP{LP3,K,39385)
LP13D.K=STEP(~LP3.K,41593}
LPZ2OU.K=STEPILP4.K4+41593)
LP20D.K=STEP[-LP4.K,43801)
LP21U.K=STEP{LP1.K,43801)
LP21D.K=STEP{~LP1.K,45961)
LP22U.K=STEPILP2.K,45961)
LP22D. K=STEP{~LP2.K,+48145]}
LP23U.K=STEP{LP3.K,48145%)
LP23D.K=STEP(~LP3.K.:50353}
LP24Li.K=S5TEP{LP4.K,50353)
LPI . K=TABHLIWIN X .Ky1y24,1)
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WIN®=61/58/56/55/55/764/T7/86/92/947/93/93/89/85/82/83/8T/797/99/94/9

0/82/73/763
LP2.K=TABHL{SPGsX.Ky1y24,1}

SPG#=61/59/58/58/58/67/76/85/91/92/93794/92/89/86/88/90/94/98/99/9

5786774/ 66
LP3.K=TABHLI(SUMsX.Kyls24,1)

SUMe=61/59/758/5T7/56/60/66/T7B/88B/93/94/96/94/93/91/95/967/96/96/93/9

5/85/74/65
LP&4.K=TABHLI(FAL,X.Ky1+24,1)

FAL®=56/54/52/51/55/60/69/76/84/86/88/86/85/83/83/84/88/99/98/93/8

6/7T9/68/59

X-K=X,J+(DT){1-X1.J4)
XK1eK=PULSEL24524424%)

x=0

X1=0
MWeK=CLIP{MWGoKsOsMWG.KyMNG}

MWG . K=MWD.K-BGOP.K
BGOP.K=BGOP1~-BGOP2.K
MWIA.K=MIN[PIC.KyMW.K}
FCLAWK={CIBTU.KI{TI1A.K-BTUA.X)
MW2A . K=MIN[P2L.K,MW.K)
FC2A.K={C2BTU.K}{I2A.K-BTUA.K)
MW3AK=MIN{PIC. Ky MW, K)
FL3A.K=ICABTU.K}{I3A.K~BTUA.K)
FCAA.K=MIN({FClA.K,FC2A.X)
AFCALK=MINIFC3A.K,FCAA.K)
FCALK=SWITCHIOsAFCA.K+MW.K}
MWGLALK=SWITCH({MWLIA.K,0,FC1AD.K)}
FCIAD.K=FCA.K-FClA.K
TFCLA.K=(FClA.K) (MWGlA.K}
MAGZ2A.K=SWITCH{MWZA.K+04FC2ZAD.K}
FC2AD.K=FCA.K~-FC2A.K
TFC2A.K=[FC2A.K) [MWG2A.K)
MWGIALK=SHITCHIMW3A. K OyFC3ADLK)
FC3AD.K=FCA.K-FC3A.K
TFC3A.K=(FC3A.K)} (MWG3A.K)
TFCALK=TFCLA.K+TFL2A.K+TFC3A.K
MAGA .K=MAWGLAK+MNGZA.K+MWGIALK
MWAA .K=MWG.K-MWGA.K
MWBA.K=CLIP{MWAA.K,O s MWAALK,MNG)
PICB.K=PIC.K-MWGLA.K
MW1B.K=MIN(PICB.K,MWBA.K)
FCIB.K={C1BTU.K)(I1B.K~BTUA.K)
P2CB.K=P2C . K~MHWGZ2A.K

MRZD K=MINIP2CB. Ky MWBA. K}

MW TO BE GEN AT GANNON

LQAD

L3AD

LOAC

FUEL

FUEL

FUEL

FUEL
FUEL

PLANT 1A

PLANT 2A

PLANT 3A

COST/Mu~-A

COST-DOLLAR/HR-1A

COST-DOLLAR/HR/2A

COST-DOLLAR/HR~3A
COST-DOLLAR/HR-A

MW GENERATED-A

PLANT
PLANT

PLANT
PLANT

18 CAPABILITY
18 LOAD

2B CAPABILITY
2B LOAC



183
7
544
184
94N
54A
49A
TA
494
124
1A
494
174
[
494
124
1Y
HA
7
514
{A
Sa4h
LBA
fa
PEY
154
7A
544
18A
544
544
495
TA
49A
12A
T4
494
124
74
43A
124
BA
RA
TA
A
4R
1L
gRr
iL
YR
i
84
4R
1L
HR
1L
8R
L
3A
9A

FC2u o K=lL2ETULKILTI2B,K-BTUA.K}
PAICBK=P3C . K=MWGIA.K

MW3E . K=MINIPICB.XyMWBALK)
FCIR.K=(C3RBTU.K)[I3B.K-BTUA.XK)
FCBE K=MINIFCLB.K,FC2B.K)
AFCPR.KEMINIFC3B.K,FCBB.K]
FCB.KaSWITCHIO,AFCB.K+MWBA.K}
FCLEDN.K=FCB.K~FCIB.K
MAG1B.K=SWITCH{MWIB.Ks0yFCIBD.K]
TFC1B.K=(FClB.K)J{MWGIB.K}
FCZbDK=FCB.K-FC2B.K
MrG2RK=SWITCHIMWZE JK4 O FC2BLLK)
TFCZ2B.K=(FCZ2B. K} IMni2B.K}
FCABO.K=FCB.K-F{3B.K
MAGIBAK=SWITCH{MWIB.K,0,FC3IBD.K}
TFC3R.K=(FC30.K)IMWG3E,K)

TR WK=TFOlI 3 K4TFCZS K+TFC ALK
MAGE WK MRLIE SKEMWG2 3, K+ MWG3B.K
AL LK EMRAL K =MWGB, K

M GK=O LI P IMWAB Ky Je MR AR LKy MNG)
PLLC =P ILC. ¥=Mn3lH.K

M lC W R TMINPLILL LK, MugB . K

FOULO oR={12TH  K)([1C.K=rTUA,K)
WAL JK=P20L K= M G20 WK

M2 K=MINIP2CL.Ka¥uRA, K}
FLILK=(L2BTULKI{IPC.K-BTUA K]
AL JK=P 0B, K-Mu(G 38 .K

PU3C L K=FINIPILC.KeMuBB.K)
FCI3CWK=1CABTU.KI{I3C.K-BTUA.K}
FCCL.K=MINIFCIC.K,FC2C.K)
AFCLLK=MINIFC3L . K FCLCL LK)
FCCeK=SKITCH{D+AFCC K, MUWBB.K)
FCICD.K=FCL.K=-FCIC.K

Ml K= Cw I TCHIMWIC LK G FCLICDLK)
TFCIC.K={FLIC.K)(MWGLC.K)
FC2CT.K=FCU.K=FC2C.K

MWG2L o K=SWITCHIMW2L ,K+s0+FC2CD.K)
TFC2CK=IFL2C . KY [MWG2L . K)
FC3CR.K=FCLC.K-FC3C.K
MWGICaK=SWITCHIMW3C.K,0,FCACD.K?}
TFCAICLK={FL3C. Y (MW3C0 .K)
TFCC.K=TFCIC.K+TFC2C.K+TFC3IC.K
MWGC aKsMWGIC A K+MWG20 JK+MWGIC LK
MWAL JK=MuAB . K-MWGC . K
TRCLK=TFCA.K+TFCO.K+TFCLC K

MWG ]l o KL=MWGLALK+MWGLB . K+MWGLC LK
MWH] K=MWH1 . J+ (DT) IMWGL L JK+0)
MWG2 o KL=FWG2ALK+MNGZB . KEMWGAB, K
MWHZ JK=MKH2 . J+{DT) {MWG2.,JK+0)
MWG3oKL=MAGIA.K+MWGIB.K+MWGIC LK
YWHIK=MWH3I I+ IDT)IMWGI L JK+0)
THMaH K=MH]l o K+ MWH2 L K+ MWHA K
FClL.KL=TFClA.K+TFCIB.X+VFC1C.K
FTFCL.K=TFCLl J+(DT}(FCL.JK+0)
FC2.KL=TFLC2A.K+TFC2RB.K+TFC2L.K
TFCZ2 . K=TFC2.J+{DTI{FC2.JK+0}
FC3.KL=TFC3A.K+TFC3B.K+TFC3C.X
TFC3.K2TFC3.Jd+(DT)IFC3.JK+D)
FC.K=TFL1.K+TFC2.K+TFL3,K

MAGT o K=MAGAJK+MHWGB. K+4MWGL LK

169

HPLANT 38 CAPAGILITY
PLANT 38 LOAD

FUEL CAST/MW-B

FUEL COST-NDCLLAR/HR-18

FUEL COST-DOLLAR/HR-Z28

FUEL COST —-CCLLAY/BR-3D
FUEL COST-mliad/e2=y
MW GTHERAITELN-B

PLANT 10 CAPAEILITY
PLanhl LT LIIAD

PLANT 20 CAPABILILITY
PLANT 2C LuiaD

PLANT 3C CAPABILITY
PLANT 3C LQAC

FUEL COST/MW-C

FUEL COST-D0LLAR/HR-1C

FUEL COST-DOLLAR/HR~2ZC

FUEL COST-DOLLAR/HR-~3C
FUEL COST-DULLAR/RR-C
MW GENERATEC-C

TOTAL FUEL COST/+R
Ma/HR-PLANTI
MWH-PLANT]
MW/HR-PLANT 2
MWH-PLANT 2
MW/HR=PLANT 3
MWH=-PLANT 3

TOTAL MWh

FUEL COST/HR-FLANT 1
TATAL FUEL COST-1
FUEL COST/HR-PLANT 2
TATAL FUEL COsT-2
FUEL COST/HR-PLANT 3
TOTAL FUEL CQOST-3
TOTAL FUEL Zusi
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584

Xl
X2
X3
X4
x5
X6
6A
a4
1L
6N
414
41A
&N
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TA
TA
45A
454
6N
&N

S5HA

1L
41A
12A
6N
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41A
1L
bhi

41A
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6N
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454
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YWH1 =0

YaHZ2 =0

MiwH $=0

TFC1=0

TFCZ2=0

TFC3=0

ClBTU.K=TABHLICMBTU NMC . Kyly72,1]}
CMBTU®=,3958/.3870/.3714/.36887.3602/.3677/.3671/.3452/.3379/.3335
/+348B4/.3535/,.3558/.,3365/.3543/.3489/.3387/.3606/.3477/.3440G/,3463
/+3315/.3352/.3216/.3194/.3214/.3256/.3169/.3184/.3168/.3247/.3326
/43266/.3253/.3171/.3194/,3254/.3262/.3280/.3233/.3260/.3263/,3201
/.3227/.3214/.3155/.2974/.3063/.3072/.3025/.3060/.3032/.3115/,3060
/.3008/.3044/.3057/.3030/.3080/.3003/.3005/.3026/.3054/.2972/.,3015
/.3028/.,3096/.,3063/.3025/.2972/.2030/.3014

C2BTU.K=CIBTU.X

C3ATLL.K=CIBTY.K

ATUALK=BTUA.J+IDT){BTUAL.J+BTUAZ,. J}

B8TUA=0

BTUAL.K=PULSE(~HRC,2160,8760)

ATUAZ.K=PULSE{HRC,7296,8760)

HRC=,5

8TUAL=D

dTuaz=0

PIC.K=CP1lI+P1DC.X PLANT 1 CAPABILITY

V2L .K=PZ2.K+P2DC.K PLANT 2 CAPABILITY
P3C.K=STEPICP31,TP3]) PLANT 3 CAPABILITY

32 K=STEP{CP2I,TP2I}

P2C=0

P3C=0

NDM K=TABHL ( JANE NUM.Ky141241) WO. DAYS IN CURRENT MONFH
JANE#=31/28/31/30/31/30/31/31/30/31/30/31

NUM K=NUV, J+{OT}HINUM]L . J-NUMZ,.J}

NUML LK=PLLSE(]l, 764 ,NHM . K)

NHM. K={NDM. KL 24) NO. HRS IN CURRENT MUNTH
NUM=1

NUMT =0

NUMZ =0

NUM2 .K=PULSE(12,8760,87560}

NME  K=NMC. S+ (DT} INUML . J+0) NO. MONTHS CUMULATIVE
NMC =1

MYC  K=NYCL d+ (DT {NUM3, J+0) NO. YEARS CUMULATIVE
NUM3 K=PULLSE{1,8760,8760)

NYC=1

NUM3=D

SINGLE PAYMENT PRESENT WORTH FACTOR CALCULATIONS

IRALK=IRALI .K+IRAZ.K+IRAI K+ RA4.K+IRAS.K+0
IRA=0
{RAL.K=STEP{AIRAL,TIRAL)
[RAZ.K=STEP{AIRCL,TIRC])
IRAI.K=STEPLAIRC2,TIRCZ)
IRAG.K=STEPLAIRC3,.TIRC3)
IRAS.K=STEPIAIRC4,TIRC4)
AIRAL=.027

TIRAL=1

AIRCl=~,GC06

TIRC1=8761

AIRCZ2=-,C03
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12A
1L
6N
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41A
41A
414
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41A
1L

41A
6N

12A

6N

12A
124

TIRC2=17521

A[RC3=.0C3

TIRC3=35061

AIRC4=-.C02

TIRC4=43801

IRM.K=IRA.K/12
IMNTH.K=(IRM.K) {NMC.K)

PAF .K={1)JEXPI—IMNTH.K)

MPWF K=PULSE{PWF.K, 764 ,NHM K]
MPWF=0
APWF.K=PLLSE(PWF.K,8760,8760)
APWF =0

PRESENT WORTH-FUEL COSTS

PHFC K= (MFC oK} (MPHF .X)
MFC.K=MFC.J+(DT)I(FCH, J-16.J)
MEC=0

FCH.K=FCl.K4FC2.K+FC3.K
[6K=PULSE{MFC,KyTa4,NHM.K)
16=0
PHFCLXK=PHFCL.J+{DT){PWFC.J+0D)

PHFCL=0

PRESENT WORTH-PLANT INVESTMENT

PHPIL.K=PWPIL.J+IDT){PWPI.J+0O}

PWPIL=0

PWPI K= PWF.K){P].K)
PlL.K=PIL.J+IDT)}{PI.J+D)
PIL=0

PloK=PL] . K+P2] . K4P3].K
PLI.K=PULSE(APLI,TP1I,NEVER)
P2I K=PULSEIAP2I,TP21,NEVER)
P31 K=PULSE(AP3I,TP3I,NEVER)
PI=0

NEVER=60000

DEPRECIATION CHARGES AND BOOK VALUE

BV.K=APIL.K~ADCL.K
APIL «K=PLLSEIPIL.K,B8760,8760)
ADCL.K=ADCL.J+[DT) (ADC.J+0)

ADC.K=PULSEI(DC.K,B760,8760}
ADCL=0

ADC=0

NC.K={DDBR) (RV.K]

NDDBR=. 06667

APIL=0

171

MONTHLY PRESENT WORTH FACTNR

ANNUAL PRESENT WORTH FACTOR

PRESENT WORTH FUEL CUSTS/MO
MONTHLY FUEL COST LEVEL

FUEL COST/HR

PRESLNT WORTH TOTAL FUEL
COST LEVEL

PRESENT WORTH PLANT
INVESTMENT LEVEL

BOOK VALUE CF PLANT
INVESTMENT

ANNUAL PLANT INVESTMENT
LEVEL

ANNUAL DEPRECIATICN CHARGES
LEVEL

ANNUAL DEPRECIATICN CHARGE

DEPRECIATION CHARGE

PRESENT WORTH-INCOME TAX CREDIT DUE TO DEPRECIATION

[TR=.5
ATCO.K=(ANC.KI(]ITR)
PTCD K= APWF.K)(ATCD.K)

INCOME TAX RATE
ANNUAL INCOME TAX CREDIT
PRESENT wWwORTH ANNUAL
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414
13A

1L
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104

PRINT
<1
SREC

PTCOL.K=PTCDL.J+{DT)}I(PTCD.J+0}
PTCOL=0
PRESENT WORTH-INSURANCE

AINS.K={APIL.K){INSR}
PAINS.X={APWF.K) IAINS.X)

PATLK=PAIL.J+IDT)(PAINS.J*0D}

PAIL=0
INSR=.0008185

PRESENT WORTH-PROPERTY TAXES
APTX . K={APIL.XK){PTR)
PTR=,00481906

PAPTX.K={APWF.K) (APTX.K}
PAPTL.K=PAPTL.J+{DTH{PAPTX. J+0)
PAPTL=0

TTHcR SFNECRATION COSTS

GUGaK=MAC s K=MRCT K

GOGWML o K=CUGNML o JH+(LTI(GCGaJ=-T17ad])

G0 AML=D
I7eK=PULSE({CCCML oKy T84, HFM LK)
CGOGNMaK=(GOCNL «K)I{MPWF .K)[CCOG)
CGLE=5.0
PGOGeK=FGC54J+(CFI(CCOCMaI+0)

PGOG=0

172

INCOME TAX CREDIT
PRESENT WORTH ANNUAL
INCOME TAX CRECIT LEVEL

ANNUAL INSURANCE
PRESENT WORTH ANNUAL
INSURANCE

PRESENT WORTH ANNUAL
INSURANCE LEVEL

ANNUAL INSURANCE RATE

ANNUAL PROPERTY TAX
ANNUAL PROPERTY TAX RATE
PRESENT WORTH ANNUAL
PROPERTY TAX

PRESENT WORTH ANNUAL
PROPERTY TAX LEVEL

CTHER CENFERATICAN-NwH

PRESCNT WORTH CENERATICN
CTHER THANMN AT CGAMNMNCEN

N_oT FR=SENT WCRTE OF ALL CUSTS ARND CRECITS

PNTCoK=FPWFCL e K¥PAF LK +PAILKH+FAPTL o X—FTCUL aK+FECG K

LYFCs2)FwFCL/AIPCCG/4)FIL/SIPARILZ6YPTCOL/7)IFALLZ8IPARTL/9)PRTC /10

JTHuH/1 1MW DL

DT=1.0/LENGTH2EPREG/PRIPER=8B7E 1 /PLTPER=(Q
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VARIABLES AN CONSTANTS TO DBE CHANGED FOR EACH ALTERMATIVE
ALTERNATIVE A
125¥Mws 130Mw, 1BCWMw

crl1I=125

AP 1I=103473327

TP1i=1

CP2I=1730

APZ2 [=144434492

TP21=76356

CP3I=130

AR3[=12483280

TRP31=24444

MNG=40

[I1A.,K=TABRL{GMN1+MwlA.,K+80,125+5)

[1B8eK=TARFLIGAN ]l +¥WIBWK .40, 125,%5)

[I1C+K=TABFLIGN 1 +¥W1lCeK+840,125,%5)
GHLI#*=104%C710+487/10478/10.66/10460/1CaS1/10.42/10,33/71L0.28/10.1571
De0P/1302/3e5T/5:54/9.92/9431/9.90/5.51

T12AK=TABHL {(CRZ2+¥W2AK+40,130,.,5)

I2C e K=TABRLIGRZ2 .Vu2BK,40,120,5)

I2CeK=TABFLIGR2 . MW2C K80, 130,55
GNZ2#210450/10443710436/10,3C/10423/1Cal1€/1C409/10eC2/5.56/53.89/948
37 Ve I/ Ga?7b/54TI/FeT2/5eT72/G73/52T7T5/%478
T3AK=TaRFL (GAhN3 VW IALK 55, 1B0,+5)

I3R«K=TABFL(GNI+¥W3IB WK 1554 180+5)

I3CeK=TARFL{GMR 3. Nw3C.K,58,180,2)
GHNIR=10a11/10e07/710e03/7e¢95/Ge95/9492/9.88/9.83/9.80/9.T€E/Q,.72/946
B IeFO73aB0/F e 57/ 5547505 1/508G/%0847/9.468/8045/G.4S/9.005/9.85/9,44
S/ Feb5D

HGCP L=

RGQOE2Z=4

PLIGC=0

PR0OC=0
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VARL ARLCS ARG CORSTANTS TO RE CHANGED

ALTERNATIVE P
350vw

MNG= 199
CP11=350
ARII=4n 34036
TP1i=1

cP2l=0

AP [=0
TR21=62000
CP31=0

AP3II=0
TRP31{=60000

TLAWKSTABRHL_{CN L MW lALK,105,3535,1C)
[I13WK=TAREFLIGCN1+MW 1B .Ke105,355,1C)
TLCK=TABFRL{CGN] ¥wiCeK,105,253,10)

FOR

EACH ALTEARNATI v

174

GNI®=10400/53486/Ge 725/Ge6/948R5/G04/525/94312/5e275/54247/721276G,
185/32 1675210752 126/F3115/9.11/34102/341/51/9a11/54125/%4145/7G.16

B/ 147/ 9.223
12A=12.0
1211=12.0
12C=12.0
[3a=12.0
T3B=124,0
I13C=12.0
BGCFI1=0
BHGCGP2=0
PiDC=0
P20C=0
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ALTEZRNATIVI C
120 %s 200Nw

MNG=4S

CPLI=t50

APLI=2123E63E%

TP1i=1

CR2i=20D

AP21=23110000

TRP2I=pRE36

CP31=0

AP$1=D

: TP3IT1=60000

JEA I1AaK=TABHL{GN]1 s MW 1AKy+a5,150,5)

S8 A 12 K=TARKL(CN1+MWIB.K,45,150,%5)

S8 A ILCeK=TABHEL (CRN1sVWICaK 452,150,581

< GNI#=1042371061971015710410/104006/1CaC3/0949E8/G.93/G4RE/9.84/9.80/
&1 a7 s Pel2/3abB /€5 /F2eE2/F b 1/Ga€1/3261/94€2/9e€3/G465

SEBA I2A4K=TABFL(GNhNZsWW2A,K,60,2C0,%)

»Ba 1204 K=TABRFLICA 2+ WMW2E.K60+20045)

i@a [2CK=TABHL (GhR2+MW2C K ,60,4,200,5)

Z C O GNPAN=10410/10e06/10403/9298/94531/94B8/6484,/3,80/5,.7675072/5.€8/946

AT I 4]

1

{

l'l

0

X1 B/ 1459/ 9567/ F3eS3/9 051/ 5848/ F04E/5.407/9.4257F0416/Fe4176.4C3/9,08037
X F481/9.415/G.42/5.428/644135

< [iAa=]12,.,0

C [38=12.0

{ [3C=12.0

C IGCP1=0

C aAsoP2=1

Z PlOC=0

© F2DC=0
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