PUBLIC UTILITY OPERATION AND GROWTH: A SYSTEM SIMULATION MODEL

ABSTRACT

An organizational model of a public utility is
described in this paper. The system is conceptual-~
ized as an informational feedback structure with
four major sectors. The sectors deal with produc—
. tion, financial growth, and pollution management in
a utility. The model is computerized in the System
Dynamics language DYNAMO and provides a research
vehicle for executives developing policy for util-
ity management.

INTRODUCTION

An increasing concern for dwindling energy reserves
has accelerated study into the way that energy
resources are obtained and used. This study gener-
ally has been technically oriented. The procure-
ment of the natural resources of energy and their
conversion into consumer products, however, present
some unique and interesting problems for managers
responsible for this process. Complex forces exert
competing pressures on managers of energy acquisi-
tion and consumption. This is true for managers of
public electric utilities, because they are faced
with difficult choices between the use of o0il and
coal with their differing costs and pollution fac-
tors; between increasing (or stimulating) demand
and the need for conservation; and between costs of
production and the ability of the consumer to bear
the costs. Analysis of these and other competing
forces has led to a theory about how utility exec-
utives operate their organizations and respond to
the pressures that constitute their decisional sys-
tem.

The research required to support a viable theory of
the organization and operation of electric utili-~
ties was embodied in development of a generalized
model of a representative utility. Explanation of
the general model structure is the purpose of this
paper. The proposed interrelationships within the
model structure constitute a theory about the man-
agement of electric utility operation and growth
and the decisional structure of this process.

The model is based upon detailed study and analysis
of the Tallahassee, Florida, city utilities organi-
zation. The power system is operated by the City
of Tallahassee and generates, through operations,
the revenue to support itself and to provide limited
revenue for other city operationms. Financing for
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capacity growth comes from the sale of bonds in the
capital market.

The model has been broadened, however, to make it
generally applicable to public utilities operated
privately as well as to those operated solely in
the government sectot. This more gemeral approach
has been taken so that more detailed research can
be completed in the four basic areas of production
operations, pollution effects, financial structure,
and growth (expansion pressure) within the utility
system. These four basic areas constitute the
major sectors of the model. The model has been
. computerized using the System Dynamics technology
DYNAMO and the results of some of the simulation
runs of the model also will be presented in the
paper. This will follow development of the
required theory. ’

THEORETICAL BASIS

A representation of the relationships between the
four primary sectors of an electric utility is
shown in Figure 1, The utility executive makes
decisions in each of these sectors and attempts to’
balance forces in their interrelationships. The
numbered loops ( 1 ) shown indicate interaction
betweén given variables in each of the sectors. A
positive loop ( + ) indicates that movement up
or down in one sector leads to a reinforcement of
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PUBLIC UTILITY OPERATION AND GROWTH: ... Continued

the movement in that sector through a series of
interactions with other sectors. A negative loop
¢ - ) indicates that movement up or down in one
sector leads to the opposite movement in that see-
tor through the interactions with other sectors.
The operation of the utility system, therefore,
may be visualized as a set of positive and nega-
tive feedback loops. The interaction of these pos-
itive and negative forces determines the behavior
of the organization over time. The theory of the
relationships has been developed from analysis of
the Tallahassee utility study and from accepted
economic and managerial theory. ‘

|

Loop 1 defines the interaction between the finan-
cial, pollution, and growth sectors through the
variables shown. As funds are expended for pollu-
tion controls, pollution becomes less vigable
removing pressure to control growth because of
observed pollution. The improved outlook for
growth contributes to favorable conditions for
raising funds which could be used to finance fur-
ther controls. The loop, therefore, is positive.

FIGURE 2
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Loop 2 defines the ability of the firm fo actually
produce electric power to meet demand. As funds
are available for full operating expenses and
capacity expansion, electricity can be produced to
meet any foreséeable demand. The production of
electricity creates revenue, improving ‘the poten-—
tial of the firm to meet debt requirements. The
loop, therefore, is positive. o

" FIGURE 3
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Loop 3 defines the effects of expansion pressure
on electricity production. As demand 'increases

and production capability approaches capacity, thé

pressure to expand production facilities increases.
i

The increasing growth pressure will bé met by
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expanding capacity.
tive.

The loop, therefore, is posi-

Loop 3 Interactions
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Loop 4 defines the effects of pollution on the

expansion of electricy production.

Increased pro-

duction causes a rise in pollution visibility.

Pressure to control pollution has a dampening effect
on demand and increasing capacity.

ative.

The loop is neg-—
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Loop 5 defines the interaction between the finan-
cial, production and expansion pressure or growth
sectors. As funds are available to increase capac~
ity, expansion pressure is relieved. The financial
market.is not willing to finance further increases
until demand again approaches capacity. The loop,
thereéfore, is negative.

FIGURE 6
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These five major loops are the significant feedback
mechanisms in operation; however, a number of other
minor loops are at work in and between the various




sectors of the model. These minor loops, along
with the five major loops, form the basis for the
theory used in model construction. The minor Feed~
back loops operate within the major loops and will
be explained later.

The utility is part of a complex system of funds
supply, electricity demand, and production factors.
The manager must balance the forces in this system
to insure long-term viability. The manager's
internal decisions strongly influence (and are in~
fluenced by) the financial and consumption sectors
of the system. The conceptualization of the orga-
nization as afeedback system is based upon this
feature of utility operation. The minor loops in
the model further reinforce this idea.

A loop is in operation within the pollution control
sector. As pollution visibility increases, pres—
surg to control pollution increases causing an
increase in pollution controls and a decrease in
visibility.

FIGURE 7
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There is an interrelationship between actual growth,
expected potential demand and potential demand de-
sired. Potential demand is the maximum demand the
firm could face if all circuits were placed in
operation. It is a function of actual net growth.
Expected potential demand is a fumction of execu-
tive expectations concerning growth. An executive
develops a forecast of demand and uses that fore-
cast in decision making. This forecast is devel~
oped from past actual potential demand and the
executive's expectations of growth. The further
into the future the projection is made, the less
reliable are the estimates of potential demand. If
expected potential demand exceeds an execdutive's
potential demand (or growth goal), an increase will
occur in pressure within the organization to influ~
ence growth in the community and control the orga-
nization's capacity. If the pressure becomes
severe enough, growth will decrease. These rela-
tionships are shown in Figure 8.

A loop in the financial sector defines the inter-
relationship between factors in the market, the
organization's debt-service potential and its abil-
ity to attract long~term financing. If financial
market factors are favorable, long~term financing
is more available. When long-term debt increases,
debt-service potential decreases, causing less

favorable conditions in the financial market.
relationships are shown in Figure 9.

These
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A relationship exists between pressure for expansion
and acquisition of new capacity. As capacity in-
creases, internal and external pressure for expan—
sion decreases, as shown in Figure 10.

FIGURE 10
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Pressure for expansion also influences utility
rates. An increase in pressure results in pressure
for rate increases to service the debt incurred with
expansion. Thése rate increases affect the willing-
ness of consumers to conserve electricity. An in-
crease in the willingness to conmserve leads to a.
decrease in demand and a reduction in expansion
pressure. These relationships are shown in

Figure 11.

Current revenue affects the ability to secure long-
term financing through its effect on debt-service
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PUBLIC UTILITY OPERATION AND GROWTH: ... Continued

potential. This has a positive effect, begause an
increase in revenue leads, through funds awvailable,
plant capacity, and production potential, to fur~
ther revenue growth. Revenué also will have some
effect on rates through funds and pressure for
expansion. Relationships are shown in‘Figure 12.
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A significant relatiomship exists betweén fuel and
operating costs and utility rates. Rising fuel

and operating costs cause increased pressure to ad-
just rates upward. Increased rates result in
revenue increases which provide the funds required
to meet rising costs. There would be only a
slight pressure to decrease rates once they are
raised, even though costs of production, factors
might decline, as shown in Figure 13.

FIGURE 13
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The major and minor loops have been expanded into
detailed flow diagrams and equations that are used
to comstruct a computer simulation model. Although
the phase of the research using the computer model
is continuing, preliminary operation of the model
has been quite encouraging. The data from these
initial operations illustrate how the competing
forces upon management are balanced. The remainder
of the paper deals with detailed structure of the
model and its operation and validation.

DETAILED MODEL-FLOWS

The interactions within the loops determine the
nature of the forces in the decisional structure the
utility executive faces. These forces were dis-
cussed in the last section. The way in which these
variables actually form an informational feedback
structure will be discussed in this section.

The detailed structure of the production sector of
the model -is represented by the flows shown in
Figure 14. The symbols are in the System Dynamics
notation . with the levels represented by a rectangle
(1), a decision point controlling the inflow
and outflow from a level by a valve ( 25 ), and the
flow by a solid line ( —> ). Executives add to
the capacity to generate electricity when potential
demand in a community approaches current capacity or

37
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when government policy makes expansion attractive,
The gbility to expand is, of course, affected by the
ability of the organization to attract debt financ-
ing. The potential demand in a commumity is the
maximum load that could be placed on the system if
all circuits in existence were activated at omnce.
The actual demand is some percentage of the poten-
tial demand. It fluctuates in the ranse of 907 of
potential demand depending upon consumer conserva-
tion efforts, market conditions, and season. The
actual ratio between these variables must be under-
stood by the utility executive and is the point of
continuing research.

The movement of the three level variables over a
nineteen-year period is shown in Figure 15. A.basic
community~growth~rate of about five percent each
year was employed in the model. This figure was

expansion pressure to fall. This pressure variable
is the subject of the subsequent discussion.

The flow of pressure to expand existing facilities
is portrayed in Figure 16. The pressure is a
strong determinant of the generator capacity added.

FIGURE 16

Growth-Sector Flow
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This is implemented through a transfer function
with additional capacity a dependent variable and
pressure an independent variable. The exact shape
of the transfer function between these variables is
critical and is the subject of continuing research.
The growth pressure is a function of the ratio be-
tween generator capacity and a combination of actual
and potential demand. The pressure is relieved as

_the generator capacity grows.

The movement of the pressure for expansion variable
is shown in Figure 17.

FIGURE 15
Production Sector Level Movement
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based on a study of community growth. The growth

is reflected in the movement of potential demand.
Actual demand follows the potential demand with the
fluctuations because of the factors previously
noted. Generator capacity also grows with potential
demand and is a reflection of the realized capacity
a utility actually possesses. Learning curves and
start-up problems mean the realized capacity is
reached gradually and not immediately with installa-
tion of new equipment. Generator capacity is suffi-
cient to meet demand during most of the period of
operation. When it is not, the utility must pur-
chase electricity from other sources or reduce ser-
vice. In the utility studied, electricity was
purchased from other utilities when demand could not
be satisfied. The pattern of movement is consistent
with what occurred in the actual system. The slight
divergence of generator capacity and actual demand
toward thée end of the period was caused by allowing

FIGURE 17

Pressure for Expansion and Growth Movement
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PUBLIC UTILITY OPERATION AND GROWTH: ... Continued

The pressure is a complex variable that is deter-
mined chiefly by the capacity to demand ratio.

When the generator capacity to demand ratio is what
the executives desire, expansion pressure is not
severe. If the ratio is unfavorable, pressure
would grow to add more capacity. In the period
represented, capacity is allowed to grow as war—
ranted to track.potential demand. Pressure, as a
result, falls rather than builds. The things that
determine the pressure for expansion are also points
of continuing study. Several experiments ‘show the
model to be very sensitive to this pressure and the
shape of the function that transmits the pressure
to the amount of growth allowed. The shape of the
pressure function in the experiment shown iin
Figure 17 did not allow sufficient growth of gen-
erator capacity. This caused the previously dis-—
cussed divergence between actual demand and growth
warranted and generator capacity. Pressure causes
a certain warranted growth. The actual growth
possible is, of course, strongly dependent upon
funds availability. The financial aspects of the
model are the subjects of the next discussion.

The ability of the organization to grow (4dd capac-
ity) is dependent upon. its ability to attract debt
financing which is itself a function of a favorable
outlook for demand and operations. As demand
grows, funds from operations grow and the ability
of the organization to attract debt funding, and
thus grow, is enhanced. The actual level of funds
available is reduced by the funds required for
operations, for growth, and for debt service. The
availability of funds is a key informational flow
in determining the growth of the organization and
in its ability to control pollution. These rela-
tionships are displayed in Figure 18. i

|

FIGURE 18

Financial-Sector Flow
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Financial movements are reflected in the patterns

shown in Figures 19 and 20. Operating funds follow
the growth in demand as do the growth funds.
term debt and receivables also show the same pat-
tern. Several experimental features of the model
are not illustrated specifically in this paper. !
The effects of inflation, unstable fuel costs, con-

sumer resistance, fluctuating production costs, and
instability in financial markets were not activated !

t
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FIGURE 19

Operating and Growth Fund Movement
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FIGURE 20
Financial Sector Movements
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in the basic runs of the model. Achieving a stable
growth pattern in the model was the objective of
initial efforts. The stable model may now be tsed
to investigate these fagtors. To illustrate how
these experiments are conducted, an experiment with
the availability of capital funding was conducted.

The movement of generator capacity when sufficient
growth funds are not available is shown in Figure
21. This movement results in the face of prolonged
absence of sufficient expansion or capital funds.
In quarter thirty, expansion funds become insuffi-
cient resulting in the long-term decline in capac-
ity. The decline, even in the face of excellent
potential demand, is self-reinforcing. The ability
to attract debt and the exact relationship of this
to the condition of the utility is critical. Man-
agers must be aware of the normal conditions of the
capital market and their effect on the organiza-
tion's ability to grow, for once an organization
finds itself in an unfavorable capital ppsitionm,
recovery is most difficult. The exact structure of
the mechanisms which cause such movements is the
point of continuing research, The investigation is
focused upon the amount of capacity allowed by the
pressure variable and the factors necessary to
attract debt.

Operation of generators creates pollution, The
amount of pollution actually released into the
atmosphere depends upon the type of fuel used and
the level of pollution controls employed. Opce
released, the pollution is more or less visible
depending upon general environmmental conditions.
The flow of pollution is shown in Figure 22.

FIGURE 22

Pollution—-Sector Flow
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The movement of the pollution sector variables is
shown in Figute 23. .Whep pollution controls are
adequate, the pollution gctually allowed into the
environment is very small. TIf controls are not
sufficient, observed pollution grows causing an
increase in pressure tq control it. This pressure
is translated into controls through a complex
transfer function. The true shape of this function
for a given utility varies and must be investigated
thoroughly.

FIGURE 21 |

Generator Capacity Decline
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Pollution Sector Movements
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The results of the model support the theory out-
lined in the causal loop diagrams about the struc-
ture and organdzation of an electric utility.
Results are consistent with the movements observed
in the specific utility studied. The structural
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validity of the model adds to its potentidl as a

research device and as an executive decision-making j

aid.
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