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Abstract

The supply and demand schedules for gas pipeline companies are probabilistic

in form and dynamistic in nature.

These factofs, along with the other uncer-

tainties #ssoclated wich gas supply investment decigions, must be considered

in order to properly evaluate decision alternatives.

These dynamic, uncertain

and interrelated decision elements can be properly evaluated through computer

based simulation, where each elemeat not known precisely is considered as a

random variate, to be simulated.

The manifestation of the resulting simu-

lation aodal is the expected profit and loss (variance from the perfect

decision) of each investment alternative, evaluated over its anticipated

life.

INTRODUCTION
The populace ¢f the world appears to have an
insatiable desire for energy, for as people be-
come more appreciative cf what energy can do for
thrm they utilize ever~increasing quantities of
it. Each child demands more energy in his life-~
time than did his parents and in this quest for
an energy-rich Utopia in which he will be free
from limitations preascribed by his physical

capabilities mankind is creating an energy ex-

plosion that is far more staggering than the
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infamous population explosion. By the turn of
the century, less than thirty years time, the
world's population is expected to e almost
dcuble what it is now, but world‘'s annual con-
sumption of energy is expected to be almost six
times the present consumption lev:l. Energy
consumption in the 'nited States 1is expected to
be over three times its present leval.1
lwillxam T. Reid, "The Melchett Lecture, 1969 -

The Fnergy Explosion,” Journal of the Institute
of Fuel, February, 1970.



The sheer magnitude of the investment necessary
to meet this tremendous growth in demand is
going to require a great deal of innovation on
the part of energy companies in the formulation
of investment strategies. It is going to com-
pel managers to become more cognizant of market
reaction to higher prices (which are inevitable)
and to more effectively evaluate the risks and

uncertainties inherent in these types of invest-

ments.

This paper concerns s simulation approaca in
evaluating energy supply investment strategiea.
More specifically, it eddreszes itself to the
investwent problems currently facing gas pipe-
line companies.

BACKGROUND
Curreatly, the natural gas industry is pro-
viding about one-third of the energy consumed
in the United States. The incdustry has n
current invescment in plant and equipment of
cvar $40 villion, or about sixteen percent of
the $250 billion curreatly invested in the U.S.
energy industry as a whole.2 To meet the grow-
ing energy demands it has been estimated that

$500 billion will be needed to finance invest-

ments by energy companies over the nert fiiteen

2ugratistics of Privately Owned Electric Utili-
ties in the United States," Federal Power
Commission, Washington, D.C., December 12971,
1971 Gas Facts," Amerlcaun Gas Association,
Arlington, Va., 1971. '"Annual Financial
Analysis of the Petroleum Industry,”" The Chase
Manhattan Bank, New York, N.Y., August, 1971.

765

yeats.3 It becomes readily apparent from the
graph in Figure 1, which represents an esti-
mation, for tle U.S., of the future production
capability of the existing gas supply and the
potential demand for gas, that the gas industry
will probably require a considerable portion of
that $500 biliion if it is to remain a viable
element in the energy industry.
Figure 1
U.S. GAS SUPPLY AND DEMAND
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In the past, gas companies have not been greatly
concerned with the uncertainties associated with
supply related investments, because most of the
risk was carried by gas exploration and pro-
duction companies and the pipeline company simply
made .is investment after a gas supply was dis-~
Likewise, these companies heve not

covered.,

been overly concerned with market reaction

3Ho1l1s Dole, Assistant Secretary of I[nterior,
during speech to Financial Analysts Federation,
New York, N. Y., May 1972,



to price, because the price of gas has histori-
cally been low relative to competing fuels and
the increase in price resulting from a particu-
lar investment. would not have harmed gas'
competitive position in the market place. The
traditional method used by such a company in
formulating surply related investment plans
generally gssumed that, given no production
consirajat, the company would continue to main-
tain -.ts market share. A comparison of the
future production capability of the company's
present fucilities to the demand resrlting irom
the continued market share would provide a fore-
cast of the company's future supply- demand gap,

and & determination would, then, be made of the

investment necessary to fill this gap,

Becausge pipeline companies are most often regu-
lated by scme form of governmental agency, they
are protected (by either dictate or economics)
from invasion by another gas compauny into their
geographic market area. Also, their rates are
set to provide for a speciffr return on invest-
ment. Considering only this, it appears that a
zas company would have few reservations about

making whatever investment deemed necegsary to

f111 the gap mentioned above.

This statement may have been appropriate a few
years ago, but the environment acting on this
type of decision has become so complex as to
completely negate its validity at the present
time,

The statement neglects two fundamental

points. O(me is that a pipeline company's market,
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although protected from another gas company, is
not protected from invasion from another energy
form. Anotuer is that, if the ir/estment were
not a prudent one, the regulatory agencies would
not allow full return on that investment. These
two factors are interrelated, for if a company
made an investment to fill the projected supply-
demand gap and it turned out that gap had nar-
rowed because of a negative shift in the market
share, the company would flad that it had over-
invested. The consequences, in theory at least,
would be a dilution in the company's overall
rate of return.

DISCUSSION
Uncertainty is pervasive in the eavironment of
this decision, for investment decisions of a
pipeiine company are, by nature, very long in
term. The ramifications of such a decision cau
hardly be known precisely. Also, the en=2rgy
situation is changing very rapidly from both
technological and consumption standpoints and

this dynamism further augments the uncertainty.

In the analytical approach to this problem the
first place uncertainty arises is in the market
place. Demand cannot be estimated on a determin-
istic basis and probabiliatic confidence limits

should be used to envelop any demand forecast.

~Directly related to these market uncertainties

is the firancial risk that the regulators will
not allow a return on an "over-investment.'" The
financial risks, however, are not limited to that

of the market place or the rate makers., For



example, the new supply environment requires
that a portion of a pipeline ccmpany's future
capital expenditures be chsnn&led‘into explor-
ation of natural gas (traditionally a high risk
investment). In addition, a large part of a
typical company's future expenditures will be
for nonconventional gas supplies. This includes
suct things as nuclear stimulated gas reserves
and coal or oil gasification plants to produce
synthetic gas. The political problems associ-
ated with coel and oil gasification present risks

for these types of investments.

The manifestation of all of these interrelating
elements is that a gae pipeline company has
dynamic probabilistic supply and demand
schedules and in order to properly evaluate
supply related investment alternatives these
dynamic probabilities have to be considered.
Theoretical Constructs

The basic decision varieble is, of course, in-
vestment. It is a discrete variable for there
ig a limited number of investment alterunatives
available. Two other variabies are considered
to be directly dependent upon the investment
variable -- supply and price. Supply could be

said to be functionally related to the invest-

ment parameter through the following expression:
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(1) S, = Syt & (D

where:

S¢ = supply fcr some period (tj

S, = supply for some period (t)
if no additional investment
were made

K; = constant, dependent upon
investment alternative and
vary ovartime

I = additiopnal investment

Because of the regulated nature of the company
with its rates based upon returr, on investment,
price could be said to be functionally relatad to

the investment pacaweter through the following

expression:
P, =
t
where:
Pt = price per unit volume for
some period (t)
Io = initial investment
K2, K3 = constants which reflect
rate of return and cost
of service
D, = demsnd for some period (t)
S, = gupply for some period (t)

The demand (Dt) is functionally related to price,
which is, ii turn, related to investment, as
indicated in expression (2). The demaud variable

can be shown to be functionally related to the

other variables as follows:

(3) Se - K4(Pp = By) 5, Py > Py
De = 4 St , B = P,
S¢ = KS(Pt - P Pt<: Pp



where:
Dis Sp and Py are as before

Xz, K5 = constants reflecting
elagticity of demand

By » gptimum price where
supply and demsnd are
at the equilibrium
point on the supply-
demand achedule

The prime objective of management in selecting
specific investment alternatives is, of course,
to maximize profits., It can be intuitively
ghown that profit, in this inatance, is maxi-
mized when supply is precisely equal to demand.
When supply is lees than demand there exists an
opportunity loss, for the firm is not reslizing
the sales volume and the subsequent profit, in
the form of returu on imvestment, that it could
be realizing. When supply exceeds demand, how-
ever, the firm has apparently drifted, in theory
at li:ast, into the aituation where it has made
"imprudent" investments and the regulatory
agency will not allow the firm to earn on that
"unnecesgsary" investment. Thus, a real loss
occurs, which I term a risk loss. Loss, then,
is variance from the perfect decision - when
supply and demand are equal. In analyzing an
investment alternative both profit aad ioss have
to be considered. The goal would then be to
gelect the alternative that optimizes the cou-

bination of expected profits and expected losses.

The profit level of investment alternatives for
a 1 ¢line company is the resultant return on
investment. An indication of the loss level can

be datermined through the following function:

e

L=¢0 » Pe= B,

oo

vhere:

Sty D¢ 5 Pp , and Py are as
before

Ko, K7 = constants reflecting
unit losses

The expected loss for any particular time (t) can

be determined, for each investment alternative,
as follows:

+00

(5) ELg = ” L'£(Sy) " £(Dy) " dSedD,

-Q

A present value determination of the expected
loss of an alteraative over the life of the in-

vestment cen be conducted zs follows:

{6) EL = é ELt( 1 ’ t]
t=1 1+ ) I
where: - -
EL; is as before
i =annual capital discount factor
n =life of the investment in years
The integral in expression (5) can be evaluated
by Monte Curlo methoda‘using a normal random

nusber generator on the distributions of supply

end demand.

Because of th» real-world dynamism and uncer-
tainty, the model developed in this paper is
stochastic in nature and uses simulation tech-
niques to evaluate the system's stochastic
The basis for the simulation is

properties.

that each relevant variable that is baing esti-
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mated, or for some other reason is uct known

precisely, is considered to be a2 random veriate.

A known, or assumed, prot- 1lity demsity
function is spplied to each of these variables
to "simulste" its degree of unknownnesc ‘for
want of a better word). The model enables the
user to utilize both eubiectively defined den-

sity functions and quantitacively determined

functicns.

As an example of a subjactive function, suppose
the vaiue of a particular parameter is estimated
to be 100 units and the estimator feels that
thore 8 a 50-50 chance the real value will fall
within T 10 units of that estimate (and the
associated dengity function is aesuﬁed to be
normal). Since the 920-110 unit irterval con-

tains half the total probability, the probabil-

ity of the true value lying above 110 is 25

percent. This means that Q'(u) must have a value
such that: r
(7) P(uilg) = P 11.0-100 | p__10_.. .25
¢ (w) TM
From the normal tables,
A0 = .67
o )
a“) = 15 units

Theo () is the standard error (or deviation)
and & is a random variable analogous to the true
value of the parameter. The density function
for this particular variable would be normal

with a mean of 100 units and a standard

deviation of 15 units.

The quantitatively determined density functions
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are simply determined analytically or empiri-
cally. An example of a guantitatively
determined density function is that of re-
gression equation where the confidence interval
iz based on the following:

2 2
(8) Var(Y) =0 {1 + 14 (x = ¥) )

;.f{xi - it)

in

variance of the regression or the
estimate of the variance of the
errors of observation

where:

number of observatioms
independent variable
observation of independent
variable

meen of independen. variable

variance of the estimated
dependent varisble

Var ¥ =

The density function in this case would be
normal with the mean being the estimate of ¥
from the regression equation and the standard

deviation being the square roc: of Va..Y).

In the model, each random variable is simulated
through random number generation with each
variable's simulation being conducted independ-
ently (for those variables whose density
functions are independent of each other). The
optimum number of simulations has been deter-
mined through analysis of the standard error of
the estimate. The graph in Figure 2 shows the

rypical relationship between the error and the

number of simulations.



Figurs 2

Standard Error

Number of Simulations
Ae the number of simulations increases the
standard error more closely approximates the
theoretical value. In mosat cases 100 simu-
lations proved to be adequate, for any
additional incremental shift in standard error
could not justify the incremental cost of
additional simulation.
General Model Description
A sub-model has been developed for each major
decision variable, such aa supply, demand, or
expected profit and lose. The deasired output
irom each model is an aggregate forecast of the

particular decision element and its standard

error of estimate for each forecast period.

The general logic for the system of sub-models
is shown on che diagram in Figure 3. Each box
can be considered as being & sut-model. There
are three sources of data for the suppl' model --
thr2 conventional, nuclear and synthetic sub-
wols1s., The output of these models 13 the

asatimated supply parameters resulting from

conventional natural gas production, nuvclear
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stimulated production and ceal or oil gasifi-
catfon, respectively. Each of these ocutputs
contains volumetric forecasts, price forecasts,
and estimated volume and price varfances fox
each year of the forecast horizon. One of the
three supply sub-rnodels i3 computerized and thet
is the synthetic mcdel, which contains a simu-
lation of coal hydrogenation variables. The
other two models are based on analytic esti-
mation of the parameters. The simulated price
and its dev‘iat:lon from the supply model is used
&8 input for the demand model, which uses other
exogenous factors to simulate der nd. The simu-
lated demand and its deviation, ai.d the simulated
supply and its deviation are used as input for
the cost model which, when provided the invest-
ment dollars, return criteria and other relevant
data, simulates income and opportunity cost for
each year. The present value of those future
incomes and opportunity costs are also calculated
by this sub--'mm:lel.4 The computerized models were
doveloped over a period of time and both FORTRAN

and Tima Shrring BASIC languages were used.

45 more detailed discussion of each of the sub-
models is exhibited in the Apperidix.
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RESULTS

This model could be used for various types of

ccmparative investment analyses for a pipeline

company, ranging from analysis of a detailed

aad intricate investment stvrategy to that of

comparing the ramifications of two simple in-

vestment alternatives. To 1ilustirate the use

of the model three hypothetical investment

strategies for a typicel pipeline company have

been analyzed., The only investment decision

that varies from one strategy to the next in

this example concerns the type of coal hydro-

genation process to .e employed.

All other

decision elements zre assumed to remain con-

stant. .
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At the present time 2 dozen hydrogenation pro-
cesses are being promoted by various manufactur-
ing and engineering firms, These processes are
all at various stages oi develcpment, but none
have been used commercially. Each process is
unique from a financial viewpoint, For in-
stance, some processes require a 1owe: level of.
investment than others but, consequently, have
higher operating costs. Alsc, the level of risk
is different for each process so that one pro-
cess might result in a gas price considerably
below the others, but it has a smaller chance of
becoming a commercial reality in time to do any

good.

In view of all these uncertainties and variabi-
lities, the most logical thing to do would bz to
wait for the processes to become commercialily
available before making the selection. That
would take the guese work out of the decision,
but that is not feasible, for the promoters of
these processes are demanding development
capital and, in order to receive the benefit of
early use of cne of these plants, commitments
have t. be made now. These commitments are ex-
tremely large, for the cost of building one of

these plante is on the order of $250-$300 million,

The three types ~f processes presented in this
paper are termed A, B and C. Process A is
closest to being commerciallwv available in that
a portion of the process has been in use for

quite some time, There is the smallest risk

associated with this process, but is has a low



efficiency so its estimated gas price will be
greeter than the others. It is anticipated that
this process will be the first to be available
for use - possibly by 1977. It is estimated
that process B will result in the cheapest gas
price and will require less investment than the
others. At the same time, however, it will
probably have higher operating costs. It 1s
estimated that this process could be used by
late 1978. The program to ~evelop this process
is of a crash type. Consequencly, the risks
a;sociated with it are grecater than for the
others. Process C won't be available until
about 1982 and its estimated resultant price
will be somewhere between the other two pro-
cesses. This process is being developed over
a longer period of time so the rigks aseo-

ciated with it are less than with process B.

The first illustrative hypothetical alternative
is th;t of investing in one plant of each of the
processes and bringing them on stream at their
earliest possible dates. The A plant iz to be
on stream in 1977, the B plari in 1978 and the
C plant in 1982. The second investment alter-
native is that of investiug in one A4 plant and
two B plants. The A plént is to be cn stregm in
1977 and the two B plants in 1982, The third
alternative 1s to invest in a B plant to be on

stream in 1978, and a C plant to be on stream in

1982,

The results of the investment aiternativea are
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shown on Table 1 through Table 3.7 For the first

alternative, tye present value of the income
(retuzn) and opportunity coats sre $451 million
and $81 million, respactively. For the second
alternative, those values sre $411 million and
$76 million, respectively, snd for the third
alternative, they are $414 millfon and $4% mil-
iion, respectively. Alternative onz muximizes
return and alternative three minimizes tlie oppor-
tunity costs. The aunual income or zeturn
figures, shown on the tables should aiso be of
interest for these Qalues ~an be used to approxi-
mate the net investment cf 'a alteruative for sny
particular point in time. For 1n;tance. the 1991
net investment for the three alternative strat-
egles is abou: $1,050 miilion, $850 million, and

$950 miliionm, respectively.6

5A11 figures are hypothetical

5These values are calculated by dividing the
anrual income figures by 8-1/2 percent, which
is the assumed hypothetical rate of return.



Table 1 Table 3

INVESTMENT ALTERNATIVE 1 INVESTMENT ALTERNATIVE 111
Supply Demand Income  Cost Supply Demand Income Cost
Year BCF Std Dev BCF Std Dev $Million Year BCF Std Dev BCF Std Dev $M*ilion

1972 443 17 426 13 17.21 0.71 1972 443 17 426 13 17.21 0.71
1973 463 23 426 16 17.95 1.73 1973 463 23 426 15 17.95 1.73
1974 47% 27 448 17 19,75 1,25 1974 476 27 448 17 19.75 1.25
1975 494 32 473 17 21.74 0.33 1975 494 32 473 17 21.74 0.93
1976 511 37 476 20 24.64 1.56 1976 511 37 476 20 24,64 1.56
1977 556 42 &67 25 35.00 6.78 1977 526 42 475 24 26.85 2.98
1978 586 48 470 25 42,98 10.64 1978 566 48 484 25 35.96 5.35
1979 550 53 431 24 42,69 11,28 1979 520 33 449 25 36.22 5.25
1980 567 60 409 22 42,33 16.42 1980 537 60 431 24 37.08 8.77
1581 535 67 485 26 52.07 4,59 1981 505 67 511 39 43.81 1,22
1982 584 73 447 29 62.99 18.03 1982 564 73 469 31 58.25 9.24
1983 617 81 437 24 73.75 29.80 1983 587 81 461 29 71.43 18.71
1684 590 90 458 20 79.60 22.93 1984 569 89 481 25 75,93 12,22
1985 580 160 447 23 80.41 21.74 1985 560 100 457 27 75.03 13.09
1986 562 112 472 26 86,00 13.55 1986 532 112 479 29 78.72 8.15
1987 543 122 517 24 91.60 7.08 1487 513 122 527 26 83.24 4.46
1988 527 134 574 33 100.69 4.16 1488 497 133 590 37 89.98 6.27
1989 508 144 493 39 89.88 8.53 1949 478 144 490 43 80.41 7.21
1990 505 158 481 29 87.90 9.64 1990 505 158 485 31 88.41 9.35
1991 517 171 490 40 89.59 10.70 1591 487 i71 495 43 80.61 8.45

PRESENT VALUE PRESENT VALLE PRESENT VALUE  PRESENT VALUE
INCOME COST INCOME COST
$ 451.33 $ 81.32 : $ 414,21 $ 49.36
- Table 2
INVESTMENT ALTERNATIVE II The ohjective has to include the present values of
Supply Demand Income Cost both income and opportunity costs. The income

Year BCF Std Dev BCF Std Dev  $§Million
1972 443 17 426 13 17.21  0.7% figure represents the expected payoff or monetary
1973 463 23 426 16 17.85 1.73
1974 476 27 448 17 19.75 1.25 value of the particular strategy employed and the
1875 494 32 473 17 21.74 0,93
1976 511 37 476 20 24,64 1.56 cost figure represents the rigk of monetary loss

1977 556 42 466 25 35.00 §5.78
1978 586 48 470 25 42,98 10.64 that could cccur through employment of that
1979 550 53 431 24 42,69 11.28

1980 567 60 409 22 42.36 16.42 strstegy. Members of Management who are respon-
1681 535 67 485 26 52,07 4.59

1982 634 75 444 30 59.15 24,72 sible for selecting the investment strategy have
1983 617 85 441 27 60.73 23.39

1684 599 96 471 25 65.45 16.57 to weigh the profit potential against the risk.

198C 580 107 451 26 65.88 16.68
1986 562 120 476 32 70.00 10,52 All the model can do 1is provide data for consider-
1937 543 131 529 29 74.86 5.40

1988 227 142 601 42 82.60 4.80 ation by Management, The impcrtant ingredient in
1989 508 154 499 49 72,22 7.58
1950 505 167 485 34 87.38 9,92 this decision process which now becomes prevalcnt

1991 517 181 493 48 72,25 9.24
is the relative degree of risk aversion of the
PRESENT VALUE PRESENT VALUE

TNCOME COST members of Management. This factor is combined
$ 11.64 $ 75.82
with the simulation resuits to form the utility of

each investment alternative and it is hoped that

through this process of combining the quantitative
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asnd qualitative elements of the decisicn~making
process, the result is the best solution to the

probliem.
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APPENDIX

Conveptional Supply - An estimation of a typical
compeny ' auppiy of couventional natural gas can
ﬂe determined analytically‘through statistical
annlysis with the uge of Gozpertz curvefitting
techriquas. Using this technique, t@e density
function of the convéntional nataral gas supply
is'datermined through the regression confidence
interval calculaticn exhibited in the DISCUSSION

portion of the paper. The densi:y function can

be revised by the company'es cupply persomnel to

teflect thelr subjective estimation of the
potential supply *to,bé diecovered and their
evaluvation of the company's ability to compete
for that supply. The result of this analysis is
estimated auyply, prices, return and respective
variances for each year in the forecast. The
prices are the wholesale prices necessary to
provide a specified return on the investzent
required to market the gas. The return indicates '
that proportion of the price which 1s necessary
to provide the required return.

Nuclear Supply -

respective variances for nuclear stimulated gas

The supply, prices, return, and

production are estimated on a subjective basis
with considaration being given to verious politi-
cal snd technological problems which might be
'encounteu&.‘ The prices and return are as dis-
cussed in the Conventional Supply ssction, above.
The subjective density funciion asscciated with
thic "eub~model" iz definsd according to the

procedure outline in the paper.



Coal Supply ~ Prices, returm, and their respec-
tive variances for coal hydrogenated gas is

detarmined through a computerized simulation

model. This model considers the level of invest-

ment required for a particular hydrogenaticn
process and calculates a gas price that would
be required to earn a specified rate of return.
The variables that are being estimated (and
therefore trxeated as randow varisbles) are:

(1} depreciation

[2) interest rates

[2] debt/equity ratio

[4] teax rates

{51 1laboxr costs

{6] wmaterial costs

[7] equity return

[8] coal costs
The output of this mcdel iIncludes a detailed
breskdown of various factors relevant to an
economic analysis of a hydrogenarion plent, &
scmple of which is chown in Table 1. The
general logic of the simulation aspect of thié
model is gimilayr tc that of the demand model

which is discussed>1ater.

The supply of hydrogenated gas and its rei;ted
variance is subjectively estimated, with con~
sideration being given to thg reliability of
the technology involved and the degree to
which that technolegy has been proved through

ectual application. Cne of the biggest factors

Yie might be well to point ocut that the ssme
type of simulation model could be developed
for the conventional and nuclear supply cases.
It 18 felt at this time, however,.that the
subjective aspects of these analyses negate

the need for such sophiatication.

in thie consideration is the variability asso-
ciated with the estimation of the earliest "on
strean” dste for one of these plants.

TABLE 1

COST OF SERVICE (MANUFACTURED COST OF GAS)
(AMOUNTS IN THOUSANDS OF DOLLARS)

Particulars 1973
Total Facilities I~vestwment $ 76,898
Working Capital i : 5,383

Total Capital Investment $ 82,281
Cost of Service
Operation and Maintenance
Direct Labor 1,669
Maintenance 2,568
~ Supplies 385
bdministrative and General o
Supervision 167
Payroll 184
General 2,395
Insurance . 369
Coal Coat 17,082
Water Cost _ 147
Other Direct Materiale 8il1
Depreciation . . 3,845
Retuin 7,558
Federal Income Tax . 4,001
State Inccme Tax 268
Other Local Tax 1,153
Subtotal § 42,622
Contingencies 767
Subtrotal $ 43,389

Byproduct Credit (Char,Sulfur,
Power) 11,454

Total Cost of Service/Yesr 2 31,935

Cost of Gas vetermination

Annual Gas Production, MMBTU 51,903
Basic Gas Prices, Cents/MMBTU 61.53
Royalty Cost, Cents/MMBTU 2.50

Final Gas Price, Ceants/MMBIU 64,03
ITHEENEE

Mean Value of Basic Cas Price €1.50
IRPNSTENCLIS

Standsrd Deviation of Gas Price 2.20
ETERSDEIIENR



Totsl Supply Model ~ The total supply schedule
is esrimated through a computerized simulstion
model which takes, as ipput, all of the supply,
price snd variance estizates of the previously
mentioned sub-models and iandependently generatss
randonm numbers representing amch of thase var-
iables. Zince retail prices sre required to
dereraine market demsnd sand the prices deter~
mined thus far are wholasale prices; an
estization iz needed for the retail mark-ap in
-~ each consumption category. This in itself is

& conafdarable task for utility pricing strac-
egles vary substantially from one sales category
to snother. In addition, an estimation ie needed
of the retailers' revenue requirements. To
account for the uncertainties involved in this
procedure, these merk-ups are also simulated.
The results from this wmodel are used zz imput for
twe othar wodels. The retaill prices foxr each
consumption category end their respective stand-
ard sxrore are transmitted to the demand model
and the aggregate total supply and its standard
error are transmitted to the cost medel. An
exanple of the information generzted by this
model 1s shown in Takle 2.

Demand Model ~ The total demand schedule is
estimated through a computerized econometric
and eimulation model which tsﬁs, as input, the
retall prices ¢f each sales categery generated
in the total supply model diacussad above and
their respective standard errors. Other exo-

gencus factors uged 1u this wodel include

populatior, per capita income, competing energy
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prices and housetold formatioas. 4s in &11 the
wodels diecussud thus far, eech sstimated var-
isbie 1is treated as a rnmﬁca variable and is
simulated through ravdom number generation.
These eatimated variabies, which are treatsd as
random statietics, inciude both excgenous snd
cndogenous variables. In gddition, a confi.dence‘
interval has been established for each of the
fifceen regreasion equations in the modsl., The
regression equations represent warket susre elas-
ticity or sensitivity to price, income, or.
vatidus other factors. Thase {aterval calcula-
tions %ave besn based on the equation exhibited
in the Theoretical Ccmstructs gection ~ the
paper. Raundcm numbers analogous to e.:h depend-
ent variable are generated, based on the confi-
dence intervals. These randewm numbers csn be
thought of as aimulatingy the degree to which the

regression equation does not statistically ex-

plain the behavior of that dependent variable.

A flow diagram of the basic logic of this wmodel
is ghoun on Figure 1. The cutput of the model
includes a breakdown of various factors relevant
to a narket analysis, an exsmple of which is
shown in Table 3. The total demsnd and its
standard error are trsnamitted to the cost model

for further use.

Coat Model - Tha term cost model is somewhat mis-

lesding for the model's function is to summarize
the results of all the previous models &nd simu-
late the financial remifications of the entire

process. The model takes, as imput, the total



TABLE 2

SUPPLY __CITY GATE _ _RESIDENZTIAL _COMMPRCIAL _ _INDUSTRIAL _  _FLECTRIC GEN _
Year _BCF SID DEV  PRICE SID DEV PRICE STD DEV PRICE STD DEV PRICE STb DEV ~ PRICE  STD DEV
1972 453 17 0.27 0.03 6,73 0.06 0,51 ©0.05 0,30 0,02 0.30 © 0,03
1973 463 23 0.28 0.05 0.76 0.08 0.64 0.07 0.31 0.05 0.31  0.05
1974 476 27 0.29 0.07 0.8 0.11 5,67 0.09 0.33 0.07 0.36  0.07
1975 49 32 0.31 0,08  0.83 0.13 0.69 0.11 0.36 0.0 0.3  0.08
1976 511 37 c.3 0.09 0.8 0.14 0.75 0.13 0.38 0.09 0.38  0.09
1977 556 42 0.43 0,10 1,00 0.1 0.85 0.1 0.47 0.10 0.47 0.11
1978 386 48 0.52 0.12  1.11 6.3 0.95 0,16 0.56 0,12 0.56  0.12
1979 580 53 0.56 0.13 1,17 0.20 1.01 0.18 0.60 .13 0.6¢  0.13
1980 567 60 0.6¢ 0,15 1,24 0,22 1,07 0.19 0.64 0.15 0.64 0.15
1981 536 67 0.64 0.16 1,30 0.26 113 0.21 0.68 0,16 0.68  0.16
1982 586 73 0.74 0,18  1.43 0,26 1.25 0.23 0.78 0.18 0.78  0.18
1983 617 81 0.82 0.20 1,54 0.28 1,35 0.25 0.87 0.20 0.87  0.20
1984 580 90 0.85 0,21 . 1,60 0.31  1.41 -0.27 0.90 0.21 0.90 0,21
1985 500 100 0.86 0.2 1.66 0.35 1.46 0.29 0,93 0.23 0.93  0.23
1986 562 112 0.91 0.26 1,72 0,35 1,51 0.31 0.96 0.26 0.96  0.26
1987 543 122 0.95 0,28 1,79 0,38 1,57 0.34 1.61 0.28 1.01  0.28
1988 527 136 0.98 ©€.31  1.85 0.40 1,63 0.36 1.04 9.31 1,06  0.31
1989 508 147 1,02 0.35 1,93 0.46 1,69 0.40 2,08 0.35 1,06 9,35
1990 505 158 1.06 0.38 1,98 0.48 1.74 0.43 1,10 0.38 1,10 0.33
1991 517 171 1.05 0.4z 2,03 0,51 .78 0.47 1.12 0.42 1.12 0.42

supply estimate and its standard error, the totel counted to the present tc arrive at a present

demand estimate and its standerd error, and the value figure so that camparatiﬁe analyses canmbe
various prices, returng and their respective conducted for the varfous investment alternatives.
standard errors, and simulates the resultant in- The general logic in this model is exhibited om
come snd opportunity cost, Income, in this Figure 2 and a semple output is exhibited as
instance, is before taxes and financial costs.2 Tables 1~3 in the Results section of the paper.

Opportunity costa are basically measures of
variance from the perfect decisiop aud, as men~
tioned before, arise irv twe instances - when
demand exceads supply, in which case profi:
opportunities are not fully utilized, and when
supply exceeds demand, in which case an over-
investuent has been made and the utility regu-
lators will disallow a return on that "imprudent"
iuvestment., These income and opportunity cost

estimetes for each year of the forecast are dis-

2This is the manner in which return on investment
i1s calculated for a utility.
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Figure 1

Dimension
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1
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File
Rules
1

Read Prices,
Std. Deviations From
Supply Output File

Loop for

(A)

(B)

£ach Rnd. Gen..

Generate Population
Growth Rate and
Calculate Incremental
and Total Fopulaticn

!

Calculate
Household Formaticns
and Total Housaholds

Generate Multiple
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i
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k
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H
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!
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{B)
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Chain to Print
Progran

Stop

(A}



TABLE 3 Figure 2

NATURAL GAS MARKETS .

TYPICAL GAS COMPANY

Dinension
1972 Arrays
1
Population . . + « « ¢ o o « » » o« » 2,285,370 ' | Bstablish
Number Households . . . . « « . « & 724,128 : File
Single Residences . . + & ¢ « ¢ o « 543,320 Rules
Commercial Establislments . . + . . 71,298 : 1
Per Capita Income . . . + ¢ « o « « $ 3,578.69 Read Supply,
Demand, Return,
Gas Price Por MMBtu 4 Std. Deviaticns
Reeidential e & @ » o o o ¢ e v o 's \-735 : From supply and 2
Commercial . o « ¢ ¢ ¢ ¢ o o« ¢« s o .615 , Demand Models
Industtial . L] L] * [ ] [ L] L] n » . L] L] 30]- g - l
Electric Gereration » « » o « : ¢ o 301 Read Other /
Eleckzdc Price o v o v ¢ ¢ o o o o o 4,903 ' ' Pactora_/ c
Residential Fuel 01l Pric e s s 8 @ 1.07¢ ' o e
Commercial Fuel 011 Price . . « « . - - 1,079 : . Locp for
Industeiel Fuel Oil Price . « ¢« + + & . +549 ¥ ‘ Each Year €A)
Electrsc Generation Fuel 04l Price. . <457 : L
Indusf_&ialcoal Pri“-e A e & & + s 3z o .AZI calculate Total .
Electric Generation Coal Price . . . »312. and Average Recura
On Supply Means

Residential Saturations

Cmtrui Heatiﬂs $ o 5 e o o o o o 95.0 z LOG‘ for
CRANEEB .+ .+ s . o e o o o s o v o 38,6 % _irachirzxm-.(a)
"Water Heaters o « o« ¢« ¢« v o 5 ¢ « » 90,0 %

Clothes Dryers . . « « o o o o o » 11,6 % Generate Total
Commarcial Saturation . . + « « o « . 5.0 % Supply
Industrial Percentage . . . « « « . » 64,0 % =
Electric Generation Percentage . . . 46.1 % Generate Total

Demand

GAS CONSUMPTION BEQUIREMENTS

. MMCF_ STD. DEV.
Regidentisal . . . . . . 80,376.0 .1,085.0
Commercial . . . . . . 50,286.4 2,230.2
Industriei . . . .. . 86,732.5 6,748.0
Electri~ Ceneration , . 52,324.1 8,060.8 /

Total 269,70L.0 12,484.9 Return Earned Return Earned Returr Barmed

On Supply On Supply On Demand
Other Salﬁs o 8 e o @ 0134,25300 - 1 l i R }
Lost & Unaccounted For _22,217.3 686.7 Cost=Rerurn - Cost=Return - The;
Potential Return Cost=0 oretical Return
uotal Requirements 426,168.C 13,171.5 T ' ] A
(B)

Calculate Average
Return and Cost

-(8)

\Pti:u: ReaultJ/
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