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CHAPTER 1
INTRODUCTION
. There w?uld be . . . a reduction in the nationwide average
Price per kilowatt hour from 1.7 cents today to about 1.2 cents
in 1980 (Federal Power Commission, Oct 1964, 277).
An actual forecast made by the Federal Power Commission in 1964.

But instead of decreasing as predicted, the average cost per kilowatt

hour rose to 4.49 cents by January 1, 1980.

Changes in the Electric Utilities

Business Environment

In the 1last 15 years, the electric utility industry has been
subject to some of the most volatile and controversial business
conditions since the great depression. Until 1973 electricity demand
grew at a stable rate that allowed for relatively accurate demand
forecasts and minimized the risk of planning for the future.

The sudden rise in fuel costs resulting from the Arab oil embargo
upset the electric industry's stable world. America rebelled at the
high prices and immediately began conserving energy, causing the energy
intensity of the economy to decline every year between 1977 and 1987
(EIA/DOE-0384(87), 1988, 3). As the price of oil rose, so did the cost
of producing and suppling electricity, causing both demand growth and
profits to decline at the same time. Even with increasing prices, total

1
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Y consumption of electricity continued to increase, but at a much

slo
WELL paces | The only exceptions were between 1973 to 1974, and 1980 to

19
81, when total electricity consumption actually decreased (EIA/DOE-

0384(87), 1988, 2).

Adding to the industry's already existing problems, recent
regulatory decisions have penalized some electric utilities for
overbuilding by not allowing redundant plants into the ratebase (Holman,
5 September 1985). But, at the same time, regulatory commissions demand
utilities to provide the country with an adequate and reliable
electricity supply.

Considering that it takes anywhere from 7 to 12 years to order,
design, and build a new coal base-load plant, the question arises as to
who is responsible for the cost burden of a forecast that overstates
future electric demand. 1In the case of an underforecast that causes a
capacity shortage, there is no question where the cost would fall, upon
the consumers. They will be hit with increasing costs, brownouts, and
possibly even blackouts as capacity-short utilities scramble to install
more plants, or attempt to purchase expensive power from neighboring
utilities.

How realistic 1is the forementioned power shortage scenario?
According to Charles M. Studness, it is highly unrealistic:

During the decade before the energy crisis in 1973, the
industry's reserve margin averaged 20 percent, and it was never
higher than 23 percent. At the time , a peak reserve margin of
20 percent, equivalent to a capacity factor of 16 percent, was

considered optimal. During that decade, capacity grew 7.3

percent per year.
During the 13 summers from 1975 through 1987, the industry's

reserve margin averaged 33.8 percent, and excess capacity
averaged 12 percent, the same as in 1975. Peak demand grew 2.7

2
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gizzznzgsgr y$ar during 1975-79 and also 2.7 percent per year
SEEE Stillom _et,.a§ Latevds 1979 « v oy wtilities in aggregate
o oy perceatntalnlng a ten-year forecast of peak demand growth
it s inn lggr year, only one point below the ten-year
Loiorsag on 7 of 5.7 percent per year . . . utilities

their capacity 35 percent between 1975 and 1987, while

all the time maintaini
taini $
(Studness, March 1988). ng excess capacity of 12 percent

Studness goes on to say so much over capacity made regulators
adopt '"regulatory methods never widely used before . . . phase-ins and
disallowances." To him, the need to build more plants is a fallacy
Created by utilities through the use of bookkeeping games. The constant
12 percent excess capacity, along with continual overforecasting, gives
strength to Studness's point of view. However, this is only one point
of view.

In firm disagreement with Studness, there is Peter Navarro, a
researcher at the John F. Kennedy School of Government's Energy and
Environmental Policy Center and author of the grimly titled book The

Dimming of America, in which he asserts:

As a result of conservation and the pressures of recession,
the pre-1970's average rate of growth in electricity demand has
been cut almost in half to the rate of 3.6 percent. Moreover,
this average rate is the product of very erratic growth rates in
individual years. 1In some years, such as 1972, 1973, and 1976,
electricity demand growth has been as high as 6.3 to 8.4
percent. But in recession-plagued years such as 1974 and 1980,
it has been close to zero and in 1980-1981 even negative.

In thinking about the reliability penalty, one important
question to consider is to what extent conservation will
continue to hold down the growth rate in electricity demand.
These analysts see the low growth rates in electricity demand
during the 1970s and early 1980s as being attributable as much
to economic recession as to conservation, and they point to the
rebound of demand growth . . . marked by the higher growth rates
such as the 6.3 and 4.6 rates in 1975-76 and 1976-1977 and the
latest case in point, the improved 3.6 percent annual growth
rate observed in the later stages of Reagan's "economic
recovery”. (in the second half of 1983, in fact, electricity
demand grew at a rate of about 8.5 percent over that experienced

3
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in the second half of 1982.)
Accordingly, most analysts predict that demand for

ele : ;

perzzricity will continue to grow at a rate of at least 3

e n“t Per year and, if the economy continues to recover over
ext few years, perhaps even higher. (Navarro, 1984, 53).

Navarro obviously believes an increased demand in electricity, the

need ¢ : i

e for greater Capacity, and possible power shortages are not just
bookkeeping fantasies, but very real problems which need to be dealt
with immediately.

These two opposing points of view provide the fundamental
attitudes for a highly controversial issue. But before trying to decide
which situation is more correct, it is important to understand why there
is such a fight over a simple forecast.

First, 1let's observe how the different growth rates will affect

electricity supply and the reserve margin by comparing need with

capacity in each situation.

The 2.2 Percent Low-Growth-Rate Scenario

Both the Natiomal Electric Reliability Council (NERC) and the
Department of Energy (DOE) agree with a 2.2 percent electric demand
growth rate through the year 2000. (Williamson, 30 April 1987). Federal
support of an issue, whether it is correct or not, will often lead to
its adoption by state and local organizations, resulting in a greater
impact than other views. Such is the case for the 2.2 percent growth
rate. Because of 1its wuse by commissions, it has been more of an
influence on capacity planning than the high growth forecast.

To apply the 2.2 percent growth rate, assume all capacity

4
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increase
s
Vere ‘put on hold at Studness’s request. Based on the 1986

Summer geap
Benerating capability of 633,291 megawatts, and a peak 1986
demand
of 476,320 megawatts, electric utilities would have less than a
20 per ;
Percent reserve margin in three years, but, it would still take 14

Years
for peak demand to meet current summer capacity (DeCampo, 1987,

14),

If electric utilities were allowed to finish construction on all
additions planned by the year 1996, the results would be somewhat
different. Total summer capability would increase by 7.87 percent to
685,582 Mw, leaving the U. S. with a 13.6 percent reserve margin by
1996. However, these numbers also represent a 372 plant, 12,638

megawatt summer capacity retirement by the electric utilities before
1996 (DOE/EIA-0348(86), 1987, 245). By keeping these plants on line,
the United states would boost its reserve margin to 15.2 percent,
further reducing the need for new plants.

With the preceding results in mind, consider what would happen if
electricity producers were allowed to increase capacity at whatever rate
they deemed necessary, possibly at a 4.4 percent per year rate. The
result would be an increased capacity to 975,268 megawatts by 1996.
Assuming Studness's forecasts are correct, and allowing for a 20 percent
reserve margin, a 266,504 MW excess capacity would exist.

Capital in excess of $280,612,721,000 would be required just for
the construction of enough plants to supply that much electricity
(Hanson, 1987, p.a26)! Without any new consumers to pay for such an

extravagant bill, the responsibility would fall on the old consumers in

the form of increased rates.
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Even o
though this is an extreme example, it gives some indication

of what i
could possibly happen (it also shows why Studness's argument is
SO a
Prealing). At a 13 percent annual interest rate, the interest on
one i
$10 billion dollar nuclear power plant is 1.3 billion dollars a

ear, A——
y When such a small overbuilding adds such a tremendous cost to

consumers, imagine what a hundred billion dollars of overcapacity will
do. This definitely creates a "why build it now if we don't need it

11 .
now™ attitude and adds still more problems to an already difficult

situation.

Effects of the 4.4 Percent
High-Growth-Rate Scenario

Although there is great support for growth rates higher than those
used by the NERC and DOE, there is not a specific rate that has been
accepted as a correct rate. Most high growth forecasts are either
unspecified, i. e. "at least 3 percent', or are not in agreement with
any other forecasts. The general consensus of a high growth forecast
appears to be in the 4 to 5 percent range.

Use of a 4.4 percent growth rate was adopted from the NERC, who
believes there is an 80 percent chance of demand being between negative
.2 and positive 4.4 percent through the rest of the twentieth century
(Williamson, 30 April 1987). Since the NERC was the only source to
state a specific high growth rate within the 4 to 5 percent forecast
their rate was adopted for the sake of comparison.

range,

If electricity demand grows at 4.4 percent per year, the current
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Suppl ca £
= pablllty of electrical utilities would not be able to meet

electric :
demand within 7 years. Even 1if the industry utilized all

pPlanned 13 P
summer capability additions, 52,291 MW , and did not retire any
Plants i
» the electric utilities would not be able to meet peak demand in

199 i
5 when it reached 732,662 MW and there would only be a 685,582 MW
supply (DOE/EIA-0095(86), 1987, 11)

It has been said that increased capacity is not a case of "will we
need it", but "when will we need it". This situation is clearly visible
even with a low demand growth; eventually the need for more capacity
will arrive.

Under current industry situations, capacity shortages can be
solved by purchasing excess power from other electric utilities. This
solution works only as 1long as the electricity industry continues to
expand its capacity. With each additional electric wutility that uses
another electric producers reserve capacity to meet power shortages,
reliability decreases. Eventually, there will not be any electric
producers with excess capacity, eliminating one of our current solutions

to electric power shortage.

Regulators Response
Electric utilities believe their actions are in the best interest
of their customers. They have been trying to maintain reliability,
while still keeping a low price.- In an attempt to meet these goals, the

industry has relied heavily wupon both technological and economic

knowledge for planning purposes.
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The r .
esult of rational planning has led the industry to build

increasi
ngly larger Plants, allowing them to benefit from economies of

Scale and T
to minimize cost. While the larger plants allowed electricity

Producers .
to benefit from economies of scale, they also created a

robl -
13 em the need for more lead time. Since the larger plants take

more  tj ;
imé to build and test, the demand for their output must be seen

sooner (Williamson, 30 April 1987).

Larger plant sizes should not be completely blamed for the
increased lead time. Technological changes were another major
contributor. Together these villains doubled the time needed to build a
plant: in 1960 it took a three to five year lead time for the
construction of a new coal-fired base-load plant, now it takes anywhere
from seven to twelve years for a utility to put up a new coal fired
plant. With the longer lead time, electric utilities have needed long-
term and accurate forecasts of demand growth.

But how can a long-range forecast be accurate in a rapidly
changing environment? Clearly shown by the quote at the beginning of
this chapter, unforeseeable events can and do prove embarrassing to
those engaged in the risky business of forecasting electric demand.

So, how should the problem be dealt wi;h? Many electric utilities
have voted in favor of construction, taking a chance of overproduction
rather than being caught shorthanded (DOE/EIA-0095(86), 1987, 236).

Unfortunately for electric utilities, regulatory commissions have
become less tolerant of unnecessary plant production or over capacity.
t decisions by the public service commissions of New Mexico, and

Recen

Pennsylvania have punished electric utilities for excess capacity by not
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allOWin
g them to :
eénter investments for overcapacity into the ratebase on

the grounds "¢y
s stomer
$ should not have to pay for capacity they don't

need"  (Holma
N, 5 September 1987). In one extreme case, the Public

Service ¢
©- of New Hampshire was forced to file bankruptcy after it was

not  allowed to énter its costs associated with the Seabrook nuclear
power plant duke ths Tare hoss (Chipello, 29 January 1988).

After the Three Mile Island accident (1979), plans for the
construction of any Nuclear plants beyond those already underway have
been scrapped, eliminating any new starts since 1979. Even so, the
industry will be completing construction on nine new nuclear plants and
have them ready to be put on-line between the years 1987 and 1997. 1If
regulatory commissions allow these plants to operate, they will account
for 44.5 percent of the new generating capacity (DOE/EIA-0095(85), 1986,
235)s

Although construction is continuing as planned on most nuclear
units, what will be done with them is still a mystery. As we have seen,
the Seabrook plant has been completed, but has not been allowed to
start-up. Shoreham, a New York nuclear plant, already running and in
the rate base, has now been ordered to shut down (Paul, 27 May 1988).

In the first case, the Seabrook nuclear plant was never allowed
into ratebase, forcing the stockholders to pay for all the costs,
keeping the electrical rates lower. The decision concerning the
Shoreham plant is completely opposite. Here the ratepayers are
responsible for the costs of the nuclear plant and any construction
expenses incurred by building replacement plants.

What can the utilities do in this situation; what message is being
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Sent to them?
m? s
The Commissions are demanding prudent investments while

keepin
8 the
€OSts of generation low, without indicating which is more

importan g
t or what is considered prudent and low. All that can be

assimilat .
ke - Fron the: soslons of regulatory agencies is undoubtedly

confusing to some electric utilities.

To the utility industry, these radical decisions by public
commissions have left them with very few solutions to maintain financial
security: 1. Build a greater number of power plants with a smaller
Capacity; 2, Modernize already existing but retired plants; 3.
€ncourage conservation; and 4. rely on purchased power.

Certainly, all four options are being given serious consideration
today, due, in part, to the inability of forecasting models to produce
accurate  long-range forecasts. In fact, the dinexact "art" of
forecasting may prove to be the final nail in the coffin of dinosaur-

sized, nuclear and coal baseload plants.

Other Considerations

As a whole, consumers should naturally 1love Studness and his
proposition; greater utilization of current plant capacity and the use,
rather than early retirement, of all workable plants. The theory behind
this idea is that without the construction of extra plants, combined
with a higher utilization level of those already existing, the average
cost per kwh should decrease, providing the consumer with a cheaper

source of electricity.

iIn theory it may sound great, but is it really? There are many

10
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1)

29.5 er .
Percent of the United States' generating capacity comes

from either o4
0il or
gas burning units (DOE/EIA-0348(87), 1988, 8). While

0il and
gas b i
uEning ' .generetors are useful in the sense that they can

Still produc i
P e electricity, they have become economically obsolete. In

simple term
S» consumers would be better off if the utility industry put

these unitsg into retirement.

According to Northeast Utilities, Millstone 1 and 2, the two

nuc i
lear plants it used to replace several of its existing oil and gas

guzzlers, save over $300 million per year. Shutdown of the inefficient
plants has reduced the nation's annual o0il consumption by 18 million

barrels a year, lessening our dependance on foreign countries (Navarro,

1987).

By direct comparison, it is possible to see how early retirement
can save money. The average kwh produced by oil costs 4.51 cents to
generate, while gas generators produce electricity at a slightly less
3.43 cents per kwh. Next to the price of coal generated electricity,
these units look like black holes! 0il generated kwhs cost 2.6 times
more to generate than those generated by coal. Even gas pales with a
price 1.9 times greater coal generators (Hanson, 1987, p.a3l).

Full utilization of these units would result in a 2 million barrel
per day increase (or 3 percent) in oil consumption. Because of the high
cost, most of our excess capacity is in the form of underutilized gas
and oil units (Mills, 2 April 1987).

'2) The majority of plants being retired are these oil and gas

peaking units used primarily to meet short-run high demands. If these

11
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Plants ye
Te to be ;
used more Intensively, it would increase the average

cost of electricity.

3) 13.4
Pércent of the nations total electric capacity is from

hydroelectri
Tlc power, Including this in the total summer capability

dssumes the :
generator 1is fully under water and has enough pressure to

Spin the
generator. 1In a drought stricken year, output may by severely

reduced,

By mid-July, 1988, an Union Electric Co. plant located in Keokuk
lowa had to close 11 of its 15 generating units when the water flow from
the Mississippi and Des Moines rivers fell below average. Shut-down of
those units amounted to a two-thirds loss of it normal 135 MW generating
capacity (Byrne, 24 July 1988, 3).

4) Of the plants that are expected to be needed (put on line) in
the next 10 years, only 50 percent are over one-half completed, and of
those, three-quarters of them are nuclear plants (Williams, 30 April
1987). 1If a hard-line is taken on the use of nuclear power plants, and
none of those wunder construction are allowed to be used, the United
states will face an even more critical power shortage.

5) Electricity demand does not have a simple linear growth
pattern that is easy to predict. It is both price and income sensitive
with respective short-run elasticities of and -.2 and .5, and long-run
elasticities of -1.1 and .8 (Hyman, 1983, 44).

If real gnp were to increase by 2 percent, we could expect the

income elasticity to increase the demand for electricity by 1 percent in

one year and could expect demand to increase by 1.6 percent in the
future.

12
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At the g ; : ‘
ame time, if rea] electricity rates were to decline by 1.7

Percent, wye .
- ould expect yet another .34 percent increase in demand in

one year § )
and a possible 1.8 percent within a couple of years. The
combined iciti ;
elasticities result in a total 1.34 percent increase in the
first i
year and a final effect of 3.4 percent on electricity demand. All

thi i
$§ change is a result of a modest 2 percent growth in gnp (Studness,

14 November 1985).

A briskly growing economy could make meeting electricity demand,

without a counterbalancing large price hike, a fantasy.

Importance of Demand Forecasting

As late as 1976, several years after the oil embargo, the national
government itself was predicting a 5.4 percent annual electricity demand
growth over the next 10 years, down by only 1.6 percent. To meet

estimated demand growth, investments of $272.6 billion would have to be

made.

In all, forecasting of electric demand is vital not only to the
utilities producing electricity, but to the consumer as well. 1In the
most recent years, 1987-88, electric utilities have not only reduced
future building projects, but have also emphasized both the need and

desire to build gas and oil powered plants. It is amazing to see the

changes that are occurring, even though utility owners have wanted to

retire these types of plants because of excessive costs. Utilities now

lan to build them in an attempt to maintain the companies existence and
P

maintain a reasonable rate of return.

13
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As omne r :
€Presentative from a electric utility has said:

It is unrealisty
utility rate Stic and unfair for some regulator to disallow

excess c base treatment of facilities due to short-term
gy ?Pacity, when that excess is largely or completely the
Of a downturn in the national economy (Sandbulte, 1983).

Qutli £ this Seud
The next chapter, Chapter 2, will examine forecasting methods used
by the electric utility industry and regulatory commissions, and

will evaluate them according to criteria relevent to the industry.

Chapter 3 will examine how state commissions have treated

electrical demand forecasts in recent years.
The final chapter, Chapter 4, will provide a summary of the

forecasting problems and alternatives facing the electric industry today.

14
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Chapter 2
METHODS OF FORECASTING

ELECTRICITY DEMAND

Introduction

This prolonged period of steady growth of demand enabled
most wutilities to make accurate forecasts based on simple
te?hgiques. In most cases, a trend extrapolation or expert
Opinion served the purpose (Pachauri, 1975, 3).

But that was before the first Organization of Petroleum Exporting
Countries oil Crises (Grunau, 1985, 15). The stable prices and steady
economic growth preceding 1973 were so predictable that more complex
methods of forecasting were not required.

The wide swings in economic activity that followed the OPEC
meeting caught electric utilities completely unaware. They were forced
to face risk and uncertainty like any other business. But the electric
utility industry is not like any other business. Its product has come
to be viewed as a necessity with one slightly unique twist, total output

capacity cannot be suddenly increased from one year to the next like

housing or food. Instead, an increase requires both time and large

capital outlays.

If investors are truly risk adverse, they are not willing to
t in a high risk industry, unless they receive just compensation
inves

(th arket rate of return). Ultimately, the oil embargo increased the
the m

f capital for the electric industry. So while the rest of society
cost ©

15
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was reducing e
ner .
&Y consumptigp to compensate for high o0il prices,

electric ut{yqses
ilitieg i
¥ D attenpt beirediice. thetrcoemt surge of growth
uncertainty, w .
keis L searching for a "crystal ball" to tell the future. To
date,

the clo i
Sest thing the electrical utility industry has to a crystal

ball is economic forecasting.

Forecasting Methodology

History of Forecasting Methods
Until 1978, the primarily forecasting techniques used by the
electric industry were trend extrapolations. In 1976, econometric
techniques entered the business, and by 1980, took-over as the
predominant technique. It 1is important to note that econometric
techniques were not the only newly developed techniques in the late
1970s. At that same time, end-use techniques were introduced. Since
their weak start immediately following introduction, end-used techniques
have been increasingly accepted and used as a primary forecasting
technique. As of 1988, electric utilities employ end-use methods to a
greater degree than econometric methods for forecasting residential
demand.

In the twenty years following World War II, there were no
significant changes in either demand growth for electricity or the cost
or electricity production. Most electricity generation came from fossil
fuel dependent plants. The relatively short production time (3-5 years)
did n;t require extremely accurate or long-range forecasts. Mistakes
easily be corrected by relatively quick installation and

could
16
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0il prices that occurred in the 1970s
changed all of

Prices of oil-generated and gas-generated

electricit
r
Y eached extreme heights, eliminating its use as an
economic i
ally feasible method of supplying electricity.

Attempts
PlS to reduce the cost of electricity led to an increasing

share f 5 .
of electricity being generated from large coal fired plants and

nuclear re . . . .
actors; which required more time to construct than smaller

coal, oil or gas units.

As plant sizes and lead times grew, electric demand growth

slumped, making accurate forecasting a paramount objective for the

industry. Trend techniques were almost completely abandoned for
econometric  methods that captured the economic influences behind
electric demand. These models improved accuracy, but they also
increased the size of necessary data sets, and required greater computer
time (Pachauri, 1975, 4).

Direct costs, however, are of minor importance for forecasters of
electric demand. A greatest cost would come from forecasting errors
which could 1lead to rate base disallowances and power shortages. To
understand why electric demand forecasting is difficult and has errors,
it 1is imperative to review forecasting techniques as well as to review

the business environment the forecaster of electric demand must

consider.

Non-Econometric Models

Non-econometric forecasting models do not always use scientific or

17
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values of electricity

These meth
ods often appear magical in nature and always attract

skepticism - .
regarding their validity. They have a distinct advantage

over econometric .
1€ models in areas of cost and data availability. These

techniques ;
9 can be Categorized into five general models:

Expert Judgement

E i . . ] g
Xpert judgement includes interviews with wutility personnel,
con
sultants, and government experts to gather opinions of future sales

and peak demand. Once again, there is no scientific bases for the

estimate. The result is subject to hunches, guesses and bets of human

beings.

Customer Survey

This method includes mail, telephone, and in-person interviews
with customers to obtain future expectations of electricity consumption

for their household, plant or establishment.

Load Factor Analysis

This method 1is used extensively in forecasting peak load. it is
based on forecasting a load factor from historical data and anticipated

building schedules and then applying this load factor to the forecasted

energy.

The general model:

AE / PH * 8,760

]

equation 1) LF
AEF / LFF * 8,760

equation 2] PHE
18
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where:
LF = load factor, the average electricity demand per hour as a
- Percent of peak electricity demand
AE = total annual electricity demand
PH = peak hour electricity demand
PHF = peak hour electricity demand forecast
AEF = total electricity demand forecast
LFF =

load factor forecast.

This model uses actual data to calculate the 1load forecast, a
number which represents average electricity demand as a percent of peak
hour electricity demand. By dividing both sides by the 1load factor,
then multiplying both sides by peak hour demand, equation 2 is derived.
Assuming a constant load factor, equation 2 allows a forecaster to
estimate future peak electric demand based on total future demand.

For example, if we assume total electricity demand for 1988 was
100,000 kilowatt hours, and the peak hour demand was 20 kilowatt hours,
then the 1load factor would be 57.02 percent (LF=100,000/ 20 * 8,760).
Assuming a 10 percent increase in total electricity demand, and a
constant load factor, we could enter these numbers into equation 2 and
get a forecasted peak hour electricity demand of 22.02 kilowatt hours
CLER = L10 ' 957.02 =% 8760). As can be seen, even though this is

considered a forecasting method, it requires the use of an already

forecasted variable in order to work.

Trend Extrapolation

Trend extrapolation can be a simple straight-line, polynomial, or

19
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log-arithmj
mlc ext :
rapolation where the best fit of historical data is
obtained ang
used i
for foreCaStlng. Even though trend extrapolations are
mathematical :
» there is po economic or scientific basis for future
values,

The for :
€Cast is based only on past activities and does not even

consider fut i Lot
ure variables: it is assumed the past will repeat itself.

The general formula:

y=b0+blx
where:
y = electricity demand in time period t

b0 = is a constant
bl = a parameter
x = historical demand for electricity (Bails, 1982, 127).

The relationship between y and x is determined by measuring the
mean squared error terms between the actual and forecasted values for
each model used. Then the model with the lowest error terms is adopted

for use.

Time Series

Time series models are often referred to as naive forecasts. They
are qualitative forecasting techniques that base predictions entirely on
historical values and patterns of the variable. As a result, time

series models are useful when economic conditions are stable, but lose

accuracy when changes occur.

These models often incorporate weighted averages, exponential

thing, oT adaptive estimating procedures, all three of which use the
smoo ’

basic estimating procedure. In the case of a moving average, the
same

20
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the last p time periods,

The General formula:

ED =

(edt + ed(t_l) + ed(t_z) + bekar T g ed(t—n+1)) / n

where:

R electricity demand in time period t
edt = hj i & o

historic electricity demand in the last n time periods
% = number of terms included in the moving average (Bails,
1982, 336).

Weighted moving averages attempt to correct insensitivity problems
of a simple moving average by assigning weights to the observations.
The weighted observations are then divided by the sum of the weights.
The advantage of a weighted moving average is its ability to account for
seasonality, cycles and respond more quickly to changing patterns
(Bails, 1982, 337).

Exponential smoothing is the most widely used time-series model.
Its primary advantage over moving averages is the inclusion of
preceeding error terms in the forecast and it responds more quickly to
changing conditions.

The general formula:

gt = a¥t + (l-a)St-1

where:
gt = the smoothing statistic
N4 - the actual value of electric consumption in time period t
| a = the smoothing constant, greater than 0 and less than 1
gt-1 = estimate in time period t-1 (Bails, 1982, 340).

21
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Econometric Models

Econometri
C m
odels are mathematical equations that attempt to

Capture and explaj <
plain the relatlonship between the dependent variable and

economic factors :
that influence the dependent variable. Econometric

models requi
quire the forecasters of electricity to obtain data (typically

on a time- i :
€-series basis) for the dependent variable and a host of

independ i
g ent variables. As a result, the cost of econometric forecasting

will typically be greater that extrapolations or time series models.
The types of econometric models being used by forecasters of

electricity demand today can be grouped into five classifications:

Aggregate Single Equation Econometric

Aggregate single equation models usually consist of a linear, log-
linear, or a 1log-log formulation of sales or peak load determined by
independent variables such as an income measure, a price variable for
electricity, a price variable for substitutes, a weather variable, and a
monthly variable. Forecasting techniques using this method can be
jdentified by one equation representing total electricity demand or
usage.

Even though single equations are simple, they can be extremely
using only GNP, first differences, and lags, it is

accurate. By

sible to explain 99,85 percent of the variation in electricity from
pos

1947 to 1985 (Searl, 1986, 31).

The general model is:

Yi=C+le1+b2X2+ani + . 0. .
22
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where:
Yi = T
electricity demand in time period i
€ = a constant
bn=aa
Parameter for each variable, the slope of Y with respect
to X
Xi =

variable number n in time period 1.

A specific model
Energy (DOE) for its

variables:

EGEN=Ebo (EPRICt bl) (GNP72t b2) (HDDt b3)

(CDDt b4) (NGPRICt b5) (HPRICt b6)

of this type that is used by the Department of

comparative forecasts uses six independent

where:
EGEN = total electricity generation in month t
EPRIC = real residential electricity price in month t
GNP72 = real GNP in month t
HDD = Population-weighted heating degree days in month t
CDD = population-weighted cooling degree days in month t
NGPRIC = real residential natural gas price in month t
HPRICE = real residential heating oil price in time t.
bi = the exponential factor of each variable i, i=1 to 6.

The DOE then assumes a multiplicative relationship that allows bi

to estimate the elasticity for each variable (DOE/EIA 0202(85/3q)2,

1985, 58).

23
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Disager i
g8regate Single Equationp Econometric

This meth
od can be j ifi
h © ldentified by the use of a number of equations,
each one re
resenti indivi
P Oting an individyal Sector such as commercial,
residential or industrial,

The sector demands are then summed to get a
total electrical demand.

Model:
Ed = RD + 1D + cp
RD = Al+a2Xi+a3xi+ . . .
ID =

Bl+b2Yi+b3vi+

CD = Cl+c2Zi+c3zi+

where:
ED = total electricity demand

RD = electrical demand for the residential sector
ID = electrical demand for the industrial sector
CD = electrical demand for the commercial sector
Xi, Yi, and Zi are independent variables
Al, Bl, and Cl are constant parameters (Pachauri, 1975, 8-11)
The outstanding model of this type was done in the early 1950s by
Fisher and Kaysen. Their work focused more specifically on the

industrial and residential sectors, but set the standard for sector

specific models (Taylox,; 1975; 85).

Multiequation Econometric

A multiequation econometric model usually includes fuel share and
flexible functions for models. They generally involve several equations
per sector which are solved simultaneously or in sequence where the

24



= -y L
Y ' . | ‘ | 1 v .! . . -
<o ol
' oumsidend oY - o g )
i =. J . ] 4 .

Ed

f(al1 variableg Di)
Di

bl+binXin+

Xin= c+ anln +

where:
Ed = total electricity demand
Di = electrical demand for sector i; i=1 to x
Xin= independent variable n of sector i3 n = 1 to y.
Although

a model of this type is subject to the creativity of the

forecaster, 1t possesses an increased sensitivity to economic

determinants of electric demand, and bases final demand forecasts over

all demand variables rather than just omne.

A major problem with these models is the time factor. To get a
final result, a forecaster may have to build a GNP growth model, a
population growth model, and a model to explain any other variable
deemed significant rather than building only one formula. For example,
in the case of the energy technology assessment model, total energy
consumption is estimated, prices for electricity and nonelectric energy
are estimated, and then both supply and demand models are built and
solved simul taneously subject to wutility maximization and cost
minimization (Manne, 1976, 380).

When econometric methods are utilized, forecasts are no-longer
based on past electric demands alone. Instead, electricity demand is
based on future values of an income measure, population, number of

tomers, appliance saturation, electricity price, price of substitutes
custo ?
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Populatiop
> and hegatj "
ting and cooling days, However, these values are not

% ;
ecessarily knowp any better

de than the future values of electricity
mand. By increasing the

complexity of the forecast, emphasis has

simply substj
y Stituted one set of unknowns for another

End-use Models

In the si
simplest terms, the demand for electricity is a function of
the total ;
Stock of electrical appliances (white goods). Naturally, the
most logi o i
©glcal method of finding total demand would be to find out where,

b ;
y what, and how much electricity is being used: an end-use model.

The classical end-use model, after which all other end-use models

were fabricated, was developed by Fisher and Kaysen in the early 1960s.
Their model is usually used to target the residential sector but can be
used in the commercial and industrial sectors. It is characterized by a
forecast based on appliance use where the number of households,
appliance saturation, and the use per appliance are all multiplied to

determine total electrical consumption by households. 1In the commercial
or industrial sector, these forecasts are generally done by equipment

type such as heaters, boilers, and furnaces, (figure 1).

The general model:

Dt = the summation of KitWit, all white goods
where:
Dt = the total metered use of electricity in KWh's by all
households in the community during time period t.
Kit = the average intensity of use of the ith white good

during time period t (kwh/t/unit of white good).

26
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Output From Sectors

Figure 1

lnte”ndUStry Transactions in the End-use Model
Input to Sector
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= Primary Inputs
o
0

l Total Inputs

Industry Sectors:

1. Agriculture, nonfuel, mining, and construction.

Transportation.
Coal mining.

Petroleum refining.
Electric utilities.
. Gas utilities.
Primary Inputs:
10. Imports.
11. Capital services.
12. Labor services.

Final Demands:

NGO EGNM

Manufacturing, excluding petroleum refining.
Communications, trade, and services.

Crude petroleum and natural gas.

10. Personal consumptions expenditures.
11. Gross private domestic investment.
12, Government purchases of goods and services.

13. Exports.

Sourc

o: Hoffman, Kenneth C., and Jorgenson, Dale W.

Evaluation of Energy Policy",

247,

"Economic and Technological Models for
ics, 8. no. 2 (Autumn, 1977): 448.
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Lit = the
average stock during period t of the ith white
ood
g Meéasured in kwh's of electricity consumed
during one hour of normal use,
i =

1t ;
© ™ and n is the number of white goods (Taylor, 1975,
85).

This m ; :
odel  1s usually quite accurate, outperforming trend

extrapolation ime~— ;
P » Ttime-series, expert judgement, and customer survey

models.
els However, use of end use models 1is limited by the time and

ex
pense needed to accumulate enough data to meet the necessary

requirements.

Process Model

Process models are large input-output models which assign energy
supplies to energy demand by following energy conversion processes
determined by the model. The costs of energy conversion in both
physical and financial forms are measured at each step: from oil to

steam, steam to electricity, and to final use,(figure 2).

These models are used almost exclusively for the industrial

customers of an electric utility or the national industrial electric

demand. They are aggregate "energy' approaches that estimate total

ion. 1 1
energy demand based on total economic production. By analyzing tota

tput of from the economy, this model determines which type of fuel
outpu

1d provide the most cost effective source of energy for each stage of
wou P

lculated from the actual process flows of
i based on prices ca
production

they are manufactured. At each stage of production, choices
s as

product

what equipment and fuel to use based on cost minimization
de as to

are ma
28



Figure 2

Process Mode|
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one already in yge,

Necessar
Yy data bageg and computational capacity make large multi-

variable e ;
multi €quation models such as these virtually impossible to use

unle . ; ) ,
SS an organization 1s armed with a large computer and an equally

1
arge budget. The extravagant costs that accompany the use of process

models have restricted the number of firms that have adopted, or even
attempted to use, process models (Hoffman, 1977, 445).

The two most common process models are the Oak Ridge industrial
model, an industrial sector technology use and optimization model, and
the Brookhaven National Laboratory process model, a cost minimization
model. Both are constructed at the three and four-digit SIC levels and
employ linear programming algorithms. The algorithms have made it

easier for other entities to use, but even so, forecasters still run

into data availability problems.

Northwest Conservation and

Electric Power Plan

Introduction

After having seen the general forecasting models used by the

it i i to look at a specific case. The model used
i try, it is time
electric indus
i Council provides an excellent subject to
hwest Power Planing
by the Nort

use for an jllustrative purpose.
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Firgt, « lo
’ i it it Northwest Power Planning Council itself. This

Council wwag Created

in April 1981 under the Pacific Northwest Electric

Power Plannip a
nd .
g Conservation Act of December of 1980. Its' purpose is

to make judge
Judgements about futyre electrical energy demand and resources to

be dev :
eloped to Mmeet the regional needs of Idaho, Montana, Oregon and

Washington.

The council's Principal duties are to: 1) develop a 20-year
regional power plan to ensure the Northwest an adequate and reliable
electrical power supply at the 1lowest cost; 2) develop a fish and
wildlife program to "protect, mitigate, and enhance" the fish and
wildlife affected by the hydroelectric development in the Columbia River
Basin; and 3) provide for broad public participation in these processes
(Northwest Power Planing Council (NWPPC), 1986, p.1-5).

Since we are dealing with forecasting, only the first duty is of
immediate concern to us. Due to the Northwest Power Planning Councils' ;
size, it was able to implement a wide variety of techniques which are not

within the budget constraints of an average firm. They implemented the

use of process models, end-use models, disaggregate econometric models,

time-series models, and even expert judgement models to some extent.

In order to ensure an adequate capacity to meet electricity demand

f rapid ecomnomic expansion yet not have an unreasonable amount
in case O

cil made four separate economic expansion
acity, the Coun
of excess cap

i i dium-low, and low electricity demand
. ioch medium-high, me ’
forecasts: high,
i d low electricity growth rates are highly
asts. The high an
growth forec

i i hile the realistic
but are still possible, W
; tremes,
unlikely ex
tations fall somewhere within the midrange.
expecta
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To get the
Se r
esults, the council disaggregated the Northwest

ec Onol-ny int
o four diff
erent sectors: residential, industrial, commercial,

and  irrigatio
n. )
They then built a forecasting model for each individual
sector, changi )
’ §ing the independent variables and assumptions to forecast

each of ] '
the four senarios (high, medium-high, medium-low, low).

Assumptions

Each of the four regional forecasts was made within the context of
a corresponding national model with certain basic assumptions required
for each specific scenario. However, due to tge size of the entire
model, only the most critical assumptions will be evaluated. For all of
the models, it was assumed that construction cost would grow at .4
percent per year and inflation would be 5 percent.

The high growth scenario assumes an employment rate growth of 3.2
percent per year, a population increase of 2 percent per Yyear, and
household growth of 2.8 percent per year, all for the years 1985 to 2005,

and the industrial sector would be 100 percent utilized.

Growth rate assumptions for variables affecting the medium-high

growth rates were 2.4 percent for employment, 1.5 percent for population,

d 2 percent for households, with the industrial sector producing at 80
an

i are twice as high as the forecast of
capacity. These estimates g

percent

national growth rates in the medium case.

the medium-low electricity demand growth rate

Assumptions for
lation growth of

wth of 1.5 percent per year, popu

employment g0

included:
and household increases of 1.3 percent per year,

.8 percent per year,

ial sector being 60 percent employed. These growth rate
tr

with the indus
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assumptions wer
e 25
Percent faster than the medium for the national

level.

The last row .
g th rate scenario, the low growth YUTE, ok Eeblmwred

based on the {
assumptions of only a .5 percent growth in employment per

yedr, a population growth rate of .2 percent per year, a .3 percent
household growth rate and a 40% employed industrial sector. This
resulted in a forecasted growth rate that was 40% lower than the national
low growth forecast (NWPPC 1986, p. 4-6).

To finalize the assumptions of growth rates, each scenario combines
realistic relationships between economic factors. For example, a robust

economy should increase the cost of capital, and increase fuel costs,

while a sluggish economy should result in a slower fuel price increase,

and lower capital cost.

Model
Since the Council disaggregates electricity demand into four

sectors, the model for total electricity demand is:

Model:
ED= Edr+Edi+Edc+Edg

Where:
ED = total electricity demand
Edr= residential electricity demand

Edc= commercial electricity demand

Edi= industrial electricity demand

rrigation electricity demand.

33
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each sector is a function of

Several variableg
whose valyeg vary dependant upon assumptions behind the

independant variables,

Residential Sector Demang Model

Model for the residential sector:
Edr= f(h,a,e,f,i)

Where:
h= number of households
a= number of energy-using appliances in an average household
e= the efficiencies of these appliances
f= the fuel used by each appliance
i= the intensity of use of each appliance (NWPPC 1986, 4-9).

The estimates each of the independent variables for the four

different scenarios based on the assumptions for each scenario.

Commercial Sector Demand Model
Model for the commercial sector:
Edc= f(fs,e,f,eq)
Where:

fs= floor space

efficiencies of the equipment used

e =
f = fuel used by equipment

the equipment necessafy for the floor space (NWPPC 1986,
eq=

4-12).

timated according to investment factors,
t factors are es
These 1inpu
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fuel Prices
and i
» 4nd available technology for each of the four scenarios

Irrigation Sector Demand Model

The model] _“r
for electr1c1ty demand for irrigation assumes an average

of 70
0 megawatts, the average for the years 1976 to 1983. The Council

then it b

assumed a rate of growth in irrigated acres and simply applied a
range of price responsiveness for each growth scenario: -.6 price
elasticity for the low forecast, =-.4 for both medium forecasts; and -.2

for the high forecast (NWPPC 1986, 4-14).

Industrial Sector Demand Model
The model for the industrial sector uses four different forecasting

methods: 1) key industry model; 2) econometric models; 3) simple

relationships; and 4) assumptions.

The key industry models are detailed approaches to electricity

demand for lumber and wood products, pulp and paper, and chemicals. This

is actually an end-use model which divides the industry into energy

intensive activities according to uses such as motors, electrolysis, or

lighting. The amount of electricity wused at each process 1is then

timated for an average plant, with adjustments made for projected price
estim

changes.
F the remainder of the industrial sector for which data are
or

1s are used with forecasts made from
. conometric  mode
available, €

i the effect of
These equations attempt to measure
historical data.
d energy process on the demands for different types

industry production an
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of energy inciudj
udin e o
; g 1ectr1c1ty. For parts of the industrial sector that
O not have enough ¢
gh data to produce satisfactory results using econometric
€quations, simple ; _
> Ple relationships are formed between output and electricity

use to obtain for
Orecasts. When no valid relationships can be formed, the

co i i
uncil assumesg certain values for the variables.

Forecast Results

In an attempt to arrive at the best possible forecast, the
Northwest Power Council started with the accepted as the most accurate
forecasting techniques (end-use and process models) for residential,
commercial, and industrial sectors. After doing all estimations that

were possible with these incredibly complex models, the Council began to
supplement their model with other forecasting methods, using the most
accurate method possible for each step, and finally wusing expert
judgement for the situations and assumptions that did not have enough

data to make any other form of forecast.

The results of this model estimated that by 1990 there would be

18.044 average megawatts of electricity sales for the high growth
’

cenario and 13,697 average megawatts of electricity sales in the low
S

wth scenario By the year 2005, they forecast 26,101 average
gro %

tts of electricity sold in the high growth rate scenario, and
megawa

5.121 average megawatts of electricity sold in the low growth scenario.
15, a

result of the exponential nature of growth, uncertainty
As a

tended further into the future. As
forecasts are ex
increases as

ifference between high and low forecasts also
i increases, the d
uncertainty 1n

ith each year a forecast is extended, creating what has come
ipncreases W
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to be
known as the "alligator jaws,"

Model Evaluation

Criteria

In 1985, William Huss sampled electrical wutilities and public

commissions to find what criteria they used for rating economic

forecasts, what their ratings of various forecasting techniques was, and
what economic factors they considered significant for electricity demand.

To begin with, Huss submitted a 1list of 18 different criteria
definitions, Appendix A, to the 75 largest utilities, a random sample of

25 small utilities, and 38 commissions. Each subject was asked to pick
and rank the top eight criteria, wusing 8 as the most important criteria
and 1 as the least important of the eight. The results were then
compiled into a weighted scale based on the number of times each ranking
was given to a specific criteria. For example, if a criteria was ranked

8 four times and 2 three times, its weight would be 38 (4(8)+3(2)=38).

This scale is assumed to represent the industry as a whole, Appendix B.

The survey showed that utilities and commissions alike felt a

f t should first and foremost, make sense. All three groups also
orecas ]

d historical performance, and data availability in the top five
is

include

d the 1list to the top ten evaluation

i allowed to expan
criteria. When
i = iciti tistical
valued prices-elasticities and sta
: i 11 three groups

criteria, 2

tests important.

initial agreements, opinions differed widely. Large and
After 1n

utilities considered explainability as a highly

small electrical
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significant factor
3

whi - :
le commissiong did not. Development and

implementation c
Osts were rated highly by both commissions and small

utilities byt not by

lar P _
8¢ utilities. The Mmost interesting discovery was

that’ as a
whole ; S
¥ Belthds utilities npor public service commissions

considered . et
the price of electr1c1ty to be g major factor in electric

demand forecasts.

By aggregating the results of all three sample sectors, Huss found
the top eight Criteria to be: 1)  historical performance, 2)
explainability, 3) cost, 4) data requirements, 5) reproducibility, 6)
sensitivity analysis, 7) Statistically sound and 8) acceptance in the
literature. These criteria were then used for relative comparison among

the various forecasting methods.

Evaluation
Huss then asked utility analysts and regulators to evaluate the

forecasting methods according to the top eight criteria. The summed

results show how the electrical industry feels about each model type:

Trend extrapolations are cost effective, and have data

irements which are easily met. But because of their historical
requ

bility to explain or account for changes in the economy, these methods
inability

ilities or public service commissions as a
d by electric uti
are not accepte

alid method for electricity demand forecasting.
v

t that aggregate single equation econometric,
ou

econometric and multiequation econometric

It turms

disaggregate single equation

modeis all score highly with both

ues perform well historically,

electric wutilities and commissions.

are easily explainable,
hniq
All three tec
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give reproducib]
e r
esults, are statistically sound, and are Capable of

bed
€ing used for Sensitivity analysig

The decisio :
N of which of the three forementioned techniques to use

is often 1limj
1ted by the data sources and funding available. Aggregate

single equation .
i econometric models appear to be the most cost effective

and have th :
¢ smallest data requirement. Multiequation econometric

models iri :
» Téquilring extensive data bases, turn out to be the most expensive

of the three.

Also highly rated is the end-use equipment model. Huss believes it
is the forecasting technique of the future. TIts greatest strength is its
explainability. End-use models account for all electricity use giving it
the unique ability to explain any and all changes in total consumption.

The other techniques, process models, advanced time series, expert
judgement, customer survey and load factor analysis, scored horribly with
both groups. Process models are too new, complex, and expensive to be

taken seriously by the electrical industry as a whole, and are only used

by experiment stations (Hoffman, 1977, 445). The other four are all cost

effective but have not performed well historically, are not sensitive to

economic change, and are not explainable.

Advanced time series models are statistically sound and relatively

this type of model 1is poor in evaluating or

inexpensive. However,

dicting the probable change in sales resulting from a new variable or
pre

h in the variables. Like trend extrapolations, it only reflects
a change

i acti&ities. Since the mid 1970s, forecasts
t future economlcC
past, 1O

en inaccurate to the point of being
; ies models have be
from time seril

utperformed by trend extrapolations.
o
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Expert ;
P Judgement cost effective and easily acquired, but the

S greatly and any attempts at long range

In su : : e
ATy, it can be said that electric utilities and commissions

value Simple €conometric

techniques over any other. As of 1987,

techniques used for

determining electricity consumption in commercial and industrial sectors.

In the residential Sector, econometric techniques account for 40 percent

of electricity demand forecasting. End-use models are the primary

techniques wused in residential electricity demand forecasting, and

pProcess models have found a niche only within the industrial sector.
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Chapter 3

ELECTRIC DEMAND FORECASTING
AND REGULATION

Introduction

The 84 sample utilities recorded write-offs of $1.57 billion

1384t?§ $§1;Tt 'quérter, which brings the total write-offs since
h . bl}llon. * + « These write-offs have reduced
? areholder equity by B percent . . . have also reduced the
industry's actual (unadjusted) return on (=13 kel A oo RIS R 1 (5%

percent in 1987, and 11.2 percent for the 12 months ending with
March (Studness, July 21, 1988, 34),

The three years from 1985 to 1988 have proven to be detrimental to
many electric utilities. Decisions of regulatory agencies have made rate
and ratebase reductions almost as common as rate increases: 1988 earnings
per share have dropped to a level 4.5 percent below that of the 1985
level (Studness, 1988) and as of October 1987, 15.9 percent worth of

construction costs from 12 plants had been disallowed from the ratebase

(Haubold, 1987).

While investment losses have always been cause for concern in any

industry, in the case of electric producers, they have caused near panic.
5

Spokespersons for many electrical wutilities have accused regulatory

encies of changing the standard of prudence, and allowing only
ag

consfiscatory rates.

The stage was set in 1923 when U. S. Supreme Court Justice
e

d that every investment may be assumed to have been made in
e

Brandeis stat
j t unless the contrary 1is shown
- f reasonable judgemen
the exercise O
; the burden of proof has been transferred to
; ; 32). Since then,
(Phillips, 1
41
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the shoulder
S of th i
e electrical utility, requiring the company in
question to Prove the

rea
Sonableness of eévery investment before

regulatory ga ;
Y agencies alloy it to be included in the ratebase

To say that t
he burden of proof has changed does not mean the

cfiteria for

eval i
uating prudence has changed as claimed by unhappy

Utility mana
gers., In  fact, commissions still hold that the

reasonablenes s .
§ of a managerial decision must be judged on the basis of

all : —
that an electric utility knew or should have known, and the

citow g : )
mstances which existed at the time the decision was made (80 PUR4th

479, 480 (Mass. 1987)). Any time a regulatory agency follows this path

when evaluating the reasonableness of a managerial decision, the electric

utility in question should not have to fear unreasonable ratebase

disallowances.
If the standards of prudence have not changed, are all of the
recent ratebase disallowances justified? In order to answer this

question, one must first understand what the goals of electric utilities

and regulatory commissions are.

Goals of Electric Utilities

and Regulatory Commissions

In the U.S regulation is mainly concerned with the evaluation of
n e Dy

rvice, safety, and the efficient operation of public utilities.
rates, Serv. s

Oon the other hand, the goal of a public utility is to:
and as good service as the public

i ith as much
e the public wi The goal of regulation . . .

provid ing to pay for.

wants and is will
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Perating terms, and see to ast

Although thj el
g 1s description is a simplified version of the duties of

both commissi
lssions AL B
and utilities, it introduces a critical point: electric
utilities are

requi .
quired to provide safe, adequate, continuous and

efficient service

(68 PUR4th 473 (WYO. 1985)). This duty requires an

el i i11 ;
ectrical utility to act like a business in a perfectly competitive

market, but at the same time,

prevents a utility from leaving the market
or changing its product like any other business in a perfectly

competitive market.

A regulatory agency attempts to achieve five goals or objectives:
1) to prevent excessive profits and unreasonable price discrimination
among customers; 2) to assure adequate earnings so that the public
utility sector can continue to meet consumer demand; 3) to ensure service
is provided to the maximum number of customers; 4) to promote and develop
the industry; and 5) to ensure maximum public safety and management
efficiency (Phillips, 1984, 152). As an economic force substituting for

competition emphasis has recently been place on the assurance of proper
= b

e allocation and the maximization of the economic performance of
resourc .

1 ; tilities by providing explicit incentives to reward efficiency
electric u :

and penalize inefficiency (Phillips, 1984, 153).

lance at the relationship between the goals and activities of
A glanc

tities reveals a serious problem: while much of an electric
these two en

+ building activities are based on decisions made several

F1ity! rren

utility s cu : XA
mission has the opportunity to subject those activities

o a com

years ago, '

: o the current time period and with the supreme advantage of

: t in

to judgemen
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evaluating with ex POst datg

use tven though the prudence review does not
CUrrent ec ¢
Oonomic Sl
activities, such as the load factor and cost of

fuel,

to evaluate

ast isi

P de0151on5, there are other tests which may use
current or past data

The Three-Tiered Test
Origi i i
glnated by the California Public Utilities Commission the three-

tiered i : :
test first differentiates between the prudence review and the used

and i : :
useful criteria, then introduces a new criteria to be used in

determining ratebase allowances, the risk-sharing principal. As a

result, the three tiers of the test are: 1) the prudence review; 2) the

used and wuseful criteria; and 3) the risk-sharing principal (69 PUR4th
206 (CA. 1986)).

At the same time that they developed the three tiered test, the
California Commission established policy that requires any power plant

construction costs to pass through all three tiers of the test before it

is either entered or disallowed from the ratebase.

The Prudence Review

The prudence review is a look at the investment decisions made by a

public utility. In order to pass the prudence review, a regulating

i i ment was wise and made in good faith.
agency determine whether the invest g

Exclusion of an investment from the ratebase due to imprudence can be
Xclusl

: ified in the cases of fraudulent, unwise, or extravagant expenditures
justifie
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that shoulq n
Ot be a burdenp on the public (Phillips, 1984, 292).

Upon initial j
. in i
terpretatlon, a reader might be led to believe

capacity shouy g
y 1d be Classified as an unwise expenditure. However,

the Californi i s i)
1a Public Utilitieg Commission clearly pointed out that if

the decision ¢ .
O build wag the best choice when made, it was still a

rudent i
P lnvestment and had to be passed on to see if it could be

considered used and useful.

Used and Usefuyl

In the early cases, commissions appeared to use the used and useful
criterion as a tool to assist in the determination of prudence. As time
went on, some commissions began selectivly implementing the wused and
useful criterion as a separate test., Until finaly, the California Public
Utilities Commission wrote the used and useful criterion into its' three
tiered test as a specific test seperate from the prudent review.

According to the neﬁ definition, prudence must still be determined
based on knowledge and information existing at the time the decision was

made but used and useful would be determined with respect to current
2

information. When the test was being used for the purpose of prudence,

there was a limited range of unnecessary items that would be excluded

from the ratebase:

i nd unnecessary property; (2) obsolete and
: d(l)atgugizgziiy;a(3) property to be abandoned; (4) abandoned
inadequ gl property; (5) overdeveloped property and
and. 'SQPer for future needs; (6) real estate: buildings,
o and water rights; (7) incomplete and contemplated
1easehold§, . (8) property used for nonutility purposes; (9)
constructlo?, other utility departments (as in the case of a
Progérz{iog gas and electric utility company); (10) property not
combin
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a8sist in the development of logical conclusions

regardin ’
. g whether an lnvestment was prudent. Instead, complaints from

e lee e 114 44 .
1c wutilities are directed at the additions to guidelines. While

the original 12 were simply guidelines used to determine logical
conclusions, the new criteria have been developed with a specific end in
mind, and are merely means used to justify the end.

By 1985 the used and useful criterion in California had been
expanded to include: 13) successful completion of the startup program, an
uninterrupted run of at least 100 hours during which time power is
furnished to the grid at between 95 and 100 percent of thermal output
capacity; 14) successful completion of the preoperational test program;

15) successful testing of capability to supply full share of rated power

to intrastate customers with the single most critical transmission 1line

out of service; 16) issuance of or receipt of commitments for the

issuance of all necessary operating licenses upon the effective date of a

commission order granting rate recognition for the plant; 17) evidence of

i eration and nuclear regulatory commission
competence in the plants op

i - i f an exemption from criteria 13-17
compliance history; 18) the granting o P

d cause and upon condition that the plant is fully operational at
upon goo

level less than rated full power; 19) the supplying of
a power le

: to intrastate customers which output scheduled by the lead
electricity

: ilability (68 PUR4th 326 (MO. 1985)).
2 bject to plant avail
dispatcher, su

i iti i ia have allowed public
i i f time and additional criteria
The combination O
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Utility commi .
1ssion
S to attack the accuracy of electricity demand

forecastin
g. The n
€W wused and useful eriterien has beed the teol used

for ratebase di :
LR the last decade. While the prudence test

would allow r
atebase status for the excess capacity and numerous partly

com 1eted el . -
p SR generating plants owned by electric producers, the new

used . ; .
and useful criterion disallows many plants because they are

currently idle.

It would not be correct to say all commissions have adopted, used,
or contributed to this list in order to disallow as many costs as
possible. 1In some cases, as long as the decision was made prudently, and
the forecast was consistent with other forecasts in the region,
reasonable excess capacity 1is allowed into the ratebase. One such

decision was made by the Pennsylvania Public Utility Commissions finding:

it is no longer necessary to interpret the phrase reasonable
reserve margin as a projected actual reserve to take account of
the issues of large quantum changes 1in capacity, imperfectly
predictable load growth, and long lead-time of certain
construction projects; interpretati?n of reasonable reserve
margin 1in the sense of the optimal, Just and ?easonab}e.marglg,
consistent with prior usage in excess capacity decisions 1in
virtually all other previous rate cases (84 PUR4th 198, 199 (PA.

1987)).

ia Public Utility Commission also stated a plant held

The Pennsylvan

be utilized within ten years should be included

for future use that will

in the ratebase.

bt dopted the ten year utilization
i te commissions have a
While many sta
i to include excesS capacity into the rate base, interstate
criterion i
liers have to fight to get the same expense allowed in each
i i
electric SUuPP | |
to In a radical decision, the California

state they supply power

o
~=d
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State construction Project even though
and Ligh
g0t had 3 forty year contract to supply the excess

capacity to ap out
-of-stat B 2 .
€ utility, The California commission found the

length of th
g € contract Prevented the plant from being either "used e
useful"™ or -
R Capacity for electric consumers in the state of

Calif i
ornia. Therefore those costs associated with the new plant could

not be entered into the ratebase (69 PUR4th 189 (CA. 1985)).

The Risk Sharing Principal

The risk sharing principal was placed into effect to counteract the
Used and Useful criterion. Too many utilities were suffering financial

difficulties from the bloodletting being allowed under the disguise of

the used and useful criterion. Anytime a commission, or population did

not want to pay for some cost incurred by an electrical utility, and that

it was possible to get the

cost wasn't currently producing electricity,

cost kicked out of the ratebase on some technicality.

The merciless commissions were hiding behind such terms as

L r statements such as

"possible rate shock" and the perversions of othe st
. not dictate the total recovery of
"The absence of imprudence does
with excess plant'" to justify their actions (75

revenues associated

PUR4th 363 (MO. 1987))-
inci i being under claims that
i i incipal then came into
The risk sharing PT
. hanges in the economy were risk related, and should not be
nforeseeable ¢ | o
: i fication for ratebase disallowances. This principle
justific

accepted as
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! 9 PUR4th 189, 192 (CA. 1985)).

nder the risk- i i
sharing Principal, as determined by the California

Public ytili ties Commission

a utility should not have to bare the cost

of a prudent deci s
ecis: ,
Slon  to abandon a partially constructed plant, nor

should it

receive ,
4 rate of return on the investment. In simple terms,

risk i .
sharing forces the public and an electrical utility to share the

burdens
caused by unforeseeable changes in consumption patterns, costs,

or political activities.

Applied Used and Useful

A quick review of the used and useful criterion shows that it
largely deals with excess capacity. What has caused the excess capacity?
Excess capacity could not be caused by prudent investments, or could it?
The key factor involved here is nothing other than forecasting. Even
though an investment decision is declared prudent based on the forecasts,
the expenses incurred in association with that decision do not have to be
allowed if the forecast was not accurate.

For example, if electric utility company x invested $10 million to
meet a forecasted 10% increase in demand over the next 5 years, but
demand growth suddenly dropped to 0, none of the $10 million would have
included in the rate base. Even though the initial decision was

to be

dent the forecast was inaccurate, forcing electrical utility x to
prudent,

is is just a hypothetical situation. To
However, this 1s Jus
absorb the loss.

: ; it is necessary to look at recent
d what is happening,
really understan
commission decisions.
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EQrgcasting Decisions

Since each i
elec £ s
tric utility ratebase case has unique twists with no

two being exactly alike,

H W H N

1t is impossible to do justice to each case, nor

is it critical ¢t i : -
O this discussion, Instead, three specific cases are

pPresented representing

-

commission actions which: 1) dietate the

forecastlng method to the electric utility; 2) guide the utilities

direction of forecasting methodology; and 3) accept the forecasting
methodology used by the electric utility but subject the results to the

used and useful criteria.

Case One: Illinois Public Utilities
Commission vs Edison Electric Power

Company (77 PUR4th 433 (ILL. 1986))

This case is an excellent example of the increasing role of public

utility commissions in determining appropriate electric demand

1lll

forecasting models.

In a ratebase hearing, the 1Illinois Public Service Commission

stated explicitly which methods were acceptable for peak electric demand

load forecasts for both individual sectors and aggregate peak electric

demand. The accepted models were: 1) the disaggregate econometric
em .

1!!! ]III

ch (to determine indivivual sector demand); and 2) the end-use
approa

p i i demand for th S-dEH l1a SECtOI),
determlne eleCtrlC e resi L ]
a proaCh (tO

¢ onducting an investigation into Edison Electric's 1load
After c :

dures the Illinois commission found the
& hods and proce ’
forecasting met

T then proceeded to outline
methodology ''mot reasonable.” The Commission p
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exactly what sho i
s included in the end-use model for the residential

sector, and how Edj :
’ M Electric should implement the specified variables

into their forecasts (77 PUR4th 433 (ILL. 1986)).

Edison Electric was ordered to:

1) analyze whether

) the development of separate explanator
variables for room air ; ; ¢ :

ternd s oy oy Sonditi?n saturation agd gentral a?r
i ould improve the projection of air
C?ndltlon saturation over time; 2) account for changes in the
sizes and efficiencies of air conditioners over time; 3) measure
the equivalence of room and central air conditioners based upon
comparable power requirements; 4) use a quadratic specification
to extrapolate air conditioning saturation in addition to
comparing model results with the Gompertz method; 5) explain,
change, or justify year by year, its projection of declining
prices in electricity over its ten year forecast; 6) develop an
end use model for the residential customer class; 7) prepare a
description of the uncertainty contained in its load forecasts;
and 8) prepare a comprehensive report of the prices and
availability of time of day meters including meters that measure
kilowatt demand as well as kilowatt hour use, meters that combine
load control functions with time of day functions, and meters in

the developmental stage.
Although the preceding order seems explicit enough, the Illinois

Public Utilities Commission was not yet satisfied, and also directed

Edison Electric to include: 1) a cost function that explicitly linked the

size of load forecasting errors to their impacts on present value revenue

irements; 2 @ documented range of forecasts along with the
require .

: ivin
assoelated eptimal construction  program for each case, g g

d : to nongeneration alternatives such as cogeneration and
consideration

tial time-of day rates for meeting projected increases
ntli

mandatory reside

3y =1 analysis considering the appropriateness of

in peak load; and
residential time of day rate during the 20 year

implementing & mandatory | <
d in the energy plan to avoid future capacity additions (77
i red 1n

period cove

PUR4th 434 (ILL. 1986) ).
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ing model, even to

the point of )
; em . _
Phasizing their preference for cogeneration to meet

additional de
mand. Although cages such as this are not overly common,

the haVe " . '
N gained Publlclty as a result of the controversy surrounding

them.

Case Two: New Hampshire Commission
RE Public Service Company of New
Hampshire (66 PUR 4th 349
(N.H. 1985)
Unlike the preceding case, the New Hampshire Commission did not
meddle with the forecasting techniques of an electric utility. Instead,
they simply demanded that the electric utility provide validation to

account for the values of key assumptions entered into the forecast

model.

Specifically, the New Hampshire Commission wanted verification for

four assumptions: 1) the price elasticity of demand; 2) the correlation

between economic growth and growth in electricity consumption; 3) the

impact that switchovers from conventional to alternate fuel sources would

have on electric demand and prices; and 4) the impacts that conservation

d new technologies would have on electric demand, prices, and the
an

electric industry (66 PUR4th 349, 380 (N.H. 1985)).

the New Hampshire Commission developed a list of

In addition,

be included 1in electricity supply planing,

elements which could not
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including Canadian hydropower

and cogeneration, The New Hampshire

Commission determi
ined
hydropower should be used as a

supplemental rath ;
er than a pPrimary source of power as its supply was

uncertain. They found

CO 3 ¥ -
generation to be an ineffective source of

eleetyi
C power because of a shortage of necessary technologies needed to
utilize the programs (66 PUR4th 349, 350 (N.H. 1985)).

The 1importance of this case 1lies in that last statement. If

cogeneration is not used in supply forecasts but is developed anyway, it
will result in excess capacity that could possibly be disallowed from the
ratebase with the used and useful criterion. Even though the forecasting
error may be caused by the commission, an electric utility may be forced
to bear the excess capacity cost because the outcome of the used and
useful test will not be found until after the plant is completed.

It is common for state commissions to first scrutinize the
forecasting technique wused, then offer their own various slight
alterations to the forecasting technique. Two other examples, whose

demands were not quite so harsh are the North Dakota Public Service

Commission and the New York Commission. North Dakota simply ordered the
use of a least cost strategy to match the energy supply to demand, in an
attempt to minimize the cost of service (81 PUR4th 90, 108 (N.D. 1987)).

New York has ordered that an electric demand forecast should include all

estimated consumers in the forecasted years but did not specify how to

implement it.

ission' i11i dmit it, each and
Independant of a commission's willingness to a ’

l : tric utility to the used and useful
t subjects an elec
every case tha
.on is evaluating the forecasting techniques used by that electric
criterio
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utility Sim

5 lmple lopj i

. Sewill Teveal €Xcess capacity to be the result of an
lnaccurate

forecast. 1f the

forecast was dccurate, there would be no

excess Capacity,

Case three: Indiana Public Service Commission

RE Northern Indiana Public Service Company

(67 PUR4th 396 (IND. 1985))

The 1Indiana Public Service Commission is a good representation for

commissions that accept the electric wutilities forecast methodology
without question. The Commission still subjects the forecast to
scrutiny, but at a later date. In an attempt to determine the
reasonableness of excess capacity and the forecasting error, the Indiana
Public Service Commission cited eight factors as relevant for determining

excess capacity:

1) prudence of management decisions in construction the
units which leads to excess capacity; 2) the reasonableness of
the utility's demand forecasts at the time of construction began;
3) whether changed circumstances have occurred and whether the
utility re-evaluated its construction program in light of those
changed circumstances; 4) the lead time required to construct the
generating facility in question; 5) whether iF is necessary to
operate the facility to provide adequate and reliable service; 6)
any unique circumstances which might affect reserve margins; 7)
the financial effects that a rate base exc1u§19n Yould have and
what long term effect are exerted upon the wutility's ratepayers
and; 8) the effect of changes 1n -demand fo?ecasts-upon the
adequacy of the utility's reserve capacity and 1its ability to
serve its customers (67 PUR4th 396, 401 (IND. 1985)).

The criteria implemented by the Indiana Public Service Commission

dmi forecasting errors are not always directly related to forecasting
admits
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techniques.

p

(o JET droughts, depressed economic

conditions, high oi] Prices
3

decrease in population growth, ect.). In
the same spirit
of the cost sharing Principle of the California Public

Utility Commissi .
y Sion, the Indiana Public Service Commission decided that an

electric utily
lity should not have to the sole bearer of excessive costs

resulting from unforeseen phenomena.
The 1Indiana Public Service Commission still subjects the final
capacity to a margin analysis; distinguishing between reserve margin,
capacity margin, and operating margin. However, it rejects the use of
any of these measures of excess capacity and refers to an economic
analysis of the case (67 PUR4th 396, 402 (IND. 1985)). Although the
Indiana Public Service Commission does not claim to be scrutinizing

forecasting methodology, it is doing so indirectly by reserving the right

to disallow costs associated with excess capacity.

Non—-Prudent States

In recent years, another breed of state commissions has evolved,

: : = issions do not even subject
non-prudent commissions. Non prudent commi j

electric utility investments to 2 prudence review. Instead, these

i ssions automatically accept an electric utility's demand forecasts
commissi

i truction is finished. Once
i the ratebase until cons
and allow costs into
j d
i he new plants are subjected to the use
i ompleted, t
the construction 1S C

the ratebase.

e. an electric utility has no idea of how its
e
As one can See,
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investment

will be i
reated yptij after it ig completed

oF & T 1 Under the title

Prudent inve
Stment" i
| nt State, Arizona requires Property to be
either used
and useful
' . Or under Construction to be considered for
inclusion in Fatebase

An 1
Y plant that 1s that is classified as excess

capacity or helq
for future use wil] be disallowed (1987 Annual PUR4th

356 1986). 1 i :
n this Particular State, an electric utility may find

construction co ;s
Bt of a4 specific plant included in the ratebase until

completion of : :
p the Plant, at which time the construction costs could be

disallowed on the bases of excess capacity.

Decision Implications

Once a public service commission sets direct policies and orders
like those above, they become guides for other regulatory agencies. It
is common for other commissions to adopt the policies and orders as their
own, 1increasing the strength and effect of those orders over time. The
Texas Commission provides an excellent example. They do not have many of

their own findings, instead, their entire orders are filled with quotes

from other agencies. In one case, they implemented the least cost order

of North Dakota, the Indiana excess capacity findings, and the

Pennsylvania excess capacity order e L e A

Electric utilities believe they have been been burmed by

i j i nce Of u

to build more power plants, believing a stance of non expansion
reluctant to

v 3).
is the most prudent investment of all (Paul 1988, 3)
is 9
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Summary

While representatives of

electric producers 1like Laros (vice

President of
e L Barry and Associates), Sandbuilt (vice president of

Minn :
€sota Power and Light), and Haubold (Partner of Kirkland and Ellis)

are screami o ;
ming at the supposed 1njustice being dealt out to electric

utilities because of changes in the standards of prudence (Haubold,

1987), these persons, and others like them, are overlooking one simple
fact; the standards have not changed. Evaluations to decide if
investments were prudent or not are still being conducted as they were
twenty years ago. Commissions still inspect the costs in question and
determine, based on knowledge available at the time, if the decision was
the best one possible. Even a large percent of the criteria for the
"used and useful" test are over twenty years old.

What has changed then? The trends have. Excess capacity may have
been disallowed twenty years ago, if it had existed. The main difference
is how long it takes demand to grow to meet the excess supply. On one
hand, if current electric demand growths continue, it may take the U.S.
until 2003 to utilize all of the excess capacity existing today. On the

other hand, if it would only take 3 years to exhaust that excess supply

if demand suddenly began to grow at a 7 percent annual rate.

57




1 ! 7 5 v

i'- ’.
= %

i

.

v

! ri
o I

! k‘
8

Chapter 4

SUMMARY AND CONCLUSIONS

Although Surprises

i s such .
international ol dtiaa as a natural calamity or an

GRoieEttan R lncident can overwhelm a well-thought-out
> orecaster's task remains one of analyzing

historica X :

informatiin gatg and  institutional  trends, studying  the

Stk ot eehs of wa?agement, and generating detailed reports
on the decisions management must make (Bails, 1984 4).

Although forecasters do not know what electricity demand will be in
the future, they can work to reduce the range of uncertainty facing
electric wutility decisions. However, greater forecasting accuracy
generally necessitates larger, more expansive models capable of
explaining complex interrelations in the economy. Milton Friedman best

summarized this problem when he wrote:

The gains from greater accuracy, which depends on the purpose in
mind, must then be balanced against the costs of achieving it

(Friedman, 1935, 17).

Summary
The problem of excess capacity in the electrie utility industry

cannot be attributed to any single phenomenon. However, there are three

major.factors that can be identified as contributing to the problem: 1)

h 1 lead times needed for an electric utility to construct a power
the ong

] 2) the oil price shocks in the 1970s; and 3) the sudden downturn
plant;
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» the electric

Dy ; evolution of forecasting
ogy rom si
mple trend €Xtrapolation, to the most recently

developed proce
p $s and end-use models. But developing and implementing a

forecasting model

are ] s
two different things. On one hand, trend

extrapolation m ’
odels were retired from active use due to an inability to

forecast acc i
urat .
ely in a volatile market. However, the retirement of

trend i :
extrapolation models did not lead to the immediate adoption and

imple i e
piementation of end-use and process models by most electric utilities.

Independent of the forecasting accuracy achieved with these models, the
high cost of implementation has priced them out of the market except for
the larger electric utilities. As a result, the industry has continued
to emphasize disaggregate models that enable cost efficient results
within an acceptable range of accuracy.

Unfortunately, the focus of developing these new forecasting models
may be placing emphasis in the wrong area. Even if the industry had
implemented the most accurate forecasting techniques, it could not have

forecasted the previously mentioned supply and demand shocks. These

complex models ultimately require estimates and best guesses, supporting

the belief that forecasting is an art, rot @ perfent selence.

If the electric industry wants to avoid future shocks, it cannot

n improving forecasting techniques while continuing to use

rely solely o©

; ; cchedules that take from 7 to 15 years to dimplement. The
planning
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ele i i y

) investi
generation that e Crint Stigate
¥

Ssources of electric

implementeq,

conservation. Both such as cogeneration and

of theg
€ sourc
b €nergy can often be implemented

in less than 3 -
¢ing the

year,

ne i
electric capacit céssary lead time to increase
y. In ma
n .
Y cases, potential Cogeneration sources already

h : .
ave basic €quipment apg eénergy so
u

rce available, and are just waiting to

be tapped.

The electric i
¢ indu i
STry is already moving in the right direction, but

ultimate succ i N
gl WEHELEE The support of both state and federal

regulating agenci .
es.,
s ; As it stands now, electric power producers do not

know what to
expect from state regulatory commissions. Ratebase

treatm
ents vary from state to state, year to year, and case to case. The

uncertai S e 3
tainty of commission decisions has made capital attraction an

increasingly difficult task for power producers.

Conclusion
Economic volatility and the liberal use of the used and useful
criterion since the mid 1970s have persuaded the majority of electric
producers that it is in their best interest to increase the amounts of

resources allocated to forecasting in order to achieve a higher degree of

accuracy.

But more accurate electric demand forecasting alone will not solve

the electric industries financial problems. As long as state regulatory

i nd inconsistently in each
i i to act unilaterally a
agencies continue
regulation will continue to be another source of

individual rate caseé,
i i already uncertain process.
ili i i uncertainty 1n an
volatility increasing
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APPENDIX A

Criteria Definitions

Historical Performance of Model

For well-devel 3
oped modeling approaches, this includes the model's

ability to

percentage of efizicaiéa eaie W 8 BEmSuned Ty wesd abeuinc

new models, it meaas a . Tquére T TR e

e en, e va idity test where the forecaster uses the
as having been formulated several years in the past

$§n81st§ncey Between Forecast Assumptions and Reality

She Y:rlables such as price, income, employment, that drive the model
ou reflect the assumptions which the forecaster intuitively

believes about the forecast environment.

Statistical Tests
Includes various values of fit tests such as R squared, Chi-squared,
t-tests, and F-tests.

Does the Final Forecast Make Sense Given Input Assumptions.

Does the forecast seem within reasonable bounds and the forecaster's
intuitive judgement of the future? Does the approach seem logical
and account for all key factor influences?

Explainability to Regulators and Managers
Can the forecasting approach be described to management, and

regulators in a simple, logical, and intuitive fashion which does not
require extensive familiarity with statistics, computer programming,

or the associated jargon?

Cost to Design and Update ; .
Includes time spent to collect data, design, and implement the

approach purchase or write appropriate softwear and produce model
uggates ’ Cost should be considered relative to the magnitude of the

decision affected so that more money would be spent on a forecast to
influence a more significant decision.

i i11i ata 3
Availability ya ined in a simple, cons—effective manner

r data be obta : :
Cag E?i igrzgitinue to be available throughout the lifetime of the
ana w

model?

Reproducibility
Can the approagh,
that an indepen ent
understand the forecast?

documented?

and data sources be described in such a manner so
individual or organization can reproduce and
Is the forecasting approach well
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Can the mod
el capture f
i u
conservation ethic, the RS changes such as increased

decli ; ] 7
and the growth ip service a ne of heavy manufacturing industries,

nd in i : .
help evaluate market environmentiormatlon TRLStEiRsT - Can thes e el

Clearly Stated Forecast

Has the forecaster describ

to be used? ed why a forecast is needed and how it is

Is the approach consistent with the purpose?

ggcigéabllity-of Method in Published Literature and from Peer Reviews
academic and professional journals support the technique used?

Is the approach consistent with what i
at is empl d o
or by EPRI. mployed by other wutilities

Consistent Inclusion of Both Local and National Economic Variables
The model must reflect both national and local economic conditions as
well as the relationship between the two. Both the national and
local forecasts of economic conditions must be based on the same set
of assumptions.

Stability of Method-Results Over Time

If the forecast results undergo drastic changes from year to year or
even from month to month, confidence in the forecast suffers. The
same can be said for a forecast model or approach which shows no

consistency over time.
Reasonable Sensitivity Analysis Using Alternative Input Assumptions

and Alternate Techniques '
Is the forecast relatively stable regardless of the technique used?

Have the forecasters tested the effect of errors or changes in the
input variables? Have these sensitivities included the development
of a "scenario'" or consistent set of alternative input assumptions

(rather than taking the extreme of all input assumptions)?

ice Elasticities

i 1 Prices and Pr
s b ke rate the effect of price or other key

How well does the model incorpo
i ?
variables into the process?

ting Strategies
ze Marke tﬁe effect on load of utility demand side

load management, time-of-day rates,
conservation, or home energy audit

Ability to Analy

e
Can the model mgasur :
management activities including

electrification, advertising,
programs,

et cetera?
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Acceptability to Commi

: : ssion,
Organizations

Administration, and Other Political

: ting forecast meet the requirements of the
Organizations who will not only scrutinize the

forgcas? technically but reflect public perceptions or political
motivations as well?

Level of Disaggregation

Does the model have the proper level of disaggregation? Models which
are not adequately detailed to not permit managers to address
individual customer classes. Models which are too disaggregated are
expensive and cannot be adequately supported by available data.

(Huss, 1985, 28,29)

Ah

¢

b



i I N N N N N N N H B A A B EEWBEWE

i
i
i

Top

Large Utility
Analysts

Does the Forecast
Make Sense?

Data Availability

Historical performance
of model

Statistical tests
Explainability
Stability over time
Evaluates structural

change

Consistency between
assumptions-drivers

Acceptability to
commission

Inclusion of prices
elasticities

Appendix B

Ten i : -
Criteria by Client Group Using Weighted Score

Commissiong
Does the Forecast
Make Sense?
Data availability

Historical performance
of model

Evaluates structural
change

Sensitivity analyses
Clear statement of
purpose

Cost
Statistical tests

Inclusions of prices
elasticities

Level of
disaggregation

Small Utility
Analysts

Does the Forecast
Make Sense?

Data Availability

Historical performance
of model

Acceptability to
commissions

Consistency between
Assumptions-drivers
Explainability

Cost

Statistical tests

Stability over time

Clear Statement of
purpose.

(Huss, 1985, 29,30)
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