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ELECTRICITY DEMAFD PROJECTICHS AN

TIILITY CAPTTAL REQﬂiREMEHTS

by

T, D, Mount and L. D, Chapman

INTRODUCTION

The emphasis of our analysis will be concerned with the projections

of electricity demand presented by the A, D, Little COmpany.é/ It is our
contention that the anticipated future generation levels upon which the
A, B, Little report is based, and therefore, the associated investment require-
ments for new generating capacity are too bigh. This overestimation of
Tuture capacity needs stems to a large extent from an inadequate assessment
of fhe-effects of higher energy prices on tﬁe growth of demand for electricity.

A major part of our research efforts over the last four years hasg been
@irecﬁed to estimating demand relationships for electricity, and to using
these.models to evaluate projecticns_cf future capacity requirements in
the electric utility industry,g/ This type of analysis leads us to conclude
fhat the coﬁstant growth of electricity generation that was experienced
“in the past will not be maintained in the future. The analyéis not only
implies thet future growth rates will be lower thsn past rates, but also
that future growbh rates may, in fact, gradually decline over time, In
the conteﬁt of the energy crisie, we believe that the current situation
in which electricity sales are well below anticipated leveis is indicative
of an important change in the demand characteristics facing the electric

utility indﬁétry, and that this.chahge_will continue to manifest itself in




future years, We do not believe that current low electriciiy sales have
resulted solely from temporary and reversible conservation efforts made by
the public in response to thelr concern over the énergy ¢risis, In other
words, we do not expect things to return to "normal" in a couple of years,
and consequently, if the elechtric ubility industry attempﬁs to grow at the
rates suggested in the A, D, Little report, we conclude thét this will

lead to serious overexpansion of generzting capacity.

THE A, D, LITTLE PROJECTIONS

The low Gemand projections presented by therA, D, Little Company are
based on the assumption that total energy-consumption will remain constant
until 1975 and then will resume an exponentiél growth path of over three
percent per year which corresponds to abéut‘thfeeequarters of the growth
rate experienced in the past.é/ Even with this low demand scenario, the
cbnsumption of electricity is expécted to increase by 5.3 percent per year
from 1975-1980 and 6.1 percent per year from 1980-1985, The growth rates
for the high demand scenario are 7.8 pefcént per year and 7.0 percent_pef_
year,‘reSPectively.E/-These latter rates are consistent with doubling the
consumption of electricity every lolyears, In contrast, the low demand |
scenario implies a 66 percent increase of coﬁsumption‘between 1975 and 1985,

One important characteristic of the A, D, Little projections is that i
the difference between the growth rates of generating capacity for high_andrl
low demand is not nearly as marked as the difference between the.corresppnd-l
ing growth rates of consumption, Uéing the two extreme capacity projections
for 1975 as the base, ths cofresponding c&?acity levels projected for 1985

are equivalent to annual growth rates of 5.Tl'pércent as opposed to 5.48



3

percent for high and low damond, reépect;%elj.é/ This implies that there .
-would be a gubstantial decline in the oapacity factor under low demand
compared to high demand-condiﬁions, It apﬁearé, in fact, that the low
demand scemario with respect to generating cayaéiﬁy is almost identical to
the high demand scenario except that the growth path is delayed for a year
or so, The capacity of 878 thousand megawatts projected for 1985 with high
demand would still be attained with low demand early in 1987 at the "low"
growth rate of 5,48 percent per yeor_

Cne serious deficiency of. the A. D, Little report is that there is
virtually no documentétkﬂ of the methodology underlying their energy pro-
jections, While they acknowledge the existence of and also some of the
Limitations of studies on the demand for different forms of energy5§/ it
appears that thelr projections are not directly based on any formal analysis
of this type. Therefore, it is impossible to criticize their projections
on purely technical grounds. In particular, it is unclear why they expect
the capacity,facfor for electric generation to deteriorate to such an extent
under low demend conditions, One possible explenztion is implied in their
discussion of elecbricity demand,Z/ This is that commitments for expanding gen-
erating capacity between now and 1985 have already been made, and theat only
slight modificationo of these'existing plans are practical., Therefore,
actual consumption levels will have little effect on capacity expansion,

- It is our belief thot these assumptions exéggerate the rigidity of
future construction programs, Alﬁhough we have bad no direct experience
with this particular problem, it-appears that the failure to determine the
extent to which planned capacity expansion'can be reduced is a serious

omission from the A, D, Little report. Furthermore, it is an important




topic which should be addressed at this conference, If it is feasible to
reduce the capacity level projected for 1685 and still cover projected
consumption, total investment requirementg will also be reduced, Since
these marginal capacity reductions will almost certainly involve nuclear
facilities, which are highly capital intensive? potential:igvestment savings
may well be substantial,

Another possible explenation for expecting the load factor to deterior-
ate under conditions of low demand is that overall consumption_levels may
grow more slowiy than peak load, This would occur if conservation.éfforts
Sinvolved predominately off-pegk activities such as lighting end had little
infiuence on peak activities such as air-conditioning. Once again, there
is no substantial discussion of this in the A, D, Little report, and maybe
it is another topic which should be considered at this conferencé, ‘There
“ig little evidence available a% Tthe present time”qn the peak loads experi-
enced by electric utilities during this past summer, and it will be”inter*
esting to find out whether pesk loads have increased subgtantially from
last year's levels even though overall consumption hes generally remained

- constant .,

A ALTERNATIVE PROJECTICH OF

TLECTRICITY CONSUMPTION FOR 1980

Although the importance of changes in the levels bf pqpulatipp,lperéonal
income and -energy prices on the demand. for energy is recggnized in the A,
D, Littie report,é/no attempt is made to explicitly assasglthe relative
magnitudes of these relationships for any energy.typg., However, a number

of econometric studies have been published in which estimated demand functions



for diflferent energy forms are presented, Most recent studies of electricity
demand show that its price elasticity is relativelyllarge, at least in the
long run., The work of Anderson,E/Halvorgen;EQ/Hbuﬁhakker gEnggnjéi/and
lWilson}ig/as well as our own work may be clted in this context,ié/ If the
consumption of electricity is as responsive to price as these studies imply,
one would anticipate that the incresseg of electric rates which have occurred
during recent years and which are expected to occur in the fubure will tend
to reduce consumption levels, On the other hand, increases of population,
of real income and of the prices of substitute fuels will tend to offset
_this reduction, - Determining the net effect of these different factors on
consumption is the main objective of most econcmetric analyses of electricity
demand ,
Infortunately, almost all published demand models for electricity are
unsuitable for projection purposes for one or more of the following reasons:
1} The analysis is restricted to the residentisl sector and
therefore accounts Tor only a third of total consumption
2)  The analysis is based on cross-section data which makes it
impossible to distinguish short-run effects from long-run
affects,
3) The treatment of substitutiou effects of alternative fuels
such a8 gas, 0il and coal isg inadequatlte, .
We have attempted in our own research to overcome these three deficiencies
by:
1) Estimating sepsrate demand models for the residential, .
commercial and industrial sectors which in total account. for

about 90 percent of overall consumplbion,




2)

Using pooled cross-section, corresponding to. states, and time-"
series data, corresponding to years, and by incorporating a
geometric lag structure to aeccount for the adjustment mechanism

of demand

‘Developing compatible data series for the prices of oil and

. of coal-as well as the price of gas,

During the past year, some technical improvements in our models from those

previously published have been incorporated into the analysis, and. of

these, the most important are:

1)

2

The statistical problem of estimating a model containing &
lagged dependent varisble as a regressor has been approached
by using a generalized least squares esbimator under the specifi-

cation that random crogs-gection effects are present,

‘The economle problem of whether the average or marginal price

of electricity is the correct regressor has beem approached
by incorgorating both prices into the model, In this way,
the deta can dictate which is most appropriate, and in fact,

the marginal price is found to add 1ittle to the model,

Our basic demand model relates the guantity of electriclty demanded

to a set of explanatory variables that include the number of customers;

income per capita; and the prices of electricity, of three substitute

fuels and of electrical equipment, These variebles are transferred to

natural logarithms in a linear regression framework. In addition, the

logarithm of the quantity of electriciby demanded in the preceding tinme

period is specified as a regressor to allow for the exidtence of a geo-

mebrie lag structure, Since a2ll variables are transferred to logarithms,



the coefficient for a particuler explanstory veriable, such as income, is
an estimate of the short-run elasticity of the demand for electricity with
respeét ts That variéble. In addibion, the coeffiéient of the lagged
dependent variable is an estimate of the proportion of the change of con-
sumption which occurs after the first yéar, and conseguently, indicates
how slowly consumption adjusts to changes of the explanatory Variables.

Models for the three classes of customer were estimated from data for
the years 1965‘to 1972 and for each of the configuous gbates in_the'United
States, and the results are summerized in Table 1, In addition o the
variables discussed above, other factors are specified which include the
unit eost of labor, the wholesale price index, the gross national product,
the degree of urbanization, the ratio of the average and marginal priées of
electricity, and the proportions of ail customers in each consumer class,
All variasbles representing money valuss are deflated inkto real terﬁs,

The estimated long-run elasticities for six major varigbles cor-
responding to the models presented in Table 1 are summarized in Table 2,
In general, the results imply close to unit elasticitied for the ﬂumbef
of customers, except in the industrial sector; inelastic response to incomé;
slightly elastic response to the price of electricity: and verying degrees'
of inelastic response to the prices of substitubte fuels. In'ﬁhe residential
and commerical sectors, the prices of fuel oil and éoal are combined into
a single index reflecting the cost of space heating, as alternative data
sources are not readily available.

For‘the purposeé of using these models to forecast future.levels of
electricity consumption, we hévé been.foréed by tine limitationé to present

projected consumptioh’levels for 1980, These projecfions have already



Tsble 1. Estimated Demand Models for Blectricity

'Explanaﬁory

Claés of Customer
Variableg/ Besidential Commerciél Tndusbtrisl
1. Guentity demanded in 73N (uz,S)E/ .55k (22,5)9/ 72T (53.5)9f
the previous period . ‘
5. Tumber of customers 270 (13.3) d2 (9.8 178 (7.0)
%, Regl income per caplita 63 (6.4) or (1.9 088 (1.1}
L, Price of electricity - 311 (1k,9)  -.54h (11,3) =272 (6.8)
5, Price of gas .008 (.8) 0 0
&, Price of fuel oil . ‘ 025 (2,0)
E . 165 (2.7)  .288  (2.1) .
7. Price of coal . 030 (1.7)
8, Price of electric 0 -0 -.0kh3 (.2)
appliances or machlnery 7
9. Unit labor cost S | s (L) 0 .28%  (1.8)
10. Wholesale price index - 1151 (3.5) 1399 (3.9)
ll.. Gross national product - - 37 (L.7)
12 Degree of urbsnizetion  -.003 (k.,0)  -.oCH (2.2) 003 (L.8)
13, Price retioc for elecw o032 (1.9) 029 {(1.2) - -.008  (.4)
tricityS : .

14, Proportion of customers 080 . (.3) . 2238 (3.1) -
in the residentisl sector .

15. Proportion of customers - “hoies (1.5) -25.307 (3.0)
in the industrial sector

" af £11 variables in dollar units are deflated, Veriables numbered 12, 1k
and 15 sre not transformed to natural logerithms,

9/ The shsolute values of the ratio wetween the estimated coefficient and
standard error are giVen‘iﬂ'parentheses, C

¢/ This is the ratio bhetueen the marginal and average prices.
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Table 2. - Estimated Long-Run Flasticities for Electricity Demand

Ciass of Customer

Explanatory Factor ‘Residential Commercial Industrial

1, Number of customers o Lo | _”.9é _ .55l
2. Income per capita 61 23 | .32
3. Price of electricity 1,17 | 122 -1..00
L, Price of gas | ,03 .00 | .00
5. Price of fuel cil . .09
b e o -

6. Price of coal | | o L1
7. Gross Na@ionéi-Producté/ - | - 50

‘Froportion of the responge
occurring in the first year 27 b5 27

a/ Income per cepite is a measure of affluence within each state, whereas
the gross national product is a measure of national affluence Both
are included in the model for the industrial sector,
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been prepared for a tagk force on cogservaﬁion which is currently part of
the NétiénailPoﬁér'SUrvey‘organized by;the'Fedeﬂal ?owér:CdmmiSSion_}E/
The following assumpﬁions for the explanatory variables were used: popu-
lation and resl income per cepita projections for each state were taken
from the Bureau of Economig Analysis,ké/ These projections imply.ovérall
growth rates of 1.4 and 2,9 percent per year for population and reél
income per capita, respectively, although actual projecteﬁ growth rafes
vary considerably between states, The number of customers is specified as
a fixed proportion of population in each state, The per capita income
growth assumptions correspond to a four percent increase of real GNP per
vear, The real prices of gas, fuel oil and coal are 5pecifiéd ﬁo increase
at rates of seven, nine and seven percent per year, respectively, which are
in general agreement with the rates anticipated by the récent MIT Energy
Laboratory Study,gé/ This in.turn.will lead to an increése of five percent
per year 'in the'real'ﬁrice of electricity, A1l other variables in}the
models are held at their 1972 levels, Fdr‘vériables measured in money
units such as unit labor costs, this implies that their growth is the seame
as the rate of inflation,

Under these specifications, consumption levels for the three consumer
classes in each state can be projected to 1980. Other consumer classes
are accounted for by assuming that this consumption is a fixed proportion
of total consumption in each state, 4 similar assumption is made to cover
transmission losses, In this way, the total quantity of electricity gen-
erabed in different regions or in the vhole United Btates can be forecast,

The projected consumption of electricity for 1980 is about 2,2 trillion KWH

for the United States excluding Alaska and Hawaii. This is about 14 percent
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less than the level given in the A, D, Little report with low demand, and
gbout 26 percent less than the level with high demand,%I/ Consequently,
we consider that even the ibw-demand scenério‘sériously overesﬁimateé the
future éxpanéipn.df'elecﬁxi§iﬁy consumptidﬁ. | .
An additional objective underlying our projection for 1980 was to -

y determiﬁe the potential for reducing the éependence of tﬁe electric ubility
industry on imporﬁéd 0il, The éorrespoﬁding breakdown of the primary

fuel sources for generation are summarized in Teble 3, and in addition, the
same breakdown ié presented for a projected‘consumption level of 3.2 trillion
EWH in Tabie h,r This iéttef ﬁéiue corres?onds to the sﬁm-of the regional'
Jforédééts mademby'tﬁé task force on ubility Fuels for the current National
Power Survey.l§/ It should bé noted thet fhis level is ovef siQ_percéﬁt
higher than the A, D, Little préjection under high demand condifions_

The im@iicaﬁions of ouf_projected consumption level of 2,2 trillion KWH
are ébvious; Hot only are cépééity needs less than anticipatea, but consider-
abie savings can be achieved in the use of gas and fuel oil for generating
electricity, 'This'in turn wili gifect investment needs in other energy 

' sectors,
CONCLUSION

_ Consumption of electricitj_in the U;ited States has grown steadily ..
from the late fortiss to the early“semengies at rates exceeding elght
pgrcenﬁ_per year, There is still é‘strqhgly held belief among iﬁdustry and
goverrment personnel that simllar growth rates will be experienced in the
future, and most existing plans for expanding generating capacity reflect

these beliefs, The projection presented in Table L ig a typical example,
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Teble 3. Projected Levels of Electricity Consumptlon in 1980 by Reclon

Task Force on Conservatﬂon,*/mstlonal Power Survey {lellon KWH )

Generation by Prlmary Fuel

Regioné/ Kuclear Coal 0il Hydro - Gas Total
RPCC _ 73.5 0.0 90,1 38,4 5.4 207.4
MAAC .3 72.2 10.6 2.3 3.k 162.8
SERC YN 2385 0.0 38.7 0.0 450.6
ECAR 55.1 300 8 0.0 22,4 0.0 378.3
MATN 59.1 08,1 0.0 2.6 0.¢ 159.8
SWPP 23.5 87k 0.0 3.2 €8.2 182.3
ERCOT 7.6 51.3 0.0 1.3 86.2 1h6 h
. MARCA 18.7 L8 .6 0.0 10.7 0.0 78.0
WSCC L7.9 146 .8 0.0 205 .k 45,0 45,1
TOTAL U.S, 533.1 10k3 .7 100.7 325.0 208 2 2210.7

a/ Based on the demand models presented in Table 1.
b/ The regions are identified in Figure 1,

Table 4, .Projected Levels of Electricity Consumption in 1980 by Region
Task Force on Utility Fuels, National Power Burvey (Billion KWH)

Generation by Primary Fuel

Regiong/ Nuclear Coal o1l Hydro Gas Total
¥pCC 7%.5 0.0 178.0 38 .4 5.4 295.3
MAAC Th.3 72.2 107.7 2.3 3.h 259.9
SERC 173 ., 336 .2 139.3 38,7 31,0 718.6
ECAR 55.1 hi7.0 18,9 2.t 9.4 522.8
MAIN 59.1 1345 21,8 2.6 114 229 b
SWPP 23 .5 87.4 18.7 3.2 1407 273 .5
ERCOT 7.6 51.3 i.b 1.3 1419 203 .5
MARCA 8.7 68.1 2.9 10.7 15.9 116.3
WSCC - k7.9 146.8 50.8 205.4 115.9 566.8
TOTAL U.S. 533.1 1313.5 53G.5 325 .0 L75.0 3186.1

a/ The regions are identified in Figure 1.
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In addition, the methods frequently used by utility companies to predict
future consumption levels in thelr own service areas reinforce these expec-
tations, Generally, only changes in population growth rates are explicitly
considered, and factors thet may influence the per capita use of electricity,
. such:as income and energy.prices, are not inéorporated into their forecasting
prhcéﬁufes, In this respect,‘the A, D. Little projections, especially

thoéé for geherating.capacity, are”similar to projections made by other
induétry and govermment groups, even thbugh their projections are marginally
lower than most of the ones that they cite.lg/

Moé% ecomomeﬁric anélyses of eleqtrieity demand, on the other hand,
imply that the past groﬁth of elecﬁricity consumption can be atiributed
mainly to three factors: increases of population and of real income per
capita, and also tb a_decrease in the price of eleetricity relative to other
commodities, It ié this iatter price effect which has oftten been ignored
when planning future generéting needs,' Now that a period has been reached
in which energy prices are increasing faster than other prices, the growth
of electricity is expécted to decrease from past rates, as substitution
effects érg not found t@ be lafgé eﬁbugh to offset higher electricity prices,
Since demaﬁd adjustments sre relatively slow, the effect of recent price
incresses ﬁill céntinue Yo rebard electricity growth into the future,

Hence, although we could not have predicted the large price increases that
occurred last winter; given these increases, we are not surprised that
electricity consumption did not grow as fast this year as it did in previous

have accelerated the rate of adjustment of consumption to higher prices,
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The projection of electricity consumption for 1980, which was derived
from our estimated demand models and is presented in Table 3, is indicative
of these general conclusions, This specific projection répresents one of
a whole serieg madE»ﬁnder alternative assumptions about policies which
may be adopted by the federa; govermment with réspect to oil imports,
air quality étandards and conservation. Conéeggénfly, fhe importance of the
projection is not so much its exact numerical value, but-réther that it
is one of tvhe highest of our projegtiphs'énd yet it is sfill'much Lower
. than any of the £, D Little'projections, |
| in SUMMary, ﬁﬁe éﬁrrent crisis facing electric utility;companies ig
seen by many to be the difficulty that these companies are now experiencing
in raiging sufficient capital to finance planned cepacity exﬁansion, Some
consider that these problems warrant federal intervention of'various kinds,
We believe that a more serious crisis will occur in the-futufe 1if the
industry manages to éxpand as fast as it considers neceésary at the present
time, Consumption and revenues will not grow as fast as expécted; and
consequently, companies will find it difficult to.maintain a sound financial
basié, With the low operating costs and high sunk capital cqsts associated
with nuclear generation, companies will again find it ecoﬁomically attractive
to promote inefficient uses of elecfricity, guch as elecfrié épace heéting,
in order to increase sales, Such‘policies will undermine any recent gains
that have been made to discoursge extravagant Fforms of enefgy cénsumption,
e coﬁclude that this‘is fhe appropriate time to change éuﬁrent plans for
expanding generating capacity rather than to intrédﬁce eﬁtraordinary Measures

in an attempt to maintain the viability of existing policies,
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