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Preface

The testimeny that follows this preface was presented by Duane
Chapman before a hearing board of the Atomic Energy Commission (AEC).
The subject matter discussed in the testimony represents an application
of the results of a continuing research preject that has been supported
by the Natiensl Sclience Fcundatien, the Oak Ridge National Laboratory,
and the Carnell Agricultural Experiment Statien for the last three years,

The hearing was conducted to. debsrmine whether a license should be
granted to the lizgara Mohawk Power Corporation for the construction of
a new nuclear pewer plant (Nine Mile Péint, Unit 2) near dswego, New York.
ITf construction starts in 197”5 the plant will not be ready for full
operation until 1980, - This long delay means that the decision whether
or not to build the plant depends to a large extent on predictions of how
mich electrical power will be needed in 1980, A major conclusion of the
testimony is thet procedures used by Niagara Mohawk to predict future
electricity needs are inadequate. Not only do these procedures lead to
unraliable predictions, but more importantly, they are not flexible
enough to predict how changzes in the economic conditions faced by
electric utility companies will affect the gquantity of electricity used.
The widespread use of such procedures may partially explain the reluc-
tance of vtility companies to consider alternatives to their existing
management. practices such as the replacement of decreasxng block rates
by flatter or invertsd rate schedules,

Many electric utility companies base their predictions of the
future need for electric power on the extrapolation of the past growth
of the peak load in their service areaz,=’ The reliability ef these
extrapelations depends implicitly on the assumption that the future
levels of' scononic factors influencing electricity demand will remain -
close to their historical trends, While thls appears to be a poor
asswnption in the midst of the current "energy crisis", extrapolation
has proved reliable in the past, and in fact, Niagara Mohawk used
extrapolation procedures to Justify the nsed for an additional nuclear
power plnnt in a report that was submitted to the AEC hearing board in
June, 1972, Consequently, the testimony is concerned with the
limitations of the extrapolation procedure presented in this report,
and does nrot conglider the implicatiens of more current problems such as
the restricted supplies of imported petroleunm.

In the testimony, an alternative method of predicting the future
demand for elecirical power is discussed., Five distinct steps in the
ahalysis can be identified:2 : o

}/ Peak load may be defined as the 'largest quantity of electricity generated
in any one hour during the year. This peak usually occurs euring late
December in the Niagara Mohawk service area,

_/ A more detalled account of these procedures is given in two papers submltted
as exhibits in the testimony: a) Chapman, L.D,, T J. Tyrrell and T.D. Mount,
"Electricity Demand Growth and the Energy Crisis", Science, Vol. 178, Nov. 175
1972, pp. 703-8, b) Mount, T.D., L.D. Chapman and T,J, Tyrrell, "Electri-
city Demand in the United States' an Bconometric Analysis,” 98NL-NSF~EP-&9,
Oak Ridge National Laboratory, Oak Ridge, Tenn., June 1973,
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1) Identifying the underlying economic factors that influence

the guantity of electricity demanded

2) Specifying a mathematical and statistical model relating

these factors to the quantity of clevtricity

3) Collecting data consistent with the model specification,

and estimating the maghitudes of the relationships between
the factors and the gquantity <f electrieity

L) Assessing the performance of the estimated model in

predicting the quantity of electricity ‘ ,

5) Making predictions of the future. néed for electrlclty based

on the anticipated levels of the explanatory factors :
The fourth step provides s basis for evaluating the performance of
alternative methods of prediction., If one méthod performs poorly, it may -
be possible to identify the reason by comparing the specific procedures
adopted in the first three steps to those used for other methods cf
prediction that perform better, It should be noted that any Prediction
method, including the extrapoTatlon of past trends5 cah be evaluated in
this way.

In practice, 1t is nct poss1ble to. make an entirely satisfactory
evaluation of the perfermance of & particular model, as the only
infallible test is whether predictions of the future guantities of
electricity demanded are close to the quantities that wre eventually
needed, The best practical alternative is to predict the quantities for
a suitable set of da*a that was not used to estimate the model structure.-
This type of eveluation iz illusirated in part B:of the testimony, and
the model used to make predlctlons performs remarkably well in thls
respect. :

The usefulness of any analy31s should not, however be Judged solely -
on how well the model fits the available data. Ancther valuable aspect
is the additional insight gained from the analysis about the §tructure of
the relationships. that influence electricity demand. ~For example, one of
the conclusions in the testimony is that the price of electricity paid
by consumers has an important influénce on the quantity of electricity
demanded, It is possible to compare the-effects of alternative pricing
policies on demand, as the magnitude of the relationship between price
and quantity is estimated in the analysis. In contrast, the use of
extrapolation procedures pravides no Framework for analyzing such
alternatives. As new policies relating to electricity demand will almost
certainly be considered in the future, it is essential that electric
uwtility companies adopt more comprehensive methods for predicting
future capaclkty needs, It is only by doing so that satisfactory policy
changes can be selected from ameng the alternatives considered. A third
paper submitted as an exhibitd provides an exsmple of how one particular.
policy, a tax on sulfur emisglonsg in this case, can be appralsed before
it is actually implemented. An additionsl advantage -is that this type of

Chapman, L.D., "A Sulfur Emission Tax and the Electric Utility Industry,"
Staff Paper No. T73-17, Department of Agricultural Eccnomics, Cornell
University, August, 1973; also in Energy Demand, Conservatisn, and
Ingtitutional Problems, M, Macrakis, ed,, MIT Press , January, 1974.




analysis should enable a company to foresee Ffuture problems relsted to
generating capacity. Having some time available before a problem manifests
itself should make it possible to search for permanent solubions rather
than being forced into using short-term contingency plans. Interestingly
enough, the rebuttal of Niagara Mohawk to the testimony rested more
heavily on the desirability of sibstituting nuclear power Tor fossil

fuels because of the "energy crisis", rather than upon the extra capacity
neads predicted by their extrapolations,

Finally, if an analysis is to be useful to the management of a
utility company, it is important that the results are directed tn issues
that concern management., For example, in a decision about a new generating
facility, it is tie total generating capacity required in the fubure that
1s of interest. Hence, it is necessary to consider the deranc for
electricity by all classes of consumers, and to relate the total quantity
of electricity purchased to the corresponding generating capacity reguired,
This subject forms an important part of the testimony., In contrast,
howeyer, many research publications are of litile practical value because
suck considerations are ignored,
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PART A: CAPACIYY PLANNING

The empirical trols of ecenomic analysis bear upon the preblem of
capacity planning. In previous work, ;,wve have analyzed electricity
demand grawth at the naticnal level.= We have also used the same
methodolegy to examine the impact of a sulfuy emission tax on
electricity demand growth in New York State.~ A current interest is
te relate this methodolecgy to particular utility service areas. This
should be of value to utilities, government agencies, and citizens'
greups throughout the country.

I. P&ST-WAR DEVELCPMENTS IN ELECTRICITY DEMAND

mor most ef the United States the post-World War II era has been
a period ef sustained economic growth., Centributing tc this grewth has
been the development of the electric ubtility industry whose delivered
sales have doubled every 10 years, normally grewing at T7—8% per year.

Of course each majsr category of use has not manifested identical
patterns. From 1962 to 1972 total U.S, sales doubled, but industrial
use ilncreased by three-fourths while residential and commercial use
more than doubled.

The major factors influencing this growth have been declining
electricity prices, growing population and inceme, and a geed
competitive position, over time, of eleciricity prices vig-a-vis other
fuel prices. The behavier of each of these factcrs contributed te the
strong growth in electricity demand. In a broad sense the wkility industry
has been commendably efficient, We have used ever lncreasing amounts at
declining prices, and generslly have been able to use 1t instantaneously,
on demand, without fear of shsrtages or rationing.

Fach of these influencing factors has changed rather smeothly, and
nence the growth in sales has been of equal or greater predictabilisy.
However, beginning in 1970, the nation experienced abrupt changes in the
nature of %o of these varisbies: prices and population grewth, In 1971,
for the first year since 1945, the deflated average price of electricity
rose, and it did again in 1972, This important econcmic change is evident
in the Niagara Mohawl area: see Figure 1. For the foreseeable fubure
the related ccst problems of environmental protection and fuel scarcity
will cause contlnued growth in average prices.

For the last decade the fertility rate (a measure sf the number
of children bern to women of child bearing age) has declined, In 1872
this rate fell below the zerc population growth rate, meaning that
if centinued, U.S, population will begin to level off and stabilize by
our grandchildrens' generation. As a consequence the Census Bureau has
issued new population projectiens which forecast substantially lower
growth in the rest of this century.

The implication of these momentgﬁs changes is clear; it peints
toward reduced growth in the future -

However, the Niagara Mohawk service area cananoct be viewed as a
microcosm of the Nation. In both industry and agriculture, it seems
iikely that the area will not share equally in National ircome and
population growth., While some utilities in the State {especially those
in prosperocus suburban areas) will experience growth in excess cof
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7% per year, this iz unlikely for Niagara Mohawk, In general, heavy
industry in New York is not doing well., The index of factory output for
New York stood at 84 in 1962, rose to 100 in 1947, peaked at 105 in 196G,
and in 1972 was 9& (Figure 2), Simultanecusly, industrial sales in the
Niagara Mohawk area girew from 9700 MEWH (million kilowatt nours) in 1972
to 12,900 in 1969 (39%) but fell 7% to the 1972 value of 12,000 MIWH,
At the same time overall population growth in the area as well as in the
State has apparently slowed perceptibly since the late 1960%e (Figure 3).
As a censequence, Niagara Mohawk system sales have grown appreciably
less than most other utilities throughout the country. For example,
last year {(1972) was a year of economic reccvery fer most of the country,
and total U.S. sales grew 7.5% while Niagara Mohawk sales grew 4,L%h.
This lagging behind has existed for some years, and 1s due to the
econrmic circumstances discussed here, The question at hand is the
determination ef anticipated future system growth and its bearing upon
the perisd in which the Nine Mile Nuclear Plant Unit 2 will ve needed,

IT. PEAX LCAD GREWTHE PRCJECTICN

Peak load growth projecticns traditicnally select a relevant
historical pericd, determine growth ever that period, adjust growth for
gpecific anticipated changes, and project growth at seme compound rate
into the near future. Methods for determining the histerical growth
include {A) arithmetic definitions and (B) best fit determinatisn., In
the arithmetic method, a base year is compared to the latest year of
record and a compound growth rate is determined. For the best it
metheod, the rate ¢f growth and perhaps an intercept value arve selected
which have the absplute minimum cf squared values of errcrs in the
historical peried.,~ Both metheds are of interest and are examined in
this secticn,

A, The Arithmetic Compound Rate

The arithmetic method has been accurately emplcyed in the past.
For example, total U,S, sales grew from .78 trillion XWH in 1972 to
1.1 brillion ¥WH in 1967, or 7.3% per year. I this rate of growth
had been projected to 1972, the prediction would have been 1,58 trillicen
KWE, a perfect predacticn,

The method would have been almost as useful ln the Niagara Mohawk area,
Applying the 1062-57 growth te a 1972 predictlen would have ferecast
system sales of 27,64l MIWH, an error or 1,200 MEWH. Similarly, 1972
system pesk 1oad weuld have been ferecast atb Loo8 M7, approximately the
value predicted by the company's analysts but some 2, above the actual .
value of L827: see Figure 4.

The obvious place to begin is to determine the appropriate length
of the recent historical experience and apply it to the future., Accerding
to eur previous discussion, the late 1960's marked an imperfant turning
point with respect to industrial preducticn, population growth, and
electricity prices. It is clearly inapprepeiate to include the early
196076 system peak load grew 37% from 1960 to 1966 but 21% from 1965
to 1972, The growth rates were 3,9h ever the seven year period and
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FIGURE 3.

POPULATION, NEW YORK STATE AND NIAGARA

MOHAWK SERVICE AREA
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L.0% over the fTive year period., Therefore 4% would seem to be the
correct arithmetic compound growbth figure to use in fubture projections..
In this and subsequent discussion it is assumed that peak legad continues
to occur in December of cach year. y '

The resgult appears in column 1 of Table 1, showing extrapolated
net system peak load growbth thiough 1995.§/ The 18% reserve margln
defines the preferred capacity'in column 2, Deducting antlclpated system
capacity in column 3 defines addltlonal requirements in equivalent units
of 1100 M capacity.

The year the plant 1s needed can be determined in at least three
ways. First, all the excess capacity in the 1974-80 period might be
sold to other whbilities. The plant would then be brought into use by
December 1981, the first year necessary to meet the 18% reserve goal.
Second, the plant may be viewed as necessary in the year in which one-halr
of its capacity is needed, This definitien suggests 1983 as the year of
need, Third, the 6925 MJ of excess capacity in the 1947-80 period might
be sold to other utilities, who in turn would provide 5500 M7 in 1581.-85,
thus defining the first year of need as 1987.

wihb the arithmetic growbh rate is determined only by the Firss
and last years in a period. Any information contained in the experience
of the other years in a pewriod is igncred, The desirability of censidering
all years in a period leads to the best fit method discussed in the next
gsection, and the desirsbility of understanding the causes of variation in
growth leads te the demand snalysis in Section ITI.

B. The Best Fit Compound Rate

Figure 5 compares the above arithmetic growth rate with the best
it growth for 1965-72, Note that the arithmetic rate is determined hy
the 1965 and 1972 values only, while the hest £it line more closely
appreximates the elght years in the perisd, Thus the arithmetic rate has
an average errsr of +59 MV, a total aebsclute error of 724 M, and a
total sguared error of 93, SOO M{f, The best £it relation has an average
error of +l M{, total sbsolute error of 701 M, and total squared errer
of 69,000 M7,

This best fit relationship is:

Q= 3652.2 * (1.0363)%

Q represents net system pegﬁ lead in megayabts, © 1ls the year, and k
is years since 1964 (i.e., k =t = 1954).~ Table 2 shows the application
of this relationship., Fuploylng the same criterlon for defining year of
need as above, 1 excess capacity in the 197181 pveriod is scld then the
plant is needed in 1982, The year in which one~half of the plant is needed
in 1984, If excess capacity in 197h-81 of 7440 MY ig traded for 7m0 M
in 1982-88, the plant is needed in 1589,

The best fit 1“e__cttj.m'lshlp for the 1967-72 per 1od—/ is:

= k35,5 % (1.0sho)E,

k 18 now years since 19Lu, The structure cof Table 3 is that of the
preceding tables, and this 5 year best fit extrapolation defines years
of need according to the three criteria as 1987, 1990, and 1999,



i

Table 1. Extrapclated-Compo_uﬁd Grov.rth-, Arithmetic Definition
(Megawatts)

Year Net BSystem Reqﬁired Anticipated ‘l\Tew New Require-

Pesk Load Capacity  System Cepacity Requirements ments 1100 MW

(1) 2y (3) () Units  (5)

1972 4827.0000 5695.8590 50kl , 0000 ~2L8, 1405 -0,2256
1973 5020.0780 5923.6910  E74,0000 -750.3086  -0.582L
1974 5220 .8780 £160.5360 7hol, 0000 -1333.3630‘ -1,2121
1975 s5heg.7ibke 6ho7,0620 ThE3 . 0000 ~1055.9370 -0.9599
1976 5646.9020  5653.3430 8283,0000 ~161.9.56560 -1, 7ol
1977 5972.7770 6925.8780 8132,0000 ~1202,1210 ~1.0928
1978 6107.687C  7207.0700 810L.6000 -893, 9297 -0,8127
1979 £352,000C 7495.3590 . 8070,00C0C ~57h 6L ~0,5224
1980 6506,0780  7795.,1710 80L0O.0C00 2%, 8081 .0,2006
1981 6870.3200 8106,9740 80ho.ocoo 66.9766 0.0609
1982 71k5.1320 8L3L.2570 80k0,CCO0 391..2578 0.3557
1983 7h30.9330 £748.5030 80H0,0C00 728,5039 0.6623
108k 7728.1750 9119,2460 8040, 0000 1079, 2hE0 0.9811
1985 8037.300C¢ 9k8h, c150 8040, 0000 14 o150 1.3127
1986 8358.7920 9863.3750 8oke , 0000 1823.3750 L,E6576
1987  8693,1480 10257.9100 8cka, 0000 oo17 . OLhD 2.0153
1988 G0L0,8750 105458,2300 gcko, coco 2628, 2340 2.3833
1682 oh02, 5070 1109k, 9600 2oko, c000 305k, 9600 2, 7772
1990 9778,6050 11538.7500 8oko, 0000 3498.7530 3.1807
1991 10169.750C 120C0,300C goko,coce | 3040,3000 3,56003
1992 10574.5300 12480,31.00 aclo, 0000 LLbo, 3160 L, 0367
1993 10099.600C 12979,5300 S0k, 000N 493G,5319 L, Loes
199k 11439.58C0 13498,7000 8ok, 0000 5458,7070 4,9005
1695 11897,31400 1h038,6500 80Lko.0C00 5.4533

5958.6600
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Table 2. Extrapolated Compound Growth, Seven Yesr Best Fit

(Megavatts )
Year I\Tet‘ Sysfem Reguired Anticipated . Kew Ilew Require-
Peak Load Capacity System Capacity Requirements me@ts 1100 MW

(1) R ) (1) a0
1972 k858,1710 5732,6400 59kl , 0000 ~211,359% - -0,1921
1973 5034.,5230  59L0,7380 EETH. 0000 ~T33.2617  -0.6666
107k SALT. 2730  6156.3820 Thgl, 00Co ~1337,4170 -1, E1A0
1975 5406.6600 63798530 7463, 0000 -1083,1400 = ~0,98L7
1976 5602.9210 €611.4ko0 8283.,0000 - ~16TL.5500 ~1.5196
1977 5806.3040 8514370 8132,0000 ~1280,5620 -1.16h1
1978 €OL17,0700  7100,1hho 8101, 0000 -1000,8550 . -0.9099
1979 6235.4920 7357.8780 B070.0000 ~712,321%  -0.8h7h
1980 6U461,8350 7434, 96L0 8oko, coco -h15,0352 ~0.3773
1981 6696.3980 T90L,7500 840, 0000 ~:38, 2500 ~0,1257
1982 €939.4750 8188,5820 B04o, 0000 18,5820 0.1351
1983 7191.3750 8485,8240 8oko,c000 - Liys 8zho 04053
198k 7hsa.ke1o 8793.8590 8040, 0000 753,85k 0.6835
1985  7722,8450 -9113,07ko _ 8040, 0000 2.073,0740 86,9755
1986 8003,2850 9hk3.8780 goko,00c0 1503 .8780 1.2763
1987 8293.8000 ¢$784,4830 ~ Boko,ocoo 17h5,6830 1.5879
1988 855k 8670 10141, 9lkne 8oho, 00Co 2101, 9450 1.91¢9
1983 8%06,8550 10510,0800 . 8040, 0000 2h70,0890 2, 2455
1996 9230,1710 10891,£000 goko, 0000 2851.,6050 2,564
1991 9565.2260 11280,9700 8oko, 0000 3eha,9380 - 2,9518
1992 9912.4410 1169¢,5800 80k0, 0000 3656,6830  3.3243
1893 10272, 2500 12121, 2600 8040,00C0 LeB1, 2650 3.7102
1994 10645,1300 12567, 2400 80ko, 0008 h521, 2610 h.11e2
1995 11931.5500 12017.2300 804G, 0000 4977, 2340 le,5248



Table 3.

1L

Extrapolated Gompound Growth, Five Year Best it

(Megawatts)

7 Year

Net System
Teak Iimad

(1)

Required  Ancicipated
Capacity System Capacity Reguirements

_ (3}d |

(2)

1972

1973 -

197k
1975
1976
1977
1978
1979
1980
1981
1982
1983
198k
19685
1986
1987
1988
1989
1590
1991
1992
1993
195k
1995

1773.41k0

-4888,9330
5007, 2500
5128, 1250
15252.5350
5379.6520

5509;8390
56431750
5779. 7460 -
5919.6170
6062.8750
£209.6010
6359.8750
£513.7890
£671.L250
£832,8780
6998.,2380
T167.5570
7341.0540
7518.,7100
770C.66T0
7887,0270
8977.0580
8273.3850

60515420
£197.9920

- 6347.9880

£501.6090

65589450

£820,1010
6985, 1080
7154,1910

7327.3280
7504, 6520

7GRE . 2690
7872,2810
B0€2. 7960
8257, 9210
857, 7650
8652, 450
8872,6780
9085, 789C
9306.4~910
9531, 9210
97¢2.5970

5632,6230 - -
5748,9410
5008, 5540

719k, 0000
7453 ,0000
8283,000@
8132.,0000
8101.,C0CO
80760000
804G . 0000
8olo.coco
8oL0, 0000
80k0. 0000
80k, 0000
80L0 . 0000
040, 0000
20k0.0000
RoLo, 0000
8oko.ocoo
8gh0., 0000
8040 . 00CH
8040, 0000
8040, 0000
8oko, 0000
Boko, 0800

Wew

)
-311.3711
~905,0586
~1585,L450
-1 4570
~2085, 0070
~178k%,0110
~1599.3900
~1h11,05k0
~1219.8680
-105%,8510
-885.808%
~712,6719

-535, 3477
~353.7305
~167, 7188

22,7949

217.9219°

B17.77055
| Tpe.hhs3
832.0781
1045 ,7890
266.,6910
1ho1, 9210
1722,5970

Tew Require-—

ments 1100 MY
Units (5)

et e .

-0, 2831
-0,8228
-1, 5413
~1,2631
-1.8955
~1,6218
-1.4540

-1,2828

-1,1090
-0.959C
-0,8053
-0.5479
-0 ,L8AT
~0.3216
-0,1525
0.0207
0.198L
2.3795
0.5659
0,756k
0.9516
L1.1535
1.3563
1.5660
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There is no clear reason to prefer either of the best F£it
extrapolations., However, it is clear that extrapolation values should
not be derived from data for the early 1960's which manifest the
previous conditions of falling prices and regular and strong growth in
factory output and population, As discussed above, each of the extrap-~
olation  techniques deals with the influence of prices, population, and
income by assuming that Jdemand growth in a convenient historical period
can be extrapclated into the future. Again, as noted previously, this
assumption was velid for most of the post-WWIL period until the late
1960's, but is no lenger so. For demand growth planning we need a
method which explicitly links independent forecasts of important factors
and explicit empirical estimates of their influence with sales growth,
reak load growth, and the timing of necessary ney Tacilities,

ITT. DEMAND AWALYSTS CAPACTTY PTANNING

Previous investigations of demand growth in regidential,
commercial, and industrial sectors bear upon the problem of fore-
casting capacity requirements. s

First, the results of these analyses are generally successful in
delineating the interaction of prices, population, and inceme with
electricity demand, The estimates of individual parameters are Jogical
in sign and statistically significant., On a national basig, the models
typleally explain more than 9% of the varlance in demand over time
(1947-70) and between states for each class. Finally, the long run
elasticity estimates are essentially unaffected by the choice af
function or estimating technique. :

The overall success of the research leads us %5 expect that the
gsthedetngy 18y e Trultiully applied to individual service arcas,
However, we must emphasize two limitations befove introducing this
methodology., The primary limitation derives from our previeus discussion
of changing eccnomic circwumstances in the Niagara Mohawk gervics area
and throvghcut the country. We cannot be certain that future responses
will follow e=xlsting patierns, nox may we subject this problem to
statlstical analysis, Three illustrations will suffice. WNationsl gas
shortage may impart a further impetus to electricity growta, but concern
for petroleum and gas avallability may result in policies which substitute
gas for electricity, (More on this in the next secticn,) Petroleum
shortages mey lead some consumers to install electric heating, but in
the Northeast where much electricity is generated in oil-fired rlants,
such actions would reduce fotal energy availability. BRising gascline
prices may reduce the weight of cars and gasoline consumptien per mile,
thereby reducing industrial electricity requirements in aubtomobile
merufacturing and gasoline refining. Bub pollution control requirements
may cause electric cars to be widely used, thereby accelerating
electricity demand. In summary, projectiens made into the distant
future are always subject to their aggumptions and no form of
projectionsg can guarantee long term accuracy.

A second limitation is the reliability of the relatvionship
between system sales and peak load requirements, Table I shows such
information for 1968-72, The net system peak load factor averaged ,52
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Table 4. Tet System Sales and Pesk Load

Year et System Wet System Syétem,peak
Sales peak lead ' load factor
(MKWH) _ (mry -

1968 23, 381 335 £1

1969 24,299 Wil .63

1979 oh, ghg Lea 62

1971 25,319 h551 L6l

1972 26,4ko L8o7 62

NOTE: The asystem peak load factor is the ratio of nel system sales to
the product of the net system peak load and the hours in the year.
Sources are the annual reports sales data in Niagara Mohawk Annual
Report 1972 and the peak lead data 1n U,S. Atomic Energy Commisgsion
Docket BO-H10, Exhibit E, Nine Mile Peint Nuclear Statlion Unit 2,
Applicant's Environmental Bernort, Censtructiosn Permit Stage,
Supplement 2, T I
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and was relatively stable in the ,61~.64 range. The .52 value is
employed here, However, improvements in leoad factnr would. imply
equivalent reductions in desired capacity.

With these limitations in mind, we may vroceed with the appli-
catlon of the method to the capacity planning problem. There are two
broad steps to consider: (A)mDetermination of an accurate set of
parameters, and {B) Selection of independent projections of vdlues of
the causal factors, B o

Part B explains the analysis through which predictive accuracy
for the Niagara Mohawk service area ever the lQMS—Tl period is
examined, It should be repeazted here that the’explanatory acouracy
of the demand functions is quife high, and each parameter is statis-
tleally significant.

It might now be useful to nnte certain characteristics ef the
demand equations used, First, they involve a substantial time lag
in the response of demand to changed circumstandes. In the residential
and commercial sectors, about one-eighth of a long run response is
evident in the flrst year, and 1t takes 5 years for one-half of a
long run response to be lncurred, In the industrial demand equation
apparent response is faster, exceeding 50% of the long run response
in the first year,

‘ Gecond, these demand functions show different responses to
changes in the same factors, Talle 5 expresses long run elasticities
for the three demand equationg.Zr The industrial demand equation
indicates industrial use of electricity has not been significantly
affected by service area populatisne and income, Industry in the
service area manufactures products for use throughout the Jation and
world, and as a consequence Tactory cutput and electricity price are
more lmpeortant than service area vooulation and pergonal. income, As
a consequence, we have calculated parameter values for the industrial
secter particular to the Nlsgara Mohawk area and according to inferma-~
tion relating industrial demand to the index of factory output,
electricity price, and lagged electricity demand,

The sssumptions regarding population, inceme and prices in the
future are derived from independent analyses by the Census Bureau, the
Department of Commerce, and the Federal Power Commission.

Wa may L1liustrate the methodslogy by use of the case in which
factory output is essumed to frllow the growth in total personal
income from manufacturing in New York, Costs and rates increase at
the %% per year rate forecast in the 1970 Katicnal Power Survey, In
this case, the predicted values of population, income, deflated
electricity and gas prices, and index of factory output are ghown as
columns 1-8 in Table 6. Residential, commercial and industrial demand
predictions follow in columns 9-11. Municipal sales are assumed to be
cne~eleventh of tetal sales (column 12). The net system peak lead factor
deterrines winter peak lcad ag discussed above, and is shown in eslumn 13,
Desired capacity, anticipated system capacity without plant, and new
plant requirements (columns 14-17) are deterwined in the same mapner as
in the preceding section.

The results according to the same criteria discussed above define
the Plrst year the plant is needed as 1992, 1808, and semetime in the
next century.
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Table 5. Long Run Elasticities in Demand Functions

- Factor ' Residential Commercial Industrial
Tlectricity Price 1.2 ~1.600 ~62
Population ' O 08 —
Per Capita Income 30 B0 ———
Gas Price | =il .05 —

N.¥. Factory Cutput ——— —— .58
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Alternatively, factory output might be assumed to Tollow the
predicted growth in veal per caplta personal income in New York. In
this case the first criteria defines the year of need as 1994, and the
second and third criteria weuld indicate need after 2000, Finally, it
can be assumed that factory output grows at the same rate ps per capita
personal. income in manufacturing in the state. In this case the firsu
criteria selects 2000, and the others again select years in the next
cantury. :

IV, GUIDING FEAX LOAD GRCWTH

In the preceding discussion we have noted the gifficulty in
rojecting future growth ralsed by chaiging seoncomic policies and
circumstances, Tn this section, we note the possibllitles of
specific policies to influence load growth,

Tt is well known that a typical home in New York may waste
one-third ti ne-half of its heating BTU's hecause of inadequste
insulaticn. In response to this situation, utilities in Michigan
and the Michigan Public Service Cemmiszsion are undertaking a progranm
to finance the insulation of old homes, It is logical te expect
companies 1n New Yerk to either (1) initiate similar programns, oT
(2) undertake comprehensive custemer education programs of Ffinancial
savings to customers which result from proper ilnsulation,

Such a program can be introduced into the capacity planning
procedure, Necessary for this would be estimates of the (1)
cconcmically efficient level of insulation in old and new homes,

(2} current average insulation levels in old and new homes, (3)
average heat and alr coeling savings from proper ingulation, (L)
average customer financial savings, (5) number of old and new homes
affected by a comprehensive pregram, and (£} reduction in future
capacity required for electric heating resulting Irom proper
insulation.

A second policy the company should consider is tThe allscatien
of natural gas from industrial customers to residential and commercial
customers. Since the country as well as this area is in a peried of
insafficient oil and nabtural gas for the foreseeable future, it is
imperative that ubilities address the question of use efficlency.

Tt ig well known that se of electricity requires approximately twice
the system BTU's as gas for heating and cooling, Fach BTU delivered

in the home by electricity requires 3 BFU's in coal or oll or puclear
fission for generation, Bub, if the company encourages the transfer

of natural gas to residential and cemmercial use, the industrial
custemer may generally replace this fuel directly with oil or coal,

- Cbviously such a company policy not only effects electricity peak load
growth, but also saves the overall service area substantial BIU's in
Fossil fuel use -— and with an everall reduction in cests., This kind ef
natural gas mansgement program sets the same priorities which the
Tederal Power Commission requires gas transinission cemparnies to follow
in forced gas curbailments, It can be anticipated that wtilities which
undertake gas management will have a higher priority claim for scare
gas than utilities which do not have such programs.
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V. GSUMMARY: THE YEAR OF NEED

In the preceding commente we have examlned future capacity require-
ments through both extrapolation and demand analysis, The year of
apparent need was determined accckding to three criteria, Thus, according
to the particular method of analysis and criteria ef need, we censidered
15 cases; as summearized in Table 7. The earliest vear of need is 1981,
determined by the arithmetic extrapolation method of peak load grewth
and the criteria of sale of all excess capacity, The latest year of need
cannot be selected, falling scmetime in the next century, The median
year of those falling in this century is 1987, It should be etphasized
that none of the cases Torecast declining peak load: all anticipate
growth. Rather, the forecasted requirements are compared te antici~
pated growth withoul the Wine WMile Unit 2 facility.,

We note further that the company may censider gulding peak lnad
growth through insulation and natural gas managemert programns, PR

Wle do not wish to suggest that any single case congidered here
should be aonsidered to be correct, Rather, the applicatisn of
conventicnal economic and engineering concepts to the preblem indicates
a span of years in which capacity beyond the 8040 MY level may be
necessary, This dces not suggest that the companry should cease its
efferts in site acquisition or in exploration of additinnal nuclear.
peneratien potential., Nor should the economic circumstances in- the
service area be construed as representative of conditions throughout
the country, nor are the specific conclusions which follow frem this.
analysis directly transfergble to other utilities in the state and nation,

The appropriate cenclusions are narrow in scope and simply stated.
Firgt, methnds of economic analysis can be applied to the problem of
capacity planning, becond, the facility in question is not likely o
e required for syshem use in 1979 cr 1980 as expected by the Niagara
Mchawk Power Corp. and the Atomin Energy Ccmuissicn Staff, The most
likely perind cf nesd appears at present to be in the mid 188C‘'s,

PART B: DIMAND ANALVSIS

VI, LDEMAWD FOR ELECTRICITY TW THE SERVICE AREA

The procedures used to estimate the demand for electricity within
the Niagara lMohawlk utility region are deterwined according to
consurer classes, For the residential and commercial sectors, the
Mount~Chapwan-Tyrrell Constgyt Flasgtieity Model, Ordinary Least
Squares (CEM-0LE) was used‘i;/ This model was derived from an analysis
of The demand for electricity for the ertire United States.

The assumption t?%y electrielty demand 1ls determined by four
explanatery variables”” ~ populaticn, lreome, price of electricity,
and price ef alternative fuel scources — is believed to be trus for the
Niagara Mohawk regicn's residential end commercisl sectors, as well as
for the United States. Fmploying the model for the Industrial secbor was
velieved not to be as appropriate here because the ares 15 divided
into twe distinet economie categories, "One region is the north and
central area of New York State, iuciuding the Adirondacks, Tt is

largely rural and much of this area is sparsely populated., The second
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Teble 7. Year of Need

e

A1] excess

L . v et g o et

One~half of  Excess
capacity is  capacity is capacity
gnld required in near
future is
traded for
capacity in
“subsequent
years
Extrapolaticn '
A. b (1975-72 growth) | 1081 1983 1987
B. Best fit,6 195-72 1932 1584 1585
¢. Best it 1977-72 1987 1390 1999
Demand analysis, factoiy output
growth assumptiong-
A, Total personsl income
from manufacturing 19¢2 1998 2000+
B. Per capita perscnal income ,
all sources 100k 2000+ 2000+
EQOO+ 2000+

¢, Per capita personal income, 000
manuvfacturing -

The index of factory output for New York is assumed to follow the
growth rate of the appropriate factor ag indicated. BSee Appendix IT.
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tyrpe 1s characterized by dense pepulation and by being highly industrialized,
Buffale, Syracuse, and Albany~-3chenectady-Trey constitute the areas in
this categ;ory.

Since the marksts ef industrial products from the reglon are unlikely
to be contained within the region itself, but rather in other areas of the
State or in other states, it seemed unlikely that the population and pexr-
capita income of the Niagara Mehawk region should have a very great effect
on the industriai demand for electricity,  This assumpticn was tested in
g preliminary snalysis of the industrial demand for electricity within
the region and the population and income ccefficients were feund to be
clnsigrificant., As a result, a Separate model was.developad for the
industrial secinr aging the State Index of Factory @utput and the price
of electricity as.the determlnlng varlables.

. -A, Estimatien: ‘Residential Cormmercial,. and Irdustrial Secitsrs

o Adapting +he general demand mﬁdel ta the Niagara Mchavk region
required the following pr rucedures, - First, the model was used 4o predict
the demand for electricity with data for the region over the past 2L
years (194B-1971). Beccnd, the predicted values were compared to the
actusl values and the size and scurce of the ineguality were identified
(see subsectien VI-B below). Third, the inequality was adjusted by
re-est_matlng the constent term and the newly adjusted model was tested -

in the same manner. described above, The results of these tests indicabed
“that the model preﬂ101ed residential and commercial demand over the past

2k yesrs with excepulonal accuracy. Lastiy, the new mﬂdel was used to

forecast demand in the fubture..
The general models. uszed for the r631denu1a¢ and ccmmerCLal gsectors are:

logQ = *egA + V*oth 1 + B lngPopt + B, 1ongc + B logP E EhlogPRG

t 37 t-1.
Re3159nt1al Senter
~whera Qt - = duantity of electrlcluy demanded by th
residential sector in the current year
Q*—l = quantity of e¢ectr1u:ty demanded by the _
v regidentlal secter in the prewlous year l.e.,
Jlagged demand
Pop, -~ = population in tke current year
Incg = par capita income in uhe current year
PREt - = the residentlal price of electricity in the
current year ‘ RS .
PRG+“1 = the residential price of gas in the preceding year
Ay, V7B, B, By are the parameter values for the residential

secto% associated with the constant term, and the
coefficlents ¢f lagged demand, popuwlation, inceme,
price of electricity end price of gas, respe»tlxely.
Copmernial. Sector

whefe‘Qt = guantity of electricity demanded by the
- commercial sector in Yhe current year
Q- = oguantity ef egecurlcity.demanded'by\the
o commercial sector in the preceding year
Popt = pepulation in the current year
Inc % = per capita ineceme in the current year
PTEt = the commercisl price of elecnrlcltv in the

‘current year



23

IRG l = the commercial prlce of gas in the preceding year
A, % B-, s B, are the parsmeter values for the commercial
sectsr asgocinted with the constant term, the coeffi-
clents of lagged demand, population, inceme, price of
electricity and price of ga.s respectlvely
Industrlal Sectinn (Niagara Mohawk)
The medel develcped specifically for the industrial sector ef the
Niagara Mohawk region is: _
logQ = logA + VlﬁgQ + B logIFO

£ + B logPREt

where Q£ = quantlty of elaptridity dcmanded by the 1ndustr1al-
secctor in the currsnt year

Qt—l = quantity of electricity demanded by the industrial
sector in the preceding year, i.e., lagged demand

IFOJG = the index of factory output for Hew York State in
the current year

PRE, = the industrial’ price of electr1c1ty in the

. t- _ current year
A, V, Bl B, arp the parameter values associated with the
, constant term, and the coefficients of lagged demand,
index of factory output and price of electricity,
raspechively. )
The results of this meodel are as follows

,.Table 8} Parsmeter Estimates for the Industrial Sector

Explanatory Facter Unlte of Measure  Parameter Estimated Value
Lagged Demand nillion kwehrs | v oo _ 0.34h3
Price of ' o -
Electricity cents/100 kw-hrs B, - =0.hoks
Index of Co ' ‘ '
Factory'Ouﬁput 1067 = 100 B, 0.3785
Constant Term A 6.1752
- Standard Error of Regression Coefficients: V = 0.1517
' : B, = 0.2koh
BE = 0.1542
AT = 1,9165

R-SQUARED, unadjusted = 0.8540378
. Mumber of Observatlons = 24

The short-run elasticities of price and the index of factery output
are B, and B,, respectively, The coefficent of lagged demand determines
elastTeitys*: "the long run elasticity ef price is B,/(1-V). The
importance of V is that it determines how rapidly demand will adjust to
& change in one of the explanatory varlables. Specifically, V indicates

*EBlasticity is defined as the per cent change in quantity demanded
associated with a one psr cent change in a particular explanatory
variable.
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what proportion of eleﬁtr1c1ty demand censuned in any given year will be
a function of the amount consumed in the previous year; 1-V-is the
proportion that demand will change in one year as the resuli of a

change In one of the explanatory wvariables. The value of V must lie
between one and zero. If V is very small, this indicates that demand
will adjust rapldly; if V is large, demand will adjust siowly. Since-
the V coefficient (0.3443) is much closer ©n zerc than to one, cne should
expect the industrizl sector of Niagsra Monawk to adjust rapidly to &
change in either price or in the level of factory output.

B, Theill Method of Error Analysis
H, Theil's inequality caefflclent 3/ was used to test the accuracy

with which the CEM-OLS model can forecast residentisl demand w1th1n the ‘
Niagara Mohawk region., This coeff1C1ent (G} is:

1

.. / l/e)fPi-Ai)E

| 1/ﬁ‘é? * \] 1/n>A?

where P, ,uuecsP 18 the predictad demand for year 1y0ae.0, and A gareen ;Ah"
is the #ctual démand for the same year, . :

When U = 0, the predicted demand equals the actual demand in all
observatiocns, and the model forecasts perfectly., When U = 1, the
opposite is true and the model is ineffectual, Thus, the closer U is
to zern, the better the forecast; the closer it is to ene, the poorer
the forecast,

The numerator of the 1nequallty coefflclent U can be rewrltten as fellows

1/g>(Pi-Ai) = (PﬂA) + (SDP-SDA) + 2(1~ X(sDP)(sTA)

vhere P, A, SDP, BDA are the means and standard deviatisns of the
predicted and actual values, respectively, and r is the correlation
coefficient, ‘ ' '

The denominator (D) of U is such that the value of U will always
be between zero and one, Substituting D into the above equatisn fer
U we have: ' ' ‘ A

y = _BL
5
U, = _SDP-SDA
D
r - -
U, = __2(1- »{spp)(8D4)

D
e e e 2 2. : e e
where Um + U, + U, =U7, U 18 the partial crefficient of inequality
representlng the "difference between the predicted and actual values'
caused by an unequal tendency {the mean). U~ is the partial -
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. ‘ A S : 2

coefficient representing the difference caused by unequal variation. U
is the partial coafficient representing the: dlfference caused by 1mperfgct
covariance, Mbrcovnr, B :
2

2 2 U
Lm Us o

W=~ g US = UC = —p- 3 and UM+ US 4 UC =
U u - )

Thug, UM, US, and UC are the proportions of inequality caused by the mean,
variance and covariance, in that order, and are repecrted in percentages
rather than proportions. '

The CEM-OLS model was used to calculate demand for the residential
and ccmmercisl sechors for the past 24 years, Using the computational
formulas outlined above, the inequality coefficients were caiculated in
real rather than logarithmic units.

The results for the residential sector are as lallaws-

U == 0269471 Ui = LON0E5521 M = 90.2%
U~ = .0007261k _ P | US = 6.3%
: Ug = ,C000L54L uc = 3.5%

U7 = 00002592

and for the commercial sector: o '

U, = L7781 U- = ,c01k3bo2 UM = 86.3%

U = ,0016628 g US = 11.k%
U, = .00018955 UC = 2.3%
Uf = ,00003843

These calculations are evidence that for the residential sector
90,2 of the inequality between the rredlcted demand and the actual
demend 1s caused by a shift in the mean, 6.3% is a result of unequal
variation, and 3.5% is due to imperfect covariation., In the commer-
cisl sector, 84,3% of the inequality between predicted and actual -
values 1s due 4o a shift in the mean, 11.,4% due to unequal variation,
and 2.3% due to imperfect covariation,

The CFM-0LS model was applied to the industrial sector and tested
in a similar manner. The results of this test were that 26,1% of the
inequality between predicted and actual values was due to a shift in
the mean, 10.4% Gue to unegqual variation and 63.5% due to imperfect
covariation.

Errors of unequal heans or variances are systematic errors and the
model can be adjusted for these. Frrors from imperfect covariation are
unsystematic and canneot be adjusted. BSince ﬁhe‘hean-was such a large
proportien of the inequality in the residential sector and commercial
sector, the censtant term (A) is adjusted. In the industrial model, the
greatest prepnrticn of the inequality was due to 1mmerfect covarlatlon.
This supported the contention that the CEM~0LS model would not be
appropriate for the Niggara Mohawk region,

The congtant term for the residential and commercial sectors was
adjusted by subtracting the log of the actual wvalue from the log of the
predicted value for each shgervation. This difference was totalled for
all 24 years and then divided by 24 %o obtaln an average in logs. The
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average difference was then subtracted from the constant term.
The average difference for the residential sector was 0591 and for
the commercial sechtor 0842, The new constant term for the residential
sector became: :
Jhg1e - L0591 = Lho2l
and for the commercial sector: N :
5897 = L0842 = .5055 : .
Using the new consbant terms the CEM-CLS model was used to predict
demand within the Niagara Mohawk region over the past ol years. Agaln,
the U inequality coefficients were computed to estimate the accuracy
with which the new model forecasts demand. The resulis of these calcu~
lations were: .

Regidential Sectbrg

T = 0071613 ) > o U= 5

U® = 00005128 U = -0o0cees2 US = s
U§ = 00002326 ue = 50%
US = .0C002568

Commercial Sector: . :

U = ,006832 ] ‘ 2 . - M = l‘!_l_%

U2 = 00004668 - U, = +000C0065 Us = 16.19

' U§== .00000T768 e = B2.2%

Uf = ,00003836

As we explained earlier, U = O indicates perfect forecasting. IT
U % 0, then it is desirable to have U as near to zero in value as possible.
Moreover, if U # 0, the most desirable value for UM and US ig zero,
and the most desirable value for UC is one. When UM and US equal zero,
this means that systematically repeating errors have been eliminated and
thet the error remaining {UC) is unsystematic and cannot be adjusted.

The inequality caused by the mean was reduced from 90.2% to 5% in
the residential sector: and from 86.3% to 1.4% in the commercial sector.
Mcrecver, the inequelity coefficients for the adjusted model are
extremely cloge to zero in both sectors: .COT72 for the residential and
L0068 for the commercial, The importance of these coefficients cannot '
be over adimated, They indicate that the CIM~QI8 model predicted demand
for the residential and commercial sectors of the Niagara Mohawlk region
with remsrkable accuracy.

The accuracy ef the Industrial mo’el derived specifically from
iagara Mohawk data was tested in the same manner digcussed above. The
inequality coefficients resulting from these calculations were:

U = 0284397 > . o= 0.2

U2 = ,0008088 U = .00000131k - l»iﬁ
Ui = 000009122 UC = $8.7%
v2 = 000798458

The U term for the CRM-OLS industrial sector was .CW6, while the
T term for the Niagsra Mohawk model was L028, A comparison indicates
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that the Niagara Mohawk model predicted demand with greater accuracy than
the CEM~OLS meodel since the U coefficient is closer to zero., DBecause

UC = 98,7% for the Niagara Mchawk mndel, the inequality remaining is

due ta unsystematic errors for which the model cannet be adjusted.

Wnile the industrial model is not quite as accurate for predicting
derand for electricity as the residential and commerclal models, the
industrial model is nevertheless reliable because the U term is small,
It can be anticipated that the industrial sector ils more unpredictable
than the residential and commercial sectors as industrial demand For
electricity within any given utility regicn is subject to sudden changes.
Consider, for example, the impact of a firm's decision to move in or out
of an area within the region, Nevertheless, the inequality coefficient
is evidence that this model predicted industrial demand within the
Niagara Mohawk region with considerable aCCUracy.

C. TPredlicting Future Demand

Once the model which best predicted demand for the Wiagara Mohawk
region was sbtained, predicting future demand became a matter of calcu-
lating how the determining variables - population, income, price of
electricity and price of gas and index of factory output - were likely
to change in the future, and then applying the coefficients tn each of
the predicted variables.

The source of each variable as well as the source of each
variable's predicted growth rate is described in detail in Part B.
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This information was calculated during the course of tiie Nlagara
Mohawk hearing and was presented as part of the oral testimony. While
the preceding snalysis of Theil ccefficients using the full 24 years of
historicel data is Important, it is useful te calculate the Theil - '
coefficients for the most recent 10 year periond, using the predicted
lagged demand variable rather than the actual demand variible for the
preceding year, .

Thig final test is more significant for utilitiles for two réasnnsg:
(1) utilities typically use .a. recent. short-term peried-from which 4o
project future demand, and (2) ueing the predicted lagged demsnd
varieble more nearly approximates forecasting demand into the future.

For example, ir the model has a tendency 4o mars errors in
prediction of increasing magnitude from year to yvear, this will
create a small error in the first year of predicticon, and a much larger
error in the tenth year since each year's errer in prediction will be
compounded. Thus, the test wsing the predicted lag is a final check that
the medel is working properly, ) :

Congider the time peried from 1262 to 1971, In order to predict
demand for electricity in 1962, the actusl values of all the inderendent
varigbles are used. To predict demand for 1563, the process is the
same except that instead of using the actual demand in 1262 as the
lagged demand varisble, the predicted demand for 1952 will become
lagged demand in 1963, and so on for the subsequernt years.

In addition to calculeting the Thell coefficients (as sutlined
previously), »ne should also check the percentage errors in prediction
for each year, BEven if the Theil coefficients are. relatively close to
zern, 1t may be that the model is making errors in predictiern ef
lnereasing magnitude when the predicted lapged demand is used. Thus),
one should check that the model is performing well,

The Theil coefficients, using the prediczted lagged demand
variable fer the period 1962-197L are as Follews:*

Reslidential:

T = L0ZLE06 2 _ 1A UM = 25,14
U2 = .noohhor Uy = -0CC1aT . us = 7@,k
e
u” = 003167 5C = SR
2
U = ,0000203
- . e
Commeraial:
U, = .0LI386 2 UM = 33,19
L] 3 = 0 Lq .
. ") = .
Ug = 800074 ¢ = 8%
Uj = .00C0L1S
Industria;: L gf
To= L0117 2 - M= L,%
: =, DCOCAT N
U2 = 9001378 Ve soceT TS = 5.9
"'I" - ™y Y 14
U§ = . 00CN070 UC = 90.1%
)
U~ = 0001243

[
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The percentage errors for each year were, ualcmlated ag frllovs:
Predicted Temand - Actual Demand
Actual Demand
and are reported in the follswirg table, by sector:

Percenitage Brrors in Prédiétion, 1962-1971 -

Year EResidential Commereial < In&ustria;'
1962 1.19 - 1.8¥ﬁ ' _f'n 3u- S
1963 133 1.12 ORI
1964 ‘ 251 0,83 0,08
1965 Y- | .10 ' 3,13
1966 0 ko 3,48
W67 =lTh S 2 0.29
18 3.z 233 1.36
1969 - B S ~2.39 O 1.83
1970f  o -5 .83 1,76 2,0k

972 . ~5.57 ~3.15 3.90
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APPENDIX IT

A, Data Seurces : o
(l) The fellewing variables were ebtalned from Nlagara Mehawk's 1972

Annual Report: A -
Residential Sales, 1971 and 197¢
Commercial Sales, 1971 and 1970
Industrial Sales, 1971 and 1976
Other S:les, 1971 :
Total Generation, 1271
Existing Capability, 1971

(7) Purchased Power, 1971 R

(2} System Capacity in megawatts is Niagara Mchawk's predicted. total

Mf\};\f\ﬁ\
NN 7 O
S s

capacity without Nine Mile Point o, - : o
Source: U,S, Atomic Fnergy Comiission, Final Environmental
Statement Related 4o Constructien of Nine Mile Point
Nuclear Staticn, Unit 2. Kiagara Mohawk Fewer
‘Cerporation, Docket No., 5C-U10, Washington, D,C,,
June 1973; pp. 8-9, 8-11, :
(3) Net System Pesak Load Factor in megawatts détermines winter pesk load,
Seurce: Firal Envirermental Statement, p. 8-11, and Supplement 2
“to Applicant's Environmental Report, Censtruction
Permit Stage.. i - - h
(k) Populatipn For Wiagara Mohawk Utility Region
The countles within the region were identified by the map of
Utility Reglons within New York State published by the New Yerk Fower
Pool, Bchenectady, New Yerk, April 1972. Thosé counties having less
than half of their areas within Niagara Mohawk's beundaries were
emitted so as net to bias the actual pepulation within the region.
These counties having half or more of their total areas within the
region were included, ' The list of the 29 counbies follews:

Albany " Franklin " Livipgsten Oswege
Coattaraugus Falton Madiscn Rensselaer
Chautauqus Genessee - Montgomery 8t. lLawrence
Columbia, Hamilton " Nlagara Saratega
Certland Herkimer Cneida Schenect ody
Erie . Jefferson - - @nondaga Scheharie
Essex Lewis erleans . Warren

‘ ' : Washington

Population of the total region was comprted by checking census
data published in the Wew York State Statistical Yearbeek for 1973,
obtaining the population for each county and then adding them tegether,
source: New York State Division of the.Budget, 8ffice of Statistical

~ Coordinator, New York State Statistical Yearbeck, 1973, Albany,

New York, July 1973. :

(5) Perscnal Inceme, Per Capita, Niagara Mohawk Utility Regien

Per capita income for the regien was obtained by taking personal
income per county, summing the +Qtal and dividing that figure by total
pepulation for the region., This method was used since merely averaging
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the per capita income for each cpunty would not ‘take aceount of the :
different populations and would weight +he average in Teor of less
popuisted reglems. > — . _
The dollar terms were then deflated by the Consumer Price Index
(1967 = 100) in order to discount the effects of inflatien and were
reported in thousands of dollars per rperson, R
source: New York State Statistical ¥:arbook, 1973,
(6) Price of Gas, lilagara Monawk Utility Reglon
The sales and revenues of gas within the region for 19T7C were
chtained from Niagara Mohawk's Annual Repert for 1972, The conversgion
factor necessary to convert cubic feet Lo therms was ohtained by
Richard Goldsmith from the Niagara Monawk Corperation, This factor was
1025 BTU's per cubit foob of gad (100,000 BTU's = 1 therm). Althcugh
Niagara Mohawk's gas utility region {g-smaller than 1its electric ’
utility region, its price of gas was congldered more representative of
the whole repion than the average price of gas for the.State since’
New York City biases the Btate figures, FPrice was computed by censumer
cless as £ollows: o .

o Total Revenues ..o I ”

Total Sales|cupic feet) (162> 3&“‘1}7--;.,1-‘%3.‘_&7190,000' Thorns/
The prices were reported in dollars per 1000 therms and deflated by the
Consumer Price Index, = T _
Seurce: Niag ga Mohawk Anrual Report, 1972,
(7) Price sf Flentricity, liagara Momawk . . 0 S

The armual reverues and sales for 197. by congumer class within the .
region were obtained from Niagara Mohawk's Anruel Report, 1372. The price
of electriclty for each class was computed as Tollows: :

' : o Total Revenues

Price =

® -Price = '
Tota} Sales

The residential and commercial prices of electricity were reported in.. .
mills per kilountt howr; the industrial price was reported in cents per
100 wilousve houwrn, ALl were deflated by the Consuner Trice Index,
dource: Niagara Mohawk Annual Repert, 1972,

(8) Index of Factory Owtput, New York State _

The index of factory output for the S tate was used as an indicator of
ipduetrial demand within the Niagara Mohawk region because 4550 per cent of
total industrial sales of electricity fer the & Late have been within the
region durinrg the past ten years. Tn additien, Niagara Mohawk gsells, on the
average, as much electricity 5 its industrial custcmers as it does to
residential and commercial custemers combined, _ o : .

The index of factory eutput is 2 measure of the amount of real goods
produced witnin the g tate; 1967 is.the base year (1967 = 100) and every
vear before or after 1967 is evaluated accerding to how it cempares teo
1967, For example, if factory putput in 1960 was 75% of factery sutput
in 1967, its index would be 7. T o o

These figures were computed by the New -York State Department ef
Sommerce., _ ' o : : :
Source: New York State Statizbical Yearbook, 1973, P. 11k,




B. Torecasts of Population, Income, and Prices

(1) Population
The projected inerease in populatlon was Series B-1, computed by the
U.5. Bureau of the Census for New Yeik State. The "E” refers to a fTertil-
ity assumption {that fertility rates will stay at 2.11 children per woman)
and the "L" refers to a migration gssumption (that migration trends will
continve in the pattern established in the perlod 1960-1970),
The projected increases are:
1970-1275 - 0.85%/year 1980-1985 ~ 0,88%/year
1975-1980 - 0,87 /year 1985-2000 - O.’(T%/year
Source: U,S, Department of Commerce, Bureau of the Census, "Population
Estimates and Projections,” Current Population Reports, Series FP-25, NNo.
477, Mareh 1972,
(2) Personal Income per Capita
Tne projected increase in per capita income for the Niagara Mohawk
Reglon was the percentage increase projected for the State of New York by
the U.S. Departmert of Commerce.
The projected increases are: 1969-1980 - 3,1%%/year
1980-2000 - 2.66%/year
Source: Robert E. Graham, Jr., Henry L, DeGraff, and Edward A, Trott, Jr.,
"State Projections of Income, Empleyment and Population," Survey E£'Current
Business, Vol. 52, Ne. 4, Washington, D. C., April 1972, p. 35.
37 Prlce nf Gas
The b projected increase in gas prices is 13% from 1970 to 1990, based
on an estimate made by the Federal Pcwer Commigsion,
Projected increase: 1970-2000 ~ 0.65%/year
Source: Duane Chapman, Timothy Tyrrell and Timothy Mount, "Electricity
Demend Growth and the Energy Crisis," Science, Vol. 178, Novemhber 17, 1972,
p. TOE. - -
(4} Price of HWlectricity
Two differernt assunrticons were made about the projected increase in
the price of electricity. The first one was based cn a conservative esti-
mate made by the Federal Power Commission which predicts a 19% increase
in electriclty prices from 1968-1990,
Model I ~ Projected increase: 1970-2000 - 0,66%/year
Source: Federal Power Commission, The 1970 Natlonal Power Survey, Part I,
U.S. Government Printing Offlce, Washington, D. C., December 1G71, p. I-l- 3#.
Model II - Projected increase: 16702000 -~ 3, 3%/year
(5) Tndex of Factcry Output
The index of factory output was projected to increase at three differ-
ent rates of growth based on figures computed by the U.S. Department of
Commerce,
In Medel I, the index of factory output was assumed to increase at
the same rate as persoral income from manufacturing projected,
Model I - Projected increase: 1969-1980 - 3,7%h/year
- 1980-200C ~ 3.4%/year
In Model IIL, the index was projected at the same rate of increase pre-
dicted for personal income per capita in New York State.
Model I - Projected increase: 1969-1980 ~ 3.18%/year
1980-2000 - 2.66%/year
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In Medel IIT, the rate »f increase was ohtained in the follewing
manner, Pfirst, persenal income from manufacturing was divided by the
predicted populatien in order to abtain personal inceome frem manufacturing,
per capita. Then the percentage increase per year for menufacturing
income was compubed, This figure was the third rate of increase used
in this apalysis for the index ef factcry output.
Model ITI - Trojected Inmcrease: 1069-1980 - 2,6%/vear
T ' 1980-2000 ~ 1,72%/year
Swurce: Robert #, Graham, Jr,, Henry L. DeGraff, and Edward A, Trott, Jr.,
"State Projections of Income, Employment and Population,”
Survey of Current Business, Vael, 52, No. 4, Washingten, D.C.,
April 1972, ‘ -
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FOOTNCOTRES

See Chapman, D., T. Tyrrell, and T. Mount, "Electricity Demand
Growth and the Fnergy Crisis", Science 178 (L4o€2) 703-8, Nevember
17, 19723 and Mount, T., D. Chapman, and T. Tyrrell, Electricity. -
Demand in the United States: An Econcmetric Analysis, ORNL-NSF- -
EP-IG, Jure 1973. _ - - L e
See Chapman, D., "A Sulfur Bmissicn Tax and the FElectric Utility -
Industry", Cornell Agricultural Economics Staff Paper No. T73-17,
August 1973, ‘

For a discussion con the significance of these changes for national
demand forecagting, see Chapman, D., T. Tyrrell, and T. Mount,

op. ecit, ' ) . :
From the original compound growth assumption §, = A{I + r)l, the
arithmetic rate is defined by: +

r = 10%*[log 10 (. /Q.)/(L - B)] - 2

is peak load in the latest year of record, is the same in the
base year, and L and B are respectively the latést year and the base
year. < is the compound growth rate, and the base year is QB = A,
The best fit methed defines

L L

M . . L —_D
om0 )& -0 -W/ ) X -X)

i=B 1=B

Here 1 18 each year from the base year to the latest year and X, is
the series of numbers 1, 2, 3,..., B=l. X and Q are average values,
Tae intercept value is A = @ - (1 + r)X. All terms are logarithmic.
This method of course has the characteristic that squared error

L

y (Q
Td
i=R

. ~A - (1L + r)X,) is minimized.
i i

The historical data for net system peak lmad are tzken from
Supplement 2 of the Final Environment Statement. These data are
generally about O5MW Less than the series in the company's annual
reperts. Thig difference may be attributable to the treatment of
Canadian sales, or some other reason unkrown to us. The Supplement
is also the scurce of anticipated system capacity. The 1980 value

is carried through to 1995 for illustrative surposes oaly.

Tne t statistics for the intercept and growth rate in logarithmic
form are 420,9 and 9.2, respecEively, above the ,005 significance
levels. Fxplained variance (R®) is 93%.

The t statistics for the logarithms of the censtant term and the
growth rate are 4,4 ard U£3.9, above the .975 and .955 significance
levels. FExplained variance is 87%.

A familiarity with Chapman, D,, T. Tyrrell and T. Mount, op. cit., and
Mount, T., D. Chapman, and T. Tyrrell, op. cit.; and an examination of
Part B will provide background for this discussion.

See algo, Mount, T., D. Chapmen, end T. Tyrrell, op. cit., p. 9.
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10, Of particular interest are "Individual Action for Energy Conservaticn,”
prepared by the SBubcenmittee on Energy of the House Committee on Jatanse
and Astronautics, June 16733 John Moyers, The Velue of Thermal Insula~
tion in Residential Construction, dak Ridge National Labsrabery
Tepert ORNL-NOF-E0-0, Oak kidge, Tennessee, December 19715 and
Eric Hirst and John Moyers, "Efficiency of Energy Use in the Unlted
States," March 30, 1973, Scilence.

11, Mount, T., D, Chepman, and T, Tyrrell, op. cif.

12. Although the price of complimertary products (nousehold appliances)
1s a significant factor, the relative price is asswned to remain at
present levels, : .

13, The explanation of the inequality coefficient has been summarized
from: K. Theil, Rconomic Ferecasts and Policy, North~Holland
Pablishing Cempany, Amsterdam, 1565, pp. 31-7,




