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SUMMARY AND CONCLUSICNS

The Staff has prepared a tentative projection of Union Electric's
(UE) future peak ‘oads as an aid to studying the need for the Callanay
nuclear units. The peak load is the maximum kilowatt demand which an
electric utility must be prepared to meet with its generating capacity.
Due to the long lead time (10 to 12 years) to construct a nuclear power
plant, it is extremely important to have a good forecast of future needs
if the consuner is to avoid paying excessive rates. This proulem has
been magnified in the last decade by a reduction in the rate at which
consumer demand has been growing, implying that if a company does build
too ruch generating capacity it will be longer before this excess capa-
city con be absorbed by increased demand.

The Staff's projection of Ut's peak load is base’ on trend analysis.
Trend analysis is a statistical technique which allows the researcher to
study how the va'ue of a variable (for instance, peak load) changes through
time. It is then possible to project the probable values of this variable
into the future. In order to have a hign degree of confidence in these
projections it is necessary that they are found to be accurate and that
they remain relatively stable as new data becomes available.

For the purposes of projecting peak load, both the Staff and UE
have divided peak into base and temperature sensitive components. Base
load represents that component of peak electricity demand which does not
depend on temperature. E- amples of base load uou¥d be the use of lights
or an eleciric range in the home, refrigeration units in a grocer store
and machinery driven by electric motors in a manufactur1n? cuncern. Tem-
perature sensitive load is that portion of peak demand which is due to
the use of air conditioners (A/C) in the summer and electric heating in
the winter. Temperature sensitive load was further divided into that
due to residential customess and that due to commercial enterprises.
These three components of oeak demand (base load and residential and
commercial temperature sensitive load) were each projected and the results
added together to arrive at projected system peak demand.

In order to make a forecast, the statistician must build a mathe-
matica) model which invoives the choice of what variables to use and how
these variables are related. The guality of the forecast depends on
the ap, "opriateness of these choices. Once these decisions are made,
the stacistician uses a computer to estimate the model and other values
which, in part, help to determine the appropriateness of these decisions.

To project the future values of base lcad, UE decided base load
depended on the sales of electricity to large commercial and industrial
customers and on the passage of time. One problem in this is that
sales to large users is more sensitive to economic conditions than the
base load it is supposed to predict. This is an inappropriate statistical
procedure which will tend to make projections unstable. In aadition, UE
chose a relationship between its variables which will tend to project
values of base load which grow rapidly. The Staff found UE's forecast
of base load has been too high in the past and that it has consistenly
had to be reyised downward as new data became available.
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The Staff's model used only time to explain the movement of base
load and chose a relationship between base load and time which seemed
to reflect the actual growth in base load much more accurately. Besides
providing projections which were more accurate and stable, the Staff's
projections of base load are much lower than UE's. It is shown in the
text that a high level of confidence can be attached to the Staff's
projections.

The projection of commercial A/C demand by UE grows at an annual
rate of 5%. The Staff estimated the trend of commercial A/C demand and
projected this trend., Once again, these projections were lower than
UE's and were found to be more accurate and more stable over time. This
would, again, imply that more confidence can be attached to the Staff's
projections.

The Staff checked UE's projections of residential A/C demand care-
fully and found these to be both accurate and stable and, therefore,
accepted these results.

The “taff's analysis has demonstrated two important results. One,
UE's peak .irecast has required downward revision every year since the
Arab oil emoargo and that these downward revisions have been approaching
the relatively stable values forecast by the Staff. Second, the accuracy
and stability of the Staff's projections demonstrate that it is possible
to provide estimates to future peak demand to which a high degree of confi-
dence can be attached.

The results of this study are summarized in Figure A following this
section. Shown on the graph are the Staff's projection and UE's forecast
of the load. As indicated on the Figure for 1987, the Staff model projects
a load requirement of approximately 7,800 megawatts while the UE model
forecasts approximately 8,830 megawatts.

Also shown on the graph is the planned plant capacity to be installed
by UE. In 1982 and 1987 UE plans to add the generating capacity of Callaway
Units 1 and 2 respectively. When comparing the available capacity after
Callaway Unit 1 is generating power in 1982 with the estimated load require-
ments as projected by the Staff model, the graphs clearly show that there is
excess system capacity available from Unit 1 through 1988.

while Unit 2 is planned for ccmpletion in 1987, the graph shows that
it is not needed until after 1988. If Unit 2 were finished as UE plans,
there will be approximately 1,350 megawatts of excess capacity in 1987
above that which is projected by the Staff model.



VYV 3dNn9id

{86/ 894/ Lder 944/ sds/ pas/ €24/ T8b/ /15 oFb! bLb! -
5 - : I

=i T j : bl j - 17
H8 88s sbesne s ” ! _ ousy e H LT ] -
SR Bosiiondbs st - \\\
Hobb ot T
| H ..m \
i |
P o
_, ”.h
~ 111
| 4 > i
“~» ..
1t
- RSSO | AHAT% ! - | 44+ 4+ AITYWM
i ”; - _‘.. i
l it - “ “ |
w | . m.
| b+ _

é};gf: -

g e e e (o

| | 4 | i} e

! w. «M. M. ~ “._“. ~”m
i . . i
“ . L] .—
w 1 h .h .» 4 Lﬁ 44 % IT+ .S IAV%L— MI ... b4+ 1 4+

4mw ,* | o
d“ m

| i ﬁ
w LMM» bkl f f:AYL 4 4 4444
' ' ~ | ! . .M.
SEERRRRSEE HE I BT L
:::“;: U IR AR ER R R R R hosnaR s
”. ' ‘ _@,. w_ { | _ P 4 * ! M.r M* m.. M
‘. 4 ' | H (R O i t oot ] 1 s 1 ' ‘.“
SRAERRRRREE RSN NRRRaRRARRRRUNNRA SRNRRRRRA NRRRANRATE RRRSRRERE

TNID 1004

=
Ou
(SQwrInayL) N¥LIITT SLiLMUOIW

=
o




PEAK DEMAND PROJECTION

-DETAILS-



BASE LOAD

Base load represents that component of peak demand which is
independent of occurring weather. Union Electric uses larae power
sales (LPS) and time (t) to project base load (BASE_ ). LPS is
defined as annual billed GWH sales to large commercial (purchases
of more than 300,000 KWH/year) and industrial customers. Since
LPS is the driver in this model, it pust be forecast. As far as
can be determined, UE primarily uses judgment to project LPS rather
than a quantitative model. Time is a proxy variable to account for

the growth in base load cauc2d by variables not include in the eauation.
The functional forms used by UE and the PSC Staff are the

following:
VE: 1n(BASEmw) = a + b1[1n(LPS)] + bz(t) + u

PSC: BASEmw = a +bfIn(t)] + v

with the associated computer runs including 1979-1998 projections
being found as Schedules 1(UE) and 2(PSC) in the Appendix. The
statistics associated with both models are quite encouraging except
that positive serial correlation is indicated for the Staff's model
while its presence is indeterminant in UE's model. Since this is
a possible sign that the wrong functional form has been fit to the
data, a check was made of model residuals for the years 1964-78.
No serial correlation was found to exist in these latter years
which are the most important for forecastinag purposes.

The summer base load projections based on UE's and the Staff's
models can be seen Jraphically in Figure 1 and numerically in

Teble 1.2 The Staff felt discrepancies of this magnitude should

21n adaition to the mode1 projections, the base load projection
for UE includes an "other base" component which UE uses to re-
flect expected growth in base load from conversions of other

energy sources to electricity. 1 ]- e Lo
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COMPARISON OF PROJECTED BASE

Y EMAR

1965
1966
1967
1968
1969
1970
1971
1972
1973
1574
1379
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1993
1996
1997
1998

TABLE 1

PROJECTED PEAK

PSC

1724
1886
1981

- 2047

ccee
2256
2354
2469
2592
2612
2679
2793
2917
2933
3042
3124
3204
3284
3362
3440
3516
3592
3667
3741
3814
3887
3958
4029
4099
4168
4237
4305
4372
4439

UE

1724
1336
1981

cna?7
2224
2256
2354
2469
2592
2612
2679
27r9e3
2917
2933
3130
3250
3376
3527
36310
38604
4055
4ce3
4434
4733
4974
5210
54510
=695
S340
6193
0453
n720
5393
7esSs

LaRAD

GROWTH RATES

rSC

8.350
3.40
S.04
3.33
2.65
1.44
4,34
4.39
4.3
0.77
2.57
4.26
4,44
0.55
3.7
2.70
2.56
2.50
2.38
2.32
2.21
2.16
2. 09
2. 02
1.95
1.91
1.83
1.79
1.74
1.68
1.66
1.60
1.56
1.33

UE

8.50
3.40
S.04
3.33
3.65
1.44
4,34
4,39
4.99
.77
805?
4.26
4.44
0.99
5.71
3.384
3.87
4,49
4.61
4.72
4.%4
529
S.29
9.3
9. 13
4.74
4.61
4,49
4,30
4.26
4,19
4.13
4.15
4.10



be checked very carefuliy, especially since both projections are
based on models with "good statistics".

It is desirable to check both the accuracy and the stability
provided by the two models. Both of these checks were made on
the basis of sequential model estimates. To accomplish this, the
historical data series were truncated to 1971 and both models
estimated for the years 1958-71 with projections beina made through
1998, The same estimation procedure was carried out fcr the years
1958-72, then 1958-73, etc. so that a total of 8 years' forecasting
"experience" could be gained for each model. It was then possible
to check the accuracy of the models by comparing the forecasts
through 1978 with the values which actually occurred and to check
"“e stability over the forecast period by comparina the secuence
of forecast values for a particular year, say 1982, generated by
the set of truncated models.

The comparative accuracy of UE's and the Staff's models can
be seen by looking at Table 2. The row headings in Table 2 indicate
the y~ar of the last observation included in the truncated model
while the entries are the forecasts given by that model for the
year designated in the column heading. For example, the value
2870 found in the top half of Table 2 in the row labeled 1973 and
column labeled 1976 means that UE's model projected 1976 summer
base load to be 2870 MW when the forecast was made from data avail-
able through 1973. The number beneath 2870 in parenthesis (2.76)
is the percentage error between the forecast and the value actuclly
occurring in that year.

Two interesting comparisons of the models are revealed in
Table 2. First, using the sequential forecasts for 1978 (see the
1 1‘
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TABLE 2
ACCURACY OF BASE LOAD MODELS

YEAR OF FORECASTED VALUE
FORECAST 1972 1973 1974 1975 1976 1977 1978
UE MIDEL
1971 2451 2567 263 2688 2838 3005 3097
(0.73) (0.96) (0.88) (0.34) (1.61) (3.02) (5.59)
1972 2582 2655 2715 2868 3037 3135
(0.38) (1.65) (1.34) (2.69) (4.11) (6.89)
1973 2654 2716 2870 3039 3140
(1.61) (1.38) (2.76) (4.18) (7.06)
1974 2694 2845 - 3013 3106
(0.56) (1.86) (3.29) (5.90)
1975 2841 3008 3100
(1.72) (3.12) (5.69)
1976 2975 3063
(1.99)  (4.43)
1977 3055
(4.16)
PSC MODEL
1971 2419 2506 2593 2678 2761 2844 2926
(2.03) (3.32) (0.73) (0.04) (1.15) (2.50) (0.24)
1972 2519 2606 2692 2777 2861 2944
(2.82) (0.23) (0.49) (0.57) (1.92) (0.38)
1973 2623 2711 2797 2882 2966
(0.42) (1.19) (0.14) (1.20) (1.13)
1974 2708 2794 2879 2963
(1.08) (0.04) (1.30) (1.02)
1975 2788 2872 2956
(0.18) (1.54) (0.78)
1976 2873 2957
(1.51) (0.82)
1977 1113 176 2965
- (1.09)

ACTUAL VALUE: 2469 2592 2612 2679 2793 2917 2933



column labeled 1978) as an example, the UE model has shown a reduc-
tion in the forecasted value for 1978 for every year since 1973.
The Staff model 1978 forecast has remained much more stable. In
addition, the UE 1977 forecast of 1978 base load was still substan-
tially above the realized value while the 1977 Staff forecast,
although higher, was much closer. The important point here is that
the UE model requires reqular downward revision of forecasts yet

is still well above the realized value.

The second point of note in Table 2 is that the percentage
errors associated with UE's forecasts are substantially higher
than those associated with the Staff's forecasts. Hence, the
Staff's model appears to provide ex post forecasts which are more
accurate and more stable than UE's model.

Table 3 provides a comparison of the ex ante forecasts of the
two models. A row reports the forecast for that year made by each
of the 8 sequential model estimates. A column reports the fore-
casts made by the associated truncated model for each cf the 20
years 1979-98., To study forecast stability for a particular year,
tay 1988, find the row labeled 1988 and study the change in values
as years are added to the estimation period. If UE and Staff
forecasts are compared for any year, it is seen that the insta-
bility associated with UE's forecasts (and mentioned with regard
to Table 2) is still present with a tendency for downward revision
after 1973. The seriousness of this downward revision becomes

very obvious when the forecasts for 1998 are studied.



TABLE 3

COMPARISON OF SERUENTIAL BASE LOAD FORECASTS BASED ON UE'S ™MODEL

FORECAST BASED ON DATA ENDING IN THE FOLLOWING YEARS
YEAR 1971 197e 1973 1974 1975 1976 1977 1973

1979 3209 32%e 3273 3227 3217 3194 3168 3130
1980 3341 3389 3414 3380 3349 3324 3294 3250
1981 3430 3533 3561 35m 3488 3459 3426 3376
193¢ 3824 3634 3716 3643 3833 3501 3564 3507
19832 3776 3843 3878 3802 3786 3750 3708 3845
1924 3935 4009 4048 3964 3946 3905 3859 3789
1985 4102 4133 4226 4133 +113 40893 4018 3940

1986 4276 4366 4413 4311 4289 42410 4134 4093
1987 44510 4558 45110 4437 44773 4413 4357 4ced
1948 w2 47610 4316 4593 L 4607 45410 4433
1989 4354 4371 S0332 4393 43R 4305 4731 4513
1990 Soee S193 5261 5114 Snae snie 4932 4310
1991 5288 S4e6 SS00 5240 5308 See9 S142 S010

199e 5521 Seve 5751 5578 5541 5453 . 5383 Sea0
1993 S7ee 3929 5015 S827 S787 5697 9595 5440
1994 sl 6197 6291 6087 5044 S594s 5836 Sees
199% 5289 5479 6580 5360 6313 5203 5089 5903
1996 5570 6776 6885 6547 6596 5433 6354 6160
1997 5356 7087 vana 5943 6894 6772 6633 n423
1993 7176 7414 7541 7265 7a0e 707s 6926 6700

COMPARISON OF SERUENTIAL BASE LOAD FORECASTS BASED ON PSC'S MODEL

FOPECAST BASED ON DATA ENDING IN THE FOLLOWING YEARS

rEAR 1971 1972 1973 1974 1975 1976 1977 1978
1979 3006 30es 3049 3045 3038 3039 3043 304
1980 2086 3106 3131 31e7 3119 3121 3130 31c4

1981 3165 3135 3e1e 3zns 3200 3201 3210 3ez04
13382 3c4e 3264 3291 3288 3279 3280 3290 3294
1953 3319 3342 3370 33886 3357 3359 3369 3382
1984 3399 3418 3445 3444 3435 3438 3447 3440
1935 3470 3494 3525 3521 3511 3513 3524 3516
1986 3544 3369 3601 3597 3587 3588 3600 3592
1987 3617 3643 3677 387e 3662 3663 3673 3667
1983 3639 3717 3751 3748 3735 3737 3750 3741
1989 3761 3789 3825 3320 38083 3810 3823 2314
1990 383e 3861 3897 3a%¢e 3831 3882 3896 3887
1991 3302 3931 3969 3964 39%5e 3954 3968 3958
1992 3971 4001 4040 4035 4023 4024 4039 4029
1993 4039 4071 4111 4105 4092 4094 4109 4039
1994 4107 4139 4180 4175 4162 4163 4179 4168
1999 4174 4207 4249 4243 4230 4232 4243 4237
1996 4240 4274 4317 4311 4298 4299 4316 4305
1997 4208 4341 4385 4379 4365 4366 4383 4372
1998 4371 4406 4452 4445 4431 4433 4450 4439

)
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I1.

COMMERCIAL A/C DEMAND

The commercial A/C demandé 2t temperature corrected peak has
been projected by UE at an annual growth rate of 5%. Although
conversations with UE's forecasting personnel indicate that the
process used by the Company is much more complex than this (and
will be reviewed in detail when the necessary data is received),
the projections currently in hand, however they were arrived at,
show this constant growth rate.

The Staff tried several models of commercial A/C demand and
found a simple linear function of time to provide the best overall
performance, see Schedule 3 in the Appendix. This moQg1 projects
growth as a ccnstant ahscolute amount each year as opposed to UE's
constant rate of growth which implies a larger absolute amount
of growth each year.

A comparison of the projections ma @ by both models can be
found grapnically in Figure 2 and numerically in Taole 4. Again
a relatively large divergence between UE and Staff proj):'ctions can
be seen and, as a result, it was felt desirable to study the
accuracy and stability of the two models. Table 5 was developed
to compare accuracy and should be read in the same manner as Table
2 while Table 6 shovs the sequential commercial A/C demand projec-
tions and is similar to Table 3.

Examination of Table 5 shows the Staff model to have a marked
tendency to greater accuracy than UE's model and Table 6 shows
greater stability in the Staff's sequential forecasts although in
neither case is the difference as dramatic as in the case of base
load. Looking at Figure 2, the Staff's extension of the historical

data series would seem to be a more natural one than that provided

« 11
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TABLE 4

COMPARISON OF PROJECTED COMMERC: 3L A/C PEAK LOADS

PROJECTED PEAK GROWTH RATES
TEAR PsSC UE PSC UE
1965 20n anon 7.62 7.62
196¢e 215 219 7.30 7«30
1967 233 233 8.30 8.3
1963 251 e51 7.97 Teol
1963 ave ave 8.13 8.13
1970 289 289 6.23 6.23
1971 307 307 6.27 6.27
1972 324 324 S.60 S.60
1973 345 345 6.35 6.35
1974 365 365 F.83 5.83
1975 380 380 4.10 4.10
1976 401 401 S.70 S.70
1977 417 417 4.00 4.00
1978 431 431 3.29 3.29
1979 452 453 4.30 S.00
1980 470 47s 3.99 S.00
19381 433 499 3.84 S.00
1982 S07 Sce 3.70 S.00
1983 525 S50 3.57 S.00
1984 543 578 3.44 S.00
1985 561 607 3.33 S.00
1986 579 637 3.2e S.00
1987 597 569 3.12 S.00
1988 615 7oe 3.03 S.00
1989 633 738 2.94 S.00
1990 651 774 2.895 S.00
1991 569 813 2.77 S.00
1992 687 854 2.70 S.00
1993 70S 396 2.63 S.00
1994 723 941 2.56 S.00
1595 741 238 2.50 S.00
1996 799 1038 2.44 S.00
1997 7ee 1090 2.38 S.00

1998 796 1144 2.32 S.00



-~

YEAR OF
FORECAST

UE MCDEL
1971

1972
1973
1074
1975
1976

1977

PSC MOTEL

1971
1972
1973
1974
1975
1976

1977

ACTUAL VALUE:

ACCURACY OF COMMERCIAL A/C DEMAND MODNELS

1972

322
(0.62)

323
(0.31)

324

1973

338
(2.03)

340
(1.45)

341
(1.16)

341
(1.16)

345

TACLE 5

FORECASTED VALUE

1974

355
(2.74)

357
(2.19)

362
(0.82)

358
(1.92)

359
(1.64)

360
(1.37)

365

1975

373
(1.84)

375
(1.32)

380
(-)

383
(n.79)

380

1976

392
(2.24)

394
(1.75)

399
(0.50)

an?
(0.25)

399
(0.5n)

394
(1.7%)

39¢
11.7%)

39F
(1.2¢)

399
(n,7%)

39°
(0.7%)

ani

1977 1078
a11 432
(1.44) (0.23)
a14 a3a
(n.72) (0.79)
aie aan
(n.48) (2.n9)
422 443
(1.2n) (2.78)
aio asn
(n.4R) (2.n9)
A27 443
(1.20) (2.72)

438
(1.£2)

411 420
(1.44) (n.48)
412 420
(1.2n) (n.4F)
a14 432
(n.72) (n.23)
a41F 4134
(n,2a) (n.7n)
416 a3a
(n,28) (n.7n)
ai17 435
(=) (0.92)
413=

(n,97)

A17.

¢ P31



TABLE 6

COMFARISON OF SERUENTIAL COMMERCIAL A C FORPECASTS BAIED OMN UE'S MODEL

FORECAST FATED ON DATA ENDING IN THE FOLLOWING (EARS

(ERAR 1371 1972 1972 1574 197% 1978 197% 1375
1979 454 45k dnc 4en dnc 4r5 e 4532
1920 478 47 425 4z9 455 422 453 7S
1921 Son S03 S0 S13 Sns s12 sa7 399
13822 b Tt 58 S35 S$39 S2a S33 523 S29
1333 sS1 554 See Ses Skl SeS SS9 SS0
1924 s7To sae sS90 S494 SE9 soz Sarv sTe
1935 =03 a1l 513 nod a1 Y= ¥ =07
1936 "I mde =S0 =55 sS0 nS4 L B 537
1387 =70 =74 B33 28 sEc eav nEn e
1332 TNng voz 17 ree Tis rel 714 o2
1353 va9 T4z 753 et P 1A ra- g TS0 T3
1330 P van TR0 TEe TR0 vas it~ Tre
1391 214 219 230 236 29 335 Sev 213
133s 3%% =141 371 are 270 378 LY =254
1993 92 N2 1S Qg2 =14 agn T A1 )
13594 a47 342 a0 B S0 BT ST =41
] A0 Rl 1003 101s L 1014 1005 IBS
] 298 10410 1045 1053 1087 1082 1085 1089 10322
1 3a7 1031 1092 1112 1121 1111 1118 1102 1050
1292 114n 11852 1187 1177 1167 1174 1182 1144

COMPARISON OF SERUENTIFML COMMERCIAL A . C FORECASTS EBEASED ON PSC 'S MODEL

FORECASET ERZED ON DATA ENDING IN THE FOLLOWING (ERRS

‘EAR 1971 1972 19732 1374 137S 1376 1977 1978
1373 44x 447 443 452 45 45 = & 452
1220 -3 e < 457 47N 47N 471 472 470
1331 422 4z 425 23 422 430 43n 433
) Rt 433 S0 SNz Son Sie S0z S s07
19332 S17 b3 - Se1 S24 Sc4 Sce See 29
13324 S24 539 S32 S4e Sdco Sd4 S44 43
133% oo - SSe Sen Se Sec See S51
1328 eI S70 sS4 sva b T san S21 bk
1387 Sav S8s o9 598 S5 Sos S99 Sar
133 a9 ain 510 =14 =14 D eiv =19
1339 e22 a3 LYt 632 3 a83S 6239 a33
1330 =40 ndl =45 =SS0 aS0 Sz &53 291
1331 BS7 »S9 Be3 L% aed &7l =71 L]
13982 TS Bre n31 BiER RER 3% =30 Ra7
1237 L nad 539 Tna Tng Tov 703 TS
1 294 710 vie 71?7 Tee e 7es ey RS
] 30T Tes TR v3% T4 b 744 744 741
] =5 T4S T47 vae oS a1 vee ree re9
1337 763 Ted vrn Trh TTHE TR ven rardrs
1392 Tan vae T2 Te4 T34 vos va9 -1



by UE's constant rate of growth. In fact, the actual rate of growth
in commercial A/C demand has shown a dowrwardy trena since the
beginning of the 1970's, see Table 4.

It should be noted that at this time there is a substantial
difficulty associated with the data series representing commercial
A/C demand and also residential A/C demand which is defined as the
difference between s'stem tenmperature sensitive demand and commercial
A/C demand. The problem is that commercial A/C demand is derived
from a diversity fictor applied to installed commercial A/C capacity.
The diversity factor is of primary importance since it determines
how temperature sensitive demand is broken into its conercia1 and
residential componerts. This separation is important because, as
will be seen in the next section, the two compcicnts seem to “e
following different arowth patterns. UE is currently developine
a new methodology for estimatina the diversity factor and the Staff
will also study this whole problem carefully in the Tuture. The
point is that a revision in both Company and Staff projections of
the two components of temperature sensitive demand is likely
although conversations with the Company's personnel indica*e they

expect the impact on system peak to be small.



ITI.

RESIDENTIAL A/C DEMAND

As was mentioned in Section II, UE uses a residual series to
represent residential A/C demand at temperature corrected peak.
This component's projection is based on a regression of the
residual variable against DEMAND (the product of number of customers,
KW demand at temperature corrected peak and percent A/C saturation)
and DUMMY (to account for the conservation effect showing up after
the OPEC oil embargo). This dummy variable allows a gradual adjust-
ment in the 1974-77 period. The functional form of the model is

the following:

RES,, = a + b, DEMAND + b, DUMMY + ¢ .

The model computer run can be found as Sched.le 4 in the Appendix
and the projections can be found graphically in Fiqure 3 and
numerically in Table 7.

This circuitous approach was adopted by UE because the residual
nature makes their residential variable depend on the diversity
factor adopted for commercial A/C. It might be thought that DEMAND
could be used to represent the residential component leaving com-
mercial A/C as a meaningful residual, however, the only component
of DEMAND known with any confidence is number of customers, As a
result, the absolute value of DEMAND is not dependable.

The UE model . somewhat unrconventiona: and very difficult to
interpret although its projections seem very reasonable compared to
historical growth and no alternative model could be found, aiven
the data which the Staff currently has, which provided projections

as accurate and stable as UE's. However, the same caveat should
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TABLE 7

EROJECTED RESIDENTIAL A -C FEAK LORDS

(EAR FPROJECTED PEAKN GROWTH RATES
1965 291 15.24
19em in1= 14,41
1967 114 12,45
1382 1452 2. 65
1363 1524 S.0n
1370 15385 3,01
1971 17959 10,97
137 1837 4,42
19732 c03z 10,69
1374 cnNsz 0,22
197S 21l 3.31
1978 21ee 0.21
1977 2198 3.9
1373 ccee .20
1979 2221 2.34
1320 2374 -
1381 24z - b
1382 2431 2.4¢
1922 2547 c.28
1324 ceins c.2%
1339 ces3 .10
1986 ev14 2. 07
1927 -1 1.91
1322 c211 1.62
1929 e85 1.42
13310 o294 1.47
1931 2937 1.47
1932 29c0 1.44
1933 3023 1.4%

1995 2105 1.324
19% 3150 1.45
1997 3191 1.32
1992 3230 1.21

—



YEAR OF

FORECAST

1971

1972

1973

1974

1975

1976

1977

ACTUAL VALUE:

1915 2051
(4.25) (n.89)

2017
(0.79)

1837 2033

TABLE 8
ACCURACY OF RESIDENTIAL A/C DEMAND MODEL

FORECASTED VALUE

1974

2163
(5.36)

2125
(3.51)

2131
(3.80)

2053

1975

2250
(6.08)

2209
(4.15)

2216
(4.48)

2059
(2.92)

2121

1976

2340
(10.07)

2269
(6.73)

2303
(8.33)

2067
(2.78)

2147
(0.99)

2126

-

1977

24n8
(9.65)

2361
(7.51)

2369
(7.88)

2133
(2.87)

2212
(0.73)

2198
(n.09)

2196

1978

2466
(8.83)

2418
(6.71)

2426
(7.06)

2190
(3.35)

2269
(n.13)

2255
(n.a9)

2254
(6.53)

2266



TABLE 9

COMPFES . sON OF SERUENTIAL RESIDENTIAL A.C FORECASTS BASED ON UE'S MODEL

FORECAST BASED ON DATA ENDING IN THE FOLLOWING rERRS

(EAR 19371 1972 1973 1374 1975 1978 1977 1372
1979 23532 2431 2450 2254 2333 2319 231s 2321
19320 2387 2524 2543 2307 238S e271 237 23274
1921 cnd7 2959 2e0l 2389 2443 2429 2423 24322
1932 27na 2esn cenll 24c4 2502 = T 2427 2491
1923 2Te6 a7 n? 2717 2421 2558 25495 2544 2547
1934 22es 27n4e 2774 29528 enln YIS 2eil 2n0S
1935 2eae 2813 28e? 2993 c2ern 2657 2856 2nsS%
1938 2239 2873 2334 cnd3 eres 2712 2711 2714
1927 299¢ 929 2926 v nn erer 27n4 2763 27
1323 I3 2959 2921 274s 23821 2209 =802 2211
1339 231 2011 203 evarv 2863 2250 22349 238%2
1390 3129 3053 3RS 22e9 290S 23932 291 2294
1991 3189 2095 3107 2371 2247 2934 2924 c3I37
1392 3el13 3138 3150 2914 2931 2977 297e 2z
1992 2298 3131 3134 R b b 30332 3Nz ¢ 20 20283
1334 3200 3221 2224 29399 074 30n1 20n0 ENL-T
13985 2342 3282 3279 2040 3118 2102 2101 3109
139 3338 3307 3220 2089 3199 3147 2145 3150
1397 34731 2242 3362 3126 3201 3139 2123 3191
1933 3471 3337 2401 3185 I240 3228 3227 3230
11 ]
i



be made here as at the end of Section II. It is realized that much
more research nas to be done before a high degree of confidence can
be placed on these results.

Although no comparisons are being made, Tables 8 and 9 are

offered as an indication of the overall performince of UE's model.



SYSTEM PEAK DEMAND

A comparison of projected system peak based on UE's and the
Staff's models can be found graphically in Figure 4 and numerically
in Table 10. Of particular interest is how these forecasts translate
into capacity deficits if Callaway I is not brought on line.
Tables 11 and 12 provide this information through 1988 based on
the UE and Staff vorecasts, respectively, including the 15% capacity
reserve required by UE's power pool agreement.

The base load component is the major contributor to difference
between UE's and the Staff's projections. UE's model does not
seem consistent with the changes in electricity consumption which
have occurred since the OPEC oil embargo. In fact, in November,
1977 UE forecast 1978 summer base to be 3040 while the actual value
which occurred was 2933, a drop of 107 mw. The explanation given
for this unexpected drop was the coal strike in early 1978 which
caused a downward shift in consumption due to user adjustment to
the conservation required during the strike. This was similar in
type to the effzci of the OPEC oil embargo. The unstable energy
supply situation we are currently experiencing testifies to the
possibility of recurring "conservation effects”" in the future.

Again it should be emphasized that the Staff's projections
are tenative and that a major modeling effort is currentiyv being
undertaken by the Staff to improve its forecasts. UE is currently
working on the temperature sensitive component of demand and ha:
recently retained consultants to help them with their model of the

base componernt of peak 'nad.
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cOmMPARISON QF

rEAR

1965
1946
1967
1963
1969
1970
1971
1972
1973
1374
1373
197

1977
1978
1979
1980
1981
1982
1283
1324
1989
1986
1387
1383
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998

TABLE 10

PROJECTED FEMA

PSC

276l
3129
3249
3588
3334
41n0
4249
4592
43246
4963
S037
5236
S476
S474
s212
5965
s121
5278
n431
RS54
AT33
n382
Tne?
7164
T29%s
7429
7561
7693
Taze
7952
0310
3211
3338
3481

WD D WD
WA D T e

P OO, B I oY
Y R R e

.
=1

10543
10504
1127

11656

',

1

1

PROJECTED =SYSTEM PEAKS

SROMTH RATES

rSC

0,00
3.18

3.97
0, 27
5. 22
3.50
.14
3. 07
%35
Z.41
1.49
2.99
4.53
.4
.13
2.863
2.62
2.956
.42
2.38
2.26
2.21
2.11
1:98
1.89
1.82
.78
P |
1.83
1.81
1.62
1.959
1.438

L=l

v

JE

0.00
13.18
3.97
10,37

6.9



TABLE 11

CAPAZ ;1 v BALANCE SHEET*
UE FORECAST

1 2 i 4 5 6 7 8 9

AR LoAD  A/C.  A/C  LOAD . AT  LOAD.  mESERvE  cAPACITY  perifTY SUReius
1979 3130 453 2321 5904 220 5684 6537 6573 36
1980 3250 475 2374 6099 223 5876 6757 6675 -82

1981 3376 499 2432 5307 226 6081 6993 6654 -339

1982 3527 524 2491 6542 229 6313 7260 6854 -406

1983 3690 550 2547 6788 232 6556 7539 6854 -685

1984 3864 578 2605 7047 235 6812 7834 6854 -980

1985 4055 607 2659 7321 238 7083 8145 6854 -1291

1986 4268 637 2714 7620 241 7379 8486 6854 -1632

1987 4494 669 2766 7929 214 7685 8838 6854 -1984

1988 4733 702 . 2811 8246 247 7999 9199 854 -1345

*Without Callaway 1



TABLE 12

CAPACITY BALANCE SHEET*
PSC PROJECTION

u:sc cgnn ugs ron:cnst Lglb Ang'o H/;Sl PL:nT CAP:CITV

YEAR LOAG A/C A/C LOAD ADJ'T LOAD RESERVE CAPACITY DEFICTY SURPLUS
1979 3042 452 2321 5815 220 5595 6434 6573 139
1980 3124 470 2374 5968 223 5745 6607 6675 68
1981 3204 488 2432 6124 226 5898 6783 6654 -129

1982 3284 507 2491 6281 229 6052 6960 6854 -106

1983 3362 525 2547 6434 232 6202 7132 6854 -278

1984 3440 543 2605 6587 235 6352 7305 6854 -451

1985 3516 561 2659 6736 238 6498 7473 6854 -619

1986 3592 579 2714 6885 241 6644 7641 6854 -187

1987 3667 597 2766 7030 244 6786 7804 6854 -950

1988 3741 615 2611 7167 247 6920 7958 (54 -1104

*Without Callaway 1



APPENDIX



SUMMER BAME LABDY WHDASEIL ) aMeB[LNILPS) JeleT,

LEGNEES OF *SEEDOMN

SCHEDULE 1

ETANDARD ERSOR OF THE ESTIMATE
0.998229%1803

COMRECTED, * Sauase
ERBOR SuUm OF SBUARES

DURBIN.WATSUN D.STATISTIC
DEPENDENT VARIABNE mEAw 13

INDEFENDENT VARIANES

L
197%
1980
1981
1982
1983
1984
19589
1988
1987
1988
1989
1990
1991
1992
1993
1994
1999
199
1997
1998

LAmIADLE
bl Ll

1.006%
7E5%.6476
58, 0000

assEsvED v

1123.9000
1228. 0000
1276, 0000
1333,%000
1393, 0000
1522.9000
1988,%000
1724, 0000
1339%.%000
1981, 0000
2047,0000
2224.0000
22%6. 0000
23%3.%000
2469, 0000
2%991.%000
2611.9000
2879, 0000
2792.%000
2%16.%000
2933, 0000

sROJECTION

3129.50e
12%0, 099
2379.33%
3907, 547
IndS, 04%
789,301
i%40.°11
4098, 312
4263.3%
4437,.9%50%
4619, 468
4810, 190
s010.279
%220, 0%
440,174
“Hes. 487
s08, 197
£199,%7%%
5423, 338
5700,190

j9ma-78
18
12540407388
I, SRRNZH0EN4
19177, 12739
1. 49452879
2044, 714288
MEGRESS I U CHRFTICIENT
CORFFICIENT R R L L
1.9793 0. 1861
0. 4997 0. 0348
0. 0233 2.0019
SEYImATED v ES I DU
1128, 2298 3.7
1237, 9929 0, 407 .
1277, 0808 “1. 0908
1307.8711 25,6299
1403, 72% “10,72%
1511, 8020 10,3980
1619, 9992 =30, 0993
1790, 3270 ~26.3270
1899, 6674 “10. 1674
1977, 6337 3.3083
2063, 8398 “22.8398
2187,6202 36, 37980
2268, 3586 “12. 9988
23%4.12%8 “0.63%8
2432.077% 36,9223
2942, 0923 49,0077
2997.1%03 14, 3427
2634, %79 4a. 4208
2780,4170 12,0827
2943, 667 “26. 3687
020, 7473 97,7679

T.STATISTIC

3.45831
14,4289
12,3744



SCHEDULE 2

FUMMER BASKE LOMAD; BASEJLaMeB (LN (TIME) ), |9%a-.74

DEGREES OF *REEDOMN 1S

STANDARD ERACA OF THE ESTIMATE N, 12763147
" IpUAeE 0.9932291679%

COMMECTED » SGUARE (), 3929788057

ERROR SUM OF SEUASES 47742, 3093
DURBIN-NATSON D.STATISTIC ), 5742264028
DEFPENDENT UARTIABLE MEAN IS 2044, T14c8s

INDEPENDENT VARIABNKES

VeamIADLE SEGMESS 10N COEFFICIENT

Il L] CORFFICIENT STANDARD ERAQN T-E3TATISTIC

1.0000 ~2%263. 7940 $1%.070% ~49, 0988

4.219% 6479.2730 122, 1969 $3. 04086
ONSEMNVED v ESTIMATED RES IDUMNS
1122, %000 1039, 9647 33.%3%3
1232, 0000 1150, 7242 a7.27%8
1276, 0000 1299, 6221 16, 3779
1323.9000 1366, 7200 =33.2200

1393, 0000 1472, 0764 =79, 0764 .

1522, 5000 1579, 7483 “%3, 2463
1988, 5000 1677, 7048 ~89, 2948
724, 0000 1779, 2407 ~%4.2407
189%. 5000 1877, 1628 8.3372
1981.0000 1374.9973 6. 4027
2047.0000 2070.5883 ~23,%5883
2224. 0000 2165.1779 %9. 3221
22%6. 0000 2293, 4065 ~2.406%
23%3.%000 23%0.3126 3.1874
2463, 0000 2440, 9333 28. 0667
2%91.%000 2%30. 3040 51,1960
2611.%5000 26189, 4547 6. 3%87
2673, 0000 270%. 4201 “26. 4301
2792.%000 2791, 249 1.2%04
2916.%5000 2979, 9472 40.5%28
2933, 0000 2959, 5518 ~26.9%18

TEAN SROJECTION
1979 3042, 091
1980 3123.993
1981 3204, 082
1932 3283.3583
1983 2382.121
1984 3439.718
1983 3516.396
1986 3%592.178
1987 3667. 084
1988 3741.133
1989 3814, 346
1990 3886, 741
1991 3998.336
1992 4029, 149
1393 4099,19%
199« 4168.493
19938 4237.0%8
1996 4304,304
1997 4372. 047
1998 4438.9502



SCHEDULE 3

COMMERCIM. A C DEMAND; TSCOMDSamed (TIME) . | Snea-/H

DEGRENS OF SeEEDOm |3

STAN ARD ERROR OF THE ESTIMATE 2.4 3278837
® Euses 0, 3991 %6 1598

COMMECTED B SRUARE ) GG9N9] 141

ERROR UM OF SEUARES 77, SRR /9
DUMBIN-WATSON D-STATISTIC |, 1/ ]10c4846
DEFPENDENT UARIABLE =mEMN 1S 07,53

INDEFENDENT VARIADLES

VARLABNLE NESMESS 1O COGFFICIENT
lal CORFFICIENT STANDARD ERmON
1.0000 T974.5191 10, 3964
71.0000 18, Ongs . 18586
ONSERCED v ESTIMATED RES I DUM.
188,.2300 181,398 44,5302
2nn, 4300 199, 4%44 0, 97%
215, 0800 e17.%170 T2.4570
e2e.3100 23%.97% T2 a9
2%51.4700 293.842¢2 “2.17¢2
e71.3100 271.7na8 N.20%2
288, 3500 EH9,. 7874 TN.3174
06,3700 307,.83m0 “n.8600
324.1600 32%.8%s “1.73ee
344, 7300 343, 9%%2 0n,7742
384, 3300 362.0179 c.81¢ee
379.7800 380. 0804 “0,300e
401.4300 398, 1430 3.8870
417.4700 416,.20%0 1.2644
431.2200 434, 2682 T3, nese

. PROJECTION

1979 4%2. 31
19810 47N, 393
1981 4HR, %6
1982 Sin.%519
1983 See,. %81
1984 e
198 Se0, 706
1936 STR,.769
1927 S$9e.832
1988 Bld, 34
1989 832.9%7
1930 551,020
1991 a6, 082
1992 BE7. 148
1993 708,207
19%4 723.270
1999 T74i.333
19% 799.39%
1987 T77.4%8

T Ta% woq

T<ATATISTIC

34,1079
124, 0602



SCHEDULE 4

MESIDENTIML A C DEMAND] DUMMY INTERCEFPT, (S64-73

DEGRERS OF FREEDON |2

STANDARD ERROR OF THE ESTINATE

o saumme 0,9930421443

COMRECTED M SGUARE (), 991582%017
ERROR SUM OF SBUARES 246773, 1194%
DURBINWATSON D-STATISTIC 2 S93%50%91
DEFPENDENT UARIABLE HMEMN IS |6%], 703333

4%, 144 7486"

INDEPENDENT UARIADLES

T-STATISTIC

1.5143
29.4781
T2.7164

-
1979
1980
1991
1982
1983
1984
1989
1936
1987
1988
1989
1990
1991
1992
1993
19%«
1999
1 9%+
1997
1338

PROJECT IOM
2321.068
2373.661
2431.8302
2490,.712
2547, 392
2604,509
2699.292
2714,262
2766.180
2910.9%21
28%2.407
2694, 354
2936, 441
2979.788
3023, 226
Inel.raz2
104,539
3149.9515%
3191.33%
3229.991

v ABLE REGRESS IO~ CORFFICIENT

L Lo CORFFICIENT STANDARD ERSORN

1.00%0 72.82%0 43,0924

i794.3080 0.9248 0.0314

0.2667 ~165.1800 44,4457
OFSEMED v ESTIMATED ¥ WES IDUMAL
T&8.7700 778.6731 2.9031
330,5700 397.62% “7.0992
1013,9400 1016.53%91 2.4009
1146, 0900 1229.1397 T33.0e97
14%1.9300 1347, 0416 104, 4884
1524, 0320 1476.7160 47,3740
1989, 1500 1606, 3344 “21.6844
1759.0300 1745, 6042 13.36358
1326.8400 1888.4%23 ~S1.6123
2023.2700 2019. 9948 13.273%2
2053.1700 2073.8434 “20.8734
2121.2200 2102.2637 13,9%63
212%.%T700 213%. 0083 T9.438%
219%5.%300 2200, 4284 T4,.3984
22e%. 7800 2297. 3216 3,4%54



