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McLawhorn DEC Direct Exhibit 1

Analysis of COS Methodologies

Total Enerqy Requirements by Jurisdiction and Customer Class
LGS

System NC Retail Residential SGS

Energy (GWH 94,330 62,148 23,794 4,792

System 100%  65.88%
NC Retail 100% 38.29% 7.71%

Allocation of Production Plant by COSS Methodology

SWPA

System 100%  66.57%

NC Retail 100% 44.60% 8.31%
SCP
System 100%  67.43%

NC Retail 100% 45.96% 9.95%
WCP

System 100%  67.02%

NC Retail 100% 54.68% 7.86%
SWCP

System 100% 67.22%

NC Retail 100% 50.47% 8.87%
4ACP

System 100% 67.01%

NC Retail 100% 47.78% 9.18%
12CP

System 100%  66.67%

NC Retail 100% 47.23%% 8.28%

5,391

8.67%

8.64%

9.28%

7.97%

8.60%

9.12%

9.19%

Industrial

2,145

3.45%

3.26%

3.10%

3.06%

3.08%

3.24%

3.52%

OPTG
13,360

21.50%

18.83%

18.21%

14.61%

16.35%

17.21%

17.32%

OPTIT
11,940

19.21%

15.63%

13.49%

11.20%

12.31%

13.30%

14.26%

PUBLIC STAFF
MCLAWHORN Exhibit JSM-1

oL
715

1.15%

0.72%

0.00%

0.61%

0.32%

0.16%

0.19%

TS
11

0.02%

0.01%

0.01%

0.01%

0.01%

0.01%

0.01%

IIA



PUBLIC STAFF
MCLAWHORN Exhibit JSM-1

Analysis of COS Methodologies

SWPA

"y

"Res =SGS =LGS =IND =OPTG =OPTI/T =LTG =TS

WCP

A

“

mRes ®SGS =LGS =IND = OPTG = OPTIT sLTG =TS

D

mRes #SGS =LGS =IND = OPTG = OPTT sLTG =TS

»

=Res =SGS =LGS =IND =OPTG =OPTI/T =LTG =TS

SWCP

S

/"
mRes #SGS = LGS = IND = OPTG = OPTIT sLTG =TS

12CpP

D

mRes ®SGS =LGS =*IND = OPTG = OPTIT sLTG =TS
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Rate of Return and
% Increase

Present Revenues
Annualized ROR

Proposed Revenues
ROR

Revenue Increase to
achieve 7.58%

Present Revenues
Annualized ROR

Proposed Revenues
ROR

Revenue Increase to
achieve 7.58%

NC
Retail

5.51%

7.58%

8.95%

5.40%

7.58%

9.35%

McLawhorn DEC Direct Exhibit 2

PUBLIC STAFF

MCLAWHORN JSM Exhibit 2

Rates of Return and Revenue Increases
for SWPA, SCP, and WCP COS Methodologies

RES

5.50%

7.58%

9.79%

5.25%

7.58%

10.77%

SGS

9.36%

7.58%

-3.23%

7.22%

7.58%

2.89%

LGS
SWPA

7.33%

7.58%

2.62%
SCP

6.22%

7.58%

5.98%

IND

7.82%

7.58%

0.64%

8.25%

7.58%

-0.52%

OPTG OPTIT

433% 3.74%

7.58%  7.58%

11.85% 13.00%

445% 511%

7.58%  7.58%

11.48% 8.49%

LTG

2.56%

7.58%

29.95%

3.97%

7.58%

20.94%

TS

-1.18%

7.58%

50.86%

-0.92%

7.58%

48.51%

IIA



Present Revenues
Annualized ROR

Proposed Revenues
ROR

Revenue Increase to
achieve 7.58%

5.45%

7.58%

9.19%

PUBLIC STAFF
MCLAWHORN JSM Exhibit 2
Rates of Return and Revenue Increases
for SWPA, SCP, and WCP COS Methodologies

WCP

3.81% 10.01% 8.34% 849% 7.22% 7.52% 2.69% -0.89%

758% 758% 7.58% 758% 7.58% 7.58% 7.58% 7.58%

17.16% -4.85% -0.12% -1.13% 3.18% 2.07% 29.11% 48.22%

IA
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Rates of Return and Revenue Increases
for SWPA, SCP, and WCP COS Methodologies

Revenue Change to Achieve 7.58% ROR
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Floyd DEC Direct Exhibits 1 - 4

I/A

PUBLIC STAFF
FLOYD EXHIBIT 1

PURPA SECTION 114 [16 U.S.C. 2624]

GACOMPAELECTRIC\PUBLIC UTILITY REGULATORY POLICIES ACT OF 197.__ XML

October 19, 2018

Sec, 114 PURPA 18

(16 US.C. 2623)

SEC. 114. LIFELINE RATES.

(a) LOWER RaTeEs—No provision of this title prohibits a State
regulatory authority (with respect to an electric utility for which it
has ratemaking authority) or a nonregulated electric utility from
fixing, approving, or allowing to go into effect a rate for essential
needs (as defined by the State regulatory authority or by the non-
regulated electric utility, as the case may be) of residential electric
consumers which 1s lower than a rate under the standard referred
to in section 111(d)(1).

(h) DETERMINATION.—If any State regulated electric utility or
nonregulated electric utility does not have a lower rate as described
in subsection (a) in effect two years after the date of the enactment
of this Act, the State regulatory authority having ratemaking au-
thority with respect to such State regulated electric utility or the
nonregulated electric utility, as the case may be, shall determine,
after an evidentiary hearing, whether such a rate should be imple-
mented by such utility.

(c) PRIOR PROCEEDINGS.—Section 124 shall not apply to the re-
quirements of this section.

(16 US.C 2624}

SEC. 115. SPECIAL RULES FOR STANDARDS.

(a) Cost oF SERVICE—In undertaking the consideration and
making the determination under section 111 with respect to the
standard concerning cost of service established by section 111(dX1},
the costs of providing electric service to each class of electric con-
sumers shall, to the maximum extent practicable. be determined on
the basis of methods prescribed by the State regulatory authority
(in the case of a State regulated electric utility) or by the electric
utility (in the case of a nonregulated electric utility). Such methods
shall to the maximum extent practicable—

(1) permit identification of differences in cost-incurrence,
for each such class of electric consumers, attributable to daily
and seasonal time of use of service and

(2) permit identification of differences in cost-incurrence
attributable to differences in customer demand, and energy
components of cost. In prescribing such methods, such State
regulatory authority or nonregulated electric utility shall take
into account the extent to which total costs to an electric utility
are likely to change if—

(A) additional capacity is added to meet peak demand
relative to base demand; and

(B) additional kilowatt-hours of electric energy are de-
livered to electric consumers.

(b) TIME-0F-DAY RATES —In undertaking the consideration and
making the determination required under section 111 with respect
to the standard for time-of-day rates established by section
111{d)}3) and the standard for time-based metering and commu-
nications established by section 111(d)14), a time-ol-day rate
charged by an electric utility for providing electric service to each
class of electric consumers shall be determined to be cost-effective
with respect to each such class if the long-run benefits of such rate

As Amended Through P.L. 113-23, Enacted August 9, 2013
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1.0 INTRODUCTION AND SUMMARY
1.1 PROJECT BACKGROUND

Thé Duke Power Company's Supplemental Security Income (SSI) Bate
Schedule was adopted in response to a North Carolina Utility Commission
(NCUC) order issued on August 31, 1978, in Docket No. E-7, Sub 237. This
order was issued approximately 8 weeks after the NCUC held a 3-day statewide
"1ifeline" conference in June 1978. This conference was held as one response
to a resolut%on passed in the 1977 North Caro]iha General Assembly that
requi}ed the NCUC to review, study, and consider-the implementation of a
lifetline rate for electric and gas Qervice. Appendix A provides .a detailed
look at the relationship of the SSI rate to 1ifeline programs.

The NCUC ordered the establishment of the S$SSI Rate Schedule (shown in
Table 1-1) as an experimental rate, initiated on the basis that this group
of customers have electrical power usage characteristics that may differ
substantially from those of the average resiﬁentia] customer. These charac-
teristics may result in a smaller impact on utility system costs than the
impact associated with the average re;identia] customer. The rate was
termed experimental in order to allow the NCUC to coilect usage data on the
customers to test whether or not they do have significantly different usage
characteristics than the average residential customer, and to use these
data to help develop a position on lifeline rates as required under the
resolution in the 1977 North Carolina General Assembly. This project
embraced these goals in developing its objectives and organizing its activ-

itjes.
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TABLE 1-1. SSI RATE DISCOUNTS?

Residential Rate Maximum monthly
"~ rate {¢/month for first discount
schedule . 350 kWh) ($/month)

RW (electric water heating) ' 2.9258 - 1.26
R (general service) - 3.0059 - .98
RA (all-electric) 3.0359 .88

3 ffective June 16, 1980.

Several key features have influenced the overall design and execution
of this projecf. Duke Power developed the sample design and drew thé
sampie for the evaluation of the SSI rate discount before Research Triangle
Institute (RTI) involvement in the project occurred. This was done at the
request of NCUC staff, and some design considerations were ignored in order
to fulfill the request in an expeditious manner.

Duke Power Company also indicated that their residential load research
data were confidential and should not be released to RTI. RTI agreed to
allow Duke to process and analyze the data under close supervision from the
RTI project team. RTI provided Duke with computer software that facilitated
Duke's efforts in processing the necessary data.

1.2 OBJECTIVES

The central object%ve of this study is to determine whether or rot the
electricity usage of customers on the SS5I rate currently offered by Duke .
Power Company is different from the average residential customer on the
Duke system in North Carolina. IfLSSI customer usage s different, the
study will determine if the‘usage differences provide a cost-of-service
justification for the SSI rate. A secondary objective is to assess the

appropriateness of extending this rate to all lTow-use residential electric
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customers in North Carolina and the relationship of this rate to a generic
lifeline rate.
1.3 SUMMARY OF RESULTS

The results of the comparative and covariance analyses employed in this
study-of electricity usage by SSI and non-SSI customers on the Duke Power
System in North Carolina between June 1980 and March 1981 clearly showed
that $SI customefs used Tess electricity than non-SSI customers. On average,
for all days and type of days, SSI customers used about half as much electricity
as non-SSI customers. The differences were greatest deing the winter
months and smallest in the off season months, but were almost always of the
same ordér of magnitude. When the usages of $SI and non-SSI customers were
compared within each of the major residential customer rats classes, the
differences were smaller but still significant in a large number of cases.

Even more important for purposes of rate analysis and costing is the
profile of the electricity usage‘of SSI customers on critical system days
and the Toad factors that characterize the shapes of the SSI electricity
usage in any month. The study results demonstrate that SSI customers used
less électricity (in many instances about half as much) than non-SSI customers
on the system peak hours and peak days during the study period.

Monthly Toad factors, defined as the ratio of average to peak hourly
usage for a class of customers during a month, were generally higher for SSI
cuétomers. This indicates that the load shapes of SSI customers were flatter
than those of non-SSI custoﬁers. These results are less reliable than the
usage results because the differences were statistically significant in on]y.

3 months. They do, however, provide valuable information in that the load
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factors of SSI customers at a minimum are no worse than non-SSI customers'
which suggests that the demand-related costs, and perhaps the energy costs
of serving ;hese customers, are lower.

Analysis of the customer survey results showed that there are distinct
differences between SSI and non-SSI households in terms of their appliances
and household characteristics. SSI customers had a Jower proportion of most
maj&r electric appliances than did non-SSI customers. SSI customers tend to
have smaller, less expensive homés and smaller family sizes.

The analysis of the survey data also showed that the sample means of
severai of the survey variables were substantially larger than the estimates
of their population means due to a sampling design that oversampled iarger
users jn each population. The effect of this was to increase the Qariance
of the load estimates in the anaiyses. Sampling design limitations also
precluded a direct comparison of SSI and Tow use non-SSI customers.

The analysis of covariance enabled a comparison of SSI and 6on-SSI
customers by controlling for difference; in appliances and other household
characteristics. That is, by using a common set of covariate values (the
SSI means) in both fhe non-SSI and SSI regressions, it was possible to
attribute the resulting differences in the load estimates of non-SSI and SSI
customers to behavioral differences between the two groups.

The results from the comparison for the combined rate classes in July
indicated that SSI and non-SSI customers would use electricity at the same
rate during the daytime but that SSI customers would use significan£1y Tess
in the eveninﬁ hou}s. One interpretation is that SSI customers are home
during the day and use their discretionary appliances at those times but

that non-5SI customers use theirs more intensively in-the evening.
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‘Using January's results to represent customer behavior during the
heating season indicates that 55I customers would have significantly higher

usage than their non-SSI counterparts during the daytime hours‘except duriﬁg

the evening and 6 a.m.ufo 8 a.m. when they use the same amount. SSI customers

on the all electric rate qsed significantly more e]ectricit& at all hours of
the day in January than the non-SSI customers. Likely explanations of these
differences are the low penetration of wood stoves for the SSI customers,
that SSI customers prefer higher indoor temperatures in the winter time, or
that their homes are not as well insulated.

One important ]imitation in drawing inferences from the covariance
.analysis of the low use question is that no class of customers for rate
purposes actually exists with SSI appliance profiles and nonfSSI behaviar.
It does tell us, however, that when the effects of appliances and other
household variables are controlled, there are behavioral differences betQ;en
SSI and non-SSI customers and that these differences do not lead to Tower
electricity usage in all cases.

The costing analysis employed in this study focused on differences in
energy costs between SSI and non-SSI customers measured in terms of both
margiﬁa1 and average costs. This represents a conservative estimate of the
entire difference by not incTuding differences in'capita] costs that could
be attributed to lower SSI usage during key hours. The monthly average
energy costs of SSI customers were approximate]y half those of non-S5S8I
;ustomers. Marginal energy costs of SSI customers ranged from one;third to
one-half of those for the non-55I customers. T | L

Any final inferences for rate design that can be drawn from the results

of this study require careful consideration of several important issues. It
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is clear from this study that SSI customers use less eﬁectricity and have
lower costs than non-SSI customers. What is less clear is whether or not
indi&idua]s receiving SSI payments require the implementation of an exclusive
rate. There may be other subsets of residential customers who have usage
patterns that are significantly different from the average residential
customer and would réquire a special radte. If the North Carolina Utilities -
-Commfésion feels that this pérticu1ar ciass of customers should be granted
special rate consideration, then there exist cost as well as social equity

justifications for doing so.
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2.0 SAMPLING DESIGN AND PROCEDURES

The basic purpose of Duke Power Company's SSI study is to determine if
there is a cost-of-service justification for having a separate electricity
rate for customers receiving Supplemental Security Income (SSI). The
principal analytical objectives, therefore, involve comparisons of various
uéage characteristics of certain subsets of Duke Power Company's residential
customers. To accomplish this objective, samples of non-551 and SSI cus-
tomers (accounts) were selected and 15-minute recording meters were in-
stalled on the selected residences. The non-SSI sample was selected from
the population of N.C. residential customers having active accounts in
August 1979 who: _
) 1. Had consumed at least 1 kWh during‘the.August 1978 billing period,

2.  Had consumed at least 1 kwh during the January 1879 billing peried,

3. Had consumed at least 1 kWh during the April 1979 billing period,
and

4, Were not billed on the SSI rate in Augusf 1973.
The SSI sample was selected from the population of N.C. residential customers
having active accounts in August 1979 who:

1. Had consumed at least 1 kWH during the July 1978 billing pericd,

‘é. Had consumed at Teast 1 kWh during the January 1979 billing period,

3. Had consumed at least 1 kWh during the May 1979 billing period,
- and - ’ '

4, Were billed according to the SSI schedule in August 1979.
The number of accounts eligible for inclusion in the sample, and the

number ineligible (due to zero consumption in one or more of the prior

7
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TABLE 2-1. CUSTOMER ACCOUNTS CONSIDERED FOR SAMPLING

Population counts (August 1979)

Rate | » Non-S51 customers SSI customers
class Eligible Ineligible Etigible Ineligible

R 147,408 13,416 2,713 . 123

RA 198,684 18,430 421 142

RW ' 357,632 14,942 4,804 250
Total 703,724 46,788 7,938 515

months indicated above are shown in Table 2-1. Hence, the sampled popula-
tions constituted 93.8 percent of the 750,512 non-SSI customer accounts and
93.9 percent of fhg 8,453 SSI customer accounts that were classified as
active in August 1979.

Each of the six rate-¢lass-by-population categories was stratified into
64 strata by employing four usage groups during each of the three indicated
months as stratification variables. For the non-SSI sample, one customer
per stratum was thén selected as a study participant. For.the SSI sample,
one customer was usually selected per stratum, though in some cases, zero,
two, or three customers were selected. The overall structure of the sample
design,}a]ong with the number of customers in each stratum, is shown in
Tables 2-2 through 2-7. The design is highly imbalanced with respect to the
numbers of customers per stratum. This feature, and the use of a single
sample customer per stratum (in most cases), causes a number of analytical
problems and necessitates an extensive amount of stratum collapsing for
purposes of ana]ysis,

The same sampling procedures were used by Duke for seiecting the non-

SSI and SSI sampies. Within a given stratum, customers' data records were
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TABLE 2-2. NON-SSI POPULATION COUNTS, BY STRATUM, FOR RATE CLASS R

OFFICIAL COPY.

Winter Summer 0ff-season Population Winter Summer 0ff-season  Population
(Jan, 1979) ({(Aug. 1978) (April 1979) count (Jan. 1979) (Aug. 1978) (April 1979) count
1-400 1-450 1-300 26,319 701-1400 1-450 1-300 434

. . 301-600 14,335 ’ 301-600 609
601-1000 5,574 601-1000 + 481
>1000 2,650 >1000 544
451-1100 1-300 191 451-1100 1-300 693
301-600 599 301-600 3,721
601-1100 363 601-1000 9,973
>1000 370 >1600 21,223
1101-2000 1-300 23 1101-2000 1-300 61
301-600 21 301-600 122
601-1000 8 601-1000 . 359
>1000 20 >1000 1,285
>2001 1-300 X 7 >2001 1-300 5
301-600 2 301-600 5
601-1000 2 601-1000 3|
>1000 2 - >1000 21
401-700 1-450 1-300 2,935 >1401 1-450 - 1-300 . 9%
301-600 10,150 : 301-600 87
601-1000 6,096 601-1000 43
>1000 5,598 >1000 57 .
451-1100 1-300 1,095 451-1100 1-300 138
301-600 7,498 301-600 273
601-1000 8,463 601-1000 340
>1000 10,212 >1000 891
1101-2000 1-300 26 1101-2000 1-300 77
301-600 54 301-600 172
601-1000 .30 601-1000 329
>1000 27 >1000 1,951
>2001 1-300 K} >2001 1-300 .1
) 301-600 7 301-600 19
601-1000 3 . 601-~1000 13
>1000 6 >1000 355
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TABLE 2-3. NON-SSI POPULATION COUNTS, BY STRATUM, FOR RATE CLASS RA

Winter Summer Off-season Populatfon . Winter Summer 0ff-season  Population
(Jan. 1979) (Aug. 1978) (April 1979) count (Jan, 1979) (Aug. 1978) (April 1979)  caunt
1-1800 1-900 1-1000 27,807 3001-5000 1-900 1-1000 431

1001-1600 6,563 1001-1600 367
1601-2500 1,108 1601-25Q00 331
>2500 123 >2500 93
901-1600 1-1000 9,809 901-1600 1-1000 3,683
1001-1600 6,169 1001-1600 4,754
1601~2500 2,604 1601-2500 4,697
>2500 Kk} >2500 822
1601-2500 1-1000 619 1601-2500 1-1000 5,765
1001-1500 545 1001-1600 10,674
1601-2500 529 1601-2500 13,709
>2500 128 >2500 4,685
>2500 1-1000 65 >2500 1-1000 905
1001-1600 52 1001-1600 2,244
1601-2500 42 1601-2500 3,796
>2500 21 >2500 2,556
1801-3000 1-900 1-1000 5,570 >5000 1-300 1-1000 z4
1001-1600 2,784 1001-1600 19
1601-2500 748 1001-2500 41
»>2500 69 >2500 33
901-1600 1-1000 18,291 9¢1-1600 . 1-1000 73
1001-1600 15,227 1001-1600 108
1601-2500 1,727 1601-2500 235
>2500 700 - >2500 134
1601-2500 1-1000 5,527 1601-2500 1-1000 290
1001~1600 6,889 1001-1600 590
1601-2500 5,855 1601-2500 1,506
>2500 1,306 >2500 1,217
>2500 1-1000 168 >2500 1-1000 346
1001-1600 207 10¢1-1600 762
1601-2500 278 1601-2500 2,029
>2500 129 >2500 3,775
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TABLE 2-4, 'NON-SSI POPULATION COUNTS, BY STRATUM, FOR RATE CLASS RW
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TT

Winter ‘Summer 0ff-season Fopulation Winter Summer Off-season Population
(Jan. 1979) ({Aug. 1978) (April 1979) count {Jan. 1979) (Aug. 1978) (April 1979) count
1-700 1-700 1-600 67,343 1161-1900 1-700 1-600 1,034

6(1-900 20,425 : 601-900 878
901-1500 1p,181 901-1500 1,065
>1500. 2,005 >1500 625
701-1300 1-600 2,693 700-1300 1-600 2,780
601-900 2,087 601-900 10,412
901-1500 1,456 901-1500 32,065
>1500 536 >1500 27,349
1301-2500 1-600 190 1301-2500 1-600 543
601-900 © 92 : 601-900 1,157
S01-1500 91 901-1500 8,244
>1500 121 >1500 ' 15,329
>2500 1-600 10 >2500 1-600 8
601-900 2 601-900 17
901-1500 2 501-1500 a7
>1500 4 >1500 86
701-1100 1-700 1-600 12,523 >1900 1-700 1-600 263
. 601-900 16,046 . 601-900 113
S01-1500 . 10,723 %01-1500 125
>1500 2,947 >1500 83
701-1300 1-600 8,167 701-1300 1-600 491
601-900 30,124 601-900 493
901-1500 34,635 901-1500 925
>1500 14,209 >1500 1,007
1301-2500 1-600 208 1301~2500 1-600 487
601-900 293 601-900 611
901-1500 354 901-1560 2,415
>1500 236 >1500 9,746
>2500 1-600 12 >2500 1-600 50
601-900 13 601-900 51
. 901-1500 8 901-1500 118
>1500 5 >1500 1,274
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TABLE 2-5. SSI POPULATION COUNTS, BY STRATUM, FOR RATE CLASS R
Winter Summer 0ff-season Popurlatiun Winter Summer Off-season Population

(Jan. 1979) (July 1978) (May 1979) count (Jan. 1979} (July 1978) (May 1979) count
1-300 1-250 1-300 803 451-600 1-250 1-300 17
301-450 13 301-450 4

451-600 4 451-600 4

>600 0 >600 k)

251-500 1-300 253 251-500 1-300 13

301-450 61 301-450 129

451-600 4 451-600 69

>600 1 >600 7

501-900 1-300 26 501-900 1-300 1

301-450 5 301-450 11

451-600 0 451-600 64

>600 1 >600 14

>900 1-300 1 >9300 1-300 e

301-450 ] J01-450 4

451-600 1 451-600 6

>600 0 >600 4

301-450 1-250 1-300 104 > 600 1-250 1-300 10
301-450 23 301-450 3

451-600 ] 451-600 1

>600 0 >600 4

251-500 1-300 163 251-500 1-300 10

301-450 256 301-45Q 39

451-600 28 451-600 44

>600 4 >600 18

501-300 1-300 22 501-900 1-300 3

301-450 52 301-450 23

451-600 19 451-600 74

>600 3 >600 140

>900 1-300 3 >900 1-300 1

301-450 4 201-450 3

451-600 2 451-600 9

>600 -0 >600 65
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TABLE 2-6. SSI POPULATION COUNTS, BY STRATUM, FOR RATE CLASS RA
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Winter Sumner 0ff-season Population Winter Summer 0ff-season Population
{Jan. 1979) (July 1978) (May 1979) count (Jan. 1979) {(July 1978) (May 1979) count
1-1500 1-1400 1-600 115 2501-4000 1-1400 1-600 8

601-900 20 - 601-900 29
901-1400 8 : 901-1400 34
>1400 (] >1400 23
1401-2500 1-600 0 1401-2500 1-600 0
601-900 ] 601-900 2
901-1400 0 901-1400 7
>1400 0 _ >1400 6
2501-4000 1-600 ] 2501-4000 1-600 0
601-500 0 601-900 0
901-1400 0 901-1400 1
>1400 0 >1400 0
>4000 1-600 0 >4000 1-600 0
601-900 0 601-900 0
901-1400 0 901-1400 0
>1400 0 >1400 0.
1501~2500 1-1400 1-600 43 >4000 1-1400 1-600 0
601-900 57 601-900 1]
901-1400 39 901-1400 7
>1400 7 >1400 7
1401-2500 1-600 2 1401-2500 1-600 0
601-900 0 601-900 0
901-1400 3 901-1400 2
>1400 2 >1400 3
*2501-4006 1-600 0 2501-4000 1-600 0
601-900 0 601-900 0
9501-1400 .0, 901~1406 0
>1400 0 >1400 1
>4000 1-600 0 >4000 - 1-600 0
601-900 0 601-900 ]
901-1400 0 901-1400 - 0
>1400 0 >1400 0
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TABLE 2-7. SSI POPULATION COUNTS, BY STRATUM, FOR RATE CLASS RW
Winter Summer 0ff-season Population Winter Summer Off-season  Population

{Jan, 1979) (July 1978) (May 1979) count (Jan. 1979)  (July 1978) (May 1379) count
1-500 1-450 1-350 995 801-1300 1-450 1-350 9
351-600 428 351-600 19

601-1000 14 601-1000 13

>1000 1 >1000 3

451-800 1-350 n 451-800 © 1-350 5

351-600 188 351-600 107

601-1000 10 601-1000 362

>1000 0 >1000 23

801-1300 1-350 7 801-1300 1-350 1

351-600 16 351-600 20

601-1000 2z 601-1000 32

>1000 0 >1000 89

>1300 1-350 0 >1300 1-350 0

351-600 1 351-600 3

601-1000 0 601-1000 48

>1000 0 >1000 1n

501-800 1-450 1-350 90 >1300 1-450 1-350 2
351-600 399 351-600 9

601-1000 7 601-1000 5

>1000 2 >1000 0

4151-800 1-350 24 451-800 1-350 0

351-600 706 351-600 7

601-1000 347 601-1000 22

>1000 6 >1000 11

801-1300 1-350 2 801-1300 1-350 0

351-600 66 351-600 0

601-1000 7 601-1000 33

>1000 4 >1000 90

>1300 1-350 0 >1300 1-350 1

351-600 6 351-600 1

601-1600 9 .601-1000 7

>1000 0 >1000 69
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first ordered by géographica] region. If N(h) customers occurred in the hth

stratum and if a sample (inciuding alternates) of size n(h) was desired from
this stratum, then n(h) equal-sized sets of contiguous records were iden-
tified. A random nuhber between 1 and N(h)/n(h) was then selected in order
to choose a customer from the first within-stratum set. Using a constant '
skip interval equal to N(h)/n(h), a customer was selected from each of the
other sets. The initial.household or set of households from stratum h to be
included in the study was then randomly chosen (without replacement) from
the n(h) customers previously selected.

Selected customers whose dwé11ings could not be metered or whose accounts
"had become inactive prior to the time of meter installation were replaced
with a randomly chosen alternate from the same stratum. In addition, at any
time after sample selection, selected SSI-rate customers were dropped
.wheneQer they no longer qualified for the SSI rate and were replaced with a
randomly selected tusfomer from the 'same stratum who was still eligible for
this SSI rate.

Target numbers of customers sample to be metered were initially the

following:

Rate class
R RA RW Total
Non-S§S1 64 64 64 192
SSI 72 52 72 196

With the availabiTity of additional meters during the fall of 1980, the SSI
sample was enlarged slightly by selecting and metering some additional
customers. Full implementation of the non-SSI sample metering also was

not achieved until early autumn 1980.

15
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Sample meter allocations as they existed in August 1980 for the SSI group
are given in Table 2-8. The non-SSI sampie consisted of one customer

within each of the 64 strata for a given rate class.

16
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- TABLE .2-8. METER ALLOCATION FOR SSI SAMPLE AS OF AUGUST 1980,
BY RATE CLASS AND PRIOR USAGE LEVELS

Rate Stratum ' Sample ' Stratum Sample | Stratum

Sample

class (July 1978 kWh) count (January 1979 kWh) count (May 1979 kWh) count
R 1-250 16 1-300 13 1-300 16
251-500 18 301-450 - 21 301-450 18
501-900 18 - 451-6(10 16 451-600 17
>900 14 _ >600 16 >600 -15
RA 1-1400 38 1-1500 ) 12 1-600 13
1401-2500 11 1501-2500 15 601-900 11
2501-4000 . 2501-4000 15 901-1400 13
>4000 0 >4000 8 >1400 13
RW 1-450 18 1-500 - 12 . 1-350 15
451-800 19 501-800 18 351-600 18
801-1300 16 801-1300 21 601-1000 17
>1300 14 >1300 16 >1000 17
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3.0 DATA COLLECTION PROCEDURES
3.1 BACKGROUND ON SSI RATE PROGRAM ADMINISTRATION
The selection of the SSI subset of residential customers imposed a need
to define the population and to develop procedures for contacting and veri=
fying the SSI customers. Fulfilling these requirements imposed administration
costs on Duke Power because the definition of customers was not available
through normal billing information. | |

To qualify for the Duke Power Company SSI rate, an individual must be a

Duke customer who is currentiy Feceiving Suppiementai Security Income payments.

In addition, this person must be the head of the household as defined by the
Social Security Living Arrangement A in which the individual is responsible
for household expenses or shares in them at least equa}]y. To receive S5SI
payments, one must be either 65 years of age or o1der, legally blind, or
disabled for a period of time expected to exceed 12 months. Further, house-
hold income cannot be greater than 125 percent of federal poverty guidelines.
As of December 1977, 139,500 adults and 4,964 children were receiving
SSI payments in North Carolina. Of the adults, 65,033 were disabled and
3,200 were blind. Of the 71,267 in the entire state who would have quali-
fied for the Duke Power Company SSI Rate on the basis of age, 83 percent

were 70 or over and 28 percent had achieved or passed.their 80th birthday.*

*Statistical data on North Carolina Supplemental Security Income
recipients were furnished by George V. Hess of the Social Security Adminis-
tration, P. 0. Box 27168, Raleigh, NC 27611. Information on the Duke Power
Company SSI Rate program was provided by George E. Mejer, Duke Power Company,
Rate Department, Charlotte, NC 28242,

18
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During 1977, the average SSI payment for all recipients was about $100
per month. Of the total number of SSI recipieﬁts, 56 percent also collected
a reguiar Social Security benefit averaging $124 per month and 13 percent
had unearned income, other than Social Security, averaging $40 per month.
Appﬁoximate]y 4 percent reported an earned income of at least $94 per month.

Eighty-six percent of all SSI recipients owned their homes. Eleven
percent were members of another household, and the remaining three percent
lived in Medicaid institutions. With regard to sex and race, approximately
64 pércent were women and 51 percent were whiﬁe and 43 percent'b1ack. Other
races acﬁounted for 1.5 percent with the remainder not reported.

- In January of 1979 when the SSI rate was initiated, approximately
50;00Q individuals Tiving in the 37 counties of the Duke service area were
identified-as receiving SSI payments. The potential SSI rate population fis
somthat less than this figure because a number of households within the
Duke territory are served by municipalities and rural cooperatives. From
January 1979 to February 1980, Duke received approximately 11,000 applications
for the rate. Some 9,400 of thgse have qualified, and, as of February 1980,
there were about 8,600 on the rate. Enrollment has remained fairly stable
around this number,

At the origination of the SSI rate program, the Social Security Adminis-
tration mailed apb]ication forms to SSI recipients 1iving in the 37 counties
of the Duke service area. With the Social Security Administration responsible
for this initial contact, the $S5I recipients' right to remain anonymous was
not violated. Upon receipt of an.application form, it became the ihdividdal's

respensibility to complete and return the form to a local Duke Power office.
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Précedures for contacting new SSI recipients were initiated by the
North Caro1in; Department of Human Resources in June 1979. These procedures
entail a periodic -mailing of application forms_to be completed and returned
to Duke Power by the individual. Approximately 1,000 new recipients have
been contacted each month in this effort.

To monitor the eligibility of those who receive billing on the SSI
rate, Duke periodically prepares a computer tape containing their names and
forwards this tape to the Department of Human Resources. There it is compared
with a.tape contﬁiﬁing the names of all SSI recipients in North Carolina.

An exceptions 1ist of those who receive SSI rate bi1ling but do not receive
5SI assistance is then returned to Duke. Accounts on this Tist are reassigned
by Duke to the appropriate residential rate schedule.

3.2 LOAD RESEARCH DATA

Duke Power Company provided 192 Westinghouse single-phase meters with
two-channel recorders to record the pulse data in 15-minute intervals for
the SSI sample cﬁstomers. The control group customers were metered as part
of Duke's Residential Load Research Program.

By January of 1980, Duke had installed the 192 recorders on the SSI
sample customers. Duke changed its load research sample iﬁ March 1980 and
did not,have.the meters in place on the new sample until June 1980. Recorded
load data for this project were available for analysis from June 1980 through
March 1981.

" This standard load research practice at Duke of obtaining only 10
months of actual load data Timited the data collection of the project. RTI
project team members urged Duke to change its program to acquire a full

year's data for future Toad analyses. Duke has subsequently resolved the
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difficulties that caused this problem and are conducting their load research
prbgrams are being conducted over thg entire year,

Duke's metering department changed the recording cartridges on a monthly
basis. They dispatched these tapes monthly to the central office for trans-
lation on a Westinghouse trans]ateri Data from the translater were trans-
ferred to a computer-readable tape and analyzed in the Duke Load Research
Department.

RTI and Duke developed procedures for providing summary information on
data collection and reduction procedures to ensure the highest possibie
quality for the ané]ysis. Appendix B provides details on Duke's daté o
translatien procedures.

3.3 CUSTOMER SURVEY DATA

The customer survey data prbvide detajled information on household
characteristics and sociceconomic characteristics of the samp!e'customers.
Duke Power Company's marketing representatives acquired these data_through
personal interviews with each of the customers. Data on age of house and
present market value of the house for the SSI customers were estimated by
the repreﬁentatives in a subsequént effort to provide consistent méasures
for both the control and experimental customers., The survey instruments
used for acquiring data on both groups of customers are présented in
Appendix C.

3.4 SYSTEM LOAD DATA

Table 3-1 presents a summary of the Duke Power Company system load data
for the-stﬁdy period. The table provides summary statistics on the day,
hdur, and size of the monthly system peak ana also the load facfor of the
system. The data are summarized from the actual operating data of the Duke

Power Company system.
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TABLE 3-1. SYSTEM LOAD CHARACTERISTICS
Monthly
) ) system peak
Month/year Day Hour (megawatt h) Load factor
June 1980 8 18 8,784 .688
July 1980 16 15 10,364 .669
August 1980 6 18 10,239 .699
September 1380 3 15 . 9,590 .688
October 1980 30 19 7,835 .750
November 1980 20 -8 9,038 .682
December 1980 4 8 9,068 .721
January 1981 12 8 10,530 .691
February 1981 4 8 10,395 .660
March 1981 13 20 3,086 .698
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4.0 COMPARATIVE ANALYSIS OF LOAD RESEARCH DATA

Installation of recording meters on sample customers with and without
the SSI rate was completed in June 1980. Monitoring of 15-minute kwh consumb-
tion continued on all sample customers through March 1381. Thus, 15-minute
kWh consumption data were available for analysis for most sample customers
over a 10-month peried: June 1980 through March 1981. These data formed
the basis for the comparative analyses described in this section.

The objectives of the comparative analyses are the following:

. To provide statistical estimates of various e1ectriéity consump-
tion characteristics-of the SSI-rate and non-SSI-rate regidential
customer populations;

. To make statistical comparisons of these populations with respect
to the various usage characteristics;

. To provide such estimates and comparisons for each of the three
basic rate classes:

R = general residential service

RA

all-electric residential service

RW = water heating residential service.
The statistical inferences are made for the Duke Power Company North Carolina
service territory as of the time of sampling (August 1979). The estimates/
comparisons, however, must be treated with some caution, since the methodol-
ogy involves a number of assumptions necessitated principally because of the
sample design limitations and because of the lack of sufficient information

on population dynamics during the study period.
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4.1 DESCRIPTION OF ANALYSIS VARIABLES

The time frame for analyzing the 15-minute usage data is a calendar
month. Therefore, all analyses are repeated for each of 10 months--Jﬁne 1980
through March 1981. The pa%ameters that were estimated for each month are
jdentified in Table 4-1. These parameters were estimated for seven subsets
of days within the month (day of system peak, weekdays, weekend days, all
days, and days in which the system load exceeded 80 percent, 90 percent, or
95 percent of the annual system peak) for the population of North Carolina
residential customérs on the S5I rate and for the population not on-the SSI
rate. Corresponding parameters of each population were compared, via statis-
tical tests, to determine if there were statistically significant differences
in the usage patterns. Procedures for estimating the parameters and perform-
ing the statistical tests are given-in Appendix D.- |

The f{rst 24 parameters listed in Table 4-1 correspond to average
hourty consumption values (for each of the 24 hours of the day) for the
various subsets of days. Parameter 25 is the average daily kWh (or the sum
of parameters 1-24). Parameters 26 and 27 are, respectively, the average
60-minute and 15-minute noncoincident demands. The 28th parameter is the
c]ass-Toad factor based on the demand at tﬁe time of system peak. This
parameter is estimated only for the day of system peak and for the month
(i.e., all days). The last parameter is the estimated avefage hourly consump-
tion over hours with "high" system load, using three aiternative definitions
of "high." 1In all, 194 parameters per month are estimated for each of the

two populations. Similar estimates are determined bj}rate class (R, RA, RW).
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TABLE 4-1. LIST OF PARAMETERS ESTIMATED FOR SPECIFIC SUBSETS OF DAYS
IN CALENDAR MONTHS JUNE 1980 - MARCH 1981 -

Days with system load exceeding:

Qay of .
system Weekend AlY 80 percent of 90 percent of 95 percent of
Parameters® peak Weekdays days | days annual peak annual peak anmal peak

1. Average kWh in 0000-0100

2. Average kWh in 0100-0200

3. Average kWh in 0200-0300

4. Average kWh in 0300-0400

5. Average kWh in 0400-0500

6. Average kWh in 0500-0600

7. Average kWh in 0600-0700

8. Average kWh in 0700-0800

9. Average kWh in 0800-0900

10. Average kWh {n 0900-1000

11. Average kWh in 1000-1100

12.  Average kWh in 1100-1200

13. Average kWh in 1200-1300

14. Average kWh in 1300-1400

15. Average kWh in 1400-1500

16. Average kWh in 1500-1600

17. Average kWh in 1600-1700

18. Avarage kWh in 1700-1300

19. Average kWh in 1800-1900
20. Average kWh in 1900-2000
21. Average kWh in 2000-2100
22. Average kWh in 2100-2200

23, Average kWh in 2200-2300

24, Average kWh in 2300-2400

25. Average daily kvh

26, _ Average 60-min noncoincident max demand

27. Average 15-mih noncoincident max demand

28. Class load factor (based on demand at . .

time of system peak) N/A N/A - N/A N/A N/A

29. -Average hourly Wh during critical hours? N/A N/A N/A N/ {1) (2) (3

3Estimated on a per

b(1) Critical hours
(2) Critical hours
(3) Critical hours

NA = not applicable.

customer basis.

= hours with system load over 80 percent nf annual system peak.
= hours with system Yead over 90 percent of annual system peak
= hours with system Toad over 95 percent of annual system peak.
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4.2 DATA COMPILATION, REDUCTION, AND ANALYSIS PROCEDURES
The overall structure of the analysis process for the Duke SSI Rate
Study invoived four major data processing/analysis steps:

1. Creation of Billing Month Usage Files (BMUFs) from the raw data
tapes;

2. Creation of Calendar Month Usage Files (CMUFs) from the BMUFs;

3. Data editing and creation of Analysis Files from the CMUFs;

4, Statistica1.ana1yses.

The initial raw data tapes contained 15-minute billing month data in
the form of one record per customer per day for the period June 1980 through
March 1981. 1In creating the Billing Month Usage Files, pulse counts were
converted to 15-minute kWh values and the data were screened for duplicate
records, data gaps, and overlaps with records from prior billing months.

After splicing together the start and stop days from consecutive
billing months, the 15-minute usage records were spiit into the appropriate
Calendar Month Usage Files, which contained one record per customer per day.
In the next processing step, the 15-minute usage data were first aggregated
to produce hourly usage data. Any missing 15-minute value within a particu~

Tar hour was assumed to generate a missing value for the entire hour. The

data for each customer were then aggregated to produce a data file containing

average hourly usage values over the seven different time frames within each

calendar month (see Table 4-1). During this stage of the processing, customers

for whom large amounts of data were missing in a given month were excluded
from further ana]jsis. In addition, customers with unusual data patterns
were identified for further manual examination; if warranted, such customers'
data were also excluded (on a month-by-month basis). Table 4-2 shows, by

month and rate class, the number of non-5SSI and SSI customers who were
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TABLE 4-2,

AND POPULATION

SAMPLE SIZES AND NUMBER OF SAMPLE EXCLUSIONS, BY MONTH, RATE CLASS,

Number of sample customers

Praviding some kWh data?

Excluded in editing’

Providing valid usage data®

Population Month R RA Rw R RA RW R -RA RW
Non-SS1- June 1980 44 49 50 7 11 12 37 38 38
customers July 51 S0 51 11 n 7 40 39 44
August 54 52 52 8 15 9 46 37 43
September 57 54 54 8 16 10 43 38 44
October 59 59 58 13 9 16 46 50 42
November 57 b2 61 9 5 16 18 57 45
December 57 63 62 7 6 17 50 57 45
January 1981 59 63 49 16 4 12 43 59 a7
February 55 64 62 9 11 15 46 53 47
March 58 64 59 10 13 7 48 51 52
55I-customers June 1980 73 53 69" 24 11 15 49 42 59
July 65 53 63 19 8 13 46 45 50
August 62 57 62 15 15 10 47 42 52
September 66 57 65 18 12 14 48 45 51
October 67 56 67 15 17 15 52 39 52
Novemher 69 57 68 13 - 13 15 56 44 53
December 74 b8 7l 13 12 . 13 61 46 58
January 1981 75 55 70 14 8 11 61 47 59
February 75 54 68 14 9 11 61 45 57
March 73 54 67 11 12 11 62 42 56

These totals exclude those customers with no data during the célendar month.

bCustomers were excluded automaticall
Other customers were excluded if err
longer appropriate.

y if they had excessive amounts of missing data during the calendar month.
oneous data were suspected or if the assigned rate schedule {e.g., SSI-R) was no

CThese sample sizes apply to Lhose response variables associated with the weekend, weekday, or all-day time frames;
for other time frames (e.g., day of system peak), the sample sizes may be sTightly smaller Lhan those shown here.
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excluded by the statistical editing procedures, and the number providing
valid usage data. The latter are the sample sizes used in the ana1yses for
the R, RW, and RA rate classes (Sectfon 4.4). Table 4-3 provides the séme
information as Table 4-2 after aggregating over these three rate classes.

‘The final step in creating the analysis variables involved examination
of the sample sizes after data ed;ting to determine if the number of custom-
ers providing data in each population/stratum combination was sufficient for
estimating the desired parameters and their standard errors. Such estimation
requires the assumption that, within each stratum and population, the final
sample of respondents constitutes a random sample from the corresponding
stratum of the particular population. Estimation of the standard errors
also requires the availability of data from at Teast two customers per
population per stratum, These requirements necessitated cellapsing a large
number of strata into single strata, siﬁce the sample design usuai1y called
for the selection of only one (or in some cases, two or three) customer per
stratum.

In order to perform the analyses, the prior usage strata were collapsed
" in accordance with the season for which analyses were being performed. For
example, for analyzing data from June, July, August, or September, prior
summertime usage strata, within rate classes, were employed. Similarly,
winter-month usage variables were analyzed using the prior wintertime usage
strata (within rate classes). Table 4-4 identifies the particular stratifi-
cation used in each of the monthly ana1yse§ as well as the number of custom-
ers in each such stratum. These counts indicate the weights attached to the

strata means that were used to produce an overall estimated mean.
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TABLE 4-3. SAMPLE SIZES AND NUMBER:-OF SéMPLE EXCLUSIONS,
BY MONTH AND POPULATIONS

No. of sample No. of sample No. of sample

customers providing customers excluded tustomers with
some usage data in editing valid usage data
Month Non-SS1 SSI Non-S§S1 SSI Non-SSI SSI
June 1980 143 195 30 50 113 145
July 152 181 29 - 40 123 141
.Augﬁst 158 181 32 40 126 141
September 165 188 34 44 131 144
October 176 - 190 38 47 138 143
November 180 194 30 41 150 153
December 182 203 30 38 152 165
January 1981 181 200 32 33 149 167
February - 181 197 35 . 34 146 . 163
March, 181 154 30 34 151 160

35ince entries in this table are obtained from Table 4-2 by adding over rate
classes, the footnotes of Table 4-2 apply to this table as well.
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TABLE 4-4. POPULATION COUNTS OF SSI AND NON-SSI CUSTOMERS, BY STRATA

popﬁ?;tfon June-September analyses October-November analyses December-March analyses

rale Stratum l’opuiatlon Stratum fopulation Stratum Population

class {July 1978 usage) count (January 1979 usage)} count, (May 1979 usage) count

R 1-2560 993 1-300 1,173 1-300° 1,460

251-500 1,129 301-450 683 301-450 660

501-900 438 451-600 410 451-600 329

>900 103 >600 48T | >600 264

RA 1-1,400 392 1~1,500 143 1-600 168

>1,400 29 1,501-2,500 153 601-900 103

2,501-4,000 105 901-1,400 101

>4,000 20 >1,400 49

RW 1-450 2,026 1-500 1,733 1-350 1,207

151-800 1,889 501-800 1,769 351-600 1,876

801-1,300 713 801-1,300 1,045 601-1,000 * 1,292

>1,300 176 >1,300 257 >1,000 29

Non-S$51
population .

rate Stratum Population Stratum Population Stratum Population

class (Aug. 1978 usage) count (January 1979 usage) count. (Apr. 1979 usage) count

R 1-450 76,008 1-400 50,786 1-300 32,414

451-1,100 66,343 401-700 52,203 301-600 37,674

1,101-2,000 4,565 701-1,400 39,547 601-1,000 32,108

>2,000 492 >1,400 4,872 >1,000 45,212

RA 1-900 16,111 1-1,800 56,515 1-1,000 79,373

901-1,600 75,364 1,801-3,000 71,475 1,001-1,600 57,954

1,601-2,500 59,834 3,001-5,000 59,512 1,601-2,500 45,235

>2,500 17,375 >5,000 11,182 >2,500 16,122

RW 1-700 146,379 “1=7000 107,238 1-600 96,802

701-1,300 169,429 701-1,100 130,503 601-900 82,814

1,301-2,500 40,117 1,101-1,%00 101,639 901-1,500 102,454

>2,500 1,707 >1,900 18,252 >1,500 75,562
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With this assumption, which also invoives an implicit nonresponse

adjusfment, a mean kWwh (e.g., for a given hour or day) for the SSI popula-

-

tion can be estimated by a weighted sum of strata means. For exampie, ii

denotes the value of the particular kWh variable for the ith sample
th

Yhs

member of the h™' SSI étratum, and if there are ny, sample customers provid-

“

ing values of Yhi’ then the particular stratum mean is estimated as

These means are then weighted according to the population counts Nh (as

shown in Table 4-4) to produce ah overall estimate for the SSI population:

~ H-
Y= = NYh/N
h=1
where
H = number of {collapsed) strata, and
H
N= Z Nh = total number of S$SI customers.
h=1 .

The standard error of Y is estimated by taking the square root of

s Nz H st
var(¥1 = () T (M - ) Ny
where
a nh Jal
sg = z Yhi - Yh Ny - 1

1l

variance of the Yh responses among the nhvsamp1e customers in

the hth stratum.

Similar formulas are used to estimate the corresponding mean of the non-55I

population and the standard error of the estimate. If X denotes this esti-
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mated non-SSI mean, then comparisons between the two true popu1ation means
X and Y, can be made using the test statistic

e = (R -?)/[Var(%) + Var(1)1*

Under thé assumption that ﬁ and % are approximately normaliy distributed
with a common mean (the null hypothesis), this statistic will for large
samples be approximately normally distributed with a zero mean. Hence, t
can be used to provide an approximate test for differences in the population
means. -

4.3 OVERALL COMPARATIVE ANALYSIS RESULTS

A major objective of this study was to determine if, and to what extent,

electricity usage patterns for SSI-rate customers differ from Toad patterns
of customers not on the SSI rate. To achieve this objecfive, 15-minute kWh
recording meters were used to monitor electricity usage on two samples of
Duke's North Carolina residenfia] customers--those with and those without
the SSI réte (as of August 1979). This section describes the resylts of
various analyses that were condugted to make this comparison of the load
characteristics of the twoc populations.

The genefa] analytical approach involved estimating certain parameters
or load characteristics for the two populations, as indicated in Section 4.2,
and then comparing these estimates, via statistical tests, to determine
whether the difference could reasonably be attributed to chance or whether
the difference was due to inherent differences in the populations with re-
spect to the usage of electricity. The parameters estimated for each popula-
tion in each calendar month were identified in Table 4-1.

Comparative analysis results for the day of system peak and hours of

high system load in the months of June 1980 through March 1981 are given in
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Section 4.3.1. Similarly, comparative-analysis results for the average day
for these calendar months are presented in Section 4.3.2. The next subsec-
tion presents monthly class load factors and the final subsectfon discusses
ugage:pattérns for the two groups during weekdays and weekend'days. Detailed
comparisons of the data summarized herein will be presenfed in.a companion

volume to this report.

4.3.1 Days and Hours of High System Load

Table 4-5 pregents, for the day of monthly system peak, the percentage
differences in electricity consumption for the populations of customers hav-
ing and not having the SSI rate. Differences in consumption are expressed
in terms of percentages relative to the population that was not on the SSI
rate.

'It is evident from the results given in Table 4-5 that customers on the
SSI rate used significantly 1es§ electricity than those on the regular R,
RA, or RW rates. For example, on the day in which the system peaked in
Janﬁary 1981, the daily difference in consumption (parameter 25) reached
58.5 percent. Similar, though somewhat smaiier, differences in daily con-
sumption were observed for the days of system peak in each of the bther
months. These daily differences reflect lower consumption by customers on
the SSI rate throughout the 24-hour day (parameters 1-24); however, the
largest percentage differences in the two populations generally appeared to
occur during evening, nighttime, and early morning hours (from about 6 p.m.
to 8 a.m.). The most pronounced differences appeared in the wintertime
during early morning hours (midnight to 8 a.m.).

Both the 15- and 60-minute noncoincident maximum demands (parameters 26
and 27) for days of monthly system peak were significantly lower during all
months of the study-.for the population of SSI-rate customers. The percent-
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TABLE 4—5; COMPARISON OF AVERAGE USAGE PATTERNS OF NON-SSI AND SSI CUSTOMERS

ON DAYS OF MONTHLY SYSTEM PEAKS, BY MONTH

Percentage differences, by menth?

1980 1981
Parameter Jun. 3 Jul. 16 Aug. 6 Sept. 3 Oct. 30 Nov. 20 Dec. 4 Jan. 12 Feb. 4 Mar. 19
1. Average kWh in 0000-0100 53.6 52.8 54.6 46.9 41.5 66.5 62.6 62.7 61.5 40.0
2. Average kWh in 0100-0200 44.3 44.4 45.7 45.3 411.7 66.8 58.0 64.0 63.4 48.2
3. Average kWh in 0200-0300 41.3 44.5 47.5 45.7 46.49 64.9 62.9 64.8 68.4 53.8
4. Average kWh in 0300-0400 50.3 40.5 16.6 40.14 45.3 65.0 59.0 65.2 66.6 52.8
5. Average kWh in 0400-0500 46.8 11.6 9.6 29.4 41.8 60.8 60.9 64.5 66.2 46.8
6. Average kWh in 0500-0600 43,7 42.7 41.5 42.6 53.5 68.0 58.9 67.2 67.6 50.0
7. Average kWh in 0600-0700 47.6 48.7 45.9 48.0 50.1 64.2b 54.1b BB.Gb ~65.8b 59.1
B. Average kWh in 0700-0800 18.9 45.5 52.0 43.4 34.8 61.13 59.3 61.9 60.0 53.9
9. Average kMh in 0800-0900 (23.6) 33.2 43.6 (29.7) 3.8 1.1 46.6 48.3 57.4, 32.9
10. Average kWh in 0900-1000 (19.5) {27.8) 49.2 (27.2) (27.7) 40.9 43.5 50.6 50.3 36.9
1. Averaye kwh in 1000-1100 (17.1) 34.1 37.3 39.6 30.7 43.6 49,4 55.1 50.1 37.3
12. Average kWh in 11006-1200 (27.2) 44,1 39.6 4.5 .ig.8 44.7 42.6 46.6 43.3 41.9
13. Average kWh in 1200-1300 42.0 52.5 43.0 35.0 39.4 44.8 49.2 53.3 49.1 42.8
14.  Average EWh in 1300-1400 42.9 54.9b 41.2 39.6b 48.7 49.3 57.2 53.2 45.9 50.6
15. Average kWh in 1400-1500 49.1 50.2 44.7 37.13 44.5 32.1 18.1 56.2 47.0 45.8
16. Average kWh in 1500-1600 35.9 47.5 41.8 39.8 39.3 35.} 41.5 51.7 41.0 40 1
17. Average kWh in 1600-1700 43.4l 46.5 44.Gb 55.0 40.7 39.0 41.9 47.1 418.5 (25.7)
18. Average kWh in 1700-1800 49. 7" 18.9 10.6 53.6 41.9b 54.6 50.4 55.5 51.2 40.3
19. Average k¥Wh in 1800-1900 55.1 53.1 54.0 53.7 55.4 56.1 53.8 59.1 53.1 51.8
20. Average kWh in 1900-2000 58.3 54.4 51.7 51.7 50.1 . 56,0 57.2 56.3 58.9 53.6
21. Average kWh in 2000-2100 57.6 59.7 55.6 39.3 60.0 G1.1 © 58.8 60.90 55.9 56.6h
22. Average kWh in 2100-2200 53.7 57.7 49.3 54.3 60.4 61.9 63.6 60.6 61.3 58.9
23.  Average kWh in 2200-2300 57.1 61.4 56.0 55.5 8.2 64.7 63.8 64.0 62.6 55.0
24. Average kWh in 2300-2400 59.4 57.7 51.17 55.8 52.5 62.5 62.8 64.9 60.1 49.9
25. Average daily kWh 16.8 494 47.%5 49.7 5.6 . b5.5 55.5 58.5 57.0 47.8
26. Average B0-min noncoincident max demand 45.1 46.9 45.5 42.4 44,2 50.2 51.3 50.3 47.7 43.9
27. Average 15-min noncoincident max demand 36.5 40.3 39.0 3.9 1.1 46.3 44.2 16.2 41.0 39.9

aPercentage differences are calculated relative to the non-S51

t

.01 level are shown in parentheses.
'"Indicates hour of system peak

population. Differences which are not statistically significant at the
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age differences in these parameter estimates appeared most pronounced in the
winter months--perhaps due to the disproportionately small number of all-
electric customers in the SSI populaticn (5 percent) as compared to the
non-SSI popu]atisn (28 percent).

The levels of consumption used in calculating the percentage differ-
ences shown in Table 4-5 will be given in a companion volume to this report.

Table 4-6 shows, for each month of the study period, the average elec-
trfcity consumption (in watthours per customer per hour) over four subsets

of hours, listed below.

Type of
hour Definition
1 Hour of system peak in the month
2 A11 hours in the month in which system Toad
exceeded 95 percent of the annual system peak
(10,530 Mwh on January 12, 1981 at 7-8 a.m.)
3 A1l hburs in the month in which system load
‘ exceeded 90 percent of the annual system peak
4 : . A11 hours in the month in which system load

exceeded 80 percent of the annual gystem peak
The upper portion of thé table shows the number of hours invelved in the
average, and the Jower portion of the table gives the percent difference
in the SSI and non-SSI consumption levels during the particular set of
hours. AlT of the differences shown are statistically significant and most -
are around 50 percent, indicating that the SSI customers used about haif as
much electricity during these types of hours as did the non-SSI customers.

4.3,2 Average Day of the Month

In contrast to the previous section, which focused on consumption during

the days and hours of a calendar month in which the system load was high, this

section discusses éonsumption averaged over all days of the calendar month.
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TABLE 4-6. COMPARISON OF SSI AND NON-SSI CUSTOMERS WITH RESPECT TO ELECTRICITY
CONSUMPTION DURING HOURS OF HIGH SYSTEM LOAD

Type of
hour* June July Aug. Sept. Oct. Hov. Dec. Jan. ng. Mar,
Number™ hours:
1 1 1 1 1 1 1 1 1 1 1
2 a 20 39 5 0 - - A 7
3 0 59 96 15 0 - - 22 17
4 20 216 227 100 0 15 25 131 64 11
Average
consumpt.ion
per hour
{watt hours):
Hon-SSI 1 1,845 2,038 2,438 1,572 - 2,174 3,159 2,968 3,460 3,175 2,401
SS1 1 928 1,014 1,447 986 969 1,221 1,208 1,320 1,271 1,042
Non-5S1 2 - 2,218 2,215 - - - - 2,931 3,006 -
581 2 - 1,163 1,163 - - - - 1,314 1,274 -
Non-$51 3 - 2,155 2,145 1,874 - - - 2,791 2,671 -
SS1 3 - 1,117 1,118 968 - - - 1,271 1,249 -
Non-SS1 4 1,663 1,93 1,986 1,726 - - 2,574 2,516 2,457 2,500 2,353
$51 4 861 1,012 1,043 908 - 1,214 1,210 1,163 3,111 1,160

Percent difference:

1 49.7 50,2 40.6 37.3 55.4 61.3 59.3 61.9 60.0 56.6
2 - 48.9 47.5 - - - - 55.2 57.6 -
3 - 48.2 47.9 48.4 - - - 54.5 53.2 -
4 48.2 a7.7 47.5 47.4 - 52.8 51.9 52.7 ' 5B5.6 50.7

*1 = Hour of sysiem peak in the month.

2 = A1l hours in the month in which system load exceeded 95 percent of the annual system peak

(10,530 Mvh on January 12, 1981, at 7-8 a.m.).
3 = A1l hours in the month in.which system load exceeded 90 percent of the annual system peak.
4 = A1l hours in the month in which system load exceeded 80 perceni of the apnual system peak.
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Table 4-7 symmarizes, by month, differences in electricity consumption
- for the two populations of interest. Differences in consumpiion are axpressed
in terms of percentages relative to the non-SSI population.

It s obvious from the information given in Table 4-7 that the SSI
customers used substantially less electricitylthan those who did not have
the SSI rate. For the average day in January 1981, fof instance, SSI custom-
. ers consumed 54.4 percent less electricity (see parameter 25 for Januéry in
Table 4-7). Similar results were observed for the average day in November

December, and February. During the warm-weather months, the percentage dif-

ferences were slightly smaller (43 to 48 percent) but still highly significant.

In August, for example, the average daily consumption for the SSI customers
-was 46.4 percent lower than that for the non-SSI population.

. The average daily differénce refiects a Tower consumptiion by 351 custom-
ers throughout the 24-hour day (parameters 1-24 in Table 4-7). This is bestj
illustrated by examining average daily load curves for the two populations.
Figures 4-1 and 4-2 show these estimated load curves for August 1980 and
January 1981, respectively.

4.3.3 Monthly Class Load Factors

Two types of monthly class load factors (MCLF) were estimated for the
551 and non-SSI customer populations:

1. MCLF based on usage at time of monthly system.peak; and

2. MCLF based on usage at time of monthly class peak.
Statistical comparisons between the two groups are carried out only for the
first typeiof-MCLF, since thg secona iypéﬁié a parameter that is defined
only at the class level and, consequently, a parameter for which appropriate

variance estimates cannot be determined from a single samplie of a given
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TABLE 4-7. COMPARISON OF AVERAGE DAILY USAGE PATTERNS OF NON-SSI AND

SSI POPULATIONS, BY MONTH

Percentage differences, by month®

1960 1901

Parameler June July Aug. Sept. DOcl. Mov. Dec. Jan. Feb. Mar.

1. Average kWh in 0000-0100 46,8 53.0 48.2 43.7 44,1 58.3 59.5 58,3 57.8 49,3

2. Average kWh 1n 0100-0200 43,1 49.3 45.9 40.5 44.3 56,3 58.6 58.8 58,9 52.)

3. Average kWh in 0200-0300 .41,3 46.0 45.0 38.2 42,8 56,4 58,2 659.4 60.6 533

4. Average kWh in 0300-0400 A2.4 45.1 41,0 37,4 43.8 575 59,3 59.9 60.5 55.2

5. Average kWh in 0400-0500 39.0 42,2 © 36.3- 30.6 43,1 58.8 60.6 59.9 60.2 55.1

6. Average kWh in 0500-0600 43,4 41.5 40.2 37.6 51.5 60.3 61.2 60,3 61.7 58.0

7. Average kWh in 0600-0700 48.0 45,0 47.0 46.0 49.3 58.0 62.2 63.8 ©62.8 58.6

8. Average kWh in 0700-0800 39.7 4.9 40.3 40.0 40.8 49.5 56.2 56.7 56,5 50.8

9, Average kWh in 0800-0900 32,2 3.4 3.7 249 30,0 42,2 47.3 456 47.6 29.9

10. Average kWh in 0900-1000 35,1 34,0 36.B 28.8 33.9 445 48.4 48.4 47.9 42.3
11. Average kwh in 1000-1100 33,1 39.0 36.7 32.5 3158 44.9 496 47.1 47.8 AL.6
12. Average kWh in 1100-1200 39.5 42,0 43,3 33.3 357 455 48.9 46.4 45.3 40.8
13. Average kWh in 1200-1300 43,3 43,7 43.2 38.1 40.B 47.4 50.5 48.0 47.5 Al.7
14. Average kWh in 1300-1400 45.1 46.4 45,1 42,0 42,6 47.0 51.0 49.8 51.0 44.5
15. Average kWh in 1400-1500 46,8 46.2 46,1 41.2 41.2 46.0 48,6 50.1 47.1 42.3
16. Average kWh in 1500-1600 45.1 48.1 4A5.2 43,4 10.4 44,8 .47.0 48.0 454 41:0
17. Average kWh in 1600-1700 46.9 50.5 #7.4 46.7 40.8 42,2 A7.8 46.9 44.2 39.7
18. Average kWh in 1700-1800 51.0 52.9 4B.5 " 49.7 44,8 49.0 54.7 51.9 50.6 48.0
19. Average kWh in 1800-190D 54,3 53.8 H2.1 53.2 48B.8 653.5 56.7 555 656.1 52.5
20, Average kkh in 1900-2000 55.8 &4,2 54,2 b51.0 ©50.4 551 57.2 57.5 58.5 53.6
21. Average KWh in 2000-2100 53.9 54,0 53,2 k0.4 K1.4 57.7 58,0 57.9 58.5 52.7
22. Average kWh in 2100-2200 53.6 54,2 52,6 '52.9 56.1 58.0 60.4° 59.3 59.8 55,9
23. Average kWh in 2200-2300 56.3 57.3 H4.5 53a.1 54.2 59.1 61.1 60,4 60.4 54,1
24. Average ¥Wh in 2300-2400 52,4 &,2 BbHl:7 5B0.0 50.9 59.2 . 60.9 59.3 57.8 51.1
25. .Average dafly kWh 46.6 48.1 46.4 '43.4 44.1 51.8 55.0 54,4 54.4 49,0
26. Average 60-min noncoincident max demand 42.3 442 42.7 37.7 39.9 44.7 42.9 45.6 447 40.3
27. Average 15-min noncoincident max demand 32.5 35.2 5.7 34.1 38.7 42.6 39.2 40.1 40.2 39.3

aPercentage differences are calculated relative to the non-S51 population. AIT
significant at the .01 Tevel.

differences are statistically
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Figure 4-1. Comparison of estimated hourly usage of SSI
and non-SSl.customers — July weekdays.
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population. It should be emphasized that MCLF's are not estimated with
high precision since they depend on the estimated average usage at a single
hour. |

‘Table 4-8 shows the results for each month during the stud& periocd for
the MCLF based on usage at the hour of system peak (see Table 3-1). Statis-
tical significance (at the .05 level) between the non-SSI and SSI MCLFs was
detected only for the months of October, November, and January.

Table~4-9 shows the results for the second type of MCLF.
4.3.4 Weekdays/Weekend Days

Electricity consumption patterns for the non-$SI and SSI were derived
separately for weekdays and weekend days within egch calendar month. In
each-case, SSI-rate ;ustomers used less electricity than the non-SSI-rate
customars, The paﬁterns of differences were verj similar to those described
in Subsections 4.3.1 and 4.3.2, i.e., consumption was substantially less
for the SSI population during each hour of the 24-hour day and the largest
percentage differences in usage occurred during the winter mdénths. Percent-
age differences appeared to be slightly larger for the weekend days than for
the weekdays. Population estimates and results of statistical tests for
these time periods are summarized in Table 4-10.

4.4 COMPARATIVE ANALYSIS RESULTS FOR SPECIFIC RATE CLASSES

Sampie customers for the SSI rate study were selected from among North
Carolina residential accounts in the Duke service area as of August 1979.
These accounts were separated into the two primary populations of intgrest
(5SI-rate and non-SSI-rate customers) as well as the three basic residential
rates (R, RA, and RW). The number of accounts in the six categories are

shown in Table 4-11, along with the percentage distributions.

41

OFFICIAL COPY

Feb 18 2020



TABLE 4-8. COMPARISON OF MONTHLY CLASS LOAD FACTORS, BASED ON USAGE
AT HOUR OF SYSTEM PEAK, FOR NON-SSI AND SSI CUSTOMERS

Estimated . Estimated Estimated Estimated
. average hourly average hourly monthly standard
' : kWh during kWh at: hour class load error of
‘Month Poputation month of system peak factor (MCLF) MCLF
1980:
June Nor-SS1 1. 250 1.845 .678 .056
881 0-668 0.928 .720 .062
July Non-551 1.547 2.038 .759 .048
SSI 0.793 1.014 .782 .048
August Non-5§51 1.541 2.438 .632 .032
] SSI 0.824 1.447 . 569 .042
September Nan-5SI 1.266 1.572 .805 .053
§51 0.728 . 0.986 . 738 .082
. October Non-S§S1 - o132l 2.174 .GUBa .037
‘ SSI 0.733 0.969 . 756 .043
November Non-551 1.706 3.159 .540h .034
L334 0.823 1.221 .674 . 050
December Non-551 2.000 2.968 .674 .034
551 0.900 1.208 .745 .058
1981:
January Noin=5S1 2.081 3.460 .501b .025
g 551 0.949 1.320 .719 .044
February Non-351 1.851 3.175 .583 ° 028
SSI 0.841 1.271 .662 .051
March Non-S§51 1,594 2.401 . 664 .029
551 .0.813 1.042 . 780 .057

aSignificantly different from the non-551 MCLF at the .01 level.
bSignificantly different from the non-SSI MCLF at the .05 level.
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TABLE 4-S.
COMPARISON OF MONTHLY CLASS LOAD FACTORS,
BASED ON CLASS PEAK USAGE
FOR ‘NON~SST AND SSI CUSTOMERS

Estimated
class peak - Estimated
during month class Toad
(kwWh) Tactor
Month Non-SSI SSI Non-SSI SSI
1980:
June 2.779 1.126 .45 .59
July 2.884 1.351 .54 .59
August 2.776 1.442 -1 .57
September 2.387 1.34¢6 .53 .53
October 2.341 1.554 .57 .48
November 3.382 1.707 .50 .48
December 3.642 - 1.548 .55 .58
1981:
January -3.460 . 1,485 .80 .64
February 3.175  1.271 .57 .60
March 2.524 1.269 - .b61 .62
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TABLE 4-10.

ESTIMATED AVERAGE DAILY ELECTRICITY USAGE FOR

NON-SSI AND SSI CUSTOMERS, BY MONTH AND TIME OF WEEK

Estimated average kWh (per'customer, per day)a

Weekdays Weekend days A1l days Percentage diffeﬁencesb
. Al

Month Non-SS1 SS51 Non-SSI 851 Non-SSI - SSI Weekdays Weekend days
1980:
June 28.2 15.7 34.2 16.9 30.0 16.0 44 51 47
July 36.3 19.2 38.9 19.3 37.1 19.2 47 . bl 48
August 37.1 20.1 36.6 19.3 37.0 19.8 46 47 46
September 29.9 17.2 32.0 17.4 30.5 17.3 42 46 43
October 31.4 17.8 33.1 17.8 31.8 17.8 43 . 46 44
November 40.3 19.8 41.9 19.7 4]1.0 19.7 51 53 52
December 46.1 21.0 52.1 22.8 48.0 21.6 54 56 55
1981:
January 48.1 22.5 53.7 23.3 49.9 22.8 53 57 54
February 44 2 20.3 44,9 20.2 44 .4 20.2 54 55 54
March 37.9 19.4 39.1 19.8 38.3 19.5 49 50 49

aA]] differences between the

non-SSI and SSI customers are statistically significant at the .05 level.

Percentage differences are calculated as 1 - Y/X times 100 percent, where X and Y denote, respectively,

the estimates for the non-SSI and the SSI populations.
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TABLE 4-11. CATEGORIES OF ACCOUNTS

Sample-eligible Sampie-eligibie

customers customers on
Rate not on SSI rate SSI rate
class No. % No. %
R 147,408 20.9 2,713 34.2
RA 198,684 28.2 421 5.3
RW 357,632 50.8 4,804 60.5
Total 703,724 100.0 7,938 100.0

The disparity between the two distributions shown in Table 4-11 is suf-
ficient to have explained many of the differences described in the previous
section. For example, suppose a pdrticular parameter had values of 1, 5,
and-é for the R, RA,-and RW rate classes, respectively, and suppose that

these values held for -both the SSI énd non-SSI customers. Then the overall

parameter values (i.e., combining over rate classes as in Section 4.4Y for
the SSI:and non-SSI customers would be the following:

Non-SSI: .209(1) + .282(5) + .508(2) = 2.635
SSI: .342(1) + .053(5) + .605(2) = 1.817.

There is a 31-percent difference in these overall parameter values, even

though there was no difference in the values assumed for the three specific

rate . classes. This simple example indicates that it is important to consider

the separate rate classes, and to understand to what extent the distributional

differences of the two populations over rate classes account for the differ-
ences described and presented in Section 4.4. This is the purpose of this
section, Detai]éﬁ results will be presented in a companion volume to this
report.

Table 4-12 présents estimates, by rate class, of the average usage of

non-551 and S5I .customers on the day of monthiy system peak. The results of
45
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TABLE 4-12. COMPARISON OF AVERAGE ELECTRICITY CONSUMPTION OF NON-SSI AND
SST CUSTOMERS ON DAYS OF MONTHLY SYSTEM -PEAKS, BY MONTH AND RATE CLASS

Rate 1980 ] i 1981
class Estimale Jun. 3 Jul. 16 Avug. 6 Sept. 3 Oct. 30 MNov. 20 Dec. 4 Jan. 12 Feb. 4 Mar. 19
R Non-551 kWh: 18.6 22.1 27.6 18.9 23.3 25.0 22.0 25.7 22.0 18.4
5S1 kwWh: 12.9 " 15.0 17.3 15.8 12.7 13.8 16.9 21.3 18.2 16.7
Difference: 5.7 7.4 10.4 3.0 10.6 11.2 (5.2) (4.5) (3.8) (.7
‘ % Difference:; 30.6 3.1 37.5 16.0 45,7 44.7 23.4 17.4 17.4 9.]
RA Hon-SSI kWh: 51.8 64.4 59.8 4B.5 56.3 88,9 85.7 134.7 119.0 80.6
SST kWh: 26.4 3.9 30.7 25.94 59.3 70.7 60.3 104.7 93.9 64.9
Difference: 25.3  32.5  29.2 231 (-3.0) . (18.2)  25.4 0.0 2517 5.7
% Difference: 48.9 50.4 48.7 47.6 5.4 20.5 29.7 22.3 21.1 19.4
RW. Hon-551 kWh: 28.2 392.13 1.3 31.7 30.7 38.4 37.3 3g.2 35.4 31.1
551 KkWh: 19.3 24.% 25.4 19.7 20.4 22.6 20.1 21.9 21.5 21.5
Difference: 8.9 14.8 15.9 12.0 10.4 15.7 17.0 16.2 13.9 9.6
% Differenca: 3l.6 37.6 38.5 7.9 33.8 40.9 45,5 12.5 19.3 31.0
All Non-551 kWh: 32.9 42.8 43.7 3.8 J6.4 19.9 47.8 62.8 56.2 42 .4
85I kwh: 17.5 21.7 22.9 18.7 19.8 22.2 21.3 26.1 24.2 22,1
Difference:a 15.4 21.2 20.8 5.1 16.6 27.6 26.5 36.7 32.0 20.3
¥ Difference: - 46.8 49 4 47,5 33,7 15.6 - b85.5 55.5 58.5 57.0 47.8

ifference between the non-5SI and $§1 customers are statistically significant at the
designated. Differences which are not significant at the .0l level are shown in parentheses,

bDiFferences hetween the non-55I and 551 customers are statistically significant at the .10 level.

.05 level

unless otherwise
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this table clearly 1naicate that the distributional difference described
above is responsible for part of the Aifference between the two populations,
sinée the overall difference is generally larger {on a perceﬁtage basis)

than the differences for the individuai rate classes. For the day of annual‘
system peak (Janﬁaryolz, 1981), for instance, the differences for the R and
RA classes are 17.4 percent and 22.3 percent, respectively (the former is

not statistically significant, and the Tatter is significant at the .05 Tevel),
as compared to the overall difference of 58.5 percent. Thus, although there
genéra11y appear to be differences between the two populations even when
evaluated on a rate-specific basis, these differences tend to be smaller in
magnitude than the bvera11 differences and are frequently not statistically

significant.
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5.0 ANALYSIS OF CUSTOMER SURVE+ DATA
This chapter presents an analysis of the cﬁstomer survey data described
in Section 3.2. The appliance, profile, and household characteristics of
the participating customers are the key elements in these data. The objec-
tives of this analysis are to determine:

1. How the SSI and non-SSI populations differ in terms of their
;ﬁzpect1ve appliance saturations and househo1d characteristics,

2. How the s _gmgl_ characteristics of the SSI and non-SSI customers
differ from the 1ikely population characteristics of these groups
of customers.

~ The comparative analysis of usage data presentéd in Chapter 4 showed
large differences between the loads of the typical SSI and typical non-SSI
customer. Objective one will determine if the load differences result from
the two groups of customers having significantly different appliance satura-
tions and household characteristics. 1In order to use the survey data to
achieve objective one, it is necessary to compute‘weighted means and vari-
ances of the survey variables to estimate the population characteristics.
The weights are defined in such a way that each wejghted mean would, to the
extent possible, estimate its corresponding population mean. This chapter
also provides details of the weighted means computations and potential
sources of inaccuracy caused by sample design peculiarities.

The second objective is important for evaluating the reliability of the

covariate regression results that are presented in Chapte%-G. Regression

estimates are most precise when computed at the sample means of the explana-

tory variables. In Chapter 6, however, regression estimates are computed at
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the estimated population means computed in this chapter. If any of these

population means differ substantially from their corresponding sample means,

then a considerable loss of precision in the Toad estimates will result. In

addition, the potential for estimation bias resulting from model misspecifi-
- cation is increased when estimates are computed at noncentral values of the
explanatory variables,

5.1 Description of the Analysis Variables

The survey variables that will be used here to characterize the SSI and
non-S$SI popuTétions are defined in Table 5-1. Apart from the three quanti-
tativé household -characteristics .variables at the bottom of the table, the
remaining variables in Table 5-1-are indicator variables. The first 14 are
appliance indicators, the next 3 are indicators for type of dwe]Ting; and
the final 3 are indicators for secondary heat sources.

5.2 Data Compilation and Reduction

The survey data consist of the responées from 199 SSI and 154 non-SSI
customers. This is the entire set of customers who participated in the
survey and includes customers who dropped out of the study, their replace-
ments, and also those with incomplete hourly usage records.* The total of
353 customers is roughly 50 percent larger than the totals available for the
monthly analyses of the load data. The reason for using the responses of
all 353 customers, rather than just those eligible for the load analysis, is
simply that the Targer data set will yield more precise population estimates
(i.e., weighted means) of the survey variables.

*Many customers' usage records were missing due to meter failure.
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TABLE 5-1. DEFINITIONS OF APPLIANCE AND DEMOGRAPHIC
SURVEY VARIABLES
Variahle Name | De%inition
App]ﬁaﬁces‘
Cooling ‘
. CAC Indicator for central air conditioner
WAC Indicator for one or more window air conditioners
Heating .
HEAT PUMP Indicator for heat pump
. EL._FURN Indicator for electric furnace
RM_BY RM Indicator for electric room by room heat
Discretionary
HOTW " Indicator for electric water heater
RANGE Indicator for electric range
WASH Indicator for electric clothes washer
DRY Indicator for electric clothes dryer
DISH Indicator for electric dishwasher
Nondis;retionary
FF_FREZ Indicator for frost-free freezer
NFF_FREZ Indicator for non-frost-free freezer
FF_REF Indicator for frost-free refrigerator
NFF_REF Indicator for non-frost-free refrigerator
Household Characteristics
Type of Dwelling
HOUSE Indicator for house
MOBILE Indicator for mobile home
APT Indicator for apartment
Secondary Heat Source
FPL Indicater for fireplace
WST Indicator for woodstove
SPC Indicator for portable space heater
Other Household Characteristics
SIZE_RES (Size of residence in square feet)/1000
VAL_RES (Value of residence in dollars)/1000
NOHHMEM Number of household members
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5.2.1 Collapsing the Original Strata

_ The computélion of variances using data from stratified samples requires
that there be at least two sambTe members from each stratum. The sampiing
design prepared by Duke Power Company and utilized in this sfudy called for
the selection of only one customer from each stratum, but there were several
strata in the S5SI population that failed to contain a single household.
Before weighted sample means and variances could be computed, the original
192 strata constituting each of the customer classes had to be collapsed
into a smaller set of superstrata ("cells") each of Lhich contained at least
two customers. See Chapter 2 for details of the samp]é design.

While any number of collapsing schemes might have been chosen, the
scheme used here combined the four off-seasoﬁ strata into a single stratum,
leaving only 48 strata per customer class as shown in Table 5-2. If none of
the originally defined strata were empty, there would have been at least
four households in each cell.* Some of the original strata, however, con-
tained none of the sample households and some sample households were also
missing survey information, which caused some cells to have less than four
households. In addition, there were stiil less than the minimum number of
two households for a few cells, which requ%red some additional collapsing
(also shown in Tab]e‘é—Z).

The additional collapsing was performed by joining that cell adjacent
to the zero- or one-member cell that caused‘the selection probability in the

newly formed cell to be as near as possible to the selection probability

*Since replacement were inciuded in the dataset, there could be more
than four households supplying data in some cases.
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POPULATION AND SAMPLE CELL COUNTS OF

TABLE 5-2.
' SUMMER AND WINTER STRATIFICATION
SSI non-551
Rate = R Rate = R
Summer i ‘Summer
Winter 1 2 3 '4 Winter 1 2 3 4
1 820 319 32 2 1 48,878 1,823 72 13
7 7 4 0 -3 4 3 2
2 127 451 46 9 2 24,779 27,268 137 19
4 4 7 5 _ 3 4 3 3
3 28 248 120 14 3 2,068 |35,610 1,827 42
4 7 , 5 4 3 4 3 2
4 18 111 240 78 4 283 1,642 2,529 418
4 4 4 b5 4 0 4 4
Rate = RA Rate = RA
Summer Summer
Winter 1 2 3 4. Winter 1 2 3 4
1 143 ¥ 0 g 1 35,001 18;913 1,821 180
11 0 0 0 3 4 2 2
2 146 7 0 0 2 9,171 41,945 19,577 782
13 4 0 0 4 4 4 4
3 89 15 1 0 3 1,222 13,956 34,833 9,501
10 5 1 0 4 3 3 4
4 14 ) 1 0 4 117 550 3,603 6,912
5 3 gl] 0 2 4 2 3
Rate = RW Rate = RW
Summer Summer
Winter 1 2 3 4 Winter 1 2 3 4
1 1,438 269 25 1 1 99,954 6,772 494 18
] 5 5 0 4 3 4 1
2 52 1,083 143 15 2 42,239 87,135 1,091 38
4 6 4 4 3 3 3 4
3 44 497 422 . 82 3 3,602 72,606 25,273 158
7 5 4 5 3 4_ 3 3
4 16 40 123 78 4 584 2,916 13,259 1,493
3 4 3 5 4 4 4 2
Note: Collapsed cells indicated by boxes.

Stratum boundaries are illustrated in Tables 2-2 through 2-7.
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that existed in the zero- or one-member cei] prior to collapsing. Stated
formally, let C0 be a cell with Py samp1e members and No popu1ation.membgrs
where ng = 0 or 1. Also, let Cj, J=1,...,k (k<4) be k adjacent cells
having sample and population sizes of n, and N., respectively. For j =

J J
1,...k, compute Aj, the jth difference. in the selection probabilities, where

n n_ +n.
A, = _0.—._.0_11
] N0 N0 + Nj (5-1)

Then combine cell Co with that ce]1'Cj for which the value of Aj is the
smallest. Application of the collapsing scheme described above led to a
partitioning of the 353 survey households in{o the 44 SSI plus 46 non-SSI
cells shown in Table 5-2.

A word “of caution is necessary as a result of the collapsing that had
to be performed prior to the computation of the wefghted means and variances.
There is no guarantee that collapsing any two strata §s valid since combining
strata is equivalent to assuming no differences in the compositions of
customers kithin'each of the strata being combined. Should substantial
differences exist in the distribution of, say, a particular appliance within
_%wo strata being combined, and if the selection probabilities differed for
these two strata, then there will be some bias introduced into the computa-
tion of the estimated population saturation of that appliance. -

"Several coilapsing schemes were tested before it was decided to collapse
over the off-season strata to minimize the probability of serious biases
occurring. For example, collapsing over the summer strata was rejected due
to an uneven distribution of air-conditioners among these strata. Similarly,
winter collapsing was rejected due to differing saturations of electric

heating among these strata.
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5.2.2 Computation of Weighted Means and Variances

Given the c011apsed strata (cells) indicated in Table 5-2, weighted
means and variances are computed as follows. Let "j and Nj be.the sample

and population size of the jth cell and let N equal ZNj. Let y.., i=

1,...,nj be the nj sample values for this cell for an arbitrary survey
- -1
variable Y. Then the jth cell mean of Y is yj = nj» Zy?j and the weighted
i

estimate of the population mean of Y is

- -1 -

=N ZN.y. 5-2
Yu i Yj | (5-2)

J

Similarly, the weighted estimate of the population variance of Y is

2 S22 ’ -
s.2=N -l (N - noN, (5-3)
. N, i 373
J ]
where
sj2 is the sampie variance of Y for the jth stratum,

5.2.3 Results

The estimated population means and their standard errors computed
according to Equations (5-2) and (5-3) for the survey variabies defined in
T;ble 5-1 are shown in Table 5-3.. The unweighted sample means of these
variables also are shown in Table 5-3.

Objective one is concerned with how. the SSI and non-5SI popu1a£ions
differ with regard to their appliance saturations and the other household
characteristics covered in the survey. Table 5-3 shows that for a large
number of the survéy variables, the weighted means differ significantly
between the two populations. In all cases the differences point toward
higher average per household usage in the non-SSI class.than in the S§SI
class.

Among the e1ectrfc appliances, the non-SSI class has a significantly

higher saturation of central air conditioners, heat pumps, room by room
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TABLE 5-3.

ESTIMATED POPULATION MEANS AND UNWEIGHTED SAMPLE

MEANS OF 23 SURVEY VARIABLES

Unweighted Sample Means

Estimated Population Means

Non-SS1 SSI Difference® Non-SSI $SI Difference®
Central Air . 384 .093 . 291%% .237 .029 .208%*
Window Air .340 .275 . 065 . 307 172 .135
Heat Pump . 109 .025 .084 .062 . 007 .055%%
Electric Furnace .077 . 064 .013 .073 .011 .062
Room by Room Heat .192 .181 .011 .147 .035 , 112%*
Water Heater .788 . 730 . 0568 . 853 .709 . 144%%
Range .871 .833 .038 .832 . 805 .026
Washer . 789 .5h4 . 235%* .680 .473 L207*
Dryer .b35 .216 LA19%% .449 . 145 . 304**
Dishwasher . 455 .049 L 406%* . 265 . 006 . 259%*
Freezer, frost-free .192 .083 .109%* .116 .073 .043
Non-frost-free . 288 . 328 -.040 .379 .355 .024
Refrig. frost-free .763 .441 . 322%% .732 .345 . 3B7**
Non-frost-free .231 .539 -.308** .251 .634 -.383%x%
House .815 .B72 _143%% .B44 .758 .086
Mobile Home . 134 . 127 .007 -100 . 065 035
Apartment .051 .186 -.135%* .055 . 150 -.095
Fireplace .211 .093 .118%* .137 .116 .021
Woodstove .179 . 181 -, 002 . 148 .235 -.087
Space Heater .032 .059 -.027 . 006 .112 -.106%*
Square Feet of Residence 1.484 .899 . 585** 1.317 .894 . B23%X
Value of Residence 44 . 347 17.717 26.630%* 35,686 14. 045 21.641%*
Number of Household Members 2.968 2.005 . 9p3%k 2.849 1.676 1.173%*

.8 single asterisk (*) indicates the difference in weighted means is statistically significant at
the 10 percent Tevel, a double asterisk (**) at the 5 percent level.
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heating systems, water heaters, washers, dryers, dishwashers, and frost-free
refrigerators. Members of the non-SSI customer class have homes that average
423 more square feet and $21,000 more value than their SSI counterparté.

The typical Bon-SSI household has approximately one more family member than
the typical SSI household.

The -important issue is how these significant differences might‘contrib-
ute to the differences in the loads of these two groups of customers. In
the summer months, a large differential in average air conditioning- usage
per household is certain to exist, since about 54 percent of all non-S3I
households have some form of air conditioning comparéd to about 20 percent
of S5I househoids. A similar situation exists for electric heat usage in
the winter months with the total saturations of the various primary electric
heat systems equal to about 30 percent among the non-SSI households, but
only about 5 percent among the SSI households.

Water heater usage is most likely a major year-round source of differ-
ing usage between the two customer classes. Not only is the electric water
heater saturation about 15 percent higher among non-SSI customers, but the
major appliances that draw hot water--—namely, clothes washers and dish-
washers--have saturations in the non-SSI population of 21 percent and 26
percent, respectively, in excess of those in the SSI population. If these
major appliances are uti]izea at similar rates by both customer classes,
then the average per household water heater usage will be much higher in the
non-$SI class. ~ One other major appliance, the electric clothes dryer, is
also much more prevalent among non-SSI households (45 percent ownership)

than among S$SI households (15 percent ownership).

56

OFFICIAL COPRPY

Feb 18 2020



The survey data show these many sources that contribute to greater
non-SSI than SSI usage. It is not surprising that the comparative analysis
presented in Chapter 4 estimates that indicated SSI househoids typicaily had
loads about 50 percent less than those of non-SSI households. The survey-
results reinforce the importance of presenting both a comparative and a
covariate analysis in this study.

The second objective of determining if large differences exist between
any pairs of sampie and weighted means can be achieved by analyzing the
results of Table 5-3. There is a danger that the contribution to the Toad
as estimated by a regression analysis will be unreliable for variables that
have large differences between sample and weighted means. Errors in predic-

“tion due to errors in specification and estimation will be magnified when
the weighted means deviate substantially from the sémp]e means.

There are some variables for which fairly large aeviations exist between
the sample and weighted means because high users and some rate classes were
oversampled. . For the non-SSI population, the sample saturatiohs are more
than 10 percent greater than the éstimated population saturations for the
central air cénditioners, washer, dryer, and dishwasher. For the S5I popula-
tion, differences this large occurred for the air conditioning, electric
heat, and refrigerator variables. On net, these discrepancies widen the
confidence 1imits for the regression load estimates relative to what they
would have been if the estimates were computed at the sample means.

An effort was made to compute the weighted means and variances with as
Tittle bias as possible; however, some bias may be present in the estimates.
This is because the stratified sampling design prepared by Duke Power Company

called for the selection of only one customer per stratum, which is insuffi-
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cient for the computatibn of variances. Strata had to be combined to com-
plete variances; therefore bias is possible in the weighted means.

The analysis of customer survey data has shown that the population of
non-SSI households has a significantly higher praoportion 0} many major
electric appliances than does the SSI population. The non-S5I customers
also tend to have larger, more expensive résidences and larger family sizes.

The sample means of several of the survey variables were substantially
larger than the corresponding estimates of their population means due to the
oversampling of larger users in each of the populations being samp]ed. The
effect of the differing sample and population means is to increase the
variancé of the load estimates presented in the covariance analysis of

- Chapter 6.
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6.0 COVARIANCE ANALYSIS

In this chapter the information obtained from the Customer survey is
utilized to deQeTop a behavioral model of hourly electricity demand for SSI
and non-SSI households. -The survey data consist of information on the
appliance holdings, secondary heat sourées, household size and vaiue, and
family size of‘each pafticipating Eouseho]d. Together, these variables are-
referred to as "covariates" because they correlate with electricity usage.
The model developed for this analysis is a linear regression model of hourly
qgage ana a collection of findependent variables constructed from the
customer survey data presented in Chapter 5.

The objectives of the covarjance analysis are:

1. To determiné whether the usage of SSI customers is different

from non-SSI customers when influences of covariate variables

are included;

2. To determine whether SSI customers differ from other "low use”
customers,

These objectives will be achieved by using the regression models to carry
out three important activities. These activities are:

1. Compare the estimated hourly per household loads of the
-+ 881 and non-SSI customer classes;

2. Estimate average hourly usage per household of a hypo-
thetical non-SSI class having appliance and demographic
compositions identical to those of the SSI population and
compare the hypothetical non-SSI load with that estimated
for the SSI customer class; and,

3. Perform the above-mentioned estimations and comparisons
separately for the three rate classes (R, RA, and RW).
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The first set of compariscns listed above has already been made in the
comparative analysis of Chapter 4. The covgriance results of these
cdmparjsons/estimations tend to verify the comparative analysis results. An
added benefit from perfofming these ‘estimations is that the precision of the
estimates may be fmproved over that achieved in the comparative aralysis.

The second and third activities are necessary to separate differences
in the typical load patterns of SSI and non=S5I households into those portions
attributable to appliance and demographic differences and those attributable
to differing appliance utilization habits. If the SSI households can be
shown to use electricity in a differgnt manner from non-SSI households,

controlling for differences in appliance saturations and demographic char-

acteristics, then the case for placing them on a éeparate rate schedule is

-,

strengthened. On the other hand, if it is found that the large differences

in the load patterns of typical SSI and non-SSI households can be attributed

almost entirely to differences in the covariates, then it can be assumed that SSI

and non-5SI households behave alike, and the case for placing them on a
separate rate is weakened. )
6.1 DATA COMPILATION AND REDUCTION

The covariance results are presented for four different "day types":
nonholiday weekdays, holidays and weekend days, the summer and winter system
peak days, and days in the peak summer and winter months containing an hour
for which system usage was at least 90 percent of the seasonal peak.' Weekends
and holidays are treated separately from weekdays because the patterns of
hourly loads for these two day types differ and it is important to develop

load curves that realistically characterize particular days. The system

peak days of each month are of interest since the utility's cost of service
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is greatest on these days. Analyzing a single day of usage, however, will
produce load estimates having high variances. "Near peak" days, such as
~ those days for which the sysfgm peag was greater thap 90 percent pf the
seasonal system peak, are a coﬁpromise solution that provides more precise
estimates. In July and January, nine and seven days, respectively, fell
inte this "90 percent of peak" category.

The number of éustomers that could be used in the menthly regression
ana]ysés varied from month to month. In June (the first month of the
_experiment for which some data are available), several of the customers had
not had meters installed causing the analysis sample to be somewhat smaller
than that of the other months. Customers periodically dropped out of the
study and were subsequently replaced by Duke Power Company: Since relatively
complete data throughout a full month was necessary for inclusion of a
customer in the analysis, the number of customers eligible for each month's
analysis varied. Occasional meter failures that caused a customer's usage
vaiues tovbe jnvalid or missing for a period of time created additional
fluctuations in the number of customers. A summary of customer deletions
and inclusions for the comparative analysis was provided earlier in
Table 4-3. Table 6-1 provides data on additional deletions due to missiﬁg
appliance éhd demographic data and final count of customers available for
the monthly covariance analyses. |
6.2 MODEL SPECIFICATION

This section describes the process of specifying the covariate
régression model. The study considered only linear mddels, but numerous

possible specifications remained. The model of electricity demand required:
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TABLE 6-1. DEMOGRAPHIC EDITS AND FINAL SAMPLE SIZES
BY MONTH FOR COVARIANCE ANALYSIS

Appliance and é Final
- Demographic Edits - Sample Size

Month Non-SSI SSI Non-SS§1I SSI
June 1980 16 18 - 97 127
July 18 19 . 105 122
August 15 17 111 -124
September 18 19 113 125
October . 28 17 110 126
November 35 16 115 137
December 37 20 115 145 -
January 1981 31 20 | 118 147
February 32 - 18 114 145
March 32 19 119 141

dValues shown are the number of customers excluded from the covariance analyses
of a given month due to lack of data on one or more of the covariates.
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1. Specification of the dependent varjable--find a transformation of
kWh such that the variance of the transformed variable is approx-
imately constant over its range.

2. Specification of independent variables--using the information
provided in the survey data, construct a concise set of inde~
pendent regression variables that correlate significantly with
the transformed usage variabies in at least some hours.

3. Specifications of differences in SSI and non-SSI customers--de-
termine the manner and extent to which the regression relation-
ships will be allowed to differ between SSI and non-SSI house-

holds. . a

6.2.1 Specification of Dependent Variable

A plot of usage against its predicted values from preliminary
regression results indicated that the variance of the residuals increased
over the range of the predicted variables. This type of heteroskedasticity
is typical of variables with a_finite lower bound (in this case, zero)
and has been noted in most econometric analyses of slectricity consumption
data. The standard procedure used to reduce the heteroskedasticity is
to adopt the natural logarithmic transformation (1n). The 1n(kWh+1)
transformation was used to avoid difficulties for usage values of zero.
A subsequent preliminary analysis of the I1n(kWh+1) values confirmed that
there was no longer significant heteroskedasticity.

6.2.2 Formation of the Independent Variables

The 23 covariates available from the survey data consist of 14
electric appliance variables and 9 nonappliiance variables. The elec-
tricity'used by a household is the sum of the electricity used by the
various appliances within the household, therefore each independent variable
was defined with the intention that it would correlate with. the usage of a
specific type of appliance. Cften, one or more nonappliance variables were

incorporated into the definitions of an appliance-usage variable when this
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would increase its correlation with the end-use of that appliance. Table
6-2-summarizes the appliance-usage variables that were formed from.the
survey data.

The rationale for the variable constructions shown in Tab]eI6-2 is as
follows: AC (air conditioning) usage should be roughly proportional to the
size of the cooled area; therefore the dummy variable for central air
conditibning is multiplied by the square feet of thé residence. Window air
conditioners are aésumed to cool aboﬁt'one-fifth of the residence. The log-
arithmi; (1og) transformation of the cooling variable is used to correspond
to the log transformation of usage.

Hot water use is assumed tc increase linearly with the number of
household members. Again, the log of the positive values of this varigble
was taken to correspond to the log transformation of the dépendent variable.
The clothes-washing and clothes-drying variables are defined also as the
product of indicator variables and the log of the number of household members.

The electric heat variable was, defined as the product of the ef%iciency '
of the type of heat used and the square feet of the residence. The relative
efficiencies of the heat pump, room-by-room system, and electric furnace were
taken from Taylor (1979, p. E.11).

The refrigerator-freezer variable was Eonstructed by weighting the
indicator variables of frost-free and non-frost-free refrigerators and
freezers by the estimatéd kW demand of each unit. The kW estimates were
taken from Miedema et al. (1980, p. 79).

6.2.3 Modeling Differences in SSI and Non-SSI Appliance Utilization

There are basically three options in allowing the utilization rates of

the appliance (i.e., the regression coefficients) to differ between SSI and
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TABLE 6-2. DEFINITION OF COMPOSITE VARIABLES USED IN
COVARIATE REGRESSION ANALYSIS

Variable | Definition?
L_AC LOG [(1/1000) * SIZE_RES]*(CAC + 0.2*WAC)
HOTW_USE HOTW * LOG (NOHHMEM + 1)
EF .4167%HEATPUMP + -, 7708*RM_BY RM + .9167XEL_FURN
L_HEAT (1/1000) * (EF * LOG (SIZE_RES))
L_REFRZ LOG (0.7*NFF_REF + 1.8*FF_REF + 1.32*NFF_FREZ + 2.0*FF_FREZ)
WASHING WASHXHOTWXLOG(NOHHMEM + 1)
" DRY_USE © DRYXLOG(NOHHMEM + 1)

The survey variables appearing in these definitionns are defined in Table 5-1.
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non-SSI households. The first option is to pool the SSi and non-SSI customers
into a single regression and then allow separate regression coefficients for

" each group by including 1nteractions of all of the independent variables

) with an SSI indicator variable. The second option is to include on]ynthat
subset of interaction variables that are deemed important. The third option
is to run separate regressions for the SSI and non=SSI groups. The first

and third options yield identical estimates of the appliance coefficients of

each group, but different estimates of the standard errors of these coefficients.

Choosing between these two options is a matter of assessing the validity of
pooling the two samples. The third option should be chesen when pooling i§
inappropriate. If pooling .is appropriate, then one of the first two options
should be chosen.

The test for the appropriateness of pooling compares the variance of
the regression residuals from the SSI and non-5SI regress{ons (option 3).
If, through an F-test, the hypothesis that the variances are equal can be
rejected, then the data should not be pooled.

Table 6-3 shows F-tests that were performed from the results of selected
hoﬁr]y summer and winter peak day regressions. In several hburs, the SSI
and non-SSI variances differed at the 5-percent level of significance.
These results indicated fhat pooling was inappropriate and separate:fegressions
were run for the SSI and non-SSI samples. While the poséibi1ity exists that
the F-tests might not be rejected when applied to the average weekday
regressions, a common model was adopted for all the day types considered.

The extended decision was not to pool to the entire set of regressions.
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TABLE 6-3. TESTS FOR EQUAL VARIANgEé BETWEEN
SSI AND NON-SSI REGRESSIONS®®

Hour , ‘ F(Summer)c F(Winter‘)c
8 1.826%% - | T 1.408%*
10 - 1.533%% 1.208

12 ' : 1.533%% 1.330%
14 1.630%x 1.617%*
18 | 1,116 o L3

20 1.111 1. 512%*

qr-statistics were computed for peak day regressions of each season.

bStatistica] significance at the 10 percent Tevel is denoted by a single

asterisk (*); at the 5 percent level, by a double asterisk (**),

These F-statistics were computed as:
a - Residual Variance from Non-5SI Regression

[
L dfydf, Residual Variance from S5I Regression

where in the summer (dfy, dfy) = (111,140)
and in the winter (df,, dfy) = (99,116)
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6.2.4 Final Model Specification

The decisions made thus far have been: to run separate linear regressions
for-phe éSI and non-SS1I groups, Fo‘use tn(kWh+l) as the depéndent'variab1es,
and éo use independent‘variab]es--some subset of the survey variables Tistea
in Table 5-1 and the composite variables defined in Table 6-2. To arrive at
a final model specification, the independent variables to iﬁc]&de in this
subset must be determined.

The method of selecting the ffna] 1ist of independent variables was to
run preliminary hourly regressions using the summer and winter peak day data
in which the following variables were included:

- Summer: L AC, HOTW_USE, L_REFRZ, RANGE, WASHING, DRYING, VAL RES

Winter: L _HEAT, WST, HOTW_USE, L_REFRZ, RANGE WASHING, DRYING,
VAL RES

The coefficients of these variables'g%ven by the estimated regressions were
examined; whenever a particular variable was consistently nonsignificant at’
the 10-percent level, that variable was dropped from fhe specification.
Consistent nonsignificance in both the summer and winter sets of regressions
occurred oniy for the variabie WASHING. Careful inspection of the coeffi-
cienis, however, revealed a high negative correlation between the VAL RES and
L AC coefficients. It was then discovered that the correlation between

VAL RES and L_AC variables was 0.711, which explained the negative correlation
of the regression coefficients. Since air conditioning use was regarded as

an importanf end-use to estimate, the VAL _RES variable was dropped to eliminate
its effects on the L_AC est1mates

The final model adaopted is shown in Equation 6 1.

k
5 — .S s _
1‘n(kWh,.it +1) =a; + le th zJ tely . (6-1)
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where
kWh?t = kilowatthours consumed in hour t (t=1, 2,..., 24)
by the ith household in the SSI sample (s=1) or non-SSI
sample (s=2) n
Zj = Jjth independent variable
ai, b§t = .fegression coefficients, and

€5y T random error term.
For the summer regressions (June-October),

{Zj} = {L_AC, HOTW_USE, L_REFRZ, RANGE, DRY USE} and
for the winter regressions (November-March),

{ij} = {L_HEAT, WST, HOTW_USE, L_REFRZ, RANGE, DRY_ USE}

The final number of independent variables included in the regressions
(five in the summer; six in the winter) is small in comparison with the much
iarger number of survey variables available for the analysis. The reasons
for usiﬁg such a small number are:

1. The five major appliance types included usually account for at

least 90 percent of a household's total electricity consumption.
It is very difficult to obtain accurate estimates of the smailler

appliance effects when the Targe appliances are this dominant.

2. Because significant correlations existed among many of the survey
variables, only the essential variables were included to minimize

the effects of multicollinearity on the estimated coefficients and -

thereby increase the precision of the estimated loads.
The sample correlations of the included independent variables are shown in
Table 6-4. Note that many statistica}]y significant correlations exist
among these variables, but that none are greater than 0.430. While the
presence of these correlations will tend to decrease the accuracy and pre-

cision of the estimates of the individual appliance effects, it should have
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TABLE 6-4. CORRELATIONS AMONG INDEPENDENT REGRESSION VARIABLESa’b’
Summer
(July peak day sample) )
L_AC  HOTW_USE L REFRZ RANGE DRY_USE
L_AC - .029 L 273%% .123 . 389%*
HOTW_USE -.020 - . 096 L 296%* .326%*
L_REFRZ .094 L 231%x - .108 . 358%*
RANGE .079 . 218%* . 188%* - .337%*
DRY_USE .124 |, 327 . 323%* . 089 -
Winter
(January peak day sample) '
L_HEAT WST ‘HOTW_USE L_REFRZ RANGE DRY_USE
L_HEAT - L 271%* . 430%* . 257%* . 299%* L 314%%
WST -.111 - . 229%* .174 .094 .314**
HOTW_USE .334%* -, 016 - .083 . 299%* 177
L _REFRZ .231%% .176%* . 226%* - . 190** . 2850%*
RANGE .209%*  -,061 . 235%% .133 - L 297%%
DRY_USE , 248%* . 044 .410** . 281%* .104 -

3Correlations below each diagonal pertaih to SSI sample; those above the

diagonals pertain to non-SSI sample.

bSignificance at 10 percent Tevel is denoted by a single asterisk (*); at

5 percent level, by a double asterisk (**).
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Tittle foect on the estimate of total consumption and the‘precision with
which total consumption is estimated. |
6.3 RESULTS

The regression model of Eq. (6-1) was estimated for the SSI and non-SSI
samples using consumption data from each month of the experiment. For all
months, weekdays and weékend days are considered separately. Regressions
were estimatéd also for the peak summer and winter months (July and January),
peak day and "nearly peak day."
6.3.1 Appliance Effects

Tables 6-5 and 6-6 show the regression results for average July and
January weekdays. These are illustrative of the results for all the regfession
analyses. Each table presents the hourly estimated regression coefficients,
the number of customers supplying data for the regression, and the regression
R-square. The results for SSI customers are shown in the top half of the
tabTles; the non-SSI results in the bottom half. Coefficients significantly
different from zero at the 10-percent Tevel are indicaﬁed by a single ésterisk
(*) while those siénificant at the 5-percent level are identified by a
double asterisk (**). Tables for the other regressions will be presentéd in
a companion Qd1ume to this report.

The L_AC'variab1e was statistically significant for all hours except
from about 6 a.m. to 8 a.m. from June through September for both SSI and
non-SSI households. The magnitude of the coefficients from the SSI regressions
was muéh larger (about double) than that from the non-SSI regressions
because of a much higher ratio of window to central air cohditioners in the

SSI sample and smaller residences for SSI customers. The larger coéfficient

on L_AC for this class simply means that the change in usage per unit change
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[44

TABLE 6-5 ESTIMATED HOURLY REGRESSION COEFFICIENTS, SAMPLE SIZE, AND REGRESSION
R-SQUARE FOR JANUARY WEEKDAY ANALYSIS?

Non-551
HR INTERGEP L_HEAT WST HOTW_USE -‘L_REFRZ RANGE DRY _U3E N R_SQUARE
_1 0, A4249%% _ 0.93D01¥x -0 H5O30xk% 0, 1764xx 0. 0365 -0. 0303 0. 15d2x%x® 118 L6030
3 x YELEES JE3AZEE O, TOI9%% 0. U302 -0.0476 O TSOb%® T18 T B15GZ
38 0,3874x 1.020] %% -0, 4945x%  0.1711x»  0.0098 ~0.0376 0.1690%x 118 .6212
4 0,3845x 1.0691%x -0,4785%xx 0.1638x% 0.0304 -0, 0684 G.1673%x 118 62606
5 0,3784x 1.0652%% -0.4823%x%x 0,1804xx 0.0459 -0.0806 0.1678xx 118 , 6190
6  0.3083 1.0323%x -0.4716xx 0.2127x% 0,115] -0.0095 0.1591xx 118 ,6175
- L35 . *¥ . F 33 . -0 Q. YA
8 0.4434x 0.9751x% -0.3535xx 0.2599*xx 0. 1634 -0,0080 0.1228 118 5200
9 0.4773% 1.0479%x -0.4746%xx  0,2018x%x 00,1463 ~0,0971 0.1384x% 118 5606
0 0.3416 0.9647%x -0.4756x% 0,2029xx 0.2307 -0, 0606 0. 1540% 118 5874
11 0.2494 0.8376xx -0,4872%% 0, 2075%xx 0.2630; -0, 0062 0, 1769%x 118 5728
- 2 U, 21762 U. 74 =, f J : - . €
a 0.2171 '0,7154%x -0.4232%xx 0,2176xx 0,.2701x -0,0127 0. 1784xx 118 .5652
4 0.1706 0.6436x% -0,4027%x% 0.2082xx 0.2711x D.0438 0.1715x%x% 118 .5492
5 Q,2374 0.6738%xx -0,3690x%x 0.1712xx 0.2087 0.0553 0.1671x%x 118 . 5447
__18 0.2685 0.6704xx -0,.3863%x%x 0.1622«% 0.1868 D. 0522 0. 1854x%x 118 6025
. . ¥% -U. 34z 3 . . \ A
18 0.4152xx 0.5927%x -0.3316%x 0.1884xx 0.1109 0.1285 0.2163xx 118 L6077
12 0.4737xx 0.5767xx -0.3172xx 0.2243xx 0.0936 0.1148 0.2104x%x% 118 . 6028
20 0.5399%x 0.5955x%x -0.3020%x% 0,2538xx 0Q,0677 0.0134 0.2053%x 118 .5763
21  0.5469%%  0,6751xx -0.3434dxx  0,2557x% 0.0753 -0, 0692 0,2325xx 118 5973
-, . =0, ¥ . =0, .
23 0.4994xx 0,B04i1xx -0.3327%*% 0.2256%x 0.1142 -0,1087 Q.1847xx 118 5775
24 0.4503%xx 0,9016%x -0,4359xx 0,1976%x 0,0875 -0.0916 0,1782x%x 118 6120
§S1
HR INTERCEP L_HEAT WsT HOTW_USE L_REFRZ RANGE DRY _USE N R_SQUARE
1 _o© 907** 1.4734%x% -0, 1458 0.1841%xx -0.0652 0.0363 -0.0087 147 G125
0,410 BT50%% -0, 0. 176d%% -0. 0215 0. 0130 147 177
3 o.4|59** 1,5470%x -0, 1305 0.1773xx -0,0826 0.0007 -0.Q071 147 6326
4 0.3881*%x 1,6404%xx -0,1315 0.1579x -Q,.0660 0.0107 0,0285 147 6735
5 0.3943xx |,6982xx -0.0872 0.1767x%x -0.0715 a, 0052 0.0028 147 6754
_.B__0.4572%x%__ 1,6915%*% -0,0520 0.2033xx -0.1145 0.0075 0.0381 147 6774
\ Y , X% -0. ; x% -0, =0, 0325 .06 67 .
8 0.5743xx 1,6605%% -0,0035 0.1975xx ~0.1224 0.0814 0.0921 147 6443
9 0.5882xx 1.6133%x -0.0121 - 0.1375x -0,1056 . 00,1483 0,0907 147 64186
10 0.6273x%x 1.6021%x -0.0462 00,1194 -0.1365 0.1387 0.0690 147 6396
__12 0,5997xx  1.4721%x_ -0.0734 0,1496x -0, 1229 0. 1479 0. 0685 147 6220
SIS RERS 1. 4332x% -0, 0T07 O, 17600% -0, 1006 U273 0. U700 T47 6277
13 0.5262*x 1,3B]1Gx* -0,1037 0.1816x» -0, 0509 0.0928 0.0429 147 6370
14 0.4774*x  1.3012xx -0,0725 0.1607xx -0,0387 0.1021 0.0301 147 6414
15 0.4436*x 1.3668%xx -0,0302 0.1378x -0.0196 0.0916 0.0608 147 6468
16 0.4585xx  1.3121%x -0.0099 0.1294%  -0,0263 0.12186 0.0384 147 6134
17 O0.5G24%% V. J018%% 0, 00386 , = 5 a7zz 47 5051
18 0.3326=x 1,.3353xx -0,0301 0.1547x -0.0102 0. 10886 0.0705 147 6241
19 0,556GGxx 1,3536%xx -0.0520 0.1993%xx -0,0445 0.0020 0.0G5G 147 G388
20 0,5399xrx 1,3938%xx -0.0595 0.2060%xx ~0,0626 0.0583 0.0858 147 . 6571
21 0,5272xx% 1.3909x% -0.0870 0. 2220** ~-0,0715 0.3446 0.0934 147 . 6506
272 0TB135%% 1. d067%% =0, T0T7 0.20 -D. 0685 . . 47 . G
23 0,4873xx  1,444Gx% -0,1423 Q. 104at* -0, 0785 0.0393 0.0G6G6 147 , G386
24 0.4536xx 1.4523%xx -0, 14686 0.1753%xx -0.0807 0.0437 0, 0259 147 .6286

A single asterisk (*) denotes the associate regression coefficient was different from zerc

at the 10 percent level of significance; a double asterisk (**),

at the 5 percent level.
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TABLE 6-6 ESTIMATED HOURLY REGRESSION COEFFICIENTS, SAMPLE SIZE, AND REGRESSION
R-SQUARE FOR JULY WEEKDAY ANALYS1S®

Non-S5S1
HR. INTERCEP L_AC HOTW_USE L_REFRZ RANGE DRY _USE N R_SQUARE
1 06,2379 0.5470x%x _ 0.0361 0.2124x% 0.0845 0, 0456 105 . 5509
2 0.230G4 0.50[9%%x 00,0010 0. 2150% oTU7Ya 0. 0332 TGH B0
3 ©.1969 0.4605%x 00,0010 0.1959% 0.0834 00,0446 105 5056
4 0.1479 0.3971x% -0,0094 0, 1964x 0.1219 00,0607 105 4656
5 (,1939 0.3451%xx -0,0033 0,1781x% 0.0721 0, 0730 105 4326
..6_0.1682 0.2051xx _0,0256 0, 2074x% 0.1361 0.0287 105 3082
. M XX N ES . E . Gx
8 0.0600 0.3677**% 0, ]356x 0,3122x% 0,2497x —0 0594 . 105 3659
"9 0.2224 0.30801xx 0.0563 0.2417x% 0,1111 0.0519 105 3857
10 ©0.2775 0.4309%x 0,.0338 0.2169 0.0845 0,1224 105 4134
11 ©.29 77 0.4558%% 0, 0090 0,2283 0.1082 0,1577x 105 4336
7 0.4126 0.4959%% 0.0223 0.2032 0.0479 0. 1506% TOS 4465
3 0.4854** 0.5457*x 0.0080Q 0.1779 0.00485 0.1399xx 105 5183
4 0,4917%x- 0.6166%x Q.0013 0.1654 0.0138 0.1799xx% 105 5467
5 0.608G6xx 0.6344%x -0,0068 0.0830 -0.0379 0.2364%% 105 , 5754
_16  0.5298xx 0,6595%x%x -0.0145 0.1124 -0, 0630 0.2676x% 05 6191
T7 0O.D920%%  U.G62H50% . T . 0] -0, 0060 0, 2508%x 05 L5095
18 0.5124xx 0,6422%x» 0,0362 00,1801 0.0803 0,.2120%x% 05 6081
19 0.5477xx 0,.6536xx 0,0264 0, 2062 0.0696 0,1778xx 105 5992
20 0.5768xx 0.6411%x 0,0233 0.1933 0.0575 0,1498x 105 5797
21 0.5213xx__0.6174%x _0.0389 0,2270x 0.0048 0.1429x% 05 5984
E3 . 5¥ . 0. 2328%  -0.0208 0. 1552%% U5 5734
23 0.4777%x%x 0.5331x% 0.1393x 0.2323x -0.1151 0.1482x 105 5423
24 0.4229xx 0,5368%x 0.0889 0.2040 -0.0594 0.1042 105 . 5234
551
HR INTERCEP L_A HOTW_USE L._REFRZ RANGE DRY _USE M R_SQUARE
e} 0,4201v¥ _0.0959 0O 0Grr___0,0676 0, 0734 122 L2631
“"‘"%“b 1 ?G" NYRIZE _ﬁ T091Y o 1 7“1:"3 533"‘" 0, 0768 122 2609
<] 1425 0,3057*x . 0698 D, 1826« 0.0995x 122 2737
4 0.1445* 0,.3041xx 0 0571 0.1737%x% 0233 0.1088x 122 2862
5 0.1009 0.3413%xx  0.0640 0.1913%% 0.0401 0.1101x 122 3422
§__0.1205 00,2057 0.0874 0.2042%x%x _ 0,0493 0.0972 122 2564
"_‘ . 1584% 0. 1757 0.0880 0.1077%x% 0.0430% 0.0617 22 230
’ 8 0,1804x 0,308Gx*x 0,0971x 0.1977xx 0, 1203x 00,0449 122 3071
9 0.1895x 0,5297%xx 0.1503xx 0,2015%xx%x 0,0834 0.0792 122 3979
10 0.2714xx 0.6449xx 0, 1530%xx 0,1563x 0.0748 0.1157% 122 4225
}1 Q.3604%*% 0Q.7070%xx  0.1513%%x  0,1401x% 0.0175 0.1178x% 122 3875
- . K . £ L T328x . 3 0.0830 22 4006
, 13 D.3652%xx 0,.8798sxx 0,173dxx 0, 2064*%« -0.0442 0.0794 122 4303
14 0.3116xx 0,9902xx 0,1185x% 0.2605%xx -0.0247 0.0704 122 4706
15 0.3056%xx 1,0147xx 0,1187x 0.2866xx -0.0202 0,0400 j22 4727
16 0.2823xx  1.0168%xx  0.12]13x 0.3127xx _-0.0059 0.0626 122 4721
77 0.3000%% 1.0541%% 0O, |229% 0, 3012%x%x _ 0.0009 0, 1083 T22 4984
18 0.3331«x 1.0007x%x 0.1100 0.3046xx 00,0033 0.1132 122 4743
19 0.2820%xx 1.0201xx 0,.1288x 0.3051xx Q,0220 00,0994 122 5073
20 0.2456xx 0,9662xx 0,1187x% 0.2916xx 00,0453 0.0986 122 4961
0.2658%% 0.8515xx 0, 1079% 0,2718xx 0.02?5 0,1252x 1?2 , 49189
“‘22“'67?732** 0, 7160 ™ 0, 1203% 0.2502xx 0, 0420 0. 0905 122 4243
23 L1847x 0.5985x*x 0,.1518xx 0.2395xx 00,0699 0.0817 122 .3786
24 o 1428 0.53338%x% 0, 1340x 0.2385xx 0.0382 0.0962 122 .3378

A single asterisk (*) denotes the associate regression coefficient was different from zero
at the 10 percent level of significance; a double asterisk (**), at the 5 percent level.
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in L_AC is larger within the range of L_AC for SSI households than 1t is
within the broader range of the L_AC for non-S5I households.

Considérab]e hourly and monthly variability was exhibited by these AC
coefficients, but they were generally 1a;ger in the winter than in the
summer. This is because the water heater must work harder in cold weather.

than in warm weather to maintain the desired hot water temperature. In the

winter, the coefficients for both groups of customers were always significantly.

positive, while in the summer significance was aftained from about 7 a.m. to
midnight for the SSI class and only from 6 a.m. to 9 a.m. for the non-3S5I
class.

. The pattern of coefficients of L REFRZ for SSI customers, showing
significance for virtually ail hours in the summer and for very few haurs in
the winter, rgf1ects the relationship that refrigerator and freezer electricity
demands are greater when the household temperature is higher (i.e., in the
summer). For non-SSI customers, a similar pattern existed except that for
the hottest months the significance declined, perhaps because the extra air-
conditioning usage reduced the share of refrigerator-freezer usage below a
statistically detectable level. _

The RANGE coefficients tended to be nonsignificﬁnt, with the following
exceptions: breakfast hours during June and July for non-55I customers,
breakfast and Tunch hours from October through December for SSI customers,
and lunch and dinner hours from October through December for non-SSI customers.
The patterns of significance were roughly ;he same for weekdays and week-
ends.

The coefficients on the DRY_USE variable had distinctly different

patterns of significance for each group. For the SSI group, significance
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occqrred only in the morning and early afternoon hours and only in the

summer and fall. The coefficients from the non-581 'regressicns were signifi-
cant mainly in the afternoon and evening hours in the winter as well as in
the summér‘and fall.

For all winter months the L HEAT coefficients were statistically signif-
icant during all hours of the day. The magnitude of the SSI coefficients
tended to be nearly twice that of the non-SSI coefficients. About 57 percent
of the nbn-SSI eTectric heat customers had wood stoves, while only about 11
percent'of the SSI electric heat customers had wood stoves, which increases
the relative difference in the Eoeffic{ents. The §SI c]aés had older, less
expensive homes than the non-SSI class and, as a result, probably had poor
insulation. The size of the coefficient may also be inf]uencea by the
construction of the L_HEAT variable that incorporated the house size and
thus limited the range of the variable for the SSI customers. There may
also be behavioral differences in desired thermostat settings that influence
the coefficient.

The WST variable was only important in the non-SSI analysis since such
a small percentage of 5SI customers with electric heat also had a wood
stove; The WST coefficients were significant for nearly all hours of the
non-SSI regressions while significance was almost never attained fér WST
in the SSI regressions. - As expected, the magnitude of the significant non-
SST WST coefficients was greatest during the congst months (December and

January) and during the coldest hours (midnight to 10 a.m.) of each month.
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6.3.2 Predicted Non-SSI and SSI Population Load Curves

The estimated population means developed in Chapter 5 were used to
eyaiuate the eétimaéed regressions to give predicted per-househoid Toad
cﬁrves for the non-SSI and SSI customer classes. These same load curves
were'estimated in Chapter 4 via a weighted means analysis. By controlling
for variations in usage due to variation in household appliance and demographic
mixes, it is conceivable that the precision of the predictions developed
here will be greater than that of the predictions developed in Chapter 4,

To some e%tent this will depend on how much precision is lost due to differ-
ences between the sample means and the weighted popuiation means of the
independent variables. |

For both weekday and weekend usage for each of the 10 months, 24 sets
of regressions were estimated. Peak day and "near-peak" day usage was
estimated in Ju1y_and January. FEstimated bad cufves are shown only for July
and January weekdays (Table 6-7). Each table prbvides estimates of the
hourly non-SSI and SSI per-household Toads, their standard errcrs, 95 percent
confidence 1imits, the differences in the hourly Toad estimates, and the
standard errors of these differences.

The monthly predicted 1oadslfrom the covariance analysis are similar to
those from the weighted means analysis. For each month, however, the predicted
non-$SI loads from the covariance analysis are slightly less than those
given by the comparative analysis of the means. The percentage difference
ranges from 0 to 30 percent and is nearly always proportional to the magni-
tude of the predicted toad. In the peak hour of the peak winter day, the
comparative analysis estimated that the average non-SSI customer used 3.46

kWh, while the estimate for the covariance analysis was 2.49 kWh, a differ-
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TABLE 6-7. PREDICTED HOURLY PER HOUSEHOLD LOADS FOR NON-SSI- AND SSI POPULATIONS

Std.
Non=-5S1 8§51 a Error
kWh Std. 95X Conf. Limits kWh 5td. 95% Conf. Limits Difference of
Hour Mean Evror _  Lower Upper Kean Error . Lower Upper (Non-SS1/5S1) Diff.
JULY "WEEKDAYS
1 3 1.15064 Q.0D69G 1.0251 t.2980 H 0,G6230 Q. 04G3 0.5342 0.7156G H 0.5335=% 0,0036
2 1.0150 0. 0049 0,8907 1.1452 @ 0.5619 0.0403 0.4n39 N.GAY7 i 0.A527xx 0,D7GA
D 0, 9062 0.057 0D,7952 1.0202 H 0. 5194 __.0.035g D. 4504 0.5907 H 0.385%«% 0,0 7
AT bIBIEST 0. 055 P R <P T 7 ey + 20 1171 Ny T 011 e St v 0L Sttt o7 [ 11 I ey s o (o 41 TS T
£ : 0.6099 0.0326 0.7065 D.9146 :  0.4699 0.0313 0.409 0.5323 ! 0.3395%a 0.0612
0 :  0.9014 0.0639 0, 7604 .0284 @ 0,5394 0.0303 0. AG57 0.6158 : 0.3G20ss 0.0739
8.1 1:dags  8:9d% 95 2270 1 3:93%4 0833 D-g3el  o.7Als & O.dgazmy g.0060
L4 00 : 5 : . : . ¥ . 09
g7 ~ O30~ 0, bE0S5 ':mys—fazag—'——n. 787 00343 0, 7027 U, BZ6Z T 0. TS| ¥¢ U 09T —
10 : 2885 0.09 S1137 47386 :  0.8741 Q.0479 0.7820- 0.9696 : 0.41d4rs 0.1036
1 LAN71 0.1023 .2227 L6237 :  06.9307 0.0332 0.8235 1.0371 I D.46G3xx Q. ]153
12 1 .5628 0.1079 .9878 , 1.7808 !  D,90884 0.9570 0.08791 1.1024 @ D.574d4ssx  0.]220
_{3 t 1.6460 0.1060 14451 . i . 0,896 0,052 0,084G I.11za__: 0.G505ss_ 0.1208
P I — ¥ 1) UoTG77 T45o2 P S v g+ ¥ (< ey VR 1 0. 0460 IT0EE5 T 07101 [rym F-)
15 ¢ L7043 0.1086 .4977 1.92330 :  0.990 0.0573 0. Aa790 110861 t 0,7142=% 0, 1231
16 1.76G29 0. 1084 L6565 1.9814 1.0250 0.0G16 0.9070 1.1486 @ 0.7979s3  0.(2q7
17 3 1.964A% 0.1193 . 7372 2,206 H 1.0902 0. 0619 Q. aGGO 1.2202 H Q,0742%a O, 13395
_¥B 2 212937 D, V22) . 8912 2.3697 H ).1290 0, 0657 1.0031 1.2607 : 0.9047%s 0. 1387
19— BT2045 24y 17807024557 ¢ T1.070 . CAET2 T TUE006 T S 126TeE O, 100
20 1  2.1404 0.1200 .9107 2.9833 : 0.8978 0.0575 0.8875 1.1127 L1427+ 0, 1336
21 i 1.9697 0,.1060 . 7609 2.1844 H D,9%559 Q. 0626 0.0G49 1.06089 H L0130 0. 1190
22 1.9916 0.1100 .7B17 2.2130 i 0,9684 . 0542 0.8643 1.0767 ¢ .p232sx 0, 1227
33 : 1. 8365 a.107 .G126 2.06518 _ :  0.8311 0.0516 0.7320___ 0,9343__ 0054xs Q.1188
24T TTU6073 T 0, 0907 952 T.EEBETT 40,7152 U.US00 OBl O.8To3 T 0 7uZTE oo toIT—
JANUARY WEEKDAYS
| |.2904 0.083] . 1226 1.4G70 H 0,G414 0.0557 0.53490 0.7533 . 0.6490x%x Q.1042
2 1.2275 a, 0859 . IG39 1.4006 H 0.6107 0.0547 0,506t 0, 7205 H 0.616GAxx  G.1D18
_i9 1.1920 0.0860 1., 0283 1.23653 H 0.5920 0.0534 0.4968 0.7062 : 0.5930+%__0.1012
- 1. T6A5 0, 0870 . 0OI 5590 H 0. 5823 U5 TE AustT T O,6B56 T T OUeUTSIY 0. 1003
5 ! 1.225] 0.0a09 . 0523 1.4084 0.8108 0.0531 0.5091 6.7174 1 0.6143=x 0.]053
6 ! 1.4388 0.102] . 2448 1.6449 @ ©.7047 0. 0566 0.5958 0.8182 i 0.73d1xs 0.11G67
7 1.8187 0.1289 .571S 2,0766 @  0.8306 0.0607 Q. 7145 a.9524 0.905[2s  0.1424
.0, 2.0236 0.1460 . 7476 2.319 ! 1.0500 0.0736 0, 9091 1.19485 Q, 97368 0. 1696 _
N 1,716 01732 ~AU25 1,665 H V2777 U074 0, 90C0 2767 O ShEdsEF 014398
10 : 1.6717 9.1199 . . 4353 .9019 H 1.0801 ¢.0712 0, 9519 1.2931 : Q,500Gxa» 0, 13144
e 1.6267 0. {096 4104 L4700 1.0n320 0.070% 0.959] 1.2353 @ 0.5320*x 0,309
12 : . GOGG 0. lo52 . 4065 .BIOB |.0780 0.0681 0.9477 1.2145 ¢  0,5207s% 0.]1253
12 1.5406 0.0593 . 9574 L 2:1GA : 1.0043 0, 00687 0.0842 . 1300 : 0.5421»x__ 0, 1174
14 1 TABGG— 0 0947 13057 TGYAITTTTTT 0270 06506 0. BTS5G 1. 0454 7 0. SGh7Fs g TITa
15 L4221y 0.0802 .2501 L6036 i 0.8704 0. 0556 0.7718 0.9096 0.5437xx O, | OGN
16 : . 4240 0, 0001 .2708 \5846 @ 0.9266 0.0505 0.8144 1.0437 0.4974s«  0.0032
17 L6132 0,0891 4429 .7921 : 1.060 0.0644 0.9375 1.1901 0,5523=x 0.1100
18 & . B754 0.0938 ., 6959 2.0635 : 1.12R9 0.0663 1. 0000 1.2597 0.7405=x  0.11440
19 .UB39 0. TOT7 . BGERJ . abdd H T.1147 0. 0655 0. 9857 . 59 T (4R 9 210
20 1 2.029a 0.1063 .B268 2.2434 H 1.0223 0.0620 Q.9035 1.1464 H 1.0075xx  0.1230
21 1.9549 0. 1064 .7519 2.1680 !  0.9702 0.0619 0.8515 1.0943 :  ©0.9048ax 0.]23]
22 1.8931 a.1072 .6888 2.1088 9057 0.0607 0.7894d 10274 @ 0.98%5xx 0,]232
23 1.2393 0. 1060 .5375 1.9520 ¢  0.7869 0.0582 0.6856 0.9135__ :  0.9424¢% _0.1209
24 T 1. A858 00933 <[ 74 B I 74+ |t P U. 0560 D.6103 0.8237 T 0.7uBa¥¥ L1080

3 A double asterisk signifies that the difference is statistically significant at the 5% significance level.
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ence of 28 parcent. On the other hand, for this same hour of the average
September weekday, the means analysis predicted an average usage of 1.37
kilh, while the covariance analysis predicted 1.26 kWh, a difference of just
8_percent. .

Both'analysis methods produced nearly identical predictioens of average
per-household SSI-customer usage in all months. This suggests that the
discrepancy between the methods is due to differences in predicted non-SSI
usage. There was virtually no difference in the standard errors of the
estimates given by each procedure for botﬁ the SSI and non-SSI estimates,
which suggests that the additional precision obtained in the covariance
analysis by controlling for éross-sectiona].appliances and demographic
differences was just offset by‘the loss of precision incurred by evaluating
the regressions at the weighted, rather than the sampie, means.

The main benefit p;ovided by the covariance results is that it indicates
that sensible locad estimates can be obtained from the regression equationsl
when they are computed at values of the independent variables that are in

some cases quite different from the sample means. Table 5-3 presented in

Chapter 5, illustrates the magnitude of these differences. As a consequence )

of this "resiliency” of the regression equations, the analyses of individual
rate classes and lTow-usage customers that follow can be approached with
greater confidence.

6.3.3 Comparisons Within Individual Rate Classes

Consumption of non-S$SI and SSI customers by rate class has already been
predicted in the comparison of weighted means analysis of Chapter 4; which
showed that percentage differences between usage of non-SSI and SSI customers
tended to be smaller within rate classes than for all rate classes combined.

Individual rate class means were estimated using only individuals belonging
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to the rate class under consideration. However, when the;e within-rate-
class comparisons are made using the Eovariance.ana1ysis results, the entire
sample of customers figures into the calculations. This is because the
entire sample was used to estimate the regression relationships. The indi-
vidual rate class sampies are only used to obtain within-rate-ciass covariate
means for use in evaluating the éstimated regressions.

The resﬁ]ting non-SSI and SSI load estimates for the R, RA, and RW rate
classes show s%mi]arApercentage differences to those found in the comparative
analysis. Table 6-8.i11ustrates the similarities between fhese results and
those found in Chapter 4, by comparing the percentage diffarences in total
consumption between non-SSI and SSI customers for each rate class found by
each analysis method.

The results of the covariance analysis confirm the finding of the
comparative analysis that, in general, percentage differences within rate
classes are not as large as they are for the combined population. The
actual percentage differences estimated by the covariance analysis for July
were remarkably close to those computed from the comparative analysis. The
January ﬁercentage differences, however, were not as close, being smalier
for the RA and RW classes and larger for the R class.

6.4 COMPARISON OF USAGE BETWEEN SSI AND "LOW USE" CUSTOMERS

The analysis of covariance permits usage of the two-customer classes to
be compared, controlling for differences in appliance saturations and other
household characteristics. By using a common set of covariate values to
evaluate both the ;on-SSI and SSI regressions, the difference found in the
resulting load estimates of non-SSI and SSI customers can be attributed to
behavioral differences between the tWo groups (assuming the vaiidity of the

regression models).
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TABLE 6-8. COMPARISON OF PERCENTAGE DIFFERENCES IN TOTAL DAILY
CONSUMPTION BETWEEN SSI AND NON-SSI CUSTOMERS FOUND BY
WEIGHTED MEANS ANALYSIS AND COVARIANCE ANALYSIS

Jﬁ]y 1980 January 1981
Weighted Weighted

Rate Means Covariance Means Covariance
Class Analysis Analysis Analysis Analysis

R 33 33 17 ‘ 24

RA 50 49 22 8

RW 38 36 43 36
All 49 45 59 45
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The load analyses have shown that non-SSI customers use more electricity
than SSI customers in all three rate classes, in all months and in every
hour of the day, with the only exception occurring between non-SSI and SSI
RA cuttomers in some January daytime hours. It is not known, however, to
what éxtent-the predominantly greater non-S$SI usage is due to a higher
saturation of appliances, larger homes, etc., and to what extent it is due
to greater appliance utilization rates.

The objective of this section is to detefmine if the label "low use"
often applied to the SSI class can be interpreted to mean that a typical SSI
customer will use appliances less than a typical non-SSI customer, or
wﬁether the correct interpretation is simply that the typical SSI household

uses relatively 1ittle ‘electricity because they have fewer appTliances.

To shed seme light on this guestion, the weighted means of the independent

variables computed for the SSI class were inserted into the regression

equation estimated for the non-SSI customers to predict what the typical

non-551 Toad would be if that class had the same appliance and demographic
mix as the SSI class. The exercise was conducted using the overall SSI
population means and also the three individual SSI rate class means. The
four sets of means are shown in Table 6-9. The appliances for which major
differences in saturation occurred among the rate classes were the water
heater and electric heat since‘the rates were defined according to ownership
of these appliances.* In addition to the water heater and primary electric

heét variables, the RA class generally has higher saturations of the other

*Recall that the estimated 34.2 percent saturation of electric water
heaters in the R class is due mainly to customers having water heaters
too small to qualify them for the RW rate and also to the failure of
certain customers who acquired (qualifying) water heaters to identify
themselves to the utility prior to the time the survey was conducted.
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TABLE 6-9. APPLIANCE SATURATIONS AND DEMOGRAPHIC CHARACTERISTICS
BY RATE CLASS FOR SSI POPULATION

Weighted Mean

Variable R RA RW Combined
CAC 006 . 254 .023 .029
WAC .151 . 289 174 .172
HEATPUMP .000 .140 . 000 .007
EL - FURN . 000 201 .000 .011
RM_BY_ RM .003 .594 .003 .035
HOTW ** - 342 .997 892 .709
REFRZ 1.617 1.700 1.712 1.679
RANGE’ .650 . 966 .879 . 805
WASH 449 .596 .475 473
DRY . 095 251 .164 145
DISH .001 .100 .001 .006
WST .233 .081 . 250 .235
NOHHMEM 1.689 1.775 1.659 1.676
SIZE_RES 745 .865 . 980 894
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appliances as well. This is especially true for central air conditioning,

where the RA saturation is estimated to be 25.4 percent as opposed to 2.3 per-

ceht,for the RW class and just 0.6 percent for the R class. These differences

must be kept in mind when interpreting the results among the three rate
classes.

The results of comparing the utilization habits of SSI and non-SSI
customers on a rate by rate basis are shown in-Figures 6~1 and 6~2. The
July analysis for the combined rate classes indicates that the groups use
‘e1ectricity at nearly tﬁe same rate except from 6 p.m. to midnight when non-
SSI utitization is significantly greater. The individual rate é]gsses
reveal more var{abiTity between the utilization rates of non-SSI and SSI
customers. Assuming an appliance and demographic mix corresponding to that
of the SSI R-rate population yields consistently positive differences between
non-SSI and SSI utilization, again with the 1argést differences cccurring
from 6 p.m. to midnight.

The comggrisons, however, are quite different for RA type customers.
In this case the only significant positive differences occur in the morning,
from 6 a.m. to 8 a.m. Significant differences were found for no other
hours, but from 8 a.m. until 5 p.m. SSI utilization was predicted.to be
greater than non-SSI utilization for this mix of customers. The trend
reversed itself in the evening. Many of the positive (5 p.m.-12 p.m.) and
negétive (8 a.m.-5 p.m.) differences, while not significant at the 10 percent
Tevel, were still greater than zero by more than one standard deviation.
Comparisons generated by assuming identical mixes of RW customers showed
significantly greater non-SS8I utilization in the morning (6 a.m.-8 a.m.), in
the evening (6 p.m.-10 p.m.), and 11 p.m. to midnight. The daytime differences

were again mostly negative, but very nearly zero.
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An explanation for the three different ways in which'non-S§I and SSI
utilization compared may be that ﬁore SSI customers are home during the day
(9 a.m.-5 p.m.) so that their use of the discretionary appliances (range,
washer; dryer, dishwasher) is spread %air1y evenly throughout the day and
their use of air conditioning must occur in the daytime as well as nighttime
hours. If so, then relatively fewer non-SSI customers are home during the
day so that they would.tend to concentrate their usage of discretionary
appliances in the morning and evening hours. This would explain the signifi-
cant positiﬁe utilization differentials detected during the morning and
evening hours for R and RW households, as well as the negative differentials
found for the RA customer comparisons (since thay would use less air condi-
tioning durihg the daytime hours).

The results for January are qﬁite interesting. For the three rate
classes combined, SSI usage is estimated to be significantly greater than
non=SSI usage from 8 a.m. to 1 p.m. and from 3 p.m. to 4 p.m. when evaluating
the regressions at the S$SI means. In the remaining hours the-differences
are not significant. The sign pattern, howeJer, is negative (indicating
greater S$SI usage) for all hours except 6 a.m. to 8 a.m. and 6 p.m. to
11 p.m. The comparisons within rate classes show that the combined resuits
are very similar to those for the R and RW rates and much different from
thosg for the RA rate.

The Tack of influence of the RA results on the combined rate results is
due to the small proportion of SSI customers on the RA rate (only 5.3 percent
of the total SSI population). The results, however, indicate that usage of
SST households on the RA rate is significantly greater than usage of non-SSI

households on the RA rate during all hours of the day in January. Possible

86

OFFICIAL CORY

Feb 18 2020



expianations for these differences are a lower saturation of wood stoves, a
preference for warmer household temperatures, and more poorly insulated
homes within the.SSI class in comparison to the general population.

The significantly higher estimated usage in the daytime by the {hand RW
customers may again be reflective of a.re1ative1y larger portion of the SSI
_class being at home during these hours. This hypothesis is supported by
comparfng the shapes of the estimated load curves of the SSI and non-SSI1
customers. The SSI customers consume electricity at a fairly constant rate
from 7 a.m. . to 8 p.m. whereas the non-55I customers have an early morning

peak from 7 a.m. to 8 p.m. and an evening peak from 5 p.m. to 11 p.m.
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7.0 COST ANALYSIS OF LOAD DIFFERENCES
The primary objective of this chapter is to translate the differences
between SSI and non-SSI customer usage that were presented in the comparative
analysis of Chapter 4.0 into differences in the Duke Power system energy
costs. To accomplish this objective, an analysis framework that describes a
utility's cost in terms of marginal and average energy costs has been
developed.

- A major assumption is that the differences in capital costs and costs
associated with transmission and distribution are of lesser conseqguence than
those of energy costs, which implies that the cost estiﬁates represent a
conservative estimate of .the total difference in the cost of serving SSI and
non-SSI customers. The costing procedure will show the relative magnitude
of the energy cost differences, which is essential to determine if £he SS1
rate is cost-justified.

Section 7.1 presents an overview that highlights various costing methoq-
ologies and illustrates both the theoretical and empirical problems associafed
‘with the methodologies. The data compilation and reduction procedﬁres used
in the costing analysis are discussed in Section 7.2. The methodology used
in the cost analysis is developed in Section 7.3 and the results are presented
in Section 7.4.
7.1 OVERVIEW OF COSTING METHODOLOGIES

In recent years researéhers in electricity economics have devoted

considerable attention to the issue of the most appropriate measure of the
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cost of producing electricity. No clear consensus has been reached but a
pragmatic interpretation of the relevant issues will provide a much needed
background for the methodo1égy employed in this chapter to assess the cost
imp11catfons of the differences between SSI customers and non-SSI customers.

Embedded or average cost and marginal cost approaches ‘are the two
primary classifications, or methodologies, for measuring the cost of producing
-electricity. Average cost technfques focus primarily on the recovery of the
investment and operating costs incurred in the production of electricity.
Marginal cost techniques measure the incremental or additional EOSt of
producing one more unit of electricity. Average cost reflects the cost of
producing electricity averaged or weighted over an entire time period;
marginal costs are forward looking, sending signals to producers and consumers
based on the most recent unit produced.

Unfortunately, average cost versus marginal cost has become a hotly
debated issue in which proponents of each technique argue the significance
of fo]low%ng their method. This discussion is blurred even more by arguments
among- the proponents of each methodoiogy as to the appropriate (correct)
interpretation of the theoretical concepts that are the underpinnings of
each approach.

Average-cost techniques combine the capital cost of previousiy purchased
equipment, the cost of new investment, and the varfabie costs of producing
electricity--fuel, operation, and maintenance--into a comprehensive measure

of the cost of producing electricity. The primary concern of average cost

techniques is to provide a method to recover the costs of producing electricity.

Variable costs are easily allocated to the units responsible, even differen-

‘tiated by the time that they were incurred. The main problem in electricity
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pricing is to allocate the capital costs that are common to ali customers.

The average cost methods divide customers into broad classas and ﬂhen allocates
costs across these classes according to various criteria. Table 7-1 summarizes
the most frequently used criteria for allocating capital costs. )

The peak responsibility method allocates demand costs for an electric
utility on the assumption that Fapacity requirements are determined by the
peak load. Capital costs are allocated either totally to the demand component
or are adjusted to compensatg for those customer classes that have higher
16ad factors and impose 1owef costs. These additional measures recognize
the effect on total capacity reguirements of maintenance scheduling and
other system operation factors in addition to the impoftance of the peak
load. The range of measures will also indicate any sensitivity to the
system load characteristics.

The effectiveness of the peak responsibility method for allocating
demand-related costs is hindered by the fact that it does not provide any
benefit to the positive impacts of load diversity and by'the major shifts in
cost allocation that arise when geaks shift. The former effect is mitigated
by using peak averages and the latter can be reduced by using the load
factor excess demand adjustment to account for diversity.

The average of the maximum demands combines maximum class demands,
calculates their average, and uses this average to allocate capital costs.
Noncoincident demand techniques use the group maximum demands that do-not
occur at the same time the system maximum occurs. Both of these téchniques

can be adjusted in the same way as the peak responsibility technique to

incorporate the benefits of diversity.
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TABLE 7-1. CRITERIA FOR ALLOCATING CAPITAL COSTS

Peak responsibiiity

a. 100% to demand comp&nent
b. Load factor--excess demand

Average of maximum demands

a. 100% to demand component
b. Load factor--excess demand

Noncoincident demand
a. 100% to demand component

b. Load factor--excess demand
¢. Load factor--diversity factor
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Four basic shortcomiﬁgs 1imit the usefulness-of the average or embedded
cost techniques. The methods reflect a primary accounting goal of recovering
. sunk costs, imply that resources can be used in the future as in the past,
consider equity in the very narrow terms of an allocated share of accounting
cost, and provide no incentive effects. Turvéy and Anderson (1977) have
pointed out that the relevant costs for efficiently allocating resources are
the additional costs of meeting extra usage. The costs should be a signal
that is related to the value of the resource used or saved. Primarily, -
prices should be forward looking.

Marginal costs overcome the primary weaknesses of the average cost
techniques by providing signals that are forward looking and reflect the
existing situation in the marketplace and that of the electric utility
itself. Marginal costs, however, present the anaiyst with a perplexing
array of problems that 1imit their widespread application in utility rate
design.

Marginal cost is the cost incurred by producing one more unit or the

cost avoided by producing cne less unit. Economic efficiency requires that

marginal costs should equal prices because the incremental value that consumers

place on a unit should just be equal td_the additional opportunity cost
incurred in producing that unit. Marginal cost equal to price shou]& also
serve as a rule of thumb for the eT;ctric utility in that it pays the utility
to continue to produce and sell as long as incfemental revenues cover incre-
mental costs.

Economic efficiency is not an equity criterion and provides no implica-

tions for the fairness of an existing distribution of income. In theoretical
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terms, if marginal cost pricing is not achieved in all markets, economic
welfare may not improve by achieving it in one market. From a practica}
policy perspective, however, reguiators who encourage movements .toward
marginal cost pricing will improve efficiency within the regulatory arena
that they govern.

Problems also arise in defining marginal costs, which, in turn, has lead
to numerous interprefations in an attempt to solve these problems. In a
recent series of works,* several analysts compared and critiqued the alter-
native methodologies for implementing marginal cost pricing for an electric
utility. We will draw from this work to illustrate the problems in defining
marginal costs but will not provide a detailed critique of each method.

To carry out a marginal costs analysis, one must specify the time
perspective that is relevant. Marginal costs consider only those costs that
are variable and ignore the costs that are already sunk into the enterprise.
The Tength of the selected time horizon will determine the percentage of
costs that are variable and thus are included in the analysis.

In specifying the length of the time horizon, most of the major marginal
cost techniques have tended to define the time horizon to allow changes in
plant capacity, arguing that long-run marginal costs ére a more workable
measurement. Short-run marginal costs, which do not allow for changes in

plant capacity, have high variability and may yield the electric utility

*Two of the most relevant works are Temple, Barker, Sloan. An
Evaluation of Four Costing Methodologies, Electric Power Research Insti-
tute (EPRI). Electric Utility Rate Design Study (Report #66), July 13, 1979
and the Comments on an Evaluation of Four Costing Methodologies, by
Temple, Barker Slecan, et al., EPRI, Electric Utility Rate Design Study.
{Report #67), June 12, 1980.
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revenues that are either toc high or too low. The Cicchetti,-Gi]1en and
Smolensky (CGS) method employs the long-run marginal cest definition arguing
tha@ in a "planning" sense, capacity can be varied and is fixed only when
viewéd as "bricks and mortar."

The Ernst and Whinney method assumes that all factors of preduction are
flexible and that any new technology can be incorporated into the cost ‘
analysis. Utilities are assumed to héve full adaptability and are not
restricted to using capacity from the preceding period. This method is less
valuable as a préctica] means of measuring marginal cost than as a means of
comparing the idealized marginal costs of two different production strategies.

The Naticnal ééonomic Research Associates (NERA) method and the Gordian
Associates (Gordian) method constrain the utilities to their current expansion
plans for a relevant time horizon-for coesting, but draw heavily on persona
expertise rathér than rigorous definitions for‘their methods. The Gordian
model, however, allows for up to 100 different future expansion plans and
compares the discounted costs of each in order to select that plan with the
lowest discounted costs of producing_the predicted future demands.

Turvey and Anderson (1977) suggests that from a practical standpoint,
defining the time horizon is not a major probiem. Prices should reflect
both long-run and short-run marginal costs to the extent that each is important
for the utility or policymaker. If long-run signals are more important,
then greater weight should be given to the long-run cost measure and vice
versa,

Marginal cost techniques.must also-solve the problem of specifying the
appropriate incremental unit. CGS solves this problem by specifying the

incremental unit as the change in the timing of expansion planned by a
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utiiity attributable to an increase in production. NERA, on fhe other hand,
defines the marginal unit as the next combustion turbine that is brought on
1ine by an increase in output. It is clear that in solving this problem the
analyst must balance the practical with the theoreti§a1 ideal.

Marginal cost analyses must still find some means of allocating the
costs that are common and that céhnot‘be.easi1y attributed to a customer.
This involves defining a peak period and then developing a rationale for
allocating the common costs (ﬁrimari]y capital costs) across the peak
period. Problems that arise here are very similar to the capital allocation
problems that plague embedded cost analyses.

In summary, there are problems in employing either marginal costs or
average costs to determine the appropriate prices for electricity. Marginal
costs'do provide important signéis to producers and consumers that are
disguised in average cost estimates, which is critical from the rate design

standpoint. For the purposes of this chapter, however, bath provide a

rationate for developing a practical methodology to portray the cost differences

between SSI and non-$SI customers.
7.2 DATA COMPILATION AND REDUCTION

Hourly load data of Duke Power Company for the period June 1980 through
March 1981 (summarized in Section 3.1) were the main source of data for this
analysis. Detailed information on Duke Power production capability, including
plant capacity, fuel usé, heat rate, and production cost for the units, was
provided by Duke Power for inclusion in the GLiMPS production cesting
hdde1:%'GLiMPS is a power system production costing model that estimates

costs based on sequential hourly simulation of the system's operation. The

SSI rate study used a modified version of GLiMPS that minimized the operational

95

OFFICIAL COPY

Feb 18 2020



costs but still produced reliable production costing results. This version
modified the Monte Carlo sjmulation of the power system stochastics and used
'20 production histories in simulating production costs.

GLiMPs determines optimum dajly operating configurations at hourly
intervals using unit commitment and economic dispatch criteria. GLiMPS uses
an optimal unit commitment subroutine to determine the hourly operating
schedule of available units. Standard utility dynamic programming technigues
that consider sta;ting cost and operating cost.provide the basis for the
unit commitment process. Variable operating and ma{ntenance costs are not
considered because they are small compared to fuel-costs. Unit loading and
fuel costs are Qetermined by the LaGrange multiplier economic dispatch
method that provides a cost minimumroperation decision.

GLIMPS estimates the hourly production for an average weekday_and an -
avarage Saturday and Sunday. A simple average of Saturday and Sunday costs
was calculated to provide an estimate comparable with the usage data for an’
average weekend day from the comparative analysis.

The GLiMPS model dispatches only conventional fuels and does not provide
for any hydro capabi1ity. Because the Duke System has supstantia1 hydro
capability, a linear programming routine was employed to adjust the system
load data by using the pumped hydro to shave the peaks and fill the valleys
in the system load profile. More detailed documentation of this Tinear
programming model is presented in Appendix E.

7.3 METHODOLOGY FOR COSTING ANALYSIS

The'basfb objecti;e of the costing methodology is to provide a means

for expressing theldifferences in load between non-SSI and SSI customers in

terms of the cost of producing electricity. As we have demonstrated eartier,
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there 'is no clear consensus on the most appropriate.means for accomplishing
this task.

The key to developing a workable methodology is to focus on those.cost;
components that are most relevant to differences between SSI and non-SSI
customers. Figure 7-1 indicates the possible sources of cost differences
and the one chosen for this study.

At the system level, transmission and distribution costs should be
essentially the same for the.two groups because they require the same equip-
ment and impose the same requirements on the system. :Ignoring these sources
o% potential differences in cost should have little effect on oﬁr results.
At the substation level, the more diverse load of the SSI customers should
result in some small amount of sévings, but this analysis .is concerned only
with system level costs.

Administrative costs should also be essenfially the same for the two
groups except for the requirement that SSI customgrs must be ideﬁtif%ed and
verified by Duke Power Company and the Social Security Administration. This
is. an added cost for Duke, but the order of magnitude is probably small now
that program stértup costs are sunk, and therefore it is excluded by the

costing methodology.

Differences in generation costs should constitute tHe largest component
of the cost differential between serving SSI and non-SSI customers and this
is the primary focus of the costing methodology.” These differences are due
to both capital and energy elements. Differences in capital costs are
excluded because of the arbitrary nature of'attr%butihé eostéhéf caﬁ%ta] to
different residential customers and measuremenf problems in actually deter-

mining capital costs. This exclusion suggests that because SSI customers
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use less energy than non-SSI customers and have at least as high a load
factor, the costing methodoTog& will provide a lower bound estimate of the
difference in the cost of sérvice.

The costing methodology that has been'adopted measures the short-run
marginal and average energy costs of serving SSI and non-SSI customers.
Long-run considerations are excluded because of the small effect the SSI
customers have on system load and any system expansion plans. Since short-
run energy costs are the largest source of cost differences, the use of
these energy costs achieves the primary objective of measuring the cost
differential that results from the usage-differences between SSI and non-SSI
customers.

7.4 RESULTS

Table 7-2 présents the average hourly energy costs for SSI and non-S5S1
customers for a typical weekday. fhe same costs for a typical weekend day
are presented in Table 7-3. The cost estimates.are based on estimated
hourly production cogts provided by the GLiMPS production costing model and
estimated hourly usage from the comparative analysis presented in Chapter 4.

The data indicate that the cost of serving SSI customers, measured in
terms of hourly energy,;osﬁs, are approximately ha1f of those for serving
non-5SI customers. The calculated hourly energy costs follow the system
load profile for both winter and summer by increasing as the system moves
toward peak production. In the off season months, the cost differential is

not quite as great, reflecting the smaller difference in usage in these non-

critical months: - ) -
The average monthly energy costs of a typical weekday and weekend day

for this study are presented in Table 7-4. For the typical weekday, average
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TABLE 7-2.

SSI AND NON-SSI CUSTOMERS--mils/kWh
(June 1980 - March 1981)

AVERAGE HOURLY WEEKDAY ENERGY COSTS

Average _June 1980 July 1980 August 1980 September 1980 October 1980

cost in Non-5S1 SSI Non-5SI 581 Non-5S1 SS1 Non-351 SS1 Non-5SI  SSI

0000-0100 7.95 4.31 12.06 5.76 12.23 6.38 . 8.49 4.83 7.78 4.44
0100-0200 6.48 3.70 10.11 5.13 10.35 5.58 7.09 4.24 6.84 3.89
0200-0300 5.44 3.22 8.58 4.63 9.15 5.00 6.32 3.96 6.70 3.85
0300-0400 5.23 2.99 7.74 4,27 8.24 4.77 5.99 3.63 6.69 3.74
0400-0500 4.93 3.04 7.25 4.25 7.73 4.94 5.87 4.05 7.20 4.08
0500-0600 6.96 3.93 8:36 4.88 9.04 - 5.31 7.87 4.67 10.24 4.88
0600-0700 11.12 5.51 11.55 6.10 12.74 6.38 12.13 6.22 16. 80 8.25
0700-0800 13.27 7.63 13.70 9.66 14.89 8.50 14.69 8.37 19.54 11.06
0800-0900 11.90 8.18 12.36 8.67 14.00 9.40 11.84 9.16 16.19 11.36
0800-1000 12.07 8.41 13.79 9.72 14.96 10.24 11.07 8.63 15.12  10.39
1000-1100 12.64 8.35 15.86 10.35 16.10 10.80 11.61 8.54 13.89 9.52
1100-1200 12.48 8.501 17.67 10.83 18.34 11.15 12.54 9.23 13.68 9.35
1200-1300 10.96 6.78 16.06 19.39 17.07 10.20 12.13 8.06 11.78 7.46
1300-1400 .10.63 6.07 15.74 8.83 17.40 9.86 12.36 7.65 11.01 6.65
1400-1500 10.68 6.07 15.98 9.01 17.97 9.99 12.05 7.66 10.11 6.35
1500-1600 10.98 6.48 16.69 9.23 18.01 10.16 12.51 7.61 10.68 6.72
1600-1700 12.30 7.08 18.23 9.62 20.02 10.72 14.89 8.17 12.46 7.74
1700-1800 14.02 7.33 20.29 9.96 21.65 11.29 17.14 8.77 14.91 8.47
1800-1900 15.75 7.64 21.98  10.15 23.96 11.30 19.35 8.95 17.33 8.81
1900-2000 15.83 7.29 22.10 9.98 23.89 10.75 19.73 9.53 17.87 8.74
2000-2100 15.76 7.54 21.27 9.85 23.95 11.25 19.48 9.65 17.49 8.31
2100-2200 16.92 7.95 22.82 10.43 23.89 11.12 18.30 8.66 17.13 7.41
2200-2300 15,70 6.90 21.75 9.12 21.58 9.70 16.03 7.33 14.70 6.66
2300-2400 12.27 6.06 17.93 7.89 17.92 8.53 12.60 6.22 11.71 5.76

OFFICIAL COPY

Feb 18 2020



T0T

TABLE 7-2 (con.)

Average November 1980 December 1980 January 1981 February 1981 March 1981

cost in Non-SSI - SSI Non-SSI SS1 Non-5S1 551 Non-S551 551 Non-SSI 551

0000-0100 12.32. 5.15 14.52 5.92 17.92 7.56 16.17 6.73 12.11 6.16
0100-0200 11.41 5.01 13.01 5.50 17.11 7.14 15.43 6.34 11.83 5.69
0200-0300 11.27 4,81 12.61 5.33 16..80 6.98 15.18 5.93 11.78 5.49
0300-0400 11.30 4.80 12.92 5.21 16.97 6.88 15.42 6.04 12.29 5.46
0400-0500 12.46 5.14 13.94 5.59 17.80 7.22 16.00 6.35 12.96 5.81
0500-0600 15.87 6.03 16.85 6.60 21.06 8.46 19.06 7.30 16.30 6.96
0600-0700 22.73 9.25 23.24 8.66 29.26 10.41 27.43 7.82 24.64 9.70
0700~0800 25.38 12.33 26.54 11.45 33.10 13.91 31.11 13.09 26.28 12.28
0800-0900 21.11 12.66 23.11 12.65 26.99 15.29 25.20 13.58 21.17 12.96
0900-1000 19.44 11.73 21.72 11.83 26.04 14.31 22.51 12.53 19.12  11.72
1000-1100 18.00 10.66 20.76 11.03 25.29 14.26 21.60 11.93 18.06 11.19
1100-1200 16.93 10.31 19.70 10.49 24.19 13.81 21.02 11.84 ‘17.06  10.56
1200-1300 14.42 8.35 16.77 8.73 20.62 11.68 17.98 9.67 14.74 8.96
1300-1400 12.87 7.38 15.40 7.94 19.34 10.45 16.94 8.61 13.78 7.89
1400-1500 12.29 7.23 14.54 7.92 18.22 9.64 15.42 8.47 13.04 7.76
1500-1600 12.39 7.39 14.77 8.38 18.19 10.33 16.00 9.08 13.21 8.24
1600-1700 14,90 9.24 17.23 9.71 20.87 11.95 18.23 10.66 14.99 9.57
1700-1800 19.61 10.44 22.94 10.54 25.88 12.98 22.37 11.28 18.89 10.04
1800-1900 23.73  10.97 26.86 11.49 30.84 13.97 28.57 12.56 23.21 10.97
1900~2000 23.06 10.11 26.14 10.99 31.44 13.28 29.99 12.19 24.58 11.25
2000-2100 22.19 9.38 25.19 10.37 30.37 12.62 28.28 11.63 23.62 10.86
2100-2200 21.27 8.79 24.52 9.62 29.01 11.60 27.58 10.79 22.67 9.63
2200-2300 19.70 7.88 22.20 8.5%4 26.50 10.42 24.75 9.57 19.26 8.56
2300-2400 17.00 6.89 19.12 7.39 22.75 9.38 20.86 8.67 . 15.85 7.64
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TABLE 7-3.

'SSI AND NON-SSI CUSTOMERS--miTis/kwWh
(June 1980 - March 1981)

AVERAGE HOURLY WEEKEND ENERGY COSTS

Average June 1980 July 1980 August 1980 September 1980 October 1980

cost in Non-SSI SSI Non-SSI SSI Non-SSI SSI Non-SSI SSI Non-SSI  'SSI

0000-0100 9.45 4.85 - 12.41 5.64 11.87 6.04 8.31 4.57 8.17 4.29
0100-0200 7.15 4.03 5.91 5.00 9.68 5.27 7.05 4,13 7.59 4,02
0200-0300 6.38 3.70 8.356 4.50 8.43 4.72 6.05 3.64 6.52 3.69
0300-0400 5.72 3.36 - 7.64 4.17 7.32 4.51 5.50 3.68 6.39 3.65
0400-0500 5.50 3.28 7.04 3.94° 7.04 4,45 5.20 3.65 6.45 3.72
0500-0600 5.91 3,36 6.93 4.09 - 7.08 4.41 5.53 3.95 7.30 3.78
0600-0700 6.89 4.14 7.77 4,82 7.83 4.82 6.40 4,12 8.50 4.93
0700-0800 8.57 5.90 9.47 6.11 9.43 6.30 8.53 5.94 11.18 7.90
(800-0900 11.38 7.51 13.27. 7.91 13.03 8.06 11.57 8.15 15.24 10.62
0900-1000 14.80 8.41 16.55 9.59 13.79 9.54 14.06 8.49 17.63 10.57
1000-1100 16.28 8.52 19.14 10.18 18.54 10.57 14.91 8.60 17.28 9.46
1100-1200 17.49 8.53 18.72 10.12 20.50 10.18 15.74 8.55 16.95 9,37
1200-1300 15.73 7.64 18.51 9.64 18.35 9.45 14.65 7.86 16.09 8.14
1300~1400 14.72 7.57 18.16 8.83 17.91 8.21 14.22 7.21 14.21 7.25
1400-1500 15.01 7.11 17.81 8.64 17.53 8. 87 14.15 7.11 13.20 6.62
1500-1600 14.38 6.84 18.04 8.09 17.34 8.96 14.62 7.12 13.08 6.83
1600-1700 15.18 6.84 18.83 7.97 17.17 8.70 15.00 7.52 13.39 6.91
1700-1800 16.04 6.88 19.36 8.25 18.02 © 9.02 15.56 7.49 14.48 7.39
1800-1900 16.46 6.60 18.82 8.71 17.51 8.72 15.77 7.57 14.95 7.81
1900~2000 16.14 6.55 17.65 8.40 17.52 8.37 15.22 7.70 15.10 7.80
2000-2100 16.00 6.83 18.52 8.40 18.02 8.34 16.85 8.37 15.39 7.97
2100-2200 17.09 7.73 19.90 9.15 18.62 9.22 16.08 7.52 15.43 7.09
2200-2300 16.06 6.96 ©19.24 8.57 17.37 8.11 13.98 6.94 13.85 6.50
2300-2400 14. 36 6.36 17.35 7.50 14.79 7.41 11.96 6.18 11.39 5.58
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TABLE 7-3 (con.)

February 1981

Average . November 1980 December 1980 January 1981 March 1981

cost -in MNon-SSI SS1 Non-SS51 SSI Non=S551 SS1 Non-5S1 5S1 Non=-SSI  SSI

0000-0100 12.40 5.16 16, 50 6.60 20.08 8.20 16.23 7.04 12.78 6.43
0100-0200 11.20 4.88 15.10 6.00 18.74 7.53 15.41 6.34 11.90 5.56
0200-0300 10.53 4.74 14.07 5.78 18,36 7.11 14.94 6.01 11.59 5.46
03a0-0400 10.75 4.56 13.84 5.75 18.14 .13 14.77 5.95 11.82 5.40
-0400-0500 11.24 4.64 15.07 5.74 18.73 7.32 15.11 - 6.05 12.26 5.47
0500-0600 12.21 5.22 16. 24 6.19 19.95 7.73 16.31 6.25. 13.90 5.57
0600-0700 13.98 6.27 17.98 7.05 22.86 8.65 18.45 7.11 16.01 7.72
0700-0800 17.19 9.35 22.28 10.11 26:20 12.15 21.56 10.32 19.38 11.00
0800-0900 21.46  11.77 27.07 13.30 30.67 15.46 25.76 12.66 22.82 13.17
0900-1000 23.55 11.72 28.97 13.63 32.16 14.79 26.63 12.00 23.72  12.05
1000-1100 22.68 11.41 27.66 12.78 - 31.82 15.05% 25.38 il1.72 22.21 11.46
1100-1200 21.75 10.32 25.97 12.56 30.48 14.63 23.68 12.17 20.61 11.12
1200-1300 19.18 8.98 22.97 10.48 27.61 12.34 21.66 10.81 18.22 §.81
1300-1400 17.02 8.21 21.29 9.61 25.80 11.44 20.54 9.36 16.75 8.74
1400~1500 15.56 7.56 19.56 9.14 24.15 10.90 18.34 8.96 15.16 8.18
1500-1600 15.18 7.61 18.73 8.76 23.68 10.53 17.83 8.91 15.10 7.92
1600-1700 16.14 8.43 20.54 9.27 23.97 10.96 18.40 9.12 15.47 8.12
1700-1800 18.56 8.86 - 23.15 10.19 27.65 12.19. 20.26 9.50 17.23 8.45
1800-1300 19.52 9.17 24.19 10.76 29.61 12.67 22.72 9.97 19.00 9.17
1500-2000 19.14 8.94 24.64 . 10.93 29.18 12,56 22.64 9.96 20.05 9.64
2000-2100 19.75 8. 36 24.90 10.87 29.28 12.70 23.01 9.83 20.31  10.37
2100-2200 18.62 8.02 24,80 10.02 29.45 12.38 21.92 9.46- 19.43 9.43
2200-2300 17.17 7.26 22.89 9.13 27.14 10.92 20.21 8.53 17.35. 8.65
2300-2400 15.08 6.21 2083 8.31 24,92 9.90 18.35 8.08 14,96 7.59
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TABLE 7-4. AVERAGE MONTHLY ENERGY COSTS FOR
-NON-SSI AND SSI CUSTOMERS--
WEEKDAYS AND WEEKENDS

Average weekday cost Average weekend cost
- . (¢/kwh) (¢/kWh) -
Month/year Non-SS1 SSI Non-SS1 SS1I
June 1980 1.1 0.6 1.3_ 0.6
July 1980 1 0.8 1.5 0.7
August 1980 1.6 0.9 1.4 0.8
September 1980 - 1.3 0.7 1.2 0.7
October 1980 1.3 0.7 1.2 0.7
" November 1980 1.7 0.8 1.7 0.8
December 1980 1.9 0.9 2.1 0.9
January 1981 A 2.4 1.1 2.5 1.1
February 1581 . 2.2 1.0 2.0 0.9
March 1981 ' 18 0.9 1.7 0.9
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monthly energy costs for SSI customers are approximately haif those of non-

SSI customers in the summer a;d off-season months but are Tess than half in

the winter months. This suggestS'that-when‘the costs are assessed for all

the SSI customers together, they are considerably less than those for the
non-SSI customers. The cost pattern for the typical weekend day is essentially
the same as that for the typical weekday, indicating that SSI energy costs

are about half those of non-SSI customers on the weekend.

The comparative analysis result that within-rate usage differences
be;ween SSI and non-SSI customers are smaller than the overall differences
provides a guide for evaluating the within-rate cost implications. .A costing
analtysis for within rate classes would show the same general pattern as the
comparative results because the same hourly production costs would be used
to calculate the differsnces within rate classes. No detailed cost estimates
are provided becéuse the relative relatijonship is already established.

Table 7-5 presents the marginal energy costs at the hour of monthly
system peak for SSI and non-5SI customers. These costs are calculated by
multiplying peak hour usage for each group by the system marginal energy
cost for the Tast unit dispatched to meet load.

The marginal energy costs for the non-S$SI customer; are considerably
larger than those for the SSI customers. Non-SSI marginal energy costs
exceed those for SSI customers by slightly Tess than a 2 to 1 margin in the
closest month, Septémber, to almost a 3 to 1 margin in January. These Targe
margins reflect the substadtiaT]y lTower consumption of SSI customers at_the
hour of monthly system peak. s

The cost of serving SSI customers, measured in either marginal or

average energy costs, are substantially Tless than those of serving non-S$SI
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TABLE 7-5. MARGINAL ENERGY COST? AT HOUR OF MONTHLY SYSTEM PEAK--
NON-SSI AND SSI CUSTOMERS

OFFICIAL COPY

System
marginal Non-SSI customers $SI customers

energy Peak Marginal Peak Marginal

cost usage cost usage cost
Month/year (¢/kwh) (kWh) - (¢/kWh) (kiWh) (¢/kWh)
June 1980 7.6 1.845 14.02 0.928 7.05
July 1980 B.Sb 2.038 17.32 1.014 8.62
August 1980 8.5b 2.438 20.72 1.447 12.30
September 1980 8.5 1.572 13.36 0.986 8.38
October 1980 8.5 2.174 18.48 0,969 8.24
November 1980 8.5 3,159 26,85 1.221 10.38 -
December 1980 8.5 2.968 25.23 1.208 10.27
Janqary 1981 8.5 3.460 29.40 1. 320 11.22
February 1981 8.5 3.175 26.99 < 1.271 10.80
March 1981 | 8.5  2.401 20.41 1.042 8.86

3production cost of the last unit dispatched in each month to meet load.

bPower purchases were required to meet load this month. The cost of the Tast
unit. dispatched must be at least equal to the cost of purchased power.

106

Feb 18 2020



customers. This suggests that the SSI rate may be justified on the basis of
a lower cost of serving these customers. Determination of a permanent rate
for SSI customers requires careful consideration of its overall rate design

impTlications by both Duke Power Company and the North Carolina Utilities

Commission.
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APPENDIX A
RELATIONSHIP QF THE SSI RATE TO LIFELINE RATES IN THE UNITED STATES

fhe SS5I rate in North Carolina is best viewed in the larger context of
l1ifeline rates. The-Pub1ic Utilities Regulatory Policies Act of 1978
required States to assess the feasibility of lifeline rates. These rates
are derived from the premise that a certain amount of energy is required to
sustain Tife, but, unfortunately, the term 1ifeline Tacks a universal
definition. The purpose of a 1ifeline rdate is either to create lower-than-
average rates for groups of electricity consumers or provide all residentiai
customers a certain usage at rates Tower than the cost of serving them.

Lifeline rate programs are established in twe ways: (1) the program
may be developed on a marginal cost basis, and (2) it may be designated on
the basis that it subsidizes the energy consumption of certain users. The
marginal cost justification is based on the economic efficiency criterion
thgt the consumer's valuation of the incremeﬁta1'unft of a goad should be
equal to the additional (marginal) cost of producing that unit. Lifeline
rates that provide a Tower charge for the initial units of energy consumed
are efficient if the lower rates reflect the marginal cost of energy produc-
tion.

Lower rates oﬁ the inifial units of consumption are based on the .
reésoging that users who consume small amounts of energy impose Tower
marginal costs than other users. This.rationale, however, overlooks the
tact that the time of use is as important as total use in determining

costs. Small users may add significantly to costs if their consumption
A-2 '
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occurs at utility peak periods. Large users may add very little to costs
if their cbnsumption occurs at times of excess utility capacity. Regulators
should consider both the amount of consumption and the time of consumption
in détermining if ]ifeiiné rates are cost-justified. Indeed, most state
commissions have argued that 1ifeline rates should be implemented only if
cost-justified. New York, for example, supports a 300-kWh 1ifeline block
of electricity as a move,toward marginal cest pricing. This project emﬁ]oys
both use and time-of-use evaluation measures to determine if the SSI discount
can be justified on a cost-of-service basis.

The second rationale in various states for 1ifeline rates is that
utilities can subsidize certain individuals. These pregrams are generally

identified as those lowering rates to groups based on income, family, and

ot

age characteristics. It is argued that assistance is needed by these indi-
viduals to purchse some basic Tevel of energy. Rates are purposely set
below marginal costs in these cases. The resulting transfers of income are
best evaluated by the political process, but the use of 1ifeline rates to
transfer income is questionébie because of the.costs involved. The actual
amount of assistance is usually small yet high administration costs may be
incurred. These transfers in many cases could be accomp]ighed Ey existing
government programs in a more cost-effective manner that would not affect
the energy price signals to consumers. -

Because of various identification problems, it is often difficult to
determine if a state has a 1ifetime program. Some problems arise because
the direction of the correlation between income and energy consumption is
unknown. Depending on the direction of this correlation, a program designed
for low-use customers may be classified as 1ifeline program. If Tow-income

consumers use inefficient heating and cooling equipment and have poorly

A-3
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insulated homes and high-income consumers have more efficient equipment,
better insufation, and spend a great deal of time away from.home, then a
negative.correiaﬁion of income and usage exists. Programs aimed at ow-use
consuﬁers will thus have a perverse effect on the existing income distribu-
tion because Tow-income households will be subsidizing consumption by High-
income households.

. Alternatively, as income increases, consumers may buy larger homes or
more energy-intensive appliances, causing a posftive correlation of electric-
ity usage and income. If this situation exists, then low-use subsidies
will be analogous to Tow-income subsidies. These programs, however; would
" ostill adversely affect those Jow-income families that do censume large
améunts of energy.

The second problem in the identification of 1ifeline programs is the
determination of the groups eligible for reduced rates. Eligibility require-
ments range from specific age and income limits to statewide programs for
all residents. The State of California institufed the first statewide
Tifeline rate in 1975 for all residential customers. The program'provided
residents with reduced rates on a basic allowance of electricity and naturai
gas with increases for specific energy uses such as wéter heating, air
conditioning, and space heating. In 1980, Michigan passed a bill requiring
utilities to design 1ifeline rates for residents using less than 350 kWh
per month of electricity. Montana requires each utility to establish a
lifeline rate for residents who use under 15 thousand cubic feet.{Mcf) per
month of natural gas. Some individual utilities in Georgia, Washington,
D.C.,-Minnesota, South Carolina, and Vermont offer lifeline rates to all

residential customers.
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Agé and income requirements are usually specified in 1ifeline programs.
Maine's demonstration project iimited special rates to residents 62 years
oid with annual incomes of 1esslthan $5,000. Prograﬁs aimed at specific
grbups tend tﬁ conform with the basic income transfer premise of 1ifeline
rates because household income is the limiting constfaint in the puréhase
of a minimum amount of energy.

The amount of consumption subsidized also varies by state and season
of the year. The breakoff points range from 150 kWh for Vermont to 1,000
kwh for éouth Carolina. The typical breakoff is usually between 350 and
650 kWh. ‘For natural gas the 1ifeline breakoff point ranges from 26 therms
per month for California to approximately 150 therms (15 Mcf) per month for
Montana. Assistanﬁe.actuaT]y received by residents uﬁder these programs is
difficult to calculate. Subsidies vary with household characteristics and
consumption and between seASOns. Household savings range from almost zero
to almest $9.00 per month for Maine.

Several states offer a fixed amount of assistance for all energy
payments as a substitute for lower rates for certain types of energy.

These payments in many cases tend to be larger than the true lifeline rate
subsidies. Montana, Kentucky, New'Jgrsey, Indiana, and Ohio offer payments
of from $40 to $200 per heating season with the amount of assistance varying
between seasons and with the type of fuels used. Payments are either
credited to a household's utility bill or deducted from taxes. In Kentucky,
hbwever, individuals receive.the assistance payment directly. Assistance

is offered to specific residential groups; for instance, recipients must be
receiving Supplemental Security Income checks in Indiana and New Jersey to
receive the energy payments assistance. The most important difference .

between reduced 1ifeline rates and fixed payments is that fixed energy
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payments.are usually subsidized by general tax revenue while 1ifeline rates
are subsidized by other utility customers. -

The West Virginia Public Service Commission in a May 1981 rate ‘case
provided a ;pecia] rate to SSI fecipients in the Appalachian Power Company
territory on a trial basis. The PSC approved the rate because the SSI
customers were easily identifiable and their small number would have a
-minimal effect on revenues. The PSC order stated that residentjal class
customers will bear the costs of the SSI rate.

Because of the disagreement in interpreting the Public Utilities
Regulatory Policies Act (PURPA) of 1978, considerable inconsistency exists
in the implementation of 1ifeline rates. PURPA recommends to:state commis-
sions that rates be cost based but also requires states to consider Tifeline
‘ rates. The only consistent intgrpretation of PURPA requires that lifeline
rates be implemented only if they are cost-justifjed. This interpretation,
however, is inconsistent with the 1ifeline premise of providing some neces-
sary amount of energy at a Jow cost. The problem is compounded by court
cases in several states that have'queétioned the constitutionality of
reduced rates to a certain group of customers. These court cases have
caused the termination of assistance programs in Colorado, Utah, and Idaho.

.Lifeline rate issues will continue to be a difficult policy issue for
both regulatory and legistative officials. The cross-currents produced by
the conflicting goals of cost-based pricing and minimum energy needs at
reasonable cost will only worsen as the cost of energy production rises.

The difficulty of the issue is heightened by the lack of sound data on the

cost justifications for Jifeline rates and the confusion over the correlation

between energy usage and income. This report provides empirical evidence in

an attempt to shed some 1ight on these facets of the 1ifeline controversy.
' A-6
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APPENDIX B
DATA HANDLING PROCEDURES AT DUKE POWER COMPANY
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MOST COMMON PROBLEMS WITH FIELD TAPES
FOUND IN TRANSLATION PROCESS

1v
2.
3.
s.
5.
6.
7.
:.
9.
10.
11.
12.
13.
14.
15.

Multiplier changed™

‘Low Usage

Erratic Timing

Split Intexvals
Recorder Failure
Switched Channels

Bad Tape

Bad Information on Cards

Light Source

Undetermined Outage

Blank Tépe

"Recorder not Tracking

Missing Data on Channel

- PO/PU

Missing Data & Intervals

oty

Load Research Operations
Rate Department
1-16-789
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LOAD RESEARCH CPERATIONS' DEFINITIQNS OF
MOST COMMON PROBLEMS WITH FIELD TAPES
FOUND IN TRANSLATION PROCESS

1. Multiplier Changed - This problem would occur when the bill
. meter, watthour meter, or recorder constants have been
changed to something other than the constants reported on
the original installation sheet.

2. Low Usage - Tapes having less than 100 Kwh usage are given
special consideration. If the comparison of Pulse Meter
to Billing Meter is close or the difference is not more
than twice the largest multiplier then the tape is
accepted, regardless of percentage. If the translation falls-
outside of these considerations, it is reported as missing
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data. The comparison on all reports will remain a rejected status 2

eventhough the operater will transfer the data to 1600 BPI tape.

3. Erratic Timing - Timing channel reflects the amount of tape
travel in units of milli-seconds. Each 15 minute recorder
would produc¢e 15 minute intervals of approximately 30
milli-seconds. Each 30 minute recorder would produce 30
minute  -intervals of approximately 60 milli-seconds. If at
the time of translation, the timing channel reflects
intervals of extremely high or low values, then the problem
would be flagged as erratic timing. This would be caused by the
. ‘recorder motor changing speed. (KR possible codes: DE, RP, RR).

Ex: Normal 15 min. pattern Erratic timing pattern

2967 2967

2943 - 609

2959 1 br. | “a078 = 1 br.
2980 2001

4. Split Intervals - The timing length for 15 or 30 minute
- recorders is predetermined at approximately 30 milli-seconds
and 60 milli-seconds, respectively. Split or broken intervals
are the result of recorder malfunction. This can be

determined by the timing channel values. (possible KR codes: DE, CI}

Ex A: Normal 15 min. pattern Ex B: Split interval 15 min.
1 2967 5 2979 1 28&7 ‘5 2578
2 2943 6 2947 e 2 2943 6 2620
3 2955 7 2952 2 0FS- 3 3639 7 327 2 hrs-
4 2980 B 2952 4 330 8 2952

As you can see in Ex. B, the values of interval 23 & 24 should
be added together to reach a normal value of 2959. - Intervals
$6 & 47 should also be combined to give a value of 2947. Split
intervals differ from erratic timing in that they can be
combined for a valid data value. Erratic timing has no
pattern and cannot be corrected. )



10.
11.

12.

13.

14.°

15.

[
e

Recorder Failure - The tape for a given period was short on

data and intervals expected. The tape was verified and
found good. Mo outages occurred and power was connected.
Usually, the data pulses are good until a certain point
(which may be several hours or days short of expected
time) after that point, there are no intervals or data.
This shows the same affect that would result if ail power
were removed at once. (possible KR codes: DE. RP, CI).

Switched Channels - Data channels on 4 track recorders that
are wired incorrectly. This indicates data which should
actually be on channel C is recorded on B and vice versa.

Bad Tape - The tape has been verified and could not read
expected data. At this point, the tape is discarded. No
trouble report will be sent.

Bad Information on Cards - Part or all of the start and stop
dates, times, and readings were incorrect or omitted.

Light Source - Light source is suspected when a tape for a
customer that usually has a regular pattern shows a
- splotchy pattern and is missing a large amount of expncted

data. (possible KR codes: DFE, RP, RR}

Undetermined Outage - At the time the tape is changed outage
is checked on the ID card or 2 note is made on the back
that power was off for x number hours with no dates given.
Data would be purged.

Blank Tape - Tape was translated but found no data pulses or
timing intervals.

Recorder not Tracking - When readings from both a pulse generator
meter and a watthour meter are written on the ID card, they
are expected to show a similar total. If this is not the.
case and one total is far greater or smaller than the
other, and the translation shows the same comparison, then
we report a tracking problem.

Missing Data on Channel - Missing data indicates the translation
found fewer pulses than expected. The expected pulse count
was determined by the start.and stop meter readings and the
meter constants on the ID card.

PO/PU (Post-Purge) - PO/PU indicates the data on that part1cular

tape was not usable but that the stop date, time, and
readings were retained for use on the next tape.

Missing Data & Intervals - Fewer data pulses and intervals
“found in translation than expected from information on
ID card.

B-4
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1. L. 42-508,98

ADVANCED WLT -40

OPERATIONS MANUAL

DUKE POWER COMPANY

Charlotte, North Carolina

Copyright © 1977
By WESTINGHOUSE ELECTRIC CORP,

Westinghouse Electric Corporation * Meter & LVIT Division + Raleigh, N. C.
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Code
" DE

AD

Cl

KR

Action
Delete Intervals,

Add intervals. The start and stop times may not
cover more than 38 intervals. The system will
determine how tany interval values are required
to cover the start thru stop time, and request them,
eight at a time, for each channel:

CH Z:

XX TO YY where Z is A, B, or C
XX and YY are interval
number offsets fromthe
correction start time.

If an invalid interval value is entered,
INTERVAL . XX INVALID

is typed and the values beginning, with the incorrect -
one, must be re-entered. In all cases, the system
will specify the interval numbers it expects. A

value entry of "GO" will imply that the last value
entered is to be repeated thru the correction stop
time. If it is entered for the first correction inferval
value, a pulse count of zero is assumed for the entire
correction period.

Replace intervals., Number of intervals limit and
interval value entry is the same as for the AD type.
In addition, a value entry of "NC'" will tell the system
that No Change is desgired for the specified interval.

Repetitive Add intervals. One value only is requested
for each channel, and that one value is inserted

for indicated interval. No limit is placed on the
correction time span.

Repetitive Replace intervals. One value or "NC", “ ~ -
indicating No Change, is requested for each channel
and that one value replaces the value for each indicated
interval. No limit is placed on the correction time span.

t
Combine Intervals. All intervals between the start and
stop times will be combined, and the subsequent intervals

skewed.
B-6
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SURVEY INSTRUMENTS FOR SSI AND
RESIDENTIAL LOAD RESEARCH CUSTOMERS
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- n

0.

12.

T Y

SUPPLEMENTARY SECURITY INCOME DEMOGRAPHIC SURVEY

OF RESIDENTIAL STRUCTURE

House

E] Apartment -
Mobile Home

[] Condominium

SIZE OF STRUCTURE _

NUMBER QOF PERSONS IN HOUSEHOLD

NUMBER OF PERSONS IN HOUSEHCLD
RECEIVING SSI PAYMENTS _ ot

}

TYPE QOF HEATING SYSTEM
— " ’
L] EZlectric Room by Room System
Cj Electric Furnace '
E] Heat Pump
C] Gas, 0il or Coal Central System
E] Gas, 0il or Coal Space Beater
[] other
AFE ANY OF THE FOLLOWING NORMALLY USED

TO HELF EEAT THE STRUCTURE?

Sclar

Portable Electric Heaters.
Fireplace

Wood Stove

O;per

Bgooaa

CINTRRL ELECTRIC AIR CORDITIONING

[

Yes

"WINDOW TYPE™ AIR CONDITIONERS

O
"
»
ta

£-2

LOAD RESEARCHE REFERENCE NUMBER

l. Group No. _

2. Strata No. — ‘

3." Ideme. No. _ _ - _ _ _ T

4. Soc. Sec. No. _ ____ __ ____
13. WATER HEATING

14.

E] Electrie

[ gas

[] oia

E] Solar . T
[] None

IRDICATE ANY OF THE FOLLOWING MAJOR
APPLIANCES IN THE STRUCTURE

Q

Electric Rangs
Frost-Free Refrigerator
Non Frost-Free Refrigerator
Frost-Free Freezer

Non Frost-Free Freezer
Clothes Washer

Electric Clothes 5ryer
Gas Clothes Dr;lrer
Dishwasher

Waste Disposal

Trash Compactor

o o o o

Microwave Oven

Res. Rep.

Date
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‘E; . \E? >
: SSI SUPPLEMENTAL SURVEY 3 AMP S
, O O
_ ! . = <
CALDWELL, ODESSA ; o
Rl4 MOORES CHPL RD | EDP FILE REFE i
. ; NCE

CHARLOTTE, NC "28208 : & TENC I'I.II:

012 ' : . - ,
. g3 tten23sl . 3. Ident. No.Q [ 02350311 P

j ]

, . : o
. This questionnaire should be completed for each SSI household currently o
being monitored for load research purposes. A personal interview is not Ea
recommended. Estimates should be obtained by simply:driving by the residence.m
- If the address is an apartment for which the owner can be easily identified, «
.4 phone call should be placed to the owner to obtain the rent for 1, 2, and -ﬁ
3 bedroom living units., : s

All questionnaires should be completed and returned to Ben Christehbury

by November 1, 1980.

15.

l6.

9/5/80 c-3

Year house built 17. 1If the housing unit is an

. apartment, please determine
- 1930 or before monthly rental from owner

1931 to 1940 | ' Oor manager, if possible
(not tenant).
1941 to 1850 ' )

: . 'l Bedroom
, 1951 to 1960 .
‘ e 1961 to 12790 . 2 Bedroom .
1971 to 1980 3 Bedroon
' Cther

Present market value - ' i o

$10,000 or below
$10,001 to $20,000
$20,001 to $30,000
$30,001 to $40,000
$40,001 to $50,000 !
$50,001 to $60,000
560,001 to $70,000
$70,001 to $80,000
$80,001 to $50,000
.$90,001 to $100,000
$100,001 or above

Surveyed by

1f the housing unit is

a duplex, please indi- Date
cate an estimate for

one side or one housing Comment
unit. '




. . ‘ ' RESIDENT_IAL MARKET RESEARCH SURVEY >
o : . . 0
- Load Research Reference NMumber 2
_ 1. Group No. | ] | | | <
' 2. Strata No. | | | E
3 ident. No || | [ | J]]{]]]&
{Circle Number For The Proper Answer Or “Fill-in" All Spaces) ﬁ
A. TYPE STRUCTURE I. PRIMARY HEATING FUEL P. WATER HEATING ﬁ
) House . 1. Electric 1. Electric )
2. Apartment 2, Gas (2 Gas 0
3. Mobile Home ~3,LP Gas ‘ 3, Other 0
4. Condominium 4, Oil : 4. None
5.;Summer Home 5. Other
3 . None Q. SOLAR WATER HEATING
B. YEAR BUILT 182 C_ 1. Yes
J. TYPE OF PRIMARY HEATING SYSTEM (3 No
C. STYLE OF STRUCTURE o

#1; One Level

2. Two Level
3. Tri-Level {or more)
4. Double Wide

SIZE OF STRUGTURE
s

e _ 8% 1. .

IS THIS AN EES STRUCTURE?
1. Yes

-~ -

¢ 2. No

F..

-—

MEMBERS OF HOUSEHOLD

1. Under § years oid

2. From 6 through 18 years

3. From 19 through 65 years _{

4. Over 65 years old _=

. HOW MANY MEMBERS SHOWN IN
.QUESTION F ARE LIVING AWAY FAOM

HOME AT COLLEGE OR OTHER TYPES

- OF SCHOOLS?

DO YOU LIVE *

1. Inside the city limits of
2 town or city ’

2, Within a residential sub-division
but outside the city limits

3. In 2 rural area

4. On a farm

1. Room-by-Room Electric

2, Electric Furnace

3. Heat Pump

4. Fossil Ceniral System
«'5. Fossil Space Heater

B, Mong

K. ARE ANY OF THE FOLLOWING

NOAMALLY USED TO HELP HEAT
YOUR HOME?

1. Solar

2. Portable Eleclric Heaters .
3. Fireplace
{4 Wood Stove

‘:.'.. Range o

€. Other
7. None

. AlR CONDITIONING

1. Central Electric

2, Central Gas

3. Window Units
f4. None

M. YEAR INSTALLED 19__.___

(Latest year if window units)

N. TOTAL NUMEER IF WINDOW UNITS

IN L

O. IS THERE A “HEAT RECLAIM"

DEVICE ON THE CENTRAL AIR
CONDITIONING?

1. Yes

R._ ELECTRIC WATER HEATER.SIZE
1. 80 gal.

68 gal,

50 gal.

40 gal.

30 gal.

. Smaller

woe PN

o

S. WHAT IS THE LARGEST SIZE
ELECTRIC WATER HEATER THAT
CAN BE INSTALLED AT THE
PRESENT LOCATION?

1. 80 gal. {64"H x'268"W) .
2, 66 gal. (64"H x 25"W)

3. 50 gal. {B0"H x 22"W)

4. 40 gal. (48"H x 22"W)

5. Tank size cannot be increased

T. ELECTRIC WATER HEATER LOCATIQ
. Basement

. Crawl Space

. Storage Area

. Living Area

Attic

. Other

[ R . B

U. MICROWAVE OVEN
1. Yes
¢ 2. No



; V. PERCENT OF MEALS PREPARED BY
- WM.CROWAVE OVEN

-

. 10% or less
. 11% - 20%
. 21% - 30%
31% ~40%

. over 41%

L S O

W. TOTAL MEALS PER WEEK

X. AANGE "

1. Electric

* Y. PRIMARY REFRIGERATION
1. Side by Side
U2 Other Types of Frost Free
3. Non-Frost Free
_ 4, None

Z. SECONDARY HREFRIGERATION
1. Side by Side
2. Other Types of Frost Free
3. Non-Frost Free

5 None

Ab, PRIMARY FREEZER
1. Frost Free
2. Other

2 lone

BB. SECONDARY FREEZER
1. Frost Free
2. Other
( '-3_) None

- CC. CLOTHES WASHER
) ¢71) Yes
2. No

DD. DISHWASHER
1. Yes

{2 No

EE. DISPOSAL
1. Yes
2 No

FF. CLOTHZS DRYER
1. Electric
2, Gas
.C:-s.‘/ None

GG. TRASH COMPACTOR
1. Yes
72 No

HH. TELEVISIONS

'_.L Total Number

II. HAVE YOU ADDED HOME INSULATION
WITHIN THE LAST 12 MONTHS?

1. Ceiling
2. Sidewall
3. Floor

- 4. Storm Windows

@ Nene

JJ. ARE YOU AWARE OF DUKE POWER'S
ENERGY EFFICIENT APPLIANCE
PROGRAM?

1. Yes

+{27 No

KK. APPLIANCES PURCHASED IN THE

LAST 12 MONTHS
1. Aslrigerator
2. J,Electric Water Heater
3. Dishwasher
4. Room Air Conditioner

/5 None of the above

LL, WERE THEY ENERGY EFFICIENT
APPLIANCES?

1. Reftigerator

2. Electric Water Heater
3, Dishwasher

4. Room Air Conditioner
g, No

MM. WHAT PERCENT OF YOUR HOME DO
YOU HEAT?

/1. 100%

. BD%

60%

50"'

Less than 50%

oo

-5

.

NN. WHAT IS YOUR NORMAL THERMOS'
SETTING FOR HEATING?

-—CF

CORY

©0. WHAT IS YOUR NORMAL THERMOS]
SCITING FOR HEATING AT NIGHTEL

—"F

PP. WHAT TIME IS THF HE.ATING
“8ET BACK"?

(Military time) . —_—

OFFICI

QQ. WHAT TIME 1S IT “SET UP"?
(Military time) __ _____ _ _

Feb 18 2020

RR.. DO YOU LET YOUR AIR CONDITION!
OPERATE DURING THE DAY, IF YOU
ARE NOT AT HOME?

1. Yes .
2. No

WHAT IS THE NORMAL THEAMOSTA
SETTING FOR YOUR AIR CONDITIONI

g8

- —°F

TT. WHAT PERCENT OF THE HOME DO
YOU AIR CORDITION?

1. 100%
2. 75%
. 3, 50%
4, 25%
5 Less than 25%

COULD WE INSTALL A RECORDING
METER ON YOUR HOME IF REQUIRE
BY REGULATORY BODIES? -

@ Yes

2, No

uu

vV, ESTIMATE THE FOLLOWING

1. For Rental Living Unit, 1ra
Monthly Rent S___

2, For Others, Present Market
vawe Q_Q s o



10. TEMP. DIFF. HTG.

13. DUCT LOCATION o

.A-Attic' C - Crawl Space

N - None '

HEAT GAIN AND HEAT LOSS

11. ROOF

Foi'a_ FIELD USE ONLY

Table for Calculating Shaded & Unshaded Glass Arsas

1. Direction Window Faces

2. Total Window Area 5q. Ft.

3, Width of Window, FL

4, Shaded Area Per Foot of
Overhang - Table B - 1, 8g. Ft.

§. Width of Overhang, FL

6. Total Area of Shaded Glass,
Sa. F1. (Line 4) X (Line 5)

7. Toia! Area of Unshzded Glass,
Sq. Ft. (Line 2) — (Line &)

S
_ , FOR o
1979 RESIDENTIAL MARKET HESEARCH SURVEY 8
1
X
O
T8
L
O
8. NQO. PECPLE. | |~
(Lt.or Dk) 12 DUCT INS. [Z| Inch (es) o
- S
. -
TYeE " Const. HTM o
EXPOSURE No. Hg - Clg Leng®
- . ek
20| Gross Walls | a . /I ] i H
Windows 2] 13341 1 | clolni®
21| and Glass bi | 1 11 ||
{Htg) el 1] [ 1 3 |
a| North [ & IA |
b | North | e L
Windows i '
c| E&W or NEENW
22| and Glass - | é ]
" {Clg) d] E&W or NE&NW oY |
i) - |
h or SE&SW ‘
e!| South or 3 3106\- S1
t | South or SEASW - |
&) 1HIC] a1 [ & 1C1 .14
23| Doors by 1| [ 1 [ & | I |
c i1 |} I 1]
Net Sl B I = A [ ¢ [~1Y]/S
Exposed bl 1| | | 1__é 1
24| Walls and c i | I | | & {1
Partitions d | ] ) | [ é I I_
25| Ceilings Bl / |-r1.5 L | | @ / Icff -
bl ¢ 1 [ 1 [ ) P
28| Fioors el 7= [ | & 12101~
bl 1 1 i 1 _é L1
Fie;. H-GP:J
Date:_
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APPENDIX D

STATISTICAL ESTIMATION AND TESTING METHODOLOGY

The design of the Duke Power Compény S5I Rate Study involves the
use of two stratified random gsamples. The first sample was selected
from the population of North Carolina residentiai customers not on the
SSI rate in Augﬁst 1979. Members of the second sample were drawn from
the'population of Nerth Carolina residential customerg served by the
SST rate at that time.* Because of the relatively simple designs, the
estimation methodology is straightfgrward if stratum sizes arelassumed

known. This assumption is made throughout.

Notation and Parameters of Interest

The first population of interest, consisting of sample—eligible,
non-85I, North Carolina residential customers in the Duke service area,

is denoted by I=1; and the second population, by I=2. Define the

following:
) th ' th
N(I,h) = the number of customers in the h stratum of the I
population, h = 1, 2, ..., HI;
i th
N(I) = :E: N(I,h) = number of customers in the I population;
h=1
. . th
n(I,h) = the number of sample customers selected from the h
stratum of the Ith population;
rY(I,h) = the number of sample customers in the hth stratum of the
Ith population who provide "valid'" data on a given response
variable, Y.
® Some exclusions prevented some of the residential customers 'from

being eligible for either of these samples.

D-2
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Let Y and Z represent two arbitrary response variables. For in-
stance, Z might represent "kWh consumed during the.hour of system peak
load of a particular month"”, and Y might represent "average hourly kWh -
consumed during the particular month." Let Y(I,h,i) and Z{I,h,i) denote
the values of such wvariables for the ith customer of the hth étrétum in

L]

th . P
the I~ population. The .parameters of interest are of two types:

B B oweL,w
Averages: Y(I) = 2: E: Y(I,h,1) / N(D)
. b=l im1
B N(LLE)
Yy, ¥, 7 ND
Load Factors: E&I) h;l i=l .
Z(1) I N(I,h)
>, Z(I,h,i) / N(I)
h=1 {i=1 - —

Estimation of these two types of population parameters is described in
the following sections. To facilitate that discussion, it is convenient
to define the following for each sample member:

X (I,h,1) = 1, if the ;™M sample member in the kUl stratum of
population I provides valid data on the arbitrary

response variable Y, and

0, otherwise.

Note that
n(I,h)

2, X(Ihi).
i=1

rY(I,h)

Estimation .of Population Averages -
Estimates of Y(I) are obtained as weighted averages of the sample

stratum means:

HI
§(I) — Z N(I,h) ?(I,h)
p=1 VD

D-3
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where
-~ n(Iph) .,
Y(I:h) = Z X-Y(I:hsl) Y(Ish,l) / rY(I:h)-
i=1 .

It should be noted that this estimate (and subsequént estimates) involve
an implicit dimputation when rY(I,h) < a(Il,h), i.e., whén some sample
customers fail to provide valid data on the particular response vari-
able.

It is assumed that rY(I,h) = 2 for all I and h*; hence, the stand-

ard error of the estimated .average Y(I) is obtained by taking the square

root of
/’\[4 ] ZHI [N.(I h)]2 2 -
Var Y(I) = —_=r S (I,h) f (I’h) / T (I)h)1
el N(I) Y Y . Y

where fY(I,h) =1 - rY(I,h) / N(L,h) is the finite population correction
factor for the hth stratum of population I, and sé(I,h) is
the variance of Y among the rY(I,h) respondents in the hth
stratum of the It'h population, i.e.,

n(Il,h)
s(Ih)— Z X, (1,h,1) [v(z,h,1) - ¥(I,0)]% /[ry(z,h)-1].

Estimation of Population Load Factors

Assume that XY(I,h,i) = XZ(I,h,i); that is, assume that those
sample customers providing valid data on Y also provide valid data on
*x
another response variable Z. With appropriate definitions of Y and 2,

and assuming a known fixed time for which the load factor is to be

® When this fails to hold, customers in the affected strata are
grouped with those in an adjacent stratum. Some bias in the esti-
mates, as well as decreased precision, can be expected to result
from collapsing strata in this fashion.

%%  Otherwise, the data file is restricted to such customers and the
definition of XY(I h,i) is modified accordingly.

D-4
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determined (e.g., the hour of system peak), the estimate of a load

factor for the Ith population, R(I}, has the form

>
~~

1)
(1)

where both the numerator and denominator are estimated in the manner of

|

R(I) =

)

the previous section.

The estimated variance of R(I) is approximated as

Var [R(D] = == ;{vﬁ} @1+ RO1? VR ZM] - 220 vE @, Zm1},
. =
where n
“ N I 2 £ (I,h)
PESIT e
Cov[¥(I),Z(I)] —_El [Nm WY Sy, (I50)

aﬁd
n{I,h)} . ~ N
Sy5(I,h) = :.Z"'l X, (I,h,1) [Y(I,h,i) - Y(I,h)] [2(T,h,1)-2(1,h)]/[ry(I,h)~1].

Estimation and Comparison of Population Differences

Differences in the non-551 ana SSI population parameters are of two
types:

1. Diffefénces in population averages; Y1) - Y(2), and

2. Differences in population load factors: BR(1l) - R(2}.
Such differences are estimated, respectively, as ?(1) - ?(2) and as
: ﬁ(l) - ﬁ(Q).‘ Under the assumption that these estimates are approximate—
ly normally distributed, approximate tests of significance can be per-
formed to determine .if diffefences exist in the population averages or
load factors. In the first case, (i.e., comparisom of population aver-—
ages), the form of the test statistic is

e Y1) -I@) -
Q’ Var[Y(1)] + VAX[Y(2)]
D-5
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Statistically significant differences (at the o level) are determined
when this T value exceeds the (1-af2) x 100 percentage point of the t

distribution having degrees of freedom equal to

<

2 H
> X [ @) -1l
I=1 h=1

The test statistic for comparing population load factors is of identi-

cal form, with R(I) replacing ?fl) in the formula.

Estimation of Effects of Various Penetration Levels of SSIL Cﬁstomers.

Let P, 0 < P < 1, represent the proportion of Duke's North Carolina
residential customers not 6n the SSI rate at some point in time. The
electricity consumption during a particular time frame for the residential
class as a whole can therefore be represented by

?p = PY(1) + Q¥(2),

where Q = 1-P and where Y(I) is the average consumption during the par-
ticular time frame foF‘the Ith population. An'estimate‘of ?; is giveﬁ
by |

?p = PY(l) + GL(2).

'I'lnewll

Under the assumption of no population growth, the assumption that
S8 customers exhibit usage patterns like those of current (i.e., at

the time of sampling) SSI customers, and the assumption that the remain-
ing non-38SI customers exhibit usage pa#terns like those of current non—
S$SI customers, such estimates provide projected population estimatesfkér
the‘Duke North Carolina residential claés as a whole (with the exception

of those customers ineligible for either sampie);‘ Assuming that-P is a

known constant, the wvariance of Yp is estimated as

D-6
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SN = Ve s Fa Y
Var(Yp) = P2 Var[¥(1)] + Q2 Var[Y(2)]. 3
Under the same assumptions, projected load factors, RP, for the
residential class can also be estimated. These estimates take the form
R =Y /2
P P p’

where the time frame for the numerator variable is chosen to be an
average hour over a day (or month) and the time frame for the denomina-

tor variable is chosen as some specific hour during the day (or momth).

An approximate variance .of the estimated load factor is estimated as

A~ 1 A= A - /\AA:'
v R = = [Var(Y 4+ R Var(z -~ 2R_ Cov(Y_,Z
2@ -5 (V@) + & var@) - ) V@ 2)
P
where
P . 2 N2 .3 2 AN e Y
Cov(Y ,Z ) = P Cov[Y(1),Z(1)] + Q" Cov[¥(2),Z(2)].

PP
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APPENDIX E
GENERAL DESCRIPTION -OF THE HYDRO MODEL
HYDRG is a FORTRAN imp]ement;tion of a serigélof models which simulate
the dispatéh of all forms of hydroelectric generating capacity on a month-by-
monéh basis. Inﬁuts to the model are of two forms:

.1.  Information (in GLiMPS format) which is used to construct unit
"~ fuel costs of power from non-hydroelectric generating capacity:

2. The system load curve (time- sequent1a]) for the ut111ty for an -
arbitrary number -of months, in EEI format.

Output of the model is an EEI format load curve (time-sequential) for
"‘the same months' input, which has been revised to include the effects of the
dispatch of the following forms of hydroelectric generating capacity.

1. Rup-of-the-river

2. Conventional (behind-the-dam) storage

3. Pumped storage _

It should be noted that in its present form, HYDRO is applicable only
to Duke Power Company, and strictly applicable only to months in the period
1/1/80'through 12/3/95. Descriptions of hydroelectric facilities are internal
to the model, j.e., embedded in the FORTRAN code. Generalization of the
model can be obtained by revisiné the code to accept these data from external
sources.

For each month, the system load curve is read into the program, and
average hourly run-of-the-river power 1is .removed.

Next, conventiona]'storage hydro is dispatched, based on the total

energy available from this source in a given month. The load curve for all

E-2
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hours in which demand exceeds a particle lTevel (Y*) is reduced to that

level, subject to the constraint imposed by the maximum rate at which energy

.can be delivered. For Duke Power this rate is taken to be 812 MW.

Y* is determined by the model as a function of fhe total energy in the
month and the Toad duration curve for the month, shown in Figure E-1.

Finally, the energy to be shifted from peak to base by pumped hydro
storage is determined and this capacity is dispatched.

This is the most complex section of the model. Consider Figure E-2.
The curve B represents the gross benefit to the utility from dispiacing high
cost generating capacity from peak hours. Curve C represents the gross cost
of providing that power. Thus, the net profit to the utility is given by
the (vertical) distance betﬁeen‘these two curves. Economic theory suggests
that this profit will be at a maximum at the point where the marginai benefiﬁ
is equal.to marginal cost (E*); If the cost and benefit curvés can be
represented by equations, finding the optimum is easy.

However, the‘avai1ab1e data represent the curves as piece-wise iinear
approximations, so that the value of E* can on1y°be approximated in the
normal casa. The method used is as follows:

1. The highest-cost plant being used to meet demand is found.

2. The lowest-cost plant having unused capacity in the base period is
found.

3. If the ratio of low-cost to high-cost of the plants (correcting
for energy efficiency of the pumping process) is less than one,
the current estimates of E* 1ie to the left of E* in Figure E-2.
A better solution is possible. Two estimates of Y* are found,
associated with the high-cost and Tow-cost plants, respectively.
From these values the amounts of energy (E*) that can be shifted
are found, and another plant is considered on the peak or base
periods, whichever is smailer.
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Figure E-1. Optimum energy supplied from pumped storage
and associated pricing points.
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Time

Flgure E-2. Energy shifting with pumped storage subject to capaclty
. and energy constraints.
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4. If the ratio of Tow-cost to high-cost is greater than one, the
current estimates of E* are economically suboptimal, i.e., they
lie to the right of the best value of E* in Figure E-2.

In this case, the previous solution is taken to be the best

approximation of Y*. The smaller amount of energy in the peak or .

base is the binding constraint, and the value of Y* at the other
end of the Toad duration.curve is adjusted until its associated E*
is equal " to the smaller amount.

*
5. The load curve for the month is then revised to the levels YP and

*
YB, constrained by the maximum charge and discharge rate of the
system. This value is 610 representing Jocassee, and rises to

1610 MW by April 1991 as the Bad River facilities become availabTe.

No check is made of possible capacity constraints of pumped hydro in
the model, but our examination of the data suggests that no such constraint

is binding.
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Page 1 of 2

List of Web Links for Programs in Other States Related

to Low-Income Electric Rates and Assistance

Office of Leqislative Research — “Utility Rate Discounts for Low-Income
Customers in Other States, February 2018
https://www.cga.ct.gov/2018/rpt/pdf/2018-R-0051.pdf

ASPE - “Approached to Low-Income Energy Assistance Funding in
Selected States,” April 2014
https://aspe.hhs.gov/system/files/pdf/180296/rb_LIHEAP.pdf

Choose Energy — Compilation of Resources in Various States
https://www.chooseenergy.com/blog/energy-tips/summer-enerqy-
assistance-programs/

National Grid Rhode Island - Rate discount for Eligible Low-Income
Customers on Food Stamps, LIHEAP, or receiving SSI.
https://www.nationalgridus.com/RI-Home/Bill-Help/Discount-Rates

SMUD Low-Income Assistance and Non-Profit Discount
https://www.smud.org/en/Rate-Information/Low-income-and-nonprofits

Lite-Up Texas — Texas program that provided rate discounts to eligible
low-income customers. Program was terminated in August 2017.
https://www.puc.texas.gov/consumer/lowincome/assistance.aspx

PECO — Customer Assistance Program provides monthly credits to
eligible low-income customers.
https://www.peco.com/MyAccount/CustomerSupport/Pages/CAPRate.asp
X
https://www.peco.com/MyAccount/CustomerSupport/Pages/AssistancePro

grams.aspx

Pennsylvania Public Utility Commission — Summary of Energy Assistance
Programs

http://www.puc.state.pa.us/consumer_info/electricity/enerqy assistance p
rograms.aspx

Salt River Project — Flat discount of $23/month for eligible customers.
https://www.srpnet.com/prices/economy.aspx
https://www.srpnet.com/community/liprograms.aspx
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10.

11.

12.

13.

14.

ConEdison — Discount program for low-income customers who already

have qualified for specific governmental assistance programs.
https://www.coned.com/en/accounts-billing/payment-plans-
assistance/help-paying-your-bill

City of Seattle — Rate Discount program for income-qualified customers.

https://www.seattle.gov/light/assistance/

New Hampshire Public Utilities Commission - Electric Assistance
Program provides discounts to low-income eligible customers
https://www.puc.nh.gov/consumer/electricassistanceprogram.htm

Georgia Service Commission — Senior Citizen discount of up to $24 per
month on electric bill for qualifying customers.
https://psc.ga.gov/about-the-psc/consumer-corner/consumer-
advisories/senior-citizens-discounts/

California Alternative Rates for Energy — Bill discount program.
https://www.cpuc.ca.gov/General.aspx?id=976
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Electric Utility Residential Customer
Charges Minimum Bills

Jim Lazar
Regulatory Assistance Project
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Energy solutions
for a changing world

M rRAP

Electric Utility Residential
Customer Cllarges and Minimum Bills:

Alternative Approaches for Recovering Basic Distribution Costs

By Jim Lazar!

lectric utilities have certain costs that do not vary
with the usage of electricity. It is generally accepted
that these include the costs of metering, billing,
and payment processing. These costs are most
often recovered through what is variously called a “customer
charge” or a “service charge” or a “basic charge.” In the
United Kingdom, this is known as a “standing charge.”

Regardless of the title, it is a charge (usually less than
$10/month for residential service) that is levied each month
regardless of electricity usage, with additional charges
applying for each kilowatt-hour of electricity consumed. For
most utilities in the US, the customer charge covers the cost
of billing and collection, and perhaps other customer-specific
costs like meter reading, but not the costs of distribution
facilities like poles, conductors, or transformers.

Nearly all electric utilities worldwide bundle the cost of
distribution service, as well as the power supply cost, into a
usage charge, calculated as a price per kilowatt-hour. This is
consistent with how competitive firms price their products,
whether it is gasoline, groceries, or hotel rooms: the price
per unit recovers all of the costs involved in producing,
transporting, and retailing of goods and services.

Some rate analysts argue that a portion of the distribution
system — poles, wires, and transformers — constitute a fixed
cost that does not vary with sales and should be included
in the fixed customer charge. Some recent proposals from
electric utilities reflect this view. This is controversial.

Many state regulatory authorities rejected this approach
when they held hearings and made determinations under
the Public Utility Regulatory Policies Act of 1978.* The
Washington Utilities and Transportation Commission, for
example, explicitly rejected the concept that distribution
costs were customer-related in nature:

In this case, the only directive the Commission will give

regarding future cost of service studies is to repeat its rejection

of the inclusion of the costs of a minimum-sized distribution
system among customer-related costs. As the Commission

stated in previous orders, the minimum system method is

likely to lead to the double allocation of costs to residential

customers and over-allocation of costs to low-use customers.

Costs such as meter reading, billing, the cost of meters and

service drops, are properly attributable to the marginal cost

of serving a single customer. The cost of a minimum sized
system is not. The parties should not use the minimum system
approach in future studies.’

However, as sales have flattened or declined in recent
years, and as more customers install on-site generating
resources but remain dependent on grid services for some
service, the concept of recovering distribution network
costs in fixed charges has experienced resurgence.

Utility sales volumes in some regions have stagnated
or declined as appliances, homes, equipment and systems
become more efficient. Sales volumes also vary with
weather, declining in mild years. Many state net-metering
laws allow consumers installing rooftop solar arrays to incur
net-bills for zero or very few kilowatt-hours, depending
on the geographic location and the design of the net-
metering tariff. To improve revenue stability, and to collect
distribution system costs from PV customers, some utilities
are arguing that “fixed” costs should be recovered in fixed
customer charges. Some utilities are seeking customer
charges of $20/month or more. In one extreme case,
Madison Gas and Electric Company proposed a $69/month
customer charge, to recover all costs except for fuel and
purchased power expenses.* The Wisconsin PUC recently
voted 2-1 to approve an increase in the customer charge to

1 Rich Sedano, Janine Migden-Ostrander, Brenda Hausauer
and Camille Kadoch provided reviews.

2 Public Utility Regulatory Policies Act of 1978, 16 U.S.C.
§820601-2645 (1978). Available at: http://www.gpo.gov/tdsys/
pkg/STATUTE-92/pdl/STATUTE-92-Pg3117 pdf.

3 WUTC v. Puget Sound Power and Light Company, Cause
U-89-2688-T, Third Supp. Order, P. 71, 1990.
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$19/month for Wisconsin Public Service Company.’

An electric utility has a defined revenue requirement,
determined by their regulator. A higher customer charge
therefore means a lower per-kWh rate will be required.
This has important impacts on the utility and its customers.
Utility revenue is stabilized by a high customer charge,
independent of weather, conservation, or other impacts on
sales. However, the impacts on customers of high customer
charges can be inconsistent with policy objectives:

e Small-use customers, such as apartment dwellers,
low-income households, and second homes will
receive much higher electric bills; the vast majority of
low-income consumers are also low-use consumers.
This is anathema to public policy objectives that
normally tend to protect low-income customers and/
or reward low usage;

» Urban area residents who use natural gas for space
and water heat will receive much higher electric bills;

 Large-use customers, including large single-family
homes in suburban and rural areas without access to
natural gas most often will receive lower electric bills,
depending on the existing utility rate design; and

* The lower per-kWh prices that result when a
significant portion of costs are recovered in a fixed
monthly customer charge will stimulate consumption.
This creates consequences for incremental utility
investment and for the environment. It also reduces
the economic incentive for careful customer energy
management practices and investment in energy
efficiency measures by increasing pay-back periods.

There are several ways besides high fixed charges to
address utility revenue stability issues:

* Financial Reserves: The traditional approach

has been to set rates in a manner that recovers
distribution and power costs in a per-kWh charge,
and expect utilities to have adequate financial reserves
to manage the volatility that occurs with weather. This
is reflected in the 40% — 50% equity ratios allowed for
electric utilities in determining the cost of capital.

» Frequent rate cases: If regulators hold rate
proceedings every year or two, there is little time for
sales volumes to deviate far from the level used to set
volumetric rates.

* Revenue Decoupling: Many regulators have adopted
revenue regulation mechanisms that calculate a true-
up at the end of the month or year to align actual
revenues with allowed revenues.

All of these methods allow the per-kWh charge to
continue to reflect substantially all of the costs of service.
By structuring rates this way, regulators preserve the
consumer incentive to use electricity wisely.

Rate Designs with Minimum Bill Charges

One alternative to address utility concerns for revenue
adequacy in addition to Revenue Regulation and frequent
rate cases is a concept known as a “minimum bill.” A
minimum bill guarantees the utility a minimum annual
revenue level from each customer, even if their usage is
zero. The vast majority of customers, who consume the
overwhelming majority of energy, have usage that exceeds
those low thresholds. For these customers, a minimum
bill “disappears” when the usage passes that level, and the
customer effectively pays a volumetric rate to cover both
power supply and distribution costs.

It is important to understand that a very small number
of customers will be adversely affected by the minimum
bill, because a large majority of all customers have usage in
excess of the minimum billed amount. Figure 1 compares
the number of customers served at each usage level, and
the kilowatt-hours used by those customers at each usage
level. Only a few percent of the customers, using less than
one percent of the energy, have usage below 150 kWh per
month in this illustrative example, and are arguably not
making a meaningful contribution to system costs when
those costs are built into the per-kWh charge.

Table 1 compares three example residential rates, all
designed to produce the same total level of residential
revenue for an illustrative utility with average usage for this
example of 1,000 kWh/month/customer.

* Low Customer Charge: $5/month, to cover billing

and collection

* High Customer Charge: $20/month, to cover

billing, collection, and a portion of distribution costs

* Minimum Bill: $5.00/month to cover billing and

collection, with a minimum bill of $20 (which applies
if usage falls below 150 kWh/month).

4 Application of Madison Gas and Electric Company for
Authority to Change Electric and Natural Gas Rates, Docket
3270-UR-120, April 9, 2014. Available at: http:/psc.wi.gov/
apps40/dockets/content/detail.aspx?dockt_id=3270-UR-120.

5 Content, T. (2014, November 6). State regulators approve
83% increase in Green Bay utility’s fixed charge. Milwaukee
Journal-Sentinel. Retrieved from: www.jsonline.com.
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Figure 1

Large Users Account For the
Vast Majority of Consumption

on the grid to serve as a “battery” taking excess
production during the day, and supplying power
when the sun is not shining.

Therefore, there will not be a lot of revenue

9%
B Percent of Customers

recovered by the minimum bill charge, leaving

8%
I [ Percent of Usage

~
R

most of the revenue requirement recovered by

R

the volumetric charge. The per-kWh rate would

R

only be reduced by about $0.001/kWh (1%) as
a result. Under this rate design, very small-use

customers, such as PV customers whose panels

produce as many kilowatt-hours as the house

w & u o
R

% of Usage Affected
R

uses, would pay slightly higher bills. However, as
nearly all usage by customers remains priced at

This shows that for the average customer, the three
rate designs produce almost identical bills. With a high
customer charge rate design, because the $20 customer
charge is collecting $15 more than the $5 low customer
charge, the price per kWh is lower by $0.015/kWh. For the
minimum bill rate design, however, less than 1% of kWh
sales will typically be to those customers using under 150
kWh/month. This group has historically been limited to
unoccupied dwellings; more recently, it has come to include
customers with solar PV systems that produce as many
kilowatt-hours as they consume, but remain dependent

Table 1

Low High $20
Customer Customer Minimum
kWh Charge Charge Bill*
Customer Charge $5.00 $20.00 $5.00
Minimum Bill $20.00
Per-kWh Charge $0.10 $0.085 $0.099
10 kWh $6.00 $20.85 $20.00
100 kWh $15.00 $28.50 $20.00
Customer Bills 200 kWh  $25.00 $37.00  $24.80
500 kWh $55.00 $62.50 $54.50
1,000 kWh  $105.00 $105.00 $104.00
1,500 kWh $155.00 $147.50 $153.50
2,000 kWh  $205.00 $190.00 $203.00

*The minimum bill will only apply when customer’s usage is so low that
their bill falls below $20.

a cost-based rate that includes all of the costs of
producing and distributing electricity, the low-use

PV customer would have negligible usage charges.

s
)

Impact on Usage

Electricity usage varies with the price paid.
Higher kWh charges create greater incentives for consumers
to turn out unneeded lights, manage thermostat settings, and
invest in more efficient appliances, windows, and insulation.
There is an economic science tool, price elasticity, which
measures the expected change in consumption if prices
change. Economists variously estimate the price elasticity
of demand for electricity in the range of -0.1 to -0.7,
with some long-run estimates going higher. An elasticity
of -0.2, meaning that a 1% increase in price results in a
0.2% decrease in the quantity demanded, is considered a
conservative estimate of long-run price elasticity.

The high customer charge rate design results in a
15% lower price per kilowatt-hour compared to the low
customer charge rate design. Assuming an elasticity of -0.2,
that would imply that customers would consume about 3%
more electricity (-0.2 elasticity x 15% change in rate = 3%
change in usage) as a result of the lower per-kWh price.

The minimum bill rate form, on the other hand, only
reduces the price per kWh by 1% compared to the low
customer charge rate design; assuming the same elasticity
factor, the minimum bill design would increase usage by
only about 0.2% among customers using more than the
minimum billed quantity, when compared with their usage
under the low customer charge rate form.

There is, however, a chance that the very small users
might increase their usage up to the 150 kWh minimum.
With this $20 minimum bill, customers using less than
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150 kWh per month would see no change in their bills if
they increased usage up to 150 kwh. But, since only a small
percentage of customers use that little power, even if they
did so, usage would not increase very much.

Evaluating a choice between a $20 fixed customer charge
and a $20 minimum bill charge, we would expect about 15
times as much additional usage under the $20 fixed charge
as under the $20 minimum bill charge.

Impact on PV Customers

Part of the concern that is raised by utilities is that
customers with solar PV systems are “net-metering” to zero
kWh, and paying only the customer charge in a monthly
bill. These customers remain dependent on the grid for
storage and shaping of their daytime energy production.
Solar advocates argue that the grid is receiving a more
valuable product — daytime renewable energy — than it
is providing to the customers at night from conventional
generation, and that this is a form of rough equity.

A minimum bill would ensure that a PV customer with
net consumption of zero would still contribute to system
costs. In the example, these customers would pay $20 per
month. But, rather than distort the rate design for all custom-
ers, only the low-consumption consumers would be affected,
allowing rates that continue to reflect all system costs to be
applied to the overwhelming majority of energy sales.

Advantages and Disadvantages

A rate design that uses a customer charge combined with
a kWh charge is simple to understand and administer. It
provides a clear price signal for each kWh. If the customer
charge is lower, the per-kWh charge is higher. However, the
public is used to doing business for other purchases with a
zero customer charge — grocery stores, gas stations, and vir-
tually all other retailers only charge customers for what they
buy, not for the privilege of being a customer (membership
warehouse clubs are exceptions, with fees designed to weed
out “browsers” from their stores.) There may also be conflict
with intended outcomes for low use customers.

A minimum bill rate design has an advantage in that the
per-kWh price is higher, more closely reflecting long-run
marginal costs (all costs are variable in the long run). This
rate design encourages prudent usage, better aligned with

investment impacts from consumption and investment

in energy efficiency. This means customer choices about
usage and, importantly, energy-related investments, will

be informed by electricity prices that reflect long run grid
value. The disadvantage is that, for the very small number
of customers whose usage is below the “minimum,” this
rate design provides no disincentive at all to using the
minimum amount of electricity. It can be perceived to have
a disadvantage of encouraging additional usage by those
users with usage below the minimum billed amount, but
there are very few of these customers, and their prospective
additional usage increase is minimal. Users in this group
may argue that the minimum bill is unfair to them.

Finally, a minimum bill rate form ensures that second-
homes, which may have no consumption during the off-
season, contribute to utility revenues. This is sometimes
presented as an economic justice issue, since second homes
are generally held only by upper-income consumers.

Conclusion

The primary purpose of utility regulation is to enforce
the pricing discipline on monopolies that competitive
markets impose on most firms. Competitive firms nearly
always recover all of their costs in the price per unit of
their products. Therefore, any fixed monthly charge
for electricity service represents a deviation from this
underlying principle of utility regulation. The most
commonly applied customer charges recover only
customer-specific costs, such as billing and collection, in a
fixed customer charge, leaving all costs of the shared system
to be recovered in usage charges.

A regulator seeking to increase the contribution to
utility system costs from those customers with minimal
consumption can do so with either a higher customer
charge, or establishing a minimum bill. The minimum
bill option will ensure that all customers contribute to
distribution costs, but without significantly stimulating
consumption by higher-use customers or raising the bills of
lower-income, low-use customers.

Forthcoming in Second Quarter, 2015: Electric Rate
Design for the Utility of the Future. Watch for this on our
website, www.raponline.org

www.raponline.org

The Regulatory Assistance Project (RAP)™
Beijing, China « Berlin, Germany e« Brussels, Belgium « Montpelier, Vermont USA . New Delhi, India
50 State Street, Suite 3 « Montpelier, VT 05602 ¢ phone: +1 802-223-8199 e fax: +1 802-223-8172
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Floyd DEC Corrected First Supplemental Exhibit 1

Public Staff

Floyd (Corrected) Supplemental Exhibit
No. 1

Page 1 of 3

NC Retail
Residential
General Service
Lighting
Industrial

OPT

Comparison of Rates of Return, Indices, and % Base Revenue

Based on SCP Cost-of Service Methodology

With Public Staff Adjustments

Rate of Rate of Return % Base % Revemfe
Return * Index Revenue Change with
Change EDIT-2 Credit
6.65% 1.00 2.64% -5.67%
6.56% 0.99 4.08% -5.03%
767% ** 1.15 -2.73% -8.66%
4.96% ** 0.75 4.62% -8.07%
8.45%  ** 1.27 -3.26% -8.36%
6.20% 0.93 4.21% -4.25%

* These rates of return are after Public Staff adjustments.

** These rate classes are outside the Public Staff's recommended

+/- 10% band of reasonableness.
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NC Retail
Residential
General Service
Lighting
Industrial

OPT

* These rates of return are after Public Staff adjustments.

** These rate classes are outside the Public Staff's recommended

Comparison of Rates of Return, Indices, and % Base Revenue

Based on SWPA Cost-of Service Methodology

With Public Staff Adjustments

Rate of Rate of Return % Base % Revemfe
Return * Index Revenue Change with
Change EDIT-2 Credit
6.65% 1.00 2.64% -5.67%
6.65% 1.00 3.76% -5.36%
9.49%  ** 1.43 -1.75% -7.68%
3.39% ** 0.51 4.61% -8.08%
8.34%  ** 1.26 -1.51% -6.62%
532% ** 0.80 3.91% -4.55%

+/- 10% band of reasonableness.
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NC Retail
Residential
General Service
Lighting
Industrial

OPT

* These rates of return are after Public Staff adjustments.

** These rate classes are outside the Public Staff's recommended

Comparison of Rates of Return, Indices, and % Base Revenue

Based on WCP Cost-of Service Methodology

With Public Staff Adjustments

0, 0,
Rate of Rate of Return % Base o Revemfe
Return * Index Revenue Change with
Change EDIT-2 Credit
6.65% 1.00 2.64% -5.67%
5.09%  ** 0.77 4.64% -4.48%
10.73% ** 1.61 -0.64% -6.57%
357% ** 0.54 4.64% -8.05%
10.21% ** 1.54 2.69% -2.42%
8.03% ** 1.21 1.25% -7.20%

+/- 10% band of reasonableness.
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Total Revenues W/ Staff Adj. @ Pres. Rates
Proposed Revenue Change

Net Income Before Increase

Change in Net Income

Total Net Income

Rate Base W/ Staff Adj. @ Pres. Rates
Staff's Proposed Rate Base

Rate of Return (before change)

Rate of Return Index (before change)

Rate of Return (after change)

Rate of Return Index (after change)

Percent Change in Base Revenue

I/A

Floyd DEC Corrected First Supplemental Exhibit 2

Public Staff
Floyd (Corrected) Supplemental Exhibit 2
Page 1 of 4
Base Case - No Revenue Change -SCP
NC Retail RES GS Lighting IND OPT
$ 4,809,545 $ 2,272,254 $ 885,750 $ 126,724 $ 157,155 $ 1,367,662
$ - $ - $ - $ - $ - $ -
$ 1,009,285 $ 487,229 $ 234,230 $ 26,135 $ 42,242 $ 219,448
$ - $ - $ - $ - $ - $ -
$ 1,009,285 $ 487,229 $ 234,230 $ 26,135 $ 42,242 $ 219,448
$ 16,632,145 $ 8,505,221 $ 2,811,975 $ 616,537 $ 453,269 $ 4,245,142
$ 16,645,696 $ 8,512,151 $ 2,814,266 $ 617,039 $ 453,639 $ 4,248,601
6.07% 5.73% 8.33% 4.24% 9.32% 5.17%
1.00 0.94 1.37 0.70 1.54 0.85
6.06% 5.72% 8.32% 4.24% 9.31% 5.17%
1.00 0.94 1.37 0.70 1.54 0.85
0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
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Total Revenues W/ Staff Adj. @ Pres. Rates
Proposed Revenue Change

Net Income Before Increase

Change in Net Income

Total Net Income

Rate Base W/ Staff Adj. @ Pres. Rates
Staff's Proposed Rate Base

Rate of Return (before change)

Rate of Return Index (before change)

Rate of Return (after change)

Rate of Return Index (after change)

Percent Change in Base Revenue

IA

Public Staff
Floyd (Corrected) Supplemental Exhibit 2
Page 2 of 4
Equal Rates of Return for all Classes - SCP
NC Retail RES GS Lighting IND OPT
$ 4,809,545 $ 2,272,254 $ 885,750 $ 126,724 $ 157,155 $ 1,367,662
$ 126,799 $ 102,677 $ (61,842) $ 19,470 $ (15,843) $ 82,337
$ 1,009,285 $ 487,229 $ 234,230 $ 26,135 $ 42,242 $ 219,448
$ 96,822 $ 78,403 $ (47,222) $ 14,867 $ (12,098) $ 62,871
$ 1,106,107 $ 565,633 $ 187,008 $ 41,002 $ 30,144 $ 282,320
$ 16,632,145 $ 8,505,221 $ 2,811,975 $ 616,537 $ 453,269 $ 4,245,142
$ 16,645,696 $ 8,512,151 $ 2,814,266 $ 617,039 $ 453,639 $ 4,248,601
6.07% 5.73% 8.33% 4.24% 9.32% 5.17%
1.00 0.94 1.37 0.70 1.54 0.85
6.65% 6.65% 6.65% 6.65% 6.65% 6.65%
1.00 1.00 1.00 1.00 1.00 1.00
2.64% 4.52% -6.98% 15.36% -10.08% 6.02%
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Total Revenues W/ Staff Adj. @ Pres. Rates
Proposed Revenue Change

Net Income Before Increase

Change in Net Income

Total Net Income

Rate Base W/ Staff Adj. @ Pres. Rates
Staff's Proposed Rate Base

Rate of Return (before change)

Rate of Return Index (before change)

Rate of Return (after change)

Rate of Return Index (after change)

Percent Change in Base Revenue

Public Staff
Floyd (Corrected) Supplemental Exhibit 2
Page 3 of 4

Class Revenue Changes Equal to NC Retail Change - SCP

NC Retail
4,809,545

126,799
1,009,285
96,822
1,106,107

16,632,145
16,645,696

6.07%
1.00

6.65%
1.00

2.64%

RES
2,272,254

102,677
487,229

78,403
565,633

8,505,221
8,512,151

5.73%
0.94

6.26%
0.94

2.64%

©h hH h H P

GS
885,750

(61,842)
234,230
(47,222)
187,008

2,811,975
2,814,266

8.33%
1.37

8.96%
1.35

2.64%

©h h h H P

%

Lighting
126,724
19,470
26,135
14,867
41,002

616,537
617,039

4.24%
0.70

4.65%
0.70

2.64%

IND
157,155

(15,843)
42,242
(12,098)
30,144

453,269
453,639

9.32%
1.54

10.01%
1.51

2.64%

IA

OPT
1,367,662

82,337
219,448
62,871
282,320

4,245,142
4,248,601

5.17%
0.85

5.81%
0.87

2.64%



Duke Energy Carolinas, LLC
Docket No. E-7, Subs 1213 and 1214

a A~ W N

10
1"

12

13
14

Total Revenues W/ Staff Adj. @ Pres. Rates
Proposed Revenue Change

Net Income Before Increase

Change in Net Income

Total Net Income

Rate Base W/ Staff Adj. @ Pres. Rates
Staff's Proposed Rate Base

Rate of Return (before change)

Rate of Return Index (before change)

Rate of Return (after change)

Rate of Return Index (after change)

Percent Change in Base Revenue

Staff's Proposed EDIT-2 Credit
Percent Change in Revenue with EDIT-2 Credit

NC Retail
4,809,545

$

$ 126,799
$ 1,009,285
$ 96,822
$ 1,106,107

$ 16,632,145
$ 16,645,696

6.07%
1.00

6.65%
1.00

2.64%

$ (399,343)
-5.67%

RES
2,272,254

$

$ 92,677
$ 487,229
$ 70,767
$ 557,997

$ 8,505,221
$ 8,612,151

5.73%
0.94

6.56%
0.99

4.08%

$ (207,067)
-5.03%

Public Staff Recommended Revenue Distribution- SCP

GS
885,750

(24,165)
234,230
(18,452)
215,778

2,811,975
2,814,266

8.33%
1.37

7.67%
1.15

-2.73%

(52,544)
-8.66%

Public Staff

IA

Floyd (Corrected) Supplemental Exhibit 2

Page 4 of 4

Lighting
126,724
5,851
26,135
4,468
30,603

©h h h H P

%

616,537
$ 617,039

4.24%
0.70

4.96%
0.75

4.62%

$ (16,074)
-8.07%

©h hH h H P

IND
157,155

(5,116)
42,242
(3.907)
38,335

453,269
453,639

9.32%
1.54

8.45%
1.27

-3.26%

(8,025)
-8.36%

OPT
1,367,662

57,551
219,448
43,945
263,394

4,245,142
4,248,601

5.17%
0.85

6.20%
0.93

4.21%

(115,634)
-4.25%



Duke Energy Carolinas, LLC
Docket No. E-7, Subs 1213 and 1214

a » W N

10
11

12

Total Revenues W/ Staff Adj. @ Pres. Rates
Proposed Revenue Change

Net Income Before Increase

Change in Net Income

Total Net Income

Rate Base W/ Staff Adj. @ Pres. Rates
Staff's Proposed Rate Base

Rate of Return (before change)

Rate of Return Index (before change)

Rate of Return (after change)

Rate of Return Index (after change)

Percent Change in Revenue

Floyd DEC Corrected First Supplemental Exhibit 3

I/A

Public Staff
Floyd (Corrected) Supplemental Exhibit 3
Page 1 of 4
Base Case - No Revenue Change - SWPA
NC Retail RES GS Lighting IND OPT
$ 4,809,545 $ 2,272,352 $ 886,057 $ 126,662 $ 157,139 $ 1,367,335
$ - $ - $ - $ - $ - $ -
$ 1,009,285 $ 496,474 $ 256,857 $ 18,957 $ 40,803 $ 196,194
$ - $ - $ - $ - $ - $ -
$ 1,009,285 $ 496,474 $ 256,857 $ 18,957 $ 40,803 $ 196,194
$ 16,632,145 $ 8,443,384 $ 2,580,550 $ 690,101 $ 466,883 $ 4,451,228
16,645,696 $ 8,450,264 $ 2,582,652 690,663 $ 467,263 $ 4,454,854
6.07% 5.88% 9.95% 2.75% 8.74% 4.41%
1.00 0.97 1.64 0.45 1.44 0.73
6.06% 5.88% 9.95% 2.74% 8.73% 4.40%
1.00 0.97 1.64 0.45 1.44 0.73
0.00% 0.00% 0.00% 0.00% 0.00% 0.00%



Duke Energy Carolinas, LLC
Docket No. E-7, Subs 1213 and 1214

a b~ W N

10
11

12

Total Revenues W/ Staff Adj. @ Pres. Rates
Proposed Revenue Change

Net Income Before Increase

Change in Net Income

Total Net Income

Rate Base W/ Staff Adj. @ Pres. Rates
Staff's Proposed Rate Base

Rate of Return (before change)

Rate of Return Index (before change)

Rate of Return (after change)

Rate of Return Index (after change)

Percent Change in Revenue

IA

Public Staff
Floyd (Corrected) Supplemental Exhibit 3
Page 2 of 4
Equal Rates of Return for all Classes - SWPA
NC Retail RES GS Lighting IND OPT

$ 4,809,545 $ 2,272,352 $ 886,057 $ 126,662 $ 157,139 $ 1,367,335
$ 126,799 $ 85,185 $ (111,630) $ 35,277 $ (12,773) $ 130,739
$ 1,009,285 $ 496,474 $ 256,857 $ 18,957 $ 40,803 $ 196,194
$ 96,822 $ 65,046 $ (85,240) $ 26,937 $ (9,753) $ 99,831
$ 1,106,107 $ 561,520 $ 171,617 $ 45,895 $ 31,050 $ 296,025
$ 16,632,145 $ 8,443,384 $ 2,580,550 $ 690,101 $ 466,883 $ 4,451,228
16,645,696 $ 8,450,264 $ 2,582,652 690,663 $ 467,263 $ 4,454,854
6.07% 5.88% 9.95% 2.75% 8.74% 4.41%
1.00 0.97 1.64 0.45 1.44 0.73
6.65% 6.65% 6.65% 6.65% 6.65% 6.65%
1.00 1.00 1.00 1.00 1.00 1.00
2.64% 3.75% -12.60% 27.85% -8.13% 9.56%



Duke Energy Carolinas, LLC
Docket No. E-7, Subs 1213 and 1214

a b~ W N

10
11

12

Total Revenues W/ Staff Adj. @ Pres. Rates
Proposed Revenue Change

Net Income Before Increase

Change in Net Income

Total Net Income

Rate Base W/ Staff Adj. @ Pres. Rates
Staff's Proposed Rate Base

Rate of Return (before change)

Rate of Return Index (before change)

Rate of Return (after change)

Rate of Return Index (after change)

Percent Change in Revenue

Class Revenue Changes Equal to NC Retail Change - SWPA

NC Retail
4,809,545

126,799
1,009,285
96,822
1,106,107

@hH h h Ph &P

&

16,632,145
16,645,696

6.07%
1.00

6.65%
1.00

2.64%

@h hH h h &P

RES

2,272,352
85,185
496,474
65,046
561,520

8,443,384
8,450,264

5.88%
0.97

6.42%
0.97

2.64%

@h Ph h &h &P

GS
886,057

(111,630)
256,857
(85,240)
171,617

2,580,550
2,582,652

9.95%
1.64

10.64%
1.60

2.64%

Public Staff
Floyd (Corrected) Supplemental Exhibit 3
Page 3 of 4

@hH hH h &h A

&

Lighting
126,662
35,277
18,957
26,937
45,895

690,101
690,663

2.75%
0.45

3.11%
0.47

2.64%

©hH hH &h &h &P

IND
157,139

(12,773)
40,803
(9,753)
31,050

466,883
467,263

8.74%
1.44

9.41%
1.42

2.64%

IA

OPT
1,367,335

130,739
196,194

99,831
296,025

4,451,228
4,454,854

4.41%
0.73

5.02%
0.76

2.64%



Duke Energy Carolinas, LLC
Docket No. E-7, Subs 1213 and 1214

a b~ W N

10
11

12

13
14

Total Revenues W/ Staff Adj. @ Pres. Rates
Proposed Revenue Change

Net Income Before Increase

Change in Net Income

Total Net Income

Rate Base W/ Staff Adj. @ Pres. Rates
Staff's Proposed Rate Base

Rate of Return (before change)

Rate of Return Index (before change)

Rate of Return (after change)

Rate of Return Index (after change)

Percent Change in Revenue

Staff's Proposed EDIT-2 Credit
Percent Change in Revenue with EDIT-2 Credit

Public Staff

IA

Floyd (Corrected) Supplemental Exhibit 3

Page 4 of 4

Public Staff Recommended Revenue Distribution- SWPA

NC Retail
4,809,545

$

$ 126,799
$ 1,009,285
$ 96,822
$ 1,106,107

$ 16,632,145
16,645,696

6.07%
1.00

6.65%
1.00

2.64%

$ (399,343)
-5.67%

©hH hH h hH &P

RES
2,272,352

85,380
496,474
65,195
561,669

8,443,384
8,450,264

5.88%
0.97

6.65%
1.00

3.76%

(207,067)
-5.36%

©h hH h &hH &P

GS
886,057

(15,483)
256,857
(11,823)
245,034

2,580,550
2,582,652

9.95%
1.64

9.49%
1.43

-1.75%

(52,544)
-7.68%

Lighting
126,662
5,836
18,957
4,457
23,414

©hH hH h &h &P

$ 690,101
$ 690,663

2.75%
0.45

3.39%
0.51

4.61%

$ (16,074)
-8.08%

@hH hH &h &h A

©¥ &h

IND
157,139

(2,373)
40,803
(1,812)
38,991

466,883
467,263

8.74%
1.44

8.34%
1.26

-1.51%

(8,025)
-6.62%

@hH h h &hH A

OPT
1,367,335

53,437
196,194
40,804
236,998

4,451,228
4,454,854

4.41%
0.73

5.32%
0.80

3.91%

(115,634)
-4.55%



Duke Energy Carolinas, LLC
Docket No. E-7, Subs 1213 and 1214

a » W N

10
11

12

Total Revenues W/ Staff Adj. @ Pres. Rates
Proposed Revenue Change

Net Income Before Increase

Change in Net Income

Total Net Income

Rate Base W/ Staff Adj. @ Pres. Rates
Staff's Proposed Rate Base

Rate of Return (before change)

Rate of Return Index (before change)

Rate of Return (after change)

Rate of Return Index (after change)

Percent Change in Revenue

Floyd DEC Corrected First Supplemental Exhibit 4

I/A

Public Staff
Floyd (Corrected) Supplemental Exhibit 4
Page 1 of 4
Base Case - No Revenue Change -WCP
NC Retail RES GS Lighting IND OPT
$ 4,809,545 $ 2,270,880 $ 886,264 $ 126,641 $ 157,164 $ 1,368,507
$ - $ - $ - $ - $ - $ -
$ 1,009,285 $ 399,345 $ 268,488 $ 19,884 $ 42,658 $ 278,910
$ - $ - $ - $ - $ - $ -
$ 1,009,285 $ 399,345 $ 268,488 $ 19,884 $ 42,658 $ 278,910
$ 16,632,145 $ 9,409,941 $ 2,459,647 $ 681,346 $ 448,860 $ 3,632,351
16,645,696 $ 9,417,608 $ 2,461,651 681,901 $ 449,226 $ 3,635,310
6.07% 4.24% 10.92% 2.92% 9.50% 7.68%
1.00 0.70 1.80 0.48 1.57 1.27
6.06% 4.24% 10.91% 2.92% 9.50% 7.67%
1.00 0.70 1.80 0.48 1.57 1.27
0.00% 0.00% 0.00% 0.00% 0.00% 0.00%



Floyd DEC Supplemental Exhibit 1

Duke Energy Carolinas, LLC Public Staff

Docket No. E-7, Subs 1213 and 1214 Floyd Second Supplemental
Exhibit No. 1
Page 1 of 3

I/A

NC Retail
Residential
General Service
Lighting
Industrial

OPT

Comparison of Rates of Return, Indices, and % Base Revenue
Based on SCP Cost-of Service Methodology

With Public Staff Adjustments

0, 0,
Rate of Rate of Return % Base % Revemfe
Return * Index Revenue Change with
Change EDIT Credit
7.04% 1.00 6.21% -0.72%
6.80% 0.96 7.69% 0.05%
7.72% 1.10 0.80% -4.22%
7.04% 1.00 8.15% -1.59%
9.25% ** 1.31 0.79% -3.44%
6.85% 0.97 7.66% 0.64%

* These rates of return are after Public Staff adjustments.

** These rate classes are outside the Public Staff's recommended

+/- 10% band of reasonableness.




Duke Energy Carolinas, LLC Public Staff

Docket No. E-7, Subs 1213 and 1214

Floyd Second Supplemental
Exhibit No. 1
Page 2 of 3

IA

NC Retail
Residential
General Service
Lighting
Industrial

OPT

Comparison of Rates of Return, Indices, and % Base Revenue
Based on SWPA Cost-of Service Methodology

With Public Staff Adjustments

0, 0,
Rate of Rate of Return % Base % Revemfe
Return * Index Revenue Change with
Change EDIT Credit
7.04% 1.00 6.21% -0.72%
6.90% 0.98 7.43% -0.21%
9.25% ** 1.31 0.64% -4.36%
526% ** 0.75 8.15% -1.61%
8.73%  ** 1.24 1.05% -3.19%
6.12%  ** 0.87 8.15% 1.13%

* These rates of return are after Public Staff adjustments.

** These rate classes are outside the Public Staff's recommended

+/- 10% band of reasonableness.




Duke Energy Carolinas, LLC Public Staff

Docket No. E-7, Subs 1213 and 1214

Floyd Second Supplemental
Exhibit No. 1
Page 3 of 3

IA

NC Retail
Residential
General Service
Lighting
Industrial

OPT

Comparison of Rates of Return, Indices, and % Base Revenue
Based on WCP Cost-of Service Methodology

With Public Staff Adjustments

0, 0,
Rate of Rate of Return % Base % Revemfe
Return * Index Revenue Change with
Change EDIT Credit
7.04% 1.00 6.21% -0.72%
529% ** 0.75 8.21% 0.55%
1M1.11% ** 1.58 4.20% -0.80%
546% ** 0.78 8.20% -1.57%
10.32% ** 1.47 4.24% 0.01%
8.72%  ** 1.24 4.25% -2.75%

* These rates of return are after Public Staff adjustments.

** These rate classes are outside the Public Staff's recommended

+/- 10% band of reasonableness.




Duke Energy Carolinas, LLC
Docket No. E-7, Subs 1213 and 1214

a A~ W N

10
1"

12

Total Revenues W/ Staff Adj. @ Pres. Rates
Proposed Revenue Change

Net Income Before Increase

Change in Net Income

Total Net Income

Rate Base W/ Staff Adj. @ Pres. Rates
Staff's Proposed Rate Base

Rate of Return (before change)

Rate of Return Index (before change)

Rate of Return (after change)

Rate of Return Index (after change)

Percent Change in Base Revenue

Floyd DEC Supplemental Exhibit 2

I/A

Public Staff
Floyd Second Supplemental Exhibit 2
Page 1 of 4
Base Case - No Revenue Change -SCP
NC Retail RES GS Lighting IND OPT
$ 4,672,431 $ 2,198,070 $ 850,346 $ 133,855 $ 153,683 $ 1,336,477
$ - $ - $ - $ - $ - $ -
$ 971,306 $ 459,610 $ 215,822 $ 35,891 $ 41,768 $ 218,216
$ - $ - $ - $ - $ - $ -
$ 971,306 $ 459,610 $ 215,822 $ 35,891 $ 41,768 $ 218,216
$ 16,910,528 $ 8,647,579 $ 2,859,041 $ 626,856 $ 460,856 $ 4,316,196
$ 16,941,199 $ 8,663,263 $ 2,864,227 $ 627,993 $ 461,692 $ 4,324,024
5.74% 5.31% 7.55% 5.73% 9.06% 5.06%
1.00 0.93 1.31 1.00 1.58 0.88
5.73% 5.31% 7.54% 5.72% 9.05% 5.05%
1.00 0.93 1.31 1.00 1.58 0.88
0.00% 0.00% 0.00% 0.00% 0.00% 0.00%



Duke Energy Carolinas, LLC
Docket No. E-7, Subs 1213 and 1214

a A~ W N

10
1"

12

Total Revenues W/ Staff Adj. @ Pres. Rates
Proposed Revenue Change

Net Income Before Increase

Change in Net Income

Total Net Income

Rate Base W/ Staff Adj. @ Pres. Rates
Staff's Proposed Rate Base

Rate of Return (before change)

Rate of Return Index (before change)

Rate of Return (after change)

Rate of Return Index (after change)

Percent Change in Base Revenue

IA

Public Staff
Floyd Second Supplemental Exhibit 2
Page 2 of 4
Equal Rates of Return for all Classes - SCP
NC Retail RES GS Lighting IND OPT
$ 4,672,431 $ 2,198,070 $ 850,346 $ 133,855 $ 153,683 $ 1,336,477
$ 290,241 $ 196,993 $ (18,510) $ 10,909 $ (12,123) $ 112,973
$ 971,306 $ 459,610 $ 215,822 $ 35,891 $ 41,768 $ 218,216
$ 221,625 $ 150,422 $ (14,134) $ 8,330 $ (9,257) $ 86,265
$ 1,192,931 $ 610,032 $ 201,687 $ 44,221 $ 32,510 $ 304,480
$ 16,910,528 $ 8,647,579 $ 2,859,041 $ 626,856 $ 460,856 $ 4,316,196
$ 16,941,199 $ 8,663,263 $ 2,864,227 $ 627,993 $ 461,692 $ 4,324,024
5.74% 5.31% 7.55% 5.73% 9.06% 5.06%
1.00 0.93 1.31 1.00 1.58 0.88
7.04% 7.04% 7.04% 7.04% 7.04% 7.04%
1.00 1.00 1.00 1.00 1.00 1.00
6.21% 8.96% 2.18% 8.15% -7.89% 8.45%



Duke Energy Carolinas, LLC
Docket No. E-7, Subs 1213 and 1214

a A~ W N

10
1"

12

Total Revenues W/ Staff Adj. @ Pres. Rates
Proposed Revenue Change

Net Income Before Increase

Change in Net Income

Total Net Income

Rate Base W/ Staff Adj. @ Pres. Rates
Staff's Proposed Rate Base

Rate of Return (before change)

Rate of Return Index (before change)

Rate of Return (after change)

Rate of Return Index (after change)

Percent Change in Base Revenue

Public Staff
Floyd Second Supplemental Exhibit 2
Page 3 of 4

Class Revenue Changes Equal to NC Retail Change - SCP

©hH h h H PH

%

NC Retail
4,672,431

290,241
971,306
221,625
1,192,931

16,910,528
16,941,199

5.74%
1.00

7.04%
1.00

6.21%

RES
2,198,070

196,993
459,610
150,422
610,032

8,647,579
8,663,263

5.31%
0.93

6.51%
0.92

6.21%

©hH hH h H PH

GS
850,346

(18,510)
215,822
(14,134)
201,687

2,859,041
2,864,227

7.55%
1.31

8.94%
1.27

6.21%

©h hH h H P

%

Lighting
133,855
10,909
35,891
8,330
44,221

626,856
627,993

5.73%
1.00

6.73%
0.96

6.21%

©h h h H P

IND
153,683

(12,123)
41,768
(9,257)
32,510

460,856
461,692

9.06%
1.58

10.63%
1.51

6.21%

IA

OPT
1,336,477

112,973
218,216

86,265
304,480

4,316,196
4,324,024

5.06%
0.88

6.51%
0.92

6.21%



Duke Energy Carolinas, LLC
Docket No. E-7, Subs 1213 and 1214

a A~ W N

10
1"

12

13
14

Total Revenues W/ Staff Adj. @ Pres. Rates
Proposed Revenue Change

Net Income Before Increase

Change in Net Income

Total Net Income

Rate Base W/ Staff Adj. @ Pres. Rates
Staff's Proposed Rate Base

Rate of Return (before change)

Rate of Return Index (before change)

Rate of Return (after change)

Rate of Return Index (after change)

Percent Change in Base Revenue

Staff's Proposed EDIT Credit
Percent Change in Revenue with EDIT Credit

NC Retail
4,672,431

$

$ 290,241
$ 971,306
$ 221,625
$ 1,192,931

$ 16,910,528
$ 16,941,199

5.74%
1.00

7.04%
1.00

6.21%

$ (323,929)
-0.72%

RES
2,198,070

169,028
459,610
129,068
588,679

©h hH h H P

$ 8,647,579
$ 8,663,263

5.31%
0.93

6.80%
0.96

7.69%

$ (167,963)
0.05%

Public Staff Recommended Revenue Distribution- SCP

GS
850,346

6,769
215,822
5,169
220,990

2,859,041
2,864,227

7.55%
1.31

7.72%
1.10

0.80%

(42,622)
-4.22%

Public Staff

IA

Floyd Second Supplemental Exhibit 2

Page 4 of 4

Lighting
$ 133,855
$ 10,909
$ 35,891
$ 8,330
$ 44,221

$ 626,856
$ 627,993

5.73%
1.00

7.04%
1.00

8.15%

$ (13,038)
-1.59%

©h h h H P

IND
153,683

1,221
41,768
933
42,701

460,856
461,692

9.06%
1.58

9.25%
1.31

0.79%

(6,509)
-3.44%

©h hH h H P

OPT
1,336,477

102,313
218,216

78,125
296,341

4,316,196
4,324,024

5.06%
0.88

6.85%
0.97

7.66%

(93,797)
0.64%



Duke Energy Carolinas, LLC
Docket No. E-7, Subs 1213 and 1214

a » W N

10
11

12

Total Revenues W/ Staff Adj. @ Pres. Rates
Proposed Revenue Change

Net Income Before Increase

Change in Net Income

Total Net Income

Rate Base W/ Staff Adj. @ Pres. Rates
Staff's Proposed Rate Base

Rate of Return (before change)

Rate of Return Index (before change)

Rate of Return (after change)

Rate of Return Index (after change)

Percent Change in Revenue

Floyd DEC Supplemental Exhibit 3

I/A

Public Staff
Floyd Second Supplemental Exhibit 3
Page 1 of 4
Base Case - No Revenue Change - SWPA
NC Retail RES GS Lighting IND OPT
$ 4,672,431 $ 2,198,501 $ 851,683 $ 133,585 $ 153,613 $ 1,335,049
$ - $ - $ - $ - $ - $ -
$ 971,306 $ 468,949 $ 238,897 $ 28,690 $ 40,311 $ 194,458
$ - $ - $ - $ - $ - $ -
$ 971,306 $ 468,949 $ 238,897 $ 28,690 $ 40,311 $ 194,458
$ 16,910,528 $ 8,584,707 $ 2,623,742 $ 701,651 $ 474,697 $ 4,525,731
16,941,199 $ 8,600,277 $ 2,628,501 702,924 $ 475,558 $ 4,533,939
5.74% 5.46% 9.11% 4.09% 8.49% 4.30%
1.00 0.95 1.59 0.71 1.48 0.75
5.73% 5.45% 9.09% 4.08% 8.48% 4.29%
1.00 0.95 1.59 0.71 1.48 0.75
0.00% 0.00% 0.00% 0.00% 0.00% 0.00%



Duke Energy Carolinas, LLC
Docket No. E-7, Subs 1213 and 1214

a W N

10
11

12

Total Revenues W/ Staff Adj. @ Pres. Rates
Proposed Revenue Change

Net Income Before Increase

Change in Net Income

Total Net Income

Rate Base W/ Staff Adj. @ Pres. Rates
Staff's Proposed Rate Base

Rate of Return (before change)

Rate of Return Index (before change)

Rate of Return (after change)

Rate of Return Index (after change)

Percent Change in Revenue

IA

Public Staff
Floyd Second Supplemental Exhibit 3
Page 2 of 4
Equal Rates of Return for all Classes - SWPA
NC Retail RES GS Lighting IND OPT

$ 4,672,431 $ 2,198,501 $ 851,683 $ 133,585 $ 153,613 $ 1,335,049
$ 290,241 $ 178,955 $ (70,468) $ 27,249 $ (8,937) $ 163,443
$ 971,306 $ 468,949 $ 238,897 $ 28,690 $ 40,311 $ 194,458
$ 221,625 $ 136,648 $ (53,809) $ 20,807 $ (6,825) $ 124,803
$ 1,192,931 $ 605,597 $ 185,088 $ 49,497 $ 33,487 $ 319,262
$ 16,910,528 $ 8,584,707 $ 2,623,742 $ 701,651 $ 474,697 $ 4,525,731
16,941,199 $ 8,600,277 $ 2,628,501 702,924 $ 475,558 $ 4,533,939
5.74% 5.46% 9.11% 4.09% 8.49% 4.30%
1.00 0.95 1.59 0.71 1.48 0.75
7.04% 7.04% 7.04% 7.04% 7.04% 7.04%
1.00 1.00 1.00 1.00 1.00 1.00
6.21% 8.14% -8.27% 20.40% -5.82% 12.24%



Duke Energy Carolinas, LLC
Docket No. E-7, Subs 1213 and 1214

a W N

10
11

12

Total Revenues W/ Staff Adj. @ Pres. Rates
Proposed Revenue Change

Net Income Before Increase

Change in Net Income

Total Net Income

Rate Base W/ Staff Adj. @ Pres. Rates
Staff's Proposed Rate Base

Rate of Return (before change)

Rate of Return Index (before change)

Rate of Return (after change)

Rate of Return Index (after change)

Percent Change in Revenue

Class Revenue Changes Equal to NC Retail Change - SWPA

NC Retail
4,672,431

$

$ 290,241
$ 971,306
$ 221,625
$ 1,192,931

&

16,910,528
16,941,199

5.74%
1.00

7.04%
1.00

6.21%

@ Ph h &h &P

RES

2,198,501
178,955
468,949
136,648
605,597

8,584,707
8,600,277

5.46%
0.95

6.67%
0.95

6.21%

@hH Ph h &h &P

GS
851,683

(70,468)
238,897
(53,809)
185,088

2,623,742
2,628,501

9.11%
1.59

10.63%
1.51

6.21%

Public Staff
Floyd Second Supplemental Exhibit 3
Page 3 of 4

@hH h h &h A

@

Lighting
133,585
27,249
28,690
20,807
49,497

701,651
702,924

4.09%
0.71

4.98%
0.71

6.21%

©hH h h &hH A

IND
153,613

(8,937)
40,311
(6,825)
33,487

474,697
475,558

8.49%
1.48

10.01%
1.42

6.21%

IA

OPT
1,335,049

163,443
194,458
124,803
319,262

4,525,731
4,533,939

4.30%
0.75

5.69%
0.81

6.21%



Duke Energy Carolinas, LLC
Docket No. E-7, Subs 1213 and 1214

a W N

10
11

12

13
14

Total Revenues W/ Staff Adj. @ Pres. Rates
Proposed Revenue Change

Net Income Before Increase

Change in Net Income

Total Net Income

Rate Base W/ Staff Adj. @ Pres. Rates
Staff's Proposed Rate Base

Rate of Return (before change)

Rate of Return Index (before change)

Rate of Return (after change)

Rate of Return Index (after change)

Percent Change in Revenue

Staff's Proposed EDIT Credit
Percent Change in Revenue with EDIT Credit

Public Staff

IA

Floyd Second Supplemental Exhibit 3

Page 4 of 4

Public Staff Recommended Revenue Distribution- SWPA

NC Retail
4,672,431

$

$ 290,241
$ 971,306
$ 221,625
$ 1,192,931

$ 16,910,528
$ 16,941,199

5.74%
1.00

7.04%
1.00

6.21%

$ (323,929)
-0.72%

@hH h h h &P

RES
2,198,501

163,423
468,949
124,788
593,737

8,584,707
8,600,277

5.46%
0.95

6.90%
0.98

7.43%

(167,963)
0.21%

©hH h &h &h &P

GS
851,683

5,487
238,897
4,190
243,087

2,623,742
2,628,501

9.11%
1.59

9.25%
1.31

0.64%

(42,622)
-4.36%

Lighting
$ 133,585
$ 10,887
$ 28,690
$ 8,313
$ 37,003

$ 701,651
$ 702,924

4.09%
0.71

5.26%
0.75

8.15%

$ (13,038)
-1.61%

IND
153,613

1,606
40,311
1,226
41,538

474,697
475,558

8.49%
1.48

8.73%
1.24

1.05%

(6,509)
-3.19%

OPT
1,335,049

108,839
194,458

83,108
277,567

4,525,731
4,533,939

4.30%
0.75

6.12%
0.87

8.15%

(93,797)
1.13%



Duke Energy Carolinas, LLC
Docket No. E-7, Subs 1213 and 1214

a » W N

10
11

12

Total Revenues W/ Staff Adj. @ Pres. Rates
Proposed Revenue Change

Net Income Before Increase

Change in Net Income

Total Net Income

Rate Base W/ Staff Adj. @ Pres. Rates
Staff's Proposed Rate Base

Rate of Return (before change)

Rate of Return Index (before change)

Rate of Return (after change)

Rate of Return Index (after change)

Percent Change in Revenue

Floyd DEC Supplemental Exhibit 4

I/A

Public Staff
Floyd Second Supplemental Exhibit 4
Page 1 of 4
Base Case - No Revenue Change -WCP
NC Retail RES GS Lighting IND OPT
$ 4,672,431 $ 2,192,070 $ 852,587 $ 133,493 $ 153,722 $ 1,340,559
$ - $ - $ - $ - $ - $ -
$ 971,306 $ 369,357 $ 250,928 $ 29,521 $ 42,203 $ 279,297
$ - $ - $ - $ - $ - $ -
$ 971,306 $ 369,357 $ 250,928 $ 29,521 $ 42,203 $ 279,297
$ 16,910,528 $ 9,567,442 $ 2,500,816 $ 692,750 $ 456,373 $ 3,693,148
16,941,199 $ 9,584,794 $ 2,505,351 694,006 $ 457,201 $ 3,699,846
5.74% 3.86% 10.03% 4.26% 9.25% 7.56%
1.00 0.67 1.75 0.74 1.61 1.32
5.73% 3.85% 10.02% 4.25% 9.23% 7.55%
1.00 0.67 1.75 0.74 1.61 1.32
0.00% 0.00% 0.00% 0.00% 0.00% 0.00%



Duke Energy Carolinas, LLC
Docket No. E-7, Subs 1213 and 1214

a » W N

10
11

12

Total Revenues W/ Staff Adj. @ Pres. Rates
Proposed Revenue Change

Net Income Before Increase

Change in Net Income

Total Net Income

Rate Base W/ Staff Adj. @ Pres. Rates
Staff's Proposed Rate Base

Rate of Return (before change)

Rate of Return Index (before change)

Rate of Return (after change)

Rate of Return Index (after change)

Percent Change in Revenue

IA

Public Staff
Floyd Second Supplemental Exhibit 4
Page 2 of 4
Equal Rates of Return for all Classes - WCP
NC Retail RES GS Lighting IND OPT

$ 4,672,431 $ 2,192,070 $ 852,587 $ 133,493 $ 153,722 $ 1,340,559
$ 290,241 $ 400,170 $ (97,580) $ 25,338 $ (13,107) $ (24,580)
$ 971,306 $ 369,357 $ 250,928 $ 29,521 $ 42,203 $ 279,297
$ 221,625 $ 305,566 $ (74,511) $ 19,348 $ (10,009) $ (18,769)
$ 1,192,931 $ 674,923 $ 176,417 $ 48,869 $ 32,194 $ 260,528
$ 16,910,528 $ 9,567,442 $ 2,500,816 $ 692,750 $ 456,373 $ 3,693,148
16,941,199 $ 9,584,794 $ 2,505,351 694,006 $ 457,201 $ 3,699,846
5.74% 3.86% 10.03% 4.26% 9.25% 7.56%
1.00 0.67 1.75 0.74 1.61 1.32
7.04% 7.04% 7.04% 7.04% 7.04% 7.04%
1.00 1.00 1.00 1.00 1.00 1.00
6.21% 18.26% -11.45% 18.98% -8.53% -1.83%



Duke Energy Carolinas, LLC
Docket No. E-7, Subs 1213 and 1214

a » W N

10
11

12

Total Revenues W/ Staff Adj. @ Pres. Rates
Proposed Revenue Change

Net Income Before Increase

Change in Net Income

Total Net Income

Rate Base W/ Staff Adj. @ Pres. Rates
Staff's Proposed Rate Base

Rate of Return (before change)

Rate of Return Index (before change)

Rate of Return (after change)

Rate of Return Index (after change)

Percent Change in Revenue

Public Staff
Floyd Second Supplemental Exhibit 4
Page 3 of 4

Class Revenue Changes Equal to NC Retail Change - WCP

NC Retail
4,672,431

$

$ 290,241
$ 971,306
$ 221,625
$ 1,192,931

L5

16,910,528
16,941,199

5.74%
1.00

7.04%
1.00

6.21%

©hH h h &h &P

RES

2,192,070
400,170
369,357
305,566
674,923

9,567,442
9,584,794

3.86%
0.67

4.94%
0.70

6.21%

©hH h h &h &P

GS
852,587

(97,580)
250,928
(74,511)
176,417

2,500,816
2,505,351

10.03%
1.75

11.63%
1.65

6.21%

@hH h h &hH A

&

Lighting
133,493
25,338
29,521
19,348
48,869

692,750
694,006

4.26%
0.74

5.17%
0.73

6.21%

@hH h h &h &P

IND
153,722

(13,107)
42,203

(10,009)
32,194

456,373
457,201

9.25%
1.61

10.83%
1.54

6.21%

IA

OPT
1,340,559

(24,580)
279,297
(18,769)
260,528

3,693,148
3,699,846

7.56%
1.32

9.27%
1.32

6.21%



Duke Energy Carolinas, LLC
Docket No. E-7, Subs 1213 and 1214

a W N

10
11

12

13
14

Total Revenues W/ Staff Adj. @ Pres. Rates
Proposed Revenue Change

Net Income Before Increase

Change in Net Income

Total Net Income

Rate Base W/ Staff Adj. @ Pres. Rates
Staff's Proposed Rate Base

Rate of Return (before change)

Rate of Return Index (before change)

Rate of Return (after change)

Rate of Return Index (after change)

Percent Change in Revenue

Staff's Proposed EDIT Credit
Percent Change in Revenue with EDIT Credit

NC Retail
4,672,431

$

$ 290,241
$ 971,306
$ 221,625
$ 1,192,931

$ 16,910,528
$ 16,941,199

5.74%
1.00

7.04%
1.00

6.21%

$ (323,929)
0.72%

RES
2,192,070

$

$ 180,007
$ 369,357
$ 137,452
$ 506,809

$ 9,567,442
$ 9,584,794

3.86%
0.67

5.29%
0.75

8.21%

$ (167,963)
0.55%

©hH h &h &h &P

Public Staff Recommended Revenue Distribution- WCP

GS
852,587

35,812
250,928
27,346
278,273

2,500,816
2,505,351

10.03%
1.75

11.11%
1.58

4.20%

(42,622)
-0.80%

Public Staff

IA

Floyd Second Supplemental Exhibit 4

Page 4 of 4

Lighting
133,493
10,945
29,521
8,358
37,879

@hH h h &h &P

&

692,750
$ 694,006

4.26%
0.74

5.46%
0.78

8.20%

$ (13,038)
-1.57%

IND
153,722

6,525
42,203
4,982
47,185

456,373
457,201

9.25%
1.61

10.32%
1.47

4.24%

(6,509)
0.01%

OPT
1,340,559

56,951
279,297
43,487
322,785

3,693,148
3,699,846

7.56%
1.32

8.72%
1.24

4.25%

(93,797)
-2.75%



