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Table 9.

EFFICIENCY (IN FUEL TERMS) BY UNIT

Potomac Electric Power Company, 1972

Net

Fuel Type and Rate Net Gross s s
Unit | Installation Continuous | L¢3k Capacity| Efficiency
Plant No. Date Coal(tons Oil(gal. Plant 8§mand 10*BTU/KiH
hr.) min.) | Capability | pi, . | 10°KuH /K
Potomac River 1 1949 38 95 11.0
2 1950 38 95 11.0
3 1954 37 486.0 478.0 108 9.0
4 1956 37 108 9.0
5 1957 37 108 9.0
Dickerson 1 1959 55 190
2 1960 55 550.5 547.0 190 8.7
3 1962 55 507.0 190
Dickerson GT 23.0 16.2
Chalk Point 1 1964 115 710.0 654.0 355 8.5
2 1965 v 115 355 )
Chalk Point GT 22.0
Morgantown 1 1970 200 630 1114 1128.0 573 8.6
2 1971 200 630 575
Morgantown GT 35.0
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Table 9 (continued).

EFFICIENCY (IN FUEL TERMS) BY UNIT

Potomac Electric Power Company, 1972
Net
Fuel Type and Rate Net ; Gross R
Unit | Installation Continuous Peak Capacity Efficiency
plant No. | Date Coa1 (£oRs  [o;7(gal. | Plant ognand |- 103 BTU/KKH
hr.) min.) | Capability| py,n.¢ 103KWH |
Connemaugh 1640 1732.0 total plant
Bennipg 10 1927 30.0
Station 11 1929 30 total 30.0
- 14.0
.'_l2 1931 30.0 combined
13 1947 23 74 712 720 55.0
14 1952 31 100 28.0
15 1968 340 289.0 11.0
‘ 16 1972 340 289.0 11.0
Buzzard Point 1 1933 58 288 205 37.5 13.0
;2 1938 5_8 37.5 13.0
3 1940 70 57.5 11.0
4 1942 70 57.5 11.0
5 1943 70 57.5 11.0
6 1945 70 57.5 11.0
Buzzard Point (16 500 (Not. 251 268.0 15.0
Combustion Units) applicable
Turbines since not
base load
plant)




How useful is SRMZ(1)? Consider Figure 2, the system | oad
curve for three representative days in three representative
mont hs (August, April, and Decenber). The conparison with
Table 8 reveals that, were all units in the systemfunction-
ing perfectly with no downtine, the system peak |oad could
be met with anple excess generating capacity in August, the
peak nonth, and wi th superabundant excess capacity during
the seasonal w nter trough. Sonehow this scenario does not
square with the current fears of brownout and bl ackout, and
the problemis one of equipnent availability. Every unit,
boi l er and generator, nust be periodically taken "down,"

i nspected, and perhaps repaired or overhauled. A commpn
rule of thunb concerning such scheduled outages is: every
boi |l er must be schedul ed for one outage per year, and every
generator for one outage every three years. Unfortunately,
not all outages are scheduled. "Unschedul ed outages," as
they are called in the trade- - breakdowns or takedowns in an-
ticipation of trouble--are far frominfrequent. This supply
side uncertainty is not the only source of uncertainty for an
electric utility: on the demand side the uncertainty is
associated with the unpredictability of load. Trouble can
arise fromeither side, and the problem nay be stated as
what are we willing to pay for service of a given quality--
one conponent of that quality index being the guarantee that,
with certain probability, all loads will be served? The
probl em of how nmuch of a capacity margin is necessary is
amenable to benefit-cost analysis. W are not aware of any
such analysis in the literature on the electric power indus-

try.

If the utilities have based their capacity requirenent poli-

cies upon such analysis, the process has been inplicit.
What one finds repeatedly--in the trade literature and in
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conversation with engineers in utility generating depart-
nments--is the citation of rules of thumb. Two are cited nore
frequently than others: first, that a 20 percent margin of
capacity over expected |load nmust be carried, and second, than
the systemnust be able to neet |oads even if the |argest
unit operating at any given point in tine should fail

Such rules of thunb should be replaced by a nore explicit
benefit-cost calculus. But our purpose is the reconstruc-
tion of short run cost functions "as they are," not as we
think they should be. W therefore accept the second rule
as binding and proceed with our reconstruction, now with the
knowl edge that any such reconstruction turns upon availabili-
ty assunptions. There are two possible sources of informa-
tion on availability: individual conpany data on schedul ed
and non-schedul ed outages of individual units, and Edison
Electric Institute (EEI) data. The latter is a conpilation,
by unit size, of industry availability data, and is there-
fore closer to what we mght call "expected availability"
than any one year record for an individual firm W there-
fore take the EEl overall availability nmeasure, conpute the
correspondi ng expected downtine, and proceed to a "by sight"
schedul ing of downtime over the course of the year. The ca-
pacity margin requirenent we inpose is, as discussed above,
that in any given nonth capacity on line to be able to neet

| ast year's demand during that nonth even if the |argest on
line unit were to fail. The scheduling problemthus defined
s, when fornulated as a mathematical programm ng problem

of forbidding complexity. W therefore follow utility prac-
tice in scheduling "by sight," guided by the rule: repair
your nost efficient capacity in the mnimum demand nonths,
the next nost efficient capacity in the next highest demand
mont hs, and so on.
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Table 10 presents the results of this exercise for one system
in one year. By conparing Colum 6 of this table, "Margin in
Largest Running Plant Fails,” with Table 11, "System Peak
Loads by Month," we can verify that the suggested schedul e
satisfies the rule of thumb discussed above. Finally, given
this schedule, the linkage to systemshort run marginal cost
of generation--call this schedule SRMC(2), an inprovenent in
realismover SRMC(1) above--is a sinple matter of construct-
ing the SRMC schedule in each nonth, given the capacity
available in that month. Table 12 conpiles SRMZ(2), for the
above repair schedule, in repair period |I. Entries in the
col uim headed "SRMC of Ceneration" are fuel costs per KWH
for the least efficient unit that nust be operated (in order
to meet system |oad) when the mgjor unit listed in the left-
hand colum is down for repairs.

Thus we have, in any nonth, a SRMC schedule reflecting ac-
tually available capacity. Wien placed side by side with the
system | oad curve for any day of that nonth, we have the cost
of generating the marginal KWH during any hour that day or,
when averaged over peak hours (respectively off peak hours),
t he margi nal generation cost during peak hours (respectively
of f peak hours).

SRMC(2) is about the best that can be said about short run
margi nal costs from Federal Power Conm ssion "total produc-
tion cost" data. The limtations of this neasure have been
sufficiently bel abored above. Here we re-enphasize two

poi nts. First, note the conparatively snall variation of
SRMC(2) between peak and of fpeak periods. From Table 11 note
that the January peak load was 1,975 MN  From Table 12 we
know that, had availability been as assuned in constructing
that table, peak hour short run marginal costs would have
been roughly .72¢. Suppose that January offpeak hour demand
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Table 10.

MONTHLY PEAKS; TRIAL REPAIR SCHEDULE 1,
Potomac Electric Power Company, 1972

Margin if
ggiiem Remaining %i:ﬁ§3t Largest
Month If Repair Capacity . Running
Demand Running Plant Fails
108 KW 10°KwW 6
January 1.98 Morgantown 2.372 .355 2.017
1§2
February 1.99
March 1.87 Chalk Point 2.618 .573 2.045
1§2
April 1.94 Dickerson
3
May 2,33 Dickerson 3.138 .573 2.565
1§2
June 2.73
July 3.48 No Scheduled )
Outages Need
Peaking
August 3.29 No Scheduled 3.518 .573 2.945 |-Capacity
Outages
September 3.03
October 2.04 Benning Station
15 § 16
November 2.06 Potomac River| 2.616 .573 2.043

3, 4, § 5




Table 11. SYSTEM PEAK LOAD BY MONTH

Load Data
Nbnt h Pe?geﬁﬁnand Pe%gtéoad
January 1.975 17
February 1. 990 7
Mar ch 1.867 14
April 1.944 20
May 2.331 31
June 2.730 19
July 3.479 21
August 3.288 25
Sept enber 3.034 14
Cct ober 2.044 6
Novenber 2.061 30
Decenber 2.110 18
Annual Peak 3. 479 7-21-72

was roughly 1,000 KW then the corresponding SRMC(2) esti-
mate is approximately .47¢.

But it would be a mstake to accept even this inproved short
run margi nal cost neasure as a reliable guide to "true" peak
period short run marginal cost. For, at the peak, short run
mar gi nal cost cannot be approxi mated by increnental fuel

costs for generation from baseline capacity. If capacity

has been appropriately adjusted to peak demand, the short run
cost of serving the marginal peak customer nust equal the
(long run) cost of serving that custoner by expanding capacity
Thus, system long run marginal cost is a better neasure of
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Table 12.  SRMJ(2), TRI AL REPAI R SCHEDULE 1

Repair Period | - January-February
. Cumul at | ve
Net Continu- | Last Avai | abl e
Gt | by Gl | o | GapaniT Ty
Mobr gant own
1 557 4563 | =——
2 .b57 _—
Di ckerson
1 . 184 . 184
2 . 184 . 4594 . 367
. 184 . 551
Chal k Poi nt
1 . 355 4706 . 906
2 . 355 1.261
Pot omac Ri ver
3 . 108 1. 369
4 . 108 . 5427 1. 477
5 . 108 1.585
Pot omac Ri ver
1 . 095 1. 680
2 . 095 6633 1. 775
Benning Station
15 . 289 2.063
16 . 289 1247 2. 352

true peak period short run marginal cost than is SRMC(2).
But in order to conpute that neasure, we need an explicit
al l ocation of capacity costs.

OFFPEAK VERSUS PEAK COSTS: AN EXPLICI T ALLOCATI ON
OF CAPACI TY COSTS

We begin that explicit allocation of capacity costs with a
few remarks on the sonewhat specialized cost termnology em
ployed in the electric power industry.
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Electric Wility Costs: Sonme Nonenclature

Di scussions of electric utility costs |ean heavily upon four

cost "vocabularies." Each will serve us in what foll ows.

For purposes of discussion, We distinguish these vocabularies
as the conventional utility, income statenent, econom c cost,
and functional vocabul aries. First, we introduce them seria-
tim below, we make use of these classifications in apportion
Ing costs between subperiods and between custoner classes.

The Conventional Wility Vocabul ary--So naned (here) because
of its origininthe utility literature, this franework cl as-
sifies the cost of service into energy, capacity, customer
and residual costs. Each category specifies one dinension

of service, and the dinensions of service provided are pre-
sumably independent. Thus energy costs are those associ at ed
with the provision of delivered KWHs, all else held fixed.
Capacity costs are, simlarly, costs incurred for the pro-
vision of capacity. Cust oner costs are those which vary when
the nunber of custoners is varied. Anong the latter are, un-
anbi guously, the (annualized) installed cost of a meter, and
the cost of neter reading. Less unanbi guous--it can nake a
great deal of difference in the calculation of the m ninum
charge to be recovered from every custoner--is the status of
custoner-related distribution plant. Cdearly the wire run-
ning froma distribution line to an individual house repre-
sents a pure custoner cost, a cost incurred in the service

of an identifiable custoner. But what of the distribution
l'ines and poles? Are they to be subsunmed under capacity cost
or customer cost? Finally, residual costs are all costs not
subsunmed under energy, capacity or custoner cost categories
for exanple sonme, but not all, admnistrative and general ex-
penses, i.e. such regulatory conmission expenses as are in-
dependent of the other three "dinensions."
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There is much inprecision in this cost classification. In
addition to the anbiguities cited above, there is the ob-
viously unsatisfying fiction of independent dinensions of
cost incurrence: for exanple, the cost of providing an in-
crenental KWH depends upon the |evel of capacity in the sys-
temin a conplex way. Nevertheless, the persistence of the
conventional utility vocabulary is a tribute to the adequacy
of certain cost-function approximations inplicit in that |
vocabul ary-- in the above exanple, the approxi mate constancy
of energy costs over w de ranges--and to the format in which
data are collected and reported. Again, in the above exanple
production cost is typically reported on a per unit or per
plant basis, whereas there is always sone snall variation of
unit efficiency between zero |oad and maxi mum | oad.

The Inconme Statenent Vocabul ary--The characteristic framework
in which cost data are sunmmarized for the purposes of review
of the financial status of the conpany is a useful point of
departure in our later cost calculations, precisely because
the incone statenment categories, aggregative as they are,
have definite econom c content suggestive of correct alloca-
tion procedures. Thus, in 1972, the Potomac El ectric Power
Conpany reported sunmary incone statenment data as conpil ed
in Table 13. O the broad cost categories--Qperating Ex-
penses, Maintenance Expenses, Depreciation, Federal |ncone
Taxes, Taxes O her than Federal |ncone Taxes, |Interest on
Long Term Debt, and Qther Interest.and Anortization--only
Qperating Expenses and Federal Incone Taxes require further
scrutiny, the other categories are clearly assignable--in
"conventional wutility" terns--to non-energy cost categories.
Tabl e 14, obtained from Federal Power Comm ssion Form 1 as
filed by the Potomac Electric Power Conpany for 1972, sup-
plies the breakdown of electric operation expenses between
energy and non-energy related costs: only the fuel cost of
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Table 13. | NCOVE STATEMENT DATA,
POTOVAC ELECTRI C PONER COWPANY, 1972
[thousands of dollars)

Qperating Revenues 272,717
Qperating Expenses 94, 493
Mai nt enance Expenses 21, 146
Total Qperating and

Mai nt enance Expenses 115, 639
Depreci ation 35,516
Federal |ncome Tax 10, 804
O her Tax 31, 844
Total Operating Expenses 193, 888
Qperating Income, G o0ss 78, 829
QG her Income, Net 449
Income Before Interest

Char ges 79, 278
Interest on Long-Term

Debt s 32,704
QG her Interest and

Anortization 1,714
Total Interest Charges 34,418
Net | ncone 44, 860

$105, 170, 553 represents true energy cost, the remainder of
total operations costs of $113,386,960 being incurred in ways
| argely independent of the |level of output--e.g., supervision
of generation. Depreciation and Texes Qther than Federal |In-
cone Taxes are subsuned as capacity charges: Depreciation
with little further ado, and Taxes Qther than Federal |ncone
Taxes because property taxes on assessed valuation should be
in rough proportion to value of electric plant in service.
There remain customner costs--reported separately for the

most part and, with qualifications discussed above arising
from anbiguities in the assignment of certain distribution
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Tabl e 14:  FUNCTI ONALI ZATI ON OF OPERATI NG AND MAI NTENANCE COST
Potomac El ectric Power Conpany, 1972

(dol | ars)

GENERATI ON
Qperation, Supervision and Engineering 484, 739
Fuel 105, 170, 553
St eam Expenses 3,723,141
El ectric Expenses 1,972,373
M scel | aneous Steam Expenses 2,033, 635
Rent s 2,519
Total Qperation 113, 386, 960
Qperation Overhead 487, 258
Total Maintenance 12,694, 220
OTHER POAER GENERATI ON
Total Power Production Expenses - Qher Power 2, 055, 885
OTHER POMER SUPPLY EXPENSES
Purchased (Sol d) Power (56, 349, 939)
System Control and Load Dispatching 1,194,892

her Expenses 196, 788
TRANSM SSI ON
Total Transm ssion Expenses 320, 739
DI STRI BUTI ON
Met er Expenses 765, 938
Mai nt enance of Meters 151, 815
Total Distribution Expenses. 12,791, 639
Total Nonmetering Distribution Expenses 12,025, 701
CUSTOMER ACCOUNT EXPENSES
Meter Reading Expenses 978, 214
Total Custonmer Accounts Expenses 5,244,393
Total Metering Expenses 1,895, 967
Sal es Expenses 2,444,162
ADM NI STRATI VE AND GENERAL EXPENSES
Total A & G Expenses 21, 659, 040
TOTAL ELECTRIC O & M 115, 638, 779
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plant, readily identifiable--and what mght be called non-
depreci ation cost of capital charges, the latter category
covering Interest, Net Inconme and Federal Incone Taxes. A
simplifying device for treating these cost categories, a de-
vice which does not violence to the facts, is discussed bel ow
in the sanple assignment of capacity costs.

The Econom ¢ Vocabul ary--The distinction between fixed and
variable costs is related to, but |ess precise and useful
than, what we have called the conventional utility vocabu-
lary.  Fixed costs, those not changing with the |evel of
output, enbrace capacity, custonmer and residual expenses
Variabl e costs, definitionally those which do vary with out-
put, are closest to energy costs. Wiy bother to conplicate
matters with this additional and extrenely thin "vocabul ary"
Only because it is so famliar that we shall probably inad-
vertently use it in what follows.

The Functional Vocabul ary--Costs are herein classified by the
stage of the production process in which they are incurred.

I n sequence, those stages are generation, transm ssion and
di stribution.

A Cassification of Capacity Costs

The key first step is the selection of a workable classifica-
tion of capacity costs. The classification we select, based
upon the discussion above, nust be exhaustive of all capacity
costs identified in the income statenent framework. Sych an
exhaustive classification is as foll ows:

1. Nonfuel Operation and Mintenance Expenses;

2. Cost of Capital: Rate of Return on Rate Base
and Depreciation; and

3. Taxes Qther than Federal Income Taxes.
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Category 1 has been discussed above, and can be obtained di-
rectly from Federal Power Conm ssion Form 1 by subtracting
Fuel Cost from Total Operation Cost to give the Total Non-
fuel Operation Cost. To these nust be added System Control
Load Dispatching Expenses, and Oher (nonfuel) Expenses; the
result, Total Nonfuel Operation and Mi ntenance Expenses, is
as conpiled in the final colum of Table 15. The sanme pro-
cedure is applicable to transm ssion operation and mainte-
nance costs, which are alnost wholly "fixed" costs of oper-
ating and naintaining the transmi ssion system Distribution
nonfuel operation and naintenance expenses are given directly
in Form1l--note the last line of the operation and mai ntenance
distribution category in Table 14--and therefore need not be
adjusted a la Table 15. Note that in terms of our cost vo-
cabul aries, Table 15 covers one conponent of capacity cost,
and deconposes that conponent by function.

Consi der next Table 16, Cost of Capital: Rate of Return on
Rate Base and Depreciation. The title of this table include
some utility jargon, and an explanation may be hel pful. Econ-
omsts customarily define the net cost of capital as equal to
the gross cost of capital mnus depreciation. \Wen economsts
study regulated utilities, they are often asked whether a
conmpany is earning a "fair (net) return on capital." In
practice, a fair return generally nmeans a rate of return
sufficient to attract capital into the industry. And in
practice, the net return on capital is conputed as the prod-
uct of a "rate of return" tines a "rate base." This proce-
dure could not be faulted if the “rate of return” figure used
were the opportunity cost of capital, and if the “rate base”
figure used were the conpany's net worth. But how can a reg-
ul atory conm ssion determne the opportunity cost of capital:
What usual |y happens is that sone very rough approxi mati on
to net worth (such as original cost of physical plant) is
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Table 15. GENERATION AND TRANSMISSION NONFUEL OPERATION AND MAINTENANCE
Potomac Electric Power Company, 1972
(dollars)
Total System Total
Functional Component |Total Fuel Nonfuel Total Control Other Nonfuel
of Plant in Service Operation ue Operation | Maintenance| and Load Expenses® 0§M Plus
' ’ Dispatching?®
GENERATION
Total Steanm
Production )
Plant 113386960 | 105170553 8216407 12694220 20910627
Total Other
Production
Plant 1718671 1714086 4585 2055885 2060470
Total Production
' Plant 1194892 196788 24362777
TRANSMISSION 155975 164764 320729

%In prineiple some of these expenses are allocable between modes of generation.

But theie is no

data available with whzch to make the allocation, so that we must attribute these expenses to

overall generation.
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Table 16. COST OF CAPI TAL: RATE OF RETURN ON RATE BASE AND DEPRECI ATI ON,

Potomac El ectric Power Conpany, 1972
(dol | ars)

Plant in Cost of Capital | ponreciation

Functional Conponent Servi ce: at 8 Percent : G oss Cost
of Plant in Service | Balance at |of Oiginal g;teog”pos'te of Capital

End of Year | cost

GENERATI ON

Total Steam
Production Pl ant 558, 409, 172 44,672, 734 16, 417, 230 61, 089, 964

Total O her
Production Pl ant 30, 203, 993 2,418, 151 888, 670 3, 306, 821,

Total Production
Pl ant 588, 636, 054 47,090, 884 17, 305, 900 64, 396, 785

TRANSM SSI ON

Total Transm ssion
Pl ant 200, 706, 727 16, 056, 538 5,900, 778 21,957, 316




taken as the "rate base,” and sone rough estimate of the
opportunity cost of capital is taken as the "rate of return.

Al that matters is the product of these two nunbers, which
is the "target" net income allowed the, conpany.

The purpose of Table 16 is the conpilation, in a formconve-
nient for allocation procedures, of the cost of capital in
ternms of the incone cost vocabulary. The relevant categories
are (recall the incone statement categories in Table 13)
Depreci ation, Federal Incone Taxes, Interest on Long Term
Debt, Qher Interest and Anortization Charges, and Net In-
cone. Treating these income statement categories seriatim
we begin with Depreciation. Conceptually the |east anbiguous
of the cost of capital categories., our difficulties in the
treatment of depreciation arise fromthe wide variations in
economc lifetime of the capital stock held by electric uti-
lities, and the practice of reporting only the total depre-
ciation category found in Form 1. Thus generating plant may
have an economc life of twenty years--many ol der units are
still in service- -whereas underground distribution plant nay
function for fifty or nore years. Public Service Comm ssion
typically will assign allowed rates of depreciation for spe-
cific types of equipment. A conposite straight line rate
wi Il then be conputed by weighting equi pment-specific rates
by sone weights related to the division of plant in service
bet ween various equi pnent types.

Qur procedure in assenbling depreciation estinmates by func-
tion begins by conputing an "effective" conposite straight
line rate in force, that "effective" rate being defined as
the ratio of total depreciation charges to end-of-year elec-
tric plant in service. (A minor anbiguity surrounds the use
of end-of-year electric plant since, for plant conpleted
during the year, sonething less than an annual depreciation
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charge at the conposite straight
The "effective" electric plant
t ween begi nni ng-of -year and end- of -year
Tabl e 17, derived from Federal
assenbl es electric plant
tion of the inputed conposite straight

line rate is appropriate.
In service is somewhere be-
pl ant
Power Comm ssion Form 1,
in service by function.
| i ne depreciation

in service.)

Appl i ca-

rate to functionally identified plant in service gives the

colum of Table 16 headed Depreciation at

Conposite Rate.

Table 17. ELECTRI C PLANT | N SERVI CE,
Pot omac El ectric Power Conpany, 1972
(dol l ars)
Electric Plant in Service End- of - Year
Total Intangible PIant 75,578
Total Steam Production Pl ant 558, 409, 172
Total O her Production Plant 30, 203, 993
Total Production Plant 588, 636, 054
Total Transm ssion Pl ant 200, 706, 721
Distribution Plant:
Land and Land Rights 8, 806, 101
Structures and |nprovenents 18, 439, 647
Station Equi prent 46, 641, 883
Pol es, Towers, Fixtures 25,775, 660
Overl and Conductors and Devices 29, 860, 660
Under ground Conduits 89, 960, 956
Under ground Conductors and Devi ces 67,877,917
Line Transfornmers 86, 938, 999
Servi ces 52, 965, 185
Meters 21, 300, 501
Installation on Custoner Prem ses 2,347,571
Street Lights and Signals 26, 092, 906
Total D stribution Plant 478, 008, 178
Total GCeneral Pl ant 27,160, 981
Total Electric Plant in Service 1, 284,587,512

17



Turning next to the net cost of capital concept--the oppor-
tunity cost of capital which is present even in the absence
of econom c depreciation--our nmethod is pegged to an eight
percent rate of return on original cost. That conputed fig-
ure appears in the colum of Table 16 headed Cost of Capital
at 8 Percent of Original Cost. The sumof that pure cost of
capital and of the depreciation estimate leads to a Goss
Cost of Capital estimate. Since electric plant in service is
al ready broken out by function, the Goss Cost of Capital es-
timate is |ikew se automatically broken out by function. Fi-
nally, only the third conponent of our sinplified cost of
capital classification remains. Table 18, Taxes Qher than
Federal Income Taxes, allocates such taxes anong functionally
speci fied conponents of electric plant in service in propor-
tion to electric plant in service. The validity of that pro-
ration as a reasonabl e nmeasure of cost incurrence associ ated
with various facilities depends upon the assunption that in-
direct business taxes are levied in proportion to assessed
valuation, with the |ater assessnent assuned to reflect the
costs of services provided by state and |ocal governmnents.

In Table 19, Summary of Functionalized Capacity Costs, the
three sinplified capacity cost conponents--Nonfuel Operation
and Mai ntenance Expenses, Cost of Capital, and Taxes O her
than Federal Income Taxes--are summed for each function, with
the last colum, the sum giving total capacity cost respon-
sibility by function. Note that this table includes, albeit
sonewhat out of sequence, the full results for Nonneter Dis-
tribution costs. Calculation of those costs requires that
netering costs be deducted from total distribution costs,

and this is done bel ow.
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Table 18. TAXES OTHER THAN FEDERAL INCOME TAXES
Potomac Electric Power Company, 1972
(dollars)

Fraction of .
Functional Component | Corresponding | Plant in Proration of
m~l2 DTt tom Camars ~n Nwiagdnnl OChAnc+ Q 3 Tax Over
OL riant in oervice Originair LOST | o€TV1CE, b}' Plant
Function n
Total Production
Plant 559,288,714 .432 14,507,157
Total Transmission
Plant 200,706,721 .155 4,941,999
Total Distribution
Plant 456,707,678 .353 11,255,003
Total Electric
Plant in Service 1,294,587,512

Table 19. SUMMARY OF FUNCTIONALIZED CAPACITY COSTS,
Potomac Electric Power Company, 1972
(dollars)
Total Cost of Taxes Other Total
Function Nonfuel Capital Than Federal by Function
0§ M Income Taxes v
GENERATION 24,352,777 64,396,785 14,507,157 103,266,719
TRANSMISSION 320,729 21,957,316 4,941,999 27,220,044
NONMETER
DISTRIBUTION{11,873,886]} 49,963,820 11,255,003 73,092,709
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Al l ocation of Capacity Costs Anong Rate Schedul es:
A Prelimnary Exanple

W repeat what we have said several tines above: that we
have neither the tine nor the resources for a fine-grained
cost of service study, but that we can tolerate nuch |ess

It will prove sufficient to have a fairly accurate conpari -
son of actual versus appropriate patterns of cost recovery.
I n nmoving towards that conparison we first sketch what it

m ght nmean, and then turn to the actual allocation of the
capacity cost conponents listed in Table 19 anong i ndi vi dual
custonmer classes. By a customer class we nean all those
custoners served on a given rate schedul e.

For a guide to how fixed costs are actually recovered, the
sinplest procedure is to use crude average revenue data.
Consi der Table 20, Crude Estinates of the Allocation of
Capacity Costs Anmong Custoner C asses, Potomac Electric Pow
er Conpany, 1972; all data derive from Federal Power Conm s-
sion Form 1l filed by that company in that year. For present
purposes it will suffice to take, from our previous work on
short run marginal generation costs, a flat, conservative
estimate, say .7¢. By subtracting . 7¢ from average revenue
obtained in the service of the various rate schedul es, we
obtain the colum of Table 20 headed Capacity Costs Recover-
ed per KWH (by Rate Schedule). Miltiplying that figure by
the average number of Kkilowatt hours sold under the various
rate schedules, we obtain the colum Capacity Costs Recover-
ed per Customer by Customer d ass. From that colum, nulti-
plication by the nunmber of customers served under the various
rate schedules gives the columm Capacity Costs Recovered by
Cust omer d ass.
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Tabl e 20. CRUDE ESTI MATES OF ALLOCATI ON OF CAPACI TY COSTS AMONG CUSTOVER CLASSES,
Pot omac El ectric Power Conpany, 1972

i Capacity ga acity
Average . [ KWHR Sal es | Revenue acity | gost 0
Qustoner Class | KWH Sold Revenue $ | Ninber of | per er e gi nal %E&?ered Recovered | Recover ed
Customers | Customers R ¢ per KVH n%rcu gg-s F():?th
st oner

Total
Redidential | 3128 684,929 | 77,455,188 | 391, 046 o001 | 2478| 7 1.776 | 55,565, 444 142.1
Totf\taLow
Cometcial | 6,123,240, 159 | 133,766,262 | 47,596 | 128,650 | 2.185| .7 1485 | 90,930,116 | 1,910.5
Total L
Baer 19 13 101 206500 | 45,330,042 29| 104515 14| 7 725 | 23,065,125 | 189, 685. 8
Int %hane

esale | 5803 591 000 | 56,349, 939 .- . | 7 o | 15727, 732 _

Tot al aci

Cost s cove?led $ 185,288, 417




As must be true because of the heavy distribution costs
associated with residential service, the highest capacity
cost per KWH recovery figure is the residential figure, with
remai ning rate schedules in the expected sequence: comrer-
cial, large power, and interchange and resale. The very |ow
figure for interchange and resale is remarkable. Renenber
that the . 271¢/XWH figure is capacity cost recovery al one;
addition of the . 7¢ fuel cost |eaves us with approxi mately
1.0¢, about the national average for interchange and resal e-
bul k power--sales. So much for what we have called the
"actual" pattern of cost recovery anong rate schedules. W
turn to the nore difficult problem of specifying a service-
abl e version of what we have called the "appropriate" pat-
tern of cost recovery,

ESTI MATES OF PEAK RESPONSI Bl LI TY CAPACI TY COST
RECOVERY

As an illustration of the nethods we will use to conpare
actual and "appropriate" patterns of cost recovery, we com
pare here a neasure of peak responsibility generation costs
with the cost recovery neasures devel oped in Table 20.
(Transm ssion and distribution costs will of course be in-
cluded in the final estimates. By tenporarily |eaving them
out of the picture we can illustrate, independently of the
anbi guities which bedevil transm ssion and distribution
cost allocations, the crucial cost differentials between
off peak and peak power.) Since all peak period users are
co-equal ly responsible for the incurrence of generation
capacity costs, these costs are easier to allocate anong
customer classes than transmssion and distribution costs.

First, and seemingly trivially, how to define "the peak"
period? Remenber that any load curve is observed under
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definite prices and will change if those prices change, so
the question should be stated: given the load curve obtained
under present prices, what is "the peak"? As in other place
above, we have a problem susceptible of formalization, but
a formalization of such conplexity as to be nearly useless.
That formal problemis: given a set of (independent or in-
t erdependent) demands in several subperiods of a period over
whi ch demand is periodic, and given the costs of pricing
differentially between periods and of having additional
rates, what optimumsw tching tines and rate levels will be
sel ected by a seller seeking to maximze the sum of consuner
and producer surpluses? In practice, we mght proceed as
follows: fromthe known formof the systemload curve (in
peak season and off peak season nonths) we sel ect sonme band
of hours during the peak season as "the peak" hours for the
year. One neasure of peak responsibility capacity costs to
be recovered is then obtained by dividing, for each customner
class, fixed costs of generation to be recovered by the num
ber of hours in the peak under various definitions of the
peak. Table 21, Nunber of Hours in Peak Under Various

Peri odi zations, conpiles total peak hours (over the year)
under three definitions of the daily peak and two alterna-
tive definitions of the division of the year between peak
and of fpeak seasons. The plausibility of these definitions
of the peak. has been based upon inspection of the system

| oad curve, and the location--both seasonal and tine of day-
of peak hours will be different for different systens. Nev-
ertheless, the range of "total peak hours" can be taken as
applicable to all systems: for any given system a reason-
able definition of the peak will fall within this total
hours range. Qur initial cost recovery range conparison is
t heref ore based upon one total peak hours range exhibited
in Table 21, the four nmonth peak season with an ei ght hour
dai ly peak period.
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Table 21. NUMBER OF HOURS I N PEAK UNDER
VARI QUS PERI CDI ZATI ONS

Dai |y Division Assumption®
L Peak Peak Peak
gggson?=O£JV|S|on 1pm~>9pm 9am~>9pm 3pm~>7pm
unp =8 hrs =12 hrs =4 hrs
Peak Season
= 4 nont hs
= 96 days 768 1, 152 384
Peak Season
= 6 nonths
=z 180 days 1,152 1,728 576

%sundays excluded, 4 X 6 = 24 days/ nont hs.

Havi ng adopted a prelimnary definition of the peak, we turn
in Tables 22A and 22B, to sone initial cost recovery conpari-
sons. (Remember that here, in order to have a clear illustra-
tive exanple, we are looking at generation costs alone.)

Table 22B is a set of calcul ations of upper bounds on the
nunber of KWH taken during peak hours for various definition
of "the peak." In Colum 1 of that table we have entered
the nunber of hours in the peak period under various period-
i zations (see Table 21). The first row of Table 22B is com

puted as follows. In Colum 4 of Table 22B we list the peak
season nonths, June through Septenber, corresponding to the
choice of the four nonth season. In Colum 5 of Table 22B

we enter, for each of those nonths, the maxi mum demand upon
the system as reported in Federal Power Conmi ssion Form 12.
Assune that nonthly maxi num demand i s approxi mately equal to
actual system demand during all system peak hours. Then KWH
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taken during peak hours in any one nonth is approxinmtely
equal to system peak demand tinmes the nunber of peak hours
in a nmnth. By summ ng over nonths we get the final colum
of Table 22B, Upper Bound on Annual Peak KWH

That colum beconmes the third colum of Table 22A.  But from
Table 19 we have an estimate of total generation capacity
costs to be recovered, i.e. $103,266,719. Colum 5 of Table
22A is conputed by dividing this figure by each upper bound
figure in Colum 4.

Col ums 6 through 9 of Table 22A conpile the ratios of actu
fixed cost recovery per peak KWH to our Columm 5 estimates
advi sable fixed cost recovery. For exanple, the first row
entry in Colum 6, 4.82¢,is equal to the first rowentry in
Colum 5 divided by 1.78¢/KWH. Colum 5 is therefore a fir
crude estimate of the capacity costs per KWH that "shoul d"
have been recovered.

The inplications of Table 22A should be stated explicitly.
For all definitions of the peak period, presently recovered
fixed costs were far exceeded by peak responsibility assign-
ment of fixed costs.

Again, a remnder that Table 22A is an initial conparison
since transmssion and distribution costs have yet to be ir
cluded. Wen that reckoning is made, it will be seen that
results for residential service are much closer to those for
comercial and industrial service than presently, so that {1
all categories of service the conclusions are the same: the
devi ation of present cost recovery from any reasonable pat-
tern of cost recovery which acknow edges peak responsibility
is significant. The inplication--that there are realizable
gains to be had from peak |oad pricing--is, in part, the
work of Section IV.
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Table 22A.

INITIAL COST RECOVERY COMPARISONS:
Potomac Electric Power Company, 1972

GENERATION ONLY,

) Upper Cbraespond- Actual Recovery of All Fixed Costs per KWHE
Total Hours | Months Bound ing  Fixed .
Ag a L Qnr in on Generation Actual Actual Actual Actual
P n;a D;il Seasonal Peak Cost to be j Residential | Low Voltage | Large Power | Interchange
Hea P akY ook KWH Recovered |1.78 ¢/KWH | Commercial | .73 ¢/KWH and Resale
ours e _ Sales per KWH 1.49 ¢/KWH .27 ¢/KWH
10°KWH in ¢ Ratios of Column 5 to Actual
384 4 4 1,202,976 8.58 4.82 5.76 11.75 31.78
576 4 6 1,622,976 6.36 3.57 4.27 8.71 23.56
768 8 4 2,405,952 4.29 2.41 2.88 5.88 15.89
1,152 12 4 3,608,928 2.86 1.61 1.92 3.92 10.59
1,152 8 6 3,245,952 3.18 1.79 2.13 4,36 11.78
1,729 12 6 4,868,928 2.12 1.19 1.42 2.90 7.85

%Based upon total fimed generation eost to be recovered =

b

$103,266,719 (Table 19 above).

Based upon Table 20, Crude Estimates of Allocation of Capacity Costs Among Customer Classes.
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Table 22B. RANGE OF TOTAL PEAK HOURS, AND CORRESPONDING APPROXIMATE TOTAL KWH SALES,
Potomac Electric Power Company, 1972

(Total) Hours | Months System Peak | I System
Annual in in Months Demand in Peak Demands, gggﬁhly ggpiinﬁggnd-
Peak Daily | Seasonal Those -~ 4 Month and Hours Peak KWH
Hours Peak Peak Months 6 Month Cases
‘ 10%KW 10°KW
384 4 4 June 2,730 . 1,202,976
July 3,479 (12,531) 96
August 3,288
September 3,034
576 4 6 May 2,331 96 1,622,976
June 2,730
July 3,479 (16,906)
August. 3,288
September 3,034
' October 2,044 v
768 8 4 (12,531) 192 2,405,952
1,152 12 4 (12,531) 288 3,608,928
1,152 8 6 (16,906) 192 3,245,952
1,728 12 6 (16,906) 288 4,868,928




Extension to Transm ssion and D stribution Costs

A full conparison of costs and benefits associated with peak
responsibility pricing obviously requires a full reckoning of
all costs--not just the generation costs discussed above- - of
serving peak and offpeak users. W have used generation
capacity costs in our illustrative exanple for, with the

obvi ous qualification regarding | osses, every KWof denmand

at the systempeak is equally responsible for the incurrence
of generation capacity costs, and therefore nust share co-
equal ly in that cost burden. But transm ssion and distribu-
tion capacity costs are, equally obviously, not so sinply
interpretable. Clearly the line of causal responsibility

for the incurrence of these costs is nowhere as sinple as in
the case of generation. To take only the nost obvious exam
ple, any reasonabl e assignment of distribution capacity costs
nust show a highly di sproportionate assignment of such costs
to residential custoners, since there are so many nore of
them and since each requires a separate connection. W be-
lieve the crude allocation introduced bel ow is adequate for
our later purposes, and we proceed to illustrate that allo-
cation.

First, an allocation of transm ssion capacity costs anong
rate schedules. Table 23, Transm ssion Capacity Cost Allo-
cation, begins this process with an apportionment of total
transm ssion capacity costs between interchange and resale
and all other customer classes--in the case of our illustra-
tive system the Potomac El ectric Power Conpany, the other
categories are Residential, Comercial, and I|ndustrial

I nterchange and resal e agreenents are agreements between com

panies to "interchange" electric energy under certain speci-
fied conditions and at certain specified times. Such agree-
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Table 23:

TRANSMISSION CAPACITY COST ALLOCATION,
Potomac Electric Power Company, 1972

Inter- Allocation Non- Allocation
Total 'Fixed'|Interchange|Total ggfiigtow Total Large Total Non- |Interchange ;ﬁgngz ngthal ég::g; gfogtal
gragsm1551on ;gg Resale |Residential Commercial}Power KWH iﬁﬁerchange ?Egeﬁgﬁ;n o|Fraction|Transmis- |KWH as |Transmis-
08 KWH ' 8€10f Total|sion Cost |Fraction|sion Cost
to Inter- |of Total|to Nonin-
change KWH terchange
5,803,591 3,128,685 | 6,123,240f 3,181,397 |12,433,322 18,236,913] .318 .682
$27,220,044 $8,655,974 $18,564,070
Average . )
Total Non- Average ﬁ?@gg; ngiﬁge ¥§Ziden' Allocation ggg?er" Allocation i?g;i' Allocation
interchange Number of Voltage of Large Sum of Customers of Trans- Customers of Trans- Customers of Trans-
'Fixed' Trans-|Residential Comme%- Power g Averages as mission to as mission to|. . mission to
mission Costs | Customers cial Customers Fraction Residential Fraction Commercial Fraction Industrial
Customers .
$18,564,070 391,046 47,596 239 438,881 . 891 $16,540,586 .108 $2,004,919 .001 $18,564




ments can benefit both conpanies: e.g., by (1) taking advan-
tage of differences in the system/|oad curves so that total
capacity requirenents are reduced, or by (2) allow ng each
conmpany to expand its capacity at longer intervals and with
larger, nore efficient plants.

An interchange or resale custonmer of an electric utility is
thus another electric utility. W have therefore allocated
transm ssion capacity costs between interchange and resale
and all other custoners on a KWH basis; Table 23 sets out the
nunbers.

Qur rationale for the above assignnent is the obvious inappro-
priateness of a nunber-of-custoners based allocation (as is
enpl oyed below for different purposes) for this first split:
clearly one large interchange connection may account for an
important portion of a systems fixed transm ssion costs, but
may neverthel ess represent a negligible portion of the system
customers.  Then the renaining noninterchange and resale fixed
transm ssion costs are allocated anong the usual custoner

cl asses on a nunber-of-customers basis, which should be rough-
|y appropriate. For imagine residential, conmercial, and in-
dustrial custoners to be evenly interspersed over a circular
region surrounding the generation plant a system operates.
Then where individual transm ssion |ines serve individual
squares of a grid covering the service area, the number-of-
custoners allocation would be exact.

For the allocation of distribution capacity costs anong cus-
toner classes there is a strong case for allocation on a num
ber-of -custoners basis. The reason is obvious: distribution
costs are nost imrediately connected with service to individ-
ual custonmers. Strictly speaking, only the drop wire to the
house fromthe distribution system--we have isolated netering
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expenses--i s unanbi guously identifiable with service to an

i ndi vi dual customer. Nevertheless, the distribution plant
required to serve equal squares of grid wth roughly equal
custonmer density should be roughly equal. Custoner densities
do, of course, differ from nei ghborhood to nei ghborhood, and
in principle these differences could becone the justification
for differences in rates between nei ghborhoods and, nore im
portant, between localities. But, the American practice
has been overwhel m ngly opposed to accurate reflection of
such cost differentials in rates--in part because a sub-
sidy is thus granted rural areas--and since our objective
is a careful conparison of each conpany's rates with their
under standi ng of costs, we adhere to the nunber of custoners
met hod of apportioning distribution costs among cust oner
classes. Table 24, Distribution Cost Al location, conpiles
these results.

The allocations of generation, transmssion, and distribution
capacity costs anong custoner classes, and an estimte of the
cost recovery per KWH that woul d have reproduced that alloca-
tion, are conpiled in Table 25, Summary of Allocation of
Capacity Costs. The elenents of this matrix give, for each
rate schedule and each function--generation, transm ssion
and distribution- -the associated allocation of capacity cost
The nunbers in parentheses below the elenments of the matrix,
| abel | ed as "Naive $/ KWH Recovery," are obtained by dividing

each matrix element by the nunber of KWH in "the peak." For
purposes of illustration we have taken, in this case, a 768
hour definition of the peak. By a procedure to be described
nmonentarily, we estimate (as an upper bound) that our illus-

trative system sold 2,405, 000 KWH during these peak hours in
1972.  Thus the figures in parentheses have the followng in
terpretation: had all fixed costs been recovered during

these peak hours in 1972, and had the pattern of consunption
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Table 24:

DISTRIBUTION COST ALLOCATION

Potomac Electric Power Company, 1972

T;onmetering Distribution Operation and Maintenance
Total. Total Nonmeter
thal. . Nonmeter Total Meter Nonmeter Distribution
Distribution | Meter Distribution | Distribution Maintenance Distribution| Operation and
Operation Expenses| Operation Maintenance Expnéses Maintenance Maintenance
Expenses Expenses Expenses p Expenses Expenses
5,690,999 765,938 4,925,061 7,100,640 151,815 6,948,825 11,873,886

. 7 s Allocation of . 4
Total Nonmeter | Fraction of Allocation ofy Fraction of |\, ver pis- | Fraction of Allocation of
. . . " s Nonmeter Dis-j{ Low Voltage , . . Nonmeter Dis-
Distribution Residential tributi ¢ {2l tribution to Industrial tributi
Costs Customers er.g 12? ;o Com?erc1a Low Voltage Customers Ir3°u€19n1t°
esidentia ustoners Commercial ndustria
.891 .108 .001
$ 73,092,709 65,125,604 7,894,012 73,093
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Table 25.

SUMMARY OF ALLOCATION OF CAPACITY COSTS,
Potomac Electric Power Company, 1972

Customer Class

Function . . Interchange
Residential Commercial Industrial and Resale Total
GENERATION CAPACITY COSTS $103,266,719
Naive KWH Allocation: .04298
KWH

KWHs to Schedules during peak

TRANSMISSION CAPACITY COSTS
Naive $/KWH Recovery:

NONMETER DISTRIBUTION CAPACITY
COSTS -

Naive §/KWH Recovery:

647,588 x 103KWH

$16,540,586
(.0255)

65,125,604
(.1006)

1,268,353 x 10 3KWH

$ 2,004,919
(.0016)

7,894,012
(.0062)

279,009 x 10 3KWH

$ 18,564
(.0000)

73,093
(.0000)

211,002 x 10%KWH

$ 8,655,974
(.0410)

$ 27,220,044

73,092,709




remai ned the same even with such cost recovery practice, fix
costs of generation would have been recovered at the rate of
$. 0429/ KWH, which figure is obtained as ($103, 266, 719/ 2, 405,
x 10%)--the ratio of total fixed costs of generation to total
peak KWH.  But only the total costs of generation are to be
divided by total peak KWHs, since only generation capacity
costs are commonly incurred. Since we have al ready apportio
transm ssion and distribution costs anong. customer classes--
the results of that apportionnment are summarized in Table 25
Summary of Allocation of Capacity Costs--those figures nust
di vided by the nunber of KWHs taken on peak by the correspon-
ing customer class. The line of Table 25 | abelled KWH to
Schedul es During Peak presents our estimate of individual cus-
toner class consunption on peak, to be expl ained bel ow, then
for exanple, the entry (.0255) below the matrix el enment for
Transm ssi on/ Residential indicates that, had total fixed
transm ssion costs allocable to residential service--

$15, 540, 586--been recovered from our estimated nunber of peak
KWH t aken by residential custoners, i.e. 647,588 x 10°%KWH,
recovery per KWH would have been $.0255/KWH.  The ot her
bracketed figures are obtained simlarly.

Qur description of the procedures whereby Table 25 is obtain-
ed wll therefore be conplete once we explain our nethod for
I nputing the custoner class KWH consunption during peak hours
In principle, it would, of course, be preferable to work from
directly measured data-- from data on custonmer class |oad
curves. Sonme systens do sone sanpling of sonme rate classes,
and sone have a fairly accurate know edge of the l[oad curves
of large individual customers, but very few try seriously to
deconpose the system load curve into its individual custoner
class constituents. O the systems in our sanple, only
Pennsyl vani a Power and Li ght and Commonweal th Edi son Conpany
have a fairly accurate grasp of their custonmer class |oad
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curves. Pennsyl vani a Power and Light, probably the nost so-

phi sticated systemin the industry in this (and, we suspect,

not only in this) respect, actually deconposes the system

| oad curve into customer class |oad curves; Commonweal th

Edi son does sonething simlar, but only for the week in which
the system peak day occurs.

How serious a limtation is this? W believe that the answer
is that it is serious for the systens but not so serious for
our purposes. W nmean by this peculiar turn of phrase that
intelligent rate making requires greater sensitivity to
changes in custoner class |load patterns than now exists; but
that for our purposes- -the construction of indicators of po-
tential pricing inmprovenent--the distortions are sufficiently
| arge that they survive the crude procedure about to be de-
scribed. That the procedure is not too crude is, we believe
i ndi cated by our conparison- -for Pennsylvania Power and
Light- -of actual and inmputed custoner class |oad curves

the two were found to differ by less than 5 percent in KWH
terns.

Tabl e 26, Inputed Customer O ass Load Curves, begins this
procedure. Under the assunptions that both interchange and
resale and industrial loads are flat over the year, the con-
tribution of these loads is removed fromtotal peak KWH

Resi dential and conmmercial contributions to the residual

peak KWH are taken in proportion to residential and conmer-
cial annual KWH consunption. (A simlar calculation gives
customer class contributions to KWH consunption in offpeak
hours during the peak nonths; those figures will be required
in our indicator estimates and are, therefore, also conputed
in Table 26.).
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Tabl e 26. | MPUTATI ON OF CUSTOVER CLASS LOAD CURVES
Potomac El ectric Power Conpany, 1972
10°KWH
Total peak 2, 405, 952
Total. Interchange, 1972 5, 803, 591
Fraction yZat = ze=l08, 83220 . 0877
Peak Interchange = (.0877) (2,405,952) = 211, 002
Total Peak - Peak Interchange = 2,194,950
Total Industrial, 1972 3,181, 397
Peak Industrial = (.0877) (Total Industrial) = 279, 009
Eggﬁl Iﬁ%%lét;i;eak Interchange -\_ 1,915, 941
Total Residential, 1972 3,128, 685
Total Low Vol tage Conmercial, 1972 6,123, 240
sum 9, 251, 925
Fraction Residenti al . 338
Fraction Low Voltage Commercial . 662
Peak Residential = (.338) (2,405,952) 647, 588
Peak Low Vol tage Conmercial = (.662)(2,465,952) = 1, 268, 353
June 1, 244, 243
July 1,614, 291
August 1, 548, 762
Sept enber 1,290, 016
Total Peak Season 5,697, 312
Peak Hour in Peak Season 2,405, 952
Total Peak Season O fpeak Hour 3, 291, 360
Fraction of Total Year Hours in Hours_ 2 160
in Peak Season O fpeak Hours 8760 . 2466
I nterchange in Peak Season O fpeak =
(.2466) (5, 803,591) = 1,433, 486
Industrial Sales in Peak Season Cffpeak = 785, 805
Sum 2,219,291
Total Peak Season O fpeak Hour =
3,291,360 - 2,219,291 = 1,072, 069
Fraction Residential . 338
Fraction Low Voltage Commercial . 662
Peak Season Off peak Hour Residential =
(.338)(1,072,069) = 362, 359
Peak Season O fpeak Hour Commercial =
(.662)(1,072,069) = 709, 710
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Return nmonentarily to Table 25, Summary of Allocation of
Capacity Costs: the above procedure is the one responsible
for the row specifying customer class consunption during
peak hours. Table 25 thus summarizes the capacity cost di-
nmensi ons of cost structure which we require in the construc-
tion of indicators in Section IV. A simlar table nust be
and has been, constructed for each systemin the sanple.
These constructions are, typically, much nore tedious and
somewhat nore judgnental than the one we have used as an
illustration of the general nethod, for the sinple reason
that nost system rate schedules are much nmore conpli cat ed--
there are nany nore rate classes--than the system used above
Wthout further ado, we turn to the work of Section IV.
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SECTION 1V

THE PRICING O ELECTRICITY:
| NDI CATORS OF POTENTI AL | MPROVEMENT

The purpose of this chapter is to select and estimate quanti -
tative nmeasures of the inprovenent possible in the pricing of
electricity. Inprovenent usually can and should be called by
its proper name, welfare gain or gain in net benefit. But
here we will use the term "indicator" for two reasons. Fjrst
our very real ignorance of many crucial features of demand
and cost structure suggests nodesty. \W believe that the nea-
sures to be discussed are good order of magnitude estinates
and good indicators of where additional demand and cost infor-
mation mght usefully be "bought"--where nore fine-grained
demand and cost studies could reasonably be expected to pay
for thenselves in pricing inprovenents. Second, there are
large and difficult to neasure external effects associated
with the electric power industry. In industries where exter-
nal effects are small, a total surplus nmeasure of welfare is
pl ausi bl e and acceptable; the difference between what sone
customer is willing to pay for a unit of the commodity and
the opportunity cost of the resources used in producing the
commodity is an obviously appropriate measure of the contri-
bution of that unit of the commbdity to overall welfare.

The difference between an industry with only mnor externa
effects and an industry wth major external economes is

that in the first case, privately registered costs of pro-
ducing output are a relatively good neasure of the social
opportunity costs of producing that output, while in the
case of an industry with large external diseconom es,
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private costs understate social costs. A proposed change in
pricing practices which in an internal efficiency sense de-
creases output and thereby adds $1 to surplus (as conputed
from demand and private costs) is deserving of nore carefu
attention than a simlar proposed change which increases out
put by enough to add $1 to surpl us. In the first case there
are nore than the $1 in neasureabl e gains, since the decrease
in external costs inposed by the industry is a net gain. In
the second case, there are less than $1 in gains, since the
external costs inposed by the industry are thereby increased

The direction of this Iine of argument can be dangerous, for
it seens to lead to an argunent that conputed wel fare gains
can be aggregated judgementally when there are unneasured ex-
ternal effects. W drawthe line far short of this in what
follows, but we find the argunent persuasive for asking the
usual y questions of welfare econom cs--how can welfare be in
creased by changes in pricing--in a sonewhat different way,
i.e., how can welfare be increased by selective price in-
creases. Put another way, a naive version of the rules for
a welfare optimum mght be stated as: charge no custoner

| ess than the increnental costs of service, nor any custoner
more than the increnental costs. of service. Qur effective

restatement of that rule is then: in an industry with |arge
external diseconomes, first insure that no customer is be-
ing charged less than the full increnental costs of service.

The inplementation of this rule we |leave to later in the
section. W turn to a brief overview of the variety of
electricity tariffs and their traditional rationale. Fol-
lowng that is the construction of the indicators of poten-
tial pricing inprovenent.
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THE VARIETY OF TARI FFS

There are probably several dozen electricity tariff types in
use throughout the world, the precise nunber dependi ng upon
the system of classification. This diversity has its origin
in the great variety of electricity systens throughout the
world and in the way in which rate structures have evol ved.
The earliest American electric systens served lighting | oads
and often charged a flat subscription fee independent of
actual consunption--actual consunption was not netered--but
presumabl y based, in sonme way, upon expected consunption

A particular utility's tariff structure is the product of

a long series of increnental changes and therefore reflective
of the distinctive history and policies of that system
Neverthel ess, several distinctive tariff types are identifi-
able, and these have been |listed in Table 27. The | ast
colum of that table, headed Cost Recovery Strategy, summar-
izes the cost rationale of the corresponding tariff. Since
It is essential in what follows that we recognize the valid
and invalid content of each tariff rationale, sonme further
explanation is in order.

The deconposition of costs listed is what we have called the
conventional utility cost vocabulary. Recall from our dis-
cussion of that vocabulary the underlying assunption that
the four dinmensions of cost therein identified--energy,
capacity, customer and residual costs--are, for purposes of
rate nmaking, roughtly independent dinensions. Suppose we
begin with the two-part tariff entry in Table 27. That
tariff is the sinples to explain. A custonmer whose

nonthly bill is conputed under such a tariff pays a m ninum
bill, or meter rent M independent of mnonthly consunption
that is, the bill even if consunption is zero. The obvi ous

cost rationale for that neter rent is the necessity of

100



TO0T

Tabl e 27. TARI FF TYPES AND COST RECOVERY STRATEGIES?
Bill for 4(1) Off Peak; Elasticity o(1) Cost Reéovery Strategy
Tariff Type Congumer 3(2) ?g gg%ﬁ’ Elasticity ¢(2) )
Taking u Maximum Demand Energy | Capacity | Customer | Residual

Two-Part Tariff M+ _ v %
M;€] qe Y '
Flﬁgieg?ergY'Block ES_IB(j)e(j) .
no Sessonal CREELERLS A / /
differential where
[B(j), E(J)] Z‘?'lB(j)iqu?B(j)
Energy and Demand: Q-1 .
(B(3)3e(3)] 1 7PGISG) / / /
[D(5)35(i)] + (s Ingi)s @)
No meter rent and 2¥-1B(j)€(j) +
no seasonal N-1 Y/
differential (q-21 “B(j§))e(N)

[a(1)SRMC(1) + q(2)SRMC(2)] + Y
Second-Best M i
Cost Pricing  Eool Cg(l) , C(2)g(2) y / y

o (D) TE)) '

Peak Responsibility M+ / Y
[M;P(1),P(2)] P(1)a(1) + /

P(2)q(2) v Y

%411 synbols are defined in the text.



covering customer costs--by definition those costs, such as
billing and general and adm nistrative expenses and the an-
nual i zed cost of the drop |line connecting the individual cus-
tomer to the distribution system independent of consunption
This is perhaps the | east controversial of all features of
utility rate making, for the obvious reason that the cost

I ncurrence involved is unanbiguously identifiable with an

i ndi vi dual custoner. Next, the two-part tariff custoner
pays an energy charge e per unit of consunption g. And
there, as indicated in the final colum of Table 27, the
difficulties and ambiguities begin. For the energy charge
nmust recover both energy and capacity costs inposed upon the
utility by the two-part tariff customer. Since capacity
charges are being levied at a flat rate independent of the
timng of consunption, and since we have argued that any
reasonabl e neasure of peak versus offpeak costs gives esti-
mates of peak costs many tinmes higher than offpeak costs,

the flat energy charge of the two-part tariff provides
perverse incentives: prices offpeak are too high, discour-
agi ng consunption unnecessarily, while prices at peak are too
low, inefficiently encouraging consunption. This defect,
anong others, has led to pressure for the abandonment of the
two-part tariff, but it should be noted that a two-part tariff
may, under sone circunstances, be the best possible tariff.
Suppose, for exanple, that all consumers take so little elec-
tricity that they will not, within the relevant band of
possi bl e peak versus offpeak prices, distinguish between con-
sunption in those subperiods. Then the question facing a
rational pricing authority would be that of the best single
energy charge.
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Next, in Table 27, consider the characteristic type of resi-
dential rate, the fixed block rate. In general that tariff
is specified by a block structure {B(j)} and a structure of
i ntrabl ock charges €(j). The first block of KWH is (0,B(1))
the second block (B(1),B(2)), and so on. Cenerally, there
will be a mninumbill associated with the first block, so
that the custonmer mnust pay e(1)q for consunption q in the
interval 0<g<B(1). As indicated in Table 27, the bill for
a custoner in any higher block is obtained by sunm ng over
the full "price" of each block below the one in which he
falls and then adding the product of the energy charge in
his block and his consunption in that block. The row 2,
colum 2 entry of Table 27 gives the al gebraic expression
for the bill. S stands for the highest block "covered"

by monthly consunption Q and is formally defined by the
inequalities in that Table entry. The energy charge

in the relevant block is, in effect, the marginal cost

of energy to the custoner in the S block. For block
structures which are declining, as alnost all of themare--
i.e.,e(1)>e(2)>...-- the marginal energy charge is bel ow
the average energy charge. That average charge can be
conputed by dividing the total bill by total consunption

As with the two-part tariff, the interesting question here is
that of cost rationale. And as with the two-part tariff,
the mnimumbill can be identified with the custonmer conpo-
nent of cost service. But how can we then rationalize the
differential effective mnimum bills paid by customers in
different blocks? For a customer in the second bl ock one
may think of the effective mninum charge as the entire
first block charge £(1)B(1). But for a custoner in the
third block, whose marginal energy charge nust be inter-
preted as (3), that sane interpretation of the first block
price as mninum bill and therefore as customer charge wl
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no |longer pass nmaster. For that third-block custonmer is paying
a per unit "excess" of (e(2)-e(3)) above his nargi nal charge
for each second-block unit he takes. In short, the identi-
fication of custoner cost recovery and mnimumbill is ob-
scured. The difficulty mentioned above in connection with
the two-part tariff is also present here: the line between
energy and capacity cost recovery is not finely drawn, so
that identical marginal prices obtain off and on peak, with
the corresponding problem of perverse incentives.

Consi der next the typical tariff applicable to |arger users,
often called a general service tariff, -a category is some-
tinme disaggregated into comrercial and industrial rate classes
(Industrial rates are typically designed for |larger users wth
hi gher vol unes and better |oad factors than comercial -rate
users.) This tariff anounts to a doubling of the structure
of the energy-block rate tariff: there are effectively two
bl ock structures, one for the pricing of energy consunption
and one for the pricing of nmaxi mum demand. Thus this tariff
requires that total KWH and al so maxi mum denmand, or KW be
metered. As above let {B(j)} be the energy block structure
and let {D(k)} be the demand bl ock structure. Then the
third row.third colum entry of Table 27 gives an al gebraic
expression for the bill paid by a custoner who takes energy
g (which puts himin the Nth energy bl ock) and whose nmaxi num
demand is u, which puts himin the ch demand bl ock. Thus
his first block demand bill is the "length" of that demand
bl ock, D(1), times the charge S(1) per KWin that bl ock

Summ ng the contributions to the demand charge from each of
the covered bl ocks and conputing the remainder block charge
gives the total demand bill. A simlar calculation gives
the energy bill, and the custoner's total bill is then the
sum of energy and denmand bills.
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The critique of the cost rationale underlying this tariff
follows the lines of that given above for the energy bl ock
structure alone, but nust be extended to the way in which
capacity costs are recovered. For the demand block struc-
ture is an attenpt to explicitly price the capacity costs

i nposed by the user. Its major difficulty is the non-

coi nci dent demand basis of the capacity charge. User A

and user B may have the same maxi mum demand, say 1,000 KW
But if user A's nmaxi num demand cones offpeak, say at 1 a.m,
there is no reason to bill himat the sane rate as user B,
whose maxi mum denmand cones at the instant of the system peak
User A is inmposing no resource cost upon society for the pro-
vision of capacity to neet his demand (He is inposing a
resource cost in the sense of fuel used for generation).

User B is inposing the full costs of providing 1,000 KW of
capacity. Thus the use of noncoinci dent demand charges can
lead to the sane sort of perverse of fpeak versus peak incen-
tives as the flat marginal charge tariff.

For conpl eteness, and because several systens in our sanple
do enploy such tariffs, we what are sonetines called sliding
block tariffs--tariffs with a mxed structure in which the

l ength of the energy blocks nmay depend upon nmaxi mum denand.
Usual Iy the demand bl ock structure is defined by taking the
| engths of the various blocks to be proportional to maxinmum
demand p @ if the basic demand block structure is {W1)} the
for a custoner w th maxi mum demand p the first demand bl ock
is of length pW(1), the second of length pW(2), and so on.
The idea is to penalize custoners with "poor" |oad factors--
wi t h maxi num demand nuch hi gher than average denmand -- for
the capacity costs they inpose. But note that the scheme is
based upon maxi mum cust oner denmand, which may or may not be
coincident with the system peak demand. The probl em of
perverse incentives remains.
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The last two row entries of Table 27 are not seen as tariffs
in the United States--there are sonme attenpts to introduce
peak responsibility principles into bulk power pricing, one
of which we refer to below-but are listed as guiding prin-
ciples for rate nmaking, and because of their relevance to
the discussion below. In second-best marginal cost pricing,
each user is charged a price which inevitably nmust differ
from the short run marginal cost of serving him-because,
since short run marginal cost is bel ow average cost, prices
equal to marginal cost would be insufficient to cover cost.
But the deviation is arranged to cover cost in a way that

| east distorts the pattern of consunption that would arise
were prices equal to the short run margi nal cost measures
we have discussed in Section IlIl. The appropriate second
best rule is that prices differ from short run nargina
costs of service in inverse proportion to demand price el as-
ticities of demand.

This normative rule for utility pricing has been the subject
of a great deal of theoretical discussion. The correspond-
ing difficulties of interpretation and inplenentation have
not been so thoroughly treated. Qur interpretation and im
plenentation of this rule, which corresponds to Category I
of our custoner response typol ogy, nmay be subject to sone
obj ecti on.

Qur dicussion of Table 27 concludes with some renmarks on

the last line of that table. W used the term peak respon-
sibility in the very broad sense of any tariff which attenpts
to restrict recovery of capacity costs to a charge billed at
the system peak; or, in other works, to any tariff the
demand charge conponent of which is a strictly coincident
demand charge. The coincidence referred to is coincidence
with the system peak. W have indicated that custoner and

106



resi dual costs can and should be recovered in a mni num bil
or neter rent Munder this tariff; and further that there wll
be prices per KWH P(1) and P(2) differentiating between off-

peak and peak.

So nuch for this necessary and prelimnary overview of tariff
structure, which has served to introduce the tariffs and to
sketch the structure of the remainder of this Section. For
an overview of that structure we nust piece together our
scattered remarks concerning the perverse incentives provide
by the various tariffs with the typology of customer response
set out above. Indeed, it is only now that the role of that
typology in guiding the construction of potential pricing
gains can be set out.

The remai ning four sub-sections of this Section conplete
the task of constructing indicators of potential gain, with
each section treating one category of the typology: the
rel evant custoner classes associated with each category
(this subject has been broached above), the interpretation
of the corresponding indicator, and the evaluation of that
indicator for the conpanies in the sanple.

CATEGORY | | NDI CATORS OF POTENTI AL PRI CI NG | MPROVEMENT

Category | enmbraces custoners who, for information cost rea-
sons, W Il not distinguish between peak and of f peak nor be-
tween average and marginal price. Very plausibly, residential
and small commercial customers belong in this category.  Under
our assunptions the only signal which registers for these
custonmers is average price, so that the only rel evant poten-
tial pricing change is a change in average price. Thus the
question to pose regarding these custoners is as follows:

if the average prices charged the various custonmer classes
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dare not the prices required by second best short run marginal
cost pricing, how large are the potential gains associated
with realigning these average prices as required by the
second best standard? The answer shall prove to be very

smal |, so that average price changes are not prinme candidates
as instrunents of rate structure inprovenent. A sanple cal-
culation for one systemshould illustrate the orders of

magni t ude invol ved.

First, a formal statenment of the second-best efficiency
condi tions which have been stated in words above:

Py -y

P. E.
P L ™ = E-J- i, j = all rate classes (2¢
_lF;_;L J

J

Wher e Pi and Pj are the average prices charged rate classes

I and j respectively, My and p. the short run margina

costs of serving those rate classes, and E; and E, the
elasticities demand of those rate classes. Before |aunching
into the enpirical work, some further discussion of equation
(26) will probably be helpful. Note first that the equations
are necessary conditions for a second best set of(relative)
average prices, but that these equations alone are insuffi-
cient to determne the second best solution--for that deter-
m nation we need another equation, the requirenent that

total revenue equal total cost. Next, in what sense is the
solution determned by this set of sufficient conditions
"second best"? Renenber that first best always means price
equal to short run marginal cost. Because electric utilities
are required to recover their costs fromtheir custoners,

and because short run marginal costs are below short run
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average costs, first best pricing of electric power would
lead to deficits. It is necessary to price above short

run margi nal cost in order to cover costs, and the second
best solution is the least distorting way of doing so: it

| eads to the smallest loss in total welfare (the sum of
consuners' plus producer's surpluses). The reader trained
in economcs may be troubl ed because this solution seens
identical with the pricing policy a discrimnating nonopolies
woul d pursue. This is true, but there is a crucial difference
The discrimnating nmonopolist is able to capture all of the
surplus, consuners' and producer's: the public utility
pricing at second best marginal cost |eaves consuners wth
all realized consumer surpluses.

As a first guide to where pricing inmprovenment of this kind
may be possible, we construct a conparison table, Table 28,
of existing values of "deviation ratios" and "elasticity
ratios". The deviation ratio is the left side of equation
(26) and the elasticity ratio the right side of that sane
condi ti on when conputed for present val ues of average price
margi nal cost and elasticity: the equation defines second-
best prices, so that it only holds when prices have been
adjusted to a second-best optinmm

As el sewhere in the report, we use 1972 Potomac El ectric
Power Conpany data for illustrative purposes, and for that
systemwe treat, initially, the three rate classes--Residen-
tial, Commercial, and Industrial.

For each pairw se conbination of custonmer classes there is
conparison between deviation and elasticity ratios. Thus

for our three customer classes case there are three such com
parisons. Again, the efficiency condition (26) holds only
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Table 28. DEVIATION AND ELASTICITY RATICS
POTOVAC ELECTRI C POAER COWPANY, 1972

\\\\\Qgggfijjifr Resi dent i al Cormer ci al Industria
Numerator Deviation | Elasticity | Deviation | Elasticity |Deviation | Elasticity

Resi dent i al 1.049 1. 357 1.182 1.714
Commer ci al . 953 137 1.126 1. 263
[ ndustrial . 846 .583 . 888 192

when prices are optimal, so that present values of deviation
ratios--i.e., values based upon present prices and associ ated
marginal costs--will not necessarily equal the correspondi ng
elasticity ratios, and in the case of our trial run utility,
for which deviation ratios have been conputed and conpil ed
in Table 28, they do not. The deviation ratios.conmputed in
Tabl e 28 are based upon average prices associated with sal es
under each rate schedule, and with a narginal cost figure
based upon the marginal unit in use during peak hours in
August (cf. our discussion of marginal costs above). The
elasticity ratios are based upon elasticity estimtes by
state and custoner class published by Chapman, Tyrell and
Mount and discussed in Section I1.

A first question suggested by Table 28 is that of consistency:
are the (pricing) policy inplications of the various conpari-
sons afforded by Table 28 consistent with one another? Since
the deviation ratio--for exanple, for the residential-indus-
trial conparison--is
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and since the expression B-E is nontonic increasing in p
so long as w0, a conparison of deviation and elasticity
rati os suggests the following pricing changes: if the
present deviation ratio is greater than the correspondi ng
el easticity ratio, either decrease the "nunerator" price
or increase the "denom nator" price or do both, in order
to bring the two ratios closer into line. Conversely, if
the present deviation ratio is less than the elasticity
ratio, either increase the numerator price, or decrease
the denom nator price, or both.

Carrying through the three possible pairw se conparisons
for the test case summarized in Table 28 l[eaves us with the
followng policy inplications, presented in Table 29.

Table 29. PQLICY | MPLI CATIONS OF TABLE 28

Rate Schedul e [Direction of Inplied Price Chage

Resi denti al 4
Commer ci al ¥
| ndustri al ¥
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There is no inconsistency associated with the opposing arrows
in the commercial price colum: it sinply happens that the
residential-commercial pairing conparison leads to the
policy recommendation raise, or |ower, or both; whereas the
comrerci al-industrial pairing leads to the policy inplication
| ower or raise or both. W thus may choose residential and
industrial prices as "policy instruments" and proceed to a
determnation of the required changes in their magnitudes,
and, following that, of the associated welfare gains.

Now i f the revenue constraint is to be continued to be satis-
fied under the new prices (as it presumably has been under

the old) then the changes in residential and industrial prices
are not independent, but nust satisfy a condition derivable,
after sone manipulation, from the revenue constraint. That
condition is

Sppaqp 1 - ALE;

=L __ LI ' 28

P ag 1 - Ay (28
where AI’AR are the corresponding fractional departures
from marginal cost: AI is defined as PI_u » and similarly
for A R I

The efficiency condition requires that changes in residential
and industrial prices be such as to equate deviation and el as-
ticity ratios

PR * 8Pp - ¥y

TR
PI * GPI - uI ER (29)
Pr + 6PI.
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Equations (28) and (29) together determne the required price
changes. ~ Solution of a quadratic equation for pp gives the

nunerical value of the required change as roughly +.207¢/KW.
for the residential price, and -.207¢/KWH for the industria
price. (The near equality of the magnitude of price change
is an "accident" here, and will not--does not--happen in al
cases.) FEvaluation of the expression for net benefit gives
a dollar figure per annum of $1.35 x 10°, an al nost trivial
figure for a systemw th annual revenues in excess of

$250 x 10°.

CATEGORY |1 1 NDI CATORS OF POTENTI AL PRI CI NG | MPROVEMENT

Custoners in this category are assumed to find it sensible
for information cost reasons, to distinguish between peak
and of fpeak consunption, but not between average and margin
price. Thus they will be sensitive only to the possible
different average prices charged for electricity off and on
peak. Were residential custoners to be nmetered by double
register neters, which are preset so as to record of f peak
and peak KWH separately, they clearly could be expected to
exhibit this kind of price sensitivity. But note that the
addi tional costs of double register metering nust then be
deducted from whatever indicator of gross benefit we derive
Only for residential users will this netting be necessary.
Alnost all conpanies nonitor the |load curves of their major
i ndustrial and conmercial custoners, so that no additiona
expense would be involved in noving to a schene of tinme-differ-
entiated average pricing for these customers. Smller comer-
cial and industrial customers are typically netered with a
maxi mum denand neter, a device which records both KWH consum
tion and maxi nrum demand during the billing period, and nust
be manual ly reset to zero when the neter is read. These
meters vary widely in cost, but are invariable nmore costly
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install and operate than a double register nmeter, so that we
commt no error of overstatenment in our final indicator of

feasible benefits for these custoners if we assunme no change
in nmetering costs under tine differentiated average pricing.

W therefore proceed to the estinmation of indicators of po-
tential pricing inprovenent for all rate classes on a conmon
basis. Wien those estinmates are conpleted, we net out the
nmetering costs for residential customers.

An Overview of the Cal cul ati on

It may be helpful to look at a sinplified version of the indi-
cator estinmate, one which exhibits the essentials of the prob-
lem without the inessential problens associated with the
nunerous rate schedules that sonme systens have. W there-
fore take our Potomac El ectric Power Conpany cost information
the work of Section IIl, and construct Table 30, captioned
Bands of Suggested Prices for Peak Months. In the col ums
headed CGeneration, Transm ssion, and Distribution, we have
entered, from Table 25, our derived costs to be recovered per
KWH figures for the individual functions, cross-classified by
custoner class. By summng the functional costs for each
rate schedule we obtain, for each customer class, an "upper
bound" on capacity costs to be recovered during peak season
peak hours from that customer class. By further adding an
estimate of the marginal costs of generation during peak
hours, obtained from our previous analysis of short run nar-
ginal cost, we have what may be consi dered an upper bound on
total costs to be recovered from each custoner class at

peak hours. In Colum 3, we record that estimate of margina
generation costs is $.007/ KW  This is certainly an in prac-
tice |ower bound on costs to be recovered. For purposes of
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Tabl e 30.

BANDS OF SUGCGESTED PRI CES FOR PEAK SEASQN,
POTOVAC ELECTRI C PONER COWPANY, 1972

Present || Lower

Average {| Bound Generation | Transmission | Distribution | Upper Bound
Rate 'Schedule’ Pri;e ("S%MC") 4 $ $ $

XWH RWH - KWH KWwH KWH KWH

Resi denti al . 02476 . 007 . 0429 . 0255 . 1006 . 1760
Conmer ci al . 02185 | . 007 . 0429 . 0016 . 0062 . 0577
I ndustri al . 01425 . 007 . 0429 . 0000 . 0000 . 0499
| nt er change
and Resal e . 00971 . 007 . 0429 . 0410 . 0000 . 0909




conpari son we have tabulated, in Colum 1, average revenue
for each customer class. The striking, if unsurprising,
conparison is evident for all rate schedules: marginal cost
is well below average revenue which, in turn, is far bel ow
"peak responsibility" price, Recalling our discussion of
peak responsibility pricing above, there will be substanti al
wel fare gains from peak responsibility pricing.

Consi der next Figure 3, which with Table 31 presents a first
illustrative calculation of the welfare gains available from
improved pricing of electricity sold to the various custoner
cl asses.

Peak Demand

e e dr—— . —— — it —— — — — — ——— —— — —— —

KWH
KWHOffpeak Peak

Figure 3. Wlfare Gins from Peak Load Pricing
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Tabl e 31.

| LLUSTRATI VE | NDI CATORS OF POTENTI AL PRI CI NG | MPROVEMENT,
POTOVAC ELECTRI C POAER COVPANY, 1972

Off Peak llour, Peak Season Indicator

Peak llour, Peak Scason Indicator

1) 2 (3) 4 (&3] 6) %) (8) )] (10) (11) (12)
Average ";‘_gposeg ngosied KHH, AW Iy KiwH
. Average PDff Pea Peak Hour, ap - P K1y AR =
Rate ‘Schedule' | /¢/ Price |iour, Peak|Peak ap poall-): 3 -E% -op op L.} 2 =2k . % Pk Pk
B, ponth Month °F | Pt 100w | 1 3 PR Pe 10°KiH 1 3
M., rice Price zzApKh‘Ho 2B FeApKiH k—ﬁ
S/ KHH $/Knil 2-3 PP| 42 pk P
Residential .14 .02476 .014 088 [.011 .786 362,359 199,370 .063 .716 647,588 2,040,161
Commercial .19 .02185 .014 .029 .008 571 709,710 324,196 .007 .241 1,268,353 213,971
Industrial .24 .01425 .014 .025 §.00025 018 785,805 424 .011 .440 279,008 159,593
Interchange
and Resale o2 .0097L 1 - .007 045 18,0027 . 386 1,433,486 165,998 035 .778 211,002 689,470
L_ 689,988

LI 3,103,195

EL_ 3,793,183



