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DIRECT TESTIMONY
OF
DAVID C. ROOS

UNION ELECTRIC COMPANY d/b/a AMERENUE

CASE NO. ER-2007-0002
Q. Q. Please state your name and business address.
A, My name is David C. Roos and my business address is Missouri Public Service

Commission, P.O. Box 360, Jefferson City, MO 65102,

Q. What is your present position with the Missouri Public Service Commission
(Commission)?

A, I am a Regulatory Economist III in the Economic Analysis Section, Energy
Department, Operations Division of the Missouri Public Service Commission.

Q. What is your educational background and work experience?

A, I graduated from the University of Notre Dame, Notre Dame, Indiana, with a
Bachelor of Science degree in Chemical Engineering in May 1983. I received a Master of
Arts degree in Economics from the University of Missouri in December 2005. I have been
employed at the Missouri Public Service Commission as a Regulatory Economist III since
March 2006. Prior to joining the Public Service Commission, I taught introductory
economics and conducted research as a graduate teaching assistant and graduate research
assistant at the University of Missouri. Prior to the University of Missouri, 1 was employed
by several private firms where I provided consulting, design, and construction oversight of
environmental projects for private and public sector clients.

Q. Have you previously filed testimony before the Commission?
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A Yes, I have. I filed testimony in the Empire District Electric Company’s most

recent general electric rate increase case, Case No. ER-2006-0315.
EXECUTIVE SUMMARY

Q. What is the purpose of your direct testimony?

A. I present the results of the Staff’s Class Cost-of-Service (CCOS) study that [
performed for this case. I also provide a brief overview of the purpose of conducting a CCOS
study and the general methodology used in performing a CCOS study.

Q. How does your testimony relate to the testimony of other Staff witnesses?

A Staff witness James A. Busch relied on the results of the study I performed to
develop Staff’s rate design recommendations in this case.

Q. What are the results of Staff's CCOS study for the various customer classes?

A Table ! below summarizes the changes to each class’s current rate revenues

required to exactly match class revenues with the cost of serving that class as determined by

the Staff’s CCOS study.
Table 1
Summary Results of Staff’s CCOS
RES SGS LGS LPS LTS System
Revenue Deficiency:  ($83,963,652) ($41,775,749) (§87,553,217y  $9,103,701 $1,324,904  ($202,864,013)
Required %
Increase: 9.50% -17.46% -14.05% 5.13% 0.98% -8.94%

CLASS COST OF SERVICE OVERVIEW

Q. Why did the Staff perform a CCOS Study?

A. The purpose of a CCOS study is to determine whether each class of customers
is providing the utility with the level of revenue necessary to cover the cost of providing
electrical service to that class. The results of a CCOS study can be presented either in terms

of the rate of return realized for providing service to each class, or the results can be presented
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in terms of the revenue shifts (expressed as negative or positive dollar amounts or
percentages) that are required to equalize the rate of return for all classes. A negative amount
or percentage indicates revenue from the class exceeds the cost of providing service to that
class. A positive amount or percentage indicates revenue from the class is less than the cost
of providing service to that class.

A well-designed CCOS study considers the utility’s prudently incurred costs, which
include operating expenses, depreciation, amortization, and a fair rate of return on equity and
the income available to cover these costs, which includes rate revenues, generated from the
customer classes, and non-rate revenues, such as revenues from off-system sales and the sales
of emission credits.

Q. How did the Staff perform its CCOS study?

A. Staff’s CCOS study generally follows the procedures described in Chapter 2 of
the National Association of Regulatory Utility Commissioners (NARUC) ELECTRIC
UTILITY COST ALLOCATION MANUAL, January 1992 (NARUC Manual). Staff
produces an embedded cost study using historical information developed from data collected
over the test year. Costs are distributed to the classes through a three step process of
functionalization, classification and allocation.

Q. What is functionalization?

A A utility’s equipment investment and operations can be organized along the
lines of the purpose or the function that each piece of equipment or task provides in delivering
electricity to customers. Major functional areas include generation, transmission, distribution,
and customer services. Schedule DCR-1 is a diagram of a typical vertically integrated

electrical system, and illustrates the concept of functionalization. Electric power is produced
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at the gencrating station, transmitted some distance through high voltage lines, stepped down
to secondary voltage, and distributed to secondary voltage customers. Other customers (high
voltage and primary voltage) are served from various points along the system,

In practice, each major FERC account is assigned to the functional area that causes the
cost. This assignment process 15 called functionalization. Some costs cannot be directly
attributed to a single functional area, and are shared between functions. These costs are re-
functionalized to more than one functional area with the distribution of costs between
functions based upon some relating factor. As an example, it is reasonable to assume that
social security taxes are directly related to payroll costs so that these taxes can be assigned to
functions in the same manner as payroll costs. In this case, the ratio of labor costs assigned to
the various functional categories becomes the factor for distributing social security taxes
between the functional groups.

Yet other costs can be clearly attributed to providing service to a particular class of
customers, and these costs can be directly assigned to that customer class. Special studies can
be undertaken by the utility to determine the assignment of costs. An example of a direct
assignment is the assignment of the cost of a transmission system used only by a large
customer on a particular rate schedule to that rate class.

Q. What is classification?

A. Functionalized costs are then subdivided into measurable, cost-defining service
components. Measurable means that data is available to appropriately divide costs between
service components. Cost-defining means that a cost-causing relationship exists between the
service component and the cost to be allocated. Functionalized costs are often divided into

customer-related costs and demand-related costs. In addition, some functionalized costs can
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be classified on the basis of voitage level that the customer receives electric service. For
example, high voltage customers do not utilize the portion of the distribution system that
operates at lower voltages, even though the distribution function may contain high voltage
and low voltage service components.

The purpose of classification is to make the next step, allocation, more accurate. For
example, a special study shows that overhead transmission lines for distribution can be
apportioned into a demand component directly related to a customer’s maximum rate of
energy usage, and a customer component that is directly related to the fact that a customer
exists and requires service. The demand related portion of overhead transmission costs can
now be allocated on the basis of customer maximum demands and the customer related
portion can now be allocated on the basis of the number of customers in each class.
Typically, the information allowing classification is obtained through special studies of the
transmission and distribution systems. These studies often include statistical analysis of
equipment and labor costs, and line losses.

Q. What is allocation?

A, After the costs have been functionalized and classified, the next step to a
CCOS study is to allocate costs to the customer classes. The allocation factors or allocators
chosen by the analyst determine the results of this process. An allocation factor is chosen that
will “reasonably” distribute a portion of the functionalized costs to each customer class.
“Reasonably” means that the allocation factor distributes costs to the classes based on the
class’ responsibility for incurring these costs. Allocation factors are typically ratios that

represent the fraction of total units (e.g., total number of customers; total annual energy
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consumption) that are attributable to a certain customer class. These ratios are then used to
calculate the fraction of various cost categories for which a class is responsible.

Q. Does performing a CCOS study require analyst discretion?

A. Yes. Each step of functionalizing, classifying and allocating costs requires
analyst discretion.

STAFF CLASS COST OF SERVICE STUDY

Q. What is the purpose of the Staff’s CCOS study?

A, The purpose of Staff’'s CCOS study is to provide the Commission with a
relative measure of class cost responsibility.

Q. What test year did you use for Staff’s CCOS study?

A I used the rate case test year for this CCOS study, i.e. the 12-month period
ending June 30, 2006.

Q. Where did you get the data you used in Staff’s CCOS study?

Al 1 used data from the Staff's accounting schedules filed in this case on
December 15, 2006; weather normalized revenues from Staff witness Jim Bush’s December
15, 2006 direct testimony in this case; large gustomet annualizations from Staff witness Curt
Wells® direct testimony in this case; customér/demand splits from Union Electric Company
d/b/a AmerenUE witness Michael E. Vandas® direct testimony in AmerenUE Case No. EO-
96-15; and data from AmerenUE accounting schedules, customer non-coincidental peaks,
customer maximums and certain allocation factors in the direct testimony of AmerenUE
witness William Warwick in this case.

Q. What customer classes did you use in Staff’s CCOS study?
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A I used the following customer classes that correspond to Ameren UE’s current
Missouri rate schedules: Residential (RES), Small General Service (SGS); Large General
Service (LGS), which includes customers served on the Large General Service and Small
Primary Service rate schedules; Large Primary Service (LPS); Large Transmission Service
(LTS); and Lighting (LTG).

Q. How did you treat Lighting in Staff’s CCOS study?

A. 1 assumed that the current rate revenue collected from the Lighting class

matches AmerenUE’s cost to serve that class.

Q. Why did you assume current rate revenue from the Lighting class matches
AmerenUE’s cost to serve that class?

A. Lighting has a unique load pattern because it is on at night and off during the
day; therefore, it is typically off during periods of peak demands. Several of the key
allocation factors for Production, Transmission and Distribution costs, calculated for this case,
are based on periods of peak demands. Using these demand dependent factors for allocating
costs to the LTG class which does not participate during peak demand periods produces
erroneous results for lighting and skews the results for the other classes.

Q. What functional Cost categories did you use in Staff’s CCOS study?

A. The Major functional cost categories I used in Staff's CCOS study are
Production--Capacity, Production--Energy, Transmission, Distribution, and Customer. The

chart below shows the percentage of total costs associated with each major function,
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FUNCTIONALIZED COSTS

Total Missouri

Case No. ER-2007-0002
Staff Allocators/ Staff Accounting Schedules

Production-
Capacity

52%
' Production-
: Erergy

22%
Customer = " Transmission
39% Distribution 3%,

20%

Q. What tools did you use to perform Staff’s CCOS study?

A. I used Staff’s in-house model to perform the calculations. This model is an
EXCEL spreadsheet.

Q. What steps did you follow in using the Staff’s in-house model?

A, First, I calibrated the model by inputting AmerenUE’s accounting data and
using AmerenUE’s allocation factors. By doing this I was able to closely simulate
AmerenUE’s CCOS study, and obtained nearly identical results. Second, I replaced
AmerenUE’s production capacity cost allocator with the Staff's 12 Non-Coincident Peak
Average & Peak (12NCP A&P) allocator. Third, I input Staff's accounting data into the
model. These steps produced CCOS study results for the Staff’s midpoint rate of return on
rate base. Table 2 presents the results in terms of the percent change to current rate revenues
by class needed to equalize the rate of return from each class. Also presented in Table 2 for
comparison are the model’s results for AmerenUE’s inputs and AmerenUE’s allocators and

for AmerenUE’s inputs with the Staff’s production capacity cost allocator,
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TABLE 2; CASE STUDY RESULTS
CASE:.  TYPE; DESCRIPTION;
1 Revenue Neutral AUE Allocators/ AUE Accouriting
RES SGS LGS LPS LTS Sysiem
Revenue Defidency:  $48,191411 ($45,624.452) ($42,882,584) $17,395,860  ($7,080,436) $0
Required %
Increasa: 56T% £.88% <T.14% 11.45% -5.168% 0.00%
AUE CCOS 5.68% -£.86% -7.13% 11.14% -5.24% 0.00%
CASE: TYPE DESCRIPTION:
2 Revenue Neutral Staff Allocators/ AUE Accounting
RES 5GS LGS LPS LTS System
Revenue Defidency:  ($11,857,138) ($18,941,849) ($18.448,499) $31,263,888  $18,0B3,597 $0
Required %
Increase: -1.41% -8.36% -3.07T% 20.05% 13.18% 0.00%
CASE: DESCRIPTION:
3 Staft Allocators! Staff Accounting/ Staft Midpolnt Rata of Return
RES SGS LGS LPS LTS System
Ravenua
Daflclency: {$83,963,652)  ($41,775,749) (587,553,217}  $9,103,701  $1,324904  ($202,864,013)
Raquired %
Increase: 9.50% 7.46% -14.05% 5.73% 0.98% 8.94%
- System %
Incroase: 9.94% 9.94% 9.98% 9.94% 9.94% 9.94%
Revonue Neutral %
Inc. 0.44% -1.52% 4.11% 15.67% 10.92% 0.00%

Q. What does Table-2, Case [ show?

A Case 1 shows that, when using the same inputs, the output of the Staff’s model

is nearly identical to the output of AmerenUE’s (AUE) model.

Q. What does Table-2, Case 2 show?

A. Case 2 is the same as Case 1 except I used Staff’s 12 Non-Coincident Peak

Average & Peak method for allocating the costs associated with production and transmission
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capacity to classes and I used Staff’s Diversified Demand Allocators to appropriately
diversify the demand components; otherwise, the Staff used the same allocation methods as
AmerenUE.

Q. Why did you use the Staff’s Average & Peak method to allocate production
and transmission costs?

A. That method recognizes that generation is built to meet both peak demands and
average demands (energy). The basic components of any Average & Peak allocator are that:
(1) a portion of total costs are attributed to each class based upon the class’ contribution to
annual energy; (2) a portion of total costs are attributed to each class based upon each ciass’
contribution to peak demand; and (3) the split between the “average” (energy-related portion)
and the “peak” (demand-related portion) is determined by the system load factor.

Q. What Average & Peak allocator did Staff use?

A. Staff used 12 monthly non-coincident (class peak) demands. Staff’s version of
A&P also applies a monthly weighting factor for capacity utilization prior to calculating the
class contribution to demand.

Q. What peak demand did Staff use?

A. Staff used weighted monthly class peak demands in the allocation of the
demand-related portion of the A&P allocator. Class peak demand is the maximum demand of
each class whenever it occurs. Staff’s rationale for using class peak demands is the relative
stability of class contribution to class peak demands, when compared to class contribution to
system (coincident) peak demand. For example, a class’s contribution to coincident peak

demand may be quite different if the system peaks at 4:00 PM than if it peaks at 6:00 PM.

10
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Q. How did you determine the monthly class peak demands used in Staff's CCOS
study?

A. Ameren UE estimates hourly class loads using hourly metered load research
data. Staff used the Capacity Utilization method to determine the weights applied to each
month’s class peak demands. Capacity Utilization is a method developed by Dr. Michael S.
Proctor of the Staff when he was the Manager of the Commission’s Research and Planning
Department. The details of this method are presented in an article entitled “Capacity
Utilization Responsibility: An Alternative to Peak responsibility” published in the April 28,
1983, issue of Public Utilities Fortnightly. This article is attached as Schedule DCR-2.

Q. How did you allocate transmission costs?

A. Transmission costs were allocated in the same manner as production capacity
costs. The transmission plant is generally considered to be an extension of the production
plant. The planning and operation of one is strongly linked to the other with the major factors
that drive production costs tending to also drive transmission costs.

Q. How did the Staff allocate production-energy costs to classes?

A. Staff allocated production-energy costs, which mostly consist of fuel and
variable operation expenses on the basis of class contribution to annual energy, since these
costs typically vary with the amount of energy used.

Q. How did Staff allocate the costs of distribution substations to classes?

A Staff allocated the costs of distribution substations on the basis of each class’
annual peak demand measured at substation voltage. Only those customers served at

substation voltage or below (i.e. all substation, primary and secondary customers) were

11
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inctuded in the calculation of the allocation factor so that distribution substation costs were
allocated only to those customers that use these facilities.

Q. Why did the Staff use the annual class peak to allocate the costs of substations?

A Substation costs are demand related and class peaks represent the appropriate
level of diversity at the distribution substation.

Q. How did Staff allocate the costs of distribution lines to classes?

A. AmerenUE conducted special studies that split the cost of distribution lines
between the portions that are customer related and demand related. The demand related
portion was further subdivided into primary and secondary demand. Staff used AmerenUE’s
customer counts to allocate the customer portion of the costs, and Diversified Demand at
Primary and a Diversified Demand at Secondary to allocate primary demand and secondary
demand, respectively.

Q. What is diversified demand?

A, Staff defines diversified c_iemand for each class as the weighted average of the
class’ customer maximum demand and its annual maximum class peak demand.

Class customer maximum demand reflects a no-diversity situation. It is defined as the
sum of the annual peak demands of each customer, whenever it occurs. If there is no sharing
of equipment, there is no diversity. Since not all customers peak at the same time (diversity),
class peak demand, which is defined as the demand of all customers within a specific ¢lass at
the hour when the class peak occurs, will be smaller than customer maximum demand. The
spread of the individual customer peaks over time reflects the diversity of the class Joad and
should be used to allocate facilities that are shared by groups of customers. The weighting

factors were based on a typical number of customers in each class who share a transformer.

12
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Q. How did Staff determine a typical number of customers who share a
transformer within AmerenUE’s service territory?

A, Staff used information from AmerenUE’s 2006 Supplement to the 2003
System Loss Study within the Residential Secondary and Service Drop Model and the
Commercial Secondary and Service Drop Model.

Q. Is load diversity an important consideration when allocating distribution costs?

A. Yes. Diversity is a condition that exists when the peak demands of electric
customers do not all occur at the same time. The greater the amount of diversity among the
customers within a class or between classes, the smaller the total capacity (and the total cost)
of the equipment required for the utility company to meet its customers’ needs.

Q. How did Staff allocate the costs of line transformers to classes?

A, Staff allocated the demand portion on the basis of each class’ customer
maximum demand measured at secondary voltage. The customer portion was allocated by
customer counts at secondary voltage.

Q. How are Staff’s CCOS study results affected by using Staff's allocators to
allocate AmerenUE’s cost data rather than AmerenUE’s allocators?

A. Table-2, Case 2 shows the effect. of Staff’s choice of 12 NCP A&P to allocate
Production —Capacity makes the largest single difference to changes in revenue deficiency
and the required percentage rate increase in Table-2. A summary of mode! output for Case 2
is provided as Schedule DCR-3-2.

Q. What does Case 3 show?

A, Case 3 shows the resuits of using Staff’s allocators and data from Staff’s

accounting schedules. The results are first shown at Staff’s midpoint for rate of return on rate

13
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base of 7.44%. Staff’s recommended revenue requirement decreases total revenues by 9.94%.
This decrease in revenue requirement, if spread across the rate classes such that, for each
class, revenues match cost of service, would result in rate decreases for the RES, SGS, and
LGS classes of 9.5%; 17.46% and 14.05%, respectively; and the LPS and LTS classes would
experience rate increases of 5.73%, and 0.98%, respectively.

Staff’s CCOS results can also be presented on a revenue neutral basis by subtracting
the percentage decrease in total revenues from each class. Case 3 shows that, on a revenue
neutral basis, the RES class is providing approximately 0.44% less revenues than the cost of
serving that class, while the SGS and LGS classes are providing 7.52% and 4.11% more
revenues, respectively, than the cost of serving them. The LPS and LTS classes are providing
15.67% and 10.92% less, respectively, in revenues than the cost of serving them. These
results suggest AmerenUE’s revenues from the RES class nearly equal AmerenUE’s cost of
providing service to the RES class; that AmerenUE’s revenues from the SGS and LGS classes
exceed AmerenUE’s cost to serve them; and that AmerenUE’s revenues from the LPS and the
LTS classes are less than AmerenUE’s cost to serve them. A summary of Model output for
Case 3 is attached as Schedule DCR-3-3.

Q. What is Staff’s recommendation to the Commission regarding redistributing
class revenue requirement in this case?

A. That recommendation is presented by Staff witness James A. Busch in his rate
design direct testimony prefiled in this case December 29, 2006.

Q. Does this conclude your direct testimony?

A, Yes.

14



Basic Components of Electricity

Production and Delivery

distribution lines .

distribution subs
{step-down transformers)

gl ':'l
I;tf Y
l,_ = transmission subs
&) {step-down transformers)

i
{

Generator (6-14 kV)

Schedule DCR-1




Capacity- Uﬁlization Respoﬁsib'lity;" An
Altemaﬂve to Peak Rcspons1b1] ity

By MICHAEL §. Pnocron,

" Tha intent of thir articis i & demomstots thut cposity aiiation it @ proper maassTe
arnenptions, thir rercils in allocating production cepacity corty &y the goemge ond
peah method |

THI purpnle of this articie il to sl\uw the logical fal-
Incy involved in the argument for the use of peak re-
sponsibility &3 the basis for aliocating the embedded cost
of production plants used (o generats eleclridty. The
orux of the argument for peak respongibility is that since
peak demand determines the capacity requirod for pro-
duction plant, the cost of that plant should be allocated
to customoers based on Lheir share of peok demand. The
principle is one of cost causlity; i.e, whatgver factor(s)
cause conz, those saume factors should be used 23 the basis
for allocxting cost:‘On this principle there is no dis
agreement. However, there is disagreement on whether
peak demand is the vnly ceusal factor for the entire
production plant.,

In the process of showing the fallacy involved in peak
! responsibility, a natural outcore is the development of
1 caustion prmuple that is theoretically correct. This
causation principle is called apocity wilizaion reponsibility.

As one might imagine, the lond datn reguirements for

W Univenilty, and BA and MA ce-
greos trom the University of Mis-
sourl ot Columbila, whore he also
cumrertly teachwa courses on wtility
egulation,

APRII, 28, 1883~PUBLIC UTILIMES FORTNIGHTLY

an :l'lo-uuon méuﬂ tha! iz corrert for all possible load

-situations could be overly restrictive. Thus, en approxi-

mation o the correct method is developed for the cose
where the load czn’ be characterired by the typical load
data svailable: class kilowatt-hour consumption and class
contribution to peak. Thia allocation method is ealled
the auerage.and pesk.

The Reoord on Peak Responsihilicy -

As early as 1921, H. £ Eisermenger! reéognired that
peak responsibility is not the correct measure for allocut-
ing production costs to customers. kn the summary to
Eisenmenger's argument aguinst pesk responaibility, he
siates:? “We see that the consumer’s demend cost is an

- intricate function of the entire load curve of the central

station and of the entire load curve of the respective

. consumer, not only of certain parts of tlose curves.”

In 1936, R. E 'Caywood?® recogmized potential prob-
lems thai exist in the use of peak reaponsibility. In dis-
cussing the peak responsibility method, Caywood sintes:*

It is obvious that this method is not entirely satisfac-
lory because a clans load at the time of the system
peak might be zero, while nt some other time it might
be of considernble size; yot no expense would be allo-
cated to it. Furthermore, an allocation made on the
basis of today's load conditions might be widely ditfer-

* "Cawirel Jation Reset i Theure and Pratien” by 1. E. Rianmanger,
. Proarick ]. Drate snd Company, Chicago, Illinois, 1921, pp. 77299,

Hbid., p. 25,

*Bkearic Usliy Rals Ecowowicx. ™ tyl.!.&ymmm-ﬂlll
Nﬂmlﬂ.muﬁ-lﬂ .

Thida pp. 196, 152, -

- hd

" Schedule DCR-2-1



ent in the future as the resalt of 2 shift of the sysiem
pukarashiftolthepukoflheiu&ollhadan
jtsell.

In 1968, C. W. Bary® recognized that peak responsibil-
ity is & naive approach to allocating capicity costs. In
‘discussing the distribution of load diversity benefits, Bary
states:®

The one which is farthest from meeting the require-

ments of the genera! unified theory is the so-called

system peak responsibility method, which reflects the
demand-cost assignment to individual components on

_the basis of their loads nt the time of the system peak
load. This method reflects little conceptual percep-
tion of the nature and the mutual benelits of load
diversity, nor the complex laws of probability govern-
ing its behavior.

In 1970, Alfred E. Kahn? published his two volumes

on the ecnnomies of wiility regulstion. While Kahn seemns

’ towppmtthemnceptofpeakrapunnbihty.ltnlmpﬂ-

tant o keep in mind Kahn's own qualifications placed
on the pmaple*

The principle is clezr, but it is more complicted than
might appesr at first reading. Notice, first, the qumiifi-
cation: “if the smme type of capacity serves all users.”
In fact it does nol always; in consequance, as we shall
see, ofl-paak users may properly be charged explicitly
for some capacity costs. Second, the pnncxple applies
to the explicit charging of capacity costs, “as such.”
Offpeak users, properly paying. shortrur marginal costs
[SRMC] will be making a contribution to tha covering

- of capital comy alzo, if and when SRMC exceeds aver-
sge variable costs. Third, the prindple is framed on

- the asumption that all rates will be set a1 marginal

. cost [MC] {including marginal capacity costs). Under
conditions of decreasing costs,-uniform marginal cost
pricing will not cover total coste Lacking a govern-
ment subsidy to make up the difference, privaiely
owned utilities have to charge more than MC on some
of their business. In some of these "tecond-bes” civcum-
siances, some (ol the difference between average and
marginal) capacity costs might berter be recovered from
off-peak than from pesk users.

While the arguments against peak responsibility are
well documented in the literature, this method hes guined
wide scceptance us an appropriate procedure for allocat-
ing embedded production plant costa to jurisdictions and
customer classes. Perhaps one reason for the acceptance
of peak responsibility is thar both the National Associa-

Operutimal Ecmansics of Elevtric {Hilives,™ by C. W. &q.mumlﬂl
Universily Prom, Now York, (90, pp. 36-64

“Mbid., p %,

"The Emmomics of Heyultion.” by Afred B Xohn, John Wilcy and
Sms, Now Yark, 1970, pn.a'l-lz

Mhid. pp. M, 80

a2

tion of Regulatory Utility Commissionens® and the Ameri
can Public Power Asscciation’® cost allogation manuazls
give quelified recognition to the concept of peak respon-
sibility. It should be noted that peak responsibility in-
volves not only the single peak method, but =iso any
method that uses coincident peaks; e.g., summer-winter
peaks, summer month peaks, winicr month pcakl. and
12 coincident month peaks. Also, probabilistic fethods,
such o3 Joss-ol-load probability, that are based on build-
ing plant to meot peak-load distributions (Joad plus plant
oulages), should be classified as peak responsibility
methods.

A second reason for general acceptance of peak re-
sponaibility is its case of npplication. Onc generally only
needs to lock at demands for one to twalve hours end

. 'determine the share of demand in those few hours going

to each class or jurisdiction.
A third reason for the acceptance of peak responsibil-
ity is that It seems o have a strong thecretical founda.

_tion in the peak-load pricing literature in economics,
The noneconomist reads pesk-load pricing in the con- *

text that all capadity costs go (o the peak period, and as
the quate from Kshn indicates, this is « basic miseonception.

A final reason for the scceptance of peak responsibil.
ity is ins inuitive appeal; i.e., peak causes capacity, there-
fore capacity costs thould be gliocated on & peak respon-
sibility basis. It is this intuitive appeal that will be

. challenged in this article.

Capadity Uhilicizadon Responsibiity .

A basic sssumption in the peak responsibility approsch
is that the production plant is assumed to be character-
iudrhy one ype of production plan; f.e,, no distinction
is made betwern peak, intenmediate, and base-load planta.
In the case of a single type of plant, the ol annual
production capacity cost can be determined by the level
of peak demsnd, and no matier what the load shape
happens to be, if the peak demand level stays the mme,
the 1otal production apacity costs also stay the same. It
iz this observed relationship that has led supporicrs of
the peak responsibility allocation method to claim that
peak demand causes pmduam capacity coss.

If production capacity cosis are viewed zs being fixed
over the year, then those {ixed costs have been caused
by the peck demand. However, the view thal produc-
tion capacity oosts are [ixed costs within u year, and can
only vary from one year to the next places n restricaion
on ong’s view of cusmlity. Even il theré is only one type
of production capscity, why should one's view of that
capacity be limitad to a single unit whose size is ixed
by the level of peak demand? Why should not the deci-
sion a3 to the variable cost of production copacity be

viewed o3 a decision made on small increments of capac-

ity over small periods of lime?

SFlactric Uity Cout Alhwiion Maneal National Axsaclation of Reguls
tory Ulility Cammiuioners, Washingion, D. C.. 1973, pp. 4053,

WCoat of Service Pruceduret for Public Powsr S Amcrican Pullic
Power Asscclaton. Washiegion, . C., 1670, pp. X1.X4.
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The purpase for determining the causlity of produc-
tion capacity costs is ultimalely o determine the com
respousibility of the customers that use the production
plant. While it is true that at only the time of pesk is
the fixed plant fully utilized, it is not true that this is

the only time that the production plant provides ser- .

vices to the customers, A proper view of cost causality
ahould recognize that during the pexk period a greater
smount of production capacity is required than at other
times, but the fact that penk demand is higher should

- oniy vefiect the additional production capacily -cosis incurred
bacause of the lngll:r demand ‘leval Within this context
produdnon capacity isseen to be a nnabh cost of pro-
duction in esch and every hour.’

A simple exomple can be vsrd to illustrate the con-
cept of treating production capacity as variable in sach
hour and cilculating” capacity rasponsibility based on
the utilization (use) of production capacity. Consider a
simplified load curve for two bours. In the first hour
ol demand is 30 megawatts, and ‘i the second hour
total demand is 300 megrwaits. In this cuse 50 megawntts
of production capacity it needed to meet demand in the
first hour and an additional 50 megewans of production
capacity is needed to meet demand in the second hour.
In terms of utilization of production capacity, the first
and socond hour share equel responsibility for the initial
50 megawatts of production enpacity, while the second
hour-carries the full responaibility for the additional 30
megawatts. Thus the total capacity mponnw-'gf of each
hour is given by

-.- Hour One: - ..{W} (50).= 25 megawaits
Hour Two:  {#) (50) + (50) = 75 megawatts

Notice thut this capacity utilization responsibility is not
the same us the energy responsibility of 50 meguwatt-
houns for the firm hour and 100 meguwati-houry for the
second hour. Nor i the capacity utilimtion responsibil-
ity the same w would be determined by peak responsi-
bility which would place zero megawaits on the first
hour and 100 megawxits on the second hour. Moreover,
using energy responsibility will understate the produc-
tion expacity caused by (he peak hour, while using penk
responsibility will overstate the production aapacity caused
by the peak hour. Table [ summarizes the results of
applying these three diflerent methods of calculating
respontibility for capacity.

Tamsx »

Hounty Resrostieicims

Eaerge LfeiRpation Tosk
Retpurpidility  Repowsiddity  Respsawdifiy
Hour One’ w R o
Hour Thm L % 5

“The fmai piece of informution needed is the share of
demand for each cusiomer closy in £ach hour. Suppose

APRIL 28, 1863—PUBLIC LITILITIES Fommm-mv
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there are just two cusiomers: A end B, with demands in
each hour as given in Table 2.,

Taste -z
Cosrosmun Lo i .
. Moguns:
Megoweits Magewailty 1 Houns .
Cusomer Howr One Sherz  Hour T Share Tomi Thar
A n C @ ™ % 100 %
LI T D |
Sysuem 50 1 100 1 0 1

Customer A's share of hour one's demand ix one-half,
and hour one's share of tapacity utilization re:ponn'bil-
ity is one-quarter, giving customer A & capacity utiliza-
tion responsibility for hour one equal to (%N%) = 4.
Customer A's share of hour twos demand is three-
quarters, and hour two's share of capecity utliztion re-
sponsibility is three-quarters, giving customer A & capar.
ity utilization responsibility for hour two equal to (%Y%)

.= #s. Adding customet’s A's eapacity utilization respon-

sibility for both hours gives % + ¥ = e A wimilar
calculation for custamer B gives a capacity utilization
responsibility of five-sixteenths. .
Table 3 summiarizes the capacity responsibility going
to each customer using energy, capacity utilization, and
peak as the basis for calculating these responsibilities.

Tasan y -
Custoniz Resmugmurtigg

Enenpy Unilicution Poad
Clan Respounsibility Kespousibilicy Raspansibritiry
A " e %
B » . Y W

Notice that energy responsibility allacates too little ca-.
pacity to A and too much to B, and peak responsibility
allocates too much capacity to A and wo little 1o B. Also

‘notice that A's load factor (average emergy divided by

demand at pesk) is below the sysiem average, and B
load foctor is above the system sverage. Marsaver, this
obscrvation can be generalized to the principle that peak
responaibility will aiways result in alloaating too much
aapacity 10 customers (clawes or jurisdictions) whose load
factors are below the systern average, and too litite capae-
ity 10 customers (clumses or jurisdictions) whose load fac-
tors are above the system average. Of course, energy

~ responsibllity hes the opposite resull

The Average and Peak Allocadion

The observations from the previou:'lac_tion lead to
the foliowing question: If a certain percentage of expac-

. ity is allocated based on energy respounsibility and the
- remainder based on peak responsibility, how an that

percentage be chosen so that the resulting allocations
are the same as those derived wsing the eapacity utiliza.

'___,_.‘.‘t'- -
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tion mcthod? The onswer is to use the system ioad fag-

- tor to determine the percentags of capacity 1o be allo-

cated by energy responaibility. This is called the svampe

~ and ‘peck method and is given by the following formuls:

D) (- ey

The system load factor ix the ratio ol'avengedamnd to
peak demand. For-this cxample it is given by:

Avernge Demand = (150 + 2) = 75 Mw
Peak Demand = 100 Mw
Loud Factor = 1754-1(!1} =%

Thenmgemdpaklllommn&uarloru:hcuu-
tomer is given by: ) .

Customer A: (%) (%) + (%) (%) = Wy
Customer B: (%) (W) + (%) (%) = *m

Wh:kthemn;emdpukmelhadhumdybemuhmm

to produca the same answer w0 the capacity ulilimtion

metlwdlmlheenmpleoﬂhumn.uunulnba

shiown to hold for any case in which demand is charec-
terized by two lavels, that is a peak and off-peak (buse)

-lovel, apd the result is independent of the number of

hours sssociated with each period; ., the appendix to
this =rlicle,

Befdre arriving st any conclusions about applying the
average and peak method, keep in mind two very im-

_poriant assumptions. First, production capacity is charac-

terized by one type of produciien plant Second, de-
mand is charactarized by two levels. Much work has and
is being done to develop allocation methods that will
allow these two sssumptions to be relaxed. ‘These meth-
ods arc aljed #meofuse cost allocations of embedded

.production costs.” Time-of-use aliocations require sub-

stantinlly more loud duin {essentially they require hourly

load profiles for all classes of service). When this typa of -

load information is not available, then the average and

peak method provides a viable aliarmative for reflecting
the capacity utilization resporibility approach to the -

causation of production capacity.

llmqmmum-wnwcqbyu.&m

" Migouri Publi Servica Commission, Nowanber, 1970

Appendix
Average and Peak Capacity Allocation

_ In this sppendix two basic sassumptions are-made. First,
demand is served from 1 single type plunt with constant
aaparity and nunning cost, Second, dewand i character-
zed by two periods: peak demand; and ‘base (off-peak)

demand. The foliowing definitions are used. '

Dp = meguwait demand at pexk

Dy = megawan demand at base

@, = lraction of time applied 1o
peak demand

ay = f[raction of time applied (o

base demand

where ap + ay = I; ie, the [raction of time for base
and peak demand adds up 10 the total amount of time
serving load.

These fractions can be used to caleulate both average
demand (energy) and capacity ulilization, The following
wble gives these calculations.

Auwcraga Cepacily
Period Demand Utilization
Buse al, Db

Peak D.,+{D - Dy
Totai a ﬁ

Average demand during the base and peak periods is
amply the demands of these periods times the fraction
of time applied to each. The capadity uliliration in the

u

buse period.is nimply that period's fraction of time of

use of the capacity required to mest base-load demand -

fay Dy). The caparity utitization for the pesk penod is
that perfed's fraction of time of use o! the cupacity re-
quired 1o meet base-load demand {a, Dy} plus the dif-
Emuhetweenbaamdpeakdmlnd(l)p Dy}, which
represents that portion of total capacity used exclusively
during the peak period. When these two are addad
together, the iotal capacity utilization is given by (ap +
epDp + Dy — Dy = Dy, + Dy, — DgﬂDr

The system load factor i tric ratio of the averwge

_ dcmand to peak demand, and is given by

System Load Factor = (a, Dy, + ap D) + Dy

Since Dy « D, it follows that ay, Dy, + ap Dy, < oy, Dy,
+ a, Dy, = (ay + @p) Dy = D, Thay, the system load
factor is less than one. It also [ollows that

a, Dy ' ay By
a Dy +ap Dp D,

Thus the average demand contribution 10 the base pe-
riod is greater than the capacity utilization contribution
10 the base period, and subsequently the aversge de-
mand contribution 1o the peak period is less than the
cepacity viilization contribution 10 the peak period.
Given these basic concepts, the objective in this appen-
dix mmshwthatﬂuwudpaamthodfnrmpo-

l....._... -
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ity allocation tp cusiomer classes @ equivalent to the capacity 2} (1 — Load Factor) (Class Contribution to Peak):
ufilicabion mathod ne matier where the kubjora;mdnp

mey oceur The following definitions are used for the ‘ . . o
custorver class demand responsibilities: — by — 2 bp) = Mn_&_gi'_’h_"ﬁn

Fip = ¢lass J's contribution (fraciion) of "
. demand in the peck period. 8} Average and Peak (1 + 2):
Pp = dlau s contribution (fraction) of )

demand in thé base period.

Pu oy Dy +0paa Dy + 2 (Dp — | = D ag
The tble below (in frame) specifies the average demand = "D—L‘J'%—h_ﬂ'—bg

{energy), capacity utiliration and peak responsibility to
demand for the jih class.

The average and peak wethod simply assumes that m—nil-.’ﬂ;‘—nﬂ-ﬂ
class comtribution to energy snd class contribution 1o ) )
" peak is’known. Then the system loud factor is used to .. '
. following allocation factor: But this gives exactly the same result ns the capazity
: define the fellowing o utilization method for determining class responsibility
Load Cﬂm‘ibumm l.nld . lor capacity, Moreover, no malier how the peak and
to Energy. + base periods are chosen, one needs only to determine
fi th s lerms class contribution to energy, class contribution to peak,
s::ule;gll?::n;h r“ﬂ:'l,t:muo“ g 3pp'roprla ond the system load factor in order to calculate thes ta-
g pacity utilization resporsibility for each class of load. Av
Losd Contribuy Energy . the same Lime it is important to keep in mind the basic
ui Factor}[Cim uton 1o ¥ anumptions being made; i.e., demand is served from a
q.D..-i-ﬂ +p au D nnglctypeplmtanddmndunpmpeﬂyhedmur-
a, md by = penk and hase load.
Method Baw Rt . Class Contribuion
Energy - uaDil Pipiap Dy) bpay Dy + "ﬁ & Dy
@Dy + apDp
Capacity n,. iay Dy) Bip (Dp = a2y D)®  Pp Dy + pBL(D" = ay Dy)
Uitization - : o -
Peak ) ,uor Sip (Dp} Pip-
*Notico that gy, Dy = (1 ~ mlhlthnpmynﬂﬂlhlmtn'bﬂhnmpnlmhmnuapllt-&
B, - DyaD, -(l—a -D,-a., .

Wast Valley Projsct Gets Extrz Money ) ’

An additional 35 milion of federal funding has been targeted for the West Vallay domonstra-
- tion project. The extra money, plus-some creative managing of the desipn and construction of
e nuclear waste solidification projact at the slte. could resuht In the conversion of the
radloactive liquid there to a durabie solid two yasrs sooner than had bpan originally planned.
Dr. William H. Hannum, project director for the U. S. Depatment of Enargy, said recontly that
the additional money is being translarred to this project from another DOE aclivity. "The axtra
funding indicates the impornance the Department placas of\ the timaly solidification of the
liquid westas stored here.” Hannum sald that about sixty enginears and nuclesr techricians
will be added to the project stalf in tha next several months,
Ag the first U. 5, nuciear waste solidification program of its kind, the West Vallay demonsira-
tien projact will convert aimost 600,000 gallons of highly radicactive liquid wasta into a .
durable solid which will be transported to a federal repository far dispeasl. The project began )
in February, 1882, when DOE assumed control of the former nuclear fue! reprocassing site. :
The liquid waste stored thare was a by-product of raprocessing from 1066 to 1972, As the
prime contractor to the DOE, West Vallay Nuclear Services Compeny, a subsidiary of Wasting-
house Elpctric Carmoration, witl design, bulld, and operate the :nlldifbation equipment.’
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CASE 1: AUE ALLOC/ AUE ACCT CLASS COST-OF-SERVICE RESULTS

REVENUE NEUTRAL
CASE ND. ER-2007-0002
T : - — e b ————
FUNSTIONAL CATEGORY 865 TOTAL % OF TOTAL
PROOUCTION CAPALITY 213M [PE¥ T X g [T, X1}
PRODUCNOK BIERGY $328,.590 $87.800 ST 413 $58.051 $90. 75y 3890018 .
TRARSMSSION CAPALITY ECTR7 -3 $2,109 S,155 8.7, £s.214 2114 2
DISTRIB TN SUBSTATIONS S TIT " s\ 511 » u ®s
SUBATATIONS DEMAND 1278 $326% $8,145 o.ns ] 427,908 14
DISTRIETION OHAIG SEC DEMAMD 5754 $180 53109 ® 0 zece
DISTRIBUTION oHG CUSTOMER LibAL! ] 237 8176 3 ] £20218
DETRIN OHAIG PRI GELANT $20.308 36774 518,841 403 ] 157 001 14
DISTRISUTION TRANAEORMENS  SEC CUSTOMER $4.248 542 S4a 5] %0 §s432 0z
DISTRIEITION TRANSFDRMERS DEMAND $1.005 2w S405 0 ® 31840 0.0
DISTRIBUTION OPERATIONS 14,4008 L3480 £5,214 .08 g 5% 1
DISTRIBUTION MAIHTENANCE nm 3953 51,113 £358 Y]  Thra } [}
DISTRIBUTION METERS §4,200 S1.367 5571 Bl | 8242 a2
DISTRBYTION  DIRELT ASSIGNUENTS (38} %) $1,09% st )] $1.847 op
CUFICMER DEPOETS =] girr §1d1 0 ] 529
METER REAINMG AR 31,950 5258 - 0 ALY Lig o
BILLING, SALES, SERVICE 222 308 31524 $1,058 1,108 0 $22.001 11
ARG 511,257 £30.482 575,981 22,047 515200 §2M056 1%
CUSTOMER RZCORDS 913,35 $1.478 52,262 1 ] 1718 0.72%
DEPRECIATION, TAXES, CWC Q25 350,165 5106.852 3745 13464 HRIN 1 umﬂ
“TGTAL 1 §1,085205 | 5254,756 | 666,797 $205,2Q3 $152.5099 - 52,566,061 4100 .00%
TOTAL COST OF SERMVICE 51,086,205 $254,756 $666,797  5205,703 $152,59% 42,366,051
% a45.n% 20.77% M.18% B.689 6.85% w0ox
RATE REVENUE { $850.213 | 322,740 | ge00707 |  $155.852 | $137.208 § $1,970,7%0
Sdnca e Rads Raveduts I0F LSNER) $13.615 Hon $7.247 $2024 {¥x0) [E X1
OTHER REVENRE $32.143 38,447 315, %6 2,981 53,324 18250
Syan gl Inisecrange Jeias $141.552 834, 164 388376 $25.30 97 M52
Ruto Reverwre Vintarme (s14) e ~2] {38} 32) =) [+ |
TOTAL REVENUE [S_to3am3| __ s270381 $7090,680 ] $188,307 5159, §2 386,061
x Qi n FE d (K
REVENUE DEFICTIENCY [ SA8191] __ (515604)] (542880 517,396 57,080] ﬂm
% CHANGE I S.67%] 6.09%] 748%] ___11.15%] "5.A6%] 0.00%
127z ar2008 B-4a]
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CASE 2: STAFF ALLOC/ AUE ACCT CLASS COST-OF-SERVICE RESULTS

REVENUE NEUTRAL
CASE NO. ER-2007-0002

FURCTEINAL CATEGORY 1 RES |1 508 1 <3 LP Trans | ﬁé& % QF TOTA!
PROCUCTON CaPaiITY 190,958 [T 1] S148.184 a1 oz FT T
PFRODUCTION ENERDY 32590 137.900 5743 nas1 t oL s|Rane .
TRANEAESSION CAPACITY 7500 -3 13 $22,300 $7.0m 1T 11 21T 126%
DETRIUMON SUBSTATIONS OEMAND (7] 0o b3l L] ® L7 0.00%
SUMSTATIONS DEMAND $142m 159 58,145 $3.215 w 270 1.18%
DSTREYMON CHAG SEC DEMAND 37509 -1 ) s30M n W $e2008
DISTRAUTION oRLG CUSTOMER o 2" $178 % »0 £20208
DASTRBLTION oG PRI DEMAND 0,13 57 . T] 515930 sapar ) £37001 214
CETREUNON TRANSFORAGRS  9EC. CUSTOMER stTas "z $44 ] " t {71 -
CASTRIBUTION TRANSFORMIRS Liatand nie 5345 sm3 0 & 21540
DISTREUTION DFERATEING $1emr $3.557 76302 $a521 £ 24558
DISTRILTION MAINTENANCE LY - ] $1.G59 1 n2 n
[ LETERS a2 OF 3 $SM 438 X 2w
CSTREUNON  DRERT ASTIGNMENTS M) ] $1.091 s u 1547
CUBTOMEN REPORTS 250 nmr S 20 0 $3%9
NETER READING 514,838 51.980 £28 L “ _BikasT
BILLINGE, EALEE, SERVICE $22.06 1558 932 $1125 # 2600
ARG LITET oo 295 $82,767 s SIATS SA7EOGE
CUSTOMERRECORDS $13,350 1475 $2,267 343 0 F12,448
DEPRECIATION. TRXES, CWC 219834 saAM S5110,310 [ E- SIT S TN
TOTAL [ 51,026.056 | 5251,439 { 691,931 S2195H] $1 ?7,7§§I $2 266,061
Ao Cob0f Binrom kn s 50 50 50 S0 0 50
TOTAL COST OF SERVICE 51,026,056 $251,4%9 S631,231 S219.51 $177,763 92,366,061
* 43.371% 10.55% 921% 9.28% T.515%
RATE REVENUE Is 8038 28 70]8 50707 1§ 2 137.209 1,970,790
Alneris fias Ravanets kr Lighing $13513 3000 24T $2,024 st 127,081
QTHER REVENUE 122,748 et S5 68 401 $3,324 [TET LN
§a
Sysnc anc Wishampe Salel §141.552 §34.164 536378 §25,343 LA 4144 $305352
=
Rt Ravarrss Varianes s (52) (s8) 32) {31 (o]
0 "
TOTAL REVENUE [ 103803 S270381]  $709,680 | $188 307 $1549,680] 5 2,366,081
% 753 no% D% TSR o _‘ﬁ
REVENUE DEFICIENCY l (511,957 5
9 CHANGE [ A A1%] 8.35%] 3.07%] __ 2005%] 13.38%]
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CASE 3. STAFF ALLOC STAFF ACCTCLASS COST-OF-SERVICE RESULTS

(AMEREN UB)

AT STAFF'S MIDPOINT OF RATE OF RETURN ON RATE BASE OF T.44%

CRSE NO. ER-2007-0002

FUNSTIORAL CATEQORY RES I SGs | LGS | LP | Trans | TOTAL
PREOLICTION CAPRCITY 22 THR4YS S11D,297,007 4,861,429 $NL73ALS WIARAD $1.048,011,2%0
PROCUCTION EMERCY $152.638,(12 v rrms 5133.866.313 HUETIZAG LI ST 30, L 10
TRANBWSSION CAPRCITY $209%.900 $IRTT.042 520,701,649 SAANZ 554 31819919 $88, 40,111
CETRBUTION SUBSTATIONS DEMMID 52384976 M4l $1,250,004 (=2 1T -] 4425
SUBSTATENS DEMAND 130,973,400 $4 01 672 511,985,083 fazmesr 1 40093718
DBTREBINON ouc SEC DEMMND $44.971 96T 951,740 £5,584,738 [ w B4, 044 548
DETREUTION . TT cusToRER: -3 XL w7 §416,29? KN 34 Mam
DS TRIMUION ang PR DEMAND HLETNS $11.a8.401 £22,173. 608 $4, 100,200 [ 05495790
DISTREn TN TRANSFORMERS  SEC. CUBTOMER 11,208,950 5.8 5105, "N [} 7] 12943885
DETRTION TRANSEQRMERS DEMANT 1108474 S, M8 781,142 " 30 51031172
EETRmUTION OPERATIONS 1 ora.ced $3,500, 02 £8.104,950 17,797 %58 80 924,155,998
OBETREUTION INARNTENANGE 51840472 50, 120 $1,066, 499 2P R ] 14,502 $4,758, 31
DSTRIBUTION VETERS 36315480 2015048 $842.009 mas B s
DISTRRBUTION  DIRECT AERIGHMENTS (shen W §952,%7 9,147 10 SLIN
CUSTOMER OEPOSITS {B295,995) {3280,178) i5225.699 SR0 s I8 |
UETER READING §14000.05 R0z 5241033 L0 ) 1185517
BALNG, BALES, SEFRVICE HE7 T LI 5779.916 19908 1) Jagae e
. ALG $142,945 103 £ 5 £49 S102,471,62 [~rd Rt qHrYImms ST ATT 929
CLULTOMER RECORES 59951 15034 $2,900,759 Hase 5 £21,500,269
DEPRECIATION, TAXEL CWC $141.081. 484 £35,520 284 £54,681,088 $15,00000 YIS £ AT Y]
TOTAL $1.093 185 $266,550 $708,732,422 218,137, 638| 5172,724134 42,460,434 500
Alrgie Gt of Sarvics 1Y OTa S0 so $0 S0 S0 S0
TOWL COSI OF SERWCE $1,093,189,799 $266,650.549 5708,732.422 S219, 1!7 8!6 §172, ?24 194 52 960,434 600
% 44 45% 10.84% 8.81% O
RATE REVENUE s emssrzere|s  mmsysls enniaredls  18AN148alS 135852303 $2,040,378, 545 weTST2TY
Allcey oo Bt ke Qi [ 13.855.110 § 313328 $ T147mM5 3 190,70y § 1,180 042 I0I%
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