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; January 26, 2004
viA HAND DELIVERY

Thomas M. Dorman, Executive Director
Public Service Commission

211 Sower Boulevard

P.O. Box 615

Frankfort, KY 40602-0615

Re:  Case No. 2003-00266, Investigation into the Membership of
Louisville Gas and Electric Company and Kentucky Utilities
Company in the Midwest Independent Transmission System
Operator, Inc.

Dear Mr. Dorman;

Enclosed please find the original copy of Midwest ISO’s Response to
Commission Staff’s and of its Response to LG&E/KU’s Data Requests, which together
consist of: three bound volumes of text responses and paper-copy attachments; two
copyrighted survey articles, of which only one copy each is provided to the
Commission; and three CD-ROM discs, one of which is provided under seal with the
original of a Petition for Confidentiality.

Because this filing is voluminous and we are using the after-hours filing box, we
will bring additional copies of these materials to the Commission tomorrow. Thank
you for your attention to this matter.

Sincerely,

Enclosures
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COMMONWEALTH OF KENTUCKY S FRRTPTIRT
BEFORE THE PUBLIC SERVICE COMMISSION dr e 67064

In the Matter of: n ‘:% r B

Investigation into the Membership of
Louisville Gas and Electric Company Case No. 2003-00266
and Kentucky Utilities Company in the
Midwest Independent Transmission
System Operator, Inc.

Responses of
Midwest Independent Transmission System Operator, Inc.
to the LG&E/KU Data Requests

Midwest Independent Transmission System Operator, Inc. (“Midwest ISO”)
hereby responds to the data requests propounded by Louisville Gas and FElectric
Company and Kentucky Utilities Company (collectively, “LG&E/KU”). Midwest ISO’s
response consists of the following materials:

* two bound volumes of text responses and paper-copy attachments; and

* three CD-ROM discs, one of which is provided to the Commission under seal

with the original of a petition for confidentiality.
One copy of the CD-ROM titled “Confidential Volume” has been provided to in-house
counsel for LG&E/KU because confidential treatment is being sought in accordance
with a confidentiality agreement by which Midwest ISO obtained information from
LG&E/KU at an earlier stage in these proceedings.

Counsel for Midwest ISO, rather than a witness, are responsible for any objection
interposed to a data request. In most instances, in a spirit of cooperation and without

waiving the stated objection, a response has nonetheless been provided.



Respectfully submitted,

Katherine K. Yunker

Ben D. Allen

YUNKER & ASSOCIATES
P.O. Box 21784
Lexington, KY 40522-1784
(859) 255-0629

fax (859) 255-0746

James C. Holsclaw

MIDWEST INDEPENDENT TRANSMISSION
SYSTEM OPERATOR, INC.

701 City Center Drive

Carmel IN 46032

(317) 249-5769

fax (859) 697-0792

By:

(P

ATTORNEYS FOR MIDWEST ISO

CERTIFICATE OF SERVICE

I'hereby certify that on this the 26th day of January,

2004, a copy of the foregoing

Response to LG&E/KU Data Requests was served by sending the materials of the
Response as indicated via U.P.S. for overnight delivery to:

Michael S. Beer

Linda S. Portasik

LG&E Energy Corp.

220 West Main St.

P.O. Box 32030
Louisville, KY 40232-2030

Elizabeth E. Blackford

Assistant Attorney General

Utility & Rate Intervention Division
1024 Capital Center Drive; Suite 200
Frankfort, KY 40601-8204

Michael L. Kurtz

Boehm, Kurtz & Lowry
Suite 2110 CBLD Building
36 East Seventh Street
Cincinnati, OH 45202

Kendrick R. Riggs

Ogden, Newell & Welch, PLLC
1700 Citizens Plaza

500 West Jefferson Street
Louisville, KY 40202
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COMMONWEALTH OF KENTUCKY
BEFORE THE PUBLIC SERVICE COMMISSION ./ = £

In the Matter of:

Investigation into the Membership of
Louisville Gas and Electric Company
and Kentucky Utilities Company in the Case No. 2003-00266
Midwest Independent Transmission
System Operator, Inc.

Responses of
Midwest Independent Transmission System Operator, Inc.
to the Commission Staff’s Data Requests

Midwest Independent Transmission System Operator, Inc. (“Midwest 1SO”)
hereby responds to the data requests propounded in the Commission’s Order dated
January 12, 2004. Please note that the Commission Staff’s Data Requests have two data
requests numbered “2” and “3.” The responses to the second data requests numbered
“2" and “3,” found on page three of the Staff’s Data Requests, have been renumbered as
Midwest ISO response numbers 15 and 16. Midwest ISO’s response consists of the
tollowing materials:

* one bound volume of text responses and paper-copy attachments;

* two copyrighted survey articles, of which only one copy each is provided to

the Commission; and

* three CD-ROM discs, one of which is provided under seal with the original of

a Petition for Confidential Treatment.
Information responsive to Staff Data Request 8 is provided in electronic format. Due to
the voluminous nature of these files, even after compression, the folder containing the
non-confidential materials begins on the disc titled “Public Vol. I” and continues to the
disc titled “Public Vol. IL.” (Two copies of these public CD-ROMs are provided to the

Commission.) In addition, other information responsive to Staff Data Request is



provided on the CD-ROM titled “Confidential Volume” or in response to other, more

specific, requests for information by the Staff or LG&E/KU.

Counsel for Midwest ISO rather than a witness, are responsible for any objection

interposed to a data request. In most instances, in a spirit of cooperation and without

waiving the stated objection, a response has nonetheless been provided.

Respectfully submitted,

Katherine K. Yunker

Ben D. Allen

YUNKER & ASSOCIATES
P.O.Box 21784
Lexington, KY 40522-1784
(859) 255-0629

fax (859) 255-0746

James C. Holsclaw

MIDWEST INDEPENDENT TRANSMISSION
SYSTEM OPERATOR, INC.

701 City Center Drive

Carmel IN 46032

(317) 249-5769

fax (859) 697-0792

ATTORNEYS FOR MIDWEST TRANSMISSION
SYSTEM OPERATOR, INC.

CERTIFICATE OF SERVICE

I hereby certify that on this the 26th day of January, 2004, a copy of the foregoing
Response to Commission Staff’s Data Requests was served by sending the materials of
the Response as indicated via U.P.S. for overnight delivery to:

Michael S. Beer

Linda S. Portasik

LG&E ENERGY CORP.

220 West Main St.

P.O. Box 32030
Louisville, KY 40232-2030

Michael L. Kurtz

BOEHM, KURTZ & LOWRY
Suite 2110 CBLD Building
36 East Seventh Street
Cincinnati, OH 45202

g



Elizabeth E. Blackford Kendrick R. Riggs

Assistant Attorney General OGDEN, NEWELL & WELCH, PLLC
UTILITY & RATE INTERVENTION DIVISION 1700 Citizens Plaza

1024 Capital Center Drive; Suite 200 500 West Jefferson Street
Frankfort, KY 40601-8204 Louisville, KY 40202
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YUNKER & ASSOCIATES

Katherine K. Yunker 859-255-0629
P.O. Box 21784 FAX: 859-255-0746
Lexington, KY 40522-1784 yunker@desuetude.com

January 27, 2004
VIA HAND DELIVERY

Thomas M. Dorman, Executive Director Sl it
Public Service Commission

211 Sower Boulevard

P.O. Box 615

Frankfort, KY 40602-0615

Re:  Case No. 2003-00266, Investigation into the Membership of
Louisville Gas and Electric Company and Kentucky Utilities
Company in the Midwest Independent Transmission System
Operator, Inc.

Dear Mr. Dorman:

Enclosed please find ten (10) copies of a Petition for Confidentiality and seven (7)
copies of the bound volumes of the Responses to Commission Staff’s Data Requests and
to LG&E/KU’s Data Requests, to be filed in the above-referenced proceeding on behalf
of Midwest Independent Transmission System Operator, Inc. Also enclosed are an
additional set of the CD-ROM discs containing the publicly-filed electronic documents
provided as part of the Responses. Originals of the Responses and of the Petition for
Confidentiality, together with other materials relating to the Responses, were submitted
to the Commission last night by leaving them in the after-hours filing box.

Thank you for your assistance in this matter.

Sincerely,

%{2 e Y- gm (v

Katherine K. Yunker

Enclosures



COMMONWEALTH OF KENTUCKY
BEFORE THE PUBLIC SERVICE COMMISSION

In the Matter of: S é

Investigation into the Membership of Louisville
Gas and Electric Company and Kentucky
Utilities Company in the Midwest Independent
Transmission System Operator, Inc.

Case No. 2003-00266

PETITION FOR CONFIDENTIALFTY

Pursuant to 807 KAR 5:001 § 7, Midwest Independent Transmission System Operator,
Inc. (“Midwest ISO™) hereby petitions the Public Service Commission for an Order granting
confidential treatment and protection from public disclosure certain information provided by the
Midwest ISO in response to Data Requests 37 and 43 of Louisville Gas and Electric Company
(“LG&E”) and Kentucky Utilities Company (“KU”) in the above-captioned proceeding. The
Midwest ISO also petitions for confidential treatment of certain information provided in response
to Data Request 8 of the Commission Staff. Specifically, the Midwest [SO requests confidential
treatment of the electronic files contained on the CD-ROM disc titled “Confidential Volume.”
The information contained on this disc includes data derived from information provided to it by
LG&E/KU under a confidentiality agreement. A copy of the “Confidential Volume” CD-ROM
is hereby filed with the Commission under seal for the purposes of this petition.

In support of its request for confidential treatment, the Midwest ISO states as follows:

1. The information contained in the disc titled “Confidential Volume” is classified as
confidential by the Kentucky Open Records Act, which excludes information of this type from

the application of its disclosure mandates. KRS 61.878.



2. This information is (a) confidentially disclosed to the Commission or required by the
Commission to be disclqsed to it and (b) is generaily recognized as confidential or proprietary.
KRS 61.878(1)(c).

3. Open disclosure of this information would deny protection to information for which
the Commission has previously granted confidential status. In addition, open disclosure would
be contrary to the express confidentiality agreement between the Midwest ISO and LG&F/KU.

4. No public interest would be served by denying confidential treatment to these Data
Request responses, and preservation of the confidential character of that information is claimed
by LG&E/KU to be needed to prevent is competitors from gaining an unfair commercial

advantage.

WHEREFORE, Midwest ISO requests an Order of the Commission granting confidential

treatment to the material provided.

Respectfully submitted,

Katherine K. Yunker
Benjamin D. Allen
YUNKER & ASSOCIATES
P.O. Box'21784

Lexington, KY 40522-1784
859-255-0629

Fax: 859-255-0746



James C. Holsclaw

MIDWEST INDEPENDENT TRANSMISSION
SYSTEM OPERATOR, INC.

701 City Center Drive

Carmel, IN 46032

317-249-5850
GV\?/ ’ W

Fax: 317-697
A'ITORNE‘l’S FOR MIDWEST INDEPENDENT
TRANSMISSION SYSTEM OPERATOR, INC,

CERTIFICATE OF FILING AND SERVICE

I hereby certify that on this the 26th day of January, 2004, a copy of this Petition was
served by sending it via U.P.S. for overnight delivery to:

Michael S. Beer Michael L. Kurtz,

Linda S. Portasik BOEHM, KURTZ & LOWRY
LG&E ENERGY CORP. Suite 2110 CBLD Building
220 West Main St. 36 East Seventh Street
P.O. Box 32030 Cincinnati, OH 45202

Louisville, KY 40232-2030

Elizabeth E. Blackford Kendrick R. Riggs

~ Assistant Attorney General OGDEN, NEWELL & WELCH, PLLC
UTILITY & RATE INTERVENTION DivisioN 1700 Citizens Plaza
1024 Capital Center Drive; Suite 200 500 West Jefferson Street
Frankfort, KY 40601-8204 Louisville, KY 40202

A
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COSTS OF SERVICE DiSRUPTIONS TO ELECTRICITY CONSUMERS!

CHI-KEUNG WOO% and ROGER L, pUppht

§ Department of Economics and Finance, City Polytechnic of Hong Kong, 83 Tat Chee
Avenue, Kowloon, Hong Kong

| Analysis Group, Inc., 100 Bush Street, Suite 900, San Francisco, CA 94104, USA

(Received 30 July 1991)

Abstract - After reviewing 16 recent studies, we (j} identify the general approaches used
to estimate customer outage costs, (ii) ascertain the relative merits of each approach, and
(iii) determine the extent to which existing studjes can provide accurare and meaningful
estimates. We present cost estimates on a common denominator, explain variations in the
results, and suggest areas for future research.

1. INTRODUCTION

Electricity, unlike other forms of energy such as gas, oil or coal, cannot be economically stored, but
rather must be provided on demand. Consequently, a major concern of all electric utilities is the level of
reliability at which they can supply energy. Reliability is defined as the ability to deliver uninterrupted
service on demand, to whatever degree required.! Common engineering service reliability criteria are one-
day-in-ten-years loss-of -load-probability, expected unserved energy, and reserve margins, A discussion of
each is presented in Refs. 1-4. An electric utility traditionailly chooses a particular levei of service reliability
by using probabilistic and deterministic standards and Jjudgements based on experience. For instance, 2 utility
may design their generating system to maintain adequate generation reserve margin to provide an acceptable
levet of service reliability, Similarly, the design of a transmission and distribution (T&D) network may rely
on redundancy to satisf'y reliability standards determined by historical practice,?-? Customer preferences for
service reliability are typically not considered in these types of planning decisions. Asa result, the cost and
level of service reliability supplied by a utility may differ from what customers want and for what they are
willing to pay. If so, the reliability level provided is not economically efficient for either the utility or the
customer.

Most electric utilities have also traditionally ignmored customer reliabitity preferences in product
development. For example, a retail customer class is typically offered a standard service whose price does not
necessarily closely correspond with customer value of service reliability.® Asa result, customers who are
willing to pay for premium uninterruptible service or are willing to accept a bill discount for interruptible
service have not been given the opportunity to choose between these two, This is in sharp contrast to the

the paper does not reflect the views of CPHK, AG, NMPC, PG&E and EML. Many individuals have
contributed to our past research on the subject. In particular, we thank A. Adriance, D, Aigner, R, Billinton,
H.P. Chao, M. Doane, T. Fhaim, R. Hartman, D. Keane, R. Mango, G, McClelland, M., Munasinghe, B.
Neenan, W. Schulze, D. Spulber, and G. Wacker. Without implications, all errors are ours. After completing
the paper, we became aware of a recently published survey by D.W., Caves, J.LA. Herriges and R.J. Windle (Ref.
21). There are substantial differences between their paper and ours. The two Papers are complementary and
should be read together to obtain a complete view of the subject.

# Author ta whom all correspondence should be addressed,

b Reliability is distinct from service quality in that the latter refers to the provision of electricity within
acceptable frequency and voltage ranges.
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girlines and long-distance telecommunications industries, which of fer a full spectrum of dif ferentiated services
from which customers can select options that best match their needs.!

Due to both customer dissatisfaction with utility electricity service and the financial risks of major
plant additions, some electric utilities have recently begun to explore alternative methods 10 plan and price
slectricity supply. The result of this exploration is an increasing popularity of economic reliability planning
and efficient pricin% principles. To wit, (i) a reliability improvement should be undertaken if its benefits
exceed its costs,?"5:831817 anq (5j) the cost of an improvement should be reflected in the rate design.28.9.1113.18
Customer outage costs are an essential input for implementing these two important principles. We provide
three notable examples. The first is from generation planning and marginal cost pricing. The benefit of new

the sum of the expected marginal fuel cost and the expected marginal outage cost. Under the economic
reliability planning principle, the expected marginal outage cost at the fong run equilibrium equals the
marginal capacity cosg. 2818

QOur second example is the design of interruptible and curtailable {1/C) service. Offering 1/C service
at reduced rates to customers who have relativelg low outage costs helps to both defer capacity expansion and
decrease emergency power pool purchases 9 1113,36 ¢y, final example is a T&D planning project. Repairing

While the principles of economic planning and efficient pricing are well established, a utility may be
unable to apply the principles because customer outage costs in each of the utitity’s service regions are
generzlly unavaitable, By reviewing some recent contributions to the estimation of customer outage costs, we
(i) identify the general approaches used, (ii) ascertain the relative merits of each 2pproach, and (iii} determine
the extent to which existing studies can provide accurate and meaningful estimates which are transferable
across utilities, If the existing estimates of different utilities varied little, a utility that has no information on
their customers’ outage costs may substitute the outage costs of another utility. Conversely, highly diverse
estimates may indicate either a lack of COnsensus among experts regarding the magnitude of outage costs or
a recognition that outage costs vary highly with customer characteristics, If the Iatter is true, utilities would
need to collect outage costs estimates for their customers rather than substituting estimates from another utility.

With these objectives in mind, the remainder of the paper is organized as follows, Because a variety
of measures have been used in the literature, we define in Sec. 2 the concept of customer outage costs 10
eliminate any ambiguities that may arise in the subsequent discussion. In Sec. 3, we identify and evaluate the
approaches commonly employed to estimate customer outage costs. In Sec, 4, we ?resent the empirical results
in 16 recent studies, a majority of which are based on outage cost survey data.¥ We conclude in Sec. 5 by

recapitulating the major findings and suggesting some areas for future research.

2. DEFINITIONS .
The value of service reliability represents the maximum amount a customer is willing to pay for the

developed. For example, since 1977, Pacific Gas and Electric Company has been offering interruptible and
curtailable service options to approximately 1,000 large customers with menthly demand over 1,000 kW.
However, less than 10% of these customers subscribed to any of these options.** It is difficult to judge
consumers’ willingness to pay {WTP) for different reliabitity levels, because there exists a limited amount of
data on customer reliability/price choices. Accordingly, the amount customers are willing to pay for service
reliability is often approximated by its opportunity costs which equals the vglue of unsupplied electricity.
Thus, customer value of service reliability becomes SYnonymous with customer oyutage gosts.

t Various form of reliability differentiation have been proposed in the literature including, (i) priority
service in Refs, 9-10, {ii) simple intecruptible service in Ref. 11, (iii) demand subscription service in Ref, 12,
(iv) self-rationing in Ref. 13, and (v) proporticnal rationing in Refs, 14-15. However, their implementation
ig refatively limited as noted in Ref. 16,

f For surveys of earlier works, see Refs. 19 and 20. A review of North American studies prior to 1588 is
provided in Ref. 21.

/KU B15¢y)
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Outage costs are commensurate with a customer’s dependence on electricity during an outage. Qutage
costs vary significantly depending on the particular attributes of the outage. Attributes known to influence
¢osts include: timing (season and time-of-day), advance notice, frequency, duration and severity. With the
exception of severity, the meaning of the remaining attributes is self. -evident. Severity is the extent of service
disruption characterized by the following: (i) Eull Oytage - A complete or total loss of service, typically
resulting from a distribution-related cause (e.g. storms, car-pole accidents, or vandalism), or transmission
failure, rotating blackouts or enforcement of an interruptible service contract as described in Ref. 6; and (ii)

i - A curtailment of service due to a utility's public appeal for voluntary load reduction, or
participgling in a load management program targeted to a particular end-use such as air conditioning or water
heating.

3. APPROACHES
Description
Using the preceding concepts and definitions, we describe three techniques commonly employed to
estimate outage costs. These procedures are the (i) proxy, (i1} market-based and (iii) contingent valuation
methods,

Proxy methods use secondary data to measure customer willingness to pay for service reliability, The
following are examples of proxies: (i) Av ici iff***" - This method is based on the assumption
that customers purchase electricity if consumption benefits are greater than costs. As a result, the average
electricity tariff measures what customers are willing to pay for the last kWh purchased. (ii) Cost of
intaini 3 _ This approach assumes that electricity users act rationally and insure themselves
against the damages caused by power failures when it is economic for them to do so. For instance, a firm's
acquisition of a backup generator will reflect the marginal value of unsupplied electricity, Outage costs are
derived by assuming that a competitive risk-neutral firm maximizes expected profit. At the margin, they
equate the expected marginal costs of self -generating a kWh of the unsupplied utility electricity to the
expected avoided outage costs due to this self -generated kWh. (iif) i ¥ - This
method views the principal cost of a power failure as a loss of leisure. (iv) i
(GNP per kWh consumed) - The gross national product (GNP) measures the value of goods and services
produced by an economy. Because electricity is an essential input to all econontic activities, it is argued that
the GNP would be Breatly reduced in the absence of electricity, Thus, the ratio of GNP to total electricity
consumption may be used as an approximation of the aggregate effect of an outage on an economy.

In contrast to proxy techniques, market-based methods use data from observed customer behavior to
infer outage costs. These approaches include (i) consumer surplus methods used in Refs. 29-32 and (ii)

customers' compensated demand curves, 33" Early applications of this methad relied on readily available
monthly or yearly aggregate demand function data which were used to approximate either daily or hourly
electricity consumption by customers.?? Hourly and daily consumption was then used to estimate outage costs,

Also, the market-based approach uses data that utilities have collected from recently introduced I/C
rate options for their large commercial and industrial users. These options, and others similar to them, offer
4 customer a price discount in return for a lower reliability of service.! In this approach, it is assumed that
Customers rationally choose an option which maximizes their expected net benefit of electricity consumption.
Each option has both a particular rate discount and level of reliability. An econometric analysis of customer
¢hoices will provide a market determined value of service reiiability. The data may be used to infer the
monetary compensation required for each customer such that they are indifferent between the
discount/reliability choice they actually made and aiternative choices they could have made. These
compensation differentials among the options measure customer WTP for alternative reliability levels, The

t For example, Pacific Gas and Electric Company rate E-20 for large light and power customers offers
discounts for both the demand charge and the energy rate. Participation may result in service curtailment with
varying degree of notice.2
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procedures used to obtain such estimates are outlined in Refs. 25 and 35-38.

The contingent valuation method (CYM) is a third technique which may be used to collect outage costs,
In the CVM approach, individuals are asked to reveal in a survey or experimental setting how much they value
a hypothetical good which is not priced in the market, For instance, pecple have been asked "How much
would you be willing to pay to clean-up this river?” A thorough description and assessment of this approach
is contained in Ref. 39. CVM surveys have been widely used to estimate outage costs differentiated by outage
attributes and customer characteristics. Empiricai examples of the approach can be found in Ref. 35. Three
contingent valuation techniques are discussed below,

The first technique is based on customer surveys of direct costs. *** Customers are asked to identify
the actions they would normally take to adjust to an outage. Next, they are asked to provide an estimate of
the out-of-pocket and/or inconvenience costs of each action. The total outage cost is estimated as the sum
of the indjvidual costs. In the residential sector, the individual actions may include the use of candles for
lighting; dining out or visiting friends; buying ice to preserve food; staying at a hotel or motel; or the use of
a home generator, etc.f In the commercial and industrial sectors, specific costs comprise lost sales or
preduction, spoilage, equipment repair and the expenses of making-up lost sales and production,

The second CVM technique asks Customers in a survey to state the maximum amount of money they
would be willing to pay (or accept) for an increment {or a decrement) in service reliability. The amount of

this implication is drawn. It is possible that the WTP and the WTA may not by identical due to income effacts,
if these effects are negiigible as assumed in this theory, the difference between WTP and WTA is slight.
However, this hypothesis is contradicted by the empirical evidence presented in Refs, 37-38.

The last CVM technique we discuss is the analysis of customer preference data, In a survey,
individuals are given a set of hypothetical mutually exclusive service alternatives. Each alternative depicts a
different combination of service veliability and price. Individuals are then asked to rank the options by their
order of preference or to choose the option that best meets their needs. Mar inal rates of substitution and
monetary values of willingness to pay can be inferred from these rankings 28,57,38,40,43

Ev ion
Here we evaluate the pros and cons of the three approaches, We summarize our findings in Table 1
which provides a synopsis of the relative merits of each method using the following criteria: {i) Data
i Amount of data necessary for outage cost estimation, (ii) Computational cost Amount of research
effort and time required for data analysis, (iii) ifiability Extent to which the outage cost estimates are
supported by cbserved customer behavior, and (iv) i n mer ics Extent to
which the estimates reflect outage cost variations by these determining factors. In Table |, the symbol »+
indicates that an approach scores well under a particular criterion while the symbol - indicates the opposite.

Tabie 1. Relative merits of outage cost estimation techniques,

Criterion Proxy Market-Based Contingent Valuation
Data Requirement + - +/-
Computation Cost + - +/-
Verifiability - +/~ ?
Outage Attributes - - +
Customer Demographics - + +

The major advantage of the proxy methods is that they are straightforward to apply and require
minimal data, Thus, computational costs are relatively inexpensive. However, theoretical deficiencies and/or
lack of detail may result in inaccurate outage cost estimates. This limits the usefulness of proxy outage cost
estimates in a utility's planning and pricing activities, so that proxy methods score poarly under the remaining
three categories. We argue why this is so by providing examples. First, the average electricity tariff proxy
fails to quantify the total cost of a complete service disruption, because jt only measures the vaiue of the

1 In most cases the resulting estimates should be interpreted as an upper bound of customers' willingness
to pay. This is because certain actions during the outage provide an assaciated consumption benefit. For
example, dining out in 2 fine restaurant during an outage has a consumption benefit dus to the enjoyment
consumers obtain by having someone else cook for them.
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marginal kWh lost. If the marginal cost of backup power exceeds the marginal outage cost, a rational firm
would not invest in backup power. This implies that the marginal cost of backup power overestimates the
marginal outage cost.

Second, the wage proxy inaccurately measures outage costs because labor-leisure tradeoff theory
assumes workers can vary their hours of work to equate their wage with the marginal value of their lejsure
time. This tradeoff may be infeasible due to the traditional 40-hour work week, union restriction an hours
worked, or insufficient employment afternatives. Italso ef fectively ignores the cost to nonwage earning family
members. Another weakness of this approach is that it is valid only for electricity-dependent leisure activities.

Our third exampie is the GNP/kWh consumed proxy approach in which the underlying production
technology for GNP is assumed to be a fixed coefficient. This assumption is not supported by empirical
evidence presented in Ref, 44, Outage costs estimates from any of the three proxy methods can not be
verified. In addition, none of these approaches is able to sufficiently estimate differences in outage costs due
to outage attributes and customer demographics. In summary, we conclude that the proxy method has three
deficiencies and only two advantages. On balance, the disadvantages may result in inaccurate outage cost
estimates. This seriously limits their usefulness in a utility’s planning and pricing activities.

Next, we discuss the advantages and disadvantages of using each of the two market-based methods
(customer choice and consumer surplus) in estimating outage costs. The customer choice approach can
generate valid, defensible and verifiable outage cost estimates, because it uses data on actual customer
subscriptions to reliabitity differentiated rates. If data on customer demographics is also available, the effect

the effect of outage attributes on outage cosls, 80 it scores poorly on the data requirement and outage attribute
criteria.t Thus, we conclude in Table 1 that this market-based method does not score well under the data
requirement, computational cost and outage attribute criteria, but it scores well for the verifiability and
demographic criteria.

The market-based consumer surplus approach suffers f roma number of theoretical deficiencies making
it difficult to verify outage cost estimates. First, considerable care must be taken to ensure that the correct
demand curve is identified by which we mean that it corresponds to the period of the loss. In addition, using
this approach to estimate outage costs for a momentary outage as in Ref. 31 js generally infeasible, because
it requires the estimation of a demand equation for a time period less than a minute.

Second, Munasinghe’ notes that the consumer surplus measure may be inappropriate because an

vi i ion is not the same ag i f ion caused by a price

increase. He argues that actual outage costs may be significantly larger due to the unplanned nature of the

outage.¥ Finally, the consumer surplus approach requires an estimate of the price increase that would reduce

the quantity demanded to zero. While this price increase is well defined for a linear demand equation,*® mest

empirical demand equations are nonlinear, A finite price increase that would completely choke-off such

demand may not exist. For example, the required price increase for the popular double-log demand equation
is infinite, implying that the resulting consumer surplus loss due to the outage is also infinjte. 34

This approach performs poorly in evaluating the role of frequency and notice attributes on cutage
costs, because time-of -use data is collected for the purpose of determining how consumption varies with price,

The last outage cost estimation approach we discuss is contingent valuation suerveys, Depending on a
utility’s planning and pricing needs, the amount and detail of information collected on 2 survey can be

t For example, PG&E's interruptible rate option offers a large rate discount with little difference in actual
service reliability.*® Thus, the data available from this rate option experiment would not be rich enough to
predict what customers would choose when confronted with a menu of truly competing service options.

¥ On the other hand, momentary outage costs can be estimated using the CVM approach. The authors of
Ref. 40 estimated residential outage costs ranging From $0.18 to $1.88 (19898) per interruption.

1 Ongoing research sponsored by NMPC and the Electric Power Research Institute (EPRI) attempis to
address this issue using the hourly demand modei, 10 Preliminary findings in this report support the hypethesis
that actual cutage costs due to an unexpected outage are higher than reductions in consumption due to price
increases.
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adjusted. A utility needing only a moderate amount of information may limit the length of a survey to a few
pages and a couple of outage scenarios. Also, to limit computational costs, simple statistical techniques such
as crude sample averages may be used to estimate oulage costs from survey results. On the other hand, the
utility may need much more detail. If 50, the survey may contain a great number of demographic questions
and collect much information on how outage attributes (such as dyration, notice, etc.) affect outage costs. In
addition, this more carefully designed survey may also be accompanied by a more thorough statistical analysis
of the survey responses.”"*¥ For example, survey data often contain up to 60% of zero cost responses, creating
an estimation difficulty knows as truncation bias, Statistical methods to correct for this bias are presented in
Refs. 49-51, but it requires extra computational cost. For these reasons, Table | indicates that contingent
valuation methods perform well under outage attributes and customer demographics criteria, but not as well
under data requirement and computation cost criteria.

Verifiability of outage cost estimates obtained using CVM remains unknown, in particular because the
results of CYM applications always show large disparities between reported WTP and WTA responses. In
theory, there should be no empirical difference between these responses. However, typical reported WTP
values ranges from one-fourth to one-third of reported WTA values. To date, researchers have been unable
to definitively explain the persistence of this disparity. Various conjectures include both strategic response
bias on the part of the respondent and cognitive dissonasce. Coursey et al5? designed a laboratory experiment
to investigate if either of these conjectures can explain this disparity. In this experiment, individuals are given
a drop of bitter tasting liquid, and asked both what they would be WTP and WTA to avoid and suffer the
experience, respectively, A Vickrey auction mechanism is used to elicit the hypothesized values in the form
of individual bids. The authors conclude the following: First, the observed divergences between WTP and
WTA may be due to hypothetical bias resulting mainly from the lack of a market-like environment. This

Second, hypothetical bias is likely to yield outage costs responses above prices respondents wouid pay
if the service were actually available in a market-like setting, because respondents are not required to purchase
the product at the value they assign it. Third, WTP measures of value may correspond more closely to the true
vafue than do WTA measures. Finally, extreme risk aversion in the form of a strong preference for the status-
quo may also account for the disparity between WTA and WTP.! As shown in Refs. 37-38, this bjas has
important implications in estimating the value of service reliability, especially for those utilities interested in
offering reliability-differentiated rates. The bias suggests that customers attach a strong premium to the
current service level and are unwilling to select a non-firm service option uniess the price discounts are
sufficiently large to overcome the psychological barrier to participation. However, it is important to note that
Cummings et al*® document eight studies in which both CVM and actual market data were used to value the
same commodity and each gave similar results. While outage cost estimates in the CVM approach are not
directly verifiable at this time, this study indicates that these results are very reasonable.

4. SUMMARY OF PRIOR RESULTS
Thig section summarizes 16 recent studies on customer outage cost estimation. We choose these studies
to (i) review the state-of-art approaches, (ii) demonstrate the differences in approaches and results by
including some contributions not reviewed in prior survey articles, 21 and (iii) address the specific features
of both the residential and honresidential customer classes.¥ Due to dissimilar measurement concepts, and
outage attributes and customer demographics in the databases used in various studies, the outage cost estimates
are diverse, In our summary, we attempt to reconcile differences among estimates,

i ial
Table 2 lists the features and the empirical results of eight residential studies; 3 and 5 studies use ex

_ t See Ref. 53 for a discussion on the kinked value function which implies extreme risk aversion due to
status-quo bias.

 We have not discussed Refs. 37-38 in our review because the primary emphasis of these two papers is on
investigating consumer rationality. Also, the numerical results in these papers are identical to those in Refs,
36 and 40. We have also excluded Ref, 54 because the authors use an input-output table to analyze the
aggregate outage cost for the Egyptian economy. Because their study focuses on the macroeconomic impact
of a capacity shortage rather than microeconomic effects, it is beyond the scope of our paper.
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Tabls 2. Estimates of the value of service Teiiabitity and oulage cowts in the resdentlal sector in 1589 us s

Dollars Dollars
Method/ Season/ Curation Hotice Doliare Per Por Hour Par kWh
Study/Country Cont Typs | Time—of-Day Frequency {Houre) {Hours) Interruption Unserved Unserved
Bil Increass /x
Doana, Hartman, and  [Customer Not Studisd H 1 0 48029 | 11.28m [ is11A
Woo (1088) Survey/
California, USA Ex Anie Rill Dacrease f
5 2 [ 12.82 8.4t .18
H 4 Q 45.02 8.43 481
15 2 4] t2.82 8.41 12
} 15 4 [ 18.18 4.04 5.79
Keane, MacDonald, Customer
and Woo (1084 Survey/ Summer/ Bilt Decreass /m
Calilornle, USA Ex Ante At 1 4 0 18.44 [ a8t T 1ss
Willingness—to-Pay /in
Doane ot al. Customer Summoer/ Not Studisd 1 9 4.43 443 5.40
{1900y Survey! oam. 4 o [ ¥} .8 189
Hew York, L.§ A Ex Post 8 o .00 1.25 1.50 |
Summer/ Not Stydied 1 o 3.85 265 43 !
2pm. 4 -] 4.8 1.2 1.48 .
L} L] 733 0.02 9.97
i 1 3.55 .58 4.38
4 1 488 1.22 (K]
1 4 355 3.58 4.3
4 4 4.88 1.22 1.48
Bummer/ Not Studied 1 -] 3.47 31.807 372
spm. 4 [ 538 1.34 120
Winter/ HNot Studisd 1 -] 071 L ¥s] 714
8am. 4 [} .06 2.24 2.30
] 4] 13.38 147 1.73
Winter/ ot Studisd ¥ [} a.11 an 857
2p.m. [} o 805 2t 207
[} L] 12.08 1.59 1.38
Winter/ Not Btudied 1 [«] 7.0 7.3 2.08
dp.m. 4 0 .75 244 20t
1 1 7.13 713 504
t 4 a.80 8.00 5.50
4 1 #.50 2.3 198
4 4 8.7t 2.18 1.80
Notes:

&/ Based on the coste of the actions laken to mitigate the alfect of an oytage. Actions examined includs the purchass and use of candies,
AN emergency lanters, and/or an smergency stove: purchase or rental of a small or large backup generator.

b MN.A_ = Not Avaltable

c/ Based on the costs of the actions taken to mitigate the atfect of an outage. Actions wxemined include using candies, flashilghts, &

Propans gas stove or grill, » kerosens heater or wood wavs, and/or a batery—opacated radio; 2OiINg oud to eat, shop, visit friends; maying

home and dolng activities which do not requite slectrieity; using & home genarator.

4/ A partial oulage resulting irom a customer's voluntary responee to the utitity's public appeal 4 = 8 houra before a capacity shortage.

@/ The amount a customer is wilting to pay for the service of a backup generator.

¥ Amount of atnuel bill increase that & customer T willing 4o pay 1o move from the current teliability level of two one—hour winter outage
Pet yoar to a lower reliabiity level,

9/ The change in the annus! bil} divided by a changs In frequancy reiative to the current rellability level.

hi The change in the annual bilf divided by & change in hours unsarved relative to the current rellabliity ovet,

¥ The change in the annusl bill divided by & changs in kWh unssived relative to the current reliabliity lavel.

¥ Amount of annusl bill decrease that & customer is willing to accept to move from the current raliability level of twe one-hour winter
OUtages per yaar 10 a lower teliability level,

ki Amount of annua! biil increass that & cusiomaer |e willing to pay to move from the current rallability level of thres 2--hour CULAQeS par Year
toa highet reliability level.

¥ The amount of annual biK decrease that a customer e witling to accept lo move from the current reliability of three 2—hour outeges per
YORr 10 & Iower rellability levei.

m/ Amount of snnuai bl decrease that a customer Is willing to acoept (o tolerate the Icey of alr-gonditioning due to voluptary participation
in u program.

™_What is the most you would be wiiling to pay as a lump eum inareass in Your annusl slectricity bill 16 prevent this outage from ocaurring?
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Table 2. Eﬂmm'ﬂmulmdnndeordlnmymd outagre coste in the resldential sector in 1969 U.8. 3.

Dollare Dollary
Mathod/ Beason/ Duratton Notice Ooliats Per Per Hour Pef kWh
BtudyCountry Cost Typs | Time-ol-Day Frequency {Hours} {Hours) Interruption Uneerved Unserved
Proxy-Wage |Not Studied/ | Not Siudied 1 0 108 2.06 1.73-2.08
Munasinghe (1580) Rate/ Evening
Casoavel, Brazil Ex Post
5 ' Hot Studied 1 0 037 037 0.17
Banghvi 1088y Suwpiue/ 12 noon 4 o 0.78 0.37 o.12
Wisconsin, USA Ex Post 4 [} 184 o0.41 0.29
12 ] 1927 1.80 077
Burmmer/ Not Studisd ] o 0.37 0.37 0.23
bam 2 -0 e 0.38 Q.24
4 ] 1.04 0.48 0.z
3 0 645 LX) 0.40
Summesr/ Not Studisd 1 ] 07 0.7 o3
4pm, 2 [} 2.05 1.03 0.32
4 [+] £.54 1.14 0.32
& 0 .27 0.90 0.37
Direct Costu /a
Wacker, Wolczynaki,  [Customer Winter/ Monthly 1 L] 1.48 1.48 NA b
and Blilinton Survey Evening Manthly 4 ° 1469 307 N.A.
(1043y Ex Post Weekly 4 [ 2272 5.88 N.A,
Canadg
Wilingness—o—Pay
Monthiy 4 o 8.85 1.4 H.A,
Weekly 4 [ 097 2.49 N.A.
Daity 1 [ o0 2.98 N.A.
Willlngnass—to~Accapt
Monthiy 4 0 1382 [ 34 | Na
Direct Comta /¢
Dcans. Hetman, snd  {Customer Wintet/ Not Studied 1 [+] 1218 12,18 10.19
Woo (1984)y Surveyl Evening 4 o 25 se3 8.08
Cakfornia, U.8.A, Ex Post
Winter/ Not Studied 4 ] 13.85 3.4t 433
Moming 12 ) 4532 342 487
Suminer/ Not Btudied 1 [+] 414 414 581
ARernoon 4 o 15.38 .50 4.30
1z 0 42.97 3.58 429
1 1 3.18 3.15 4.29
&/d ] 288 0.50 N.A,
Any-Time Not Btudied | Momentary 1.08 N.A, NLA.
Wikingnese—tc—Pay /e
| Winter/ Not Studied 1 ] 233 233 4.44
Evening 4 [ 540 1.38 Lag
Winter/ Not Studied 4 L] 3.3 c.as 1.07
Morning 12 [] 10.2% 0.88 1.04
Summer/ Not Studied L ¢ 1.88 1.85 248
ARemoon 4 L] 497 1.02 1.2
12 [} 83 0.82 0.
1 1 1.1t 1.11 1.47
Any=Time Not Studied Mormentary 0.18 NA N.A
Bl Increass 11
Gowtt, MoFadden, Gustomer  [Winier/ 1 1 0 2%ig [ w38k | zriaa
and Woa (1068)/ | Sorvey Morning
California, USA Ex Ahte Blll Decreany J}
1 4 [} 8442 AT21 50.95
2 4 o N.A, 18.20 24.5%
4 1 [+] 2138 21,38 2714
4 4 -] 79.28 5.08 7.20
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ante and ex post costs, respectively.t Ex post costs are approximated by using a wage rate proxy, consumer
surplus and CVM, Munasinghe®® uses a wage rate proxy and verifies its accuracy by comparing outage cost
estimates obtained from it with the outage costs estimates acquired from a personal interview with 27
households. Sanghvi®! adopts a consumer surplus approach in which a system of 24 hourly electricity demand
equations is estimated using data from a time-of -use experiment. The area under the demand curve
approximates the consumer surplus of electricity service, Doane et al,"° Doane et ai'” and Wacker et al®®
estimate outage costs with household contingent valuation survey responses on both direct costs and WTP,

These authors employ different statistical techniques to estimates outage costs. Wacker et al®® uge
descriptive statistics to summarize the survey results. A limited dependent veriable regression model based
on Heckman® is used by Doane et al*” 1o quantif'y the effects of outage attributes and customer demographics
On outage costs. These authors also correct for bias introduced by protest bids. A protest bid is & zero WTP
answer from a respondent who is unwilling to pay for a reliability improvement for non-eConomic reasons.
These reasons include the following: (i} "The utility should provide reliable service.” (i) "Even if I pay, the
utility cannot eliminate outages anyway." In addition, these authors remove observations with a studentized
residual over 3.5 from their analysis, Such observations are called outliers; they tend to be observations with
huge reported outage costs. The outlier classification technique is explained in Belsley et a1.57

Goett et al,** Keane et 21** and Doane et a1 use ex ante data obtained from contingent valuation
surveys. Qutage costs are inferred by analyzing the choices made by households among alternative reliability
options each characterized by both a different bill discount and outage attributes such as expected . requency
and duration.

Qutage costs expressed as dollars per interruption are available for all studies in Table 2. n addition,
outage costs for all non-momentary outages are stated in dollars per hour unserved. It would be ideal if ail
cost estimates could be normalized to dollars per kWh unserved to facilitate comparisons among results.

Obtaining dollar per kWh unserved by normalization of the cost per interruption is an important issue
in presenting and using outage cost estimates. For instance, these estimates are used for system reliability
planning. A unbiased estimate of dollar per kWh unserved equals the population estimats of the cost per
interruption divided by the population estimate of the expected unserved energy per interruption.’® To the
extent that the cost per interruption i relatively stable for small changes in reliability, the economtic benefit
of a reliability improvement equals the product of the dollar per kWh unserved and the change in the
population estimate of expected unserved energy >%7 Estimates of dollar per kWh unserved presented jn
Table 2 and later in Tables 3 and 4 are computed as above.}

The per interruption cost estimates in Table 2 ranges from $0.18 to $94. After normalizing the per
interruption costs by dividing by the duration of the outage, variations in the dollars per hour unserved
estimates remain substantial, They range from $0.37 to $47 per hour unserved, Furthermore, normalizing
dollars per interruption by kWh unserved indicates that cost differences cannot be adequately explained by
encrgy unserved. For example, based on a survey of households’ direct costs, Doane et a|* finds the cost of
a 4-hour outage is approximately $4 to $6 per kWh unserved, three to four times higher than WTP estimates

approximately $4.8 per kWh unserved, three times the ex ante cost estimate of $1.84 per kWh unserved
reported in Keane ot al*® for a partial load curtailment, Moreover, these estimates are substantially larger than
the full outage cost estimate of §0.37 per kWh unserved in Sanghvi®! for a summer afternoon outage of the

t The estimates for countries outside the U.S. are first converted to U.S.$ using exchange rates published
in the jsti ¢ f - All estimates are then adjusted for inflation using the annual
Consumer Price Index (CPI) available from the Monthly Labor Review (November 1990) published by the U S,

Bureau of Labor Statistics.

' For reliability pricing purposes, the cost per interruption is not meaningful since reliability
differentiation requires inf: ormation on the distribution of the individual per unit outage cost ¥y =c;/e; where
<; = estimate of cost per inferruption for Customer i; and € = estimate of expected unsarved energy per
interruption for Customer i. Suppose the rate discount for a simple interruptible service js d ($/kwh),
Customer i who is assumed to be risk neutral will select the interruptible service if his/her expected per unit
cost of electricity consumption [(1-pXz-d)+ plc; - z-d)f<z; where p = probability of service interruption;
z = energy rate for firm service; and (z - d) = energy rate for interruptible service. If ‘cj is the per unit cost
of the "marginal customer” who is indifferent between the two services, the participation rate in the
interruptible service program is F(c < ¢;) where F(c) is the cumulative distribution function of ¢> 0.1 For
a similar discussion on this point, see Ref. 21,
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same duration. Below we discuss the factors that cause this diversity of results,

The consumer surplus approach adopted by Sanghvi®® results in the lowest ex post cost estimates of
$0.18 to $0.77 per kWh unserved which likely underestimate the ex post cost of an outage.! The ex post cost
estimates derived from the WTP Survey responses are the next lowest. Wacker et al®® report that the average
rate increase acceptable to a Canadian household to avoid a monthly 4-hour winter evering outage is
approximately $6.6 per interruption, corroborating the WTP estimate of $5.4 in Doane et al4® The
corresponding doliars per hour unserved estimates are between $1.36 to $1.64, which are approximately 50%
of the Brazilian wage rate proxy in Ref. 7. It was found in Doane et al* that the ex Posi cost estimates derived
from direct costs are $12 to $15 per interruption for 2 4-hour morning outage. These estimates, however, are
almost three times higher than the WTP estimates from the same surveys and two times those in Doane et al 4
This difference is expected since the contingent valuation literature suggests that the compensation
measurement of value typically exceeds the WTP valuye.5?

Finally, ex ante measures of the value of service in Table 2 are generally higher than the ex post cost
estimates. The estimates in Goett et al*® are the highest. For example, the cost for a I~hour winter morning
outage is close to $21 per hour unserved. The authors of three studies®® 4748 show that this outcome can be
partially explained by status-quo bias. The ex ante value of a partial load curtailment is reported in Keane
et al*® to be $4.5 per hour unserved. A fter normalizing it by expected unserved energy, the estimate is $1.84
per kWh unserved.

Winter outages impose higher costs on households than summer outages. Early evening outages are
most costly followed by afternoon and morning outages. While an increase in outa e frequency or duration
raises the cost per interruption, the effect on the cost per hour unserved is unclear.* Advance warning may
reduce costs substantially, up to 40%. For example, the summer afternoon 1-hour direct cost estimate in
Doane et al*® reduces from $5.51 t0 $4.29 per interruption when advance notice is provided. Also, advance
notice decreases the WT'P estimate from $1.85 t0$1.11 per intersuption. On the other hand, Doane et al*7 find
tittle effect of advance notice on outage costs.

Momentary outages impose some small costs on households ranging from $0.18 to $1.88 per inter-
ruption. As expected, the ex ante costs per hour unserved for total service disruption are generally higher than
for partial load curtajlment. Few residential studies have attempted to relate outage costs to customer
demographics. However, a positive relationship between household income and outage costs is reported in
Munasinghe.®® Doane et at*® and Doane et al,% using contingent valuation data, find that customer
demographics account for subsezntial cost variations. For example, large users with electric appliances for
space and water heating and cooking tend to have higher outage costs than small users who do not own these
appliances. And, young urban dwellers who own electronic equipment as personal computers, YCR's and
security alarm systems value service reliability more than other households not having these types of
appliances. Not surprisingly, househalds in which either a home business is operated, or a family member has
health problems, or there is a large family all have higher cutage costs.

The results presented in Table 2 agree reasonably well with those presented in Table 2 of Ref. 19 and
in Table 2 of Ref. 20.1 After adjusting for inflation, the similarity becomes more apparent. Most of the ex
post full outage cost estimates in Table 2 and in Refs. 19 and 20 range from $1 to 36 per kWh unserved. The
exceptions are the winter evening I-hour direct cost estimate of $16.2 per kWh unserved in Doane et al*® and
the (inflation adjusted) 2-minute WTP estimate of $12 per kWh in Tabile 2 of Ref - 19. The similarity among
the WTP estimates is even more striking, clustering around $1 to $2 per kWh unserved for outages jasting more
than one hour. Based on this comparison, we conclude an upper bound estimate for total service disruption
would be $6 per kWh unserved. This estimate is higher than the estimate of $1.36 to $2.0 per kWh unserved
(in 1989 prices) recommendéd in page 190 of Ref, 19,

Tabte 3 presents industrial outage cost estimates for six studies conducred in Israel, Canada and the
United States. Two studies use ex onte data and four use ex post data. Ex ante costs in Bental et al3® are

. ! The theoretical premise of this approach is that the effect of an unexpected outage is the same as an
instantaneous price increase that wouid completely "choke-of f* demand, However, this price increase can on! y
reduce planned consumpticn to zero but not necessarily the actual demand at the time of an unexpected outage.

 In Refs. 31 and 56, for example, the authors indicate that the cost per hour unserved increases with
frequency or duration. However, this finding was not supported by Refs. 36, 40, 43 and 48.

1 Because a majority of the residential studies cited in Fig. 2 of Ref. 21 ars the ssme as those in our paper,
we decided not to compare their summary with ours.
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approximated by using the cost of owning and operating a backup generator. Also, these authors estimate the
marginal cost of unserved energy by dividing the annual cost of owning and operating a 1 kw capacity backup
generator by the expected yearly unsarved energy. Ex amte outage costs in Gilmer et a2 equal the loss in
expected producer surplus caused by a change in service reliability. These authors show that the producer
surplus lost due to an outage is the area under a linear electricity demand curve representing a firm’s planned
consumption at its expected unit cost of slectricity. The total ex ante costs consist of the expected loss of
profit and the cost of adjustment to the change in service reliabilicy.

The four studies using ex post costs obtain them from contingent valuation surveys in which direct
outage costs are reported. These studies primarily focus on the costs sssociated with full outages. The
Statistical techniques used to estimate direct outage costs vary among the studies. Descriptive statistics are used
1o examine the effects of causal factors on outage costs in Subramaniam et af.?¢ Ordinary least squares
refrassion is used by Fisher® to relate direct costs to customer characteristics and outage attrjbutes. Woo et
a!! recagnize that a sample truncation bias is caused by g large number of zero direct cost responses. They
correct for this bias by using a two-step regression model to explain outage cost variations,

Dozne et al*® discovered that the distribution of the direct costs are log-normal with a few observations
having very large values. Asa result, they vse a semi-log cost regression on a data sample that excludes
outliers.! In addition to direct costs, Doane et al*® measure industrial outage costs using data on WTP and
WTA responses. However, they discovered that many firms exhibit strategic bias. Strategic bias occurs when
WTP values are very small and close to zero while the WTA. values are very large. The authors believe that
this occurs because firms tand to relate WTP values to the best time an outage may occur such as when their
plant is closed. On the other hand, firms associate WTA values to the worst time for an outage to ocour such
as when they are operating at full capacity. Due to this bias, the authors use direct costs in their outage cost
analysis, because these costs are less likely to suffer from strategic bias,

The estimates of industrial Qutage costs are diverse, ranging from $324 to §1 +334,055 per interruption,
Even after adjusting for differences in outao%e duration, large variations still exist in cost per hour unserved
estimates. For example, Subramanian et al® estimate outage costs ranging fram $2,492 to 34,155 per hour

Furthermore, large differences remain after adjusting outage costs by kWh unserved, s¢ neither duration nor
kWh unserved can adequately explain the differences in outage cost estimates among studies. For example,
industrial ex post cost estimates in Fisher® range from approximately $8.3 to $26.7 per kWh unserved
depending on the products produced and technology employed.

Bental et a1%® estimate ex ante outage cost by using backup generators as a proxy. They abtain lower
estimates than Gilmer et 21*? who also use ex anfe costs. The estimates range from $0.31 to $1.68 per kWh
unserved depending on the expected number of unserved hours. This result is surprising because an industrial
firm would install a backup generator only if it had a high value of service reliability. Thus, the cost of
owning and operating & backup generator should reflect the high end of the range of industrial firms' ex ante
outage costs.

Gilmer et a1%* report ex ante costs for an unspecified number of apparel meanufacturing firms in the
Tennessee Valley Authority service territory. Per interruption outage costs are over $1 million. After
normalizing thesa costs by the amount of expected unserved ¢nergy, the per-unit outage costs are
approximately $1.66 to $2.05 per kWh unserved, The highest outage cost estimates are those reported in the
three contingent valuation studies, These estimates range from approximately $1,200 to $57,000 per
interruption or $1,300 to $23,000 per hour unserved for outages lasting one hour or more, Fisher®! presents
normalized cost estimates ranging from $8.3 to $26.7 per kWh unserved. These estimates are substantially
higher than the estimates of $1.7 to $7.3 per kWh ungerved in Doane et al 4

The effects of outage attributes on imdustrial firms’ ouiage costs are quite different from those for
households. An increase in outage duration raises the industrial costs per interruption but ata decreasing rate,
Perhaps after the first hour of an outage, additional costs become less significant {e.g. workers are sent home
to reduce idle labor costs), Weekday outages occurring in the morning or the mid-afternoon are the most
costly while weekend evening outages are the least costly. Seasonality does not appear to affect outage costs
significantiy. Estimates in Woo et al*! indicate that Outage cosis per interruption decline when outages become
more frequent. Fora given number of unserved hours, industrial firms prefer fewer longer outages to a larger
number of shorter outages. For example, the cost estimate for one 4-hour outage in Woo et alt! js
approximately 60% of the total costs of four 1-hour cutages. Advance warning reduces outage costs sometimes

t An observation is classified as an outlier if its studentized residual is greater than 2.0 so that the likelihood
of misclassification is less than 5%. This procedure is presented in Ref. 57,

Page 45



Attachment to LGI/KL! #15(a)
Witness: Falk dage 46

120 Chi-KEUNG Woo and Roger L. Pupe

Table 3. Estimates of the value of service Tetiabllity and outage souts in the Indusidal sector in 1080 LS. 8.

Oollars Dollary
Method/ Season/ Duration Notice Dollare Per Par Hour Per kiwh
Sudy/Country Cost Type | Time-oi-Day | Frequency {Hours) {Houra) Interruption Unserved Unserved
Proxy-Coast Not Studisd | Mot Studied 70/a 0 NA b MN.A. 0.3
Bentsl snd Pavid of Backup 10k o N.A. N.A. 1.08
(19821 1erael and Qeneration/
UBA Ex Ante
Producer Not Studied 0.1/year 4 Q 1,334,055 id 333,514 188/s
Gllmer and Mack Surplus/ 0.8 year 4 [} 1.277,785 318 448 2.05
(1907) Tennessas, USA|Ex Ants
Customers Without Standby System
Subramaniam, Cost Winte:/ Nct Studied 180 ) 3243 19,488 HA
Billington, Wacker Surveyl Morning 173 0 2,001 8,132 N.A,
{1985)Canrada Ex Post 1 Q 4,165 4,155 N.A.
4 o 9,005 2,492 N.A,
8 0 26,087 3,137 N.A
Customers With Battery Standby System
Net Studied 1/80 L] §.250 315,571 N.A,
3 0 11,438 M.307 NA.
1 o 17,904 17,904 N.A
4 o 38727 9,842 N.A
[ ] 9 57,189 7,148 N.A,
Customers With Engine Standby System
Not Studisd 180 9 10,874 a52 488 N.A.
13 0 14,018 42,045 N.A.
1 ] 2821 22,821 NA.
4 0 38,000 9,704 N.A,
a 1] 58,782 7.004 N.A,
Machinery
Fisher (1088y Cost Summer/ Not Studied 12 1] &773 1.545 23.89
Massachusette, UBA Survey! ARerncon 1 o 11,380 11.380 22,74
Ex Post 2 0 15,392 7.808 18.15
4 [} 20,503 5,128 18.83
Elettronlc & Electrical Machinery
Not Studled 172 [1] 847 1.205 11.88
1 /] 1,378 1,376 912
2 <] 2,885 1,332 .54
4 [} 4,814 1,203 B8.33
Meaasuring Anatysis & Controj Instrumenta
Not Btudled 12 [} 5,078 10,156 2885
1 ] 9,479 9478 w11
2 0 20,953 13,478 25.58
4 [} 37,480 9,384 17.08
Other Manufacturing
Not Studied 12 o 8077 18,188 1940
1 4] 13,371 13,371 1578
2 [} 22,585 11,282 15.20
4 L] 37,480 9,384 13.47
Cont | Summer! 1 1 1 14,450 14,450 57.01
Woo and Gray (1047) Survey/ ARernoon 1 4 1 47,345 11,837 N.A
California, UBA Ex Pomt 4 1 1 8578 8578 N.A.
4 4 1 21,549 5,388 NA
a 1 1 4,084 4.084 N.A,
L 4 1 16.278 3,819 N.A,
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Table 3. Estimates of the valus of so1viGe rellability and outage costs in the industrial sector in 1085 U.B. 8,
Dollare Dollare
Methods Seavon/ Duration Motios Doliars Per Por Hour Por kWh
SudyCountry Cost Type | ime—of-Day Frequency {Hours) {Hours) Interruption Unserved Uneerved
Cost Survey! | Summar/ Mot Studied ] ] 49,302 8,174 i~
Doans of al, Ex Post Sam.
{1900y
New York, U.8.A. 2 Summer/ Not Studlied 1 [ 10,400 10,4480 1.29
Zpm. s 4 7297 3,408 2.97
] 24 17,285 2,187 1.9
Winter/ Neot Studied ] ] 82,084 7.788 58.487
Sam.
Winters Mot Studied 4 o 20,084 s018 in
2p.m, 4 t 19,000 s LY 7]
Winter! Not Studied 1 o 7,831 7.3t 49
8pm.
Notes:
o Estimated annua} outage duration In jerael In 1980,
b N.A. = Not Avallabis
¢/ Eslimated annual outage duration in the USA for 1980.
d!Tommopumhrmunwaclnodnumbudmlapwﬂ ing Rrme divided by the wxp of oulages per year
o Total conts per year divided by the expeciad unssrved snergy per year.
¥ _Includes all large users with monthly biling demand over 1,000 kW,

Table 4 overleaf
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Table 4. Estimates of the valus of service reliability and outage costs in the commercial secior in 1980 U S, $.

Dollare Dollare
Method/ Season/ Duration Motios Dollare Per Per Hour Per kWh
StudyCountry Cost Type | Time-oi-Day | Fi ¥ {Hours) (Hours) Intetruption Unserved Uneerved
Customers Without Standby Systam
Bittington, Wacker Com Winter/ Net Studied 180 0 791 <714 NATa |
Subramaniam (1988)/ Survey/ Morning 13 0 3343 1,002 N.A.
Canada Ex Post 1 0 3283 828 N.A
4 ] 3,038 750 N.A,
[} 1] 8,181 1.020 N.A.
Customers With Battery Standby System
Not Studisd AL [ 18.66 1,080 N.A,
173 ] 2181 854.3 N.A.
1 9 ] 800 N.A,
4 a 2941 738 N.A.
] ] 8,030 1,003 N.A,
Customars With Engine Slandby System
Not Studled 1780 ] 23 122 N.A
i [} 853 2,550 N.A
1 /] 2,180 2180 N.A
4 Q 5882 1,408 N.A.
L] 0 14,308 1,789 N.A
Wholesals
Fisher (15a8)/ Coet Summer/ Not Studied vz o 2112 4,225 295
Massachuseits, USA Survey/ Afernoon 1 L] 8212 210 14,19
Ex Post 2 [} 12,578 8,290 18.30
4 ] 28,515 8,379 1955
Raetafl
Not Studied "e 0 203 585 1535
1 [} 7 bsd 1640
2 ] t.218 808 1311
4 +] 2,420 808 10.23
[
Finance, Insurance & Rsal Estate
Not Studied 12 [+ 8,547 13.000 28.05
1 f] 9,200 0.200 18.92
2 ] 15,400 7,784 18.04
4 -] 27,018 4,984 20.13
Serviges
Not Studied 172 ] 2077 18,188 LA ]
1 -] 13,371 132,371 [ X -
2 ¢ 22,8588 11,282 030
4 [ 37,480 9,384 .04
Cost Summaet/ 1 1 1 4,338 4,322 428
Woo and Train (teasy Survey/ Afsrnoon 1 4 1 14,118 34829 N.A,
Californla, UBA Ex Post 4 1 1 2,88 2,085 N.A.
4 4 1 9.400 2,340 N.A
] 1 1 2,408 2,408 N.A,
2 4 1 4,130 2,002 N.A.
Note:
W NA. e Not Avaitable
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substantially as discovered by Doane et al.** The cost for an 8-hour putage with 24-hour notice is $17,255
per interruption which equals 63% of the cost of an 8-hour outage with a 4-hour notice,

The more electricity-intensive the preduction process, the higher the cost per interruption. For

instance, Doane et al*® find that an outage is most damaging to firms with high load factors and greater

costs as discovered by Fisher®! and Subramaniam et al % They indicate that Jarge customers with backup
systems tend to have higher costs per interruption, However, this finding is not supported by Woo et al*! and
Doane et al 48t

The industrial outage cost estimates reporied in Tabis 3 are generally higher than those reported in
Table 3 of Ref, 19 and in Table 3 of Ref. 20. With the exception of the estimate of $58 in Woo et al,! the
range for most of the cost estimates in Table 3 is $0.24 to $27 per kWh unserved for outages lasting one hour
or more. However, Woo et al*! admit that their estimate is too high partially due to the underestimation of
the average industrial unserved energy. In summary, we note that the majority of the estimates in our Table
3 and Table 3 in both Refs, 19 and 20 are less than $10 per kWh unserved,

Table 4 presents the empirical results of three contingent valuation surveys in which commercial firms
were asked to provide estimates of their ex post direct costs incurred as a result of a full outage. Commercial
outage costs are extremely diverse as is true for both residential and industrial outage costs. Below we consider
some of the factors accounting for the divergence of results. Again, part of the differences in results are due
to the various statistical techniques used by the authors. On the other hand, the diverse results cannot be
completely attributed to differences in type of cost data collected, because all three studies estimate
commercial firms' ex post outage costs with direct cost survey response data. On the other hand, we do know
that part of the diverse results are due to the attributes of the outages presented in the surveys.

The effects of outage attributes on commercial outage costs resemble those for industrial companies,
An increase in duration raises €OSts per interruption, but at a decreasing rate. Weekday outages occurring
during normal business hours are the most damaging, followed by early evening and late evening outages.
Summer outages impase slightly higher costs than winter outages. Costs per interruption decline when outages
become more frequent. Advance warning does not reduce outage costs signif icantly. Commercial f irms, like
industrial f; irms, prefer fewer but longer outages to more but shorter outages. For exampie, Woo et a]4? report
that the cost of one 4-hour outage is approximately $2,000 less than the sum of the costs of four I-hour
outages.

Large commercial firms employing many workers have a higher ¢ost per interruption than smaller
firms with few employees. Financial service companies and food outlets value service reliability more than
retail companies and wholesale stores. Firms with no prior oulage experience are more likely to report zero
cost than firms with outage histories. However, when these inexperienced firms Feport some outage costs, their
estimates are higher than those of the experionced firms. Billinton et al®? ang Fishes®! suggest that large users
with backup systems tend to have higher costs per interruption. This f inding is not supported by Woo et gl 43

The commercial outage cost estimates in Table 4 gencrally agree with the estimates reported in Table
4 of Ref. 19. They range from $2.3 to $27 per kWh unserved.? It should be noted that most of the estimates
are qQuite Jarge because commercial firms tend to have relatively small usage. Thus, even though the costs per
interruption are small, the normalized values are fairly large such as over $10 per kWh unserved,

t While backup system ownership indicates a high ex ante value of service reliability, the ex post costs for
firms with backup systems shouid be lower than firms without backup Systems. For example, if the backup
systems were sufficiently large, most of the negative effects of an outage on production could have been
eliminated.

* The exceptions are the estimates for outages less than one hour and those reported by Ref. 63 in Table 2
of Ref. 19,
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5. CONCLUSION
In this paper, we have reviewed the general approaches used to estimate customer cutage costs and have
summarized the empirical resnlts in 16 recent Studies. The following f indings emerge from our review: (1) The

(ii) Unlike other industries (e.g. airlines and telecommunications), the market for reliability in the provision
of electricity service is not well established. As a result, there is a limited price history with respect to
reliability from which to judge customers’ willingness to pay. (iii) Absenta market for reliability, the amount
customers are willing to pay for service reliability is often approximated by the opportunity cost of unsupplied
electricity. Thus, customer value of service reliability becomes synonymous with customer outage costs. (iv}
Outage costs can be evaluated either ex post {i.e. after the fact) or ex ante (i.e. before the fact). Ex post
measures refer to the unavoidable costs a household ar firm incur as the result of a power gutage that occurs
with certainty. Ex ante outage cost valuations represent the maximum amount a customer is willing to pay for
achange in the likelihood of an outage. (v} Major factors known te affect customer outage costs are customer
demographics and such outage attributes as frequency, duration, timing, advance warning and severity, Thus,
& valid approach should generate outage cost estimates that are sensitive to such causal factors. (vi) A variety
of approaches have been used 1o estimate outage costs. These approaches include simple proxies, market-based
methods and contingent valuation surveys. The methods differ in terms of their data réquirement, their
theoretical rigor, and their ability to develop costs estimates distinguished by season, time-of -day, duration,
and advance notice. {vii) An evaluation of the three common approaches indicates that absent good market
data on customer choice of service reliability, one may use CVM 1o quantify outage costs. This
recommendation is based on CYM's relative merits in data requirement, computational costs, verifiability of
results and sensitivity to important causal factors such as outage artributes and customer demographics.
However, the results based on CVM should be verified when suitable data on customer choice of 1/C rate

purpose of reliability planning and pricing,.

Based on the above findings, we conclude that the recent research on estimating customer outage costs
have made significant advances, especially in the areas of collecting and analyzing survey data. However,
there is a number of important questions that remain unanswered. (i} What causes WTP and WTA values to

Can outage cost data be used in an integrated framework for efficient pricing of and planning for reliability
differentiated services? Ongoing and future research witl hopefully provide answers to these questions which
would r;esult in a more efficient use of limited resources used in the production and distribution of electricity
service,

REFERENCES

1. M.L. Telson, Bell Journal of Economics 6, 679 {1975).

2. H.P. Chao, Bel! Journal of Economics 14, 179 (1983),

3. G.C.Hall, M.T. Healy 2and W.B. Poland, "PG&E's New Methodology for Yalue-Based Generation Reliability
Planning,” Pacific Gas and Electric Company’s Presentation to System Planning Committee, Edison Electric
Institute, Minneapolis ( 1986).

4. W.B, Poland, Electricity Reliability - Special Issue, Energy Journal 9, 19 (1988).

5. W.Stephenson and W.C., Walters "Measurement of Residentiai Outage Cost for Reliability Planning,” Pacific
Gas and FElectric Company’s Presentation to Fourteenth Inter-Ram Conference for the Electric Power

Industry, Toronto (1987).
6. H. Khatib, Mﬂﬂlﬂ&m.ﬁmmw Technicopy Limited {1978).
7. M. Munssinghe, Mﬂmwﬂm&&um&u@m@mm Johns Hopkins (1979).

8. C.K. Woo, Resources and Energy 10, 277 (1988).

t For example, Niagara Mohawk Power Corporation (NMPC) continues to investigate the effect of status-
quo bias on customer participation in an 1/C rate program. The Electric Power Research Institute and NMPC
have jointly funded a study on the development of the integrated approach to reliability pricing using outage
cost survey data and a demand mode] structure identified using real time pricing data. Initial results indicate
that gutage cost survey data can be used to parameterize the hourly electricity demand model for predicting
customer response to alternative pricing schemes (e.g., priority service, proportional rationing and real time
prli‘cing). The response predictions are then used for evaluating the relative economic efficiency of the pricing
schemes,

/KL #15ta)
Page 50



Aftachment to LGE/KU #1 Sa)

Witness: Fallk

Costs of service disruptions to electricity consumers 125

9. H.P. Chao and R. Wilson, American Economic Review 77, 899 (1987),

10.
1.
12,
13.
14,

i5.
16,

40.
41.

42,
43,

44,
45.
46.

47.

53.
54.
55.

R. Wilson, Econometrica §7, 1 (1989).

C.K. Woo and N. Toyama, Energy Journal 7, 123 (1986).

H.P. Chao, $.5. Oren, 5.A. Smith and R.B. Wilson, Energy Economics October, 199 (1986).

C.K. Woo, Journal of Regulatory Economics 2, 65 (1990),

D.F. Spulber, "Optimai Rationing and Contingent Contracts,” Working Paper, Kellog School of
Management, Northwestern University (1990).

C.K. Woo, Energy Journal 12, 152 (1951).

Ebasco, vlf ] rvey, Report EM-5705, Electric Power Research Institute  (1986).

- M. Munasinghe and M. Gellerson, Bell Journal o/ Economics 10, 353 (1979).

. R.E. Bohn, M.C. Caramanis and Fred Schweppe, Rand Journa! of Economics 18, 360 (1984).
. A.P. Sanghvi, Energy Economics July, 180 (1982).

. R. Andersson and L, Taylor, Energy Economics July, 139 (1986).

. D.W. Caves, J A, Herriges and R.J. Windle, Bulletin ¢f Economic Research 42, 79 (1990).
- M.J. Doane and C.K., Woo, ! ] [ptf 1

L r T
fons, Report submitted to Pacific Gas and Electric Company (1988).
L.J. Helms, International Economic Review 26, 603 (1985),

- R.5. Hartman and C.X. Woo, "The Value of Service Reliability, Alternative Waelfare Measuvrement,”

Working Paper #167, Economics Department, Boston University (1988).

- D. Keane, L, MacDonald and C.X. Woo, Electricity Reliability - Special Issue, Energy Journal 9, 151

(1988).

- M. Webb, Applied Economics 9, 19 (1977).
- H.J. Sheppard, "The Economic Cost of A Hypothetical Electric Power Shortage," B.C. Hydro, August

(1967).

. B. Bental and S.A Ravid, Beil Journal of Economics 13, 24% {1982).
)

. W.B. Shew, Energy Systems and Policy 2, 85 (1977).
- G.S. Tolley, C.W. Upton and H.V. Stevens, Electric Energy Availgbility gnd Regional Growsh, Ballinger
Cambridge, Massachusetts (1977).

Publishing Company,

- A.P. Sanghvi, Energy Journal 4, 33 (1983).
. R.W. Gilmer and R .S, Mack, Energy Journal 7, 89 {1986).
- R.D. Willig, American Economic Review 66, 589 (1976).

ic Review 71, 662 (1981).

. LA Hausman, American Econom
- M. Munasinghe, C.K. Woo and H.P. Chao (Editors), EWMMMM
9 (1988). '

. MLJ. Doane, R.S. Hartman and CK. Woo, Electricity Reliability - Special I'ssue. Energy Journat 9, 121

(1988).

- R.S. Hartman, M.}, Doane and C.K. Woo, Resources and Energy 12, 197 (1990).
. R.S. Hartman, M.J. Doane and C.K. Woo, Quarterly Journal of Economics February, 14] 1990),
- R.G. Cummings, D.S. Brookshire and W.D. Schulze, ] i ;

, v :

L of the

» Rowan & Allanheld, New Jersey (1986).
M.} Doane, R.S. Hartman and CK, Woo, Electricity Reliabifity - Special Issue, Energy Journal 9 135
(1988).
C.K. Woo and B.M. Gray, "An Econometric Analysis of Industrial Firms' Power Outage Costs in Northern
California,” Working Paper, Pacific Gas and Electric Company (1987),
CK. Woo and K. Train, Eleciricity Reliability - Special Issue, Energy Journal 9, 161 {1988).
A.A, Goett, D, McFadden and CK. Woo, Electricity Reliability - Special Issue, Energy Journal 9, 105
{1988).
E.R. Berndt and .0, Wood, dmerican Economic Review 69, 342 (1979).
C.K. Woo, Energy Journal 6, 115 (1985).
D.Cavesand B. Neenan, "Real-Time Pricing, Will It Work?" Selected for Competitive Papers Session, 1990
Southeastern Regional Public Utilities Conference, Public Utilities Reports, Inc, (1990).
M.J. Doane, G. McCielland, W. Schulze and C.K. Woo, Rﬂﬂd&aﬂﬂgummmﬂ Research Report
submitted to Niagara Mohawk Power Corporation (1990}

- M.1. Doane, G, McClelland, W. Schulze and C.K. Woo, MumaLQummmz Research Report
)

submitted to Niagara Mohawk Power Corporation (1990).

. I.P. Tobin, Econometrica 26, 24 (1858).

. G.S. Maddala, Limj, titative D Varj i ngmelrics, Cambridge (1983).
. J. Heckman, Economeirica 47, 153 (1979).

- D.L. Coursey, J.J. Hovis and W.D, Schuize, Quarteriy Journai of Econontics 102, 679 (1587).

D. Kahpeman and A. Tversky, Econometrica 47, 263 (1979).
M. Bernstein and Y. Hegazy, Eleciricity Reliability - Special Issue. Energy Journal 9, 173 {1988).
M. Munasinghe, Journal of Consumer Research 6, 361 {1980).

Page 31



126

56.

57
58,
59.
60,
él.
62,

63.

Attachment to LGE/KU #150a)

Yilness: Falk

Cur-Keune Woo and Rocer L. Pure

G. Wacker, E. Wojczynski and R, Billinton, "Interruption Cost Methodology and Results - A Canadian
Residential Survey,” Power System Research Group, University of Saskatchewan, Saskatchewan, Canada
(1983).

D.A, Belsley, E. Kuh and R.E, Welsch, R [ i ics, John Wiley (1980),

W.G. Cochran, Sampling Technigues, John Wiley (9,

J.L. Knetsch and J.A. Sinden, Quarterly Journal of Economics 99, 507 {1984).

R.K. Subramaniam, R. Billinton and G. Wacker, "Factors Affecting the Development of an Industrial
Customer Damage Function,” Presented at IEEE/PS Summer Meeting, Vancouver (1985).

M.D. Fisher, *"The Cost of Electrical Supply Interruptions,* [ Trioth Consumers,
Report EA-4494, Electric Power Research Institute (1986),

R. Billinton, G, Wacker and R.K. Subramaniam, /EEE Transactions on Power Systems, PWRS-1 4, 28

(1986).
A.D. Patton and C.R. Heising mmmmmgmmndmmgmm IEEE Power
975).

System Subcommittee Report (1

Poage 32



Attachment to LGE/KU #15a)
Witnhoess: Falk Page |

Mittenn Y aconome Kesdren 4214 LN TRITY 2,00

SUSTOMER DEMAND FOR SERVICE
RELIABILITY IN THE ELECTRIC POWER
INDUSTRY: A SYNTHESIS OF THE OUTAGE - .
COST LITERATURE! o

D c {:?rﬂ,g'_{;

Douglas W. Caves, Joseph A. Herriges ang Robert J, Windle

L INTROBUCTION

' This paper was written with financiy] SUPPOIt provided by the Eléctric Power Research
Institute (RP-2801), Palg Alto, California, atd is g catideénsed and reviseq version of a
'8Pt prepared for EPRI. Caves, Herriges and Windle (1 989). The views cxpressed balow
do not necessarily reflect the vieu.rs of EPRI or EPR] miembers; Thg' authors, however,

2 Real-time Pricing allows the price of electricity 16 chahpe 6 any houtly basis to refleét
utility cost conditions, while priority sérvice varied Eus_fdr_#er *eliability over titie gpd for
alternative Jevels of load, See Tabors, Schweppe apd CaFtianis (1 9%9}' and Caves and
Kirsch (1989) for a review of redl-tifie pficing rid gﬁ:‘;ﬁ:‘iﬁ

:  progiams and Chao o7 a7 (1988)
and Chao and Wilson (19874, b)for a desnﬁp*fibp O priority setvice, _
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To date the demsand for service reliability has been cHaractetized altrost
exclusively in terms of ‘outtage costs', whick Tefer to loss in vajue 1o the
customer resulting from a sudden interruption of power.? In the case of
industrial and commercial customers, thése costs may take the form of lost

sales, jdle labor, or product and input Spoilage. While residestia] outage

purposes of system Planning and rate design, by both theoreticians and
utility analysts, The ability of the existing literature to fylf)] these demands
must be evaluated,

Three major conclusions are reacked on the Bsis of the review.

1. Significant progress has been made in conceptualizing and measur-
ing the demand for service reliability, praviding valuable informatign
for use i system Plapning. Howevgy, the cutredt body of literatyre
has not kept pace with the need for detailed dfid accurate informa-
tion in the area of innovifiye raté design. Differences in the
methodologies employed and i feporting procedures make it diffi-
cult to reconcile the highly disparate results regarding the cost of
service interruptions. .

2, Outage cost Survey data provide the Primary source of information
On customer preferences for reliability. Because customers in
developed countries have little éxperience with power interruptions,
sutveys may only provide iﬁ*f(fi‘!ﬁﬁtjan on custother attitudes and
ifttentions towards hypothéties] dittsges, and need not reflect how

Customers would behave in the event of an actual interruption,

Qutage cost estimates baséd upivn customer behavior are neéded in
order to validate the available survey Based estimates, .

3. Finally, while outage cost studies Kive béen somewhat Stceessful in
determining how preferences for servige reliability are affected by

*Throughout this paper, the term Outage cost is used to refer only to the direct COSIS
incurred by the entity purchasing the powar and experichding the interruption, Indirect
costs (i.e,, the externalities) assoriatad With power loss, such environmental hazards, are noy
considered, While some authors, such s Muligsthghe ahg Sanghvi (1988) have hoted that
these indirect costs may be significant 4n fhe industtial and ctmmerei] sector. litile
quantitative information is available on these qOsts. In addition, the émphasis in this paper is
on outage costs resulting from supply interriitions. Otitage costs due to degradation in
power quality, such as voltage and frequency reductions op spikes, are not discussed.

! Earlier surveys of the outage cost literatute can be foupd in Anderson and Taylor
(1986) and Sanghvi (1982a), Sanghvi (19828), in particdldr, reviews numetous studijes
conducted outside of North America, includifip the Unftd Kingiam, Brazil, Chile and

Sweden. Other recent smudies autside of North Atfjerien Ificlude Tosra Rica—'Mdnas'inghe :

(1980, 1988) and Egypt-Bernstein aid Hegnzy {1988),
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Outage frequency, and partial outdges have Teceived relatively [istle

The remainder of the paper is divided into five sections. Section I
Provides a brief review of the diverse uses of Outage cost information in the
electric power industry Section I1I then describes the methods currently

knowledge regarding reliability prefetences am sygdested directions for
future research,

-IL. BACKGROUND

The need for information on the vaye of electric service reliability, or
conversely the cost of Power interfuptions, is dpparent from even g
cursory review of the literature, Early work by Telsot {1975 ), for example,
argued that traditiona] reliability levels in the electrie powet industry were
not justified by the avoideq customer outage costs.® Subsequent articles by
Poland (1988), Munasinghe (1988), Munasinghe and Gelletson (1979)
and Sanghvi (19830, 1985, 1986) have rcﬁnédanti_gxpanded upon the
relationship betweep Outage costs and systery teliability, Dtiritig the $ime

capacity costs. Early arguments along these lines were made by Balasko
(1974) and Crew and Kleindorfer ( 1976). As stated by Chag (1983, p.

186), the ...optimal price [for ele&tﬁﬁity}' can by skpressed as a weighted

average of marginal Operating costs and a‘ﬁfzirgi’ﬂal outage eost with the

*For additional discussion of role of outage costs in the electrie pover industry, see
Munasinghe and Sanghvi {19§8).

® US urilities have higtorieally Planned ang buil’i_capﬂcit’y- 1o insure 2 loss of joad pro-

bability (LOLP) of only nne—day-m-ten-years. Poland ‘61_93;1} d_esqribes the Beneration

dlanning of one utility, Pacific Gas and Electtic Co, Al Stignested by ghe referee, these high

reliabifity levels are driven nist only by écondiia considératiiis, Bur'vy the political eouts of
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weights summing to unity’? Margifial capacity costs are then used, in
conjunction with marginal outage costs, to determine the optimal size and
mix of capacity, Specifically, capicity changes are undertaken as long as
the long-run marginal outage &48K avoided By such chahges exceed the
matginal cost of capagity.? |

The above principle i curréntly béing implemanted in the form of real-
time pricing at several US utilities, bt a recent sefies of articles has pro-

tion on outage costs for design and evaluation, Prominent examples
include interruptible/curtailable (I/C) service in the industrial and com-
mercial sectors and direct Joad cotitrol (DLC) in the residentia] sector.
Under 1/C service, a firm a ees to tetnporarily reduce jts cohsumption of
electricity down to a prescribed level (i.e,, its firm power level) when asked
by the wtility to do so. In return, the customer receives a reduced bill,
typically in the form of a credit on demand (KW), Direct Joad control is a

similar progtam, implenienited primarify if} thie tesidertial sectdr, it which

? Applications of this principle are fir, as yot, widespread in North Atterica, However,
marginal operating and outage costs are used in the development of the reei-time prices for
industrial and commercial clustomers at Niagara Mohawk Power Corporation. See
Munasinghe and Sanghvi (1988) for additidnal applicatioris of outage costs.

¥ Long-run oulage, or shoriage, Cosls incorpotate both the costs incurred by the
corisumer in the event of power itltérruptish; (ie., sHE¥-run outage costs) and the éosts
underigken ts cépe Witk » chahpé ity the g&hersl Jevel of service teliability, such as the cost
of back-up generation. See Sanghvi(1983p), ) :

Y Chao er al. (1988), Chao and Wilson {19873, b). Oren et al. (1986a, b). Oren, Smith and
Wilson (1985) and Wilson (1989) pravide theoretical details régarding priority service
methods, -

13(x)
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pawer is mternipred to spetific appliatices, such as watet héaters and air
conditionirig unjts, v ' |

L ESTIMATING OUTAGE costs

In response to the larger role of outage eosts in utlity planning ang
Operations, there Has been 3 prolifer‘at’ibﬁ of outage cost studjes in recent
years. These studies can be categbtized inrg four groups based oty the

underlying estimnation technique: (1) Proxy thethotls, (2) survey miethods,
(3) constmer surplus measures and (4) teliability demand models,

A. Proxy Methods

Early attempts ro quantify outage costs refjeq primarily on proxies for the
damages and inconvenience incurred by a customer during an interrup-

upper Bounds on outage costs znd Aot as £xact outage cost measures, A
paitial listing of dutage cost proxies aﬁﬁéﬂﬁﬁg iti'the literature inclydes:

¢ The cost of back-yp generators. Bental ang Ravid ( 1982) argue that
industrial customers purchase back-up gencratorg urttil the expected
marginal cost of additional back-tfy power {$/kWn) equals the
expected marginal cost of an Outage (S/kWh), Usinig assumptions

regarding the average generator cust (S/kwh), deﬁreciation'rates,
generator ifetime, fyal costs ang interruption- hours per year, the.

'""The usa of bath I/C and DLC Programs has expiiidag substanrially i the Us over the
Past two decades. Between 1972 and 1986, the number of utifities wih 1/C programs has
grown fivefold, with 7] Per éent of large investor—owﬂé;d ueifjties reporting I/C programs
by 1986, Similarly, the yse of DLC Programs has growy 15 nearly 40 per cent during the
sume tme period ( Ebasco Business Consuhing Cofifiany (1983, 1987)). See Cavas,

erriges and Windle (1987, ¢. 1988} for 4 revigw of [/C Programs and Lawrence,
Heberlein ang Baumgartner (1 984) for u reviuw of DLE programs,
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other factors of production. This proxy also ignotes the costs of
equipment and materials datriaged during thie course of an interrup-
tion and assumes that lost sales OF production cannot be tade upata
later date.

bound on outage costs. It represents the cost of foregoing the last
in¢tement of COnSUMpisn 4t afiy tifite but provides tio additional
informhation, - | _

® The value of production in the home. Gilther and Mack (1983) treat
households like firms, with electricity viewed as .20 input to the

® The wage rate. A number of authofs have argued that the outage cost
to residential customefs iy prifiarily due to a loss of leisure.! If the

The principal advantage of using proxies to estifhat,e‘or bound outage

costs 1s their simplicity. They can be caleufatad &t only a stitall fraction of

"' Sec. for example, Giliter and Mack {1 983), Yabroff( H’H 1), and Munasirighe (1980).

Page 6
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B. Survey Methods

Surveys are currently the Primary source of information op customer
outage costs. There are 3 number of reasons for thcir_ popularity. F irst,

unlike the proxy methods reviewed above, SUTVEYs can be used to deter- |

mine how outage costs vary by the characteristics of the outage,
Individuals can be asked to evaluate the impact of variety of outage scep-

at i_‘iz_iire bign used in oitage cost
SUIVEYS to extract information on the impact of power interruptions. The
most commonly used techniques are;

® Direcr cost. The direct (or self-stated) cost approach asks customiers
fo assign a dollar value to the costs they would incuy during an
interruption. For example, in Patific Gas and Electric's {PGandE)
Residential Outage Cost Study, ten Outage scendrios were described
to each customer, with Various outage durationis and timings. For
cach outage type, custommers were asked *... how tuch it woulq cost
You to adjust to thig power outage? (Meta Systems et af, (19886)). In
some studies, the Survey respofilents are agked 0 subdivide thejr
outage costs into specific categories, This is particularly true in the
industrial and cammercial sectors, where there are natural divisions
of outage costs (e.g, damage to platit and equipment, startup costs,
lost production or sales, and laboy costs). Thigse categories serve two
purposes. First, because custoftiets may have little or fio experience
with power outages, they dssist custotners in &valuatirg interruption
costs. Second, they provide the analyst with information op the
sources of outage costs and My SUBBESt ways: of thitigating these
Costs. A variation on this appraach, 4 ed it the residential sector by
Billinton, Wacker and Wojezynski (1982), is to provide a list of

There are 2 variety of approiches tha

® Contingenr valuarion, As defined in Bistiop, Heberlein and Kealy
(1983, p. 619), the contingent valuation method (CVM) employs
Surveys and/or interviews ...to ask people about the values they
would place on non-market comifiodities if markeéts did egigr!2
-..That is, subjects are asked aNout thejr wi P
compensatioi démanded, contAgien

Page 7
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other means of paymeht, Al paytients and receipts are’ purely
hypothetical’. VM quEstions are broadly classificd into one of twg
approaches: wi]lingnésg»to-p’ay (WTP) or willingness—tmacccpt
WTA). In the current context, the WTp @pproach is used to detes-
mine what consumers would be willing 10 pay either (a) to avoid 4
specific outage, or 5 series of outages, or (5) obtain an increased Jeve]
of reliability. The willingness to aecept (WTA) approach represents
the counterpart to the Wp method. Custorpers are asked how much
they would have to be corfipensated in order 1o either {a)accept a
reduction in service reliabiity or ;;(5);,&(?‘(:&_}:!’ the current Jave] of
reliability in [iey of an iftréased Teliabifity leve] 13 |
8 Contingent ranking method, The cOhtirigent fanking (or chojce)
method (CRM) asks CUstomers to rapk or choose from a serjes of

Outage options.'* Each option js dccampanied by a rate increase or-

decrease. From the survey respondent’s choices, willingness to pay
and willingness to accept neasuras can be inferred using discrete
choice models of customer preferences,

There are advantages ang disadvantages (o cach of the survey
approaches listed above, Industtial apg commergial custotpers may be
able to assess the diract COSts dssociared With outages, patticularly thoge
outage scenarios for which theéy haye £xperience. In these instances,
further information can be galtted about the COmposition of the Outage
Costs and poteritia] ways for mitigating them. However, in the residentia]

Measures have been found tp Yield widlely diverging resulfs, witk
consumets requiting a substantially higher competisation (WTA ) for a
Teduction in quality thuy they 4pe willing to pay (WTP) for an equivalent
gain.'* Recent wark by Coursey, Havis and Sthulze (1987) indicates that

*The relationship berween the WTP and WA Medsitres and Hicksian Surplus measyres
depends upon the direction of reliability chepge being considered. Using notation similar to
Carson and Mitchell (1989, P. 26), lér e(p, g, U) denote the-minimum amount .of income
needed 1o maintain utility U, given price P and a service quality vector g, 1 ot U, py. and g,
denote the injtial levels of the arguments of e ). with U, p, and 41 denoting alternafive
levels, If 4; denotes a decreased level of service quality, the WTP measure corresponds to
the Hicksian equivalence surﬁlus. With WTPwESw &Py G U)-e¢(p, 9i, U,). The WTa
Measure corresponds to e Hicksist som Ehsating. surplus WTA=(S ~ &Py, g,
Un)~elpy, q,, Lo With an increase in felingﬂit'y, the WTA measure becomes g B¢
™measure and WTP becomes a C$ Measure, See Carson and Mitchell (] 989) and Brookshire
eral (1981) for additiotial details,

! f’)Wc are adopting here the distinction and termitidlogy sugpested by Freeman (1 986, p.
149),

Page 8
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the differences between WTP and WTA thedsures digsipate as consutners
gain experience. Furthermore, the WTP measure changes little with
experience, while the WTA measure declines towards the WTP value.
This suggests that the WTP approach thdy yield the more accurate and
stable measure of consumer outage costs. However, as noted by Mitchell
and Carson (1989, p. 37),"...it is generally agreed thit the correct measure
for a decrease [in quantity or quality| is the Hicksiah cottipensating s'urptus
- WTA measure’,

In addition to the individual limitations of the survey approaches‘ listed
above, there are significant problems with survey thethods in general.'t
“Three of these problems are of particular concern in the present context.
First, because consumers have little experietice with outages, they may
have difficulty assessing the costs they might incur as a result of hypo-
thetical ourages, particularly outages outside of the range of their

experience (e.g., frequency and/or long duratioh ourages). An Israeli study,

for exarmple, found that industrial custSiners often overlooked simple
procedures for coping with an intérriiptioh snd thetéfore overstated their
outage cdsts.'” Cummings, Brookshire and Schultz (1986}, while providing
a gcnerally optimistic assessment of CVM, note that the technique

..should not be applied to commodities with which people have little or
no experience in making prior choices ot which involve a high degree of
uncertainty’.'*

A second, but related, potential probleth is that outage cost estimates
from surveys dcpend significantly upon the presentation and wording of
the questionnaire. Consider, for example, the problem of assessing the
impact of duration on dutage cost. If, at thé bégmmng of an interruption,
the customer has no information about 411 vittage's duration he or she may
incur many of the same costs for a 1 hour interruption as for a 12 hour
interruption, not knowing which one to expect. On the other hand, if
duration is known a priori, a customer may simply wait out a 1 hour inter-
ruption and incur only minor outage costs.!Y In Billiniton, Wacker afid
Wojczynski (1982, p. 33), the analysts attenipt to addéss this problem by
asking households to *...assume that [they] did #6t kfiow beforehand when
failures would occur or how long they wotld last', even though the outage

'4Schulze. d'Arge and Brookshire (1981} provide 2 systematic review of potential sufvey
roblems. [n addition. Cummings, Brookshire and Sechulze (1986) and Mitchell and Carson
F 1989} provide an extensive discussion of CVM s it fas beef; applied to valuing environ-
mental and other public goods. Many of the issues diséyssed. including the potential for
strategic bias, are relevant to survey methods in gerieral.
'"Defson (1987).
¥ Cummings. Brookshlre and Schulze (1986, p. 97). Similar views are expragsed by
Freeman (1986, p. 155),
'® Billinton, Wacker and Wojczynski (1982, tP 118) found that knowledge of an cutage's
duration reduced cutapre costs by 21 per cent fof Iirge users and by almost 5O per cemt for
commercial and small industrial customers,

Page 9
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times and durations are spetified in the outage descriptions. The inter-
pretation of the resulting outage cost estimates depends on whether
customers were successful in igiSting the information in the questions
thetnselves. This second limitation of sutvey methods does not preclude jts
use in estimating outage costs. Rather, it points out the need for careful
design and administration of survey instruttients and caution in interpret-
ing the results,

Finally, the survey method is limiited Bécause quiestiotinaire réspénses

hypothetical situation afd a situdtion involvi g ‘réal money’. Studies by
Bohm (1972) and Bishop atid Heberlein (1979, 1986) have found
significant differences and have &g some researchers to conclude that
"...the evidence for bias related to hypothetical peyment is rather
convincing’.? Qther analysts remaity uniconviticed of the importance of this
bias, questioning the research to date.?! ,

C. Consumer Surplus Measures ,

The reliance on survey basad outafe cdsts is due, in part, 1 lirtiitations on
the data available. Utilities have only limited experience with rare and
service options that vary the Jevél of service reliability to individual con-

due to a power interruption. _

Figure 1 illustrates the consumet surplus approach. The vertical axis
represents the ptice of lectticity, W l€ the horizontal axis represetits the
clectticity defnand by an individugl ¥8Hsutne. The §8lid litie indicates the
demand for electricity at each ptice Jevel, Now consider the impact of 1
partial outage (i.e, an outage during which the consamer is forced to shed
4 part, but not all, of his or her euprent electficity usage). A partial outage
that forces a consumer to reduca usage from Q, to Q, is equivalent, from
the consumer’s point of view, to a price chiange from P, to P,. Because the
demand curve represents the marginal value of each additional unijt of
electricity consumned, the total value lgst by moving from Q) to O, is the

2V Bishap and Heberlein (1 988, p. 134). 3

*! See, for example, Cu‘mmini;, Brookshite ahd Schulze (1986, pp. 211-13), Recent
research by Bishop, Heberlein, cCollum and Walsh (1988) sugpests that the ‘degree of
hyPothctica[ bias may depend upon the survey method used. :

* Estimates of the price elasticity of electifeity demand are readily avajlable in the

literature. See Caves. Herriges and Windle (1987a) for a tecent review of this literature.

Page 10
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0.2 Qj.
Fig. I. The consumer surpius approdch to outdge ctst estimation.

area ABQ, Q,. However, the household has saved CBQ, Q, in electricity -

expenses. The difference (i.e., the cross-hafched area ABC), is the loss jn
consumer surplus from a partial outage reducing service from @, to Q,.
Similarly, the lost consumer’ surplus frain 3 complete power intefruption

would be equal to the area FP.BP,, the shaded area plus the cross-hatched

area in Figure .

There are two priﬁcipaladv‘gmtige"s Yo the consuter surplus approach.
First, because the démiand curves iré, oy at Jeast shauld be, based on actual
consumer behavior, they bypass the problem in the survey methods of
relying only on consumer attitudes, ititentions, arid beliefs. Second, the
consumer surplus approach can be used to infer the irmpact of a partial
ourage. This has not been addressed to any sigfiificant extent in the Outage
cost surveys 1o date and cannot be aduressed using ptoxy methods without
assuming away the problem, '

Unfortunately, the consumer surplus approach is also Plagued by three -

serious limitations related to the specification of the appropriate dernand
curve.? Fitst, the demand curve dravh ip Figtire 1, snd lefice the implied
outage cost estimates, depends cHicialty upon the advance warning

*¥The consumer surplus measure of welfare has a numbsr of addivional limitations that
huve been well documented elsewhere in the literdrure. See, for exariple Silverberg (1978)

or Just, Heuth and Schmitz ( 1982). This paper locuses on those firfiitations that are of
purticular importance to vpplications in the outmge vost litetature.
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customers have prior to price chaﬁges. The shorter the warning time the

less the consurner will be able t4 adapt their consumption patterns and the
steeper the demand curve will be. The dastied line (DE) reflects a shorter
run demand curve than (AB). Using DE to ifer outage costs will yield a

hence, overstatu outage costs. _
Sanghvi (1983a) attempts to dea] with thi second problem by estimat-

ing price elasticities using houtly usage and price variables from the
Wisconsin Tithe-of-Use (TOU) Pricing Experiment. But these data are stll
not adequate to uncover the requited disaggregate elasticitiés. The best
that can be achieved is the élasticities of hourly usage with respect to

in advince (ie, prices were fixed at the begiﬁni«ﬁ’g of each season), their

usage patterns reflect long-, or 1t least intermediate-, run price elasticities
and, therefore are likely to understite the cast of a power interruption.
Recent applications of reai time priciig miay provide the necessary data
base for estimating price clastidities. for the very short run. Typically,

consumers are provided less than 24 héurs notice of each h
Data from these experiments ats ofily now becoming available,

data base, E‘xtj'*apblat'ing‘rhe demand curvé back to the vertical axis, where
usage is zero, is a risky undertakirig at best, In many mathematical demand
models the point of zero usage is flot defined.

**The author’s apparent ability 1& e¥tithate priéé efaiticities for sach hoir is due to the
restrictive LES défiand mode! employed and the relatiotiships it mgases between price and
inetthe elpsticities. See Cyves, Christefigkh afig Hertigés (1987) far 5 deliféation of the
identified price and ificote elasticities Wheh limited pride variation exists,
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D. Reliability Demand Models | '

The final approach considered in this section is the explieit inclusion of the
quality of service in models of electricity demarid. The principal limitation
of this approach is that there are few instaeds where service reliability
varies significantly. I particular, U$ feftability levels hdve historically been
uniformly high throughout the country. Dias-Bandaranaike and
Munasinghe (1983) is the only study that explicitly models the impact of
quality of service on electrigity dettiafid. The authors draw on data from

Costa Rica, where there are significdnt variations in reliability across the

country. While the authors begin with 4 more complex quality specifica-
tion, their empirical model ends up relying upon dutnrhy. variables for low
and medium qualities of service. Inferring outage costs from these results

is, therefore, difficult,

IV. OUTAGE COST ESTIMATES

The purpose of this section is to suthmiiarize some of the oufige cost
estimates that have been obtainied in North American studies over the past
15 years. The review is not intended: to be exhaustive, but, rather, to
highlight the key findings to date and to illustrate problems that remain.
The section begins by comparitg Gutdge cost éstimates obtained for the
average customer using the proxy, surv€y and consutner surplus methods
described above.” Information o thi influence of outage characteristics
On outage cost are then summarized, including the impact of outage
duration, frequency, timing, warning time, and partial gutages. Finally, the
section is closed with a discussion of the evidenee available on the distriby-
tion of ourage costs within each servie Hlassification, -

A. A Comparison of Outage Cost Estimgles

Direet cottpatisons of the outage &dgh estifiates frthh different studies and
for different custorier classes is difficult and should be viewed with
caution. Outage cost estimates differ not only in the underlying
methodologies, but also in the reportifig Procedures used, It is important
to distinguish these sources of vatiation from the more substantive
variations in outage costs due to custdmer or outage characteristics.

In reviewing outage cost estimates below, two particular facrors should
be kept in mind. First, outage cdst sutveys typically ask respondents to
indicare the total dollar cost of 1 irftgttuption. Irorder to compare outage
CoSts among customffers, listogie cHassey or studies, these couts per

*To date there are no outage cost estiffihtes tising reliability defadd models,
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Fig. 2. Outage cost estimates fr & oié hour intertuptiofis residetitial sector.
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Fig. 3. Outage cost estimates for a 8tie hour interfuption industrial sector,

intertuption must be convetted to 4 EOMEION thit of masure, A natural
thoice of units is S/kWh witefVéd, which undétlies mich of the
theoretical literature and whick can be approxifiated by dividing the
Irespondent’s total outage cost estiffiate ($/interruption) by typical usage -
(kWh unserved/intérruption) during the interrdption period.?s Unfortun-

16 This approach ussumes thay historical usdge duriii the ifitettuption period Provides a
reasonable proxy for the eustomer’s expeeiitions concerhing kWh unserved during the
interruption, '
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Fig. 4. Outage cast éstimates fos e Rﬁut‘,’iﬂt&rmgﬁon commercial sector,

interruption 2y not be near its peak level, whife using average kWh as a
divisor is likely to understate daytime OULHEE costs.

Second, proxy and consumer surplus estimates of outage costs do not
usually vary with the conditions of the outtage (e.g., duration, frequency,
warning time, and timing). Survey based outage costs, on the other hand,
can vary significantly with the frequenicy, duration ang timing of the

Iterruption(s) described in the survey. Differences among outage cost
- estimates may be due more to the spaitic Outages being considered than

With these precautions in mind, avistipe Siitgs Cost estimates for a 1
hour péwer ifiterruption are depicted grap ically in Figutes 2,3,and 4 for
the residential industrial, and comiercial sectors, respectively.®® Within

’Doane, Hartman and Woo (1988a) represents one of the few exceptions. However,
even in this study, kWh ‘unserved for each initérruption fcentario g estimated for the
Population as g whole and divided into the estimate of outage cost in S/interruption, Iy
would be preferable to compute outage costs jn S/(kWh-unSefbed) 0ft 2 customer by
customer basis and they average this value ovet the populition. _‘

*The correspondifiy numbers and the ctversion methody are détailed in Caves,
Herriges and Windle (1 989), :
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each figure, the studies are organized according to the underlying
methodology (i.e,, proxy, consutnes surplus, ete.) and then alphabetically
within methodological groups. All outage cost estimates have been
converted to $/kWh uriserved, I those studiés reporting outage costs in
terms of S/interruption, §/(akitrum kW) ot $/{average kWh), a range of
estimates is listed, reflecting differénces in the assumed kWh unserved
during an interruption ?*

Figure 2 depiets residential outage costs from eight studies denomin-
ated in 1986 US dollars per kWH utiserved. Substantial differences exist
between methodologies and among studies using the same methodology,
with outage cost estimates ranging from $0.02 to $14.61 /kWh unserved.
The consumer surplus measures, at the low end of this range, are likely to
understate the true outage costs, since they are based on price elasticities
in which customers have a monith of rfiote to ddapt-to price changes. The
rerhaining estimates supgest that Gutage costs fall between the wide range
of $0.09 to §14.61/kWh in the residential sector.

" Industrial outage cost estimates are reported i Figure 3. The proxy
estimates are generally lower than those reported by survey methods.
Telson’s estimates, based uporn ratios of output or wages to total usage, are
likely to understate the true costs of an outdge, since they do not reflect the
sudden nature of power interruptions. Damiaged equipment and materials,
and their spillover effects on hours sutside of the interruption itself (c.g,,
resulting in labor being sent hiditie early, statttip costs, ¢tc.), are not
captired by Telson’s proxy methéd. Much &F tha dhcertainty in the Gutage
cost estimtates, which range from $1.27 to §22.46/kWh, is due to the
conversion of outage costs per infterription to $/kWh unserved. Yet even
using only the lower estimates, industrial otitage costs range widely, from
$1.27 to $9.56/kWh unserved, . ‘

Finally, Figure 4 reports outage cost estithates for vatious commercial
sectors of the economy. As with industrial outage cost estimates, much of
the variability in Figure 4 lies in the conversion of outage costs to S/kWh
unserved. Using a imiform assuthptiofi that detiiand is at 75 per cent of its
annual peak duting an interfiption (ie., thie [8Wer estimates in Figure 4),
commiercial butage costs ratige froth $5.02/kWh i the retail service sector
to $21.73/kWh for offiee buildings. The evidence points to significantly
lower outage cost for government dgericies atid institutions.®! Large farmns,

*YThese cases are marked by a *#’ in Figuteés 2, 3, and 4, The upper bound of (hese
ranges assumes kWh unserved equils the annual average hourly kWh, while the lower
bound uses 75 per cent of the annual peak demand.

A% Bental and Ravid's (1982) estimate wis tonvérted to a 1 hour intefruption per year

from 10 hours of interriptions per yeat dhd assyriing ditage ¢dsts (in S$/kWh unserved) are

ndt 8 fundtion of outage duration, ~ 7 ¢ : .

M This category in the Ofiatario Hydra study ihcludes wide variety of agencies and
institutibns, bul consists primarily of schools, utilities, hospital, public administration
offices, court and police stations, and welfits oigiriizations.
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Fig. 5. Comparison of outage costs across customer classes.

at the other extreme, show outage ¢osts over S418/kWh, a result that must
be questioned, sinde it far excasds the cost of backup power, |
Figire 5 compares outdge cost égfiifiates acrpss _

intértuption, based dfjon results ftgth Billinton, Wacker and Wojczynski
(1982) and Ontario Hydro (1980).2 Thése stidies explicitly consider the
variation in outage costs among custéfiiat classes, using the same or similar
techniques for all sectors. The two studjes yield similar conclusions.
Residential outage costs are found to be at the low end of the spectrum,
with costs less than one third of those estimated for industrial and com-
mercial customers. Industrial outige costs are consistently smaller than
those in the commercial sector, bat the differences are not large. The
Onrgtio Hydro study places govertitiént and Mistitutional outdgeé coits
between those for the resideritial and industria] §éétors, while office build-
ings and large farms have outage costs well excess of those for the com-
mercial sector. . \

B. The Impact of Outage Characteristics

Power outages can be characterized along a number of dimensions,
including "duration, frequency, timitlg, warning time and interruption
depth. Each of these ¢haractetisticy péténtidlly alters the outage costs
incutred By a customer. I N

*2 For simplicity, only the lower estithatéy (i.e,, asetning demand duririg the interruption
is at 75 per cent of annual peak demand) are usedip Figure 5, ‘ :
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1. Duration

Duration is one of the most extensively studied outage characteristics.
Outage cost surveys typically ask respondents to evaluate a series of
outages of different durations, ranging from 1 minute to 12 hours, Changes
in customer self-stated costs or willingness to pay due to changes in outage
- duration can then be computed. The results regarding the impact of
duration on outage costs are not yet evriclusive, however, particularly in
the residential sector. | _ e
As above, comparisons actoss outdpe cost studies are impeded by the
differences in the methodologies atil reportitiy provedures employed. In

order to abstract from these differetices the otitage costs reported below

are first converted to hourly figures (i.e,, $/ifiterruption hour) and then
normalized by the cost of a 1 hour interruption. Formally, normalized
outage costs for an interrupton of diration 4, denoted NOC(k), are
defined as:

NOC(h)= O kiflr-OC(1)] (1)

where OC(h) detiotes the toral 6fitagé cost réported for an ifiterruption
with duration h hours. This rotinalization permits cross-study com-
parisons, abstracting from the level of outage costs and focusing on how
autage cost vary with duration. '

Normalized hourly outage cost estifnates are illustrated in Figure 6 for
studies in the residential sector. With the exception of Billinton, Wacker

and Wojczynski (1982), hourly residential Outage costs diminish with-

duration. This result is counter intiitive, as one would expect residential
outage costs to increase as the therfal stérage available in ait conditioft-
ing, water heatitig, dfid spatia Heating ifitts are dxhabsted®

One interpretation of the downWard sloping lines in Figure 6 is that
there are both fixed and variable costs associated with power interruptions
in the residential sector. Specifically, OC[ ) ctuld be segmented as follows:

OC(h)=FC+TVC(h) (2)

where FC denotes the fixed costs associated with an interruption and
TVC(h) denotes the total variable ¢osts incurred during an interruption of

duration % (with TVC(0) = 0). If we asume vatiable costs are proportional

to dutation then equation (2) becomes: |
OC(h)=FC+VC'h - (3)

where VC denotes variable costs in $/interruption hour. The normalized

outage costs in equation (1), and in Figuté 6, are then détermined by:
NOC(h)=[FC+VC-A]/[(FC+VC) &)

3 This result also e¢onflicts with the findinp, réficried below, that residential houscholds
generally prefer freqtient Shiort duration otitifes 1o infrequem long duration otrtiges.
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Fig. 6. The inpict of dutatis aH tesidential outage costs.

=-W,+W.h~t
=W,+(1=-W, )kt (4)

where W, =VC/{FC+VC) denotes the perceritage of OUt4¥E costs that are

variable during a 1 hour interruptidn ahd Wr=1~W, denotes the
percentage of outage costs that are fixed during a 1 hour interruption.
Using equation (4), non-linear ordinary least squares and the data
Underlying Figure 6, Wy is estimated to be 4.97 bt thie residential sector
(with a standard error of 0.17), indi ating that fited costs are relatively
small in the reésidentia] sector.* However, if the Billintor, Wacker and
Wojezynski (1982) observations are excluded from this exercise, due to
their large departure from the resuits of pther studies, this result changes
substantially, with W, =049 (with a standard error of 0.08). The
conclusion reached regarding the importance ot fixed outage costs in the

residential sector depends substantizlly upon the weight given to the |

Billinton, Wacker and Wojezynski (1982} resuits,

The results in the ifidustrial Sector ate MiSte corisistent, as {llustrated in-

Figure 7. All of the studies indicste thst firiig expetience high outage costs

constitute roughly 27 per cent of the fotal outage cost reported by

industrial firms.
“The teported staridard etfor should Be sy

The tof ould Be Sigwied With considatable cattioh, as the
observations dtawn from the samié data gets are upfjge ,

to be yntorrolgted,
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Fig. 8. ‘f‘he impict of duratich o cothriarcial butage easts.

Finally, Figure 8 depicts the impact of duration ori outage cost for other
sectors of the economy. Office buildings and farm customers exhibit -
duration results similar to those in the industrial sector, with high initial
outage costs, diminishing as duration increases. Retail and govermnment
customers have U-shaped outage cost curves. This suggests- that there is
agdin a substantia) fixed componat to outage costs in these sectors; but
‘also a vatiable componght to Gutag ¢osts that fieranses with duration:

- 2. Frequency

The relationship, between outage tosts and outige frequency has recejved
less attention in the literature to d4te. The dvailable results indicate that
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total outage costs are not proportional to outaye frequernicy, but rather
decline per interruption as frequency ingreases.’s This pattérn suggests
that customers may be able to adapt to mora frequet otitages.

Many of the survey studies provide qualitative information on the
impact of outage frequency on outage costs. For example, Billinton,
Wacker and Wojczynski (1982, p. 32) ask residential customers to rank the
undesirability of a 4 hour outage for frequencies of (1) once a year, (2)
once a month, (3) once a week, and (4) once a day. Not surprisingly,
frequent outages are less desirable than inffequent putages. -

Finally, the tradeoff between outage frequency and ottage duration has
been examined in a number of the outage cost studies, Both Billinton,
Wacker and Wojezynski (1982) and Ontario Hydro (1980) ask customers
to choose between frequent but short duration interruptions and in-
frequent but long duration interruptions. Between 70 per cent and 90 per
cent of the industrial and large users irterviewed were found to prefer
infrequent long duration interruptions {e.g, one 4 hour interruption) to
frequent short duration interruptions (e.g., four 1 hour interruptions). The
reverse js true in the residental sectdt, with only about 25 per cent
preferritig the longer duration dprion. Coffimercial clistbtners were more
evenly divided. These results are substatitisred in the residential sector by
Doane, Hartman and Woo (1988b) atid i commereial sector by Woo and
Train (1988). o

3. Timing

The relationship between outage costs and outage timing plays a critical
role in the application of the outage cost literature to recent rate and
service innovations. For exarple, real-tiftie Pricing programs require
information on the hourly varitions in marginal Upetating and marginal
outage costs. Qutage costs have, in fact, béén fourid to vary with the timing
of the power interruption. This has been addressed in two ways in the

literature, First, survey questions have been used to directly assess the.

impact of timing on outage costs and, second, revealed gutage costs for
outages occurring at different times have been compared. Billinton,
Wacker and Wojezynski (1982) utilize thie first approach for the industrial
and commercial sectors. Customers weré asked to indicate the percentage
iricrease in outage cdsts associated with a charige in the month, day of
week, and tithe of day dufing which an inférruption gtéurred, as compared
to 2 base’ case. Their results are depicted graphically in Figures 9(a)
through %(c). For example, Figure 9(a) depicts the variation in outage costs
by month around the annual average outage cost estimate, Large industrial

Y Ses Woo and Gréy (1987) in the industrial sector, Woo and Train (1988) in the

commercial sector and Doane, Hartman and Woo (1988b) and Goett, McFadden and Woo

{1988} in the residential sector.
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users exhibit little variability in estimated outage costs, while small
industrial firms exhibit a definite seasonal patrern in outage costs, with
substantially higher estimares during th& winter season. The outage costs
reported by the retail trade sector builds from January through December,
possibly reflecting the importance of the Christmas season.

Figure 9(b) similarly depicts the variation in outage costs by day of the
week. Again larger users exhibit little variability in outage costs, Small
industrial firm's have substantially lowar butage costs on Saturdays and
Sundays, while retail outage costs are increased on Saturday ard sub-

stantially lower on Sunday. Finally, Figure 9(c) depicts the variation in -

outage costs by time of day. Large users continue to have relatively stable
outage costs, while small industrial 4fid retail trade cost estifntates vary
substaritially over the day.

The patterns in outage dosts exhibited in Figutes 9(a) through 9(c) again
raise the concern that the observed variability in outage cost estimates
reflects, to a large extent, variability in the kWh unserved by an interrup-
tion rather than variability in outage costs (8/kWh unserved) themselves.
The stability of outage costs for large users is consistent with the generally
high load factors found in that class. On the other hand, the daily outage
cost patterns for retail and small indiistrial customers in Figure 9(c) are

remarkably reminiscent of their load profiles. Simtilarly, it is not surprising

that small industrial firms exhibit substntially lower outdge costs on
weekénds whén these firms are likely to have laWwer Joad fequitements,
The fundamental problem is again that observed patterns jn outage costs
per interruption provides little infortiation on patierns associated with the
variable of interest, outage costs in S/kWH unserved, unless variability in
the kWh unserved is controlled for, botl over time and across customers,

The second approach (i, comparing the revealed costs for different
times of day and times of year) also finds that outage costs vary with
timing. Goett, McFadden and Woo (1988) find winter and weekday
outages are more costly in the residential sector, although these effects
were not statistically significan:. Metes Systems et al 186) and Doare,
Hurtthan and Woo (19882, b) both find residéntial outage costs are
significantly higher duritg the evening Bttrs. Wao and Gray (1987) find
significantly higher outage costs for indistrial customers during motning
hours. Again, it is difficult to interpret these results in terms of the
vartation in outage costs measured by S/kWh unserved. While some of the
studies do control for annual, seasonal, or monthly load levels, daily
patterns of consumption or firm specific load factors are rot controlled
for. ' '

4. Warning Time

The impact of warning time on outage ¢Osts has been studied to a lesger
extent than either duration or timing. Early oufdge cost studies such as
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Billinton, Wacker and Wojezytiski {1982) and Onrario Hydro (1980) relied

primarily on direct questions regarding the impact of advance notice.
However, many of these questions were vaguely worded, providing
qualitative, rather than quantitative, information. This point is illustrated
by the following questions extracted from these two studies:

If adequate advance warning of an impending interruption were given, do
you think that your interruption eosts would be redueed substantially 7%

H it were passible for yotir cotpatiy 16 be given §ame advance wariing of a
short term electrical interruption, would your company be able to arrange

things so that the cost of the intétttifition would be made less or not?"
Billinton, Wacker and Wojczynski (1982) dt follow up their qualitative
questions on warning tire, askifig respondents to indicate the percentage
reduction in outage costs that tan be achievad with 3 days advance notice.
The authors found reported redtsetions of 60 per cent in the commercial
sectof, 68 per cent in the industrial sector, and 30 per cent for large
users.™ The impact of other warfiiifg tirites are not feported.

More recent outage cost studies fave inéotpotated advanice notice in -

the description of the outzages g be evaluated by survey respondents, By
comparing revealed costs of outages that differ only in warning time, the
marginal effect of warning tirité can be measured. Studies using this
approach have uniformly fourid advance nétice to reduce outage costs,
although the effect is not always statistically significant. In the residential
sector Goett, McFadden and Woo {1988) use 2 single dummy variable to.
distinguish notice. While the authofs find that advance notice significantly
lowers outage costs, it is not possiple to assess the impact of different
amounts of notice. Meta Systems ¢ al. {1988) and Doine, Hattman and
Woo (1988a) reach similar coticlisions dsing data from PGandE’s 1986
residential outage cost survey. Woo 4tid Gray (1987) find that a 1 per cent
increase in advance warning reduces oltage custs by 0.006 per cent in the

industrial sector. In the commetcidl sestor, Wop and Train (1988) éstimate

a 0.0012 per cent decline in outage costs with a 1 per cent increase in
warning time.**

¥ Ontario Hydro (1978a, p. li-2).

17 Billinton, Wacker and Wojczynski (1982, p. 152).

*These responses apply only to those éyrstariars indicuting that any cost réductions were
possible and, hence, overstate the average outage cost feductions due 10 3 days advance

notice, ,
¥ While these last two studies report thdt the impact of warning time is statistically

significant, this significance js likely to be overstated, Qiltage cost estitnates for different |

outage scenarios are pooled in the same 'tggféﬁl’ﬁn.' withisur cantrolling for carrelations (i.e.,
sitnilaritigs) it responses by itie safme cusy; $MET for different oytape seénatios, ‘

Attachmoent to LGE/KU #15(a)
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5. Depth

The outage cost literature has focused on measuting the impact of total
power interruptions, without investigating the impact of partial outages
(i.e., the depth of the power interruption). In general, one would expect
outage costs to increase with the depth of the outage, since customers
would shed their least costly loads first*® The lack of pattial outage cost
information is a significant shortcomifig of the littrature, particularly in
terms of its value in designing rates progratts, such as ptfority service and
curtailable rates, that envision partial load iriterriptions. !

C. The Distribution of Outage Costs

The design and marketing of utility rate prograing often require informa-
tion niot only on the typical outage costs ih the targeted population, but
also the distribution of dutage costs. This will detetriiitie the iumber and
characteristics of program patticipantd, For example, the objective of
priority service is to provide a better matéh betwesn customer demand for
reliability and the cost of providing service. Desighiffg a menu of rates to
achieve the optimal match requires infotifisition on the distribution of
outage costs in the target populition.*® In ac dition, the distribttion of
outage costs in the population may have important policy implications,
Changes in the reliability level of the systerh may alter the welfare of one

sector of the economy (e.g., low income Bouseholds or urban communities)

substantially more than other sectors (=g, rural cothmunities). The
pufposé of this subsection is to review the aviilable inférthation on the
distribution of outage costs. The subsection is divided into two sections,
with the first section providing an ovéfview of the reported shape of
outage cost distributions by customer ¢lass and the second section
discussing attempts to charscterize tHese distributions in rterftis of
customer characteristics. |

. Unconditional Outage Cost Distributions N

Theré are two basic sources of inforfnation o the digtribution of dutige
costs within customer classes. First, Hidny of the studies provide
summaries of the reported outage costs ifi the form of frequency tables,
graphs, or distribution quartiles, Figure 10 illustrates the distribution of
reported outage costs, measured in $/peak kW, reéported by commeércial

""There may be discontinuities in outage costs since it is difficult to partially turn off
certain equipment. . ,

* Alternative sources of informaticn on the imPéer of outage dépth and outage costs
include (z) interruptible/cdrtailable fate ptdgrarhs 41 (b) real-tife priciny Brograms, The
informuititn available fram theld sources isdiscissedin Caves. Herrges and indle (1989).

** See, for sxample, Chuo and Wilson (1987, p, 505}
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Fig. 10. The distributien of one hour interfuption dosts.

and industrial firms in the Billiniton, Wacket ahd Wjoczynski (1982) study.
The pattern depicted in these figires is typical of most studies. The
distribution of outage costs is foiihd to be bittiodat, with a large percentage
of customers assighing zero costs 1 an outage and the remaining
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customers having costs disttibtited around a second peak.* The distribu-
tioh of outage costs ($/peak kW) appears to be symmettic (in logarithmic
terms) for the positive portion of the distribution, Onie might approximate
this pattern using the distribution f(OC*), where

P; OC*"O

(1-P))4,(OC* u, o) OC*>( - (3)

flOC*)=
where OC* denotes outage costs in (S/peak kW), P, denotes the pro-
bability of a zero outage cost, and $,{0C* w1, &) denotes the lognormal
distribution with parameéters x4 and o. Using the ifformation underlying

Figure 10, # and o can be approxithited to be, respectively, 2 and 1.5 for

the commercial sector and 2.4 and 1.7 for the industrial sector, Thus, the
mear outage cost (S/peak kW) would be $16 and $38 for the commercial
and industrial sectors, respectively, with corrésponding  standard
deviations of $58 and $190.* In this ease, the ihdustrial sector has both a
higher average outage cost and greater variation in outage costs.

The dispersion of customer outage ¢osts in Figure 10 would seem to
bode well for programs, such as Priblty service, that depend upon
custorfier variability for efficicticy gains. However, the teported variation
may be illusory. Much of the vatiafioh in outage costs may simply reflect
differences in the amount of Joad beifi ififerrupted, in this case due to the
unknown relationship between peak kW and kWh unserved, Firms will
differ in the degree to which they are typically at or near their peak kW,
Similarly, the outage cost variance reported above combines variation in

outage costs (§/kWh unserved) and variation in load (kWh unserved).

Neither of these problems can be resolved without information on the load
patterns and the variability of loads fot the customer class used in the
study. .

This 4tFument is made formally a$ folldws. Let OC deniote outage costs
denominated in S/kWh unserved and & ® OC/OC* OC, 0C* and R have
some distribution in the population. Since OC=0C*R, we can write
that*7 '

E(OC)= E(OC*)/E(R)~ Cov(OC*, R)/IE(R)P |
~+[E(OC*) Var( RN E(R)P )

and

** Similar results are reported in Woo and Trdin (1988). Woo dnd Gruy (1987). and Meta
Systems er uf, (1986). _

* These regults correspond roughly with the numBérs raported by Billinton. Wacker and
Wojezynski (1982, pp. 64 and 1), o ' ‘

*3 See. Mood. Graybill and Boes (1974, p. 181).
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Var{OC)={Var{OC*)/[ E(OC*)F + Var{ R)/[E(R)}?
—2 Cov(OCY, R)IEIOC) E(R)) [E(OCH/ERE  (7)

While the results from Billinton, Wacker and Wojczynski (1982) can be
used to provide estimates of E(QC*) and VanOC*), information is still
needled on the variables E(R), Var{R) and Cév{QC*, R) for the surveyed
population.*®47

The second potential source of inforniation on the distribution (i.e.,
variability) of outage costs withiri ¢istomer classes lies in the standard
errors and other summary statistics provided by the analyses of variance
and the regression analyses teported in the literature. For example,
consider the Woo and Train (1988) study, which reports the results from
estimating a two-stage model of commercial outage costs. Their assump-
tions regarding the distribution of outage costs are similar to those used in
equation (5) above. The first stage Hiodels the praobability that outage costs
are positive (i.e,, P, in équatioft {5}), while the second stage models the
magnitude of outage costs giveti that onrige costs are positive (ie., ¢ in
equation (3)). - )

A major difference between the miodel ifi Woo and Train (1988) and the
mode] in equation (5) is that the former measures ctage costs in ($/inter-
ruption), while the latter focuses on (S/peak kW)“* However, the
problems faced in trying to extract information on the variable of interest
(Le, the variation in populatioh outage costs in S/kWh unserved) are
similar. In order to estimate the frigan and variarice of outage costs in terms
of $/kWh unserved, irfortation i§ tiééded on the mesn and vatiance of
{(kWh unserved/interruption) ahd the cbvitiance of this variable with
outage costs pet interruption. This information is niot available in Woo and
Train (1988). |

The distribution of direct outage cost estithates in the residential sector
is similar in form to that found for commercial and industrial customers. A
large percentage of households tepbrt that short power interruption have
zero outage costs. The remaining customners have widely varying outage

cost estimates. Unfortunately, these distributional results are again based .

upon outage casts in doll-ﬁrs‘pet iferruption. Thaus, it is difficult to deter-
mine whether olitage cost variatiotis reflett differétices in the amount of

““In general, it would be reasonable 16 assurne that, ceteris paribus, Cov{OC*, R) would
be positive, since a higher load faclor iritreases the kWH unserved by an ititerruption and,
hence. the outage costs in terms of S/peak kW.

“" One might approximate the distribution of R using information on the distribution of
on-peak load factor (PLF), since R=(peak kW/kwh unserved)= 1/(PLF:H), whete H
denotes the number of hours in the interruption. However, an estimate of Cov(OC*, PLF) or
Cov(OC*, R} would still be required, Withour this itiformation, the mean and variance of
the variable of iritefst cannot be determingd, o '

*$ Wois and Train (1988 49 c:jéﬁaiﬁd'g ‘53'{ a thifnBér 8T cuigtomer size variables, frichuding
average electricity bill. number of employ&s, and the custsmer’s classification as mediumn,
large, or very large. : o : ‘
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kWh unserved during an intertuption or differences in outage costs per
kWh unserved. A number of authors have cited variation in' the former as
evidence of customer heterogenéity. Doane, Hirtman and Woo (1988b),
for éxariple, find residential outass c8sts 1o’ ratige from S0.44/month to
§3.71/month for various monthly bill pefcentiles.*® The authors conclude
from this that there is a ... wide dispersion of outage costs in our sample,
For example, households in the 90th ofithly bill percentile have dutage
costs approximately ten times higher than those households in the 10th
percentile, confirming our expectations regarding custémer hetero-
geneity”, " However, this reported heterogeneity is due solely to variation
in the size of customer bills in these percentiles. Normalizing these same
numbers by average monthly bills in each pertentile results in outage costs
that are consistenitly 3.9 per cent of tiotithly bills for All perceitiles.

2. The Impact of Customer Characteristics

An alternative approach to determining the Histribution of outage costs is
to measure the impact of customer chafdeteristics on outage costs. The
distribution of these characteristics in the population in turn implies a
distribution for outage costs.*' The purpose of this subsection is to review
the available information on the relationship between outage costs and
customer characteristics.

a. Residential Demdgraphic Chatitcteristiés. There have been few
atieffipts to chardcterize the distributiofi of résiachﬁal outage costs as a

function of customer characteristics, Watker, Wojczynski and Billinton

(1983, p. 3389) found that ‘...in no case was the amount of variance in
cost estimates due to respondeént characteristics a large part of the toral
variance of cost estimates’. Doane, Hartfis and Woo (1988b) and Meta
Systems - ef al. (1986), on the other hand, find a number of custotner
characteristics to significantly influence outage costs. The authors find
outage cost to vary by customer location {geographically and rural versus
utban), customer appliarice holdings and when hiuschold mermbers are at
home. Outage experierics is found to incfease the propettion of customers
reporting positive outage costs, but reditces the level of outage costs
themselves,? :

* Doane, qutni:m and Woo (1988b, p. 132). These reported outage costs are f&t two

additional 2-hour interruptions per year, measured from a base case of 3 interruptions per

year with a duration of 2 hours per interruption.

5 Doane. Hartman and Woo (1988, p-131). ,. ‘ :

*'This of course assumes outage costs are fully explained In terths of customer
characteristics, However. even if this is not the cuse, the implied variani¢e will provide a
lower bound on the variarice of outage costs if the population,

22 As with Woo and Train (1988), the statistical significance of parameéters reported in

these studies are likely to be ovetstated because the models do ot contedl for correlations

among responses by the same customer to different outige sesnsrios,
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Fig. 11. Outage costs for l‘n'iﬂiﬁ‘g and manufacturing catepotias *

Again, however, it is difficult to detcrmine from these studies whether
their results indicate variations in the size of the interruption or in outage
costs per kWh unserved. The vafiébrcs mddeled in both studies is outage
costs per interruption. While epstainer Bills are used in both studies fo
control for customer size, thes& variablés will not capture variations in
customer load patterns and perceived kWh unsetved. For example, both
studies typically find outage costs are lower when fewer household
members ate at home during the intéthiption. This result may simply
reflect the fact that such housaholds will also have less t1sage during the
interruption (i.e., lower kWh ufiserved ).

b. Industrial and Commercial Characteristics

(1) Industrial Classifiédtion. Virtually all of the industrial and corm-

mercial outae cost studies Have attempted to measure the variation in

outage costs by industrial classification. Billinton, Wacker and

Wojczynski (1982, p. 209), for exattiple, provide outage costs for major

industrial categories (e.g., trafispiortation equipment, food and beverage

industries, etc.). Figure 11 illustrates the reported ontage costs for 15 of

these categories, using both $/max kW and $/average kWh as outage
cost measures. One hour otitdge costs range from upder $2.00/(average
kWh) for Mineral Fuels and Pidper and Allied Industries to over S60/
(average kWh) for Leather Industries, Ontario Hydro ( 1977) reports
sithilar results for 12 industry groups, with less variation in the outage
costs among groups. The authtrs also graphically depict the range of
outage cost estimates within esich industry group, For exarmiple, the iron
foundries in the Ontario Hydro sample have outage costs that fall in a
very narrow band (from $0.30 o $0.90/kW for a 1 hour iriterruption)
while the outage costs for iron and steel mills range from $0.10 to over

$10.00/kW,
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There are two limitations to the fesults in Oitatio Hydro (1977) and
 Billinton, Wacker and Wojczynski (1982}, Fitst, industty specific outage
cost estimates are typically based ot few observations (i.e., less than 10)
so that differerices between industries may rot be statistically sig-
nificant. Second, much of the variation in outage costs by industrial
category may reflect differences in load factors across groups. Ceteris
patibus, low load factor industries w’jg have lower outage ost in S/max
kW becuase max kW ovérstdtes the actual kWHh unserved in the event of
an interruption. Figure 11 indicates how the measured outage costs
change when calibrated in terms of S/average kWh instead of $/max
kKW. Not only do the magnitudes change, but al¢o the ralative ranking of
industries changes. . ‘

On the commercial side, Billintoft, Wacker and Wojczynski (1982)
and Ontario Hydro (1979) both divide the retail sector into retail trade,
retail food and retail services. However, the two studies reach somewhat
different conclusions. Ontario Hydro (1979, p. 14) firids consistently
lower dutage costs for retiil setvices and obtage codts for retail food that
increase dramatically with outagé duration, Billimton, Wacker and
Wojezynski (1982, p. 59), on the othér hand, find sitilar outage cost
-patterns in all three retail sectors.

Woo and Train (1988) model direct cost estimates reported in
PGandE’s 1983 commercial outage eost survey, The authors find that
food outlet stores are mote likely 16 report positive outage costs than
other retail concerns.’* However, the impact of the retail sector on
outage cost levels is not reported. _ _

(2) Backup Generation and Self-Generdtion. Ciie wotld expect that the

impact of a power outage wotld be rediiced 8t firms with standby

systems. Subramaniam, Billinton aiid Wacker (1985) find this to be the

case for industrial firms with battery opérated standby systems. Qutage

costs for these customers are approximately 60 per cent lower for a 1

hour interruption when compared to customeérs with no standby -
equipment.™ Outage costs are not reduced to zéro for two reasons.

First, standby equipment may be ¢ostly to operate. Second, standby

equipment is not usually installed to maintain production. The primary

reasons cited in Subratnaniam, Bilfifiton and Wicker (1985, p. 99) for
standby equipment are (1) to \rﬁ‘inﬂ"r’{iié possible Razard to staff or the

public and (2} to prevent damagé to équipment, matetials or finished

products. : \

In the same study, engine driven standby systems are not found to
reduce outage costs in the industrial sector. The authors attribute this
result to the higher cost of operating éngine driven statidby equipiment,

) The authors artribute this 10 the potential for food spoilage. . :
**The outage costs reducrions are based upon 5/(fax kW7 iftterruption costs and do not
include the capital costs of stand-by systens.
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compared with battery opefated systétis. However, both systems are
found to reduce outage costs in the commeércial sector, again by nearly
60 pef tent.>’ o

Woo and Gray (1987) #‘md‘ that induétrial firms with self gefierating
capabilitics have lower olifage costs. Self generation is found (1) to
lower the probability that ctistomers assigh positive costs to an outage
and (2) to reduce outage ¢osts by approximately 40 per cent given

outage costs are positive. Back-up power is found to increase the

probability of a positive outage cost, but 1o reduce the level-of outage
costs by 0.03 per cent for each 1 per cent of back-up power capabilities.
Woo and Train (1988) obtair similar résults for back-up power used in
the commercial sector. )
(3) OQutage Experiece. Tws studies Mave investigated the impact of
outage expérience ¢h otitage costs: Wob atid Gray (1987) in the com-
mercial sector and Woo and Trdin (1988) in the industrial sector. Both
studies find that custorrers 4re more likely to assign positive costs to a
power interruption if they have experiénce with interruptions, In the
industrial sector, this experietice also leatis to higher self-stated outage
cost levels. However, Wod and Traini (1988) find that commercial firms
with outage expérience repoft outage costs that are nearly 30 per cent
lower than those without experience.
¢. Sumrhary. There have béer| few attempts to date to charactetize the
distribution of outdge costs as a fundfist of customier characteristics,
Furthermore, the studies which Have modelled outage costs as a function
of customer characteristics Have typically relied upon- §/interruption
measures, instead of S/kWh ufiserved. This complicates attempts to relate
outage cost levels and custommet charasteristics: Current evidence does not
reveal whether outage costs in S/kKWh unserved really depend upon

customer characteristics or whether the apparent dependencies only.

reflect variations in the size 6f the customer or differences in load factor.
While some authors have attémpted to control for firm size in their
© analysis, the size variablés &fe oily Broxies for the kWh unserved by an
intefruption. Billintoh, Wackér and Wojczynski (1982) find commercial
outage costs in $/interruptin dte significantly affected by firm charac-
teristics, including commercial space, annual sales and number of
employees. However, when these saime déta are normalized in terms of
S/peak kW or §/kWh, ‘...the analysis do nat indicate that there 1s a sig-
nificant relationship between, .. {outage cost] estimates and the respondent
characteristics’.** The above comtnetits are not meant to imply that the
variation is insignificant. However, additional research is still needed in
order to determine the distributiotr 6f oitgge costs and its relationship to
custoinet characteristics. | . |

% Billinton, Wacker and Subramaniai (1986, p. 30).
% Biflinton. Wacker and Wojezynski{1982, p. 80),
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Traditionally, utilities have marketed electricity as a homogeneous
product. Changes in the electric power ifidustry over the past two decades,
however, have led to the introduction of rfumetous innovative rate #nd

service options that unbundle the attributes of eiéctric power, including

reliability. A number of these programs provide a potential source of
inforrhation on the demand for service reliability. In this subsection, two
programs are reviewed in terins of thejr Fliredt and potential information

on the demand for service reliability: {1) iftterruptible/cuttailable (1/C)
rates and (2) real-time pricing (RTP).

A, Inrerruptible/Currailabfe Service

Interruptible/Curtailable (I/C) service is a form of priority setvice that has
been in use in the clectric power industty for over 35 years. Under I/C
rates, the customer specifies a maximum lével of demand known as the
firmt power level (FPL). The customey tg}r;ﬂfi!jz: electricity service up to
the FPL as if standard setvice applie However, usagé above the firm
power level is subject to intérruptions. Ify exchange for the lower reliability
leve] for usage above the FPL, the firff receives a bill credit, typically in the
form of a demand charge credit. I/C serviee is typically available on a

voluntary basis in the commercial and iidiistrial sectors. I/C service.

Tepresents a simple form of priotity sétvice, with customers segmenting
their [oads into two reliability segments. Usage up to the FPL is serviced at
the standard reliability level, while usage above the FPL (interruptible
power) is serviced at a reduced reliability level determined, in part, by
contragtital limits on the frequency atid duration of intétruptiotis.>”
Customer response to I/C programis #5h poteéntially provide informa-
tion on the value firms place upon service reliability. This information is
revealed in three decisions made by the firm. First, the customer must
choose whether to participate in an 1/C program. Assuming risk neutral

behavior on the part of the firms, this will Happen only if the total cost they

expect to incur under the program is 1é$s thaf the credit they expect to
receive. The second decision involves the selection of a firm power level.
The choice of an FPL reveals the level of load 4t which the credit from
putting one more kW at fisk is offset by tHe éXpected costs of interrupting

that kW. The third décisign involves the ﬁm’s behavior at the time of an
interription. Most I/C rates allow customer fo ignore an interruption
request. The cost of non-compliance i typically a penialty imposed upon

each kW used in excess 6f the FPL. Thus, the peridlty for non-compliance

*7See Caves, Herriges and Windle (1988) for a descripiion of the différent elements
typically found in I/C programs and a review of tefi existing prugrams, -

Attachment to LGEI/KU #15(a)
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places an upper bound on the otitage costs fdr those firms that comply and
& lower bound on outage costs for those firms that do not comply.

There have been few studies explicitly linkintg custorer participation
and response to I/C rates to the value of service reliability. This is, in part,
due to the lack of informatioty aviilable on the reliability levels perceived
by program participants. Mafiy piagrams hiave cofitractual Lirnits on the
nutnber of interruptions, bt do not use these maximums. Thus, it is
difficult to infer the customet’s expectations regarding the extent of power
interruptions. Without informdtion oh the expetted kWh unserved by an
1/C program, the outage costs {$/kWh tnsérved) cannot be inferred. In a
recent study, Caves (1989) repatts that, using data from ten 1/C programs,
utility credits per KWh unserved exceeded $23 for half of the programs on
the basis of historical or contta¢tual interruption patterns. This exceeds

the outage costs (S/kWh unsetved) typically reported in the industrial

sector. Yet for these same progtaffis, participation rates were consistently
low, ranging frot 2.8 per cent to 12,4 per cent. 8

The primary lesson from the fésedrch to date using I/C programs is that
reliable outage cost estimates will only be forthcoming from these
programs when customers receive precise definitions of the reliability they
can expect to experienice under the prograrm and analysts cai obtain from
participants and non-participarits mezsures of their outage expectations. In
addition, both participants 4nd analysts must Ritow the expected loads
during these interruptions (.., kW unsetved)

B. Real-Time Pricing

Real-Time Pricing (RTP) refers to a class of rate structures in which the
price of electricity chatiges frequently in order to reflect current informa-
~ tion on system costs. The extreme formi of RTP, ‘spot pricing’, allows the
price of electricity to change instantafieously with no limitations on its leve]
or variability over time. In practice, real-time pricing programs have
abstracted from this extreme by providing customers with advance
warning, limiting the number of hours in the year subject to sudden price
changes, limiting the range of ptité clianges, and or limiting the number of
daily patterns RTP prices can follow.™ '
The relationship between real-titfie pricing and service reliability is less
direct than for I/C programs. RTP does not alter the reliability with which
customers receive power, Howéver, customer response to rapidly

¥ While the low participation rates may indi¢ate that customer oulage costs are high, one

must be careful in drawing this conclusion. A number of the 1/C programs in the US werc |

introduced 2s a means of reducing elactricity prices in the industrial and commercial sectors
and were largeted at specific firms. Othiér programis, however, such as the one at General
Public Utilities, indicate a genuifie intetéer if cast avoldance, using nurhierous interruptions

and significant penahies for no-pompliarice , o
$98ee Caves, Herriges and Windle (1988)for a review of recent RTP programs.
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KPSC Initial Data Requests to Midwest ISO

T

REQUEST: S g gnny

1. Refer to pages 2 through 5 of the Direct Testimony of James P. Torgeson concerning p_hf;
history and growth of MISO. e

a. Provide the following information for each year since 1996.

(1) MISO’s capital and operating budgets, as approved by its board of
directors, as well as any interim amendments made to those budgets.

(2) The allocation of MISQ’s annual budgets to Day One and Day Two
(energy markets) activities.

3) The total amount of the budget ailocated to salaries and benefits and the
number of employees included in the budget.

b. Provide the following information for each of the past 3 years beginning in
January 2001.

(1) The salary for each officer at the level of vice president and above, and
each director, and any bonus awarded.

2) The level of compensation paid to members of the MISO board of
directors.

c. Provide any salary or compensation study or analysis performed by or for MISO.
If none exists, explain in detail how MISO establishes the compensation levels for
its officers and directors.

OBJECTION:

The information sought in this Request is beyond the scope of the testimony of any of the
witnesses on behalf of the Midwest ISO and of the issues designated by the Commission in its
order initiating this proceeding. However, without waiving its objection, and in a spirit of

cooperation, the Midwest [SO provides the following response.

Witness: Michael P. Holstein
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RESPONSE:

a. The information requested does not exist for the time period specified. The earliest complete

records containing this information date from the year 2000.

(1) Attached is a copy of the Midwest 1SO’s Capital and Operating Budgets,

as approved by the Midwest ISO Board of Directors, for the years 2000
through 2004.

(2)  Attached is an allocation of the Midwest ISO’s Capital and Operating
Budgets, as approved by the Midwest ISO Board of Directors, showing
transmission costs recoverable under Schedule 10 for Day 1 as well as

market costs recoverable under Schedules 16 and 17 for Day 2.
3) Please refer to the document provided in response to Request 1(a)(1).

b. (1) Attached is a chart of the salaries of the Midwest ISO officers (at the level
of vice president and above) as reported in the FERC Form 1 (Annual Report for Major
Electric Utilities, Licensees and Others) for the years 2001 and 2002. As reported in the
FERC Form 1, the amounts shown are cumulative of each officer’s salary and bonus.
Those cumulative amounts are not yet available for the year 2003, but will be reported on
the FERC Form 1 to be filed on or before April 30, 2004. Elements of the compensation

of the directors are provided in the next subpart of this Response.

(2)  The level of compensation paid to members of the Midwest ISO Board of

Directors is voted on by Midwest ISO members. Payments to the directors are as

follows:

$30,000 — Director Fee per annum paid quarterly;

* Chairman Fee of $10,000 and Vice Chairman Fee of $5,000 per annum paid
quarterly;

* Committee Chairs - $3,000 per annum,;

Witness: Michael P. Holstein
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* Board Meetings and Committee Meetings - 31,000 per meeting;

* Meetings not coinciding with Board Meetings - $1,000 per meeting;
* Conference calls — not to exceed $500 per call; and

* Deferred Compensation per annum - $15,000 paid quarterly.

¢. The Midwest ISO engages The Hay Consulting Group (“THCG”) to annually assess the
relevant market and establish salary ranges appropriate for the job requirements of each
officer. The Midwest ISO has also engaged THCG to assess the relevant market for board
of director compensation. The resultant work product is proprietary to THCG, and is

provided to the Midwest ISO pursuant to an agreement by which its confidentiality must be

maintained.

Witness: Michael P. Holstein
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Salary for each officer at the level of vice president and above
Reported on Form 1

Jim Torgerson President and CEC

Michael Holstein  Vice President and CFO

Michael Gahagan Vice President, CiO & CS0

William Phillips Vice President of Operations

Stephen Kozey Vice President, General Counsel & Secretary

Alex DeBoissiere  Vice President & Chief Regulatory & Legislative Officer

Attachment to KPSC #1thy(1)

2001

464,160
136,895
285,943
274,832
269,250

2002

879,152
325,300
459,515
428,878
436,300
144,902
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REQUEST:

2. Refer to Exhibit RCH-1 of the Direct Testimony of Roger C. Harzy. Explain whether
Mr. Harzy attributed the increase number of Transmission Load Relief procedures at
Ievel 4 (“TL.R-4s™) since MISO took over control of the Louisville Gas and Electric
Company and Kentucky Utilities Company (“LG&E/KU”) system to the fact that TLR-4
type reconfigurations and redispatch did not previously occur, or to the fact that such
actions were not previously identified and reported as TLR-4s.

RESPONSE:

The most likely explanation for the increase of TLR Level 4s is that since the Midwest ISO
has begun operations, it has been able to identify many instances not previously identified where
— for a single contingency - a portion or all of the LGEE/Kentucky transmission system would

be at risk of significant overloading, or instability.

In the event that LGEE had chosen not to redispatch under a TLR Level 4 for these
constraints, the Midwest ISO then would have been forced to issue TLR Level 5 on the same
constraints. This would have resulted in curtailment of firm point-to-point transmission service

and a reduction in LGEE’s generation to load impacts across the constraint.

Supporting this explanation, there were no significant changes to the transmission system
in the Kentucky area or surrounding areas in the year immediately prior to the Midwest ISO
becoming operational, or the years following, that would account for the substantial increase in

the number of constraints identified and acted upon by the Midwest ISO, reflected in the exhibit.

Witness: Roger C. Harszy
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REQUEST:

3. Refer to page 12 of the Direct Testimony of Jonathan Falk (“Falk Testimony”)
concerning the NERC Disturbance Analysis Working Group (“DAWG”) reports used in
his analysis of expected lost kilowatt-hours (“kWh”).

a. Explain how Mr. Falk determined that all DAWG reports since 1990 were the
appropriate reports to review for his analysis.
b. Explain in detail why all DAWG reports since 1990 are representative of lost
kWh for LG&E/KU.
. RESPONSE:

a. The 1990-2000 DAWG reports [ used provide a sample which is both large
enough to be reliable and contemporary enough to exclude conditions which do not

resemble today’s conditions. In any case, the distribution is fairly stable over time.

b. Since these outages represent a wide range of individual systems, I know of no

reason why they should not be representative for LG&E/KU.

Witness: Jonathan Falk
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REQUEST:

4. Refer to page 17 of the Falk Testimony concerning the possibility of LG&E/KU
withdrawing from MISO.
a. Explain whether MISO performs reliability coordinator function for non-MISQO

RESPONSE:

members. Is yes, describe the terms of such arrangements and provide any formal
documentation of such terms, if it exists.

Provide a cost estimate for MISO to assume reliability coordination functions for
LG&E/KU assuming they are not members of MISO. Explain if this estimate is
reasonable to compare to the $2.7 million identified in the Falk Testimony as the
reliability benefits provided to LG&E/KU through membership in MISO. If a
comparison is not reasonable, explain why.

The Midwest [SO performs reliability coordination services for MAPPCOR
pursuant to a contract with MAPPCOR. The Midwest ISO does not currently

perform reliability coordination services for other entities that are not members of
the Midwest ISO.

No such analysis exists.

Witness:

(a) Roger C. Harszy
{b) Jonathan Falk
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REQUEST:
5. Refer to pages 3 through 5 of the Direct Testimony of Michael P. Holstein (“Holstein
Testimony”) concerning the merger of LG&E/KU.

a. Identify the specific evidence which Mr. Holstein relies upon to conclude that the
merger of LG&E/KU would not have occurred absent their commitment to join
MISO.

b. Explain whether Mr. Holstein has knowledge of whether the Federal Energy
Regulatory Commission (“FERC”) would have withheld its approval of the
merger if LG&E/KU had committed to join a Regional Transmission
Organization (“RTO”) as opposed to committing to join MISO.

RESPONSE:

a. Among the criteria examined by the Federal Energy Regulatory Commission (“FERC”)
in reviewing a Federal Power Act Section 203 application is the effect a merger would have on
competition. The LG&E/KU merger threatened to create unacceptably high concentrations of
generation ownership in the region. But for the voluntary agreement of LG&E and KU to place
their transmission assets under the control of an independent system operator, it is likely that the
FERC would have denied merger approval due to adverse effects on competition. The specific
evidence on which Mr. Holstein relies is the FERC’s order approving the LG&E/KU order,
which appears at Louisville Gas and Electric Co., 82 FERC ¥ 61,208 (1998).

Moreover, in recent mergers, the FERC has consistently relied upon the applicants’

commitments to participate in an independent system operator or RTO, including the Midwest

ISO, as a condition of the merger. See the following:

* AEP secured federal and state approvals for the nation’s largest utility merger based
largely on a commitment to place all of its eastern and all of its southwestern
transmission facilities under market-independent regional control by year-end 2001. See,

e.g., American Electric Power Co., et al., Opinion No. 442, 90 FERC § 61,242, at 61,788

Witness: Michael P. Holstein
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(2000), aff d sub nom., Wabash Valley Power Ass’nv. FERC, 268 F.3d 1105 (D.C. Cir.
2001).

» In Ameren Services Co., 101 FERC 9§ 61,202, at 61,842, 9 44 (2002), the Commission
made clear that the commitment by Ameren and CILCO to participate in MISO was an
action regarded by the Commission as “essential” in the Commission’s approval of the

Ameren-CILCO merger.

* The merger application that created Exelon was premised on ComEd’s commitment to
join an RTO, and the Commission relied on that commitment in allowing the merger. As
the Commission correctly summarized matters (in a final order that is binding on each of
the former Alliance Companies, including ComEd), ComEd is one of the “numerous
Alliance Companies [that] as a result of merger conditions or commitments made in
merger proceedings, are required to join an RTO.” Alliance Companies, et al., 97 FERC
961,327, 62,531 n. 35 (2001), citing Commonwealth Edison Company, et al., 91 FERC
9 61,036 (2000). The Commission further relicd on ComEd’s commitment to participate
in some RTO when it allowed ComEd to withdraw from the Midwest ISO. See Illinois
Power Co., et al., 94 FER‘C 961,069 (2001).

* FirstEnergy has also long been required to join an RTO as a condition to the merger that
formed it. See Alliance Companies, et al., 97 FERC 61,327 at 62,531 n. 35, citing Ohio
Edison Co., et al., 94 FERC 9 61,291.

* After Dynegy and Illinova expressly relied on Illinois Power’s participation in the MISO
to support their then-pending merger (see Joint Application in Docket No. EC99-99 at 6,
30, 36, and Appendix B), the Commission relied on [llinois Power’s MISO participation
in finding no adverse rate effects from the merger. [llinova Corporation, et al., 89 FERC
961,163, 61,487-88 (1999). Also see the citation of this order in Alliance Companies, et
al., 97 FERC 61,327 at 62,531 n. 35. The Commission further relied on Illinois Power’s
commitment to participate in some RTO when it allowed Illinois Power to withdraw from

the Midwest ISO. See {llinois Power Co., et al., 94 FERC ¥ 61,069 (2001).

‘Witness: Michael P. Holstein
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* Inapproving the proposed Columbia-NiSource merger, the Commission made clear that
it was relying upon NIPSCo’s commitment to join a Commission-approved RTO within
one year of merger closing. NiSource Inc. and Columbia Energy Group, 92 FERC
961,068, 61,239-40 (2000).

b. Mr. Holstein has no specific knowledge with respect to this question, which involves “what-
if” speculation. Mr. Holstein would note, however, that Independent System Operators
(*ISOs™) and RTOs are both independent entities that ensure open and non-discriminatory
transmission access to promote competition. Thus, the form of organization would not likely
have been material to the merger approval. In Order No. 2000, the Commission mandated
that 1SOs acquire the characteristics and functionality to become RTOs; therefore, the

Midwest ISO, which began its existence as an [SO, matured into the nation’s first RTO.

Witness: Michael P. Holstein
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REQUEST:

6.

Refer to pages 11 through 15 of the Holstein Testimony concerning the estimated
benefits to LG&E/KU through 2010 of continued membership in MISO.

a. Explain whether the starting year for the period “through 2010” is 2004. If yes,
explain why 2004 was used rather than 2005 as was used in the Direct Testimony
of Dr. Ronald R. McNamara (“McNamara Testimony”).

b. Provide the derivation of the Net Energy Market Benefits of $197.8 million
shown on page 14.

c. Provide the derivation of the $95 million in net present value of benefits shown on
page 11, which are referenced to the McNamara Testimony.

RESPONSE:

a. The starting year for the period “through 2010” in Mr. Holstein’s pre-filed
testimony is 2004. This is an error. It should have been 2005. Included with this
response are redlined copies of pages 12-14 and 16-17 of Mr. Holstein’s testimony,

which contain corrected values for these sections. See Attachment #6(a), pp. 1-5.

Please note that the corrections on the attached pages also require corrections to
Table RRM_1-1 to Mr. McNamara’s testimony. The corrections made to Table RRM_1-

I to Mr. McNamara’s testimony are to the following items:

* Cost of MISO Membership category, line item “Total of Schedule 10, 16, 17
Charges;” and

* Cost of Stand Alone Operation category, line itern “MISO Exit Fee.”

The net impact of the corrections made to these two line items is to change the result for
“Cumulative NPV Savings from MISO Membership” from $95,010,765 in

Mr. McNamara’s pre-filed testimony to $95,509,956 in the corrected version of Table
RRM_1-1. The corrected version of Table RRM_1-1 is Attachment #6(a), p. 6.

Witness: Michael Holstein
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b. 'The derivation of Net Energy Benefits is shown on the document attached hereto
as Attachment #6(b). These values are based on the corrected values in Table RRM_1-1,
and the corrections to the values in the table on page 16 of Mr. Holstein’s revised

testimony.

c. The derivation of the $95 million in net present value of benefits shown on page
11 of Mr. Holstein’s testimony is summarized in Table RRM_1-1 of Mr. McNamara’s

testimony.

Witness: Michael Holstein
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Midwest [SO’s implementation of short-term energy markets in its region.
Finally, if LG&E and KU remain in the Midwest ISO, LG&E and KU's retail
customers will avoid paying the withdrawal fee that would be imposed under
the Transmission Owners’ Agreement if LG&E and KU withdraw from the
Midwest ISO.

What benefits will LG&E/KU retail customers receive during that period as a
result of the companies’ merger?

As described above, under the settlement agreement approved by the
Commission on October 16, 2003, LG&E and KU’s retail customers will receive

an additional $361,748;846$143,776,752 in billing credits as a direct result of the

non-fuel savings created by the merger. That amount of billing credits will be
paid through June 2008. The costs to achieve the merger savings have been fully
amortized, so those billing credits and the lump sum payments made to certain
customers will reflect the entire amount of additional merger non-fuel savings
realized through June 2008, without offset. Additionally, LG&E and KU's retail
customers may receive additional benefits for non-fuel merger savings realized
after June 2008.

What are the future benefits of improved reliability through 20107

Based on Mr. Falk’s mean value of the reduced probability of loss of load of $2.7
million annually, the reliability benefits through 2010 to LG&E and KU’s retail

customers as a result of the companies’ continued participation in the Midwest

ISO is $18:9%$16.2 million.

M.P. Holstein
Page 12 of 20

Page |
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What is the sum total of the estimated merger non-fuel savings and reliability
benefits through 20107

The sum total of those amounts is approximately $38+$160 million.

What benefits will LG&E/KU retail customers realize as a result of the
Midwest ISO’s implementation of short-term energy markets in its region?
Dr. McNamara addresses benefits that LG&E and KU’s retail customers will
realize as a result of the Midwest ISO's short-term energy markets. Dr.
McNamara's testimony quantifies certain economic benefits that can only be
realized by LG&E and KU’s retail customers if LG&E and KU continue to
participate in the Midwest ISO. Dr. McNamara estimates that those benefits
range between $11.3 million and $12.9 million annually. The net present value of
the benefits quantified in Dr. McNamara’s testimony is $95 million over the
period 2005 through 2010. As Dr. McNamara points out, however, if LG&E and
KU continue participating in the Midwest ISO, LG&E and KU’s retail customers
will realize other potentially significant benefits that cannot easily be quantified.
Do the net benefits quantified in Dr. McNamara’s testimony include the
estimated merger benefits and reliability benefits quantified above as $181
million over the same period?

No, they do not.

Do the net benefits quantified in Dr. McNamara’s testimony include a
projection of the withdrawal fee required under the Transmission Owners

Agreement?

M.P. Holstein
Page 13 of 20
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Witness: Holstein Page 3

Yes.

How much is the projected withdrawal fee?

If LG&E and KU decide to pursue a withdrawal, the amount of the withdrawal
fee will depend on the effective date of the withdrawal. Under Article Five of the
Transmission Owners Agreement, a withdrawing transmission owning member
is responsible for all financial obligations incurred and payments applicable to
time periods prior to the effective date of the withdrawal. Furthermore, under
the Transmission Owners Agreement, a transmission owning member’s
withdrawal is not effective until December 31 of the calendar year following the
calendar year in which notice of withdrawal is given. If LG&E and KU were to
give the Midwest ISO a proper notice of withdrawal in calendar year 2003, the
earliest they could withdraw is December 31, 2004, assuming all regulatory
approvals were obtained in that time frame. Based on the Midwest ISO’s current
and projected obligations as of December 31, 2004, LG&E and KU’s estimated
withdrawal obligation as of December 31, 2004, would be $3824$38.3 million.
Why is it not the case, as LG&E and KU contend, that they could withdraw
from the Midwest ISO within 30 days of an order by this Commission
directing them to do so?

The provision in Article Seven of the Transmission Owners’ Agreement that
LG&E and KU refer to was intended to apply only during the preoperational
period — that is from the time those companies executed the Transmission
Owners’ Agreement until the Midwest ISO commenced operations. This was the

M.P. Holstein
Page 14 of 20
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Id. at 62,151.

How do the benefits you have described above compare to LG&E and KU's
costs of Midwest ISO membership through 2010?

LG&E and KU will continue to pay the Schedule 10 charges described above.
Additionally, when the Midwest ISO implements the energy markets, including
the administration of Financial Transmission Rights, it will recover its costs for
providing those services through two new rate schedules in the Midwest ISO
OATT: Schedule 16 (Financial Transmission Rights Administrative Service Cost
Recovery Adder) and Schedule 17 (Energy Market Support Administrative
Service Cost Recovery Adder). As explained by Dr. McNamara, LG&E and KU's
retail customers may also incur certain other costs as a result of participating in
the Midwest ISO. The table below illustrates the magnitude of the benefits I have
described above relative to the projected costs LG&E and KU will incur to
participate in the Midwest ISO through 2010.

Benefits to LG&E and KU Retail Customers Through 2010:

Costs Through 2010

Sehedrle-18-Costs $£56,060,000
Schedule 10 Costs $43,900,000
Schedule 16 Costs $8,600,000
Seheduwle 3 7-Costs 3006000
Schedule 17 Costs _$27,600,000
:ijiﬂﬂi (‘.EE,E..‘ &‘188;999;989
Total Costs $80,100,000
Benefits Through 2010

NetEnergy-Market-Benefits 5197800000
Net Energy Market Benefits 190,400,000

M.P. Holstein
Page 16 of 20
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Merger Surcredits $143,800,000
Reliability-Benefitsfloss-ofdoady = — $18.900.000
Reliability Benefits f{loss of load) $16,200,000
Total-Benefits{rominal-$) $378.400,000
Total Benefits (nominal $) $350,400,000

270,300,000

Net Benefits (nominal $)

The table above includes 100 percent of the projected costs to be charged to
MWhs of Transmission Service associated with LG&E and KU load in 2004
through 2010 under Midwest ISO OATT Schedules 10, 16 and 17. As 1 explained
above, Midwest ISO’s Schedule 10 costs are not currently included in base retail
rates. However, LG&E and KU recently announced that they will seek an
increase in their retail rates. LG&E and KU's notices to the Commission of the
forthcoming rate filings indicated that their application and testimony in support
of the rate increases would be filed on December 29, 2003, the same day this
testimony is due to be filed in this proceeding. Accordingly, I do not know
whether LG&E and KU will seek to include their Schedule 10 costs in their
historic test year or will propose some other mechanism by which retail
customers would pay a portion of the Midwest ISO’s Schedule 10, 16 and 17
costs. The table above is a representation of the effect of fully recovering these
costs from retail customers.

Do you believe the Commission should allow LG&E and KU to recover a
portion of their Schedule 10, 16 and 17 costs from their retail customers?

Yes. In fact, I believe it is appropriate for LG&E and KU to include in retail rates

all of the costs of the Midwest ISO under Schedules 10, 16 and 17. As noted

M.P. Holstein
Page 17 of 20
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Item No. 7

Page 1 of 1

Case No 2003-00266

KPSC Initial Data Requests to Midwest ISO

REQUEST:

7. Refer to lines 5-7 of page 3 of the McNamara Testimony. Explain what is meant by
“physical re-dispatch procedures” to the extent that the term “physical” implies “non-
physical” redispatch procedures.

RESPONSE:
(Assuming the question refers to lines 7-8 of page 3 of Mr. McNamara’s Testimony:)

Without centralized security constrained economic dispatch based on locational marginal prices,
the dispatcher has to use some mechanism other than price to re-dispatch the system in the event
a constraint arises. The current methodology, and the one that is used in non-market areas, is to
“cut” a schedule. In simple terms, the dispatcher does not allow the schedule to physically flow.
There is virtually no means for the parties to the schedule to indicate their willingness to pay
additional costs that might be incurred if that schedule were permitted to flow. Under LMP, the
schedule is not cut, but rather the associated costs are reflected in the prices and the decision is

left to the parties.

Witness: Ronald R. McNamara
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REQUEST:

8. Refer to pages 4 through 6 of the McNamara Testimony concerning the estimated
benefits of LG&E/KU’s continued membership in MISO. Provide the calculations,

supporting workpapers, etc. showing the derivation of all the savings amounts identified
on these pages.

RESPONSE:

These documents are available in electronic format and are included in the folder named
“Staff Item 8” on the CD-ROM named “Public Vol I” accompanying this response. Those
electronic documents for which confidential treatment has been requested are found in the folder

named “Confidential Staff Item 8, located on a separate, confidential CD-ROM.

Witness: Ronald R. McNamara
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REQUEST:

9. Refer line 14 of page 5 of the McNamara Testimony. Explain the term “volume.” Does
this mean an increase in actual energy produced and capable of being transferred or the
dollars realized from the sales?

RESPONSE:

LG&E / KU’s participation MISO centralized security constrained economic dispatch
and the resulting regional wholesale spot market will increase both the energy produced and the

dollars realized from sales when compared to LG&E / KU operation of transmission on a Stand

Alone basis outside of the MISO market.

Witness: Paul Centolella
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REQUEST:

10. Refer line 9 of page 6 of the McNamara Testimony. Explain what is meant by “likely
improvement in investment decisions” as referred to in this sentence.

RESPONSE:

The likely improvement in investment decisions refers to the ability to inform investment
decisions and operations based on transparent wholesale prices. As described in Section 5 of
Exhibit RRM-1, transparent location-specific wholesale markets can improve investment

decisions through a variety of mechanisms including:

* Enhancing the options for shifting some or all capital investment risks associated with

developing new generating capacity from ratepayers to investors;

* Identifying where it may be cost-effective to build new generation or transmission

capacity;

* Facilitating enhanced demand response 50 as to reduce the need for new investment in

generation or transmission capacity;

* Fostering the development of energy products designed to better match consumer risk
preferences and facilitating economic consumer investments that reflect the value and

marginal cost of power;

* Providing benchmarks and incentives for improved operations and greater unit

availability during peak price periods; and

* Improving the evaluation of the timing and capital intensity of investments made under

uncertainty.

Witness: Ronald McNamara
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REQUEST:

11.  Refer lines 15-16 of page 14 of the McNamara Testimony. If there is economic value to
a transaction, explain why the transacting entity does not request, and pay for, firm
transmission service to avoid having service curtailed.

RESPONSE:

Providing the option to purchase firm service is an inefficient and imperfect substitute for
recognizing the time- and location-specific economic value of transmission service. The
physical rights model in which distinctions between firm and non-firm service, duration of
transmission reservations, and the order in which reservations are received are substituted for
prices as indicators of economic value reflects a static perspective on how transmission produces
economic value that is at odds with the way in which power systems and electricity markets
actually function. For example, a given power transfer may be highly valued by a pair of market
participants for a few hours on a given day and not valued at all during any other hours. Since
firm transmission service is not offered on an hourly basis, they would have to purchase at least
daily firm service—potentially precluding others from buying firm service to meet their high
value service requirements during different hours on that day. Having purchased daily firm
service, their transaction could nonetheless be preempted by longer term reservations even where
the service provided under the longer term reservation produced smaller economic benefits.
And, if we extend the example by assuming that this pair of market participants bought long-
term firm service, they would receive at most only a right to be curtailed on a pro rata basis
under a TL.R 4 or above with other transactions that had the same curtailment priority, but

potentially a much lower economic value.

Witness: Paul Centolella
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REQUEST:

12, Refer to lines 23-25 of page 20 of the McNamara Testimony. Explain what is meant by
“point-to-point charges are essential to avoid cross-subsidizing transmission users
seeking a ‘free ride’ on transmission investments made by others.”

RESPONSE:

In the absence of applying MISO point-to-point transmission service charges to purchases made
at the MISO boundary, external purchasers, such as LG&E and KU in the Stand Alone scenario,
would become free riders taking power at the MISO boundary without contributing to the
recovery of costs for the transmission service required to move that power from generators
within MISO to the MISO border. Permitting free riders to purchase at the MISO border without
paying for MISO point-to-point transmission service would unfairly penalize MISO members

and tend to erode or prevent the development of efficient energy markets.

Witness: Ronald McNamara
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REQUEST:

13.  Refer to page 21 of the McNamara Testimony concéming KRS 278.214 and how MISO
energy markets address the requirement contained therein. Affirm or deny that under the
MISO tariffs LG&E/KU will be able to comply with the requirement to interrupt retail
loads, only after interrupting all other customers whose interruption may eliminate the
transmission emergency.

OBJECTION:

Midwest ISO cannot affirm or deny that one or both of two of its member transmission owners,
LG&E and KU, will always or ever be able to comply with the requirement of KRS 278.214 in
the face of unspecified hypothetical events in the future. Midwest ISO does not know of any
situation that has yet arisen in which there would be any obligation or requirement on LG&E or
KU under KRS 278.214; the referenced testimony states that real-time markets, such as the ones

being proposed by Midwest ISO, avoid situations in which there are interruptions of service to

end-use customers.

Midwest 1SO is aware that there is litigation in the Franklin Circuit Court and the federal court
for the Eastern District Court involving the Commission and others, including LG&E/KU, in
which the meaning and interaction of KRS 278.214 with federal requirements are in dispute.

Midwest ISO is not a party to those proceedings and has taken no position with respect to them.

Witness: (Not Applicable)
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REQUEST:

14. Refet to Exhibit RRMI-1 to the McNamara Testimony. Does the analysis contained in
the exhibit reflect the potential impacts of other MISO projects currently under
consideration, such as, but not limited to:

a. The costs of implementing, operating, and complying with MISO’s resource
adequacy proposal; and

b. Potential subsidies for “Reliability Must Run” units that would not be economical
to operate without subsidy, etc.

RESPONSE:

a. The analysis contained in the exhibit reflects the potential impacts of implementing,
operating and complying with the Midwest ISO’s interim resource adequacy proposal to
the extent that the Midwest ISO’s interim resource adequacy proposal reflects what is

currently in place today and implemented by the applicable reliability authorities.

b. No Reliability Must Run units have been identified in or adjacent to the LG&E/KU load
zone. The Midwest ISO has not proposed and does not expect that subsidies for
Reliability Must Run units will be paid by entities outside the load zone in which any
such units may be located. Thus, there were no relevant subsidies for Reliability Must

Run units to include in the analysis.

Witness: Ronald McNamara






Item No. 15

Page 1 of 3

Case No 2003-00266

KPSC Initial Data Requests to Midwest [ISO

REQUEST:

2. Refer to page 14 of the Falk Testimony concerning surveys related to the value of lost
load (“VOLL”).

a.

RESPONSE:

a.

Provide the applicable sections of the Caves, Herriges, and Windle and the Pupp
and Woo surveys referenced by Mr. Falk which support the VOLL amounts
discussed by Mr. Falk.

The first sentence on line 7 states that there have been many studies of VOLL,
although Mr. Falk only references the two studies cited in part (a) of this request.
Identify all the other studies with which Mr. Falk is familiar and provide the
VOLL estimates from each of these additional studies.

Copies of the two surveys are provided.

(N.B. To respect copyrights in the Caves, Herriges, and Windle survey and the
Woo and Pupp survey, one copy of each is being filed separately with the
Commission. A copy of the surveys is also located at the offices of Midwest
ISO’s in-house and outside counsel, and may be reviewed there by arrangement

with counsel.)

In addition to the two surveys specifically referenced in my testimony, studies
relating to VOLL with which I am familiar, that are relevant, and for which I can
provide specific identifying information are listed below. The specific estimates
found in my testimony do not appear in these studies. Rather, I derived those

estimates based upon my reading of the entire literature.

(N.B. Given the volume of the materials and the fact that many are subject to a
copyright held by a third party, copies of the identified studies are not provided
with this response. Copies of these materials are located at the offices of Midwest
1S0’s in-house and outside counsel, and may be reviewed there by arrangement

with counsel.)

Witness:

Jonathan Falk
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(1) Stoft, “Price Spikes and the Value of Lost Load,” Power System Economics,
January 31, 2001 (Draft), 128 pp.

(2) Enc Hirst and Stan Hadley, sponsored by U.S. Environmental Protection Agency,
Energy Division, “Maintaining Generation Adequacy in a Restructuring U.S.
Electricity Industry,” October 1999, 53 pp.

(3) Mohan Munasinghe, “Optimal Planning, Supply Quality and Shortage Costs in
Power Systems: Case of Costa Rica,” The Energy Journal, vol. 9, 1988, pp. 43-
75.

(4) The Energy Journal, vol. 9, 1988, Special Issue on Energy Reliability:

* William B. Poland, “The Importance of Including Uncertainties in Economic
Generation Reliability Planning,” pp. 19-32.

¢ Lucien Gouni and Phillipe Torrion, “Risk and Cost of Failure in the French
Electricity System,” pp. 33-37.

* Eric Woychik, “Regulatory View of Capacity Valuation in California,” pp.
39-42.

* Andrew A. Goett, Daniel L. McFadden, and Chih-Keung Woo, “Estimating
Household Value of Electrical Service Reliability with Market Research
Data,” pp. 105-20.

* Michael J. Doane, Raymand S. Hartman, and Chi-Keung Woo, “Household
Preference for Interruptible Rate Options and the Revealed Value of Service
Reliability,” pp. 121-34.

* Michael J. Doane, Raymand S. Hartman, and Chi-Keung Woo, “Households’
Perceived Value of Service Reliability: An Analysis of Contingent Valuation
Data,” pp. 135-49,

* Dennis M. Keane, S. Leslie MacDonald, and Chi-Keung Woo, “Estimating
Residential Partial Outage Cost with Market Research Data,” pp. 151-59.

* Chi-Keung Woo and Kenneth Train, “The Cost of Electric Power
Interruptions to Commercial Firms,” pp. 161-88.

(5) Arun P. Sanghvi, “Optimal electricity supply reliability using customer shortage
costs,” Energy Economics, vol. 5, no. 2, April 1983, pp. 129-36.

Witness: Jonathan Falk
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(6)

()

(8)

®)

Douglas W. Caves, Joseph A. Herriges, and Robert J. Windle, “The Cost of
Electric Power Interruptions in the Industrial Sector: Estimates Derived from

Interruptible Service Programs,” Land Economics, vol. 68, no. 1, February 1992,
pp- 49-61

Southern Australian Independent Industry Regulator, “Electricity Tariffs and
Security of Supply,” Information Paper No. 1, June 2000, 24 pp.

Klaus Moeitner and David Layton, “A Censored Random Coefficients Model for
Pooled Survey Data With Application to the Estimation of Power Outage Costs,”
37 pp.

Benjamin Bental and S. Abraham Ravid, “A simple method for evaluating the
marginal cost of unsupplied electricity,” The Bell Journal of Economics, vol. 13,
no. 1, Spring 1982, pp. 249-53.

(10) Energy Information Administration, “Performance Issues for a Changing Electric

Power Industry,” January 1995, Appendix B (The Economics of Electric Power
Reliability), pp. 45-47.

(11) Michael L. Telson, “The economics of alternative levels of reliability for electric

power generation systems,” The Bell Journal of Economics, vol. 6, no. 2 (1975),
pp. 679-94.

Witness:

Jonathan Falk
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REQUEST:

3. Refer to pages [5 and 16 of the Falk Testimony concerning the aggregate value of
increased reliability.

a. Provide a detailed description of the “sample from the distribution of lost
kilowatt-hours [used] to simulate kilowatt-hours lost in the outage.”

b. Provide the VOLL amount(s) used in Mr. Falk’s analysis.

C. Provide the loss amount for each percentile from 86 to 89 and from 91 to 95.
RESPONSE:
a. The distribution of lost kilowatt-hours was modeled as log-normal with

parameters of y = 12.73 and o = 2.14. Thus, to simulate lost kilowatt-hours, the rand()
function of Excel was used to simulate a uniform 0-1 value, the normsinv() function of
Excel was used to transform this value into a standard normal variate, and then Excel’s
exp() function was used to transform the standard normal times g plus ¢ into a

lognormally distributed variate.

b. VOLL was chosen as a uniformly distributed value between $4.00 and $8.00.

Thus, it varied across iterations.

C.
86 $0
87 $17,993
88 $125,323
89 $278.,882
91 $818.670
92 $1,285.268
9a3 $1,962811
94 $2,996.527
95 $4,519.328

Witness: Jonathan Falk
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REQUEST:

20. Please provide a list of the specific services that are provided or will be pro%e_d by-MISO
that create merger benefits for LG&E/KU retail customers. o

o

OBJECTION: By

The Midwest 1SO objects to this request as it is premised on a misreading of the prepared
Testimony filed on its behalf. The merger benefits are those savings that have been claimed by
LG&E and KU as stemming from the merger of those two companies, and are to be shared with
their Kentucky retail customers through the tariffed merger surcredit. The FERC’s approval for
that merger was based on continued LG&E and KU participation in the Midwest ISO; therefore,
that participation was either a but-for condition or one of the sufficient conditions for effecting
the LG&E-KU merger. No erger, no merger benefits. Although services are and will be
provided to Midwest ISO members, it was membership participation, rather than the receipt of
those services, that was the necessary or facilitating condition of the FERC’s approval of the
merger. Please refer to pp. 3-5 and 10-11 of the Testimony of Michael P. Holstein and pp. 8-11
of the Testimony of James P. Torgerson.

Witness: (Not Applicable)
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REQUEST:

21.

Please provide all data, work papers and any other supporting documents that were used
by Mr. McNamara or by any persons that Mr. McNamara supervised in the preparation of
the cost-benefit study for which Mr. McNamara provides testimony in this proceeding.
Please provide all electronic files, such as Excel Spreadsheets, Access Databases, CSV
files (i.e., text files) and files that are the product of any computer software programs that

were used in the conduct of the study on which Mr. McNamara testifies,

OBJECTION:

The request for “all data, workpapers and any other supporting documents” and “al|
electronic files ... that are the product of any computer software programs” calls for a massive
amount of information, some of it ephemeral in nature and some of it not within the possession
or control of the Midwest ISO. To provide a complete response would require, inter alia,
turning over proprietary software and source code, intermediate data generated during model
runs, and computer diagnostic and transactional information. Much of the material sought is
irrelevant and would be unduly burdensome to produce (particularly given that it is of dubious
usefulness to the requesting party). In addition, the request asks for (1) information protected
from disclosure as attorney-client communications or work product; (2) data provided by
LG&E/KU or which it has already received and reviewed pursuant to an agreed-upon procedure
for confirming or verifying the accuracy of information about LG&E/KU; and (3) information
which is confidential or proprietary to the Midwest ISO or a third party or for which open

disclosure would give LG&E/KU or others an unfair competitive advantage.

Without waiver of its objection and in the spirit of cooperation, the Midwest ISO is
providing aresponse to this request. In addition to documents and fileg provided in response to
more specific requests, a large number of electronic files are provided on accompanying CD-
ROMs. However, despite the volume of data it is providing, the Midwest ISO is not providing
all responsive material. It ig not providing information protected from disclosure, or data for

which the burden of production is undue given the limited relevance or usefulness of the data or

Witness: Ronald McNamarg
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the competitive harm that might result from open disclosure. An example of such undue burden

wotld be the production of the 30-second interval data from the MISO flowgate monitoring tool;

where hourly interval data has been compiled, it is being provided.

RESPONSE:

See, generally, the files on the accompanying CD-ROMs “Public Vol. I” and “Public

Vol. IL.” Electronic files responsive to this request for which confidential treatment is sought are

contained on a “Confidential Volume” CD-ROM.

See also the attachments to the responses to Staff Data Requests 1 and 6, and LG&E/KU
Data Requests 44 and 45,

Witness: Ronald McNamara
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REQUEST:

22. Mr. McNamara (p. 4. L 17-19) states that continued membership after the
implementation of centralized security constrained economic dispatch and the resulting
day- ahead and real-time energy markets yields yearly ongoing net benefits of
approximately $12 million per year. Mr. McNamara, (p5 1. 15) states that, compared to
the stand-alone case, it is anticipated that LG&E/KU will realize approximately $8.3
million in additional benefits from being part of a large regional wholesale electricity
market. Please account for the difference between the $8.3 million and $12 million.

RESPONSE:

Onp.4atil 17-19, my testimony refers to the net annual benefit of continued
membership in the MISO after implementation of centralized security constrained economic
dispatch and the resulting energy markets. This figure of approximately $12 million per year in
savings is reflected on the Net Cost Savings of MISO Membership line of Table RRM_1-1.

Onp.5atl 15 my testimony discusses the annual benefits of being part of a large
regional wholesale electricity market associated with the opportunity for LG&E / KU to increase
the volume of their off-system sales. The figure of approximately $8.3 million per year in annual
benefits is reflected in the Lost Margin on Wholesale Sales line of Table RRM_1-1.

The differences between the $8.3 million and $12 million figures are shown in Table
RRM_1-1.

Witness: Ronald McNamara
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REQUEST:

23, Mr. McNamara (p. 14, lI. 18-25 ) describes how NERC TLR procedures can affect

transactions. Will MISO use TLRs after the Day 2 startup? If so, will MISO base its
TLR calls on actual power flows or on estimated distribution factors?

RESPONSE:

The Midwest ISO will use TLRs after Day 2 startup to curtail transactions that are “in” or
“out” (ransactions, meaning that the transaction has a source outside of the Midwest ISO and a
sink within the Midwest ISO, or conversely, a source within the Midwest ISO and a sink outside

of the Midwest ISQ. In these instances, the use of TLR will be based upon actual power flows.

Witness: Ronald McNamara
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REQUEST:

24, Mr. McNamara (p. 16, Il. 1-20) discusses MISO’s use of real-time information from
multiple utilities.

a. Will MISO be able to perform in real-time the analysis that Mr. McNamara
describes in his testimony as “after the fact”?

b. Please explain why the use of AEP is a reasonable example even though AEP is
not (and does not intend to be) a MISO member.

c. What is the status of negotiations with AEP on a coordination agreement with
MISQO?
RESPONSE:
a. Yes. For the management of real-time market mitigation of internal constraints,

real-time data will be used to manage transmission facilities rather than predicted effects.

b. The AEP line is just an example. However, we will be monitoring and including

contingencies from the Baker to Bradford line in our dispatch process.

c. The Midwest ISO and AEP have begun confidential discussions regarding the

development of a coordination agreement.

Witness: Ronald McNamara
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REQUEST:

25.  Mr. McNamara states (p. 18, 11. 2) that “We do not anticipate continuing to have short-
term TRM in the real-time market.” How does the MISO propose to facilitate

transmission capacity for Automatic Reserve Sharing within ECAR, which is currently
included in the TRM?

RESPONSE:

It is my understanding that the Midwest ISO is planning to simulate generator
contingencies as well as the response from reserve sharing groups to ensure that enough

transmission capacity is available should a generator be lost. It is also my understanding that

under centralized dispatch this analysis will be more dynamic than it is today.

Witness; Ronald McNamara
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REQUEST:

26. Referring to Mr. McNamara’s testimony (p.7, II. 18-25). Does MISO need full
participation of all MISO generation and load in the set of day ahead and real-time offers
and bids in order to prrovide its members the benefit of coordinated economic unit
commitment and dispatch?” If not, what level of participation is required?

RESPONSE:

No. To avoid the costs of uneconomic resource utilization, resources that could be on the
margin, given their relative costs and the extent of uncertainty regarding load, generator
operations, and transmission availability, can be expected to bid into the energy markets. The

resulting level of participation will change with market conditions.

Witness: Ronald McNamara
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REQUEST:

27. Mr. McNamara (p. 8) acknowledges that through and out rates will be eliminated. Will
the proposed elimination of the through and out rates between MISO and PIM change the
hurdle rates discussed on page 8? If so, by how much? If not, why not?

OBJECTION:

The Midwest ISO objects to this Request on the basis that it mischaracterizes Dr.

McNamara’s testimony. Without waiver of its objection, the Midwest ISO provides the

following response.

RESPONSE:

No. For purposes of this analysis, the hurdle rate between MISO and PIM was set at
$0.00 per MWH.

Witness: Ronald McNamara
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REQUEST:

28.  Mr. McNamara (p. 14, II. 1-2) discusses the average unused available transmission ca-
pacity (“ATC”) during the TLR calls. Does the 9.31% unused ATC include any “head
room” related to a safety factor, for example, 95% of OSL, used in issuing TLRs?

OBJECTION:

The Midwest ISO objects to this Request on the basis that it mischaracterizes Dr. McNa-

mara’s testimony. Without waiver of its objection, the Midwest ISO provides the following re-

sponse.

RESPONSE:

The average 9.31% of the (post-contingency) flowgate capacity described in my testi-

mony is not related to the calculation of ATC between control areas.

The real-time energy market will enable MISO to match power flows to (post-
contingency) flowgate limits, minimize the use of TLRs, and largely eliminate the need to main-

tain “head room” after any TLRs are implemented.

Witness: Ronald McNamara
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REQUEST:
29.  Referring to Mr. McNamara’s Exhibit RRM-1 [p.2 et seq].
a. For what sample of hours were production costs and power flow modeling results
calculated?
b. Were results calculated for a hypothetical peak hour only, for all 8,760 hours of

2004 or some other year, or for some other period(s)?

RESPONSE:

a. Results were calculated for an 8760-hour year using PROMOD 1V, an hourly
chronological production costing and power flow model. Given the amount of data in the
model, output reports were not produced for all result values on an hourly basis. For
some model outputs, the model accumulated hourly values and reported values on a

monthly basis.

b. See the response to part (a) above.

Witness: Ronald McNamara
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REQUEST:

30.  Referring to Exhibit RRM-1, pp.6-7. Please provide an electronic file (e.g., Excel
Spreadsheet) that has complete LMP results for all periods and both the LG&E/KU as
MISO member case and the LG&E/KU as standalone system case.

RESPONSE:

The .BUS, .BS1, and .BS2 files in the folder “Staff Item 8" of the accompanying CD-
ROM named “Public Vol. I” provide complete LMP results for all cases.

Witness: Ronald McNamara
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REQUEST:
31 Referring to Mr. McNamara’s Exhibit RRM-1, p.8.

a. Please identify any facilities, other than FG 2195 and FG 2500, on which you
made Transmission Reserve Margin (TRM) adjustments,

b. For all facilities on which you made TRM adjustments, what capacities did you
assume for the standalone alternative before and after the adjustments?

C. What capacities did you assume for all such facilities on which you made TRM
adjustments for the LGEE-within-MISO alternative?

RESPONSE:

a. There was a typographical error in Exhibit RRM-1: “FG 2195” should read “FG 2915.”
TRM adjustments were not made on flowgates other than FG 2915 and FG 2500.

b. During the modeling, we applied the higher of the TLR adjustment or the TRM

adjustment. The specific capacities used for each facility considered for TRM adjustment are

listed below.
1) LGE KU in MISO
FG 2915 - 26855 27042 1 10NEWTVL 138-11CLVRPR 138 ckt 1 Capacity 143 MW
FG 2500 - 26855 270421 10NEWTVL 138-11CLVRPR 138 ckt 1 Capacity 143 MW
2) Cost to Serve Control Area Load - LGE KU in MISO
FG 2915 - 26855 27042 1 10NEWTVL 138-1 ICLVRPR 138 ckt 1 Capacity 143 MW
FG 2500 - 26855 27042 1 10NEWTVL 138-11CLVRPR 138 ckt 1 Capacity 143 MW
3) Cost to Serve Control Area Load - LGE KU Stand Alone Effective Physical
Limits
FG 2915 - 26855 27042 1 1ONEWTVL 138-11CLVRPR 138 ckt 1 Capacity 130 MW

FG 2500 - 26855 270421 10NEWTVL 138-1 ICLVRPR 138 ckt 1 Capacity 130 MW

Witness: Ronald McNamara
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4) Cost to Serve Control Area Load - LGE KU Stand Alone Financial Hurdle Rates
FG 2915 - 26855 270421 10NEWTVL 138-11CLVRPR 138 ckt 1 Capacity 143 MW
FG 2500 - 26855 270421 10NEWTVL 138-11CLVRPR 138 ckt 1 Capacity 143 MW
5) LGE KU Stand Alone Effective Physical Limits and Financial Hurdle Rates

FG 2915 - 26855 27042 1 10NEWTVL 138-11CLVRPR 138 ckt 1 Capacity 130 MW
FG 2500 - 26855 27042 1 10NEWTVL 138-11CLVRPR 138 ckt | Capacity 130 MW

6) Cost to Serve Control Area Load - LGE KU Stand Alone Effective Physical

Limits and Financial Hurdle Rates
FG 2915 - 26855 27042 1 IONEWTVL 138-11CLVRPR 138 ckt 1 Capacity 130 MW
FG 2500 - 26855 27042 1 10NEWTVL 138-1 ICLVRPR 138 ckt 1 Capacity 130 MW

c. ‘TRM adjustments were not made in the LGEE within MISO case. See also response part
(b) above.

Witness: Ronald McNamara
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REQUEST:

32. Referring to Mr. McNamara’s Exhibit RRM-1, Table RRM 1-1. What was assumed with

regard to LG&E/KU retail load paying Schedule 1, 7, 8, and 14 charges under the
standalone system option?

RESPONSE:

The reference to “Schedule 1, 7, 8, and 14” in Table RRM_1-1 is to Schedules 1, 7, 8,
and 14 in the Midwest ISO Open Access Transmission Tariff. LG&E/KU would pay charges

under Schedules 1, 7, 8, and 14 when purchasing power within the Midwest ISO footprint and
importing that power to serve LG&E/KU retail load.

Witness: Ronald McNamara
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REQUEST:
33. Referring to Mr. McNamara’s Exhibit RRM-], Table RRM 1-3.
a. Please explain the basis or rationale for each of the figures with values above
0.10.
b. Please confirm that these figures are in units of $/MWh.
RESPONSE:
a.
Source to Sink or On-Peak Off-Peak | Basis
Component (with a value
above 0.10)
MISO to LGE & KU
Base Non-Firm Hourly $3.50000 | $1.75000 | MISO discounted Schedule 8, 14, 18,

Service

and 19 Non-firm Hourly Point-to-
Point Transmission Service rates

Ancillary Service 1 0.15137 NA | MISO Schedule 1 Transmission

(Scheduling, System Control, <0.10 | Service rates

and Dispatch Service)

Ancillary Service 2 (Reactive 0.37347 | 0.17736 | MISO Schedule 2 Transmission

Supply and Voltage Control) Service rates

Ancillary Service 3 0.11000 | 0.11000 | MISO Schedule 3 Transmission

(Regulation and Frequency Service rates based on exporting

Response Service) power from a Cinergy bus into
LG&E /KU

Schedule 10 (ISO Cost 0.15000 | 0.15000 | MISO Schedule 10 Transmission

Recovery) Service rates

Total Tariff 441014 | 2.38454 | Total of Applicable MISO
Transmission Service Charges

Transaction Costs 3 3 | Professional experience and

judgment as to the transaction costs
(including: search, contracting,
scheduling, settlement, and dispute
resolution costs) and the opportunity
costs of being unable to identify and
complete the most economic set of
transactions in a timely manner that
are incurred as a result of relying on
bilateral transactions, expressed in
$/MWH
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Source to Sink or On-Peak Off-Peak | Basis

Component (with a value

above 0.10)

Total Hurdle Rate 7.41014 | 538454 | Sum of Total Tariff charges and
Transaction Costs

LGE & KU to MISO or

PIM

Schedule 8 Non-Firm Point-
to-Point Service

$2.4329 | $1.1585 | Pricing for Non-Firm Point-to-Point
Transmission Service based on
LGEE revenue requirements as
reported to MISO

Schedule 2 (Reactive Supply
and Voltage Control from
Generation Sources)

0.3 0.15 | Pricing for Schedule 2 Ancillary
Service Charge from LG&E / KU
Pro Forma Open Access
Transmission Tariff of October 9,
1997 based on LGEE revenue
requirements as reported to MISO

Schedule 3 (Regulation and
Frequency Response)

0.199 NA | Pricing for Schedule 3 Ancillary
<0.10 | Service Charge from LG&E / KU
Pro Forma Open Access
Transmission Tariff of October 9,
1997 based on L.GEE revenue
requirements as reported to MISO

Total Tariff

3.01520 | 1.48680 | Sum of Applicable Transmission
Service Charges

Transaction Costs

3 3 | Professional experience and
judgment as to the transaction costs
(including: search, contracting,
scheduling, settlement, and dispute
resolution costs) and the opportunity
costs of being unable to identify and
complete the most economic set of
transactions in a timely manner that
are incurred as a result of relying on
bilateral transactions, expressed in
$/MWH

Total Hurdle Rate

6.01520 | 4.48680 | Sum of Total Tariff charges and
Transaction Costs

PJM to LGE & KU

Discounted Non-firm Price

$0.67 Based on PJM Non-Firm Pricing and
Discounting Policy, PTM Regional
Transmission and Energy Scheduling
Practices

Witness: Ronald McNamara
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Source to Sink or On-Peak Oftf-Peak | Basis

Component (with a value

above 0,10}

Control Area Services 0.3042 Approved 2004 PIM Control Areas
Services rate

Regulation & Frequency 0.4379 Approved 2004 PIM Regulation and

Response Frequency Response rate

Total Tariff 1.4854 Sum of Applicable Transmission
Service Charges

Transaction Costs 3 Professional experience and
judgment as to the transaction costs
(including: search, contracting,
scheduling, settlement, and dispute
resolution costs) and the opportunity
costs of being unable to identify and
complete the most economic set of
transactions in a timely manner that
are incurred as a result of relying on
bilateral transactions, expressed in

. $'MWH
Total Hurdle Rate 4.48540 Sum of Total Tariff charges and

Transaction Costs

b. Yes, the figures are in units of $/MWh.
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REQUEST:
34, Referring to Mr. McNamara’s Exhibit RRM-1, Table RRM 1-6.

a. Please explain how congestion costs can be negative and why the largest absolute
congestion costs (7/20, hours 15 and 17) are negative.

b. In hours when congestion costs are negative, are prices at LG&E/KU’s resource
locations higher than prices at LG&E/KU’s sink locations? If so, how can this
occur?

c. Does the analysis implicitly assume that, in hours when congestion costs are

negative, LG&E/KU is transporting power from high-cost locations to low-cost
locations? And if it does not assume that, what does it assume?

RESPONSE:

a. Although it is possible to imagine a hypothetical FTR allocation in which the
congestion revenues collected by an RTO might be insufficient to permit that RTO to pay
out 100% of the value of allocated FTRs, the MISO allocation analyzed in Exhibit RRM-

1 has been designed to avoid such a result.

b. When congestion costs are negative, the LMP prices at LG&E/KU resource
locations would generally be higher than at LG&E/KU load locations (in the absence of
possible counter effects due to the marginal loss component of the LMP). This can occur
when substantial power flows through the LG&E/KU system cause internal congestion

counter to the direction of LG&E/KU generation-to-load.

It should be noted that the level of LMP prices at LG&E/KU resource locations does not

directly affect the cost of generation to serve LG&E/KU retail ratepayers for whom rates

are set on a cost of service basis.

c. The analysis does not imply that, when congestion costs are negative, LG&E/KU
is physically transporting energy from high-LMP locations to low-LMP locations.
Physically, flow into and through the low-price load zone is physically serving that load,

and LG&E/KU generation at the higher-price locations is replacing energy used to serve
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that load and flowing out to serve other loads outside of the LG&E/KU area. On a cost
accounting basis, it appears that generation at high-LMP locations is being assigned to
serve load at low-LMP locations, but the physical flows are in the opposite direction

because of regional power transfers through the LG&E/KU area.

Witness: Ronald McNamara
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REQUEST:

35.  Referring to Mr. McNamara’s Exhibit RRM-1, (p.11), does the figure assume that the
FIR payouts to LG&E/KU in the Day 2 Market will equal 100% of their nominal value?
If not, what was assumed?

OBJECTION:

The request is vague and ambiguous in failing to specify what is meant by “100% of their
nominal value.” Without waiver of its objection, the Midwest ISO provides the following

response based on its understanding of the request.

RESPONSE.:

Although it is possible to imagine a hypothetical FTR allocation in which the congestion
revenues collected by an RTO might be insufficient to permit that RTO to pay out 100% of the
value of allocated FTRs, the Midwest ISO allocation analyzed in Exhibit RRM-1 has been

designed to avoid such a result.
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REQUEST:

36. Referring to Mr. McNamara’s Exhibit RRM-1, and his discussion of the PROMOD 1V
model (Section 2.0, Quantification of Near Term Congestion Management and Net
Margin On Off-system Sales Benefits).

a.

RESPONSE:

Please provide all of the supporting documents, work papers and data supporting
these documents and work papers for the analysis conducted of the quantification
of near-term congestion management and net margin on offsystem sales benefits.

What is the objective function used in the PROMOD IV model employed by
MISO?

Do the “transmission interface limits” used by PROMOD [V change dynamically
within PROMOD 1V in response to changes in flows throughout a 24 hour
period?

Cases 2.7.3 and 2.7.4 imposed hurdle rates on certain LG&E/KU transactions
because LG&E/KU was not a member of an RTO. Were similar hurdle rates
applied to other non-RTO participant entities in the Eastern Interconnect? If $0,
what were these hurdle rates?

Mr. McNamara (p. 2, Exhibit RRM-1) states that the PROMOD IV model
calculates hourly production costs and location-specific market clearing prices.

i. How is the Output from PROMOD IV analysis used to calculate the
benefits of FTRs, given that MISO has proposed to apply FTRs to the day-
ahead market?

ii. Does this mean that, for the results of the PROMOD IV model to be used
to calculate the benefits of FTRs, it must be assumed that hourly day-of-
dispatch results from PROMOD IV are an accurate representation of day-
ahead market outcomes?

a. Please see the Midwest ISO’s response to LGE/KU Data Requests, Midwest ISO Request
Numbers 21, 38(b) and 42.

Witness:
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b. During its unit commitment process, PROMOD IV considers the start-up costs and
variable operating costs of each generating unit to develop a unit commitment schedule.
Once the unit commitment schedule is developed, PROMOD IV dispatches the power
system in each hour to minimize total variable production costs. For generating units,
these costs include fuel costs (applied to the heat rate profile of the unit), variable O&M
costs, and emissions costs. Each unit’s cost is scaled by a dynamic transmission loss
factor that is calculated each hour during the dispatch, reflecting the unit’s incremental
effect on total system transmission losses. Additionally, economy transfers from one area
to another area are priced to reflect the hurdle rate for that buyer/seller pair. Also
included in the objective function is the hourly energy cost for dispatchable purchases

and sales with areas outside the modeled footprint.

C. During its economic dispatch, PROMOD IV monitors a set of flowgates, each of which
may be an individual transmission branch or a composite of interface limits. The limit
for each PTDF constraint is constant from hour to hour. The post-contingency flow limit

for each OTDF constraint is also constant from hour to hour.

d. Yes. In all cases, hurdle rates were applied when modeling exports of power from a
specified area not a member of an RTO. The following hurdie rates were applied to other

non-RTO entities in each of the scenarios analyzed:

: Total Hurdle Rate
Source Sink (3/MWh)
On-Peak | Off-Peak
SPP All other directly $6.4633
interconnected areas
Big Rivers Electric All directly interconnected $6.80 $5.05
Cooperative areas
East Kentucky Power All directly interconnected $7.24049 $5.49049
Cooperative areas
All other specified areas All directly interconnected $6.50 $4.50
areas
e. PROMOD 1V was used to calculate the congestion costs in hourly LMP prices that would

not be covered by FTR allocations. The Midwest ISO has proposed to settle FTRs at
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Real-time Prices until the Day Ahead market is introduced. Thus for the near term, no
assumption is required regarding the relationship of hourly day-of-dispatch market results
to day ahead market outcomes. Following full implementation of the Day Ahead market,
FTRs may be settled at Day Ahead prices. There is no reason to believe, however, that
future settlement of FTRs on the basis of the Day Ahead Market would materially and
systematically disadvantage LGE/KU.

Witness: Ronald McNamara
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REQUEST:

37. With respect to the PROMOD IV inputs:

a,

RESPONSE:

Did constructing a set of appropriate data inputs for PROMOD 1V require a
detailed examination of the various federal submittals or did it make use of an
aggregated database provided by a vendor? If a vendor database was used, who
was the vendor?

In exhibit RRM-1, (p.2), it is stated that the PROMOD IV model captures
operating details of 5,000 generating units in the entire Eastern Interconnect.
How many generating units in the Eastern Interconnect were not included in
PROMOD IV model? What criteria were used to exclude generators or
generating units?

Is the PROMOD 1V model NOX and S02 emission-constrained?

How were spinning and operating reserves modeled?

How is hydroelectric generation modeled?

How are scheduled maintenance outages on nuclear and fossil units modeled?

Please provide all input data for LG&E/KU generating units, load forecasts, and
the characterization of its transmission system.

Please identify the RTO membership of all load and generating units in the model.

Was AEP assumed to be in or out of PIM for the 2004 simulation and the various
cases modeled?

How does the model address generating capacity scarcity? Did the model identify
any scarcity in 2004 and if so, what was the impact?

a. The data inputs for PROMOD IV were based on data for LG&E and KU provided by the

Companies in response to data requests, Energy Information Administration survey data

and NYMEX prices used in gas and oil price forecasts as described in Exhibit RRM-1,
sections 2.3.1 through 2.3.3, and the Powerbase database of North American electric
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systems, provided by New Energy Associates, A Siemens Company. New Energy’s
Powerbase database, in turn, obtains much of its data from Platts / RDI’s Basecase
database, which is compiled from various public sources, including FERC forms, EIA
surveys, CEMS data, and reports from NERC and the various ISOs.

b. The analysis is intended to represent all generating resources of 1| MW or more within the
footprint that was modeled in detail. This footprint comprised the entire Eastern
Interconnect, except for Florida, New York, New England, Quebec, and the Canadian
Maritime provinces. The effects of generation in Florida, New York, New Engtand,
Quebec, and the Canadian Maritime provinces were represented by purchase and sale

transactions into and out of these regions at representative region-specific price points.

C. In this analysis, the utilization of SO, emission allowances and NOy emission credits
were treated as dispatch costs rather than as constraints. Additionally, unit operating

costs reflect the cost of operating SO, and NOy, emission control technologies.

d. Each generating resource is designated as providing either quick start or spinning reserve.
Within MISO, specific operating reserve constraints were specified for individual control
areas. Other regions had operating reserve constraints specified at the regional level.

The actual constraint values are as follows:

Operating Reserve % of Spinning Reserve as % of

Load Operating Reserve
AEP 4 62.5
ALWST 3.078 50.0
APS 4 50.0
AUEP 1.98 50.0
BREC 4 62.5
CGE 4 62.5
CIL 5.737 70.0
COED 2.383 50.0
DECO 4 62.5
DP&L 4 62.5
DPC 4.75 50.0
DQE 4 62.5
EEI 2.158 50.0
EKPC 4 62.5
FE 4 62.5
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Operating Reserve % of Spinning Reserve as % of
Load Operating Reserve

GPUWST 4 50.0
GRE 5.05 50.0
HEC 4 62.5
HUC 4 50.0
iLPC 2.636 50.0
P&L 4 62.5
LBWL 3 50.0
LG&E 4 62.5
MDU 3 50.0
MGE 2.724 50.0
MHSP 5.64 50.0
MIDAM 4.88 50.0
MFPC 6.05 50.0
MPL 3 50.0
MPW 5.29 50.0
NIPS 4 62.5
NPPD 4.04 50.0
NSP 4.53 50.0
NWPS 4.5 50.0
ONTHY 4 50.0
OPFD 4.42 50.0
OTP 7.87 50.0
OVEC 4 62.5
PIME 4 50.0
PIMS 4 50.0
PPL 4 50.0
PSI 4 50.0
SASK 4 50.0
SERC 4 62.5
SIGE 4 62.5
SIPC 4.273 60.0
SMMP 3.82 50.0
SPP 4 50.0
SPRIL 3.052 50.0
STIO 4 50.0
WABDK 7.97 50.0
WABNI 7.97 50.0
WEP 4 50.0
WPL 2.264 50.0
WPPI 2.582 50.0
WPS 2.612 50.0
WPSC 2.612 50.0
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e. Each hydroelectric generator is represented by a monthly energy and a minimum and
maximum capacity. The minimum capacity of the generator is run as run-of-river
generation, constant over all hours of the week, and the remaining energy is applied as a

peak-shave reduction in load.

f. Nuclear unit refueling outages are specified in the data. Scheduled maintenance for other
generating units is scheduled by PROMOD 1V to minimize unreliability of the system.
The maintenance requirement for each generator is specified as a number of weeks per

year of planned maintenance.

g. The response is provided in the file named “LGEInputSummary_37g REP” in the folder
named “Confidential Item 37” on the “Confidential Volume” CD-ROM: confidential

treatment is being sought for this file.

h. See the file named “UnitsByRTO_37h.x1s” in the folder named “Item 37” on the
accompanying CD-ROM named “Public Vol. II”.

1. AEP was modeled as part of PIM in all cases.

J- New generating units scheduled to be placed in service in 2004 were included in the
analysis. PROMOD IV checks for and addresses any generation scarcity. In the event of
insufficient generation to serve the load at all locations, PROMOD IV allows the dispatch
of emergency generation at any generator bus, priced at $1,000/MWh. In the event that
this emergency generation is dispatched, it will show up in the output results as an
Emergency Purchase, and its price will show up in the LMPs. No such emergency

energy was observed in any of the scenarios.
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REQUEST:

38.

With respect to PROMOD IV model outputs:
a. Please provide all model outputs related to LG&E/KU units.

b. Please provide the outputs from PROMOD IV modeling in all cases for
LG&E/KU 0SS volumes and margins by hour or peak type (5x16, 2x16, 7x8) by
month.

c. Since only 2004 was modeled, were any sensitivities performed for changes in
natural gas and coal prices. If so, please provide.

d. Please provide all outputs on LMP prices, marginal losses and marginal
congestion costs for all LSEs and all generating units modeled in the 2004
simulation cases examined.

RESPONSE:

a.

Model outputs the .REP and .UNT files in the “Confidential Staff Item 8” folder. These

are files for which confidential treatment is sought.

Hourly LG&E/KU hourly net sales volumes and revenues are presented in the file named
“Hourly Exports_38b.xls,” which is found in the folder named “Item 38.,” located on the
CD-ROM entitled “Public Vol. IL.” Monthly sales margins were calculated by comparing
the total hourly off-system sales revenues for a month to the change in total LGE/KU
production costs between two cases — one reflecting full participation in the market
including LGE/KU off-system sales and a second which calculated the cost to serve
LGE/KU control area load. Monthly production cost components for these cases are
presented in the file “Monthly Generation Costs _38b.xls,” which is also in the “Item 38”
folder. Additionally, please see the responses (o LGE/KU Data Requests No. 21 and 42.

Given the limited time available, no sensitivity runs have been completed for changes in

natural gas and coal prices.
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d. LMP, the congestion cost component of LMP, and the marginal loss cost component of
LMP are presented in the BUS, .BS1, .BS2, and MIS files included in the “Item 8”
folders contained on both CD-ROMS titted “Public Vol. I” and “Public Vol. IL.”
Witness:
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REQUEST:
39.  Refer to Exhibit RRM-1, Section 2.11.
a. If LG&E/KU is being inefficient by generating and selling less energy prior to the

I.MP market, what entities are also being inefficient by generating and selling too
much energy? Please identify all volumes by source and hour.

b. Has the PROMOD 1V model for 2004 been benchmarked against 2002 actuals?
Is so, provide the results of that benchmarking. If not, why not?

RESPONSE:

a. The study presented in Exhibit RRM-1 was designed to quantify the economic benefits
and costs for LGE/KU and its native load customers of operating LGE/KU transmission within
the Midwest ISO versus transferring functional control back to LGE/KU to operate as a Stand

Alone system. It was not designed to quantify inefficiencies that may be imposed on any other

entities by virtue of LGE/KU operating its transmission system on a Stand Alone basis.

The hourly net sales volumes for individual entities are presented in the file “Hourly

Sales_39a.xls” in the folder “Item 39” on the CD-ROM “Public Vol. IL.”

b. The results of the 2004 analysis were reviewed to ensure that regional reserve margins,
flows on major flowgates, profitability of marginal generators, and regional committed capacity
were reasonable. However, PROMOD IV results were not benchmarked against 2002 actuals in
the sense of forcing modeled results to match actual values. Optimization models such as

PROMOD IV represent market operations with a level of efficiency that tends not to be achieved

in bilateral energy markets.
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The specific transmission service charges used in the Stand Alone LGE/KU Transmission
Operations — Hurdle Rates and Stand Alone LGE/KU Transmission Operations —
Combined Effective Physical Limit and Hurdle Rate Effects scenarios for transactions
from MISO to LGE/KU, LGE/KU to MISO or PIM, and PTM to LGE/KU are presented
in Exhibit RRM-1 at Table RRM_1-3. With the exception of the use of the Total Tariff
Charges presented in Exhibit RRM-1 at Table RRM_1-3 for transactions from MISO to
LGE/KU, LGE/KU to MISO or PIM, and PIM to LGE/KU in the Stand Alone LGE/KU
Transmission Operations — Hurdle Rates and Stand Alone LGE/KU Transmission
Operations — Combined Effective Physical Limit and Hurdle Rate Effects scenarios, the
following transmission service charges were incorporated in the development of hurdle

rates.

See: Exhibit RRM-1 at Table RRM_1-3. Transmission rates for other systems in the

model are presented below:

| Total Transmission
Source Sink Service Charge (3/MWh)
On-Peak Off-Peak
SPP All other directly $3.4633
interconnected areas
Big Rivers Electric All directly interconnected $3.80 $2.05
Cooperative areas
East Kentucky Power All directly interconnected $4.2049 $2.49049
Cooperative areas
All other specified areas All directly interconnected $3.50 $1.50
areas

In this PROMOD IV analysis, the energy for average transmission losses was included in

the Ioad forecast for each entity. During the economic dispatch, PROMOD IV calculates

the marginal impact of transmission losses due to the incremental dispatch of each

generating unit. These dynamic loss penalty factors are applied as a scaling of the

Witness:
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generator’s dispatch cost. This loss penalty factor is used in the calculation of the bus

LMP and in determining the loss component of LMP relative to the reference bus.

d. The transaction cost factor is a conservative estimate of transaction and opportunity costs
based on professional experience and judgment. Itis intended to account for the search,
negotiation, contracting, scheduling, settlement, dispute resolution, and associated
administrative costs that market participants incur entering into bilateral energy
transactions and to recognize that there are opportunity costs associated with being
unable to identify and complete all cost-effective transactions in a timely manner relying

only on bilateral transactions.
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REQUEST:

41. Refer to Exhibit RRM- 1, Section 3 and table RRM_1-6. In calculating the congestion
cost not covered by FTRs, it appears MISO only considered hours in which the load
exceeds the FTRs held. Please verify whether the FTR holder could be exposed to cost in
hours in which the load is less than the FTRs held?

RESPONSE:

Congestion costs will be incurred and FTR revenues received in all hours in which
transmission is constrained. Given the basis on which FTRs would be allocated, such costs and
revenues will generally offset one another. Thus, the analysis presented in Exhibit RRM-1

provides a reasonable basis for evaluating the extent to which congestion costs are likely to

exceed FTR revenues.
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REQUEST:

42.  Refer to Table RRM_1-5. Please provide all of the supporting calculations and describe
the source data for all elements of this table.

RESPONSE:

Net margins on off-system sales were calculated by comparing the total hourly sales
revenues for each month to the change in total LGE/KU production costs between two cases, One
reflecting full participation in the market including LGE/KU off-system sales and a second
which calculated the cost to serve LGE/KU control area load.

The columns labeled “LGE/KU Total Generation Cost” reflect the sum of monthly fuel
costs, variable O&M costs, emissions costs, fixed O&M and start-up COSts for cases that estimate
the total cost of LGE/KU generation to serve both control area loads and off-system sales. The
columns labeled “LGE/KU Generation Costs in Cost to Serve Control Area Loads” reflect the
sum of monthly LGE/KU generator fuel costs, variable O&M costs, emissions costs, fixed O&M
and start-up costs for cases that estimate the cost to serve LGE/KU contro} area loads. Monthly
values for the components of these calculations are presented in the file “Monthly Generation

Costs _38b.xls” in the “Item 38” folder of the “Public Vol. II” CD-ROM.

The columns labeled “Off-System Sales Revenue at Generator LMP” reflect the monthly
sum of hourly revenues for exports from the LGE/KU control area priced at generator LMPs.
The figure for Modeled LGE/KU Stand Alone Off-System Sales (MWH) which appears in Line
Number 1 of the section of the Table Titled “Scaling of Stand Alone Net Margin on Off-System
Sales to 2002 actual Net Non-Requirements Sales for Resale” is the sum of hourly exports from
the LGE/KU control area in the LGE/KU Stand Alone: Effective Physical Limits and Financial
Hurdle Rates scenario. Hourly LGE/KU hourly net sales volumes and revenues are presented in

the file “Hourly Exports_38b.x1s” in the “Item 38" folder of the “Public Vol. II” CD-ROM.

The value for LGE/KU 2002 Non-requirements Sales (MWH) is based on the
Companies’ FERC Form 1 filings for 2002.
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REQUEST:

43. Refer to Exhibit RRM-1, Section 5 (P. 15).

a.

RESPONSE:

a.

Please provide financial analysis that supports MISO’s assertion on p.I5 that
creating a new energy market is the least-cost means to accomplish the activities
enumerated.

Referencing the middle of p. 16. Please provide all supporting documents related
to the claim that a 100 MW peak reduction could be achieved on LG&E / KU
system as a result of “transparent spot markets.”

The following activities can be accomplished only if there are transparent,

location-specific spot prices:

Benchmark utility fuel and operating costs against location-specific spot prices;

Use location-specific prices to help identify where it may be cost-effective to

build new generation or transmission capacity;

Design for price responsive consumers variable pricing products which are based
on efficient price signals that customers can trust to reflect the actual real-time

and day-ahead marginal cost of power; and

Foster the development of differentiated consumer energy products designed to

better match customer risk preferences.

And, the only way to generate transparent location-specific spot prices is to creaie

transparent, location-specific spot markets. Thus, the development of a new energy

market is the only and least-cost means t0 accomplish these activities.

It may be possible to shift from ratepayers to investors some of the capital

investment risks associated with the development of new generating capacity in the

absence of a transparent spot market through contracting for power from new generators.

However, the development of transparent regional spot markets is expected to improve
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the options available to the Kentucky Commission related to the development of new
generating capacity. The development of MISO energy markets will increase market
liquidity and expand the scope of the market into which new suppliers can economically
sell power. Asa result, the risk premium, minimum take provisions, and/or term of the
contractual commitment required to elicit investment in merchant capacity will tend to
decline. When one compares the costs, in some cases still being paid by ratepayers, for
uneconomic generation completed or purchased under long-term contracts in the 19805
and early 1990s to the much smaller impact on consumers of the capacity bubble of the
last few years, it is evident that improving market liquidity reduces the investment risks
that must be absorbed by consumers. A quantitative comparison of the reduction in risk
premiums for merchant generation from the development of a liquid, regional spot

market to the costs of developing new markets was not undertaken for this study.

b. Electronic files of the following documents may be found in the folder “Item 43”

on the CD-ROM “Public Vol. II'”:
« EEL The Role of Demand Response in Electric Power Design. (October 2002).

* Christensen Associates. “Electricity Customer Price Responsiveness — Literature
Review of Customer Demand Modeling and Price Elasticities.” Paper.

(September 29, 2000).

+ Center for the Study of Energy Markets (CSEM). Dynamic Pricing, Advanced
Metering and Demand Response in Electricity Markets. (October 2002).

« Neenan Associates, Lawrence Berkeley National Laboratory, Pacific Northwest
Laboratory. How and Why Customers Respond to Electricity Price Variability: A
Study of NYISO and NYSERDA 2002 PRL Program Performance. (January
2003).

e Neenan Associates. NYISO Price-Responsive Load Program Evaluation Final

Report — Update. (February 2002).

Witness: Ronald McNarmara
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« Lawrence Berkeley National Laboratory. Customer Participation in Wholesale

Markets: Summer 2001 Results, Lessons Learned and “Best Practices
2002).

. (February

The following electronic files are included on the “Confidential Volume” CD-ROM, with

other information for which confidential treatment is sought:

« aWord file of a study entitled “Evaluating the Potential Elasticity Effects of RTP

and Day Ahead Price Responsive Load Programs and the Implications for the
LGE and KU C/I Markets”

e an Excel file, entitled “DR Range Calculation.xls.”

Witness:

Ronald McNamara
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REQUEST:

44, Mr. Holstein (P. 12, /l. 7-19) discusses estimates of the withdrawal fee that would be
assessed LG&E/KU. Please provide all work papers that support your calculation of this
$38.2 million withdrawal fee.

RESPONSE:

Please note that Mr. Holstein’s testimony misstated the value of the estimated exit fee.
The correct estimate is $38.3 million, as supported by the work papers entitled “KU Estimated
Calculation of MISO Exit Obligation” attached hereto (pp. 1-14) as well as the workpapers
entitled “Midwest ISO Financial Projections — Annual Income Statement — ($ in thousands,

except Billing Rates)” attached hereto (pp. 15-27).

Witness: Michael P. Holstein
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2013 Notes

2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013

R AR - A A R IR R B R -

Beginning
Principal

100,000,000.00
100,000,000.00
100,000,000.00
100,000,000.00
100,000,000.00
85,714,285.71
71,428,571.43
57,142,857.14
42,857,142.86
28,571,428.57
14,285,714.29

Mandatory Principal

TS P2 B2 S B0 A 0N S e e

Repayment

14,285,714.29
14,285,714.29
14,285,714.29
14,285,714.29
14,285,714.29
14,285,714.29
14,285,714.29

o0 U B U B e e e b9 B9 B

Ending
Principal

100,000,000.00
100,000,000.00
100,000,000.00
100,000,000.00
85,714,285.71
71,428,571 .43
57,142,857.14
42,857,142.86
28,571,428.57
14,285,714.29

Attachment to LGE/KU #44
Witness: Holstein

Interest
Rate

4.62%
4.62%
4.62%
4.62%
4.62%
4.62%
4.62%
4.62%
4.62%
4.62%
4.62%

Interest
Payment

3,850,000.00
4,620,000.00
4,620,000.00
4,620,000.00
4,070,000.00
3,410,000.00
2,750,000.00
2,090,000.00
1,430,000.00

770,000.00

110,000.00

Page 13



2014 Notes

2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014

o2 b o 9 o0 O VS TS BB S o9

Beginning
Principal

125,000,000.00
125,000,000.00
125,000,000.00
125,000,000.00
125,000,000.00
107,142,857.14
89,285,714.29
71,428,571.43
53,571,428.57
35,714,285.71
17,857,142.86

Mandatory Principal

50 0 0 0n 8 T 8 0 B e e

o

Repayment

17,857,142.86
17,857,142.86
17,857,142.86
17,857,142.86
17,857,142.86
17,857,142.86
17,857,142.86

125,000,000.00

23 5% BA B B 09 B B B B

Ending
Principal

125,000,000.00
125,000,000.00
125,000,000.00
125,000,000.00
107,142,857.14
89,285,714.29
71,428,571.43
53,571,428.57
35,714,285.71
17,857,142.86
(0.00)

Attachment to LGE/KU #44
Witness: Holstein

Interest
Rate

4 .49%
4.49%
4.49%
4.49%
4.49%
4.49%
4,49%
4.49%
4.49%
4.49%
4.49%,

Interest
Payment

3,144,791.67

5,612,500.00
5,612,500.00
5,612,500.00
4,944 345.24
4,142,559.52
3,340,773.81
2,538,988.10
1,737,202.38
935,416.67
66,815.48

39,688,392.856

Pageld
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Item No. 45

Page 1 of 1

Case No 2003-00266

LGE/KU Initial Data Requests to Midwest [SO

REQUEST:

45.  Mr. Holstein (p. 14, /. 14) in the table presents estimates of the Schedules 10, 16, and 17
charges for LG&E/KU for the period 2004 to 2010. Please provide all work papers that
support your calculation of these charges.

RESPONSE:

The work papers for the estimates of Schedules 10, 16 and 17 charges applicable to

LG&E/KU are attached hereto. See also the workpapers provided as attachments (pp. 15-27) to
the response to Data Request No. 44.

‘Witness: Michael P. Holstein
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Summary of ISO Charges: 2005 - 2010

[Schedule 10 Charge _

|Schedule 16 Charge

[Schedule 77 Charge

[Totai Charges

KU
$27,501,526
$ 5,346,099

$17,248,710

LGE
$16,419,987
$ 3,221,056

$10,392,449

KU/LGE
$43,921,513
$ 8,567,156

$27,641,159

$ 54,806,386

$32,818,467

$ 80,129,827

Attachment to LGE/KU #45

Page 3

Witness: Holstein
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Item No. 46

Page 1 of 1

Case No 2003-00266

LGE/KU Initial Data Requests to Midwest ISO

REQUEST:

46. Mr. Holstein (p. 15 II. 13-25) states: “I believe it is appropriate for all Schedule 10 costs
to date to be capitalized and recovered through retail rates for the same reasons I believe
prospective costs should be included in retail rates.” Does Mr. Holstein mean to suggest
that future charges that LG&E/KU pays to MISO for capital and operating costs through

Schedule 10, 16 and 17 charges should be capitalized and recovered in LG&FE’s and
KU’s rates to retail customers?

RESPONSE.:

Mr. Holstein’s testimony, as qualified by the statement “... to date...” in the referenced

sentence, refers to all charges paid to the Midwest ISO but not yet included in retail rates.

Witness: Michael P. Holstein






Item No. 47

Page 1 of 1

Case No 2003-00266

LGE/KU Initial Data Requests to Midwest ISO

REQUEST:

47.  Mr. Holstein (p. 15) talks about “the federal requirement to join an RTO as a means of
mitigating market power.” What “federal requirement” is the witness referring to?

RESPONSE:

Mr. Holstein was referring to the requirements of Order Nos. 888 and 2000, respectively,
as issued by the FERC pursuant to the Federal Power Act. Order No. 888 was designed to
mitigate the market power of vertically integrated utilities over generation by requiring them to
adopt Open Access Transmission Tariffs and to take transmission services pursuant to that tariff
on the same basis as third parties. In Order No. 2000, the Commission found that vertically
integrated utilities continued to use their control over transmission to frustrate competition and
ordered the establishment of Regional Transmission Organizations as a remedy under Section
206 of the FPA. All public utilities that own, operate or conftrol interstate transmission facilities
(except those already participating in an approved regional transmission entity) were required to
file by October 15, 2000, “either a proposal to participate in an RTO or an alternative filing
describing efforts and plans to participate in an RTO.” Order No. 2000, FERC Stats. & Regs.
[Reg. Preambles, 20001 9§ 31,089 at 31,226 (2000). Transmission owners that were members of
an ISO were given until January 15, 2001, to make a filing that would address “the extent to
which that entity conforms to the minimum characteristics and functions of an RTO, any plans to
make it conform, and any obstacles to full conformance with [the FERC’s] final Rule.” Id. at
31,227.

Witness: Michael P. Holstein






Item No. 48

Page 1 of 1

Case No 2003-00266

LGE/KU Initial Data Requests to Midwest ISO

REQUEST:

48. How much has the increase in the MISO footprint over the past 2 years decreased
LG&E/KU costs under Schedule 10?7

RESPONSE:

The Midwest ISO has not performed the requested analysis. As such, it does not have the

requested information.

Witness: Michael P. Holstein






. Item No. 1

TR LI R Page 1 of 2
) _ Case No 2003-00266
# 00 LGE/KU Initial Data Requests to Midwest ISO

REQUEST:

1. Mr. Harszy (p. 5, . 15-18) states: “The State Estimator is a highly sophisticated
computer model that uses real time measurements from the System Control and Data

Acquisition System (“SCADA”) supplied by member control areas to provide a periodic

calculation of the current condition of the entire system.

a. Does MISO acquire SCADA information from only MISO member systems?

b. If so, what SCADA information is obtained and how frequently is it supplied?

c. If the answer to (a) is No, what non-MISO entities supply SCADA information?

d. Is there a reciprocal agreement between MISO and the entities listed in (c)
regarding an exchange of information as inputs to State Estimators?

RESPONSE:

a. No.

b. The table below, taken from the Midwest ISO “ICCP Data Exchange
Specification” indicates the type and frequency of data supplied. The entire
document can be viewed at:
http://iwww.midwestmarket.org/Attachments/MIG%20Vol7 ICCP Data Exchan
ge Specification v3.2.pdf

Witness: Roger C. Harszy



Item No. 1
Page 2 of 2
Case No 2003-00266

LGE/KU Initial Data Requests to Midwest ISO

C.

Suppliers’ ACEs and/or pseudo-ACEs (CAs, IPPs, Indication Point ANALCG 18
oftser) Refer to the glossary for the definition of a

pseudo-ACE.

Conlral area actual net interchanges (MW) Indication Poinl | ANALOG 10
Dynamic schedutes (MW} and/or pseudo ties Indicafion Point | ANALOG 10
Frequency from each control area (Hz) indication Point ANALOG 10
Supplier's {CAs, IPPs, other) actual spinning Indication Point ANALOG 66
resstve (MW)

Suppflier's {CAs, IPPs, other) actual supplemental Indication Point | ANALOG 60
resarve (MW)

Control area and LSE losd (MW) Indication Point | ANALOG 80

The Midwest ISO receives data from MAPP, MAIN, PJM, SPP, ECAR, and IMO

(Ontario),

Under NERC Policy 9, reliability coordinators are obligated to exchange

information with each other about their regions. To effect this exchange of

information, the entities must execute the NERC Confidentiality Agreement

found in Appendix 4B of the NERC Operating Manual. Copies of these

documents can be found in the NERC Operating Manual, on the NERC website:
http://www_ nerc.com/~oc/opermani.html

Witness:

Roger C. Harszy






Item No. 2

Page 1 of 1

Case No 2003-00266

LGE/KU Initial Data Requests to Midwest ISO

REQUEST:

2. Mr. Harszy (p.6, /l. 17-18) states: “At the time of the August 14 blackout, the Midwest
[SO’s State Estimator had not yet been fully deployed by mapping into the system all of
the 230 kV transmission facilities in and around the Midwest ISO footprint.” In addition
to the State Estimator not having been “fully deployed” on August 14, were there any
other reasons in addition to those identified in the Joint Task Force Interim Report on the
August 14, 2003 blackout' why the State Estimator did not provide MISO with
contingency analysis during the afternoon of August 14, 2003?

RESPONSE:

No.

' U.S. Canada Power System Qutage Task Force, Interim Report: Causes of the August 14th Blackout in the United
States and Canada, November 2003,

Witness: Roger C. Harszy






Item No. 3

Page 1 of 1

Case No 2003-00266

LGE/KU Initial Data Requests to Midwest ISO

REQUEST:

3. Mr. Harszy (p. 8. /. 3-12), in referring to the charts that accompany his testimony (i.e.,
Chart 1, Exhibit RCH-1), concludes that the increase between 2001 and 2003 in the
number of hours that an LGEE flowgate was in TLR due to a contingency external to
Kentucky was due to an increase in reliability after the MISO became Reliability
Coordinator. Did MISO make any attempt to weather normalize the comparison between
years 2001 and 2002 in the charts accompanying the witness’s testimony?

RESPONSE:

No. The concept of weather normalization is not meaningful in this context because there
can be significant variations in local weather conditions across the Eastern
Interconnection. The congestion experienced in any one spot on the grid may be related to
any number of factors, including unplanned outages, fuel shortages, changes to system

topology, or other variables that are not weather related.

Witness: Roger C. Harszy






Item No. 4

Page 1 of |

Case No 2003-00266

LGE/KU Initial Data Requests to Midwest ISO

REQUEST:

4. Does MISO provide Reliability Authority services to non-MISO control areas in the
MidAmerica Power Pool (MAPP)?

a. If so, what does MISO charge non-MISO member control areas in MAPP for
provision of Reliability Authority services?

b. If so, is there such a control area in MAPP comparably sized with respect to
LG&E/KU, and what does MISO charge that control area for Reliability
Authority services?

RESPONSE:

No. The Midwest ISO provides Reliability Authority services to MAPPCOR for the
entire group of non-MISO MAPP members.

a. The Midwest ISO charges MAPPCOR for services provided; the charges are for

recovery of costs only with no return on investment component.

b. The charges to MAPPCOR are not calculated on a control area basis.

Witness: Roger C. Harszy






Item No. 5

Page 1 of 2

Case No 2003-00266

LGE/KU Initial Data Requests to Midwest ISO

REQUEST:

5. Mr. Harszy (p. 111 13 to p. 12 1. 17) discusses the MISO’s regional planning process.

a.

RESPONSE:

Does MISO’s coordinated planning process require entities interested in any
benefits associated with regional planning to become members of MISO?

Does MISO have plans to coordinate its regional transmission expansion planning
with other non-MISO member entities (e.g., TVA, PJM, and SPP)? If so, briefly
describe these plans and name the entities involved.

Does MISO have plans to coordinate its regional transmission expansion planning
with such entities as East Kentucky Power Cooperative (“EKPC”) or Big Rivers
Electric Cooperative (“BREC”)?

The planning process is open for public comment. Non-member entities may
benefit incidentally from the process, for example, through a more robust
transmission system within the Midwest ISO footprint. However, without a prior
commitment for funding, the Midwest ISO does not undertake transmission
expansions to relieve congestion for, or to otherwise benefit systems of, entities

that are not Midwest ISO members.

Expansion Plans are developed based on ongoing facilities studies associated with
continuing transmission customer requests for both interconnection and delivery
service. Plans identified to meet these transmission customer needs are included
with plans identified to meet the ongoing needs of existing Midwest ISO
customers, including the load growth of network and native load customers. The
Midwest ISO includes in planning studies representatives from all adjacent
systems that may be impacted by customer requests. This provides a means of
coordinating development of expansion plans with adjacent systems. In addition,

the Midwest ISO seeks planning model reviews and updates from adjacent

systems (o ensure the best possible mode! representations of those systems in our

Witness:

Roger C. Harszy



Item No. 5

Page 2 of 2

Case No 2003-00266

LGE/KU Initial Data Requests to Midwest ISO

planning studies. The Midwest ISO also publishes its expansion plan so that
interconnected systems are aware of the planning studies and the identified

expansion projects in the Midwest ISO region.

Under the recently filed, but not yet approved, Joint Operating Agreement
between the Midwest ISO and PJM, additional planning coordination will take
place under the terms and conditions set forth in Article IX. The following link
will provide access to that document:

http://www.midwestiso.org/admin/ferc/files/123103 Joint Filing PIMMISO of
JOA. pdf

The Midwest ISO has contacted TVA and SPP to discuss similar
arrangements that would include coordinated planning provisions. No agreements

have been signed with TVA or SPP at this time.

See the response to 5(b). The Midwest ISO has coordinated planning studies of
generator interconnections with EKPC and with BREC. The Midwest 1SO also
bases its studies on planning models of those systems developed by those systems
through the ECAR reliability region. As the Midwest ISO completes planning
coordination agreements with PIM, it will seek to address coordinated planning
with other adjacent entities on a similar basis, as one part of a more
comprehensive arrangement with each of the Midwest ISO’s interconnected
neighbors. In the case of EKPC and BREC, no formal coordination agreement

exists at this time to coordinate transmission expansion.

Witness:

Roger C. Harszy
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Page 1 of 2

Case No 2003-00266

LGE/KU Initial Data Requests to Midwest ISO

REQUEST:

6. Mr. Harszy (p. 12 I 3-8) discusses the MISO’s ability to monitor and analyze “chronic”
power flow constraints.

a.

RESPONSE:

a.

Does Mr. Harszy, by his statements here, mean to imply that, if LG&E/KU were
not in the MISO market footprint, security constraints arising from power flows
on the Blue Lick-Bullitt County 161 kV line or the Ghent 345/138 kV transformer
would be ignored by MISO?

If LG&E/KU were required by an order from the Commission to exit MISO,
would it be possible for LG&E/KU and MISO to enter into a market-to-non-

market operating agreement similar to that currently being negotiated between
PIM and MISO?

The Midwest 1SO would not be able to proactively manage flows via AFC
calculations and coordination over a wide area, by limiting additional reservations
when there is not adequate additional room on the constraint, or by curtailing
transactions when needed to the extent it can now with these facilities in the
Midwest ISO. The Midwest ISO would also not be able to 'manage the flow with
security constrained dispatch as it will be able to when the Midwest ISO begins is
market operations. Thus, while Midwest ISO would not ignore congestion on
these flowgates, the tools available to respond to the problem would be less
efficient and reliable. This was the case before the Midwest ISO assumed this
duty in 2001, and is the reason that LGE experiences direct financial benefits

through Midwest ISO congestion management.

The PJM-MISO Joint Operating Agreement (“JOA”) was negotiated pursuant to
the FERC Order allowing AEP to become a member of PIM. See 100 FERC
961,137 (July 31, 2002). Should the FERC issue an order allowing LGE/KU to

Witness;

Roger C. Harszy

James P. Torgerson



Item No. 6

Page 2 of 2

Case No 2003-00266

LGE/KU Initial Data Requests to Midwest ISO

operate as a stand-alone transmission operator, with a similar condition that a

JOA be negotiated, the Midwest ISO would comply with that order as well.

Witness: Roger C. Harszy

James P. Torgerson
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LGE/KU Initial Data Requests to Midwest ISO

REQUEST:

7. Mr. Falk (p. 17 /l. 15-18) states that if LG&E/KU were to operate as a standalone system
at a higher level of system security than before MISO took over as Reliability Authority,
such operation would “perforce include more costs which have not been included in their
testimony.” Has Mr. Falk performed any analysis of the costs of this higher level of
system security? If so, please provide a copy of this analysis.

RESPONSE:

I'have not performed such an analysis.

Witness: Jonathan Falk
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LGE/KU Initial Data Requests to Midwest ISO

REQUEST:

8. Mr. Falk asserts (p. 2, /. 17-21) that “the pre-Midwest ISO LG&E/KU system was, on
some occasions, being run in a state in which the probabilities of outage were higher than
design criteria dictate. With enough incidents in these conditions, it is a probabilistic
certainty that additional incidents of lost load will occur. The fact that LG&E and KU
experienced no outages in this period was a matter of luck.”

a, Given the “probabilistic certainty,” how many days or years would Mr. Falk
expect the LG&E/KU system to operate on a standalone system before
“additional incidents of lost load will occur”?

b. Please define what Mr. Falk means “luck” as he has used that word in describing
LG&E/KU’s experience. Does Mr. Falk believe that “luck” is something that
happens randomly, or that tends to repeat itself?

RESPONSE:

a. Assuming that the standalone system operated as the previous system did, an

outage would be expected about once every 8 years.

b. I define luck in what I believe to be the normal sense: random events with
favorable ex post results. Under this definition, luck occurs randomly. Luck also

repeats, albeit randomly.

Witness: Jonathan Falk
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REQUEST:

G. Mr. Falk has presented two figures, one at the top of p. I1 and one at the top of p. 12.
Please explain the relationship between these two figures.

RESPONSE:

The second figure can be derived from the first by using the segment of the distribution
for values of p less than or equal to 0.91% and rescaling so that the cumulative

distribution integrates to one.

Witness: Jonathan Falk
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Page 1 of 1

Case No 2003-00266

LGE/KU Initial Data Requests to Midwest ISO

REQUEST:

10.  Please provide all data and work papers that support or are in any way related to Mr.
Falk’s calculation of the value(s) of probability p used to develop the table on page 16.
Please provide all data and work papers that support or are in any way related to his
calculation of the aggregate value of increased reliability (as discussed throughout pp. 10-
18, including all work papers and data supporting his calculations of the following:

a. the probability of an outage from an undeclared TLR,

b. the kilowatt-hours lost in a typical outage, and

C. the value of lost load from lost kilowatt-hours.
RESPONSE:

These documents are available in a usable electronic format and are included in the folder
named “Item 10” on the CD-ROM named “Public Vol. I” accompanying this response, or

are provided in response to another request.

a. See the Excel file entitled “10(a) Exhibit A {Monte Carlo).xls.”

b. See the Excel file entitled “10(b) Historical Outages.xls.”

c. See the response to PSC Staff Request 15 (the second Request No. 2).

In addition to the files listed in (a) and (b), the “Item 10” folder contains Excel Files
entitled “LGEE TLR Levels (1999 to 2003).xIs” and “LGEE TLRs (09-01-03 to 10-31-
01).xIs” and a database file entitled “LGEE TLRs.mdb”

Witness: Jonathan Falk
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Page 1 of 1

Case No 2003-00266

LGE/KU Initial Data Requests to Midwest ISO

REQUEST:

11. Mr. Falk states (p. 13, II. 7-8) that the August 14, 2003 “outage was really one-in-a-

hundred year occurrence...” Please provide the evidence that the August 14 event was a
one-in-a-hundred year occurrence.

RESPONSE:

I have no opinion as to the frequency of such outages, beyond the fact that it was the

largest outage to date and we have had substantial electricity systems for around 100

years.

Witness: Jonathan Falk
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Item No. 12

Page 1 of 1

Case No 2003-00266

LGE/KU Initial Data Requests to Midwest [SO

REQUEST:

12. Please provide copies of the following documents cited in Mr. Falk’s resume (MISO
Exhibit JF-1):

a. Guest Editorial regarding the Electric Blackout of August, 2003, Electricity
Journal, November 2003, pp. 83-84.
b. “Electricity Regulation: The Mess We’re In, How We Got There, And The Road

Out,” presented at a Foundation for American Communications Seminar,
Washington, DC, January 27, 2003.

C. “A Contrarian View of Enron,” Marsh, Inc. Power Group Conference, Palm
Harbor, FL, February 20, 2002.

d. “Competitive Markets for Power 2001: An Electrical Odyssey,” presented at the
US annual meeting. Key Largo, Florida, June 13, 2001.

e. “Electricity Restructuring: The (Pretty) Good, The (Pretty) Bad, and the

(Extremely) Ugly,” Marsh, Inc. Power Group Conference, Palm Harbor, Florida,
February 14, 2001.

RESPONSE:

Items b-e were oral, rather than written, presentations. Outlines and notes, if any, for the
accompanying Power Point presentations are provided in response along with a print-out of any
“slide” in which substantive content was presented in graphic rather than text form. In-house
and outside counsel for the Midwest ISO have electronic copies of the Power Point files for these

presentations, which can be provided on request and suitable arrangements therefor.

a. A copy of the Guest Editorial is attachment #12(a).
b. Documents are provided in attachment #12(b).
C. Documents are provided in attachment #12(c).
d. Documents are provided in attachment #12(d).
e. Documents are provided in attachment #12(e).

Witness; Jonathan Falk
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lectricity systems are hard to

run. They were hard to run
when the system was composed
entirely of regulated entities and
they remain difficult to run today.
The difficulties stem largely from
the laws of physics and the ability
of customers to consume electricity
at their whim, neither of which has
changed at all since we first began
producing electricity commer-
cially. The collapse of the grid in
the Northeast on Aug. 14 exem-
plifies a simple proposition:
“When difficult tasks are taken on,
sometimes there are failures.”

There are normal human

impulses to read far more into the
events of Aug. 14 than this simple

b e

Jonathan Falk is a Vice President at
National Economic Research
Associates (NERA), based in its New
York office, and a frequent contributor
to The Electricity Journal. In
NERA'’s energy practice he has
worked on a variety of issues
involving the modeling of investment
and industry structure. In particular,
he is the current developer of the
NERA Electric Market Model, which
estimates clearing prices in heretofore
regulated markets. As of this writing,
his wife was no longer mad at him for
dodging the blackout with his well-
timed visit to Buffalo.

November 2003

© 2003, Published by Elsevier Inc., 1040-6190 /%

lesson. Like some other normal
human impulses, however, they
have nological basis.” The fallacy is
well understood: Post hoc, ergo
propter hoc. Since the collapse fol-
lowed Event A, Event A is prob-
ably in some way partially to blame
for the collapse. The problem with
this natural human propensity is
that it is not only illogical, it is
open-ended. Only human imagi-
nation and powers of persuasion
limit the set of events which can be
dubbed Event A. Among the most
prominent “Event A’s” mentioned:

(1) Deregulation in general

(2) Fragmentation of authority to
run the grid

(3) Lack of transmission invest-
ment

(4) Excessive consumption of
power by end users

(5) Insufficient generation located
close to end users

(6) Failure to drill for oil in Arctic
National Wildlife Refuge

(7) The fact that I was on a
business trip in Buffalo, NY, which
mysteriously never blacked out.?
(OK ... that's just my wife’s
explanation since she was
stranded in New York City.)

The search for exactly what
happened is under way, and it

would be foolish to make any
definitive pronouncements. But
like most other non-deliberate
systemic failures, the cause will
almost certainly be some combi-
nation of two factors: (1) flaws in
the protocols for the way the sys-
tern should be run; and (2) flaws in
the execution of those protocols.

To many, this result, if true, is
unsatisfactory. Big problems are
supposed to require big solutions.
And electricity systems have cap-
tured more than their share of
controversy in the spasmodic
transition to deregulated genera-
tion and perhaps, ultimately,
transmission markets in the U.S.
and abroad. Thus, all those with a
hobbyhorse find the blackout a
convenient episode to ride it. In
addition, if there is a single political
imperative it is to be seen doing
something when one’s constituents
are worried about something, The
possibilities for foolish legislation
emanating from Aug. 14 are limit-
less, all in the name of protecting
the voting public.

In particular, dispelling the
notion that deregulation had any-
thing to do with the blackout seems
particularly urgent, only because
the deregulatory momentum has
clearly stalled, and there is no

see front matter doi: /10.1016/ }16j.2003.09.005 83



reason to burden it with further
baggage which it does not own.
E conomist and New York Times
columnist Paul Krugman, in
" op-ed piece on Sept. 2, wrote:

20 what does this say about elec-
tricity deregulation? There is a the-
oretical case for a deregulated
electricity market. But making such
a market work ... requires a robust
transmission system, yet the recent
blackout made it clear that we have
now created a system in which
nobody has clear responsibility for
the transmission network.

What he does not say is that there
was never clear responsibility for the
transmission network under either
regulation or deregulation, where
by the “network” we mean the
aggregate of interconnected sys-
tems which make up the Eastern
Interconnection. If anything, the
initiatives from the Federal Energy
Regulatory Commission have been

7oted to forcing on an unwilling

of independent regulated enti-
ties more cooperation and centrali-
zation than they were willing to
engage in freely. A more interesting
question might be: How did we
make a regulated system work? The
basic answer is: The same way we
make the deregulated system work,
by specifying the amount of elec-
tricity flowing over every link
between individual control areas
every hour and making it the
internal responsibility of each con-
trol area to run its system to hold the
power flowing to those values. As
far as I am aware, none of those
protocols has changed in any sig-
nificant way. Again, those protocols
nay contain some subtle flaw. (The
"wmust be subtle or it would have

4 © 2003, Published by Elsevier Inc., 1040-6190, $—see front matter doi:/10.1016/ j-te§.2003.09.005

shown up sometime in the last 25
years.) But the process by which the
electric system is kept stable has not
changed in any significant fashion,
so it is highly unlikely that dereg-
ulatory changes, which largely

Trevolve around the scheduling of

power transactions and not the
moment-to-moment operation of
the system, have anything to do
with this particular incident.
I ndeed, there is at least one bit of
evidence that one of the allega-
tions tossed at deregulated systems
did not materialize. Most electrical
generating stations require electri-
city to start up. Thus, after a black-
out, the units which do not require
electricity to start, like most hydro
units, must be used to jump start the
system—the so-called “black start”
capability. Black start capability is
contracted for in advance by the
electric grids. Since black start
capability is so infrequently used,
there is an opportunity for shady
behavior—promising to help with
black start, collecting fees for that
promise, but then failing to main-
tain facilities to be able to perform.
As far as I have been able to gather,
black start proceeded flawlessly—
the sellers of black start capability
lived up to their obligations.

In sum, unless people unrealis-
tically expect perfection, failures
are not necessarily an indication of
a serious problem. Picture a com-
plicated gymnastic formation with
30 acrobats carefully balanced in
some impressive display. Owing to
their superior skill and training,
most of the time you can knock one
of them out of the formation and
the rest can adjust to keep the for-
mation aloft, particularly if they

have a little warning. But once in a
while someone will make the
wrong move, causing a wobble '
which another acrobat reacts to in
the wrong way—the chain reaction
continues and eventually they all
come tumbling to the floor. That
doesn’t make them bad acrobats
and it doesn’t mean that we
necessarily need new acrobat
licensing tests. If it happened every
time, or even most of the time, we
might be entitled to be a little more
censorious.

But because we do not keep count
of the blackouts that didn’t happen,
we naturally focus on the ones that
do. If we are to reap the benefit of
complex systems, we must occa-
sionally accept their failure. There
is no human creation which is

| faultless, since there is always a

way to spend more money and
improve it. We don’t do so, not
because we like failure, but because
we have more pressing issues to
spend the money on. The Northeast
blackout was costly; whether or not
we should avoid another one
depends on how often they tend to
arise, what it would take to avoid
them, and how much we dislike
unreliability. When we have diag-
nosed the cause, we will be in better
shape to assess whether or not it's
worth doing anything to protect
against future similar occurrences.m

Endnotes:

1. The discovery of illogicality of normal
human impulses in response to rare

events was honored with the 2002 Nobel
Prize in Feonomics to Daniel Kahneman.

2. See hitp:/ /ems firehouse.com/con-
tent/article/ article.jsp?sectionld=
46&id=17386.

November 2003
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Electricity Regulation: The Mess We’'re In, How We Got There, And
the Road Out

We’re In A Mess

How We Got There

Recognition that ragulation didn’t work particularly well
B Nuclear disallowances
W Large price differences between neighboring utilities
W Politics, politics, politics
Siren Call of Campetition: Trucking, Alrlines, Pipealines, Telecommunications
Changes in the structure of optimal provision: the Combined Cycle Combustion Turbine

What Was Wrong with Our Deregulatory Vision?
A Way Out

¥ Allow the FERC Standardized Market Design paradigm to work, This does not maan not to criticize parts of the plan...
only that jurisdictionat challsnges should ba quashed,

u Provide certainty to generators. Nothing witi be built until people know how they will be paid. Remove as much
discretion as possible from the dure to determine pricas

B Focus on wholesale competition. Retail compatition can be delayed ... possibly forever. This should aiso allay fears of
state ragulators.

u Streamliine approval processes for new genaration in supply-constrained araas

8 Make somaone hear the costs.. It dossn't hava to ba the end-user, but it cught to be an amms-length deal, e.g. New Jarsey

B Pray for cool weather and Iots of rain

Houston, We Have A Problem:
A Contrarian View of Enron

What Was Enron, Anyway?
- APipeline Company

- Arn Energy Trading Company

« A Bunch of “Rocket Scientists”

*+ ADot.Com

* AHedge Fund

= AHouse of Cards

» Whatever You Wanted It To Be

What Do You Get When You Cross Don Corleone
with an Enron Financial Statement?

An Offer You Can’t Understand

The Possible Culprits

1. Enron Management in their Role As Managers on Behalf of Enron Stockholders

2. Enron Managers in their Role As Managers on Behalf of Enron Managers

3. Arthur Andersen, LLP

4. Vinson and Elkins, LLP

5. Moody’s and Standard & Pooi’s

6. Investment Analysts

7. The Investors Who Relied On The Investment Analysts or Enron Management or Andersen

My View, Part 1
Cn the collapse:

W Enron was a company which refused to tell analysts, and even their own shareholders, what they
did for a living



Attachment to LGE/KU #12(b)
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B Amazingly, analysts recommended the stock anyway, and, slightly less amazingly, investors
bought the stock anyway.

B Whatever happened to caveat empior?

W I've studied most of what's been published about their collapse, and | still have no idea of anything
they did wrong, other than certain technical rules involving outside capital

11 My View, Part 1
On the collapse:
B Enron was a company which refused to tell analysts, and even their own sharsholders, what they did for a living
| Amazingly, analysts recommended the stock anyway, and, slightly less amazingly, investors bought the stock
anyway,
W Whatever happened to caveat empfor?

8 |'ve studied most of what's boen published about their collapse, and | still have no idea of anything they did wrong,
other than certain technical rules involving outside capital

12 My View, Part 2

On Enron's effects in California
B Trivial as far as the *smoking gun” memos go
W FERC agrees with me
W The Califomia 1SO agrees with me
B Probably, on net, favorable
W A pure example of politics trumping fact

The real scandal: early access to the rules which were skewed to their benefit. A common proeblem
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Houston, We Have A Problem:
A Contrarian View of Enron
February 21, 2002

What Was Enron, Anyway?

= A Pipeline Cormpany

* An Energy Trading Company

* A Bunch of “Rocket Scientists”

= ADot.Com

¢ A Hedge Fund

» A House of Cards

* Whatever You Wanted it To Be

Enron and Schadenfreude

“I knew it was too good to be true.”

“Arrogant right-wing hogs."”

“Growth through Governmant bribery.”

“They named a balfpark, for God's sake.”

“No one deserves to make that much money.,”

“Houston? Houston? That's so over.”

*Markets are rigged. Traders are scum."

“The Internet mania is a hoax. Where's the value?”

"Bandwidth trading?”

“The saventh largest company In America. Capitalism is in trouble.”
Enron Stumbles: A Tale In Eight Anagrams
= Sunbelt Sermon
= Loner Bent Sums
* Enron Stumbles
= Enron Stumbles
= Enron Stumbles
* Enron Stumbles
= Enron Stumbles
= Enron Stumbles

What Do You Get When You Cross Don Corleone with
an Enron Financial Statement?

Let’s Get The Territory Straight

v'Enron was never an $85 stock, for the same reason that Yahoo
was never a $245 stock.

The Possible Culprits

1. Enron Management in their Role As Managers on Behaif of Enron Stockholders

2, Enron Managers in their Role As Managers on Behalf of Enron Managers

3. Arthur Andersen, LLP

4.Vinson and Elkins, LLP

5. Moody's and Standard & Poor's

6. Investment Analysts

7. The investors Who Relied On The Investment Analysts or Enron Management or Andersen

A Jaundiced View of The Game
The goal of a manager is to maximlze shareholder value.
Shareholders willingly cede some value to give management proper incentives
Accounting firms produca “accounting reports”
Law finms produce “faimess opinions”

Page 2
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Ratings firms produce “ratings”
Analysts produce “recommendations”

fnvestors rely on all or none of the above, as is their wont. When the fecal matter contacts the mechanical air circulatory
device, they sue and get 10 percent (or less) of their losses back, with another 4 percent going to their attomeys. This
Money mastly comes from insurence companles, but in extraordinary clrcumstances, some comes from the game players
themselves, Meaning. ...

9 .
10 ()  Enron's Coltapse and Energy Markets

Oinitial Impression: Business As Usual

UWho Supplies Liguidity?
QOther Traders
ORatepayers
QOGeneration Company Investors
Clinsurance Companies

LIWas Enron the Cheapest Source of Liquidity?

UWhat Is The Elasticity Of Supply?
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Competitive Markets for Power 2001: An Electrical Odyssey

“Everything is going extremely well.”
What The Heck Were They Thinking?
What We Were Thinking About

“There are some extremely odd things about this.”
You Can See Why There Was A Problem
This Doesn’t Look Quite Right, Either

Things Don't Always Go Smoothly
It's Both the Heat and the Humidity
“Thank you for an enjoyable game.”

How much market power was there?
* Almost surely no explicit conspiracy
* Unilateral bidding is {probabiy) legal

* Proper measurement of opportunity costs is the big unknown
— Qther markets
— Cradit risk
— Generating Compoenent Risk

* Nobody knows

The Result.....
“Are you sure you're making the right decision? ! think we should
stop.”

What will the regulators do?
+ STOPM It was all a big mistake!!!

* Temporary controls

* Permanent controls

* Big question: who really got the monegy?

“I know that you...were planning to disconnect me, and I'm afraid
that's something | cannot allow to happen.”

Demand response: the low-hanging fruit

* Substantial elasticity if we try

*+ Not everyone has to be measured {though it would be better if they were)
* What really makes electricity different?

“I'm sorry for the delay.”

Can Restructured Electric Markets Build Enough Capacity?

* Just like any other industry
* Ask ‘em in Texas
* Do we need capacity markets, or are energy-only markets enough?

Will any new capacity be nuclear?

= Bush initiative
- LHe extansion
— Decommiasioning funding flexibHity
~ Quicker licensing of new designs

* Kyoto and NOx

Page 2
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* The Magic Number:

21 “This conversation can serve no purpose anymore. Goodbye.”
22
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Notes to Slide #1
This is a comparison of electricity regimes in terms of clearing market structure
only. It does not consider many other attributes of restructuring: stranded costs,
vertical structure, retail competition, etc. Also, there is no discussion herein of the
long-term financial markets. . ..Except to the extent that they are just like the day
ahead markets.... Nonetheless, I will later on give some off-the-cuff remarks on a
topic which many of you may find timely.....

Notes to Slide #3
Before I can discuss this question, I first want to discuss why we ever thought
electricity should be a competitive industry in the first place. ..

Notes to Slide #4
*Discuss each and discuss their importance

Notes to Slide #6
Or a search on the term power exchange

Notes to Slide #7
Clearly, these web searches are no good, so you have to go to an expert.... Oh,
yeah, that’s me. :
A power exchange is a market which insures that supply = demands
instantaneously at all points in time.
It is important to see that there are, to my knowledge, no other markets in the
world that work this way. All others recognize (and adjust for temporary
imbalances) this won’t work in an electricity market
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1 Competitive Markets for Power:
The (Pretty) Good, The (Pretty) Bad and the (Extremely) Ugly

2@ What The Heck Were They Thinking?
3= What We Were Thinking About

4 Why Now?

5& Why Now?

6= Why Now?

7 So What is a Power Exchange, Anyway?
8 You Can See Why There Was A Problem
9 This Doesn't Look Quite Right, Either

10 Everybody In the Pool
(You Have No Choice)

11
12

13

14

15

16

17

18

19

20

21

22

23

24

25

26 Whew! That's Complicated. Can't We Make it Simpier?

27 Q) Differences in The UK Market
* Day-Ahead Bidding Only
— Poor real-time signals
» No Zones
— No {market based) locational signals
* "Extra” costs spread over all participants
~ Inefficiant anciflary services and congestion management
= Synthetic Capacity market
* Regulatory Meddiing

- Confl ¥ second

—~ Distrust of the pool concept

Page 2



Attachment to LGE/K U #12(e)
Witness: Faik Page 3

28 OK. That doesn’t work too well. Can we make it even more
complicated?

293 Differences in The California Market

Separation of power markets from operational reality
- Intantichal inefficiency in the roie of dispatchars in resolving congestion

* Sequential ancillary service markets

* Multiple Clearing Marksts (Scheduling Coordinators)
* Few routinely scheduled contracts

» No Capacity Market

30 Things Don’t Always Go Smoothly
31

32 It's Both the Heat and the Humidity
33 The Result.....

34 Transmission: The Next Big Thing

35
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Notes to Slide #1
This is a comparison of electricity regimes in terms of clearing market structure _
only. Tt does not consider many other attributes of restructuring: stranded costs,
vertical structure, retail competition, etc. Also, there is no discussion herein of the
long-term financial markets. .. -Except to the extent that they are just like the day
ahead markets.... Nonetheless, I will later on give some off-the-cuff remarks on a
topic which many of you may find timely.....

Notes to Slide #2
Before I can discuss this question, I first want to discuss why we ever thought
electricity should be a competitive industry in the first place...

Notes to Slide #3
*Discuss each and discuss their importance

Notes to Slide #4
*Marginal cost less than average cost is the economist’s way of saying what was
most important about these markets to politicians— they could give rate cuts

Notes to Slide #5
*We had noticed this in the nuclear age, but couldn’t do much about it because of
two things: scale and practicality. Both improved...

Notes to Slide #7
People keep talking about electric markets... This is the best picture of a market I
could find. But power markets aren’t like this. . .. What are they like? Well, start
with a web search. WWWw.powerexchange.com

Notes to Slide #8
Or a search on the term power exchange

Notes to Slide #9
Clearly, these web searches are no good, so you have to go to an expert.... Oh,
yeah, that’s me.
A power exchange is a market which insures that supply = demands
instantaneously at all points in time.
It is important to see that there are, to my knowledge, no other markets in the
world that work this way. All others recognize (and adjust for temporary
imbalances) this won’t work in an electricity market

Notes to Slide #10
Describe pool... Now let’s see how one of the better of these works.. ..
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Item No. 13

Page 1 of 1

Case No 2003-00266

1.GE/KU Initial Data Requests to Midwest ISO

REQUEST:

13. Mr. Falk (p. 5, l. 2-17) discusses the relationship between a security system violation and
a loss of load. Then (p.8 . 7-15) he explains why he focused on Level 4 TLR calls.

a.

RESPONSE:

a.

Please provide the evidence that Mr. Falk relied upon to assert the Level 4 TLRs
examined involved security system violations or that the system was “already
being run in unsafe conditions.”

When a Level 4 TLR is called, is a security system violation always involved?
When a Level 4 TLR is called, does it require load shedding?

Please provide the evidence that Mr. Falk relied upon to make the assumption that
his examination was limited to “circumstances with the highest probability of lost
joad.” In other words, what evidence does Mr. Falk rely upon to assume that
Level 4 TLRs are the contingencies for which the probability of lost load is the
highest?

Section B.5.1 of NERC Appendix 9C1 defines a Level 4 event as one in which

either:

“One or more Transmission Facilities are above their OPERATING SECURITY
LIMIT, or

Such operation is imminent and it is expected that facilities will exceed their

security limit unless corrective action is taken.”

In an undeclared Level 4 event, it is therefore reasonable to assume that a security limit is

violated, since the corrective action is not taken.

b. By definition, a security system violation exists or is imminent.
c. No.
d. In the data I examined in the LG&E/KU footprint, there are no incidents above
Level 4. Level 4 is more serious than any of the levels below it.
Witness: Jonathan Falk






Item No. 14

Page 1 of 1

Case No 2003-00266

LGE/KU Initial Data Requests to Midwest ISO

REQUEST:

14. Mr. Falk (p. 12, il. 10-16) discusses his examination of the NERC Disturbance Analysis
Working Group (“DAWG”) reports on major disturbances since 1990,

a. For the period of 1990-2003, how many transmission related outages (excluding
those attributable to weather) occurred on LG&E/KU’s system?

b. Over the period 2002-2003 how many transmission related outages (excluding
weather related) occurred on systems under MISO’s operational control or within
the MISO footprint?

c. Please provide the evidence that Mr. Falk relied upon to assume that the 2.6
million kWh that he states represents the “average number of kilowatt-hours lost
in a disturbance,” a number that is based on his examination of the DAWG
reports on disturbances, could reasonably be used to represent the average number
of kilowatt-hours lost in a disturbance effecting the LG&E/KU system.

RESPONSE:
a. None for the period 1990-2000. The relevant DAWG reports on major

disturbances have not been published for years after 2000; the observed kilowatt-hour

losses I used for my analysis were from the years 1990 through 2000.

b. DAWG reports on major disturbances are not available for the period 2002-2003.

and I do not know of an alternative source of comparable data.

c. The data derive from a wide variety of outages on a wide variety of systems.

Absent some clear reason to the contrary, it is reasonable that unexpected outages on the

LG&E/KU electric system should resemble unexpected outages on other electr

ic systems.

Witness: Jonathan Falk






Item No. 15

Page 1 of 1

Case No 2003-00266

L.GE/KU Initial Data Requests to Midwest ISO

REQUEST:

15.  Please provide all empirical studies that Mr. Falk relied upon to assume that the
distribution of outage costs derived from his Monte Carlo simulation is representative or
characteristic of the distribution of outage costs associated with outages in the LG&E/KU
service territory or outages within neighboring control areas that would impact
LG&E/KU’s service territory and its retai] customers.

RESPONSE:

The data derives from a wide variety of outages on a wide variety of systems. Absent
some clear reason to the contrary, it is reasonable that unexpected outages on the

LG&E/KU electric system should resemble unexpected outages on other electric systems.

Witness: Jonathan Falk






Item No. 16

Page 1 of 1

Case No 2003-00266

LGE/KU Initial Data Requests to Midwest ISO

REQUEST:

16. Please provide an estimate of the difference between the probability of a power outage
with LG&E/KU operating as a standalone system and the probability of a power outage
with LG&E/KU as a member of MISO. What would this difference in probabilities be if
MISO continued to provide Reliability Authority and security services to LG&E/KU
operating as a standalone system?

RESPONSE:

The difference, if any, in probability would depend on how LG&E/KU as a standalone
system implemented security procedures and how effective communications across
systems turned out to be. Since LG&E/KU has not described its procedures as a
standalone systemn, there is no way to make such an estimate, unless they revert to the
security systems they used before the Midwest ISO assumed the role of security

coordinator. The current testimony details an estimate of that difference in that case.

Witness: Jonathan Falk






Item No. 17

Page | of 2

Case No 2003-00266

LGE/KU Initial Data Requests to Midwest ISO

REQUEST:

17. Mr. Torgerson (p. 7 Il. 3-7) suggests through the quote from the MISO Open Access
Transmission Tariff (“OATT”) that non-MISO facilities are integrated with MISO
facilities, and therefore all customers using the grid share in the costs.

a. Does MISO currently provide services designed to “ensure the reliability of the
bulk power system” to any non-MISO entities, for example, entities within
MAPP?

b. If the answer to (a) is ye‘s, will MISO continue to provide such services after
startup of the MISO Day 2 market?

c. Does Mr. Torgerson believe it is possible for MISO to provide identical reliability
services to LG&E/KU were the Companies to withdraw from MISO? If not,
please explain why not.

OBJECTION:

Mr. Torgerson’s testimony does not suggest or reference any quote from the Midwest

ISO’s Open Access Transmission Tarift. Mr. Torgerson’s testimony references an excerpt from

an order of the Federal Energy Regulatory Commission in Midwest Independent Transmission
System Operator, Inc., 98 FERC 61,141 at 61,412 (February 13, 2002).

RESPONSE:

a.

No. The Midwest ISO does not currently provide services to non-MISO entities
within MAPP. The Midwest ISO provides certain services to MAPPCOR
pursuant to a contract between MAPPCOR and the Midwest [SO.

b. To the extent that the referenced contract between the Midwest ISO and
MAPPCOR continues beyond the startup of the Midwest ISO Day 2 market, the
Midwest ISO will continue to provide these services.
c. Any services provided to LG&E/KU, if they were to withdraw from the Midwest
ISO, would be provided pursuant to a contract mutually acceptable by both parties
Witness: James P. Torgerson



Item No. 17

Page 2 of 2

Case No 2003-00266

LGE/KU Initial Data Requests to Midwest ISO

and consistent with the Agreement of Transmission Facilities Owners to Organize
the Midwest Independent Transmission System Operator, Inc., a Delaware Non-

Stock Corporation.

Witness: James P. Torgerson






Item No. 18

Page 1 of 2

Case No 2003-00266

LGE/KU Initial Data Requests to Midwest ISO

REQUEST:

18. Mr. Torgerson (p. 8 {l. 17-27), in response to the Question “Is the Midwest ISO creating
the benefits that were envisioned by its founding members, this Commission, the FERC
and other state commissions?” answers “Absolutely.” With regard to ensuring the
reliability of the bulk power system, please reconcile that answer with what could be a
reasonable expectation of the Commission with regard to MISO’s ensuring system
reliability, namely that there be no widespread power outages, such as the August 14th
blackout.

OBJECTION:

The Midwest ISO objects to this Data Request on the grounds that (1) it is beyond the
scope of the direct testimony of the witness, and (2) it misstates the testimony of the

witness.

Mr. Torgerson testified that one of the benefits of membership was “enhanced”
reliability. The quoted word “ensure” contained in this request appears to be taken from
the quoted portion of the Kentucky PUC order appearing at p. 8 of Mr. Torgerson’s

testimony. The words are those of the Commission, not the witness.

Further, this data request misstates not only the testimony of the witness, but the
Commission’s own order as well. This Data Request conveniently omits the words
immediately preceding the word “ensure.” The actual phrase used by the Commission
was “helps to ensure” and further did not indicate that this task was solely that of the
Midwest ISO. The quoted word in context referred to LG&E and KU’s participation in
“organizations such as the East Central Area Reliability Council and the Midwest
Independent Transmission System Operator (“Midwest ISO”) which help to ensure the
reliability of the bulk power system .. ..” As originally written, this phrase appears to

correctly state the relationship of various entities working together to improve regional

reliability.

Witness: James P. Torgerson



Item No. 18

Page 2 of 2

Case No 2003-00266

LGE/KU Initial Data Requests to Midwest ISO

Without waiving its objection, and in the spirit of cooperation, the Midwest ISO

provides the following response.

RESPONSE:

The Midwest ISO does not guarantee or “ensure” uninterrupted service. Among the
reasons that it cannot make this assurance is that the Midwest ISO must depend on
control areas (and others) to adequately perform their obligations, including those found
in NERC Policy 2. Thus, the reliability of the bulk power system will depend on how
well each control area cooperates with the authorized reliability coordinator in the region,
and meets all of its operating obligations as set forth in the NERC Operating Manual.
The fact that the August 14™ blackout did not affect Kentucky customers illustrates the

successful cooperation of utilities, regulatory agencies and RTOs.

With regard to the Midwest ISO’s role in maintaining reliability, in concert with
the control area operator, the testimony of Roger Harszy explains in detail the tools and
systems by which the Midwest ISO “enhances” reliability in the region, to a level of

dependability and efficiency not obtainable by a stand-alone transmission operator.

Finally, to assist the Commission’s understanding of the measures taken in response to
the blackout of August 14th, attached to this response is the Comprehensive Reliability
Enhancement Plan now being implemented by the Midwest ISO.

Witness: James P. Torgerson



Attachment to LGE/KU #18
Witness: Torgerson Page 1

Midwest Independent Transmission
System Operator, Irc.

Comprehensive Reliability Enhancement Plan

Version 1.0

November 19, 2003

VERSION 1.0 Page 1 of 41 Last Saved: 12/4/2003 3:26 PM
18 Exhibit Reliability Plan.doc



Miso

Comprehensive Reliability Enhancement Plan

Version Change History

Attachment to LGE/KU #18
Witness: Torgerson

11/19/03

Issue of Version 1.0

VERSION 1.0

18 Exhibit Reliability Plan.doc

Page 2 of 41

Last Saved: 12/4/2003 3:26 PM
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Witness: Torgerson

Miso Comprehensive Reliability Enhancement rian
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Attachment to LGE/KU #18
Witness: Torgerson Page 4

Introduction

The Midwest ISO has made a commitment to meet not only minimum requirements of a Reliability
Coordinator, as put forth in NERC Policy and the Transmission Owner Agreement, but to meet the
expectations of the membership, the industry, and the public. To this end, work is underway to enhance
existing tools and processes within MISO, develop new programs, acquire new tools, and investigate &
evaluate capabilities that may be possible in the future.

The Midwest ISO is committed to being the industry leader in reliability, facilities, tools, and training. The
enhancements listed in this document lay the groundwork for helping the Midwest ISO achieve this goal.

This document is to serve as a mechanism for capturing and explaining the items that are being
implemented to further MISO’s commitment. It is to be considered a living reference document, and will
be revised and added to as the need arises.
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Tools Witness: Torgerson Page 5

State Estimator/Contingency Analysis

The Midwest ISO’s ESCA State Estimator/Contingency Analysis is being enhanced to perform more
quickly and reliably and to provide more meaningful information to the reliability coordinators. These
enhancements include:

4t Quarter 2003

*  Provide basic training to all Carmel reliability coordination staff on basic functionality of ESCA State
Estimator/ Contingency Analysis

* ESCA SE/CA to become fully utilized by reliability coordination staff

¢ Define process for determining status of ESCA SE/CA {Alarming):

©  When state estimator is not working

©  Process for determining SE/CA is running properly

Define process for addressing failure of SE/CA:

©  Who is notified when state estimator is not working

o Process for feedback to operators when SE is being fixed

o Process for turning SE back over to RC

¢ Define process for emergency “patching” of model

*  Define process for implementing emergency changes of model

Determine:

o What points are needed

o What points are available

* Implement missing points

1* Quarter 2004

¢ Provide advanced training to all Carmel reliability coordination staff on ESCA SE/CA
*  Provide basic training to all St. Paul reliability coordination staff on basic functionality of ESCA
SE/CA
o St. Paul reliability coordination staff will begin using the ESCA SE/CA in addition to the existing
SIEMENS SE/CA located in St. Paul
* Investigate feasibility of additional specific Contingency Violation summary screens
¢ TO’s to supply metering accuracy for SE measurement weights 345kV and above for refined solutions

2 Quarter 2004
* Provide advanced training to all St. Pau! reliability coordination staff on ESCA SE/CA
o St Paul reliability coordination staff will continue using the ESCA SE/CA in tandem with the
SIEMENS SE/CA located in St. Paul
* Implement Contingency Violation summary screens specified per 1" Qtr investigation
* TO’s to supply metering accuracy for SE measurement weights 100kV and above for refined solutions

Ongoing
SEE STATE ESTIMATOR/CONTINGENCY ANALYSIS CRITERIA
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Attachment to LGE/KU #18
Witness: Torgerson Page 6
Power Supply Monitoring Too!
The MISO Power Supply Monitoring Tool (PSMT) monitors several key measurements, which indicate the
health and performance of each control area in the MISO footprint. The PSMT is being enhanced to
provide more information and functionality to the reliability coordinators. These enhancements include:

4™ Quarter 2003

® Identify additional points and values to be received from member companies
o  MISO management to contact member companies to obtain all additional data
» Install additional data points into the tool
+ Configure tool to alert the operator for the following:
o Individual Control Area’s Instantaneous ACE is +/- 2-times its respective L(10) value (i-e., yellow)
© Individual Control Area’s 10-min avg. ACE exceeds its respective L(10) value for 3, 6, 9, & 12
consecutive 10 min periods (i.e., 3-white, 6-yellow, 9-orange, 12-red)
o Individual Control Area’s frequency is +/- .03hz from 60.00hz (yellow), and +/- .05hz from
60.00hz (red)
o  MISO’% total ACE > MISO's Ly
o Difference between lowest CA frequency and highest CA frequency is greater than .03hz —
indicating possible islanding or separation

1* Quarter 2004

»  Confirm all data points/real-time values with the Control Areas
*  Provide ability to calculate required reserves on a Control Area basis
*  Configure tool to alert the operator when actual reserves do not meet required reserves on a Control
Area basis
* Investigate ability to move this tool to the ESCA or other environment. Include pros and cons of such
a move
* Investigate adding user-specified trending functionality for any/all data points in the Power Supply
Monitoring Tool:
©  User to be able to choose between the following timescales:
=  Past hour
=  Past 12 hours
= Past 24 hours
o User to be able to specify multiple points

2" Quarter 2004
* Implement trending functionality specified per 1% Qtr investigation
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Status & Analog Alarms
The MISO reliability coordinators receive thousands of alarms each day. The alarming tools used to
display these alarms will be enhanced to allow for more effective monitoring of system conditions by the
reliability coordinators. These enhancements include:

4™ Quarter 2003
» Enhance audible alarming
¢ Alarming for:
o0 Analog flows vs. limits
o Analog voltages vs. limits
o Status
©  Equipment 100kV and above

1* Quarter 2004

* Investigate additional alarming functionality, including:
o Linking of alarms and one-line diagrams
© Provide summary screen differentiating planned vs. forced outages
© Improved alarm names/descriptions
o Topology processor — indicates in real-time what facilities have tripped (transformers, circuits,
ete., instead of individual breaker status alarms)

2™ Quarter 2004
* Implement additional functionality specified per 1* Qtr investigation

REFERENCE MISO ALARMING PHILOSOPHY DOCUMENT
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Overview Displays of MISO Transmission System

Dynamic overview displays are being developed for the entire MISO reliability coordination area. These
displays will allow the reliability coordinators to view the entire MISO region at once.

4™ Quarter 2003

¢ Complete the mapping of real-time analogs and voltages for entire MISO area to overview displays
*  Provide complete visual indications of overloaded facilities, forced outages, high voltage, low voltage
*  Complete the linking of overview displays and individual station one-line diagrams

1* Quarter 2004

* Investigate feasibility of adding the following functionality:
©  Inthe event that all data is lost, the last known good scan of data can be called up and placed on
the displays with a visual indication that it is last known good data
o Toggle to state-estimator values rather than measured values

2" Quarter 2004
*  Implement additional functionality specified per 1* Qtr investigation
* Develop and implement procedures for reviewing, updating, and maintaining display

REFERENCE TO OVERVIEW DISPLAY PLLAN
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One line station diagrams for entire MISQ transmission system
Dynamic one-line station diagrams are being developed for the entire MISO reliability coordination area.

These diagrams will allow the reliability coordinators to view real time data and conditions at each of the
stations within the MISO region.

4" Quarter 2003

¢ Complete the mapping of real-time analogs, breaker statuses, and voltages for all stations in the MISO
model
* Provide ability to toggle between state-estimator values and measured values

1* Quarter 2004

* Investigate feasibility of adding the following functionality:
0 Inthe event that all data is lost, the last known good scan of data can be called up and placed on
the displays with a visual indication that it is last known good data

2™ Quarter 2004
* Impiement additional functionality specified per 1* Qtr investigation
*  Develop and implement procedures for reviewing, updating, and maintaining diagrams

REFERENCE ONE LINE DIAGRAM PLAN
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Video Projection System (VPS) upgrade—
In order to view the dynamic diagrams — as well as other tools currently existing or being developed —
additional video projection screens will be installed in the MISO Control Center. The video projection
system provides the ability for a large amount of real-time, dynamic, visual information to be displayed in a
meaningful way and viewed by several people in the control center simultancously.

4" Quarter 2003

»  Install Phase 1 of expansion (18 screens)

1* Quarter 2604

¢  Final testing
¢  Final documentation
»  Final acceptance

REFERENCE VPS EXPANSION PLAN
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Voice Communication
Purchase and install a new turret-style phone system by summer of 2004 to enhance the existing phone
communication system used by real-time operations personnel.

4" Quarter 2003

»  Complete the specifications document for the phone system
¢  Contact vendors to solicit bids

¢ Review bids and select vendor

*  Sign contract with selected vendor

1* Quarter 2004

» Purchase and install phone system and verify proper operation
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Delta Voltage Tool
This tool will be populated with ICCP bus voltage measurements for all busses 230kV and above in and
around the MISO Reliability Area. The tool will provide the Reliability Coordinator with a tool
independent from the SE/CA with which to monitor 1.) Significant changes in voltage levels, and 2.)
Unaceceptable voltage levels across the system.,

q'® Quarter 2003

¢ Finalize ali requirements for tool - including:

o Tool will be populated with ICCP bus voltage measurements for all busses 230kV and above in
the MISO Reliability Area

o Tool will indicate the control area associated with each ICCP bus voltage measurement

o Tool will alert the operator by sorting to the top of display any voltage measurement that reaches a
percent of nominal that is either above or below acceptable levels for that particular voltage.

o Tool will alert the operator by sorting to the top of display any voltage measurement that changes
between scans by a threshold amount

o When a point is sorted to the top, an indication will be given of what the previous value was for
that point prior to moving into an alarm state

o Determine the best application to use for this tool — Microsoft Excel or ESCA. (Data currently
resides in SCADAMOM)

1* Quarter 2004
o  Build Tool

s Implement specified functionality
¢ Once tool is checked out functioning properly, investigate feasibility of adding additional functionality,
including;:
o Add all (or select) bus voltages 100kV and above to the tool
©  Add sorting capability to tool allowing all voltages that are in alarm in tool to be sorted by several
different criteria:
*  Magnitude of change
* Time of alarm

2™ Quarter 2004
* Implement additional functionality specified per 1¥ Qtr investigation
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Delta-Flow Tool s Fage 13
The Reliability Coordinators’ ability to monitor changes in energy flows across the transmission system
will be enhanced by adding all transmission lines 230kV and above in and around the MISO Reliability
Area into the existing Flowgate Monitoring Tool (FMT)}- OR - into a separate tocl working on same
principle as the FMT. This tool will assist the Reliability Coordinators in knowing not only when facilities
trip, but what facilities are impacted significantly by a trip.

4t Quarter 2003

*  Finalize all requirements for tool — including:

o Tool will be populated with the equipment names and mapped ICCP MW measurements for ALL
available lines and transformers 230kV and above in MISO and first-tier areas

o Tool will alert the operator by sorting to the top of display any equipment whose MW flow
changes between scans by a threshold amount

o When a piece of equipment is sorted to the top, an indication will be given of what the previous
(pre-alarm) value was for that equipment prior to moving into an alarm state

o Determine the best application to use for this tool — Microsoft Excel or ESCA. (Data currently
resides in SCADAMOM)

1* Quarter 2004
¢ Build Tool

e Implement specified functionality
*  Once tool is checked out functioning properly, investigate feasibility of adding additional functionality,
including:
o Add all equipment 100kV and above to the tool
©  Add sorting capability to tool allowing all transmission facilities that are in alarm in tool to be
sorted by several different criteria:
= Magnitude of change
*=  Time of alarm

2" Quarter 2004
* Implement additional functionality specified per 1¥ Qtr investigation.
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Flowgate Monitoring Tool
The Flowgate Monitoring Tool (FMT) allows the reliability coordinators to monitor real time flows across
key facilities via ICCP data from the Control Areas and to project post-contingent flows as well. The
Flowgate Monitoring Tool will be enhanced as follows:

4" Quarter 2003

*  MISO Operations Department to specify additional functionality being requested:
o Additional logging capabilities
©  Automatic updating of Line Qutage Distribution Factors (LODFs) to reflect real-time condition of

transmission system

*  MISO IT Department to begin implementing additional requested functionality

*  MISO Operations Department to begin conducting review with all members of MISO Reliability Area
to determine if additional facilities from their respective areas need to be added to the FMT for
monitoring

*  MISO Operations Department to begin conducting review with all members of MISO Reliability Area
to determine that correct limits are being used in FMT for those elements already in the FMT.

I* Quarter 2004

*  MISO IT Department to complete implementation of additional logging capabilities requested by
Operations

*  MISO IT Department and EMS Group to complete implementation of phase 1 automatic (hourly)
updating of Line Outage Distribution Factors (LODFs) to reflect real-time condition of transmission
System

*  MISO Operations Department to complete review with all members of MISO Reliability Area to

determine if additional facilities should be added to FMT, and provide list of these facilities to IT

Department

MISO IT Department to begin adding facilities to the FMT as specified by Operations

Department/Control Areas

MISO Operations Department to begin verifying flows/data points with Control Areas for all facilities

listed in FMT

MISO Operations Department to complete review with all members of MISC Reliability Area to

determine that correct limits are being used in FMT for those clements already in the FMT.

* MISOIT Department to complete adding facilities to FMT as specified by Ops/CA’s

¢  MISO Ops to complete verifying flows/data points with CA’s for all facilities listed in FMT

2md Quarter 2004

*  MISOIT Department and EMS Group to complete implementation of phase 2 automatic (mulitiple
times per hour) updating of Line Outage Distribution Factors {L.ODFs) to better reflect real-time
condition of transmission system
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Messaqing System (QICL) Enhancements

The MISO Messaging System is the primary means of electronic communication between the Carmel
Reliability Coordinators and those Control Areas within the Carmel Reliability Zone. Further
enhancements are required to maximize the use of this important tool.

4™ Quarter 2003

*  Determine requirements for implementing the following requested functionality:
o OICL to automatically notify transmission owners of all TLRs that are currently being issued on
the grid
*  This notification should take the same form as is currently used to notify MISO Management
of TLR level changes via their pagers
o OICL (or other tool) to post all TLR curtailments to OASIS {Not intended to replace notification
of CA’s within MISO Reliability Area via Messaging System.)
o OICL to be re-configured to allow for streamlined process of attaching and sending TLR
Curtailment lists to all members.
o OICL to automatically notify transmission owners of all transmission outages that are forced and
voltage problems that are below emergency limits.
o OICL to automatically notify TOs of their flowgates that exceed normal continuous limits on a
real-time basis.
o OICL to be re-configured to allow for streamlines process of sending out Time Error Corrections
and Energy Emergency Alert (EEA) information
* Investigate pros/cons of using MISO Day 2 messaging system or other messaging system application
vs. OICL

1* Quarter 2004

* Begin implementation of requested functionality — either through the OICL or other means as agreed
upon by MISO Reliability Coordination

2™ Quarter 2004
*  Complete implementation of requested functionality — either through the OICL or other means as
agreed upon by MISO Reliability Coordination
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Generator Tracking Tool — Ensuring PMAX is not exceeded

The Reliability Coordinator needs to be aware of any generator(s) whose megawatt-hour output is
exceeding their interconnection study limits.

4 Quarter 2003

®  Determine requirements for implementing the following requested functionality through the MISO
Generation Monitoring Tool or other means:
o MISO RC to be capable of monitoring and receiving visual indication any time a generator’s
megawatt-hour output is exceeding its interconnection study limits.
*  Determine which generators have study limits and will be monitored

1* Quarter 2004

e Complete implementation of requested functionality as specified in 4® Qtr determination

VERSION 1.0 Page 16 of 41 Last Saved: 12/4/2003 3:26 PM
18 Exhibit Reliability Ptan.doc



MO Comprehensive Reliability Enhancement Plan

Attachment to LGE/KU #18
Witness: Torgerson Page 17
ICCP Data Quality Indicating Tool
It is critical to know the quality of all data links and ICCP data that is received by MISO. Currently, the

Flowgate Monitoring Tool and Power Supply Monitoring Tool do not have the capability of flagging or
indicating when data may be suspect.

4™ Quarter 2003

¢ Determine requirements for implementing the following requested functionality into the Flowgate
Monitoring Tool:
©  Provide visual indication/alert whenever ICCP data or datalinks are lost, frozen, or lagging.
o Provide for logging/recording
s  Consider the following when developing solution:
o Move FMT and PSMT into the ESCA environment so that the ESCA data-quality functionality
can be utilized
o IT Department is currently working on a standard ESCA display that indicates the health of ICCP
data/data links. (This effort should move forward regardless of its impact on this subject tool)
o Provide for logging/recording

1* Quarter 2004

¢  Begin implementation of requested functionality

2" Quarter 2004

¢ Complete implementation of requested functionality
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Backup Tool Designhation/Development
A contingency plan is needed to cover the loss or unavailability of each critical reliability coordination tool
at the primary control center. The backup tool/process may not be a 100% replacement, but will meet basic
functionality.

4™ Quarter 2003

*  Determine and specify which reliability coordination tools/processes are critical — and will require
backup/redundancy

1st Quarter 2004
»  Determine backup tool/process for each specified reliability coordination tool/process used by MISO
*  Where no backup too! exists, develop a backup tool or contingency plan to cover

2™ Quarter 2004

*  Document the backup tool/process for each primary reliability coordination tool/process — including
instructions/procedures as necessary

¢ Implement backup tools/processes that did not previously exist to cover all contingencies
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MISQ and PJM Joint Operating Agreement (JOA) quick hits
MISO and PIM have recommended that several processes listed MISO/PIM JOA be implemented
immediately to enhance reliability. These processes relate to:

Data Exchange
4™ Quarter 2003

* Determine requirements for implementing all of the phase 1 data exchange items in Article IV

1* Quarter 2004

» Implement all of the phase 1 data exchange items in Article IV
¢ Document the implementation agreement

ATC/AFC coordination

I\ Quarter 2003

¢  Determine requirements for implementing all of the items in Article V

1* Quarter 2004

* Implement all of the items in Article V
*  Document the implementation agreement

Outage Coordination
4™ Quarter 2003

» Determine portions of Article VII to be implemented
¢ Determine requirements for implementing agreed upon portions of Article VII

1 Quarter 2004

*  Implement agreed upon portions of Article VII
*  Document the implementation agreement

Joint Operation and Emergency Procedures
4" Quarter 2003

¢ Determine portions of Article VIII to be implemented
*  Determine requirements for implementing agreed upon portions of Article VIII

1* Quarter 2004

¢ Implement agreed upon portions of Article VIII
*  Document the implementation agreement
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Reliability Coordination Working Group (RCW})
This group will consist of Operator/Shift Supervisor-level personnel from MISO and member companies.

The group will provide prompt action on items as they arise and also provide support on refining MISO
processes, procedures, and tools. RCWG will report to Reliability Subcommittee (RS).

The RCWG will be set up to:

Review Tools, procedures, and processes

Verify flows and limits

Implement “quick hits”

Review comprehensive reliability enhancement plan
Review any NERC ORS/ RCWG/ Policy 9 changes
Review any changes in the Functional Model

000000

4t Quarter 2003

¢ Collect contact information for representatives for each CA and TO in the MISO Reliability Area
*  Setup first meeting/conference call of the RCWG by Nov. 15, 2003

¢  Assign action items to the group for completion by Dec. 31, 2003

*  Work in concert with RCWG and TOCWG to implement Comprehensive Reliability Plan

1" Quarter 2004

*  Ongoing
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Revision of Reliability Coordination Manual
MISO process manuals must be kept current and up-to-date in order to provide concise information and
clear direction to MISO Reliability Coordinators and other parties who deal with them. The following
items will be addressed:
*  Strengthen Emergency Procedures and Emergency Response
¢  Strengthen procedures for responding to specific alarms/conditions
* Develop process to ensure regular review and updating of this document

4™ Quarter 2003

¢  Update and post updated version of the MISO Reliability Coordination Process Manual by December
15, 2003
o Include - as appropriate — language and procedures to address all relevant recommendations put
forth in the following documents:
=  NERC Near-Term Actions
ISO/RTO Council Recommendations
MISO/PIM JOA Quick Hit items
DOE Recommendations
MISO Reliability Plan
*  Strengthen Emergency Procedures and Emergency Response
Strengthen procedures for responding to specific alarms/conditions
Develop process to ensure regular review and updating of this document
o Include criteria for declaring an emergency and steps that occur as a part of the declaration.
*  During interim, issue Directives as necessary to Reliability Coordinators covering any changes or
updates to MISO Emergency/Normal Operating Procedures.
Revise ACE portion of Manual regarding consecutive 10-minute periods for which a Control Area
operates its ACE outside its L, and the actions the coordinator will take in response.

1* Quarter 2004

*  Develop process for regular review and updating of the MISO Reliability Coordination Process
Manual

*  Create an email distribution list to send notification to stakeholders when revisions have been made

*  Develop and implement process for input by RCWG concerning content and language included in the
MISO Reliability Coordination Process Manual

*  Develop process to train Reliability Coordinators and Control Areas/Transmission Operators (to the
extent that Control Areas and/or Transmission Operators are impacted) on changes made to the Manual

*  Develop process to notify Control Areas/Transmission Operators of MISO Reliability Coordination
Directives that impact them
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Restoration Planning &
The MISO Power System Restoration Group (PSRG) will be leading the effort regarding restoration

planning.

4™ Quarter 2003

* Develop documentation outlining the scope of the sub-regional restoration group

*  Hold initial planning meeting for the Southern Indiana/S.E.Ohio sub-regional working group
* Review and revise the MISO Restoration Philosophy documentation

*  Prepare outline of Technical white paper to support possible tariff for BSS

Finalize contract with contractor to assist in the development of a MISO restoration Plan

1* Quarter 2004

¢ Contractor start work

PSR meeting to discuss draft of Technical paper outline and other items
Northern Indiana/Ohio sub region initial meeting

llinois/Missouri sub-region initial meeting

Review previously developed Tariff language.

PSR training Seminar

2" Quarter 2004

* PSR meeting to review progress on technical paper

¢ Prepare outline of MISO restoration Plan

¢ Finalize regional approach to restoration of the Southern Indiana/S.E.Ohio sub-regional
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Collection of Underfrequency/Undervoltage Schemes

MISO will require its Control Areas to provide information on any underfrequency/undervoltage schemes
that are present on their system along with explanations of the intended effects of these schemes on the
transmission system.

4™ Quarter 2003

*  MISO will require each of the Control Areas within the MISO Reliability Area to provide information
on any underfrequency/undervoltage schemes that are present on their system along with explanations
of the intended effects of these schemes on the transmission system.

1* Quarter 2004

*  MISO will compile this information for use by its real-time operations staff.

Attachment to LGE/KU #18
Witness: Torgerson Page 23
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Coilection of Backup Plans g &

MISO will require each Control Area and Transmission Operator in the MISO Reliability Area to provide a
copy of their emergency backup plans.

4™ Quarter 2003
*  MISO will require that each Control Area and Transmission Operator in the MISO Reliability Area
provide MISO with a copy of their respective emergency backup plans.

1% Quarter 2004

e  MISO will compile this information for use by its real-time operations staff.
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Development of Load Shedding Programs
The MISO will work with the Control Areas to develop load shedding programs that can be implemented
within 5 to 10 minutes.

4™ Quarter 2003
*  MISO will develop a plan for compiling individual Control Area load shedding

information/capabilities into Load Shedding Programs for use across the entire MISO Reliability Area
e  MISO to begin collecting information from Control Areas:
o  Written documentation showing Control Area Operator authority to shed load
o Written documentation indicating how much load can be shed within 5-10 minutes for
transmission emergencies

1% Quarter 2004

*  MISO works with Control Areas to begin the process of developing Load Shedding Programs across
entire MISO Reliability Area.
o Goal s for MISO to know on daily hasis how much load shed is available to be shed in 5-10
minutes for transmission emergencies

2™ Quarter 2004
*  MISO completes development of Load Shedding Programs
*  MISO puts procedures in place for monitoring and implementation of L.oad Shedding Programs.
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Attachment to LGE/KU #18

Witness: Torgerson Page 26
Exchange of Forced Outage Information g 8

The SDX - as currently configured — is not an acceptable tool for use in a real-time environment. MISO
needs to develop a system to exchange forced outage information with neighboring entities in near real-
time. This may be accomplished through agreements with neighboring entities and/or procedures and/or
new applications.

4™ Quarter 2003

*  MISO to investigate possible ways to accomplish this capability, including;
o  Agreements with neighboring entities
o Processes and procedures
o New software applications

1* Quarter 2004

¢  MISO to determine method(s) which will be used to accomplish this task
*  MISO will pursue these methods with ail related parties (neighboring entities, NERC, other)
»  MISO will work on development of any necessary software applications, agreements, or processes

omd Quarter 2004

*  MISO completes all necessary agreements, applications, or processes
* MISO implements new procedure(s) with all neighboring entities
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Attachment to LGE/KU #18

‘ ] Witness: Torgerson P 27
Review of Ratings 8 a8

MISO will make a thorough review of the ratings it uses in the Flowgate Monitoring Tool, the SE/CA,,
AFC calculations, and off-line models to ensure they are all consistent. There should be one set of ratings
that are being used in all applications.

4™ Quarter 2003

*  MISO to define process for performing review and addressing conflicting ratings with members

1* Quarter 2004

*  MISO to begin process of performing review and addressing conflicting ratings

2™ Quarter 2004
*  MISC to complete the review and matching up of ratings
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Attachment to LGE/KU #18
. Witness: Torgerson Page 28
Comprehensive Flowgate List &
MISO to maintain a comprehensive list of flowgates that defines the owner of the flowgate, the limiting
element of the flowgate, and who is responsible for TLR on the flowgate, and AFC calculation. A list
already exists, but will be reviewed and updated/augmented as necessary.

4™ Quarter 2003

*  MISO to define process for performing review

1™ Quarter 2004

*  MISO to begin review process between St. Paul and Carmel, and with Control Areas, Transmission
Owners, and neighboring Reliability Coordinators
* Revise and augment list as necessary

2™ Quarter 2004

*  MISO to begin complete review process with Control Areas, Transmission Owners, and neighboring
areas

¢ MISO to implement ongoing process to ensure that list is reviewed and adjusted reguiarly
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Attachment to LGE/KU #18
Witness: Torgerson Page 29

Comprehensive Daily Voltage/Reactive Management rrocess

While Control Areas in the Midwest ISO Reliability Area have their own daily voltage/reactive
management plan, Midwest ISO will work with the Control Areas on implementing a comprehensive daily
voltage/reactive management process for the entire MISO Reliability Area. While not yet fully developed,
the Process will likely include the following: Will provide a more inclusive process for ensuring all possible
VAR supplies are verified, available, and applied early in the day.

*  While Control Areas continue to have primary responsibility for assuring adequate dynamic reactive
supply reserves. MISO will, as the Reliability Coordinator, exercise its authority to call on available
dynamic VAR resources or to shed load, if the Control Area does not meet its obligation

s  Midwest ISO will monitor to assure that bulk electric transmission facilities remain above 95% of
nominal or will direct corrective action to return voltages to above 95%, or to a higher level if the
Control Area operates to a more stringent standard.

*  The Control Area Operators within the MISO Reliability Area are required to report low voltage
violations on transmission facilities to the MISO Reliability Coordinator immediately.

¢ Midwest ISO will adopt a policy of requiring generators to report any time generating units are not
operating under AVR

*  While Control Areas coordinate voltage schedules now, Midwest ISO will coordinate the differences
among Midwest ISO Control Areas and across Reliability Coordination boundaries

¢  MISO to pursue near real-time VSAT program running during the day
Qutage reporting by MISO members to include the status of capacitor banks/reactors that are
connected to the transmission system.

4 Quarter 2003

¢ Begin development of the Process with stakeholders

Lst Quarter 2004
¢ Begin implementation of the process with stakeholders
*  Begin development of tools/functionality associated with Plan

2™ Quarter 2004

¢ Complete implementation of tools/functionality associated with Plan
*  Complete implementation of the Process with stakeholders
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o Witness: Torgerson Page 30
Reliability Charter
¢ Details to be determined
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Attachment to LGE/KU #18
Witness: Torgerson Page 31

Staffing

Staffing/ HR

The Midwest ISO will increase staffing levels in key areas to enhance reliability. MISO Human Resources
will help to ensure that these additional positions will be filled with highly qualified personnel. The
staffing goals are as follows:

©  Implement Shift Supervisor position to provide 24x7 direction over all real-time operations

o Provide additional Reliability Coordinators in Carmel and St. Paul for additional monitoring,
training, and visitation to Control Areas

o Increase Ops Engineer staffing in Carmel and St. Paul for greater voltage stability and analysis
capabilities

qm Quarter 2003

¢ Operations to provide Human Resources with criteria for qualified applicants
*  Human Resources to begin recruitment of qualified personnel

*  Begin interviews of qualified applicants

¢  Begin hiring of qualified personnel to fill positions

1* Quarter 2004

¢ Continue interviewing and hiring of qualified personnel to fill positions
* Review number of qualified applicants and, if necessary, expand recruiting methods

2™ Quarter 2004
*  Begin full implementation of Shift Supervisor position
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Attachment to LGE/KU #18

- Wi :
Tralmng itness: Torgerson Page 32

Training
A robust ongoing training program is vital to maintaining a highly skilled, knowledgeable workforce.
MISO’s commitment is to become one of the best providers of training and training resources in the
industry. Listed below are some possible aspects of the training plan that is being developed.
o Training to include cross-training between Carmel RCs, St. Paul RCs, and MISO Control Areas
o Develop Levels/Training Validations for Reliability Coordinators
o Investigate use of consultants to get take the MISO training program to the next level. Goal — to
become the best in business
o Investigate ways to make active use of the simulator by the end of 2004
o Regularly train operators for emergency conditions using dispatcher-training simulator

4t Quarter 2003

* Acquire services of consultant services to assist in developing training plan that includes:
* Complete detailed training plan by November 30, 2003. Detailed plan to include:
o Steps to be taken for more structured on-the-job training
© Recommended requirements and schedule for initial and on-going training for Reliability
Coordinators and control area operators
Recommendations for knowledge assessments following completion of training
More detailed timeline
Suggested number of personnel required to accomplish various steps
Cross-training in support of reliability
Recommended course content
*  Train operators on State Estimator, Contingency Analysis
* Review emergency procedures with Reliability Coordinators

1% Quarter 2004

¢ Begin implementation of Training Plan

0000
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Attachment to LGE/KU #18

Timeline Witness: Torgerson Page 33

4" Quarter 2003

State Estimator
*  Provide basic training to all Carmel reliability coordination staff on basic functionality of ESCA State
Estimator/ Contingency Analysis
ESCA SE/CA to become fully utilized by reliability coordination staff
Define process for determining status of ESCA SE/CA (Alarming):
o  When state estimator is not working
©  Process for determining SE/CA is ruaning properly
*  Define process for addressing failure of SE/CA:
©  Who is notified when state estimator is not working
©  Process for feedback to operators when SE is being fixed
©  Process for turning SE back over to RC
Define process for emergency “patching” of model
*  Define process for implementing emergency changes of model
s Determine:
©  What points are needed
©  What points are available

Implement missing pointsPower Supply Monitoring Tool

¢ Identify additional points and values to be received from member companies
©  MISO management to contact member companies to obtain all additional data
» Install additional data points into the tool
*  Configure tool to alert the operator for the following:
o Individual Control Area's Instantaneous ACE is +/- 2-times its respective L(10) value (i.e., yellow)
o Individual Control Area's 10-min avg. ACE exceeds its respective L(10} value for 3, 6, 9, & 12
consecutive 10 min periods (i.e., 3-white, 6-yellow, O-orange, 12-red)
o Individual Control Area's frequency is +/- .03hz from 60.00hz (vellow), and +/- .05hz from
60.00hz (red)
o MISO's total ACE > MISOQ’s Ly,
* Difference between lowest CA frequency and highest CA frequency is greater than .03hz — indicating
possible islanding or separation

Status and Analog Alarms

*  Enhance audible alarming

*  Alarming for:
o Analog flows vs. limits
o Analog voltages vs. limits
o Status

¢  Equipment 100kV and abave

Overview Displays

*  Complete the mapping of real-time analogs and voltages for entire MISO area to overview displays

* Provide complete visual indications of overloaded facilities, forced outages, high voltage, low voltage
¢ Complete the linking of overview displays and individual station one-line diagrams

One-line Station Diagrams

» Complete the mapping of real-time analogs, breaker statuses, and voltages for all stations in the MISO
model
* Provide ability to toggle between state-estimator values and measured values

Yideo Projection System Expansion

®  Insta]l Phase 1 of expansion (18 screens)
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Yoice Communication

Complete the specifications document for the phone system

»  Contact vendors to solicit bids

* Review bids and select vendor Attachment to LGE/KU #18

¢  Sign contract with selected vendor Witness: Torgerson Page 34
Delta Voltage Tool

Finalize all requirements for tool ~ including;

o Tool will be populated with ICCP bus voltage measurements for all busses 230kV and above in
the MISO Reliability Area

o Tool will indicate the control area associated with each ICCP bus voltage measurement

0 Tool will alert the operator by sorting to the top of display any voltage measurement that reaches a
percent of nominal that is either above or below acceptable levels for that particular voltage.

o Tool wiil alert the operator by sorting to the top of dispiay any voltage measurement that changes
between scans by a threshold amount

o When a point is sorted to the top, an indication will be given of what the previous value was for
that point prior to moving into an alarm state

Determine the best application to use for this tool — Microsoft Excel or ESCA. (Data currently resides

in SCADAMOM)

Flowgate Monitoring Tool

MISO Operations Department to specify additional functionality being requested:

o Additional logging capabilities

o Automatic updating of Line Outage Distribution Factors (LODFs) to reflect real-time condition of
transmission system

MISO IT Department to begin implementing additional requested functionality

MISO Operations Department to begin conducting review with all members of MISO Reliability Area

to determine if additional facilities from their respective areas need to be added to the FMT for

monitoring

MISO Operations Department to begin conducting review with all members of MISQ Reliability Area

to determine that correct limits are being used in FMT for those elements already in the FMT.

Messaging System (OLCL) Enhancements

Determine requirements for implementing the following requested functionatity:

o OICL to automatically notify transmission owners of all TLRs that are currently being issued on
the grid
*  This notification should take the same form as is currently used to notify MISO Management

of TLR level changes via their pagers

o OICL (or other tool) to post all TLR curtailments to OASIS (Not intended to replace notification
of CA’s within MISO Reliability Area via Messaging System.)

o OICL to be re-configured to allow for streamlined process of attaching and sending TLR
Curtailment lists to all members.

o OICL to automatically notify transmission owners of all transmission outages that are forced and
voltage problems that are below emergency limits.

o OICL to automatically notify TOs of their flowgates that exceed normal continuous limits on a
real-time basis.

o OICL to be re-configured to allow for streamlines process of sending out Time Error Corrections
and Energy Emergency Alert (EEA) information

Investigate pros/cons of using MISO Day 2 messaging system or other messaging system application

vs, OICL

ICCP Data Quality Indicating Tool

Determine requirements for implementing the following requested functionality into the Flowgate
Monitoring Tool:

o Provide visual indication/alert whenever ICCP data or datalinks are lost, frozen, or lagging.

o Provide for logging/recording

Consider the following when developing solution:
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o Move FMT and PSMT into the ESCA environment so that the ESCA data-quality functionality

can be utilized
o IT Department is currently working on a standard ESCA display that indicates the health of ICCP

data/data links. (This effort should move forward regardless of its impact on this subject tool)
¢ Provide for logging/recording

Backup Tool Designation/Development
»  Determine and specify which reliability coordination tools/processes are critical — and will require

backup/redundancy
MISO and PJM Joint Operating Agreement (JOA) quick hits Attachment to LGE/KU #1858
*  Determine items to be implemented and requirements Witness: Torgerson Page 35
RCWG

*  Collect contact informatjon for representatives for each CA and TO in the MISO Reliability Area
¢ Setup first meeting/conference call of the RCWG by Nov. 15%, 2003

*  Assign action items to the group for completion by Dec. 31, 2003

*  Work in concert with RCWG and TOCWG to implement Comprehensive Reliability Plan

Revision of Reliability Coordination Manual
* Update and post updated version of the MISO Reliability Coordination Process Manual by December
15, 2003
o Include - as appropriate — language and procedures to address all relevant recommendations put
forth in the following documents:
* NERC Near-Term Actions
ISO/RTO Council Recommendations
MISO/PIM JOA Quick Hit items
DOE Recommendations
MISO Reliability Plan
*  Strengthen Emergency Procedures and Emergency Response
* Strengthen procedures for responding to specific alarms/conditions
*  Develop process to ensure regular review and updating of this document
o Include criteria for declaring an emergency and steps that occur as a part of the declaration.
*  During interim, issue Directives as necessary to Reliability Coordinators covering any changes or
updates to MISO Emergency/Normal Operating Procedures.
* Revise ACE portion of Manual regarding consecutive 10-minute periods for which a Control Area
operates its ACE outside its Ly, and the actions the coordinator will take in response.

Restoration Planning

¢ Develop documentation outlining the scope of the sub-regional restoration group

Hold initial planning meeting for the Southern Indiana/S.E.Ohio sub-regional working group
Review and revise the MISO Restoration Philosophy documentation

Prepare outline of Technical white paper to support possible tariff for BSS

Finalize contract with contractor to assist in the development of a MISO restoration Plan

Collection of Underfrequency/Undervoltage Schemes

*  MISO will require each of the Control Areas within the MISO Reliability Area to provide information
on any underfrequency/undervoltage schemes that are present on their system along with explanations
of the intended effects of these schemes on the transmission system.

Collection of Backup Plans
*  MISO will require that each Control Area and Transmission Operator in the MISO Reliability Area of

the MISO Transmission Operators and Control Areas provide MISO with a copy of their respective
emergency backup plans.

Development of l.oad Shedding Programs

¢ MISO will develop a plan for compiling individual Control Area load shedding
information/capabilities into Load Shedding Programs for use across the entire MISO Reliability Area
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s MISO to begin collecting information from Control Areas:
o Written documentation showing Control Area Operator authority to shed load

*  Written documentation indicating how much load can be shed within 5-10 minutes for transmission
emergencies

Exchange of Forced Qutage Information

* MISO to investigate possible ways to accomplish this capability, including:
o Agreements with neighboring entities
o Processes and procedures

*  New software applications

Review of Ratings

*  MISO to define process for performing review and addressing conflicting ratings with members

Comprehensive Flowgate List

*  MISO to define process for performing review

Comprehensive Daily Voltage/Reactive Management Process

* Begin development of the Process with stakeholders

Staffing
*  Opcrations to provide Human Resources with criteria for qualified applicants

*  Human Resources to begin recruitment of qualified personne]
* Begin interviews of qualified applicants
*  Begin hiring of qualified personnel to fill positions

Attachment to LGE/KU #18
Witness: Torgerson Page 36

Training
* Acquire services of consultant services to assist in developing training plan that includes:
* Complete detailed training plan by November 30, 2003. Detailed plan to include:
©  Steps to be taken for more structured on-the-job training
© Recommended requirements and schedule for initial and on-going training for Reliability
Coordinators and control area operators
Recommendations for knowledge assessments following completion of training
More detailed timeline
Suggested number of personnel required to accomplish various steps
Cross-training in support of reliability
Recommended course content
¢  Train operators on State Estimator, Contingency Analysis
* Review emergency procedures with Reliability Coordinators

00000
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Attachment to LGE/KU #18

1% Quarter 2004 Witness: Torgerson Page 37
State Estimator/Contingency Analysis
¢ Provide advanced training to all Carmel reliability coordination staff on ESCA SE/CA
*  Provide basic training to all St. Paul reljability coordination staff on basic functionality of ESCA

SE/CA

O St. Paul reliability coordination staff will begin using the ESCA SE/CA in addition to the existing

SIEMENS SE/CA located in St. Paul

¢ Investigate feasibility of additional specific Contingency Violation summary screens
¢ TO’s to supply metering accuracy for SE measurement weights 345kV and above for refined solutions

Power Supply Monitoring Tool

*  Confirm all data points/real-lime values with the Control Areas
*  Provide ability to calculate required reserves on a Control Area basis
* Configure tool to alert the operator when actual reserves do not meet required reserves on a Control
Area basis
* Investigate ability to move this tool to the ESCA or other environment. Include pros and cons of such
a move
* Investigate adding user-specified trending functionality for any/all data points in the Power Supply
Monitoring Teol:
©  User to be able to choose between the following timescales:
=  Past hour
=  Past 12 hours
=  Past 24 hours
*  User to be able to specify multiple points

Alarms
* Investigate additional alarming functionality, including:
o Linking of alarms and one-line diagrams
©  Provide summary screen differentiating planned vs. forced outages
o Improved alarm names/descriptions
* Topology processor — indicates in real-time what facilities have tripped (transformers, circuits, etc.,
instead of individual breaker status alarms)

Overview Displays

* Investigate feasibility of adding the following functionality:
0 Inthe event that all data is lost, the last known good scan of data can be called up and placed on
the displays with a visual indication that it is last known good data
*  Toggle to state-estimator values rather than measured values

One-line Station Diagrams

¢ Investigate feasibility of adding the following functionality:

* In the event that all data is lost, the last known good scan of data can be called up and placed on the
displays with a visual indication that it is last known good data

Yideo Projection System (VPS) Upgrade

¢  Final testing
*  Final documentation
*  Final acceptance

Yoice Communication
*  Purchase and install phone system and verify proper operation

Deita Voltage Tool
*  Build Tool

¢ Implement specified functionality
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*  Once tool is checked out functioning properly, investigate feasibility of adding additional functionality,
including:
o Add all {or select) bus voltages 100kV and above to the tool
O Add sorting capability to tool allowing all voltages that are in alarm in tool to be sorted by several
different criteria:
=  Magnitude of change
* Time of alarm

Attachment to LGE/KU #18
Delta Flow Tool Witness: Torgerson Page 38
*  Build Tool
*  Implement specified functionality
*  Once tool is checked out functioning properly, investigate feasibility of adding additional functionality,
including:
o Add all equipment 100kV and above to the tool
o Add sorting capability to tool allowing all transmission facilities that are in alarm in tool to be
sorted by several different criterta:
*  Magnitude of change
* Time of alarm

Flowgate Monitoring Tool

*  MISO IT Department to complete implementation of additional logging capabilities requested by
Operations

* MISOIT Department and EMS Group to complete implementation of phase 1 automatic (hourly)
updating of Line Outage Distribution Factors (LODFs) to reflect real-time condition of transmission
system

*  MISO Operations Department to complete review with all members of MISO Reliability Area to
determine if additional facilities should be added to EMT, and provide list of these facilities to IT
Department

*  MISO IT Department to begin adding facilities to the FMT as specified by Operations
Department/Control Areas

*  MISO Operations Department to begin verifying flows/data points with Control Areas for all facilities
listed in FMT

*  MISO Operations Department to complete review with all members of MISO Reliability Area to
determine that correct limits are being used in FMT for those elements already in the FMT.

*  MISOIT Department to complete adding facilities to FMT as specified by Ops/CA’s
MISO Ops to complete verifying flows/data points with CA’s for all facilities listed in FMT

Messaging System

¢  Begin implementation of requested functionality — either through the OICL or other means as agreed
upon by MISO Reliability Coordination

Generator Tracking Tool (Ensuring PMAX is not exceeded)

*  Complete implementation of requested functionality as specified in 4™ Qtr determination

Data Quality Indicating Tool

* Begin implementation of requested functionality

Backup Tools

*  Determine backup tool/process for each specified reliability coordination tool/process used by MISO
*  Where no backup tool exists, develop a backup tool or contingency plan to cover

MISO and PJM Joint Operating Agreement (JOA) quick hits
¢ Implement specified items
¢ Document the implementation agreement

Revision of Reliability Coordination Process Manual

* Develop process for regular review and updating of the MISO Reliability Coordination Process
Manual
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Comprehensive Reliabilitv Enhancement Plan

Create an email distribution list to send notification to stakeholders when revisions have been made
Develop and implement process for input by RCWG concerning content and language included in the
MISO Reliability Coordination Process Manual

Develop process to train Reliability Coordinators and Control Areas/Transmission Operators (to the
extent that Control Areas and/or Transmission Operators are impacted) on changes made to the Manual
Develop process to notify Control Areas/Transmission Operators of MISO Reliability Coordination
Directives that impact them

Attachment to LGE/KU #18

PSR meeting to discuss draft of Technical paper outline and other items
Northern Indiana/Ohio sub region initial meeting

linois/Missouri sub-region initial meeting

Review previously developed Tariff language.

PSR training Seminar

Collection of Underfrequency/U ndervoltage Schemes

MISO will compile this information for use by its real-time operations staff.

Collection of Transmission Owner and Control Area Backup Plans

MISO will compile this information for use by its real-time operations staff.

Development of .oad Shedding Progranis

MISO works with Control Areas to begin the process of developing Load Shedding Programs across

entire MISO Reliability Area.

e Goal is for MISO to know on daily basis how much load shed is available to be shed in 5-10
minutes for transmission emergencies

Exchange of Forced Outage Information

MISO to determine method(s) which will be used to accomplish this task
MISO will pursue these methods with all related parties (neighboring entities, NERC, other)
MISO will work on development of any necessary software applications, agreements, or processes

Review of Ratings

MISQO to begin process of performing review and addressing conflicting ratings

Comprehensive Flowgate List

MISO to begin review process between St. Paul and Carmel, and with Control Areas, Transmission
Owners, and neighboring Reliability Coordinators
Revise and augment list as necessary

Staffing/HR

Continue interviewing and hiring of qualified personnel to fill positions
Review number of qualified applicants and, if necessary, expand recruiting methods

Training

Begin implementation of Training Plan
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Attachment to LGE/KU #18
Witness: Torgerson Page 40
2™ Quarter 2004

State Estimator/Contingency Analysis
* Provide advanced training to afl St. Paul reliability coordination staff on ESCA SE/CA
o St. Paul reliability coordination staff will continue using the ESCA SE/CA in tandem with the
SIEMENS SE/CA located in St. Paul
¢ Implement Contingency Violation summary screens specified per 1* Qtr investigation
* TO’s o supply metering accuracy for SE measurement weights 100kV and above for refined solutions

Power Supply Monitoring Tool
¢ Implement trending functionality specified per 1¥ Qtr investigation

Alarms
* Implement additional functionality specified per 1¥ Qtr investigation

Overview Displays

¢ Implement additional functionality specified per 1* Qtr investigation
* Develop and implement procedures for reviewing, updating, and maintaining display

One-line Station Diagrams
* Implement additional functionality specified per 1¥ Qtr investigation
* Develop and implement procedures for reviewing, updating, and maintaining diagrams

Delta Voltage Tool

¢ Implement additional functionality specified per 1* Qtr investigation.

Delta Flow Tool
* Implement additional functionality specified per 1* Qtr investigation.

Flowgate Monitoring Tool
* MISOIT Department and EMS Group to complete implementation of phase 2 automatic {multiple

times per hour) updating of Line Qutage Distribution Factors (LODFs) to better reflect real-time
condition of transmission system

Messaging System (OICL) Enhancements
*  Complete implementation of requested functionality — either through the OICL or other means as
agreed upon by MISO Reliability Coordination

Data Quality Indicating Tool

¢ Complete implementation of requested functionality

Backup Tools

*  Document the backup tool/process for each primary reliability coordination tool/process — including
instructions/procedures as necessary
*  Implement backup tools/processes that did not previously exist to cover all contingencies

Restoration Planning

* PSR meeting to review progress on technical paper
¢ Prepare outline of MISO restoration Plan
*  Finalize regional approach to restoration of the Southern Indiana/S.E.OQhio sub-regional

Development of Load Shedding Programs
* MISO completes development of Load Shedding Programs
*  MISO puts procedures in place for monitoring and implementation of Load Shedding Programs.

Exchange of Forced QOutage Information

*  MISO completes all necessary agreements, applications, or processes
*  MISO implements new procedure(s) with all neighboring entities
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Review of Ratings Attachment to LGE/KU #18
e  MISO to complete the review and matching up of ratings Witness: Torgerson Page 41

Comprehensive Flowgate List

¢ MISO to begin complete review process with Control Areas, Transmission Owners, and neighboring
areas

s MISO to implement ongoing process to ensure that list is reviewed and adjusted regularly

Staffing
¢  Begin full implementation of Shift Supervisor position
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Item No. 19
Page 1 of 3
Case No 2003-00266

LGE/KU Initial Data Requests to Midwest ISO

REQUEST:

19. Regard the preparation of the various components of the cost-benefit analysis supported

in witnesses’ testimony and exhibits.

a. Please state the names, corporate affiliation and position of all people involved

directly or indirectly in the preparation of this testimony. Include all contacts

with outside consultants and government regulators and their staff.

b. Did MISO receive, directly or indirectly, any input from or have any discussions
with FERC Commissioners or FERC staff about the cost-benefit analysis that
MISO was preparing for this case, or about any aspect of this case?

c. If the answer to (b) is yes, please provide all notes, information and any other

correspondence by whatever means (electronic and non-electronic) that outline
the FERC’s and/or their staff input into this process.

RESPONSE:

a.

Name Corporate Affiliation Position

James P. Torgerson MISO President and Chief Executive
Officer

Ronald R. McNamara MISO Vice President of Regulatory
Affairs

Michael P. Holstein MISO Vice President and Chief
Financial Officer

Roger C. Harszy MISO Executive Director of Planning
and Engineering

Paul Gribik MISO Director, FTR Markets

Roy L. Jones MISO Director, Tariff Administration
& Scheduling

Tom Mallinger MISO Director, Operations
Engineering

Wayne Schug MISO Director, Interregional
Coordination

Todd Ramey MISO Manager, Market Pricing and
Analysis

Larry Middleton MISO Manager, EMS Applications

Elaine Chambers MISO Manager, Tariff Settlements

Witness;

Ronald R. McNamara
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Page 2 of 3
Case No 2003-00266

LGE/KU Initial Data Requests to Midwest ISO

Name

Corporate Affiliation

Position

Sam Diaz

MISO

Manager, Financial Planning
and Analysis

Renuka G. Chatterjee MISO I.ead EMS Engineer

Robert Benbow, Jr. MISO Technical Lead, Reliability
Coordination

Stephen Benchluch MISO Senior Market Analyst, Market
Analysis

Jeff Sprague MISO Senior Financial Analyst
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b. Since the initiation of this proceeding, the persons listed in part (a) above have
had contact with FERC Commissioners and Staff on various topics and matters. Some of
the FERC contacts have evidenced a general awareness of this proceeding. In particular,
at some point before the completion or filing of the benefit-cost analysis, Paul A.
Centolella described to a FERC Staff member the kinds of benefits that Midwest ISO was

working to quantify.

The Midwest ISO did not receive input from FERC Commissioners or Staff
related to the benefit—cost analysis filed in this proceeding. During the course of the
project, a FERC Staff member provided a copy of a report prepared for Dominion
Virginia Power by Charles River Associates, The Benefits and Costs of Dominion
Virginia Power Joining PJM. That report was not relied upon in preparing the

benefit—cost analysis for this proceeding.

C. A copy of The Benefits and Costs of Dominion Virginia Power Joining PJM,
prepared for Dominion Virginia Power by Charles River Associates, referenced in part
(b) above, and the related email is attached. (N.B. Material protected by the work-
product doctrine and irrelevant to the request has been deleted from the headers and

footers of the email.)

Witness: Ronald R. McNamara
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From: William Meroney [mailto:William.Meroney@ferc.gov]
Sent: Friday, December 05, 2003 3:19 PM

To: Centolella, Paul A.

Subject: RE: Benefit-cost analysis

Here is the study.

And the link to the rest of the PJM filing in the Virginia case.

http://www.pjm-south.com/library/filings.jsp

From: Centolella, Paul A. [mailto:PAUL.A.CENTOLELLA@saic.com]
Sent: Friday, December 05, 2003 3:13 PM

To: William Meroney

Subject: RE: Benefit-cost analysis

Bill,

I do not have it. If you could send me a copy or direct me to where it may be on line that would be
appreciated.

Thanks,
Paut

————— Original Message-----

From: William Meroney [mailto:William.Meroney@ferc.gov]
Sent: Friday, December 05, 2003 3:08 PM

To: Centolella, Paul A.

Subject: RE: Benefit-cost analysis

Have you got any of documents from the Kentucky proceeding? | am looking to get a sense of



lu&bbulb

where the Kentucky Commission and LGE/KU are coming from - concerns, arguments, etc.

Have you looked at the PJM response to the Virginia Commission in the Dominion case? | have
a copy of the Cost Benefit analysis somewhere if you don't have it.

From: Centolella, Paul A. [mailto:PAUL.A.CENTOLELLA@saic.com] 3
Sent: Friday, December 05, 2003 1:43 PM = &
. Nl
To: William Meroney N
Subject: Benefit-cost analysis by

T
J

Bill,

| appreciate your willingness to assist. Please give me a call if you would like to talk
further. My complete contact information is
below.

Thanks,

Paul
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Paul A. Centolella, J.D.

Assistant Vice President

Science Applications international Corp.
4900 Blazer Parkway

Dublin, OH 43085
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Mobile: {614) 580-0991

Fax: (614) 793-7620

Email: paul.a.centolella @ saic.com
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Executive Summary

EXECUTIVE SUMMARY

This is a study of the benefits and costs of Dominion Virginia Power (“DVP”) joining the
PJM Interconnection, LLC (“PIM”) Regional Transmission Organization (“RTO”). The Virginia
legislature recently required that such a study be completed before a utility in Virginia joins an RTO.
The study was undertaken by Charles River Associates (“CRA”) on behalf of DVP,

The study assesses the likely net benefits to DVP’s Virginia jurisdictional retail customers
(“Virginia Retail Customers”) and collectively for all retail and wholesale customers in the DVP
control zone (*DVP Zone Customers”) of DVP joining PJM. The likely net benefits are also
assessed for DVP shareholders. These net benefits are measured over a 10-year study period, from
2005 through 2014, presuming that DVP, along with American Electric Power (“AEP”), Common-
wealth Edison and Dayton Power & Light (collectively, “New PJM Entrants™), will be integrated
into the PJM market structure by January 2005. In this “‘Change Case,” the four companies are
assumed to operate under PJM’s market rules, including its congestion management system based on
Locational Marginal Pricing (“LMP”") and Financial Transmission Rights (“FTR”). The net present
value of the results is reported for the first six years of the study period and also for the entire 10-
year period. We present the results for two separate periods to focus the reader on the immediate
and continuous benefits that are maintained throughout the study period and to isolate the benefit to
consumers from reduced capacity costs in the later years, so that the reader can more readily
compare results without such benefits. The net benefits of DVP joining PJM are measured against a
“Base Case” in which DVP does not join an RTO, nor do the other New PJM Entrants. In both the
Base and Change Cases, it is assumed that all Virginia Retail Customers transition from rate-capped
generation service to competitive generation service in mid-2007. That is, our study implements
Virginia’s blueprint for restructuring that is laid out in the Restructuring Act.

The principal conclusions of the study are that DVP joining PJM will lead to the following
benefits for DVP Zone Customers, including Virginia Retail Customers:

v Protection of native load through priority allocation of congestion hedging tools that will
protect retail customers from the congestion cost risk that becomes explicitly priced in
LMP markets. Congestion charges to DVP Zone Customers, including Virginia Retail
Customers, under PJM’s LMP congestion management system are more than offset by
the congestion hedges received by DVP Zone Customers, including Virginia Retail
Customers.

v" Enhanced reliability in the DVP service territory through broader access to real-time PJM
generation resources to address both generation and transmission issues.

CHARLES RIVER ASSOCIATES
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Executive Summary

v" Improved resource adequacy through the broader PIM market and participation in a
larger integrated regional transmission planning process.

v" Significant net benefits to DVP Zone Customers, including Virginia Retail Customers, in
reduced net energy and capacity costs, as lower wholesale prices lead directly to retail
savings for customers.

v Reduced wholesale prices for electricity in the DVP service territory and improved access
to a broader range of generation supply, which will enhance wholesale and retail
competition.

This study quantifies the benefits of DVP joining PJM using a production cost simulation
model configured with a detailed representation of the transmission system in the Eastern Intercon-
nection of the United States.! This model calculates hourly LMPs for each generator and load bus in
the Eastern Interconnection. Inefficiencies in the current market and trading arrangements are cap-
tured through certain hurdles to trade. We employed two types of hurdles. The first is an import
hurdle, to reflect a strong preference for local commitment of generation units to ensure local reli-
ability. The second is an inter-control zone trade hurdle that reflects current impediments to trade
that become larger as the number of transmission wheels increases. We calibrated these hurdles to
historical trading patterns between DVP and neighboring control areas. To model the impact of
DVP and the other New PJM Entrants joining PJM, we eliminated these hurdles within the expanded
PJM market, while leaving them intact for trade with other areas. We estimated benefits and costs
explicitly for 4 of the 10 years using this model (the years 2005, 2007, 2010, and 2014) and interpo-
lated for the intervening years.

On the cost side of the equation, we assessed no new administrative costs in the Base Case,
even though DVP may be required to create an RTO, or to join a different RTO, if it does not join
PJIM; any such RTO would have administrative costs. In the Change Case, we have estimated the
PJM administrative charges that would be assessed to load, based on various PJM regulatory filings
and escalated to account for inflation. The resulting net benefit is the total benefit less these admin-
istrative costs,

The Eastern Interconnection includes all of the United States east of Colorado, except parts of Texas, and
Canada east of Alberta, excluding Québec.

CHARLES RIVER ASSOCIATES
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DVP CUSTOMER NET BENEFITS

The net benefits for DVP Zone Customers reflect two basic energy cost impacts: (1) changes
in fuel costs prior to end of the rate-cap period (July 1, 2007 for all Virginia Retail Customers and
for most other customers), and (2} changes in the market price of energy after the rate-cap period.

DVP supplies Virginia Retail Customers from the output of DVP’s own generating units plus
economic purchases from the spot market. As long as the rate-cap period is in effect, customers will
not bear the risk of locational marginal pricing and congestion from the output of the DVP genera-
tion resources. Such output will be priced, in both the Base and the Change Case, based upon the
actual, average cost of fuel for DVP’s generating units. Pricing for purchased power, however,
changes between the two cases. In the Base Case, off-system purchases are priced at the prevailing
spot wholesale energy price in the DVP control zone. In the Change Case, such purchases are priced
at the market price of energy as reflected in the DVP Load Zone LMP, and an allocated share of the
DVP FTRs is applied in the fuel factor calculation to offset congestion costs customers may incur in
conjunction with these purchases. As a result, during the rate-cap period, customers will be shielded
from underlying LMP/FTR transactions in the Change Case, but will enjoy any fuel and purchase
power cost savings created by the entry into PIM through a reduction in the fuel factor.

After the rate-cap period, Virginia Retail Customers are assumed to purchase all generation
services (both in-system and off-system) at market prices in both the Base and Change Cases. In the
Base Case, these purchases are charged to customers at the prevailing spot wholesale energy price in
the DVP control zone, measured at the generation sources. In the Change Case, all purchases are
made at the DVP Load Zone LMP and these purchases are offset by the full value of the DVP FTRs
to hedge customers against congestion costs incurred in these purchases.

CHARLES RIVER ASSOCIATES
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Table ES-1: Net Benefits of DVP Joining PJM for DVP Zone Customers
(Millions of Present Value dollars, positive numbers are benefits)

PV to July 1, 2003

Virginia Retail Customers ('05-10) (03-14)
Fuel Factor Savings 13.1 13.1
Market Energy Savings:

Price Basis Change (76.6) (196.5)
FTR Value 274.2 515.9
Market Energy Savings 197.6 3194
Total Energy Savings 210.7 332.4
Capacity Savings 16.2 314.1
Ancillary Savings - -

Benefit 226.9 646.5

Net PIM Admin Charge (116.6) (169.9)

Net Benefit 110.3 476.6

PV to July 1, 2003

DVP Zone Customers {'05-'10) ('05-14)
Price Basis Change* (66.8) (207.7)
FTR Value 337.8 630.0

Total Energy Savings 271.0 422.4
Capacity Savings 18.9 372.6
Ancillary Savings 0.7 1.0

Benefit 290.6 796.0

Net PIM Admin Charge (163.2) (238.7)

Net Benefit 127.4 557.2

* Including fuel factor adjustments

In Table ES-1 above, for DVP Zone Customers, including Virginia Retail Customers, the
energy savings impact is divided into fuel factor savings and market energy savings. Base rates that
are frozen during the rate-cap period are assumed not to change between the Base and the Change
Cases and, as such, are not considered in the calculation of net benefits. During the rate-cap period,
the fuel factor impact is positive, with customers paying less for fuel and purchased energy if DVP is
a member of PJM. Afier the rate-cap period, customers continue to benefit from a general reduction
in energy prices in the Change Case, which significantly reduces total payments for encrgy. Note
that the market energy impact itself is divided into two parts. As discussed above, the first part,
labeled “Price Basis Change” reflects the impact of load being charged a competitive energy price at
the generator bus in the Base Case, but the energy price at the DVP Load Zone LMP in the Change
Case. Since energy prices at load centers tend to be higher than prices at generation buses due to

M CHARLES RIVER ASSOCIATES 4
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transmission congestion, this isolated effect results in a small increase in the payments for energy.
However, this impact is more than offset by the second part, labeled “FTR Value”, which sets forth
the value of the FTRs allocated to native load in the Change Case, with the net result being that
native load benefits through a reduction in energy prices.

In addition to this market energy impact, native load also benefits from a reduction in the
price of generation capacity. The broader PJM market created by the addition of DVP and the other
New PIM Entrants allows for greater load diversity and improved reserve sharing across the region.
Consequently, less generation in DVP will need to be built during the study period to meet the same
standards of system reliability if DVP joins PIM. In both cases, we required that DVP meet a 12.5
percent capacity reserve requirement, with no less than 2.5 percent internal reserves so that expected
peak load and spinning reserves could be met entirely from local supply. Absent the PJM expansion,
we forecast that 3,360 MW of new capacity would be needed in DVP between 2006 and 2014, If
DVP is part of PIM, however, only 1,668 MW of new capacity need be built,

For reasons discussed in the report, charges for ancillary services and credits for through-
and-out transmission revenues are assumed to be the same DVP Zone Customers in the Base and
Change Cases, with the net result being that these factors are neutral in this analysis. While it is
assumed that ancillary service costs will be the same in the Base and Change Cases,? the revenue
associated with ancillary services under schedules 2 through 6 is allocated to generation owners
based on their relative share of total generation within the DVP control zone. The small increase in
ancillary payments received by generators in the DVP control zone reflects an increase in their
respective share of generation within the control zone. Transmission revenues are assumed be iden-
tical in the Base and Change Cases due to the uncertainty about FERC’s future transmission rate
policy, but the effect on customer costs is expected to be minimal.’

The cost of operating the PJM markets is recovered from all loads through a per MWh
charge. These costs are $0.41 to $0.43 per MWh in the expanded PJM (see Table C-2). The PIM
administrative charges paid by customers for whom DVP is the load-serving entity are deferred
during the 30-month rate-cap period, and then recovered over the following 30 months.

Table ES-2 below shows the annual net benefits from 2005 through 2010 and through 2014
to Virginia Retail Customers and all DVP Zone customers. Net benefits are positive in all years,
with a total present value of savings in energy and capacity costs through 2010 of $227 million, and
through 2014 of $646 million. These savings are substantially greater than the PJM administrative
charge, which has a present value of $117 million through 2010 and $170 million through 2014. On

See Testimony of Gregory J. Morgan.
See Testimony of David F. Koogler.
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net, the present value of benefits to Virginia Retail Customers through 2010 exceeds $110 million,
and $477 million through 2014.

Table ES-2: Annual Net Benefits of DVP Joining PJM for DVP Zone Customers
(Millions of dollars, positive numbers are benefits)

Change Case minus Base Case
(in millions of 3, positive numbers denote benefits)

PV to July 1, 2003

Virginia Retail Customers {05-10) (03-'14) 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Fuel Factor Savings 131 13.1 46 1.7 5.1 - - - - - - -
Market Energy Savings:

Price Basis Change (76.6) (196.5) . . (9.6) (30.2) (41.9) (53.7) (62.1) {70.5) (78.9) (87.4)
FTR Value 274.2 515.9 - - 65.1 1302 1356 141.0 1442 1474 1505 1537
Market Energy Savings 197.6 319.4 - - 554 100.0 937 874 821 768 716 66.3
Total Energy Savings 210.7 3324 46 7.7 605 1000 937 874 821 768 7i6 663
Capacity Savings 16.2 3141 - - - - - 315 166.7 2512 2001 104.0
Ancillary Savings - - - - - - - - - - - -
Benefit 226.9 646.5 46 777 605 1000 937 1189 248.8 328.0 2717 1703
PIM Admin Charge (116.6) (169.9)  (28.5) (28.6) (28.6) (30.1) (30.7) (31.2) (31.9) (32.5) (33.2) (33.8)
Deferral/Recovery (0.0) (0.0) 285 286 (29) (333) (333 0.0 00 00 0.0 0.0
Net PJM Admin Charge (116.6) (169.9) - - (31.6) (63.4) (64.0) (31.2) (31.9) (32.5) (33.2) (33.8)
Net Benefit 110.3 476.6 46 7.7 290 366 297 B7.6 2169 2955 2385 1365

PV to July 1, 2003

DVP Zone Customers (05-10) (105-'14) 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Price Basis Change* (66.8) (207.7) 81 121 (2.3) (33.9) (48.7) (63.4) (73.2) (82.9) (92.6) (102.4)
FTR Valye 3378 6300 25 28 805 1580 1645 1710 1746 1783 1819 1856

Total Energy Savings 271.0 4224 106 149 782 1240 1158 1076 1015 954 893 832
Capacity Savings 189 3726 - - - - - 36.9 196.6 297.9 2411 1217
Ancillary Savings 0.7 1.0 0.1 02 0.2 0.2 0.2 02 02 02 02 0.2

Benefit 2906 796.0 107 151 784 1242 1160 1447 2982 393.5 3306 2052

PJM Admin Charge (163.2) (238.7)  (39.6) (40.0) (40.2) (42.1) (43.0) (43.9) (45.0) (46.0) (47.1) (48.1)

Deferral/Recovery 0.0 0.0 356 357 (3.7 (41.6) (41.6) - - - - -
Net PIM Admin Charge (163.2) (238.7) (4.0) (4.2) (43.9) (83.8) (84.7) (43.9) (45.0) {46.0) {47.1) (48.1)
Net Benefit 1274 5572 6.7 109 3435 405 313 1007 253.3 3474 2836 157.1

* Including fuel factor adjustments

Virginia Retail Customers account for about 80 percent of DVP’s overall load. Conse-
quently, both the benefits and costs shown for Virginia Retail Customers in the above table are about
20 percent lower than the benefits and costs reported for all DVP Zone Customers.
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DVP SHAREHOLDER NET BENEFITS

The net benefits for DVP shareholders also take into account two basic energy cost impacts:
(1) changes in fuel factor revenue net of fuel factor-related costs, including consideration in the
Change Case of LMP payments, LMP receipts and FTR value, and (2) changes in market energy
sales revenue net of related generation production costs (i.e., fuel, variable O&M and emission
allowances). DVP shareholders also are affected by changes in the market price for generation
capacity. As mentioned, total ancillary service receipts for the DVP zone are assumed to remain the
same. There is a small impact on DVP shareholders as a result of differences in DVP’s share of
generation (the basis upon which ancillary revenues from schedules 2-6 are allocated) between the
Base and Change Cases. The results for shareholders are summarized in Table ES-3.

Table ES-3: Net Benefits of DVP Joining PJM for DVP Shareholders
(Millions of Present Value dollars, positive numbers are benefits)

PV to July 1, 2003
DVP Shareholders (05-10y (05-14)
Net Energy Revenue (122.3) (250.5)
Net Capacity Revenue (16.4) (306.7)
Net Ancillary Revenue 2.7 3.6
Net Benefit (136.0) (553.6)

As shown in the table, shareholders can be expected to lose benefits under the PJM case in
both the energy market and the capacity market. This is because both energy prices and capacity
prices are expected to decline under PJM. There is a small positive impact on DVP shareholders
from ancillary services as a result of differences in DVP’s share of generation between the Base and
Change Cases. The expected net impact on shareholders is a negative $136 million in net present
value over the first 6 years of the study period (negative $554 million for the entire 10-year period).

EFFECTS ON WHOLESALE ELECTRICITY MARKETS

The benefits discussed above arise from the improved integration of the electricity markets
facilitated by PJM. The primary benefits to the Commonwealth, though, stem from improved utili-
zation of generation outside the state that displaces more costly internal generation. In addition,
there is a benefit created by the capacity market in DVP and integration of DVP into the PJM
capacity pool, which results in a deferral and reduction of the cost of building new generation
resources while continuing to ensure the same level of system reliability.

The increase in flows into the DVP control zone from the Base to the Change Case is shown
in Figures ES-1 and ES-2 on page 14. Figure ES-1 plots the average net interchange between con-
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trol zones in 2007 in the Base Case; Figure ES-2 shows the flows in the Change Case, after the
expansion of PJM. Improving the use of the interfaces between AEP, PJM and DVP allows a 39
percent increase of net imports by DVP, primarily because net imports from AEP rise from 1,200
MW to 1,647 MW.

The improved coordination of regional generation under PIM in the Change Case leads
directly to two effects on the DVP wholesale power markets. First, the energy generated within the
DVP control zone declines by 4,500 GWh. This shift reflects savings both in periods of low- to
moderate-demand, when additional low-cost power from the west and north can be imported, and in
periods of high-demand, when lower-cost peaking or cycling units from PJM may displace relatively
more expensive DVP units. Second, and related, the average incremental cost to serve load in the
DVP control zone is lower in the Change Case than in the Base Case by approximately $1.50 per
MWh. This decline in the wholesale price of electricity in the DVP control zone is the primary
source of energy market savings and, indeed, savings overall.

CONGESTION PRICING AND FTRS

The Key Transmission Constraints that Result in Locational Price Differences in DVP are
Located Outside of Virginia

In the PJM market design, locational price differences are created by transmission con-
straints. The MAPS modeling conducted by CRA for this study indicates that transmission con-
straints are minimal within the DVP control zone. However, price separation frequently occurs
within Virginia, chiefly created by key transmission constraints located outside of the DVP control
zone. The most important of these constraints are located in PJM West (West Virginia): the AP
South Interface and the Beddington-Black Oak Voltage Interface. No constraint within the DVP
control zone is binding during more than 10 percent of the hours in our 2005 modeling case, and
only two constraints are binding in more than 100 hours. By contrast, the flow across the Black
Qak-Beddington constraint is at its limit in more than 6,000 hours.

As a general matter, these transmission constraints outside of the DVP control zone do not
unduly affect reliability in the DVP control zone or elsewhere. If they did, the constraints would
have been mitigated under standard transmission reliability planning. However, the constraints do
result in economic costs by creating transmission congestion that limits the physical ability in many
hours for the lowest cost generators to generate as much as they are physically able. That is, con-

gestion results in higher cost generation replacing lower cost generation in order to avoid violating
transrnission constraints.
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As certain DVP generators, in particular Mt. Storm and Bath County, inject power into the
transmission system, the interconnected nature of the transmission system dictates that a portion of
that power must pass through these key transmission constraints outside of Virginia. Efficient con-
gestion pricing will lower the LMP at the generator locations that most affect these constraints when
they begin to bind. This pricing signal provides an efficient means for only the lowest cost genera-
tors (i.e., those with production costs lower than the LMP) to generate up to the point at which the
constraint binds. In the absence of LMP, this binding constraint is managed through the use of
transmission line-loading relief (“TLRs”), internal redispatch of DVP units, and other operational
procedures that generally do not yield the most efficient, lowest-cost outcome. Today, these higher
costs are passed on to customers through the fuel factor; under the PJM system, they will be
reflected in locational prices and will be hedged through FTRs.

Congestion Charges in the DVP Control Zone Under PJM’s LMP Congestion Management
System are More than Offset by FTR Value

Our modeling indicates that binding constraints outside of the DVP control zone result in
LMP differentials within the DVP control zone. As shown in Table ES-4, the average annual differ-
ence between hourly DVP Load Zone LMPs and DVP Generation LMPs is $1.38 per MWh in 2005,
and ranges from $1.38 to $1.71 per MWh during the 2005 through 2014 petiod.* These LMP
differentials result in congestion costs for the DVP load of $117 million in 2005, and a present value
over the 2005 through 2010 period of $525 million ($783 million for the entire 10-year period).

Table ES-4: Comparison of Congestion Cost and FTR Value

(Millions of dollars)
PV to July |, 2003

(05-10) (05-14) 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Load Price (§/MWh) $34.39 $3470 $3501 $37.86 $4072 $4357 $45.98 54838 $5078  §53.19
Gen Price (§MWh) $33.01  $33.29 $33.58 $3634  $39.10 $4187 $4431 S$4675 $49.19 85162
Difference (S/MWh) 5138 5140 5143 §152  S161 S171 5167 $1.63 5160  $1.56
DVP Load (GWh) 84969 86727 88484 90,106 91,729 93351 95251 97,158 99,051 100,952
Congestion Cast Paid by DVP (M$) 5248 7827 1170 1217 1263 1370 1480 1593 1501 [588 1583 1577
Congest Cost Paid by Others (M) 70.3 1049 124 189 252 211 167 119 157 197 238 280
DVP FTR Value (no PIM Allocation) ~ 595.1  887.6 1295 1405 1515 1581 1646 1712 1748 1785 1821 1857
DVP Share of PIM System Excess 277 407 66 68 76 TH 73 15 17 19 8l 83
DVP FIR Value 6228 9283 362 1473 1585 1652 1720 1787 1825 1863 1902 _ 1940

To offset these congestion charges, PJM will allocate to DVP a set of FTRs to the DVP load
zone. PIM allocates FTRs to all PJM network load up to the total peak of the network load. This
allocation reflects the fact that network customers have paid over the years for the existing transmis-

4 These hourly LMP differences are weighted by bourly DVP load to determine the annual average. The hourly
generation LMP is a weighted average of the LMPs of all generation operating in that hour in the DVP control
area.
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sion system. DVP requested that PJM conduct an analysis of what FTRs it could be allocated to
hedge congestion costs incurred to serve its load. Based on the analysis performed by PJM of the
likely set of FTRs to be provided to DVP, we calculate that the value of the DVP FTRs will be $129
million in 2005, with a present value over the 2005 through 2010 period of $595 million ($888
million for the 10-year period).

Thus, the value of the FTRs exceeds the congestion in the DVP control zone by $12 million
in 2005 and $70 million in present value over the 2005 through 2010 period ($105 million for the
10-year period). This is because the DVP load is network load with full rights to FTRs on the PIM
system. Non-network load on the transmission system created, for example, by spot sales trans-
actions do not have similar FTR rights to offset the congestion caused by their transactions. The
congestion payments from such unhedged transactions are remitted to FTR holders, such as DVP. In
addition to the directly assigned FTRs, DVP will obtain from PJM a share of the FTR revenue
received by PIM from auctioned “unallocated” FTRs. These unallocated FTRs exist and are sold
when the FTR has not been claimed by a network customer, the FTR is simultaneously feasible with
other FTRs that are claimed, and the FTR has positive value. Based on the historical level of these
revenues in PJM, adjusted for the increased size of PJM in the Change Case, we estimate that DVP’s
share of these unallocated FTRs will account for $6.7 million in FTR auction revenues in 2005, with
a present value over the 2005 through 2010 period of $27.7 million ($40.7 million over the 10-year
period).

In sum, we calculate that the DVP zone will incur congestion costs of $525 million over the
2005 through 2010 period ($783 million for the entire 10-year period), but will be allocated FTRs
worth $595 million ($888 million for the 10-year period) to compensate for this congestion, and in
addition, will be allocated FTR auction revenue of $28 million ($40.7 million over the 10-year
period). The resulting gain for DVP is $98 million over the 2005 through 2010 period ($146 million
for the 10-year period).

SENSITIVITY CASES

Table ES-5 reports the results for the two sensitivity cases examined for this study, along
with the base results for comparison. The first sensitivity case studies the impact of gas and oil
prices being 25 percent higher. Not surprisingly, the higher fuel costs translate directly into higher
electricity costs in both the Base and Change Case. When DVP is integrated into a broader market,
with better access to diverse generating facilities, this price increase is less than if DVP is an isolated
market. The higher gas prices provide more benefit from substitution of cheaper coal-fired genera-
tion when DVP joins PJM. This provides higher benefits for customers. Moreover, the impact on
shareholders is also positive by comparison to the base results. This is because the higher gas prices
result in a reduced level of output from DVP generation even in the Base Case. The impact of
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reducing the trade barriers by joining PJM therefore is positive, meaning that DVP’s particular
generation portfolio appears to be more competitive in PJM at higher gas prices.

The second sensitivity case posited that peak load was 5 percent higher than the level
modeled in the base results, with total energy demand 2 percent higher. A higher level of load
increases prices as a general matter, and the differential impact of joining PJM is a reduced level of
energy market benefits, higher level of capacity market savings, and larger administrative fees paid
to PIM. The energy market impact is due to capacity being closer to reserve margins so that prices
are not moderated as much by joining PJM if load happens to be higher. The capacity market impact
is due to the fact that reduction in ICAP prices that occurs when joining PIM is more valuable with a
higher level of load because more ICAP must be purchased. The administrative cost impact is due to
the analytical assumption that such costs are proportional to load. This is likely to be a conservative
assumption, however, since if load is higher than expected, the per-unit administrative fee should
decline.

Table ES-5: Net Benefits for Sensitivity Cases
(Millions of Present Value dollars, positive numbers are benefits)

Base Results High Fuel Price High Load
PV to July 1, 2003

Virginia Retail Customers ('05-'10) ('05-'14) (05-'10) ('05-'14) ('05-10) (05-'14)

Total Energy Savings 210.7 3324 2459 380.4 209.1 142.2

Capacity Savings 16.2 314.1 16.2 314.1 17.0 329.8

Ancillary Savings - - - - - -
Benefit 2269 646.5 262.1 694.4 226.1 471.9
Net PJM Admin Charge (116.6) (169.9) (116.6) (169.9) (118.9) (173.3)
Net Benefit 110.3 476.6 145.5 524.5 107.2 298.6
DVP Zone Customers (05-10) (05-'14) (05-10) ('05-'14} (05-'10) (05-14)

Total Energy Savings 271.0 422.4 313.4 479.5 266.9 185.1

Capacity Savings 18.9 372.6 18.9 372.6 20.0 392.7

Ancillary Savings 0.7 1.0 0.5 0.9 0.5 0.7
Benefit 290.6 796.0 332.8 852.9 2873 578.5
Net PIM Admin Charge (163.2) (238.7) (163.2) (238.7) (166.5) (243.5)
Net Benefit 127.4 557.2 169.6 614.2 120.8 335.0

In a recent order in the parallel matter of AEP joining PJM, the Virginia Corporations
Commission instructed AEP to consider the following sensitivity cases:
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1. Differing load forecasts
2. Differing levels of transmission congestion and associated transmission rights
3. Abnormal vs. normal weather

4. Differing unit outage assumptions

Lh

Differing fuel cost projections

Our study directly addresses the first and fifth of these cases. The third case, for weather variations,
is also addressed through our second sensitivity case. Likewise, the high load sensitivity case
provides insights to the effect of unit outages, since a reduction of supply associated with a unit
outage is, economically, very similar to an increase in demand. The second case cannot be directly
modeled, since transmission congestion is an endogenous outcome, not a model parameter.

QUALITATIVE ISSUES:

Certain aspects of DVP joining PJM cannot be addressed through a quantitative analysis.
For these, CRA has considered the benefits and costs through a non-quantitative analysis.

Ongoing Protection of Native Load

In PIM, native load protections will continue that will mitigate certain potential adverse
impacts that can occur as a result of a transition from the rate-cap period. Most importantly, FTRs
will be available under PJM to offset the congestion costs that are separately priced in an LMP
system. PJM has conducted a simultaneous feasibility test of DVP FTRs and has determined that
adequate transmission capacity exists to support a full allocation of FTRs to load in DVP’s control
zone for the entire study period. This FTR allocation is a key factor in ensuring that delivered prices
in DVP’s service territory remain hedged against the congestion that can occur between generation
buses and load buses in the control zone.

In addition, PJM has agreed that load will not be shed within PJM South in order to address
capacity deficiencies in other parts of PJM. This means that Virginia customers will not be placed at
risk for capacity shortages occurring elsewhere in PJM.

Reliability

PJM offers the opportunity to improve reliability within DVP. DVP will maintain its own
transmission control center to address local reliability problems that will not be monitored by PJM.

12
CHARLES RIVER ASSOCIATES




Attachment to LGE/KU #19(c)
Witness: McNamara Page 21

Executive Summary

Moreover, by joining PJM, customers in the current DVP control zone will have the benefit of an
enlarged scope of geographic control of generation that can be used to address transmission system
emergencies or generation shortages. The larger scope for generation redispatch in emergency
conditions will expand the resources available to PJM operators beyond those currently available to
the DVP control zone operator.

Integrated Transmission Planning

PIM offers the opportunity for DVP to participate in a larger regional planning process that
will blend DVP’s local expertise with the regional views provided by PIM of other transmission
owners and stakeholders. Much of this interaction occurs today on an informal basis. Joining PJM
will help to formalize this process and improve the regional transmission planning process by
focusing new investment to projects that realize the greatest net benefit. This coordination is
particularly important for DVP since, as noted earlier, the transmission upgrades most needed to
reduce prices in the DVP are located in neighboring states.

Support for Wholesale and Retail Competition

PIM’s market structure and settlement system will be a valuable resource in supporting
wholesale and retail competition in the future. While this benefit cannot be easily quantified, it is a
very important benefit of joining a well-developed RTO, such as PJM. Seamless access to highly
liquid trading hubs, such as PJM West, is critical to developing robust wholesale markets serving
DVP customers. The centrally-facilitated markets in PYM provide the efficient day-ahead and
balancing markets that are needed to continue facilitation of wholesale competition among genera-
tors and to ensure that all retail suppliers can compete on an equal basis within Virginia,
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Figure ES-1: Pool-to-Pool All-Hour Average Transfers in 2007 (MW) (Pre-RTO)

1039

Carolinas

SeTrans
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I. INTRODUCTION

This is a study of the benefits and costs of Dominion Virginia Power (“DVP”) joining the
PJM Regional Transmission Organization (“RTO”). This study was commissioned by DVP in
response to Virginia legislation requiring that such a study be completed and filed with the Virginia
State Corporation Commission (“Commission”} before DVP joins PIM, which would not occur
before July 1, 2004 in any event. The study has been conducted by Charles River Associates, and
this report describes the study, its context, methods and results.

The study assesses the likely net benefits of DVP joining PJM for three stakeholder groups:
Virginia jurisdictional retail customers (“Virginia Retail Customers”), a combined group consisting
of all of DVP’s retail and wholesale customers and transmission customers (“DVP Zone Custom-
ers’"), and DVP sharchoiders. These net benefits are measured over a 10-year study period presum-
ing that DVP, along with American Electric Power (“*AEP™), Commonwealth Edison and Dayton
Power & Light (collectively, “New PIM Entrants™), will be integrated into the PJM market structure
by January 2005.

CRA has previously conducted a cost-benefit study of RTOs in the southeast on behalf of the
Southeastern Association of Regulatory Utility Commissioners (“SEARUC”). That study is avail-
able at the website of SEARUC (Go to http://www.state.va.us/sce/searuc/). The SEARUC study did
not include Virginia within the geographic area under consideration, which instead focused on the
GridSouth, SeTrans and GridFlorida areas. This study and the SEARUC study have been conducted

using the same modeling approaches appropriately revised to reflect the economic conditions in the
expanded PJM area.

I.A. OVERVIEW

Previous studies of the benefits of RTO formation have considered a wide range of potential
benefits, ranging from benefits that can be achieved quickly after market integration to longer-term,
dynamic benefits of a broader marketplace.” There is ample evidence that substantial “scams” issues
exist between non-integrated wholesale electricity markets, even those that have adopted similar
underlying market systems such as PYM and New York.® ‘Elimination of these inter-market seams is
the most certain benefit from integrating the New PJM Entrants into a common market, and the one

most readily and accurately quantified. Consequently, these near-term benefits are the principal
focus of this study.

See Appendix D of this study, which summarizes the major RTO cost-benefit studies.

See, for example, 2002 State of the Market Report, NYISO, by David B. Patton, Independent Market Advisor
(April 2003), pp. 93-89.
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Other benefits of DVP joining PIM are no less real, but their value is difficult to model or
measure. For example, coordinated operation of the transmission grid over a wider area will
enhance system reliability, as system operators control more resources to respond to changing
system conditions. System planning can take advantage of the greater load diversity of a broader
resource pool to ensure the same or higher standards of system reliability with less capital invest-
ment. These reliability benefits are not fully captured in the capacity cost savings shown in this
study. Integration into a broader market would make Virginia’s wholesale and retail electricity
markets more open and competitive which could, in turn, promote more efficient investment in
transmission and demand-side management and lead to better siting of new generation.” Other
researchers have linked development of competitive wholesale electricity markets to a material
increase in generating unit availability or efficiency.® While these longer-term benefits may be
significant, we find that there is not yet sufficient information to allow us to quantify these benefits
with reasonable certainty. Consequently, we discuss these potential benefits qualitatively only,
realizing that the benefits we measure in this study are likely to be conservatively low.

This study uses the GE Multi-Area Production Simulation (“MAPS” or “GE MAPS”) model
as the primary analytical tool in the analysis. MAPS is a production simulation model with a
detailed transmission representation. Assessing transmission conditions is an important objective of
the study, and the MAPS model is well known to be highly capable in such matters. The MAPS
model used for this study includes substantially all of the generation and transmission in the Eastern
Interconnection, with more detailed transmission monitoring of the expanded PJM region.

The study period begins in 2005 and extends through 2014. The study is based on pairs of
scenarios—a Base Case and a Change Case. In the Base Case, DVP (and the other New PJM
companies—AEP, DPL and Commonwealth Edison) are viewed as not being in PJM. In the Change
Case, DVP (and the other New PJM companies) are viewed as being in PJM at the beginning of the
study period—2005. The difference between the two cases is used to assess the impact of DVP
joining PJM. In addition to this base pair of scenarios, we have studied two sensitivity cases. One

of these hypothesizes higher natural gas and petroleum prices, and the other addresses a higher level
of load.

Transmission rates are assumed to be de-pancaked within the expanded PJM footprint when
DVP joins PIM.” Otherwise, transmission rates are assumed to continue as a charge to power
movements between RTOs, in particular. Outside of the expanded PJM footprint, we assume RTOs

See, for example, William W, Hogan, “Transmission Investment and Competitive Electricity Markets,” Center
for Business and Government, Harvard University, April 1998; and William W. Hogan, “FERC Policy On
Regional Transmission Organizations: Comments In Response To The Notice Of Proposed Rulemaking,”
FERC Docket No. RM99-2-000, p.41-44,

See Appendix D, and 2002 State of the Market Report, PJM (March 5, 2003), pp. 82-83.
See Testimony of David F. Koogler.
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exist in both the Base and Change Cases in most areas of the country, including SeTrans,
GridFlorida, MISO, SPP, and the northeast ISOs.'" In this way, the study focuses on the incremental

impact of DVP joining PJM, as opposed to the more general implementation of RTOs in other
Tegions.

The study has prepared detailed MAPS model runs for the years 2005, 2007, 2010, and 2014,
and has interpolated between the results for the remaining years in the study period. The results
from the MAPS model are detailed hour-by-hour prices, generation and load at each location in the
model. These results are processed by a post-processor SAS model, the output of which is summa-
rized by a Financial Evaluation Model (“FEM”).

For this study, we have disaggregated the benefits between customers and shareholders, in
accordance with the Commission’s guidance.!! This is accomplished using the FEM. This contrasts
with the SEARUC study in which customers and shareholders were combined into a single entity for
the purpose of reporting financial impacts.

This study explicitly accounts for Firm Transmission Rights (“FTRs”) that will be used to
hedge transmission congestion costs under PIM. The proposed set of FTRs have been evaluated by
PJM to ensure that the studied set is simultaneously feasible—a requirement under the PJM rules.
These FTRs are an important component in any risk mitigation strategy undertaken by market
participants in the PJM market structure.

In both the Base Case and the Change Case, the study assumes that a rate cap will continue
for DVP’s Virginia Retail Customers until mid-2007. At that time, retail customers in Virginia are
assumed to switch from the rate cap to full market-based competition. As discussed in the next sub-
section, this Report quantifies several, but not all, aspects of the current RTO policy debate. In other
areas, we have not been able to quantify the impacts and instead provide a qualitative analysis
intended to inform the Commission in its decision-making process.

The remainder of the Report is organized into six main sections. The next section, Section IT,
provides an overview of the benefits and costs associated with DVP joining PIM, as well as a
discussion of certain issues that are addressed quantitatively. Section III gives an overview of
market conditions that form the backdrop to the study. Section IV describes the analytical approach
of the study, including the use of the MAPS mode! and the subsequent financial modeling. Section
V contains a discussion of issues not fully quantified in the study. Section VI presents the estimates
of benefits and compares these to the cost estimates of forming the RTO. The final section, Section
VII, provides our conclusions. In addition, there are three technical appendices describing the GE

10 The exception to this is the Carolinas, which we modeled as three control areas (Duke, Progress Energy, and

South Carolina Electric & Gas), with capacity reserve sharing within the region only,
See Virginia SCC Case No. PUE-2000-00550, Order for Notice {March 7, 2003), at 13.
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MAPS model and detailed results, the financial model, and the detailed results from the financial
analysis.

I.B. REGULATORY CONTEXT

In January 2003, the Virginia legislature passed House Bill No. 2453 that, among other
things, requires any utility requesting to transfer ownership or contro! of transmission facilities to a
regional transmission entity to submit a cost-benefit study to the Commission analyzing the eco-
nomic impact on consumers, including the effects of transmission congestion costs. In a subsequent
Order for Notice, the Commission set out certain guidance for AEP in conducting the required cost-
benefit study.'? This study on behalf of DVP has taken account of the Commission’s guidance in the
AEP Order.

In this context, it is important to note that the Commission, in its AEP Order, required that
the cost-benefit study be submitted no later than 90 days after FERC has 1ssued its Standard Market
Design rule. Presumably, the Commission intended that the study would be informed by the content
of FERC’s final rule. Recent guidance from FERC reiterated a basic Wholesale Market Platform
based on the use of LMP and FTRs and, more importantly, that FERC is unlikely to make any mate-
rial change in RTOs, such as PJM, that have already implemented such a market system. Accord-
ingly, this study is unlikely to be made obsolete by FERC’s pending rule given that it is grounded in
the PIM rules that prevail today and are likely to prevail after FERC’s rule is promulgated.

I.C. OTHER BENEFIT-COST STUDIES OF RTOs

Including the SEARUC study, seven other benefit-cost studies of RTOs have been conducted
in the past two years or so. Six of these were reviewed in Appendix A of the SEARUC study.
These studies were conducted in a manner generally consistent with the approach used in this study.
The primary measure of benefits in these studies to date has been the savings in generation produc-
tion costs. These savings have ranged from around 0.5 percent of total production costs to as much
as 2.0 percent.” The SEARUC study estimated production cost savings of about 0.5 and 1.0 percent

of production costs. In this study, such savings amounted to about 0.4 percent of the production
costs within the area of the New PJM Companies.

12
13

Virginia SCC Case No. PUE-2000-00550, Order for Notice (March 7, 2003).
See Appendix D for additional details.
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II. OVERVIEW OF BENEFITS AND COSTS

II.A. BENEFITS

This study, similar to other RTO cost-benefit studies, focuses on short-run benefits of DVP
joining PJM. Certain short-run benefits, such as enhanced system reliability and resource adequacy,
as well as longer-term benefits and risks that can be expected from the establishment of competitive
wholesale markets, cannot be easily identified and quantified for purposes of this type of study.
These other benefits, while real and likely to be substantial, are difficult to model.

Furthermore, most of the long-term benefits at issue, such as improved generation siting
decisions, more efficient investment in transmission facilities and demand-side management, and
improvements to productivity, are expected to emerge from the institution of competition. Competi-
tion in the electricity industry, in turn, has many facets, and it is not possible to attribute the benefits

of competition to a particular element. However, participation in RTOs is a necessary foundation for
competition in this industry

Accordingly, while it is CRA’s belief that the institution of competition in the electricity
industry will yield substantial social benefits in the long term, most of these benefits cannot be
attributed to RTO participation, per se. Indeed, it seems likely that a significant amount of the bene-
fits of DVP joining PJM would occur over the longer term in ways that we cannot anticipate. Like-
wise, some risks cannot be quantified. While a short-run study such as this one cannot compute such
longer-term benefits and risks, their importance should be recognized.

There are two major sources of the short-run benefits studied and presented here: production
cost savings and the pooling of regional capacity markets,

ILA.L. BENEFIT 1: Production Cost Savings

The largest component of the short-run benefits studied here is the reduction in the variable
costs (e.g., fuel) of generation that can occur as markets become more transparent and barriers to
trade are reduced. This study measures this benefit as the difference in generation production costs
between a Change Case and a Base Case as estimated using the GE MAPS model. The MAPS
model used in this study incorporates a detailed representation of the Eastern Interconnection trans-
mission grid, along with the dispatch and start-up costs of substantially all interconnected generating
units. Because of the size of this model, more {ransmission constraints have been monitored in and
around PIM, given the focus of this study, than in the remainder of the Eastern Interconnection.
However, major transmission limits are monitored throughout the East.
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Attachment to LGE/KU #19(c)
Witness: McNamara Page 28

Overview of Benefits and Costs

The MAPS model is a single system optimization model. Among other things, this means
that MAPS will find the economically efficient unit commitment and generation dispatch to supply
load throughout the study area. The current trading patterns in the Eastern Interconnection cannot be
as efficient as this because the various control areas are independently conducting their own dispatch
operations. These separate dispatch operations create loop flow on one another’s transmission
systems that contributes to transmission congestion. Such congestion cannot be managed efficiently
in real-time under today’s dispatch and trading arrangements. Instead, the utilities have developed
other approaches, such as Transmission Line Relief (“TLRs”), to manage congestion. These
approaches have served the industry well in the past, but are under additional stress with the devel-
opment of merchant power producers and competitive wholesale power markets. Moreover, current
arrangements for the trading of energy between control areas are based on incomplete bilateral
markets that cannot be transparent, given the local management of regional congestion problems.
The congestion costs created by transactions can only be partially accounted for under current grid
operations in most areas. In contrast, PYM’s market structure is based on LMP, which is designed to

manage such congestion problems in real-time and to help markets become more efficient and
transparent.

MAPS is well suited as a model of the generation dispatch that would take place after the
New PIM companies are integrated into PYM, However, it cannot depict, without adjustment, the
base-case trading arrangements prevailing under local management of congestion in which transac-
tions do not pay the price that reflects the cost of the congestion they create. Accordingly, it is
necessary 1o create a Base Case in MAPS by adding certain elements of inefficiency. In this study,
like other studies of RTO benefits conducted previously, we have done this in two ways. First, we
modeled individual control areas as having separate unit commitment and dispatch to meet internal
load and reserves. Second, net transfers between regions were allowed, but limited by the use of
“hurdle” rates. In effect, a hurdle rate is an impediment to trade between control areas, which is
modeled as an adder to the transmission rate for transactions between control arcas. In part, this
hurdle rate reflects direct charges for losses and transmission tariffs; additionally, we assess an
additional hurdle to reflect various inefficiencies and costs associated with bilateral trading across
control areas. This additional hurdle rate is not actually part of any financial settlement, so it never
is actually paid to anyone. Instead, it (together with the wheeling charge) is an input to the unit
commitment and dispatch logic of MAPS that represents impediments to trading between control
areas. The definition of the hurdle rates for this study is discussed in more detail in Section IV.

These base-case hurdles were chosen so as to calibrate the Base Case to reflect historical
patterns of trade between DVP and its neighbors. In the Change Cases in which the New PIM
companies join PJM, the import hurdle is eliminated for the four New PJM companies, but is
retained for the expanded PJM as a whole; that is, trade between the expanded PYM and neighboring
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control areas is subject to continuing trade hurdles."® The import hurdle continues to apply to the
pre-existing RTOs and control areas that are not reconfigured in the Change Case. Similarly, the
trade hurdles within the expanded PJM are eliminated in the Change Case, aside from a small charge
to reflect incremental transmission losses.

Production costs, including the costs of starting a plant and the variable costs of running it,
will be lower in the Change Case than in the Base Case with hurdles. The difference between the
two cases is used as the measurement of the production cost benefits due to the expansion of PTM.

We do not quantify potentially important benefits of joining PJM that should follow from
becoming part of a wholesale market with excellent liquidity and transparent price formation. We
assume, both in the Base and Change Cases, that all energy 1s traded at prices consistent with the
spot market price of energy, even though most energy is traded bilaterally rather than in spot
markets.'> In markets where trading is thin and prices are not readily observable, market participants
manage market risk through greater reliance on self-scheduling, firm transactions, and other rela-
tively blunt tools; in a given hour, this may lead to some higher cost units operating instead of lower-
cost units. By contrast, in a well-developed market such as PJM, there is greater convergence
between bilateral and spot prices, and the consequent flexibility of unit commitment and dispatch
means that customers can be served at lower total cost. Our study, though, focuses solely on the
potential benefits to trade between areas, and so it understates potential benefits from improved
utilization of resources within each control area.

I1.A.2. BENEFIT 2: Pooling of Regional Capacity Markets

The second major category of benefits studied here is associated with the regional market for
installed capacity requirements. DVP joining PJM is expected to result in certain economies in
maintaining the adequacy of generation resources within the DVP control zone, The PJM East
control zone is expected to benefit from the load diversity between it and the remainder of the
expanded PJM area. These economies have the effect of delaying the need to build generation
capacity anywhere within the expanded PJM market area by a few years, as excess capacity
resources in resource-long areas of PJM (PJM East and AEP) can serve the a greater share of the

FERC has recently reaffirmed its order that PJM and the Midwest Independent System Operator (“MIS0™)
work to create a single market by October 2004, Our study assumes that seams continue to exist between these
two markets, however, reflecting a pragmatic assessment that substantial market seams will likely continue to
exist, as they have between PJM and New York despite years of work to reduce seams issues there. MISO is,
on net, an exporting region, however, so tighter integration with PIM seems likely to have the effect of

increasing the net supply of lower-cost resources available to supply Virginia. Consequently, our modeling
choice is likely to be conservative,

See Testimony of Gregory J. Morgan,

CHARLES RIVER ASSOCIATES 21




Attachment to LGE/KU #19(c)
Witness: McNamara Page 30

Overview of Benefits and Costs

resource needs of DVP. This delay, in turn, can keep the capacity prices in the DVP control zone at
moderate levels further into the future.

To estimate the ICAP price impact, this study has used a probabilistic model of ICAP prices
that is based on the likelihood of a shortage. The market-clearing price of ICAP is estimated as a
weighted average of the capacity price expected to prevail during times of a capacity surplus versus
those of a shortage. The price during a period of surplus is based on the estimated cost of moth-
balling existing plants, while the price during a period of shortage is based on the cost of a new
peaking facility. This pricing model has been used in order to smooth out what would otherwise be
sharp, abrupt changes to the ICAP price in response to a very small change in the amount of installed
capacity.

The effect of DVP joining PJM is to reduce the market-clearing ICAP prices in the later
years of the study period, i.e., in 2010 and later. This reduced price is assumed to apply to all of the
capacity that must be purchased by customers in these years, and correspondingly, to all of the
capacity that can be sold by DVP in the market place. Although bilateral capacity contracts can
hedge price volatility, we assume that they will be priced to reflect expected future capacity prices
under the applicable wholesale market structure.

II.B. DISTRIBUTION OF BENEFITS

Our Financial Evaluation Model processed the output from the physical modeling supported
by MAPS in order to assess the benefits for Virginia Retail Customers, DVP Zone Customers, and
DVP shareholders. The Financial Evaluation Model does several things:

* Accounts for imports and exports of power in and out of the DVP control zone and ascribes
the trade benefits equally between the buying and selling control zones for trade supported by

point-to-point transmission service, such as between DVP and CP&L.

¢ Accounts for the price of purchased power needed to serve native load customers, including
power purchased off-system in the Base Case and under the PIM LMP system.

e Accounts for the sale of power both to off-system customers in the Base Case and into the
PJM LMP market structure.

e Accounts for the cost of producing power separately for each DVP generating unit, including
the cost of fuel, emissions allowances, start up costs and O&M costs.

* Accounts for the fuel factor formula applicable to DVP Zone Customers during the rate-cap
period.
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* Accounts for FTRs expected to be allocated to DVP and its native load by PIM.

e Accounts for the need to purchase installed capacity in order to meet planned generation
reserve requirements.

A more detailed description of the Financial Evaluation Model is provided in Section IV and
Appendix B. Importantly, the output of the Financial Evaluation Model divides the benefits between
retail customers and shareholders. The exercise of distributing benefits in this fashion was not
undertaken in the SEARUC study because tracking such matters for 17 utilities in 8 state
jurisdictions was not feasible.

II.C. CoOsTS

The cost of DVP joining PJM is assumed to be the average administrative costs of PJIM
following the integration of the New PJM Companies. This administrative charge is estimated by
PIM to be lower than the current per-unit charge as a result of the four New PJM Companies being
integrated into the PJM market structure. This study has relied on this estimate as filed with FERC
as part of the New PIM Companies’ Section 205 filing. This cost estimate 1s also consistent with the
recent study released by the U.S. Department of Energy.

These administrative costs are assumed to be paid by customers on a load-ratio share basis,
consistent with the remainder of the load in the expanded PJIM area. These costs are increased at a
2.5 percent annual rate, to reflect inflation. Administrative costs to customers for whom DVP is the
load-serving entity (“DVP Requirements Customers™) are assumed to be deferred until mid-2007, at
which time the rate cap for DVP’s Virginia Retail Customers ends. The deferred costs are assumed
to be recovered over a short period beginning in mid-2007. For the purposes of this study, this
amortization pertod is assumed to be 30 months (corresponding to the 30 months of deferrals).
However, this assumption is merely a placeholder for whatever approach is adopted at a later time.
The assumption about the amortization peried will not affect the aggregate net present value results
for customers and DVP shareholders over the entire study period, but does impact the result for any
particular year. Likewise, the study assumes that the deferrals will accrue interest at a rate of 7
percent, consistent with the interest rate for deferrals in recent FERC filings. Again, this assumption
is intended as a placeholder for whatever actual interest might be used later.
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III. DESCRIPTION OF CURRENT MARKET

Under Virginia electricity restructuring, all Virginia retail customers currently can choose to
shop for retail generation services at market prices. A rate cap is in effect for non-shopping custom-
ers until July 2007. Under the rate cap, DVP’s base rates are frozen while fuel factor charges are
adjusted annually based on projections of actual fuel costs.

As yet, there has been limited shopping for retail generation services in Virginia. Retail pilot
programs are underway to encourage more retail shopping in the DVP area prior to 2007, For
purposes of this study, it was assumed for simplicity that Virginia Retail Customers would pay rate
cap energy prices through mid-2007, and market prices thereafter. Base rates for generation and
other services would not change between the Base and Change Cases, thus base rate impacts were
not included in the calculation of benefits and costs in this study. As such, the energy-related bene-
fits for Virginia Retail Customers are assessed using differences in fuel factor charges during the
rate-cap period and differences in market generation charges after the rate-cap period ends.

ITI.A. RATE-CAP PERIOD ENERGY BENEFITS AND COSTS

During the rate-cap period, any change in the fuel factor charges between the Base and
Change Cases results in a benefit or cost to retail customers. Changes in fuel factor charges gener-
ally result from a change in how specific DVP generating units are dispatched. This change in
dispatch leads to fuel cost differences and corresponding changes in the amount and cost of
purchases to serve retail load.

Similarly, during the rate-cap period, DVP shareholders recover fuel-related charges and
capped base rates from retail customers. Any costs that change between the Base and Change Case
and are not assessed to customers through the fuel factor (e.g., emission allowance costs) will impact
shareholders, given that base rates are not reset during the rate-cap period. Moreover, in the Change
Case during the rate-cap period, shareholders will pay PJM for the load of Virginia Retail Customers
at the DVP Load Zone LMP, receive individual generator LMP payments from PJM for DVP
generation, and offset the differences in these PJM payments and receipts with the DVP allocation of
FTRs. During the rate-cap period, customers will be shielded from these underlying LMP/FTR

transactions, but will enjoy any fuel and purchase power cost savings created by the entry into PIM
through a reduction in the fuel factor.'®

16

As discussed in more detail in Section IV.C, purchase costs included in the fuel factor in the Change Case are
adjusted for load zone pricing of the purchases net of allocated FTR value because there will be no other
auditable purchase costs to trace in the fuel factor calculations.
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IIL.B. POST-RATE CAP ENERGY BENEFITS AND COSTS

Once the rate cap ends, Virginia retail customers are presumed to pay market prices for
generation service in both the Base and Change Cases. In the Base Case, retail customers will pay
the general market-clearing price for energy in the DVP control zone. In the Change Case, retail
customers will pay for energy based on DVP Load Zone LMP and offset any congestion costs from
the market-clearing source to the load embodied in those prices using the FTRs allocated to DVP.
Similarly, DVP shareholders will sell generation at market prices in both the Base and Change
Cases. In the Base Case, the DVP generation will be priced at the general market-clearing price for
energy in the DVP control zone. In the Change Case, the energy portion of generation will be priced
at each individual generator’s LMP.

ITI1.C. OTHER ECONOMIC BENEFITS AND COSTS

Aside from energy, other economic benefits and costs considered in this study include
capacity benefits, ancillary service charges, and PTM administrative fees."’ The treatment of capac-
ity costs incurred in meeting peak load and reserve requirements is consistent with the treatment of
energy cost impacts. Prior to the end of the rate cap, capacity costs are bundled into the frozen DVP
base rates. Thereafter, capacity costs are paid directly by DVP Zone Customers and such costs
decrease. PJM administrative charges are assessed to customers in the Change Case. However, the
PJM administrative charges assessed to DVP Requirements Customers during the rate-cap period in
the Change Case are assumed to be deferred by DVP until July 2007, at which time the charges are
recovered with interest over a 30-month period. Ancillary charges were assumed to be passed
through to customers in both the Base and Change Cases as incurred; these costs are neutral between
the two cases for customers.'® Generation-related ancillary charges paid by load were assumed to be
distributed to generating units in the DVP area in proportion to their market shares.

III.D. OTHER CUSTOMERS IN THE DVP CONTROL ZONE

Along with the cost-benefit impact on Virginia Retail Customers, the collective impact on
other customers in the DVP control zone, including North Carolina retail customers and wholesale
customers, was also assessed. Other than North Carolina retail customers, these customers were
assumed to shop for generation services in excess of any self-owned generation by mid-2007.

The potential change in wheeling revenues received by DVP transmission between the two cases was not
included in the study results presented herein. The impact is uncertain and likely to be small relative to the
other benefits and costs quantified. See Testimony of David F. Koogler

See Testimony of Gregory J. Morgan,
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IV. ANALYTICAL APPROACH

In order to quantify the likely costs and benefits of the proposed transfer of DVP into
PIM, CRA needed to develop and refine several analytic models. To model the change in
system operations that would result from the market integration, we used GE MAPS running
with CRA’s proprietary database, discussed in section IV.A below. Interacting with GE MAPS
was a model of capacity additions and resulting capacity pricing, which we discuss in section
IV.B. Finally, CRA developed a Financial Evaluation Model to assess the incidence of costs and
benefits flowing from these two models of the physical system, which we discuss in sections
IV.C and IV.D. The three technical appendixes contain further detail about how we used GE
MAPS and the Financial Evaluation Model in this study.

IV.A. MODEL OF PHYSICAL SYSTEM OPERATIONS

In order to assess the operational benefits of expanding PJM to include DVP and the
other New PJM Entrants, CRA used the GE MAPS model to determine the unit commitment and
dispatch in the Base and Change Cases. The GE MAPS model is a security-constrained dispatch
model that simulates the hourly chronological operation of an electricity market. It assumes
marginal cost bidding, performs a least-cost dispatch subject to thermal and contingency
constraints, and calculates hourly, locational-based marginal prices for electricity. The GE
MAPS simulation is consistent with the congestion management scheme currently utilized in
PJM and the other Northeast ISOs. The model’s locational spot price calculation algorithm has
been successfully benchmarked against the market price algorithm used in the PJM market."®

Models are only as reliable as their data, so CRA has taken extra measures to ensure that
the assumptions regarding generation characteristics, transmission representation and limitations,
fuel costs, emissions rates and regulations, planned additions and retirements, and NUG con-
tracts were accurate and consistent. Details of these model inputs are discussed in Appendix A.

CRA modeled four years of the ten-year study period: 2005, 2007, 2010 and 2014, We
chose 2005 as the earliest full year when DVP could be integrated into PJM, under the terms of
the Code of Virginia § 56-579 as amended. Given that DVP’s rate cap expires in 2007, we chose
to model that year to provide fully detailed information to the financial model, which needed to
make separate calculations for the first and second halves of 2007. The year 2014 bounds the
ten-year study period, and 2010 provides a mid-point assessment to improve interpolation

19

The actual PJM transmission representation for an individual hour was input into MAPS, along with actual
loads, imports and exports and generator bids. The locational prices calculated by the GE MAPS program
matched those produced by the PJM LBMP system for those conditions,
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The principal challenge in modeling commitment and dispatch with a tool as powerful as
MAPS is not, surprisingly, finding the security-constrained least-cost dispatch. Instead, the
challenge is to find a reasonable representation of the inefficiencies that inevitably exist in real-
world markets and, more particularly, how these inefficiencies change when moving from one
market system to another. Left to its own devices, MAPS will find and execute all possible
trades throughout the entire Eastern Interconnection to minimize total system production cost,
subject to meeting all load reliably. Because the current market does not capture all these bene-
ficial trades between market participants and, in particular, across market seams, we have set up
our model to add inefficiencies through the use of selective barriers to trade, or “hurdles.”

We used financial hurdles to approximate inefficiency in the Base Case stemming from
several sources, including:

s Biases toward the use of local control zone resources due to uncertainty and
resulting reliability concerns;

e Lack of full coordination among the commitment and dispatch processes of
control areas;

* Imperfect economic management of congestion between and within control areas
due to loop flows and less-efficient congestion management tools than LMP;

¢ The lack of market transparency in bilateral markets;
¢ Transaction costs; and
¢ [Inefficient scheduling of transmission.

For this study, we employed four types of hurdle rates. These are discussed in greater
detail in Appendix A. In the unit commitment phase of MAPS, we imposed a $10 per MWh
hurdle between control areas in order to reflect the self-commitment practices prevailing today.
In the dispatch phase of MAPS, we employed two hurdle rates:

First is an “import hurdle” rate of $3 per MWh is imposed on each control area for any
imported power during peak periods (31 per MWh in off-peak periods). The purpose of this
hurdle is to mimic the self commitment that is the basis for current operational practices within
each control area, transactions costs associated with searching out and executing bilateral trades,
and other impediments to trade that bias dispatch towards internal resources, The import hurdle

applies only once to any transaction, regardless of how many control areas were involved in
wheeling the power.
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The second type of dispatch hurdle used in this study is a “trade hurdle” rate of $3 per
MWh, which is imposed on power transfers between control areas or RTOs in peak periods ($1
per MWh in off-peak periods). This trade hurdle rate reflects impediments to move power
between control areas separately from the self-commitment logic embodied in the import hurdle.
The trade hurdle is intended to represent both wheeling rates and trade impediments that become
pancaked as power is wheeled across multiple control areas. Consequently, this charge is
assessed for each control area through which a transaction moves.

Finally, a $1 per MWh fee is imposed at the dispatch phase for line losses for each inter-
control area transfer. These three dispatch hurdles are additive, so a trade involving a single
wheel would be subject to a total of a $7 per MWh peak-period dispatch hurdle rate—3$3 per
MWh to be imported, and $3 per MWh to be transferred to an adjoining control area, plus $1 per
MWh for line losses. A trade involving a second transfer would be subject to a total hurdie rate
of $11 per MWh—-the $3 per MWh import hurdle, plus two transfer hurdles of $3 per MWh each
and two losses charges of $1 per MWh each.

These hurdles were implemented in MAPS as economic contracts between zones, rather
than as incremental line charges or restrictions on the transmission system. This approach has
two distinct benefits in interpreting the results. First, the hurdles do not directly affect the loca-
tional prices in the model. The only influence the hurdle rates have is through their effect on the
commitment and dispatch of the system. Second, the contracts track transfers between zones,
rather than physical flows on lines. This feature aligns our contract transfers with the real bilat-
eral contracts we see in today’s electricity markets. It also makes tracking of costs and benefits
materially more accurate than tracking only physical flows.

To model the integration of the New PJM Entrants into the PJM market system, we
eliminated from the Change Case the commitment, trade and import hurdles among the five
control zones in the Base Case that comprise the expanded PJM market area, namely PIM, DVP,
AEP, DP&L and ComEd. The $1 per MWh line-loss fee remained as the only hurdle, reflecting
our view that PJM will implement some version of a distance-dependent transmission loss
charge. Commitment and dispatch hurdles from these zones to zones outside the expanded PIM
market were not changed.

IV.B. MODEL OF CAPACITY PRICES

An integral part of the PJM market design is its capacity market, through which PIM
ensures that there will be sufficient capacity resources offering to supply energy into the PJIM
energy markets to ensure reliable system operations. Units selected through the capacity auction
are required either to bid into the PJM day-ahead market or to self-schedule that capacity. In
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return, these capacity resources are paid the auction-clearing price for each kilowatt of supply,
regardless of whether the resource is actually called upon to supply energy or ancillary services.
These payments allow units that never run, or operate infrequently, to cover their fixed costs;
otherwise, generation owners might find it more profitable to mothball or close marginal genera-
tion resources, reducing the overall reliability of the system.

In modeling this capacity market, we first developed the pattern of new entry by location
and time. Secondly, we used this pattern of capacity additions to estimate future capacity prices.
The following two sections discuss our approach to each task.

IV.B.1. Determining New Build Requirements

Clearly, the existing fleet of generation resources cannot meet future needs indefinitely.
In order to forecast both future energy and capacity prices, CRA needed to project what new
generation resources would be built, where, and when.

For the first year of the study period, 2005, CRA assumed that only those units that are
under construction currently would be commercially available. New projects that have been
halted were not included among the 2005 builds. Although additional projects might conceiva-
bly be tabled, other projects not counted may be completed by Summer 2005. Overall, we
believe that this is a reasonable and conservative forecast of 2005 resources.

For subsequent years, we assumed that additional capacity resources are brought on-line
to maintain required capacity reserves in each control zone,*® We allowed trades of capacity
between directly interconnected zones provided that two conditions were met. First, the
imported capacity could not exceed the transfer capability between the two zones. Second, each

zone was required to carry internally enough capacity to meet forecast peak load plus a 2.5
percent operating reserve requirement.

This possibility of capacity export means that the location of new builds is not deter-
mined unambiguously. In the SEARUC study, we allowed no capacity trading and, conse-
quently, the need for and quantity of new capacity in each zone was deterministic. In this study,
we used the following procedure to locate new capacity resources:

1. Build internally to meet load plus operating reserves.

20 We modeled both MISO and SETRANS as having two separate areas, east and west, to reflect the

geographic and electrical separation within those two areas. MISQ East correspends to those areas of
MISO in ECAR; MISO West includes those parts in MAIN and MAPP. SETRANS is split between the
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2. Fully utilize trading from resource-long areas. For example, New York can
import capacity either from New England or PJM. New England, however, has
no other export markets for its surplus capacity, and more than enough to meet
New York’s capacity shortfall until after PJM itself becomes capacity short. PTM
resources, however, can sell to other markets. We therefore first meet New
York’s shortfall from New England capacity, before considering imports from
PIM.

3. When available capacity exports cannot meet remaining capacity requirements in
interconnected markets, allocate capacity exports so as to equalize the internal
capacity margin in each import market. To a first approximation, this procedure
equalizes the expected returns to new generators in each affected area.

In the both the Base and Change Cases, we required that each control zone, including
those of the New PJM Entrants, carry internally sufficient capacity to meet peak load plus oper-
ating reserve. This rule required new builds in DVP and ComEd, as well as areas outside the
expanded PJM market. Additional capacity needed generically in PIM to meet the pool-wide
capacity requirement was also sited in these two zones, since they had the lowest internal reserve
margins among the PJM sub-areas and, therefore, could be expected to have higher prices for
peaking units.

The critical difference between the Base Case and the Change Case in the capacity
market is that, owing to the increased load diversity of the expanded PJM market, the level of
required reserves declines. In the Base Case, the current PJM is modeled to hold a 17 percent
capacity margin, consistent with current requirements. Following the integration of the New
PJM Entrants, this requirement is lowered to 12.5 percent for the current PJM market area,
resulting in an approximately 15 percent margin above coincident peak for the expanded PJM
area. This reduction in capacity requirements frees approximately 3,000 MW of resources that
had been needed in PJM East, making additional capacity available to other PJM Member
Companies, including DVP. Other required capacity margins outside the current PJM are
assumed to be unchanged, so DVP holds a 12.5 percent reserve requirement in both the Base and

Change Cases, of which no more than 10 percentage points can be met with external capacity

I'GSOLII’CCS.M

A second difference between the two cases is that we modify the capacity export rule (#3
above) so that surplus capacity in one area of PJM is used first to meet capacity shortfalls in

Southern and Entergy areas. The New York Control Area was modeled consistent with its capacity market
design as two sub-regions (New York City and Long Island) and an overall New York region.
See Testimony of Gregory J. Morgan.
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other areas of PIM. Only if PTM is collectively net long will any PJM zone export to a non-PJM
zone, reflecting the higher transactions costs of selling external capacity. The practical effect of
this change is to divert exports of capacity from AEP, that had been sold to CP&L, Duke, and
TVA, are instead sold to DVP, Commonwealth Edison and the current PJM companies.

The pattern of builds across the Eastern Interconnect used in this study is summarized in
Table IV-1.

Table IV-1: Pattern of New Capacity Builds by Region
Cumulative Additions, MW

2007 2010 2014

2:22 Cl(;zrslfe Difference 22:: ng:fe Difference 2:2: ng:fe Difference
PIM 0 0 0 0 0 0 2,069 0 2,069
DVP 0 0 0 310 0 310 3,360 1,668  -1,692
AEP 0 0 0 0 0 0 0 0 0
DP&L 0 0 0 0 0 0 0 0 0
ComEd 0 0 0 563 87 -476 4,407 2,250 2,157
CP&L 0 0 0 763 498 -265 3,078 3227 149
DUKE 846 846 0 2,875 2,856 -19 6,870 7,128 258
SCE&G 0 0 0 0 0 0 1,621 1,621 0
MISOE 0 0 0 0 0 0 5,564 6,280 716
MISO W 0 0 0 0 0 0 8,285 9,085 800
SPP 0 0 0 0 0 0 1,020 1,020 0
SETRANS E 0 0 0 0 0 0 8,840 8,840 0
SETRANS W 0 0 0 0 0 0 0 0 0
TVA 0 0 0 0 0 0 2,410 2,944 534
GFL 0 0 0 3,046 3,046 0 8,684 8,684 0
NEP 0 0 0 0 0 0 0 0 0
NYC 175 175 0 271 271 0 619 619 0
NYL 175 175 0 307 307 0 670 670 0
NYO 0 0 0 0 0 0 368 368 0
Subtotal New PIM 0 0 0 873 87 -786 9,836 3918 5918
Subtotal Other 1,196 1,196 0 7,262 6,978 -284] 48,029 50,486 2,457
Totat 1,196 1,196 0 8,135 7,065 -1070] 57,865 54404 346l

IV.B.2. Determining PJM Capacity Market Clearing Prices

Under the current capacity market design, the quantity of capacity purchased by PJM is
determined administratively, to reach a capacity margin based on engineering analyses. This
approach tends to create prices that tip between one of two values:

If the system has more than enough capacity resources to meet the capacity reserve
margin, the capacity price is set by the payment needed to keep existing resources from exiting,
Specifically, the marginal unit needs to recover its avoidable fixed costs from its combined net
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revenues in the energy, ancillary services and capacity markets. Based on the MAPS runs for
this study, we determined that the marginal PJM resource would expect to receive insignificant
payments in the energy and ancillary service markets. Consequently, the market-clearing price
for capacity, when PJM is net long capacity, should be equal to the avoidable fixed costs of
marginal capacity resources.”? Based on previous CRA studies about PJM capacity, we estimate
that this cost is $20 per kilowatt-year. This level may be conservatively high, since observed
capacity prices in PJM have frequently been below this level. Using a lower level for the cost of

capacity during periods of surplus capacity would increase the benefits to customers from DVP
joining PJM.

The other possible state of the capacity markets is that there is an overall shortage of
capacity. In order to attract new capacity resources, the capacity price must cover not merely the
avoidable fixed costs of the facility, but the fully loaded cost of new entry net of margins the unit
could receive in the energy and ancillary services markets. CRA considered, in each market that
needed additional capacity resources, whether a combined-cycle unit or a simple gas turbine
would require a lower capacity payment. Combined-cycle units have a higher capital cost but
are more efficient, allowing them to operate profitable in more hours than a gas turbine. In most
markets, including the expanded PJM area, the extra energy margin that a combined-cycle unit
could earn did not offset their higher capital charges. Consequently, the capacity market-
clearing price was set to the levelized embedded cost of a new gas turbine, less expected net
revenue from the energy and ancillary services markets (which were small). CRA estimated that
this levelized cost in PJIM is approximately $50 per kilowatt-year, which is substantially in

agreement with similar calculations other researchers have made for New York and New
Englamd.23

Stripped down to these basics, one might expect that the capacity prices can only be at
one of two levels: a low price when there is sufficient capacity already installed ($20/kW-year),
or a high price when new entry is needed ($50/kW-year). If, for example, in 2013 we foresaw
the market as 10 MW deficient in the Base Case, but 10 MW in surplus in the Change Case, the
simple “price tipping” model would suggest that the entire 21,000 MW of capacity needed for

= This conclusion sets aside the sale of capacity to other control areas from PIM, which could allow scarcity

pricing in ather areas to raise the PIM capacity price. At this time, market rules for trading capacity
between markets are insufficiently developed to allow full market integration and price formation across
RTO seams. We chose, therefore, to model the PTM capacity market as a stand-alone market.

See “New York Independent Operator, Inc.’s Filing of Revisions to the ISO Market Administration and
Control Area Services Tariff: ICAP Demand Curve,” FERC Docket No. ER03-647-000 (March 2003), and
E-Acumen, “Peaker Cost Study,” ISO-NE Markets Committee Meeting (April 2002). Both estimates will
tend to overstate the cost of new Virginia capacity, since construction and operations costs outside the
Northeast will be somewhat lower; moreover, since the E-Acumen study was completed, there has been a

substantial softening in the market for turbines, which are a substantial capital budget item for a new
peaking facility.

23
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the DVP area should be repriced from $50/kW-year to $20/kW-year, a notional savings to
customers of about $630 million.

Such a knife-edge result does not, in our opinion, reasonably reflect the expected value of
integrating capacity markets. There are many uncertain variables in our model, including the
load forecast, the level of available capacity from each unit in the system,** and the development
of demand-side capacity resources, that could turn a forecast capacity deficit into a surplus, or
vice versa. To reflect these uncertainties about the state of the future capacity markets, we
developed a simple probabilistic model to forecast capacity prices.

The model starts from the premise that capacity prices in the PJM auction will be set
either at $20/kW-year if there is a capacity surplus, or at $50/kW-year otherwise. We then esti-
mate the probability of each of these two states of the world, assuming that the capacity require-
ment is centered at our forecast value but has some uncertainty, with a normal random distribu-
tion. The forecast uncertainty was assumed to be 0.5 percent in 2003 and to increase by 0.2
percentage points in each subsequent year, so that the standard deviation in 2007 was taken to be
1.3 percent, and in 2014 to be 2.7 percent. These values, in our judgment, reasonably reflect the
level of uncertainty intrinsic in long-term load forecasts.

Using this model, we compute the predicted capacity price as the probability-weighted
average of the low-price ($20) and high-price ($50) outcomes. If, for example, installed capacity
exactly equaled the forecast capacity requirement, there would be a 50 percent chance that the
market would be deficient, and a 50 percent chance that the market would be in surplus. We
would, therefore, assign a capacity price of $35/kW-year (half of $50 plus half of $20). Table
IV-2 below shows the modeled capacity prices in PIM for each year of the study period.

Table 1V-2: ICAP Prices
(3/kW-year)

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Base Case $21.54 $22.08 $22.63 $23.19 $23.77 $2638 $37.30 $51.62 $61.57 $66.12
Change Case  $21.54 $22.08 $22.63 $23.19 $23.77 $24.50 $27.53 $37.17 $50.25 $60.34

An underlying assumption of this price formation methodology is the persistence of
prices. Once the existing installed capacity is no longer sufficient to meet capacity requirements,
new capacity is induced to enter through higher capacity prices. Economists refer to this higher

24

Instead of counting each resource at its faceplate capacity rating, PIM computes Available Capacity from a
unit, which takes into account its recent historical forced outage rates.
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price as a “trapping state;” once a market needs new capacity, the capacity price remains at the
long-term marginal cost of capacity forever. In actual practice, however, we know that invest-
ment tends to occur in cycles, with the price correspondingly swinging through extremes.
Attempting to model such complex market dynamics is beyond the scope of this study.

Further, we focus solely on the capacity clearing price for the overall PJM market,
defined either narrowly in the Base Case or more broadly in the Change Case. In lieu of an
active capacity market in the Base Case, we chose capacity prices in the existing PJM market as
the relevant proxy. In the Change Case, it is appropriate to use the expanded PJM clearing price
for capacity, since at present PIM does not have locational capacity markets.

IV.C. MODEL OF FINANCIAL EFFECTS

As noted in Section III, base rates for generation and other services would not change
between the Base and Change Cases, thus base rate impacts were not included in the calculation
of benefits and costs. Effectively then, Virginia Retail Customer benefits and costs, as well as
other DVP Zone Customers covered by the DVP fuel factor, are assessed using fuel factor
charges during the rate-cap period and market generation charges after the rate cap ends. The
calculations used to derive these respective charges are outlined below.,

Fuel Factor Charges

The fuel factor charges are calculated as the fuel cost of the DVP generating units plus
the cost of additional “off-system” purchases needed to meet DVP load, net of the fuel cost
incurred in making off-system sales. Other production-related costs considered in the dispatch
decision for DVP generating units, but not considered in the DVP fuel factor, include emission
allowances and variable O&M. As noted below, in the Change Case there are adjustments made

to the fuel factor calculation to reflect the use of LMP and FTRs with respect to purchased power
only.

Despite the annual advance assessment of fuel factor charges in practice in Virginia, fuel
factor charges in this study were projected based on actual hourly fuel costs and purchased
power costs. In effect, an exact advance assessment was assumed. While such an exact assess-
ment is not possible, there is no reason to believe that any error in the advance assessment wouid
be greater or lesser between the Base and Change Cases.

Market Energy Costs

Once the rate cap ends, customers are assumed to pay DVP control zone market energy
prices in the Base Case. In the Change Case, customers pay the DVP Load Zone LMP, rather

CHARLES RIVER ASSOCIATES 34




Attachment to LGE/KU #19(c)
Witness: McNamara Page 43

Analytical Approach

than market energy prices, and receive the full allotment of DVP FTRs to compensate for any
difference in load zone prices and energy prices at the generator bus caused by congestion. The
net effect of these two factors yields the market energy savings shown in the Change Case.

IV.D. BENEFIT AND COST MEASURES FOR CUSTOMERS AND SHAREHOLDERS
Customers Prior to End of the Rate Cap

Energy Benefits/Costs. In the Base Case, prior to the end of the rate cap, customers are
simply assessed traditional fuel factor charges, comprised of the actual fuel costs at DVP units
plus the cost of purchased power used to serve customers. Reductions to the fuel factor charges
are made for off-system sales. In the Change Case, prior to the end of the rate cap, the only
change from the Base Case is that purchased power is priced at the market price of energy as
reflected in the DVP Load Zone LMP, rather than the prevailing market clearing price for
generators in the DVP control zone used in the Base Case. When there 1s congestion, the DVP
Load Zone LMP generally will exceed energy prices paid to generators, but shareholders absorb
any congestion cost associated with delivering in-system power during the rate-cap period. For
purchases of energy from generators not owned by DVP, customers are compensated for this
congestion cost embodied in the zonal price by an allocation in the fuel factor calculation of a
share of the DVP FTR value.” This method of pricing purchases for the fuel factor was used
because there will be no other auditable source of purchase cost information in the Change Case
other than the DVP Load Zone LMP and offsetting FTR value.

Other Benefits/Costs: Prior to the end of the rate cap, capacity-related costs incurred in
meeting reserve requirements are embedded in the frozen DVP rates in the Base and Change
Cases; any variance in these costs is absorbed by shareholders. Prevailing ancillary charges are
assessed to customers in both the Base and Change Cases and are unchanged.”® PJM administra-
tive charges are assessed to customers in the Change Case. However, the PJM administrative
charges assessed to DVP Requirements Customers during the rate-cap period in the Change Case
are assumed to be deferred by DVP until July 2007, at which time the charges are recovered with
interest over a 30-month period.

Customers After the Rate Cap Ends

Energy Benefits/Costs. Once the rate cap ends, customers are assumed to pay prevailing
DVP control zone energy prices in the Base Case, set at the average generation bus price in the

» The share is calculated as the hourly fuel factor purchases as a percent of the houtly load served under the

fuel factor multiplied by hourly FTR value.

% See Testimony of Gregory J. Morgan,
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zone. In the Change Case, customers pay the DVP Load Zone LMP, rather than an average of
generation bus prices, and receive the full allotment of DVP FTRs to compensate for any differ-
ence in DVP Load Zone energy prices and energy prices at generation buses caused by conges-
tion. The net effect of these two factors yields the market energy savings in the Change Case.

Other Benefits/Costs: In both the Base and Change Cases, customers are assumed to pay
the prevailing capacity price for the capacity needed to meet their peak load plus reserve
requirements and to pay prevailing ancillary service charges. As in the rate-cap period, ancillary
service charges to DVP Zone Customers will be unchanged or decline after the rate cap ends.
The PJM administrative charge is assessed to customers in the Change Case.

This study quantifies reductions solely to the wholesale costs that retailers (including
DVP) must pay for energy, capacity and ancillary services to serve DVP Zone Customers. The
retail price charged to customers will also reflect other costs of wholesaling and retailing energy,
such as customer service centers, risk management and billing. We have assumed that these
markups would be similar in the Base and Change Cases. This is a conservative assumption,
since our experience is that some elements of the total delivered energy cost would be reduced
when their customers are in a large, well-functioning market like PJM.

Shareholders

The net benefit to DVP shareholders also can be thought of in two distinct categories:
effect on energy revenues and on capacity payments.

Energy Benefits/Costs. As discussed earlier, the fundamental effect of moving from the
Base Case to the Change Case is to lower wholesale energy prices in the DVP control zone, in
particular the price paid to DVP’s Mount Storm and Bath County facilities. Furthermore, gen-
eration output from DVP generation declines in the Change Case, as it is displaced in many
hours by imports of lower-cost electricity. Since DVP units receive lower energy prices on a
smaller sales base, there is a decline in net energy margins earned by DVP shareholders. During
the rate-cap period, these lost energy margins are offset to a small degree by savings in certain

production related costs such as emission allowances that are not currently included in the DVP
fuel factor.

During the rate-cap period, shareholders also have the obligation to supply Virginia
Retail Customers with energy at capped rates. In the Base Case, this obligation can be met
largely through generation from DVP facilities. In the Change Case, however, DVP must pay to
PJM its load zone LMP for the Virginia Retail Customers, including any congestion costs
embedded in the zonal LMP. This congestion cost borne by shareholders is hedged through the
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FTRs that PJM allocates to DVP, net of FTRs allocated to offset congestion costs related to off-
system purchases in the fuel factor as discussed in more detail previously.

After the rate cap ends, customers pay their own congestion costs and collect FTR
revenucs.

Capacity Benefits/Costs. Following the rate-cap period, DVP generating units receive
capacity payments benchmarked to the prevailing capacity clearing price in PYM. As discussed
in Section IV.B, these capacity prices are expected to be systematically lower in the Change
Case, reflecting the fact that fewer new capacity resources will be required in order to uphold
identical system reliability standards. Consequently, beginning in 2010 and continuing through
the end of the study period, capacity revenues to DVP generating units are lower in the Change
Case than in the Base Case. Since DVP units are not the only source of capacity for DVP Zone
Customers, however, the decline in DVP capacity revenues is less than the decline in capacity
payments made by DVP Zone Customers.

Other Customers in DVP Area

Along with the benefit-cost impact on Virginia Retail Customers, the collective impact
on other customers in the DVP control zone, including North Carolina retail customers and
wholesale customers, was also assessed. Other than North Carolina retail customers, these
customers were assumed to shop for generation services in excess of any self-owned generation

by mid-2007. The same analysis outlined above was applied in assessing the collective costs and
benefits for these other customers.
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V. ISSUES NOT FULLY QUANTIFIED

The issues and impacts associated with DVP joining PJM are numerous and complex.
While this study has quantified the major impacts, particularly those in the short-term, it has not
been possible to address all of the issues through formal quantitative analysis. This section
discusses the qualitative aspects of several issues that have not been modeled explicitly, but
nonetheless may bear on the costs and benefits of DVP’s PIM participation.

It should be noted that the results of this study are subject to a margin of error due to
various assumptions that must always be made in any modeling study. Possible sources of error
include incomplete monitoring of transmission constraints, incomplete data on generation char-
acteristics, fuel price forecast margin of error, uncertainty as to actual FTR allocations and pay-
ments in the future and errors in forecasting RTO costs. The net effect of these sources of error
cannot be quantified. In modeling these complex matters, however, we have attempted to make
conservative assumptions, that is, towards understating the potential net benefits of PJM
membership to consumers.

Y.A. MEASUREMENT OF BENEFITS

In this study, the overall social benefit of DVP joining PJM is measured as the reduction
generation production costs and savings in the building of future generation capacity. These
social benefits are allocated to DVP’s customers and shareholders based on various factors, such
as the Virginia rate cap until mid-2007, forecasted changes in market prices in the DVP control
zone as a result of the expansion of PIM, changing trade patterns, and so on.

V.B. INSTALLED CAPACITY MARKET

In this study, we have used the concept of an Installed Capacity (“ICAP”) market, more
or less as it has been developed in the original PJM area in both the Base and Change Cases.
Regardless of the precise administrative design, we believe that the developer of any new gen-
eration built in the future to meet a long-term resource adequacy requirement would have to be
paid for the capacity costs of the facilities. This may not take the form of a conventional ICAP
payment, but we believe that the economic effect would be effectively the same if new capacity
were to be attracted into the market to meet reserve requirements. Therefore, we have not con-
sidered alternative versions of the ICAP concept, such as the forward market proposal currently

under consideration by the Resource Adequacy Market working group of the ISOs of PIM, New
York and New England.
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Accordingly, in this study we use the term ICAP market and ICAP price as a proxy for
the payments needed by new generation (when such generation is required to meet installed
capacity requirements) to recover the capital costs of entry not otherwise recovered through the
energy market. As such, other mechanisms could be considered as equivalent to the function of
the ICAP market in this study, which is to create a mechanism whereby native load pays for
certain investments if they are needed by native load in the first instance.

V.C. ONGOING PROTECTION OF NATIVE LOAD

Membership in PJM will continue native load protections that will mitigate certain
potential adverse impacts that can occur as a result of a transition to market-oriented supply
arrangements. Most importantly, Firm Transmission Rights (“FTRs”) will be available under
PIM to offset the congestion costs that occur on an LMP system. PJM has conducted a simulta-
neous feasibility test of DVP FTRs and has determined that adequate transmission capacity
exists to support a full allocation of FTRs to load in DVP’s control zone throughout the study
period. This FTR allocation 1s a key factor in ensuring that delivered prices in DVP’s service
territory remain hedged against the congestion that can occur between generation buses and load
buses.

Another major element of the financial risk management program that has been assumed
in this study is an appropriate and continuing allocation of external FTRs. PJM business rules
ensure that the load-serving entities of network customers (such as DVP Zone Customers) have a
right to FTRs that hedge congestion costs to those customers. As discussed in more detail below
in Section VI.A.1, PJM has determined that DVP can obtain sufficient FTRs throughout the
study period to hedge congestion risk fully. PJM plans to change these business rules in the near
future, but PJM’s study of FTR allocation under these new business rules leaves DVP’s FTR
allocation unaffected. While additional changes at some future date may materially alter how
FTRs are allocated, we have no way to assess this risk. We believe, however, that the PIM
review process will continue to provide substantial protection for native load even if the PIM
business practices are revised.

For the purposes of this study, we assume that DVP will receive a load-ratio share of the
surplus value of the FTRs that are not allocated under current PJM practice. A representative
from PJM has estimated that the surplus value in PJM’s FTR auctions is likely to be about $50
million per year after PJM is expanded to include all four New PJM companies. DVP’s load-
ratio share of this amount would be about $6.1 million per year.

Apart from these FTR considerations, it is important to recognize that PJM has agreed
that load will not be shed within PJM South in order to address capacity deficiencies in other
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pats of PYM. This means that Virginia customers will not be placed at risk for capacity shortages
occurring elsewhere in PIM.

V.D. RELIABILITY

Membership in PIM offers the opportunity for DVP to ensure improved rehiability. DVP
will maintain its own transmission control center to address local reliability problems that will
not be monitored by PIM. Moreover, by joining PJM, customers in the current DVP control
zone will have the benefit of an enlarged scope of geographic control of generation that can be
used to address transmission system emergencies. The larger scope for generation redispatch in
emergency conditions will expand the resources available to PJM operators beyond those
currently available to the DVP control zone operator.

V.E. INTEGRATED TRANSMISSION PLANNING

PIM offers the opportunity for DVP to participate in a larger regional planning process
that will blend DVP’s local expertise with the regional views provided by PJM of other transmis-
sion owners and stakeholders. Much of this interaction occurs today on an informal basis.
Joining PIM will help to formalize this process and improve the regional transmission planning
process by focusing new investment to projects that realize the greatest net benefit. This coordi-
nation is particular important for Virginia since the transmission upgrades most needed to reduce
prices in the Commonwealth are located in neighboring states.

V.F. SUPPORT FOR WHOLESALE AND RETAIL COMPETITION

PJM’s market structure and settlement system will be a valuable resource in supporting
retail competition in the future. While this benefit cannot be easily quantified, it is one of the
most important benefits to joining a well-developed RTO, such as PIM. The centrally facilitated
markets in PJM provide the efficient day-ahead and balancing markets that are needed to ensure
that all retail suppliers can compete on an equal basis within Virginia.

Furthermore, DVP’s membership in an independent RTO such as PJM is important to the
development of competition among generators within its control zone. PJM’s stable market
platform provides transparent prices, liquid spot markets, independent governance, and open
access to transmission. Without these assurances, private investors will be reluctant to build new
generation needed to meet the future energy needs of the Commonwealth.
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V.G, ENHANCED GENERATION TECHNOLOGY AND AVAILABILITY IMPROVEMENTS

Improvements to generation technology may be facilitated generally by the development
of a competitive wholesale electricity market. Adding Virginia into PJM would enhance whole-
sale competition both by providing merchant generators with greater integration into a large and
liquid wholesale market, and by providing clear locational prices that signal the need for new
resources in particular places. Expanded wholesale competition can be expected to propel
improvements in technology and unit efficiencies over time. The steady march of technological
improvements is a significant source of consumer benefits over time. PJM and the other north-
east markets, where vigorous competition in a locational pricing system have been adopted, have
seen marked improvement in unit availability and increased investment in existing units to
increase their competitiveness.”” While the importance of this advancement could hardly be
overstated, it has not been addressed in this study because of the difficulty in quantifying the
long-term benefits of these investments.

V.H. DEMAND RESPONSE BENEFITS

A critical component in the development of competitive electricity markets is allowing
the demand side of the market to participate fully in spot markets. This issue has not been quan-
tified in this study because, in part, of the difficulty of quantifying such benefits in a pure
production-cost model.”® An important element of a successful demand response program is the
ability to provide customers with price information that is directly linked to the incremental cost
of providing their power. Further, this information needs to be available both in real-time, to
allow for automated price response (such as commercial reductions in air-conditioning load), and
day-ahead, to allow industrial users to revise production schedules in responsc to energy prices,
for example. Our Base Case, however, does not include the costs that would be needed to create
an independent market system necessary to create and post these real-time and day-ahead prices
for a stand-alone DVP region; rather, DVP Zone Load Customers would continue to be served
on an averaged-cost basis that suppresses price signals to customers and, consequently, provides
a poor basis for developing effective demand-side management. Qur estimates of the benefits of
joining PIM are, therefore, conservative in excluding either the benefits from such demand-side
management programs or the costs of developing day-ahead and real-time incremental prices in
the DVP control zone. Demand management programs may provide material benefits in
enhancing grid reliability and reducing price spikes that may lead to high retail prices.

27
28

See 2002 State of the Market, PJM, (March 2003}, pp.82-84.
Production-cost models such as MAPS do not capture welt the hourly volatility created by unexpected

surges in demand, unit outages, or loss of critical transmission facitities. It is these spikes, however, that
are best addressed by demand-side measures.
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V.I. IMPROVED GENERATION SITING AND TRANSMISSION INVESTMENT

Over the longer term, the price signals provided by LMP can be expected to promote
more efficient siting decisions on the part of developers both of generation and transmission,
This effect is not explicitly studied here, but we expect that it will be an important source of
benefits over the long term. Under the LMP signals provided in the PJM market structure, gen-
erators will have a direct and observable incentive to locate where the generator price is high. In
today’s market, this price signal is averaged over a wide area, and any locational differences in
such average prices are highly muted, at best. In contrast, LMP has the effect of disaggregating
the price signals given to each individual generator so that market participants can evaluate the
advantages and disadvantages of various locations. Likewise, on the transmission side, the
explicit pricing of transmission congestion allows utilities or private transmission investors to
measure directly the costs created by particular transmission bottlenecks, which can then be
compared to the investment costs for relieving those constraints. Such locational prices are a key
to improved siting decisions on the part of future transmission and generation developers that can
be expected to benefit Virginia customers, as well as others in the expanded PJM.

V.J. BENEFITS FROM INTEGRATION WITH AN ESTABLISHED MARKET

It is appropriate to note that this study contrasts the net economic benefits of a Change
Case that is fully consistent with federal regulatory directions, versus a Base Case that is not.
Although FERC has not yet issued any final order regarding implementation of wholesale market
standards, nor has it yet been tested whether FERC has the authority to mandate such standards
on jurisdictional utilities, there is clear federal intent that all utilities join an established RTO or
join together with neighboring utilities to create one. Moreover, Virginia law requires that DVP
join or establish an RTO.* DVP is interconnected with only one approved RTO: PJM. While
DVP could conceivably work with other utilities to its south to build a new RTO, there are mate-
rial costs to designing, implementing and securing regulatory approvals for a new RTO. We
have, conservatively, not included such costs in our Base Case.

V.K. IMPROVED DEPLOYMENT OF DVP CAPITAL

Integration of DVP into the PJM markets may allow DVP to shift its capital budgeting to
more efficiently allocate its resources. As noted in Section IV.B, integration into PM allows for
a material decline (approximately $1 billion) in the amount of capital investment required in new
generation while maintaining the same or betier levels of system reliability. An additional $1
billion of investment in new generation facilities will be needed even if DVP joins PJM, but
outside investment in Virginia generation will be much more likely when that generation has full

25

§ 56-579(A) of the Code of Virginia.
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access to the liquid and transparent PJM wholesale markets, Joining PJM will encourage greater
retail and wholesale competition through, among other things, improved coordination of trans-
mission use and clear price signals to both generators and consumers. This may reduce needed
capital investment from DVP, allowing capital to be directed to other purposes. Likewise, DVP
has more choices to deploy capital to enhance shareholder value in liquid and transparent whole-
sale markets such as PJM.
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VI. RESULTS OF THE BENEFIT-COST STUDY

Only a portion of the large amount of numerical results from this study can be discussed in
the context of this report. To economize on space, most of the results shown are incremental
changes from the Base Case (pre-RTO) to the Change Case (post-RTO). Summary results from cach
of the sensitivity cases are presented later in this section. Dollar amounts presented in the tables and
text below are in nominal dollars for each year, while summary, 6-year and 10-year results are the
net present value to July 1, 2003. A 10 percent discount rate is used to calculate the net present
values.

VLA, SUMMARY OF BENEFITS AND COSTS

Table VI-1 shows the benefits and costs of DVP joining PJM. These are reported for
Virginia Retail Customers and all DVP Zone Customers annually for 2005 through 2014, and for the
present value of those years to July 1, 2003. *® Benefits are reported in three basic categories: 1)
energy cost impacts, including the impact on the fuel factor; 2) capacity cost impacts, including the
impact of purchasing required reserves; and 3) ancillary service cost impacts, and other misce!lane-
ous charges. The cost of joining PJM is reflected in the PJM administrative charges in the Change
Case. Itis assumed that no costs are incurred in the Base Case, even though it is possible that DVP
might be pressured to form an RTO even if it does not join PJM. In any case, the net benefits are
total benefits less the PJIM administrative costs.

Virginia Retail Customers account for nearly 80 percent of DVP’s annual load. Accordingly,

1ts benefits and costs are also approximately 80 percent of the total benefits and costs of DVP Zone
Customers.

VLA.1, Energy Cost Impacts

Most of the benefit to DVP’s Virginia Retail Customers, $211 million in the first 6 years of
the study and $332 million for the 10-year period, is due to lower energy payments that result from
DVP joining PJM. These benefits result from the reduction in energy market prices in the Change
Case when DVP joins PJM.

30

Results for merchant generators are not included in the results of the DVP control area or elsewhere in this
analysis. Such an analysis was outside the scope of this report.
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Table VI-1: Annual Benefits of DVP Joining PJM for DVP Zone Customers

Change Case minus Base Case
(in millions of 3, positive numbers denote benefits}

PV to July 1, 2003

Virginia Retail Customers {'05-'10y ('05-'14) 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Fuel Factor Savings 13.1 13.1 46 L7 5.1 - - - - - - -
Market Energy Savings:

Price Basis Change (76.6) (196.5) - - (0.6) (30.2) (41.9) (53.7) (62.1) (70.5) (78.9) (87.4)
FTR Value 2742 5159 - - 65.1 1302 1356 141.0 1442 1474 1505 1537
Market Energy Savings 197.6 319.4 - - 554 1000 937 874 821 768 716 663
Total Energy Savings 210.7 3324 46 7.7 605 1000 937 874 821 768 T1.6 663
Capacity Savings 162 3141 - - - - - 315 1667 251.2 2001 104.0

Ancillary Savings - - - - - - - - - - - -

Benefit 226.9 646.5 46 77 605 1000 937 1189 2488 3280 2717 1703

PJM Admin Charge (116.6) (169.9) (28.5) (28.6) (28.6) (30.1) (30.7) (31.2) (31.9) (32.5) (33.2) (33.8)
Deferral/Recovery (0.0} (0.0) 285 286 (29 (333 (333 00 00 00 0.0 0.0

Net PJM Admin Charge (116.6) (169.9) - - (31.6) (63.4) (64.0) (31.2) (31.9) (32.5) (33.2) (33.%)
Net Benefit 1103 476.6 46 7.7 290 366 297 876 2169 2955 2385 1365

PV to July 1, 2003

DVP Zone Customers {'05-'10Y ("05-'14) 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Price Basis Change* (66.8) (207.7) 8.1 121 (23) (33.9) (48.7) (63.4) (73.2) (82.9) (92.6) (102.4)
FTR Value 337.8 630.0 25 28 805 1580 1645 1710 1746 1783 1819 1856

Total Energy Savings 271.0 4224 10,6 149 782 1240 1158 1076 10L5 954 893 832
Capacity Savings 18.9 372.6 - - - - - 369 1966 297.9 2411 121.7
Ancillary Savings 0.7 1.0 01 02 0.2 0.2 0.2 02 02 02 0.2 0.2
Benefit 290.6 796.0 10.7 151 784 1242 1160 1447 2982 3935 3306 2052
PJM Admin Charge (163.2) (238.7) (39.6) (40.0) (40.2) (42.1) (43.0) (43.9) (45.0) (46.0) (47.1) (48.1)
Deferral/Recovery 0.0 0.0 356 357 (3.7) (41.6) (41.6) - - - - -
Net PIM Admin Charge (163.2) (238.7) (4.0) (4.2) (43.9) (83.8) (84.7) (43.9) (45.0) (46.0) (47.1) (48.1)
Net Benefit 127.4 557.2 67 109 345 405 313 100.7 2533 3474 283.6 1571

* Including fuel factor adjustments

The energy cost impacts are sub-divided into two categories: 1) fuel factor impacts, and 2)
market energy impacts. The market energy impact is reported in the table in two parts: a Price Basis
Change component and an FTR Value component. The Price Basis Change component reflects a
difference in how the delivered price of energy is expected to be formulated in the Base versus the
Change Case. In the Base Case, the delivered price of energy is expected to reflect the prevailing
competitive price of the energy component of generation within the DVP control zone. In the
Change Case, however, the delivered price of energy necessarily will be based on the DVP Load
Zone LMP as determined by PJM. Under the PJM LMP system, load prices generally can be
expected to exceed the average generation bus prices throughout the DVP control zone due to trans-
mission congestion. Accordingly, the difference in delivered price between the two cases in part
will reflect a switch from a generator-based price to a load-based price. This impact tends to

CHARLES RIVER ASSOCIATES 43




Attachment to LGE/KU #19(c)
Witness: McNamara Page 54

Results of the Benefit-Cost Study

increase the delivered price to customers. However, FTR value allocated to native load offsets this
switch in the basis for delivered prices, yielding an overall market energy savings in the Change
Case.

Prior to July 1, 2007, when the rate cap ends for DVP’s Virginia Retail Customers, these two
components of the market energy savings are zero, since these customers are not exposed to LMP
for in-system generation and receive the benefit of FTRs for off-system purchases. The table divides
this benefit into two parts. The first part is the fuel factor savings, which is not a factor after mid-
2007.

The second part of the post-2007 benefit is the market energy savings, which in turn has the
two parts mentioned above. After mid-2007, the table reports an increase in the cost of energy
associated with the Price Basis Change. As shown in Table VI-2, energy prices in the DVP control
zone generally are lower as a result of DVP joining PJM. The generator prices are reduced by $0.61
to $1.35 per MW, as shown in the table. Despite this general reduction in generator prices, the shift
in the basis for delivered prices in the two cases results in an increase before the FTR impact is
assessed of between $0.14 and $0.96 per MWh. FTRs provide an offsetting gain of between $1.71
and $1.84 per MWHh, resulting in a net reduction of energy costs of between $0.88 and $1.57 per
MWh. For example, in 2010 in the Base Case, purchases are made at the DVP spot wholesale
energy price of $42.97 per MWh (see Table VI-2). In the Change Case, these same purchases are
made at the DVP Load Zone LMP price of $43.57 per MWh, but DVP customers receive the value
of FTRs, which serve as a credit of $1.83 per MWh. The combined impact is a $1.23 per MWh
decline in the average price of energy.

Table VI-2: Generation and Load Prices in DVP

2nd Half
Base Case of 2007 2010 2014
Avg DVP Gen Price (3/MWh) $38.06 $42.97 $52.23
Change Case
Avg DVP Gen Price ($/MWh) $36.70 $41.87 $51.62
Avg DVP Load Price ($/MWh) $38.20 $43.57 $53.19
FTR Value (§/MWh of Load) to DVP Customers ($1.71) ($1.83) ($1.84)
Change Case minus Base Case
Avg DVP Gen Price ($/MWh) ($1.35) ($1.10) (30.61)
Avg DVP Load Price Basis Change (3/MWh) $0.14 $0.60 $0.96
Avg DVP Load Price w/ FTR ($/MWh) (31.57) ($1.23) (50.88)

Table VI-3 shows how constraints within and outside of the DVP control zone affect LMPs
at selected Virginia locations. The top line shows the price, averaged across all hours, among the
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locations of $30.88.”' The next section of the table shows the average impact over the year that each
binding constraints within Virginia had on each LMP. In general, there is very little difference in
prices among Virginia locations that can be attributed to internal constraints.

The third section of Table VI-3 shows the LMP impact of constraints outside of Virginia.
The APS South and Black Oak-Beddington constraints are the most frequently binding and contrib-
ute the most to locational price differences in the DVP control zone. Generation from units in the
western part of the DVP territory, Mt. Storm and Bath County, increases the flow on these inter-
faces, exacerbating the congestion. Hence, a negative price signal is embedded in these LMPs.
Generation from units at locations further to the east tends to decrease the flow across these
constraints and relieve congestion; as a result, eastern LMPs include a positive price signal.

Table VI-3: Effect of Transmission Constraints on Virginia LMPs and Price Differentials
(2005 Post-RTO Case)

Hours Mount Bath Possum  North

Limited Storm County Clover Point Anna Yorktown  Surry
Average Price Across Generator Set $30.88  $30.88 $30.88 $30.88  $30.88 $30.88 $30.88
Average Generator Bus Price $27.48  $2931 $3046 33346 $32.49  $31.51 33142
Total Congestion (83.39) (%1.56) ($0.42) 52.58 51.62 50.63 $0.55
Congestion from Constraints in Virginia Power Area
Lexington-Cloverdale for Outage of Pruntytown-Mt. Storm 820 0.04 0.17 0.09)  (0.03} (0.02) {0.03) (0.04)
FG 1710 Chesterfield-Tyler 230 64 0.00)  (0.00} 0.01 {0.00y  (0.00) (0.00) 0.00
Lexington-Cloverdale for Outage of Mi. Storm-Valley 202 (0.01) 0.04 0.01) (001}  (0.00) (0.00) (0.00)
FG 1718 Chuckatuk-Suffolk 236 kV 36 0.00 0.00 0.00 0.00 0.00 0.00)  (0.00}
Total Impact of VAP Constraints 0.03 0.21 Q.09  (0.04) (0.02) 6.04)  (0.04)
Congestion from Constraints Qutside Virginia
APS South Interface 1,284 (158) {047 0.16 0.67 0.59 0.32 0.31
Black Oak Beddington Voltage Interface 6,652 (1.60y (129 (0.64) 1.98 1.06 0.29 0.20
Kanawa-Matt Funk for Qutage of Broadford-] Ferry 560 (0.04) 0.06 0.02 (0.03) (0.01) 0.00 0.00
FG 5 PJIM Western Interface 484 ©.02) ©OL  (0.00) 0.02 0.01 0.00 0.00
Kanawa-Matt Funk for Outage of Baker-Broadford 164 ©.01) 0.02 0.1 0.01)  (0.00) 0.00 0.00
Other Contraints ©.15)  (0.08) 0.12 001 0.00 0.06 0.06
Total Impact of Outside Constraints (3.42) (1.77) (0.32) 2.62 164 .68 058

The sum of the congestion impacts of all internal Virginia and other external constraints
gives the total deviation for each location from the average LMP. The DVP zonal LMP, which is
equal to the weighted average across all load buses, will differ from generator prices depending on
the location of demand. The DVP zonal price and the price difference relative to each of the

31

The price shown is the average price among these generators, which is somewhat below the DVP Load Zone
LMP of $33.01. Use here of the generator prices allows for more direct comparison of the effects of individual
constraints on locational prices at each generator. To see how congestion affects load prices, and what
offsetting FTRs are available, refer to Table VI-4.
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generators are shown at the top of Table VI-3. Because the load is distributed more heavily in
higher-priced eastern locations, the load LMP is higher than many Virginia generator LMPs.

Our modeling indicates that binding constraints outside of the DVP control zone result in
LMP differentials within the DVP control zone. As shown in Table VI-4, the average annual differ-
ence between hourly DVP Load Zone LMPs and DVP Generation LMPs is $1.38 per MWh in 2005,
and ranges from $1.38 to $1.71 per MWh during the 2005 through 2014 period.”*> These LMP
differentials result in congestion costs for the DVP load of $117 million in 2005, and a present value
over the 2005 through 2010 period of $525 million ($783 million for the entire 10-year period).

Table VI-4: Congestion Cost and Offsetting FTR Value

PV to July 3, 2003

(05-10) (05-14) 2005 2006 2007 2008 2009 2010 2011 2012 2003 2014
Load Price ($/MWh} $3439 $34.70 $35.01 $37.86 $40.72 §43.57 S$4598 4838 §50.78  §53.19
Gen Price (§/MWh) $33.01 $33.29 $33.58 $36.34 $39.10 54187 $44.31 $4675 $49.19 35162
Difference ($/MWh) $138 8140 3143  $1.52 8161 §171 8167 35163 3160  51.56
DVP Load (GWh) 84,969 86,727 88484 90,106 91,729 93351 95251 97,051 99,051 100,952
Congestion Cost Paid by DVP (M$) 5243 7R2.7 1171 1217 1263 1370 1480 1593 1591 1588 1583 1577
Congest Cost Paid by Others (M$) 703 1049 124 189 252 211 167 119 157 187 238 8.0
DVP FTR Value (no PIM Aliocation} 595.1 8876 1295 1405 1515 1581 1646 1712 1748 1785 1821 1857
DVP Share of PTM System Excess 277 407 6.6 6.8 10 7.1 13 7.5 7.7 7.9 8.1 83
DVF FTR Value 6228 9283 1362 1473 1585 1652 1720 1787 1825 1863 1902 1940

To offset these congestion charges, PJIM will allocate to DVP a set of FTRs that point from
the DVP generating units to the DVP load zone. This treatment reflects the fact that network
customers have paid over the years for the existing transmission system. PJM annually allocates
FTRs to all PJM network load from their network resources, up to the total peak of the network load.
Under current business rules of PJM, FTRs can be requested only from designated network capacity
resources to the point of native load offtake on the grid. Prior to allocating these rights each year,
PIM performs a power flow analysis to ensure that all FTR requests from network load, plus firm
transmission rights, are simultaneously feasible; through this test, PJM ensures that it is not allocat-
ing more FTRs on the transmission system than the system can, in fact, accommodate. DVP
requested that PIM conduct such an analysis of what FTRs DVP could be allocated to hedge con-
gestion costs within its system. In particular, to maximize the potential value of DVP’s FTR award
from PJM, DVP requested a full allocation of FTRs from units in the west of DVP’s control zone,
with the remaining FTRs allocated pro rata among DVP’s ¢astern generation. Based on the analysis,
PIM concluded that this set of FTRs was simultaneously feasible with all other FTRs on the system,
including those expected to be awarded to other New PJM Entrants, and that it was reasonable to
carry this allocation forward for the entire study period.

3z

These hourly LMP differences are weighted by hourly DVP load to determine the annual average. The hourly
generation LMP is a weighted average of the LMPs of al] generation operating in that hour in the DVP control
area.
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PJM is currently implementing a change in its business rules that would allow network cus-
tomers more flexibility in requesting FTRs. As a sensitivity test, DVP requested that PJM develop
an alternative FTR allocation, under which all PIM network customers were allowed to select any
source during the annual allocation process. PJM’s analysis assumned that all of these network cus-
tomers would select FTR sources that had the highest historical price differences with respect to
their respective load zones, thus creating the possibility that these requests could interfere with
Dominion’s desired FTR allocation. PJIM concluded, however, that even in this adverse case DVP
could still obtain those FTRs needed to provide a full hedge against potential congestion costs under
the LMP system for deliveries from DVP’s main generating stations, for the entire study period.

We calculate that the value of those DVP FTRs will be $130 million in 2005, with a present
value over the 2005 through 2010 period of $595 million ($888 million for the 10-year period).
Thus, the value of the FTRs exceeds the congestion in the DVP control zone by $12 million in 2005
and $70 million in present value over the 2005 through 2010 period ($105 million for the 10-year
period). Of these allocated FTRs, nearly all the value is concentrated on the FTRs associated with
the Mt. Storm and Bath County units and, to a lesser extent, the Clover facility. This result follows
directly from the pattern of LMPs within the DVP control zone shown above in Table VI-3. DVP is
able to retain this value because it serves network load with full rights to FTRs on the relevant
portions of the PJM system. Non-network load on the transmission system created, for example, by
spot sales transactions do not have similar FTR rights to offset the congestion caused by their trans-
actions and the revenue from such non-network load’s use of the transmission system is part of the
revenue pool that is distributed to FTR holders.

In addition to the directly assigned FTRs, DVP will obtain from PJM a share of the FTR
revenue received by PIM from auctioned “unallocated” FTRs. These unallocated FTRs exist and are
sold when: (1) the FTR is not claimed by network customer, (2) the FTR is simultaneously feasible
with other FTRs that are claimed, and (3) the FTR has positive value. Based on the historical level
of these revenues to current PJM Member Companies, adjusted for the increased size of PJM in the
Change Case, we calculate that DVP load will receive $6.6 million in FTR auction revenues in 2005,
with a present value over the 2005 through 2010 period of $27.7 million ($40.7 million over the 10-
year period).

In sum, we calculate that the DVP load will incur congestion costs of $525 million over the
2005 through 2010 period ($783 million for the entire 10-year period), but will be allocated FTRs
worth $595 million ($888 million for the 10-year period) to compensate for this congestion, and in
addition, will be allocated FTR auction revenue of $28 million ($41 million over the 10-year period).

The resulting gain for DVP load is $98 million over the 2005 through 2010 period ($146 million for
the 10-year period).
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For DVP’s Virginia Retail Customers, the value of the offsetting FTRs is $274 million in
present value over the first 6 years of the study period ($516 million for the 10-year period)—more
than compensating for any congestion costs incurred in these purchases.

Apart from price effects occurring within the DVP control zone, these results for both
customers and shareholders are driven by improved opportunities to import power into the DVP
control zone. As shown in Table VI-5 below, in the Base Case in 2007, DVP is a net importer of an
average of 1,338 MWh in each hour. In the Change Case, DVP is a net importer of an average of
1,857 MWh in each hour. Note that DVP is interconnected with AEP, PIM (East and West) and
CP&L. By joining PJM, the trade barriers between DVP and the PJM area, and also between DVP
and AEP (which this study assumes joins PJM by the beginning of 2005, roughly the same timing as
DVP), are lowered with the result that more low-cost energy from those regions can be imported
economically into DVP. This increased level of trade between and among PJM (East and West),
AEP and DVP results in lower prices in the DVP area, and it also creates trade opportunities
between DVP and CP&L. The latier impacts are shared between the importing and exporting
regions as described in Appendix B.

Table VI-5: Average Hourly Net Imports Into DVP

2005 2007 2010 2014

Base Case

From AEP 1,233 1,200 1,096 921

From Classic PIM 55 93 111 253

From CP&L. 63 45 22 (25)

TOTAL 1,350 1,338 1,229 1,149
Change Case

From AEP 1,727 1,647 1,490 1,245

From Classic PJM 133 214 345 544

From CP&L (2) (C))] (20) (45)

TOTAL 1,858 1,857 1,815 1,744

VLA.2. Capacity Cost Impacts

Apart from these energy market impacts, native load customers also benefit from a reduction
in the price of generation capacity under PJM as seen in Table VI-6. As reported in the table, ICAP
prices in the Base and Change Cases are identical until 2010, when there is a need for additional
capacity in the DVP control zone. When this additional capacity is needed in 2010, ICAP prices are
lower under PJM than in the Base Case because the expanded PJM area experiences certain load-
diversity benefits and improved reserve sharing,
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This ICAP price differences beginning in 2010 result in a savings of $16.2 million for
Virginia Retail Customers over the first 6 years of the study ($314.1 million for the 10-year period),
as shown in Table VI-1.

Table VI-6: ICAP Prices
($/kW-year)

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Base Case $21.54 $22.08 $22.63 $23.19 $23.77 $2638 $37.30 3$51.62 $61.57 $66.12
Change Case  $21.54 $22.08 $22.63 $23.19 32377 $24.50 $27.53 $37.17 $50.25 $60.34

VI.A.3. Ancillary Services Impacts and Other Impacts

The total cost of ancillary services has been assumed to not change as DVP joins PJM
because the required quantity of ancillary services that must be procured within the control zone is
unchanged between in the Base and Change Cases, and the costs remain the same.™ However, the
allocation of the revenues for providing ancillary services under schedules 2 through 6 does change.

There is a small benefit associated with ancillary services for DVP Zone customers. While it
is assumed that ancillary services rates will be the same in the Base and Change Cases, the revenues
associated with ancillary services under schedules 2 through 6 are allocated to generation owners
based on their relative share of total generation within the DVP control zone, The small increase in
ancillary payments received by generators in the DVP control zone reflects an increase in their
respective share of generation within the control zone.

This allocation results in DVP shareholders receiving more ancillary service revenue (from
schedules 2 through 6). This occurs because DVP-owned generators provide a larger share of

generation within the DVP control zone under PJM, which yields, in turn, more ancillary service

revenue.34

One ancillary service, Operating Reserves, is computed across the whole of PJM. Operating
Reserves charges pay for units needed to assure system reliability but that would not receive enough
payments in the markets for energy and ancillary services to cover its bid operating costs. Most of
these costs are created by the need to adapt system operations to unexpected conditions. The model
used in this study, however, does not include unforeseen conditions; therefore, it cannot meaning-
fully estimate the impact on Operating Reserves. As a general matter, though, unexpected changes

See Testimony of Gregory J. Morgan.

While DVP’s total generation in the Change Case is less than it is in the Base Case, its share of total generation
is higher in the Change Case. This higher share of generation comes at the expense of merchant generators.
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in load, tripped unit, or transmission outages will have smaller effects in a larger pool, in which the
system operators have more options to address the change in system conditions. We would expect,
therefore, that Operating Reserves costs for Virginia, which are currently carried in the fuel factor,
would likely stay the same or fall under integrated dispatch with PJM.*

Through-and-out transmission revenues are assumed to be identical in the Base and Change
Case, and as a result, no impact is shown for these revenues. This assumption is due to the uncer-
tainty about FERC’s future transmission rate policy.®

V1A 4. PJM Administrative Charge

The cost of being a member of PJM is reflected in the PJM administrative charge. These
costs are charged to load in all years of the Change Case, when DVP is presumed to join PIM. The
$116.6 million cost in the first six years of the study ($169.9 million for the 10-year period) is netted
against benefits for Virginia Requirements Customers to determine their net benefits. As discussed
earlier, the administrative charges for DVP Requirements Customers are deferred for the first 30
months, with this deferral collected over the following 30 months.

VI.B. RESULTS FOR DVP ZONE CUSTOMERS

As seen in Table VI-7, DVP Zone customers have a total benefit of $290.6 million and a net
benefit of $127.4 million over the first 6 years of the study ($796.0 million total benefit and $557.2
million net benefit over ten years), after subtracting the PJM administrative charges of $163.2
million ($238.7 million over ten years).

Prior to mid-2007, the majority of DVP Zone customers receive energy savings through the
fuel factor. When the rate cap ends, these market energy savings continue for DVP Zone Customers.
These savings are enhanced by capacity savings that begin when ICAP prices in the Base and
Change Cases diverge in 2010. The PJM administrative charge is deferred in the first 2.5 years of
the study for all DVP Requirements Customers; non-requirements customers incur the PYM admin-
istrative fee without deferral.

See Testimony of Gregory J. Morgan.
See Testimony of David F. Koogler.
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Table VI-7: Net Benefits of DVP Joining PJM for DVP Zone Customers

PV to July 1, 2003
DVP Zone Customers ('05-'10) ("05-'14) 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Total Energy Savings 2710 4224 10,6 149 7382 1240 1158 1076 1015 954 893 832
Capacity Savings 189 3726 - - - - - 369 1966 2979 2411 121.7
Anciliary Savings 0.7 1.0 0.F 0.2 0.2 0.2 02 02 02 02 02 0.2
Benefit 290.6 7960 107 151 784 1242 1160 1447 2982 3935 3306 205.2
PIM Admin Charge (163.2) (238.7)  (39.6) (40.0) (40.2) (42.1) (43.0) {43.9) (45.0) (46 0) (47 1 (48 1)
Deferral/Recovery 0.0 0.0 35.6 357 (3.7 (41.6) (41.6)
Net PIM Admin Charge (163.2) (238.7) 4.0y (42) (43.9) (83.8) (84.7) (43.9) (45.0) (46 1)) (47 1) (48 i)
Net Benefit 1274 5572 67 109 345 405 313 100.7 2533 3474 2836 157.1

VI.C. SHAREHOLDER RESULTS

Table VI-8 shows the results for DVP’s shareholders. Throughout the study period, there are
lowered prices in the DVP control zone following integration into PJM, and reduced sales from DVP
generating units. These lowered energy prices, combined with lower total generation from DVP
units, lead to a reduction of about $80 million in annual net energy market revenues to DVP genera-
tion. Prior to the removal of the rate cap in mid-2007, shareholders also have the obligation to serve
Virginia Retail Customers at capped rates. Consequently, in the Change Case, shareholders are
exposed to congestion charges included in DVP Load Zone LMPs with respect to all load served
from DVP generators. As described earlier, customers are not exposed to DVP Load Zone LMP
with respect to service from DVP generators during the fuel factor years. As a result, shareholders
retain DVP’s FTRs (except those allocated to the fuel factor to insulate off-system purchases from
congestion costs} as a hedge against congestion costs embedded in the DVP Load Zone LMP. These
FTRs have a projected value in excess of congestion costs associated with bringing generation from
DVP units to meet Virginia Retail Customers’ demand, yielding a positive net energy impact on
shareholders prior to the end of the rate cap.

In addition to these energy market impacts, DVP’s sharcholders also experience a lower level
of revenue from the capacity market in the final years of the study period, 2010 to 2014. While the
reduction in ICAP prices shown above in Table VI-6 provides a benefit to DVP’s customers, it
reduces ICAP revenues that can be expected by DVP’s shareholders. Altogether, these various
impacts results in a loss of $136 million over the first 6 years of the study period ($554 million for
the 10-year period) for DVP’s shareholders, as reported in Table VI-8. Other owners of capacity,
such as merchant generators, similarly would receive lower ICAP revenues as a result of this effect;
however, these impacts have not been studied for this Report.

There is a small benefit associated with anciliary services for DVP shareholders. While it is
assumed that ancillary services rates will be the same in the Base and Change Cases, the revenues
associated with ancillary services under schedules 2 through 6 are allocated to generation owners
based on their relative share of total generation within the DVP control zone. The small increase in
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ancillary payments received by DVP-owned generators reflects an increase in their respective share
of generation within the control zone.*’

Table VI-8: Net Benefits of DVP Joining PJM for DVP Shareholders

Change Case minus Base Case
{in millions of 8, positive numbers denote benefits)

PV to July 1, 2003

DVP Shareholders ('05-'10) (05-14) 2005 2006 2007 2008 2009 2010 20H1 2012 2013 2004
Net Energy Revenue (122.3)  (250.5) 264 276 (20) (859) (84.1) (823) (80.8) (794) (77.9) (76.5)
Net Capacity Revenue (l6.4) (306.7) - - - - - (31L.9) (165.6) (245.7) (193.5) (97.D
Net Ancillary Revenue 2.7 3.6 0.5 0.6 0.6 0.7 0.9 1.0 0.8 0.6 0.4 0.2

Net Benefit (136.0)  (553.6) 268 282  (314) (851) (83.2) (113.2) (2456) (324.5) (271.0) (1740}

The reduced energy revenues are attributable to two primary factors: 1) higher-cost DVP-
generation being displaced by lower-cost generation in PTM in the Change Case; and 2) lower prices
in the Change Case as a result of the displacement of higher-cost generation. As can be seen in
Table VI-9 below, generation from DVP-owned units (and those units under NUG contracts to DVP)
declines from the Base Case to the Change Case by approximately 3,000 GWh per year. The capac-
ity in the Base and Change Cases are identical so this creates a lower capacity factor for DVP-owned
generators.”® Additionally, the higher-cost DVP generation being displaced by lower cost generation
from within PJM leads to lower prices paid to DVP generators. The generation and load prices in
the Base and Change Cases are displayed in Table VI-2 above.

Table VI-9: Generation Statistics for DVP-Owned Generation

DVP-Owned Generation 2005 2006 2007 2008 2009 2010 2011 2012 20613 2014
Base Case

Generation (GWh) 72,761 74261 75761 76,999 78,238 79,476 80,896 82,316 83,736 85,156
Capacity (MW) 18,188 1%,134 18,081 18,030 17,978 17,927 17,524 17,921 17,918 17,915
Capacity Factor 45.7%  46.7% 478%  48.8%  49.7%  50.6% 51.5% 52.4% 53.3% 543%
Change Case

Generation (GWh) 69,233 70,763 72,293 73,555 74,818 76080 77,299 78,517 79,736 80,954
Capacity (MW) 18,188 18,134 18,081 18,030 17,978 17,927 17,924 17,921 17,918 17,915
Capacity Factor 43.5% 445%  456%  46.6%  47.5%  48.4% 49.2% 30.0% 50.8% 51.6%
Change Case less Base Case

Generation (GWh) (3,527 (3,498) (3.468) (3,444} (34200 (3.396) (3,597)  (3,799)  (4,000)  (4,202)
Capacity (MW) - - - - - - - - - -
Capacity Factor 2.2% -22%  22% .2.2% 22% -2.2% -2.3% -2.4% -2.5% -1.7%

i While DVP-owned generation produces less energy in the Change Case than in the Base Case, its share of total

generation is higher in the Change Case. This higher share of generation comes at the expense of merchant
generators.

DVP-owned capacity declines only as a result of the expiration of NUG contracts. As NUG contracts expire, it
is assumed that those units effectively operate as merchant generators. Actual generation owned by DVP
{exclusive of NUG contracts) actually increases slightly.
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Executive Summary

Moreover, by joining PJM, customers in the current DVP control zone will have the benefit of an
enlarged scope of geographic control of generation that can be used to address transmission system
emergencies or generation shortages. The larger scope for generation redispatch in cInergency
conditions will expand the resources available to PTM operators beyond those currently available to
the DVP control zone operator.

Integrated Transmission Planning

PJM offers the opportunity for DVP to participate in a larger regional planning process that
will blend DVP’s local expertise with the regional views provided by PIM of other transmission
owners and stakeholders. Much of this interaction occurs today on an informal basis. J oining PJIM
will help to formalize this process and improve the regional transmission planning process by
focusing new investment to projects that realize the greatest net benefit. This coordination is
particularly important for DVP since, as noted earlier, the transmission upgrades most needed to
reduce prices in the DVP are located in neighboring states.

Support for Wholesale and Retail Competition

PIM’s market structure and settlement system will be a valuable resource in supporting
wholesale and retail competition in the future. While this benefit cannot be casily quantified, itis a
very important benefit of joining a well-developed RTO, such as PTM. Seamless access to highly
liquid trading hubs, such as PJM West, is critical to developing robust wholesale markets serving
DVP customers. The centrally-facilitated markets in PJM provide the efficient day-ahead and
balancing markets that are needed to continue facilitation of wholesale competition among genera-
tors and to ensure that all retail suppliers can compete on an equal basis within Virginia.

@ CHARLES RIVER ASSOCIATES 13
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Executive Summary

Figure ES-1: Pool-to-Pool All-Hour Average Transfers in 2007 (MW) (Pre-RTO)

1039
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I INTRODUCTION

This is a study of the benefits and costs of Dominion Virginia Power (“DVP”) joining the
PIM Regional Transmission Organization (“RTO”). This study was commissioned by DVP in
response to Virginia legislation requiring that such a study be completed and filed with the Virginia
State Corporation Commission (“Commission”) before DVP joins PJM, which would not occur
before July 1, 2004 in any event. The study has been conducted by Charles River Associates, and
this report describes the study, its context, methods and results,

The study assesses the likely net benefits of DVP joining PIM for three stakeholder groups:
Virginia jurisdictional retail customers (*“Virginia Retail Customers’), a combined group consisting
of all of DVP’s retail and wholesale customers and transmission customers (“DVP Zone Custom-
ers”), and DVP shareholders. These net benefits are measured over a 10-year study period presum-
ing that DVP, along with American Electric Power (“AEP”), Commonwealth Edison and Dayton
Power & Light (collectively, “New PJM Entrants™), will be integrated into the PJM market structure
by January 2005,

CRA has previously conducted a cost-benefit study of RTOs in the southeast on behalf of the
Southeastern Association of Regulatory Utility Commissioners (“SEARUC”). That study is avail-
able at the website of SEARUC (Go to http://www_state.va.us/scc/searuc/). The SEARUC study did
not include Virginia within the geographic area under consideration, which instead focused on the
GridSouth, SeTrans and GridFlorida areas. This study and the SEARUC study have been conducted
using the same modeling approaches appropriately revised to reflect the economic conditions in the
expanded PJM area.

ILA. OVERVIEW

Previous studies of the benefits of RTO formation have considered a wide range of potential
benefits, ranging from benefits that can be achieved quickly after market integration to longer-term,
dynamic benefits of a broader marketplace.® There is ample evidence that substantial “seams” issues
exist between non-integrated wholesale electricity markets, even those that have adopted similar
underlying market systems such as PJM and New York.® Elimination of these inter-market seams is
the most certain benefit from integrating the New PJM Entrants into a common market, and the one

most readily and accurately quantified. Consequently, these near-term benefits are the principal
focus of this study.

See Appendix D of this study, which summarizes the major RTO cost-benefit studies.

See, for example, 2002 State of the Market Report, NYISO, by David B. Patton, Independent Market Advisor
(April 2003), pp. 93-89.
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Other benefits of DVP joining PJM are no less real, but their value is difficult to model or
measure. For example, coordinated operation of the transmission grid over a wider area will
enhance system reliability, as system operators control more resources to respond to changing
system conditions. System planning can take advantage of the greater load diversity of a broader
resource pool to ensure the same or higher standards of system reliability with less capital invest-
ment. These reliability benefits are not fully captured in the capacity cost savings shown in this
study. Integration into a broader market would make Virginia’s wholesale and retail electricity
markets more open and competitive which could, in turn, promote more efficient investment in
transmission and demand-side management and lead to better siting of new generation.” Other
researchers have linked development of competitive wholesale electricity markets to a material
increase in generating unit availability or efficiency.® While these longer-term benefits may be
significant, we find that there is not yet sufficient information to allow us to quantify these benefits
with reasonable certainty. Consequently, we discuss these potential benefits qualitatively only,
realizing that the benefits we measure in this study are likely to be conservatively low.

This study uses the GE Multi-Area Production Simulation (“MAPS” or “GE MAPS”") model
as the primary analytical tool in the analysis. MAPS is a production simulation model with a
detailed transmission representation. Assessing transmission conditions is an important objective of
the study, and the MAPS model is well known to be highly capable in such matters. The MAPS
model used for this study includes substantiaily all of the generation and transmission in the Eastern
Interconnection, with more detailed transmission monitoring of the expanded PJM region.

The study period begins in 2005 and extends through 2014. The study is based on pairs of
scenarios—a Base Case and a Change Case. In the Base Case, DVP (and the other New PIM
companies—AEP, DPL and Commonwealth Edison) are viewed as not being in PJM. In the Change
Case, DVP (and the other New PJM companies) are viewed as being in PJM at the beginning of the
study period—2005. The difference between the two cases is used to assess the impact of DVP
joining PJM. In addition to this base pair of scenarios, we have studied two sensitivity cases. One

of these hypothesizes higher natural gas and petroleum prices, and the other addresses a higher level
of load.

Transmission rates are assumed to be de-pancaked within the expanded PIM footprint when
DVP joins PIM.’ Otherwise, transmission rates are assumed to continue as a charge to power
movements between RTOs, in particular. Outside of the expanded PIM footprint, we assume RTOs

See, for example, William W. Hogan, “Transmission Investment and Competitive Electricity Markets,” Center
for Business and Government, Harvard University, April 1998; and William W. Hogan, “FERC Policy On
Regional Transmission Organizations: Comments In Response To The Notice Of Proposed Rulemaking,”
FERC Docket No. RM99-2-000, p.41-44,

See Appendix D, and 2002 State of the Market Report, PJM (March 5, 2003), pp. 82-83.

See Testimony of David F. Koogler.
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exist in both the Base and Change Cases in most areas of the country, including SeTrans,
GridFlorida, MISO, SPP, and the northeast ISOs."” In this way, the study focuses on the incremental
impact of DVP joining PJM, as opposed to the more general implementation of RTOs in other
regions,

The study has prepared detailed MAPS mode! runs for the years 2005, 2007, 2010, and 2014,
and has interpolated between the results for the remaining years in the study period. The results
from the MAPS model are detailed hour-by-hour prices, generation and load at each location in the
model. These results are processed by a post-processor SAS model, the output of which is summa-
rized by a Financial Evaluation Model (“FEM”).

For this study, we have disaggregated the benefits between customers and shareholders, in
accordance with the Commission’s guidance.'’ This is accomplished using the FEM. This contrasts
with the SEARUC study in which customers and shareholders were combined into a single entity for
the purpose of reporting financial impacts.

This study explicitly accounts for Firm Transmission Rights (“FTRs”) that will be used to
hedge transmission congestion costs under PJM. The proposed set of FTRs have been evaluated by
PJM to ensure that the studied set is simultaneously feasible—a requirement under the PIM rules.
These FTRs are an important component in any risk mitigation strategy undertaken by market
participants in the PJM market structure.

In both the Base Case and the Change Case, the study assumes that a rate cap will continue
for DVP’s Virginia Retail Customers until mid-2007. At that time, retail customers in Virginia are
assumed to switch from the rate cap to full market-based competition. As discussed in the next sub-
section, this Report quantifies several, but not all, aspects of the current RTO policy debate. In other
areas, we have not been able to quantify the impacts and instead provide a qualitative analysis
intended to inform the Commission in its decision-making process.

The remainder of the Report is organized into six main sections. The next section, Section 11,
provides an overview of the benefits and costs associated with DVP joining PIM, as well as a
discussion of certain issues that are addressed quantitatively. Section III gives an overview of
market conditions that form the backdrop to the study. Section IV describes the analytical approach
of the study, including the use of the MAPS model and the subsequent financial modeling. Section
V contains a discussion of issues not fully quantified in the study. Section VI presents the estimates
of benefits and compares these to the cost estimates of forming the RTO. The final section, Section
VI, provides our conclusions. In addition, there are three technical appendices describing the GE

10

The exception to this is the Carolinas, which we modeled as three control areas (Duke, Progress Energy, and
South Carolina Electric & Gas), with capacity reserve sharing within the region only,
See Virginia SCC Case No. PUE-2000-00550, Order for Notice (March 7, 2003), at 13.
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MAPS model and detailed results, the financial model, and the detailed resuits from the financial
analysis.

I.LB. REGULATORY CONTEXT

In January 2003, the Virginia legislature passed House Bill No. 2453 that, among other
things, requires any utility requesting to transfer ownership or control of transmission facilities to a
regional transmission entity to submit a cost-benefit study to the Commission analyzing the eco-
nomic impact on consumers, including the effects of transmission congestion costs. In a subsequent
Order for Notice, the Commission set out certain guidance for AEP in conducting the required cost-
benefit study.'? This study on behalf of DVP has taken account of the Comumission’s guidance in the
AEP Order.

In this context, it is important to note that the Commission, in its AEP Order, required that
the cost-benefit study be submitted no later than 90 days after FERC has issued its Standard Market
Design rule. Presumably, the Commission intended that the study would be informed by the content
of FERC’s final rule. Recent guidance from FERC reiterated a basic Wholesale Market Platform
based on the use of LMP and FTRs and, more importantly, that FERC is unlikely to make any mate-
rial change in RTOs, such as PJM, that have already implemented such a market system. Accord-
ingly, this study is unlikely to be made obsolete by FERC’s pending rule given that it is grounded in
the PJM rules that prevail today and are likely to prevail after FERC’s rule is promulgated.

I.C. OTHER BENEFIT-COST STUDIES OF RTOs

Including the SEARUC study, seven other benefit-cost studies of RTOs have been conducted
in the past two years or so. Six of these were reviewed in Appendix A of the SEARUC study.
These studies were conducted in a manner generally consistent with the approach used in this study.
The primary measure of benefits in these studies to date has been the savings in generation produc-
tion costs. These savings have ranged from around 0.5 percent of total production costs to as much
as 2.0 percent.”” The SEARUC study estimated production cost savings of about 0.5 and 1.0 percent
of production costs. In this study, such savings amounted to about 0.4 percent of the production
costs within the area of the New PJM Companies.

Virginia SCC Case No. PUE-2000-00550, Order for Notice (March 7, 2003).
See Appendix D for additional details.
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II. OVERVIEW OF BENEFITS AND COSTS

IILA. BENEFITS

This study, similar to other RTO cost-benefit studies, focuses on short-run benefits of DVP
joining PJM. Certain short-run benefits, such as enhanced system reliability and resource adequacy,
as well as longer-term benefits and risks that can be expected from the establishment of competitive
wholesale markets, cannot be easily identified and quantified for purposes of this type of study.
These other benefits, while real and likely to be substantial, are difficult to model.

Furthermore, most of the long-term benefits at issue, such as improved generation siting
decisions, more efficient investment in transmission facilities and demand-side management, and
improvements to productivity, are expected to emerge from the institution of competition. Competi-
tion in the electricity industry, in turn, has many facets, and it is not possible to attribute the benefits
of competition to a particular element. However, participation in RTOs is a necessary foundation for
competition in this industry

Accordingly, while it is CRA’s belief that the institution of competition in the electricity
industry will yield substantial social benefits in the long term, most of these benefits cannot be
attributed to RTO participation, per se. Indeed, it seems likely that a significant amount of the bene-
fits of DVP joining PJM would occur over the longer term in ways that we cannot anticipate. Like-
wise, some risks cannot be quantified. While a short-run study such as this one cannot compute such
longer-term benefits and risks, their importance should be recognized.

There are two major sources of the short-run benefits studied and presented here: production
cost savings and the pooling of regional capacity markets,

IL.A.1. BENEFIT 1: Production Cost Savings

The largest component of the short-run benefits studied here is the reduction in the variable
costs (e.g., fuel) of generation that can occur as markets become more transparent and barriers to
trade are reduced. This study measures this benefit as the difference in generation production costs
between a Change Case and a Base Case as estimated using the GE MAPS model. The MAPS
model used in this study incorporates a detailed representation of the Eastern Interconnection trans-
mission grid, along with the dispatch and start-up costs of substantially all interconnected generating
units. Because of the size of this model, more transmission constraints have been monitored in and
around PJM, given the focus of this study, than in the remainder of the Eastern Interconnection.
However, major transmission limits are monitored throughout the East.
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The MAPS model is a single system optimization model. Among other things, this means
that MAPS will find the economically efficient unit commitment and generation dispatch to supply
load throughout the study area. The current trading patterns in the Eastern Interconnection cannot be
as efficient as this because the various control areas are independently conducting their own dispatch
operations. These separate dispatch operations create loop flow on one another’s transmission
systems that contributes to transmission congestion. Such congestion cannot be managed efficiently
in real-time under today’s dispatch and trading arrangements. Instead, the utilities have developed
other approaches, such as Transmission Line Relief (“TLRs"), to manage congestion. These
approaches have served the industry well in the past, but are under additional stress with the devel-
opment of merchant power producers and competitive wholesale power markets. Moreover, current
arrangements for the trading of energy between control areas are based on incomplete bilateral
markets that cannot be transparent, given the local management of regional congestion problems.
The congestion costs created by transactions can only be partially accounted for under current grid
operations in most areas. In contrast, PJM’s market structure is based on LMP, which is designed to
manage such congestion problems in real-time and to help markets become more efficient and
transparent.

MAPS is well suited as a model of the generation dispatch that would take place after the
New PJM companies are integrated into PIM. However, it cannot depict, without adjustment, the
base-case trading arrangements prevailing under local management of congestion in which transac-
tions do not pay the price that reflects the cost of the congestion they create. Accordingly, it is
necessary to create a Base Case in MAPS by adding certain elements of inefficiency. In this study,
like other studies of RTO benefits conducted previously, we have done this in two ways, First, we
modeled individual control areas as having separate unit commitment and dispatch to meet internal
load and reserves. Second, net transfers between regions were allowed, but limited by the use of
“hurdle” rates. In effect, a hurdle rate is an impediment to trade between control areas, which is
modeled as an adder to the transmission rate for transactions between control areas. In part, this
hurdle rate reflects direct charges for losses and transmission tariffs; additionally, we assess an
additional hurdle to reflect various inefficiencies and costs associated with bilateral trading across
control areas. This additional hurdle rate is not actually part of any financial settlement, so it never
is actually paid to anyone. Instead, it (together with the wheeling charge) is an input to the unit
commitment and dispatch logic of MAPS that represents impediments to trading between control
areas. The definition of the hurdle rates for this study is discussed in more detail in Section IV.

Thesc base-case hurdles were chosen so as to calibrate the Base Case to reflect historical
patterns of trade between DVP and its neighbors. In the Change Cases in which the New PIM
companies join PJM, the import hurdle is eliminated for the four New PTM comnpanies, but is
retained for the expanded PJM as a whole; that is, trade between the expanded PIM and neighboring
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control areas is subject to continuing trade hurdles.'* The import hurdle continues to apply to the
pre-existing RTOs and control areas that are not reconfigured in the Change Case. Similarly, the
trade hurdles within the expanded PJM are eliminated in the Change Case, aside from a small charge
to reflect incremental transmission losses.

Production costs, including the costs of starting a plant and the variable costs of runmning it,
will be lower in the Change Case than in the Base Case with hurdles. The difference between the
two cases is used as the measurement of the production cost benefits due to the expansion of PIM.

We do not quantify potentially important benefits of joining PJM that should follow from
becoming part of a wholesale market with excellent liquidity and transparent price formation. We
assume, both in the Base and Change Cases, that all energy is traded at prices consistent with the
spot market price of energy, even though most energy is traded bilaterally rather than in spot
markets.'> In markets where trading is thin and prices are not readily observable, market participants
manage market risk through greater reliance on self-scheduling, firm transactions, and other rela-
tively blunt tools; in a given hour, this may lead to some higher cost units operating instead of lower-
cost units. By contrast, in a well-developed market such as PJM, there is greater convergence
between bilateral and spot prices, and the consequent flexibility of unit commitment and dispatch
means that customers can be served at lower total cost. Our study, though, focuses solely on the
potential benefits to trade between areas, and so it understates potential benefits from improved
utilization of resources within each control area.

I1.A.2. BENEFIT 2: Pooling of Regional Capacity Markets

The second major category of benefits studied here is associated with the regional market for
installed capacity requirements. DVP joining PIM is expected to result in certain economies in
maintaining the adequacy of generation resources within the DVP control zone. The PJM East
control zone is expected to benefit from the load diversity between it and the remainder of the
expanded PJM area. These economies have the effect of delaying the need to build generation
capacity anywhere within the expanded PJM market area by a few years, as excess capacity
resources in resource-long areas of PJM (PJM East and AEP) can serve the a greater share of the

FERC has recently reaffirmed its order that PJM and the Midwest Independent System Operator (“MISO™)
work to create a single market by October 2004, Our study assumes that seams continue to exist between these
two markets, however, reflecting a pragmatic assessment that substantial market seams will likely continue to
exist, as they have between PJM and New York despite years of work to reduce seams issues there. MISO is,
on net, an exporting region, however, so tighter integration with PJM seems likely to have the effect of
increasing the net supply of lower-cost resources available to supply Virginia. Consequently, our modeling
choice is likely to be conservative,

See Testimony of Gregory J. Morgan.
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resource needs of DVP. This delay, in turn, can keep the capacity prices in the DVP control zone at
moderate levels further into the future.

To estimate the ICAP price impact, this study has used a probabilistic model of ICAP prices
that is based on the likelihood of a shortage. The market-clearing price of ICAP is estimated as a
weighted average of the capacity price expected to prevail during times of a capacity surplus versus
those of a shortage. The price during a period of surplus is based on the estimated cost of moth-
balling existing plants, while the price during a period of shortage is based on the cost of a new
peaking facility. This pricing model has been used in order to smooth out what would otherwise be
sharp, abrupt changes to the ICAP price in response to a very small change in the amount of installed

capacity.

The effect of DVP joining PJM is to reduce the market-clearing ICAP prices in the later
years of the study period, i.e., in 2010 and later. This reduced price is assumed to apply to all of the
capacity that must be purchased by customers in these years, and correspondingly, to all of the
capacity that can be sold by DVP in the market place. Although bilateral capacity contracts can
hedge price volatility, we assume that they will be priced to reflect expected future capacity prices
under the applicable wholesale market structure.

ILB. DISTRIBUTION OF BENEFITS

Our Financial Evaluation Model processed the output from the physical modeling supported
by MAPS in order to assess the benefits for Virginia Retail Customers, DVP Zone Customers, and
DVP shareholders. The Financial Evaluation Model does several things:

* Accounts for imports and exports of power in and out of the DVP control zone and ascribes
the trade benefits equally between the buying and selling control zones for trade supported by
point-to-point transmission service, such as between DVP and CP&L.

* Accounts for the price of purchased power needed to serve native load customers, including
power purchased off-system in the Base Case and under the PJM LMP system.

* Accounts for the sale of power both to off-system customers in the Base Case and into the
PJM LMP market structure.

® Accounts for the cost of producing power separately for each DVP generating unit, including
the cost of fuel, emissions allowances, start up costs and Q&M costs.

® Accounts for the fuel factor formula applicable to DVP Zone Customers during the rate-cap
period.
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¢ Accounts for FTRs expected to be allocated to DVP and its native load by PIM.

® Accounts for the need to purchase installed capacity in order to meet planned generation
reserve requircments.

A more detailed description of the Financial Evaluation Model is provided in Section IV and
Appendix B. Importantly, the output of the Financial Evaluation Model divides the benefits between
retail customers and shareholders. The exercise of distributing benefits in this fashion was not
undertaken in the SEARUC study because tracking such matters for 17 utilities in & state
jurisdictions was not feasible.

I1.C. CosTs

The cost of DVP joining PJM is assumed to be the average administrative costs of PIM
following the integration of the New PYM Companies. This administrative charge is estimated by
PJM to be lower than the current per-unit charge as a result of the four New PJIM Companies being
integrated into the PJM market structure. This study has relied on this estimate as filed with FERC
as part of the New PJM Companies’ Section 205 filing. This cost estimate is also consistent with the
recent study released by the U.S. Department of Energy.

These administrative costs are assumed to be paid by customers on a load-ratio share basis,
consistent with the remainder of the load in the expanded PJM area. These costs are increased at a
2.5 percent annual rate, to reflect inflation. Administrative costs to customers for whom DVP is the
load-serving entity (“DVP Requirements Customers”) are assumed to be deferred until mid-2007, at
which time the rate cap for DVP’s Virginia Retail Customers ends. The deferred costs are assumed
to be recovered over a short period beginning in mid-2007. For the purposes of this study, this
amortization period is assumed to be 30 months (corresponding to the 30 months of deferrals).
However, this assumption is merely a placeholder for whatever approach is adopted at a later time.
The assumption about the amortization period will not affect the aggregate net present value results
for customers and DVP sharcholders over the entire study period, but does impact the result for any
particular year, Likewise, the study assumes that the deferrals will accrue interest at a rate of 7
percent, consistent with the interest rate for deferrals in recent FERC filings. Again, this assumption
is intended as a placeholder for whatever actual interest might be used later.
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ITII. DESCRIPTION OF CURRENT MARKET

Under Virginia electricity restructuring, all Virginia retail customers currently can choose to
shop for retail generation services at market prices. A rate cap is in effect for non-shopping custom-
ers until July 2007. Under the rate cap, DVP’s base rates are frozen while fuel factor charges are
adjusted annually based on projections of actual fuel costs.

As yet, there has been limited shopping for retail generation services in Virginia. Retail pilot
programs are underway to encourage more retail shopping in the DVP area prior to 2007. For
purposes of this study, it was assumed for simplicity that Virginia Retail Customers would pay rate
cap energy prices through mid-2007, and market prices thereafter. Base rates for generation and
other services would not change between the Base and Change Cases, thus base rate 1mpacts were
not included in the calculation of benefits and costs in this study. As such, the energy-related bene-
fits for Virginia Retail Customers are assessed using differences in fuel factor charges during the
rate-cap period and differences in market generation charges after the rate-cap period ends.

III.A. RATE-CAP PERIOD ENERGY BENEFITS AND COSTS

During the rate-cap period, any change in the fuel factor charges between the Base and
Change Cases results in a benefit or cost to retail customers. Changes in fuel factor charges gener-
ally result from a change in how specific DVP generating units are dispatched. This change in
dispatch leads to fuel cost differences and corresponding changes in the amount and cost of
purchases to serve retail load.

Similarly, during the rate-cap period, DVP shareholders recover fuel-related charges and
capped base rates from retail customers. Any costs that change between the Base and Change Case
and are not assessed to customers through the fuel factor (e.g., emission allowance costs) will impact
shareholders, given that base rates are not reset during the rate-cap period. Moreover, in the Change
Case during the rate-cap period, shareholders will pay PIM for the load of Virginia Retail Customers
at the DVP Load Zone LMP, receive individual generator LMP payments from PIM for DVP
generation, and offset the differences in these PJM payments and receipts with the DVP allocation of
FTRs. During the rate-cap period, customers will be shielded from these underlying LMP/FTR
transactions, but will enjoy any fuel and purchase power cost savings created by the entry into PJM
through a reduction in the fuel factor.'®

8 As discussed in more detail in Section IV, C, purchase costs included in the fuel factor in the Change Case are

adjusted for load zone pricing of the purchases net of allocated FTR value because there will be no other
auditable purchase costs to trace in the fuel factor calculations.
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III.B. POST-RATE CAP ENERGY BENEFITS AND COSTS

Once the rate cap ends, Virginia retail customers are presumed to pay market prices for
generation service in both the Base and Change Cases. In the Base Case, retail customers will pay
the general market-clearing price for energy in the DVP control zone. In the Change Case, retail
customers will pay for energy based on DVP Load Zone LMP and offset any congestion costs from
the market-clearing source to the load embodied in those prices using the FTRs allocated to DVP.,
Similarly, DVP shareholders will sell generation at market prices in both the Base and Change
Cases. In the Base Case, the DVP generation will be priced at the general market-clearing price for
energy in the DVP control zone. In the Change Case, the energy portion of generation will be priced
at each individual generator’s LMP.

III.C. OTHER ECONOMIC BENEFITS AND COSTS

Aside from energy, other economic benefits and costs considered in this study include
capacity benefits, ancillary service charges, and PJM administrative fees.'” The treatment of capac-
ity costs incurred in meeting peak load and reserve requirements is consistent with the treatment of
energy cost impacts. Prior to the end of the rate cap, capacity costs are bundled into the frozen DVP
base rates. Thereafter, capacity costs are paid directly by DVP Zone Customers and such costs
decrease. PJM administrative charges are assessed to customers in the Change Case, However, the
PIM administrative charges assessed to DVP Requirements Customers during the rate-cap period in
the Change Case are assumed to be deferred by DVP until July 2007, at which time the charges are
recovered with interest over a 30-month period. Ancillary charges were assumed to be passed
through to customers in both the Base and Change Cases as incurred; these costs are neutral between
the two cases for customers.’”® Generation-related ancillary charges paid by load were assumed to be
distributed to generating units in the DVP area in proportion to their market shares.

III.D. OTHER CUSTOMERS IN THE DVP CONTROL ZONE

Along with the cost-benefit impact on Virginia Retail Customers, the collective impact on
other customers in the DVP control zone, including North Carolina retail customers and wholesale
customers, was also assessed. Other than North Carolina retail customers, these customers were
assumed to shop for generation services in excess of any self-owned generation by mid-2007,

17

The potential change in wheeling revenues received by DVP transmission between the two cases was not
included in the study results presented herein. The impact is uncertain and likely to be small relative to the
other benefits and costs quantified. See Testimony of David F. Koogler

See Testimony of Gregory I. Morgan.
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IV.  ANALYTICAL APPROACH

In order to quantify the likely costs and benefits of the proposed transfer of DVP into
PJM, CRA needed to develop and refine several analytic models. To model the change in
system operations that would result from the market integration, we used GE MAPS running
with CRA’s proprietary database, discussed in section IV.A below. Interacting with GE MAPS
was a model of capacity additions and resulting capacity pricing, which we discuss in section
IV.B. Finally, CRA developed a Financial Evaluation Model to assess the incidence of costs and
benefits flowing from these two models of the physical system, which we discuss in sections
IV.C and IV.D. The three technical appendixes contain further detail about how we used GE
MAPS and the Financial Evaluation Model in this study.

IV.A. MODEL OF PHYSICAL SYSTEM OQPERATIONS

In order to assess the operational benefits of expanding PIM to include DVP and the
other New PJM Entrants, CRA used the GE MAPS model to determine the unit commitment and
dispatch in the Base and Change Cases. The GE MAPS model is a security-constrained dispatch
model that simulates the hourly chronological operation of an electricity market. It assumes
marginal cost bidding, performs a least-cost dispatch subject to thermal and contingency
constraints, and calculates hourly, locational-based marginal prices for electricity. The GE
MAPS simulation is consistent with the congestion management scheme currently utilized in
PIM and the other Northeast ISOs. The model’s locational spot price calculation algorithm has
been successfully benchmarked against the market price algorithm used in the PIM market.'®

Models are only as reliable as their data, so CRA has taken extra measures to ensure that
the assumptions regarding generation characteristics, transmission representation and limitations,
fuel costs, emissions rates and regulations, planned additions and retirements, and NUG con-
tracts were accurate and consistent. Details of these model inputs are discussed in Appendix A.

CRA modeled four years of the ten-year study period: 2005, 2007, 2010 and 2014. We
chose 2005 as the earliest full year when DVP could be integrated into PIM, under the terms of
the Code of Virginia § 56-579 as amended. Given that DVP’s rate cap expires in 2007, we chose
to model that year to provide fully detailed information to the financial model, which needed to
make separate calculations for the first and second halves of 2007. The year 2014 bounds the
ten-year study period, and 2010 provides a mid-point assessment to improve interpolation

19

The actual PTM transmission representation for an individual hour was input into MAPS, along with actual
loads, imports and exports and generator bids. The locational prices calculated by the GE MAPS program
matched those preduced by the PJM LBMP system for those conditions.
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The principal challenge in modeling commitment and dispatch with a tool as powerful as
MAPS is not, surprisingly, finding the security-constrained least-cost dispatch. Instead, the
challenge is to find a reasonable representation of the inefficiencies that inevitably exist in real-
world markets and, more particularly, how these inefficiencies change when moving from one
market system to another. Left to its own devices, MAPS will find and execute all possible
trades throughout the entire Eastern Interconnection to minimize total system production cost,
subject to meeting all load reliably. Because the current market does not capture all these bene-
ficial trades between market participants and, in particular, across market seams, we have set up
our model to add inefficiencies through the use of selective barriers to trade, or “hurdles.”

We used [inancial hurdles to approximate inefficiency in the Base Case stemming from
several sources, including:

* Biases toward the use of local control zone resources due to uncertainty and
resulting reliability concerns;

® Lack of full coordination among the commitment and dispatch processes of
control areas;

¢ Imperfect cconomic management of congestion between and within control areas
due to loop flows and less-efficient congestion management tools than LMP;

¢ The lack of market transparency in bilateral markets;
e Transaction costs; and
¢ Inefficient scheduling of transmission.

For this study, we employed four types of hurdle rates. These are discussed in greater
detail in Appendix A. In the unit commitment phase of MAPS, we imposed a $10 per MWh
hurdle between control areas in order to reflect the self-commitment practices prevailing today.
In the dispatch phase of MAPS, we employed two hurdle rates:

First is an “import hurdle” rate of $3 per MWh is imposed on each control area for any
imported power during peak periods ($1 per MWh in off-peak periods). The purpose of this
hurdle is to mimic the self commitment that is the basis for current operational practices within
each control area, transactions costs associated with searching out and executing bilateral trades
and other impediments to trade that bias dispatch towards internal resources. The import hurdle

applies only once to any transaction, regardless of how many control areas were involved in
wheeling the power.

*
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The second type of dispatch hurdle used in this study is a “trade hurdle” rate of $3 per
MWHh, which is imposed on power transfers between control areas or RTOs in peak periods ($1
per MWh in off-peak periods). This trade hurdle rate reflects impediments to move power
between control areas separately from the self-commitment logic embodied in the import hurdle.
The trade hurdle is intended to represent both wheeling rates and trade impediments that become
pancaked as power is wheeled across multiple control areas. Consequently, this charge is
assessed for each control area through which a transaction moves.

Finally, a $1 per MWh fee is imposed at the dispatch phase for line losses for each inter-
control area transfer. These three dispatch hurdles are additive, so a trade involving a single
wheel would be subject to a total of a $7 per MWh peak-period dispatch hurdle rate—$3 per
MWh to be imported, and $3 per MWh to be transferred to an adjoining control area, plus $1 per
MWh for line losses. A trade involving a second transfer would be subject to a total hurdle rate
of $11 per MWh—the $3 per MWh import hurdle, plus two transfer hurdles of $3 per MWh each
and two losses charges of $1 per MWh each,

These hurdles were implemented in MAPS as economic contracts between zones, rather
than as incremental line charges or restrictions on the transmission system. This approach has
two distinct benefits in interpreting the results. First, the hurdles do not directly affect the loca-
tional prices in the model. The only influence the hurdle rates have is through their effect on the
commitment and dispatch of the system. Second, the contracts track transfers between ZONes,
rather than physical flows on lines. This feature aligns our contract transfers with the real bilat-
eral contracts we see in today’s electricity markets. It also makes tracking of costs and benefits
materially more accurate than tracking only physical flows.

To model the integration of the New PIM Entrants into the PJM market system, we
eliminated from the Change Case the commitment, trade and import hurdles among the five
control zones in the Base Case that comprise the expanded PJM market area, namely PIM, DVP,
AEP, DP&L and ComEd. The $1 per MWh line-loss fee remained as the only hurdle, reflecting
our view that PJM will implement some version of a distance-dependent transmission loss
charge. Commitment and dispatch hurdles from these zones to zones outside the expanded PIM
market were not changed.

IV.B. MODEL OF CAPACITY PRICES

An integral part of the PJM market design is its capacity market, through which PJM
ensures that there will be sufficient capacity resources offering to supply energy into the PIM
energy markets to ensure reliable system operations. Units selected through the capacity auction
are required either to bid into the PJM day-ahead market or to self-schedule that capacity. In
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return, these capacity resources are paid the auction-clearing price for each kilowatt of supply,
regardless of whether the resource is actually called upon to supply energy or ancillary services,
These payments allow units that never run, or operate infrequently, to cover their fixed costs;
otherwise, generation owners might find it more profitable to mothball or close marginal genera-
tion resources, reducing the overall reliability of the system.

In modeling this capacity market, we first developed the pattern of new entry by location
and time. Secondly, we used this pattern of capacity additions to estimate future capacity prices.
The following two sections discuss our approach to each task.

IV.B.1. Determining New Build Requirements

Clearly, the existing fleet of generation resources cannot meet future needs indefinitely.
In order to forecast both future energy and capacity prices, CRA needed to project what new
generation resources would be built, where, and when.

For the first year of the study period, 2005, CRA assumed that only those units that are
under construction currently would be commercially available. New projects that have been
halted were not included among the 2005 builds. Although additional projects might conceiva-
bly be tabled, other projects not counted may be completed by Summer 2005. Overall, we
believe that this is a reasonable and conservative forecast of 2005 resources.

For subsequent years, we assumed that additional capacity resources are brought on-line
to maintain required capacity reserves in each control zone.”’ We allowed trades of capacity
between directly interconnected zones provided that two conditions were met. First, the
imported capacity could not exceed the transfer capability between the two zones. Second, each
zone was required to carry internally enough capacity to meet forecast peak load plus a 2.5
percent operating reserve requirement.

This possibility of capacity export means that the location of new builds is not deter-
mined unambiguocusly. In the SEARUC study, we allowed no capacity trading and, conse-
quently, the need for and quantity of new capacity in each zone was deterministic. In this study,
we used the following procedure to locate new capacity resources:

1. Build internally to meet load plus operating reserves.

% We modeled both MISO and SETRANS as having two separate areas, east and west, to reflect the

geographic and electrical separation within those two areas. MISO East corresponds to those areas of
MISO in ECAR; MISO West includes those parts in MAIN and MAPP. SETRANS is split between the
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2. Fully utilize trading from resource-long areas. For example, New York can
import capacity either from New England or PJM. New England, however, has
no other export markets for its surplus capacity, and more than enough to meet
New York’s capacity shortfall until after PJM itself becomes capacity short. PIM
resources, however, can sell to other markets. We therefore first meet New
York’s shortfall from New England capacity, before considering imports from
PIM.

3. When available capacity exports cannot meet remaining capacity requirements in
interconnected markets, allocate capacity exports so as to equalize the internal
capacity margin in each import market. To a first approximation, this procedure
equalizes the expected returns to new generators in each affected area.

In the both the Base and Change Cases, we required that each control zone, including
those of the New PJM Entrants, carry internally sufficient capacity to meet peak load plus oper-
ating reserve. This rule required new builds in DVP and ComEd, as well as areas outside the
expanded PJM market. Additional capacity needed generically in PJM to meet the pool-wide
capacity requirement was also sited in these two zones, since they had the lowest internal reserve
margins among the PJM sub-areas and, therefore, could be expected to have higher prices for
peaking units,

The critical difference between the Base Case and the Change Case in the capacity
market is that, owing to the increased load diversity of the expanded PIM market, the level of
required reserves declines. In the Base Case, the current PJM is modeled to hold a 17 percent
capacity margin, consistent with current requirements. Following the integration of the New
PJM Entrants, this requirement is lowered to 12.5 percent for the current PJM market area,
resulting in an approximately 15 percent margin above coincident peak for the expanded PJM
area. This reduction in capacity requirements frees approximately 3,000 MW of resources that
had been needed in PJM East, making additional capacity available to other PIM Member
Companies, including DVP. Other required capacity margins outside the current PJM are
assumed to be unchanged, so DVP holds a 12.5 percent reserve requirement in both the Base and
Change Cases, of which no more than 10 percentage points can be met with external capacity

resources .2 1

A second difference between the two cases is that we modify the capacity cxport rule (#3
above) so that surplus capacity in one area of PIM is used first to meet capacity shortfalls in

Southern and Entergy areas. The New York Control Area was modeled consistent with its capacity market
design as two sub-regions (New York City and Long Island} and an overall New York region.
See Testimony of Gregory J. Morgan.

M CHARLES RIVER ASSOCIATES 30

2]




Analytical Approach

Attachment to LGE/KU #19(c)

Witness: McNamara

Page 39

other areas of PJM. Only if PIM is collectively net long will any PJM zone export to a non-PJM
zone, reflecting the higher transactions costs of selling external capacity. The practical effect of
this change is to divert exports of capacity from AEP, that had been sold to CP&L, Duke, and

TVA, are instead sold to DVP, Commonwealth Edison and the current PYM companies.

The pattern of builds across the Eastern Interconnect used in this study is summarized in

Table IV-1.
Table IV-1: Pattern of New Capacity Builds by Region
Cumulative Additions, MW
2007 2010 2014

2::2 C(l;::fe Difference 2:_:: C(h:e:ege Difference 2::: ng:ege Difference
FIM 0 0 0 0 0 0 2,069 0 2,069
DVP 0 0 0 310 0 -310 3,360 L668  -1,692
AEP 0 0 0 0 0 0 0 0 0
DP&L 0 0 0 0 0 0 0 0 0
ComEd 0 0 0 563 87 -476 4,407 2,250 2,157
CP&L 0 0 0 763 498 -265 3,078 3,227 149
DUKE 846 846 0 2,875 2,856 -19 6,870 7,128 258
SCE&G 0 0 0 0 0 0 1,621 1,621 0
MISO E 0 0 0 0 0 0 5,564 6,280 716
MISO W 0 0 0 0 0 0 8,285 9,085 800
SPP 0 0 0 0 0 0 1,020 1,020 0
SETRANS E 0 0 0 0 0 0 8,840 8,840 0
SETRANS W 0 0 0 0 0 0 0 0 0
TVA 0 0 0 0 0 0 2,410 2,944 534
GFL 0 0 0 3,046 3,046 0 8,684 8,684 0
NEP 0 0 0 0 0 0 0 0 0
NYC 175 175 0 271 271 0 619 619 0
NYL 175 175 0 307 307 0 670 670 0
NYO 0 0 0 0 0 0 368 368 0
Subtotal New PIM 0 0 0 873 87 -786 9,836 3918 5918
Subtotal Other 1,196 1,196 0 7,262 6,978 284] 48,029 50,486 2,457
Total 1,196 1,196 0 8,135 7,065  -1,070] 57,865 54404  -3461

I1V.B.2. Determining PJM Capacity Market Clearing Prices

Under the current capacity market design, the quantity of capacity purchased by PJM is
determined administratively, to reach a capacity margin based on engineering analyses. This
approach tends to create prices that tip between one of two values:

If the system has more than enough capacity resources to meet the capacity reserve
margin, the capacity price is set by the payment needed to keep existing resources from exiting.
Specifically, the marginal unit needs to recover its avoidable fixed costs from its combined net
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revenues in the energy, ancillary services and capacity markets. Based on the MAPS runs for
this study, we determined that the marginal PJM resource would expect to receive insignificant
payments in the energy and ancillary service markets. Consequently, the market-clearing price
for capacity, when PJM is net long capacity, should be equal to the avoidable fixed costs of
marginal capacity resources.”? Based on previous CRA studies about PJM capacity, we estimate
that this cost is $20 per kilowatt-year. This level may be conservatively high, since observed
capacity prices in PJM have frequently been below this level. Using a lower level for the cost of
capacity during periods of surplus capacity would increase the benefits to customers from DVP
joining PJM,

The other possible state of the capacity markets is that there is an overall shortage of
capacity. In order to attract new capacity resources, the capacity price must cover not merely the
avoidable fixed costs of the facility, but the fully loaded cost of new entry net of margins the unit
could receive in the energy and ancillary services markets. CRA considered, in each market that
needed additional capacity resources, whether a combined-cycle unit or a simple gas turbine
would require a lower capacity payment. Combined-cycle units have a higher capital cost but
are more efficient, allowing them to operate profitable in more hours than a gas turbine. In most
markets, including the expanded PJM area, the extra energy margin that a combined-cycle unit
could earn did not offset their higher capital charges. Consequently, the capacity market-
clearing price was set to the levelized embedded cost of a new gas turbine, less expected net
revenue from the energy and ancillary services markets (which were small). CRA estimated that
this levelized cost in PIM is approximately $50 per kilowatt-year, which is substantially in
agreement with similar calculations other researchers have made for New York and New
England.?*

Stripped down to these basics, one might expect that the capacity prices can only be at
one of two levels: a low price when there is sufficient capacity already installed (520/kW-year),
or a high price when new entry is needed ($50/kW-year). If, for example, in 2013 we foresaw
the market as 10 MW deficient in the Base Case, but 10 MW in surplus in the Change Case, the
simple “price tipping” model would suggest that the entire 21,000 MW of capacity needed for

= This conclusion sets aside the sale of capacity to other control areas from PIM, which could allow scarcity

pricing in other areas to raise the PJM capacity price. At this time, market rules for trading capacity
between markets are insufficiently developed to allow full market integration and price formation across
RTO seams. We chose, therefore, to model the PIM capacity market as a stand-alone market,

See “New York Independent Operator, Inc.’s Filing of Revisions to the ISO Market Administration and
Control Area Services Tariff: ICAP Demand Curve,” FERC Docket No. ER02-647-000 {March 2003), and
E-Acumen, “Peaker Cost Study,” ISO-NE Markets Committee Meeting (April 2002), Both estimates will
tend to overstate the cost of new Virginia capacity, since construction and operations costs outside the
Northeast will be somewhat lower; moreover, since the E-Acumen study was completed, there has been a
substantial softening in the market for turbines, which are a substantial capital budget item for a new
peaking facility,

23
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VLD. SENSITIVITY CASE RESULTS — HIGH FUEL PRICE CASE

To address some of the uncertainty with respect to long-term natural gas and oil prices, a
sensitivity case is analyzed in which natural gas and oil prices are increased 25 percent above those
that are used in the Base Results. Not surprisingly, the higher fuel costs translate directly into higher
electricity costs in both the Base and Change Case. When DVP is integrated into a broader market,
with better access to diversc generating facilities, this price increase is less than if DVP is an isolated
market. The higher gas prices provide more benefit from substitution of cheaper coal-fired genera-
tion when DVP joins PJM. This provides higher benefits for customers.

As shown in Table VI-10, the total benefits to Virginia Retail Customers are $262.1 million
in the first 6 years of the study period ($694.4 million in the 10-year period). The net benefits are
$145.5 million in the first 6 years of the study period ($524.5 million in the 10-year period). The
total and net benefits reflect an increase of almost $35 million compared to the 6-year net benefits in
the Base Results (see Table VI-1). The difference is entirely attributable to increased energy savings
(capacity savings and PJM administrative charges are identical to those in the Base Results). The
higher fuel costs of natural gas-fired units increase the marginal cost difference between those units
and coal-fired units. In the Change Case, when DVP is part of PJM, DVP customers are better able
to take advantage of lower cost imports from within PJM,
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Table VI-10: Summary Benefits of DVP Joining PJM for DVP Zone Customers
(High Fuel Price Sensitivity Case)

Change Case minus Base Case
(in millions of 8, positive numbers denote benefits)

PV te July 1, 2003

Virginia Retail Customers - ('05-10) ('05-14) 2005 2006 2007 2008 2009 2000 2011 2012 2013 2014
Fuel Factor Savings 221 22.1 10.1 12.1 6.8 - - - - - - -
Market Energy Savings:

Price Basis Change (141.4) (322.8) - - (29.2) (64.0) (72.0) (80.1) (93.3) (106.5) (119.7) (132.9)
FTR Value 365.2 681.1 - - 857 1728 1811 1894 1914 1934 1954 1974
Market Energy Savings 22338 3583 - - 566 1088 1091 1093 981 869 757 645
Total Energy Savings 2459 380.4 101 121 633 1088 1091 1093 931 869 757 645
Capacity Savings 16.2 314.1 - - - - - 315 1667 2512 2001 1040
Anctllary Savings - - - - - - - - - - - -
Benefit 262.1 694.4 101 121 633 1088 109.1 1408 2648 3381 2758 1685
PIM Admin Charge (116.6) (169.9)  (285) (28.6) (28.6) (30.1) (307 (31.2) (31.9) (325 (332) (33.8)
Deferral/Recovery - - 28.5 286  (2.9) (333) (33.3) - - - - -

Net PJM Admin Charge (116.6) (169.9) - - (31.6) (63.4) (64.0) (31.2) (31.9 (32.5) (33.2) (33.8)

Net Benefit 145.5 524.5 101 121 318 454 451 109.6 2329 3056 242.7 1347

DVP Zone Customers {05-110)  ('05-14) 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Price Basis Change* (136.5) (352.3) 146 17.0 (25.2y (758) (85.5) (95.2) (111.0) (126.7) (142.4y (138.1)
FTR Value 449.9 8319 33 37 1060 2096 2196 2206 231.8 2340 2362 2383

Total Energy Savings 3134 479.5 180 207 809 133.8 1341 1344 1209 1073 937 802
Capacity Savings 18.9 3726 - - - - - 369 1966 2979 2411 1217
Ancillary Savings 0.5 0.9 0.1 0.1 0.1 0.1 02 0.2 0.2 0.2 0.2 0.2

Benefit 3328 852.9 18.0 208 81.0 1340 1343 1715 3176 4054 3351 2022

PJM Admin Charge (163.2) (238.7)y  (39.6) (40.0) (40.2) (42.1) (43.0)0 (43.9) (450) (46.00 (47.1) (48.1)

Deferral/Recovery - - 356 357 (37 (41.6) (41.6) - - - - -
Net PJIM Admin Charge (163.2)y  (238.7) (4.0) (42) (43.9) (83.3) (84.7) (43.9) (45.0) (46.0) (47.1) (48.1)
Net Benefit 169.6 614.2 140 166 371 502 496 1275 2726 3593 2880 154.1

* Including fuel factor adjustments

VLE. SENSITIVITY CASE RESULTS — HIGH L.OAD CASE

A sccond sensitivity case is analyzed with higher unexpected demand. In this case, peak load
is 5 percent higher than that used in the Base Results and total demand is 2 percent higher. As
shown in Table VI-11, the total benefits to Virginia Retail Customers are $226.1 million in the first 6
years of the study period ($471.9 million in the 10-year period). The net benefits are $107.2 million
in the first 6 years of the study period ($298.6 million in the 10-year period). The total and net
benefits reflect a slight decrease compared to the 6-year net benefits in the Base Results (see Table
VI-1). The increased load increases prices generally. Higher-cost units are forced to generate to
meet the increased load. As the higher load is “unexpected,” the available capacity is closer to
reserve margins so that prices are not moderated as much by joining PJM. DVP customers also
incur higher PJM administrative charges as this cost has been modeled on a dollar per MWh of load
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basis. It is possible that the rate would be reduced if load were higher than expected, thus minimiz-
ing any cost difference with respect to the PJM administrative charge.

Table VI-11: Summary Benefits of DVP Joining PJM for DVP Zone Customers
(High Load Sensitivity Case)

Change Case minus Base Case
(in millions of §, positive numbers denote benefits)

PV to July 1, 2003

Virginia Retail Customers 0510y ('05-14) 2005 2006 2007 2008 200% 2010 201 2012 2013 2014
Fuel Factor Savings 13.9 13.9 6.1 77 4.5 - - - - - - -
Market Energy Savings:

Price Basis Change (108.4)  (489.1) - - (17.9) (45.9) (574) (68.9) (138.2) (207.6) (276.9) (346.3)
FTR Value 303.7 617.3 - - 729 1448 1498 1548 1708 1867 2027 2187
Market Energy Savings 195.2 128.3 - - 550 939 924 859 325 (208) (742) (127.6)
Total Energy Savings 209.1 1422 6.1 7.7 594 989 924 859 325 (208) (74.2) (127.6)
Capacity Savings 17.0 3298 - - - - - 331 1750 2637 21001 109.2
Ancillary Savings - - - - - - - - - - - -
Benefit 226.1 471.9 6.1 77 594 989 924 1190 2076 2429 1359 (18.4)
PIM Admin Charge (118.9y  (173.3) (29.0) (29.1) (29.2) (307 (31.3) (3l9) (325 (332) (33.8) (34.5)
Deferral/Recovery - 200 29.1 (3.0) 340y (34.0) - - - -

Net PIM Admin Charge (118.9)  (173.3)

- - (32.2) (64.7) (653) (31.9) (32.5) (33.2) (33.8) (34.5)
Net Benefit 107.2 208.6 6.1 77 272 342 272 871 1751 2097 1021 (52.8)
DVP Zone Customers (05-10)  ('05-'14) 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Price Basis Change* (106.5)  (567.5) 9.1 113 (13.9) (53.2) (67.4) (B1.6) (166.4) (251.1) (335.8) (420.6)
FTR Value 373.5 7527 2.5 28 900 1755 1816 1876 2067 2259 2450 264.1
Total Energy Savings 266.9 185.1 11.6 141 761 1223 1141 1060 40.4 {25.3) (90.9) (156.5)
Capacity Savings 20.0 3927 - - - - - 389 2072 3140 2539 128.4
Ancillary Savings 0.5 0.7 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2
Benefit 287.3 578.5 1.8 142 762 1224 1143 1451 2477 2888 1632 (28.00
PIM Admin Charge (166.5)  (243.5) (404) (40.8) (41.00 (43.0) (43.9) (448) (459) (46.9) (48.00 (49.0)
Deferral/Recovery - - 363 364  (3.8) (425 (425 - - - - -
Net PIM Admin Charge (166.5)  (243.5) (41) (43) (448) (854) (864) (448) (459) (46.9) (48.0) {(49.0)
Net Benefit 120.8 335.0 7.7 9.9 314 369 279 1002 2019 2419 Q15.2 {77.0

* Including fuel factor adjustments

VI.F. OTHER SENSITIVITY CASES

In a recent order in the parallel matter of AEP joining PJM, the Virginia Corporations
Commission instructed AEP to consider the following sensitivity cases:

differing load forecasts

differing levels of transmission congestion and associated transmission rights
abnormal vs. normal weather

differing unit outage assumptions

differing fuel cost projections

bl alia ) s
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Our study directly addresses the first and fifth of these cases. The third case, for weather
variations, is also addressed through our second sensitivity case. Likewise, the high load sensitivity
case provides msights to the effect of unit outages, since a reduction of supply associated with a unit
outage is, economically, very similar to an increase in demand. The second case cannot be directly
modeled, since transmission congestion is an endogenous outcome, not a model parameter.

m CHARLES RIVER ASSOCIATES >8



Attachment to LGE/KU #19(c)
Witness: McNamara Page 67

Conclusions

VII.

CONCLUSIONS

This study indicates that DVP Zone Customers, including Virginia Retail Customers, will

receive near-term benefits from DVP joining PJM, and that these benefits will be substantially more
than the administrative costs of PJM participation:

Reduced wholesale energy prices will save Virginia Retail Customers $198 million through
2010 and $319 million through 2014 on the energy portion of their charges. All DVP Zone
Customers save $271 million through 2010 and $422 million through 2014,

Lower capacity payments will further reduce charges to consumers, with the greatest effect in
later years. Over the ten years covered by the study, Virginia Retail Customers save $314
million in capacity payments and DVP Zone Customers save $373 million.

After netting out PJM administrative costs, we see quantifiable savings to Virginia Retail
Customers of $110 million through 2010 and $477 million through 2014, DVP Zone
Customers collectively will save $127 million through 2010 and $557 million through 2014,

Apart from these quantitative, short-run benefits, there are a variety of other factors that offer

real, but difficult to quantify, benefits to DVP customers if DVP were to join PJM. Among these

are:

Enhanced reliability in the DVP service territory through efficient congestion management,
restrictions on load shedding in PJM South and a continuation of a local control center to
address local reliability.

Improved resource adequacy through the broader PYM market created by the addition of the
New PJM Entrants allowing for greater load diversity, improved reserve sharing across the
region, and participation in a larger integrated regional transmission planning process.

Improved access to a broader range of generation suppliers, which can be expected to
enhance the competitiveness of both wholesale and retail markets.

The potential for improvements to the efficiency of installed capacity markets, reflecting
investment in generation to enhance its productivity, beyond those that have been incorpo-
rated into the formal modeling.

Enhanced investment and participation in demand-side management programs, in response to
clear and time-specific price signals.

5
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¢ The potential for improved siting decisions on the part of future generation and transmission
developers, allowing more efficient investment based on transparent and independent pricing.

* Potential cost savings from joining an established, proven RTO, rather than incurring the
costs and uncertainties of developing an alternative response to regulatory requircments.

¢ Opportunity for improved substitution of market investment in Virginia markets for regulated

DVP investment, creating more opportunities for DVP to deploy its capital to enhance share-
holder value.

The study also finds that the key transmission constraints that result in locational price differ-
ences in Virginia are located outside of Virginia. Although these constraints do not pose reliability
concerns, they impose substantial economic costs. DVP’s membership in PJM would assure that
these costs are fully considered in regional transmission planning processes that can address these
constraints in the future. In the interim, congestion charges in the DVP control zone under PJM’s

LMP congestion management system are more than offset by the FTR value received by DVP
customers.

In conclusion, after a comprehensive examination of the comparative costs and benefits of
DVP joining PIM, we find that PYM membership will offer substantial and continuing net benefits to
Virginia Retail Customers and DVP Zone Customers.
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APPENDIX A GE MAPS DESCRIPTION

A.l. DESCRIPTION OF GE MAPS MODEL

An overview of the GE MAPS model was provided in section IV of this report. Here we
provide more detail about how the model combines its inputs to project hourly locational prices and
unit generation, and we list some of the key input assumptions used in the model. The first section
of this appendix describes some assumptions implicit in the GE MAPS modeling approach (e.g.,
how maintenance is scheduled, how operating reserve requirements are imposed), while the second
details some of the fundamental input assumptions, such as fuel prices and loads.

Basic Model Representation

The GE MAPS model is a security-constrained dispatch model that simulates the hourly
chronological operation of an electricity market. Based on unit-level marginal cost bids, the model
performs a least-cost dispatch subject to thermal and contingency constraints and calculates hourly,
locational-based marginal prices for electricity. Nodal prices and unit level generation data can be
aggregated to whatever level is desired (utility, region, state, etc.). Zonal load prices can be calcu-
lated either as load-weighted averages or as simple averages of locational prices. The GE MAPS
simulation is consistent with the congestion management scheme currently utilized in PJM and the
other Northeast ISOs. The model’s locational spot price calculation algorithm has been successfully
benchmarked against the market price algorithm used in the PJM market.*

CRA used the Eastern Interconnection version of the MAPS model in our analysis.”® All
modeling and analyses were done at the greatest level of detail possible (e.g., individual
company/control zone), given the limitations of our input data.’ We combined companies into pools

3 The actual PIM transmission representation for an individual hour was input into MAPS, along with actual

loads, imports and exports and generator bids. The locational prices calculated by the GE MAPS program
matched those produced by the PJIM LBMP system for those conditions.

The Eastern Interconnection includes all NERC regions, except the Western Systems Coordinating Council
(WSCC) and the Electric Reliability Council of Texas (ERCOT). The electrical operations of all areas in the
Eastern Interconnection are electrically synchronized with each other (except Hydro Québec), but are not
synchronized with those in either ERCOT or the WSCC. Transmission ties with ERCOT, the WSCC and Hydro
Québec are through DC ties. The GE MAPS Model of the Eastern Interconnection does not individual
generators and loads for the interconnected and synchronized Canadian regions (Ontario, Manitoba,
Saskatchewan, and New Brunswick), but rather includes supply curves that captures exports from these regions
into the U.5. markets,

Traditional transmission modeling and data reporting arrangements form the basis for all modeling efforts. For
example, if an individual company/organization traditionaily reports its loads as part of a larger control area, we
use that designation in our analyses. Similarly for transmission related information, the control areas in the AC
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for commitment and dispatch, where each pool represents either an RTO or independent control
zone. RTOs were modeled to correspond to existing ISOs, proposed RTOs as defined in current
filings, and public announcements regarding RTO membership plans by individual utilities. Compa-
nies without existing definitive plans about their RTO membership were modeled as independent
control zones,

Table A-16 at the end of this appendix shows how companies were grouped into RTOs and
control zones. The three northeast ISO markets, namely ISO-NE, NYISO, and PJM, were modeled
as individual RTOs. In our Base Case, PYM was modeled with its current footprint; in the change
case, the PIM footprint was expanded to include Virginia Power (DVP), American Electric Power
(AEP), Dayton Power & Light (DP&L), and Commonwealth Edison (ComEd). The remaining
ECAR and MAIN companies, along with the MAPP companies, were combined to form the
Midwest ISO RTO (MISO). The SeTRANS and GridFlorida RTOs were also assumed to go
forward. SPP and TVA were each assumed to maintain their current composition, but function as
RTOs.

Duke Power, Carolina Power & Light (CP&L), and South Carolina Electric & Gas (SCE&G)
were treated as individual control areas, with Santee Cooper also included in the SCE&G area. In
the Base Case in which DVP, AEP, DP&L, and ComEd were not integrated into PJM, each of these
companies was treated as an individual control zone.

Least-Cost Commitment and Dispatch

The GE MAPS model commits and dispatches generation units to minimize production costs
on a system-wide basis, but allows constraints on pool-to-pool transactions to be specified in order to
capture pool-level commitment and dispatch and other impediments to trade.*? As a result, unless
constraints that impede trade are specified, all physically feasible, economically beneficial transac-
tions will take place among various entities in the Eastern Interconnection. Because the current
market does not capture all economically beneficial trades between utilities, and since trade across
RTO seams is not perfectly coordinated, we implemented hurdle rates to restrict commitment and
dispatch efficiencies inherent in the model’s operation.

These hurdles must be met before either an RTO or a company (operating outside an RTO)
will rely on generation from outside its area to meet internal load. Hence, each pool’s unit commit-
ment and dispatch will only reflect the availability of economic external generation if the resulting

power flow (which is a key input to MAPS) provide the only basis available for aggregating transmission
related outputs from the model. If the individual buses of a company/organization are considered as part of a
larger control area in typical load flow modeling, we model those buses as part of the larger control area.
“System-wide” commitment and dispatch encompasses the entire Fastern Interconnect.
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cost-savings from utilizing that capacity exceeds the hurdle. Hurdles apply to pool-to-pool transac-
tions in both the Base and Change Cases. However, because the PJM pool expands in the change
case to include DVP, ComEd, DP&L, and AEP, the hurdles among these companies and the existing
PJM companies are removed.

We imposed two types of hurdles and the level of each varies between peak and off-peak
periods and between the commitment and dispatch phases. The first type hurdle, which we have
termed “trade hurdles,” applies to each trade between directly interconnected pools and therefore
becomes larger as the number of transmission wheels increases. Trade hurdles reflect the cost of
obtaining firm transmission and impediments associated with securing transmission rights. Trade

hurdles apply in both commitment and dispatch and were set to $3/MWh on peak and $1/MWh off-
peak.

We refer to hurdles of the second as “import hurdles.” Import hurdles are an additional
penalty assessed to each pool on positive net imports. The penalty is assessed for each MWh by
which a pool’s load exceeds its internal generation, and hence is a fixed hurdle on pool-to-pool
trades that does not pancake with the number of wheels required for the transfer. The effect of these
hurdles is to require an additional amount of savings, even after the trade hurdles have been satisfied
before a pool will utilize external generation. These hurdles capture the margin on trades that must
be available before the parties are willing to execute a deal.

3

In order to capture a bias toward committing local resources for meeting peak loads, in
commitment we set import hurdles to $10/MWh on peak and $1/MWh off peak. Each pool is
assumed to commit generation to serve its own load except in those instances where a savings of $10
per MWh can be achieved through imports from another control area. If attractive purchases or sales
are available, the requisite units are committed (or decommitted) and made available for (or
excluded from) the hourly dispatch. In order to allow the export of available, low-cost capacity that
has been committed but is not fully utilized to occur with relatively less trading friction, we imposed
import hurdles in dispatch of $3/MWh on-peak and $1/MWh off-peak.

We also imposed penalties on trades to simulate the effect of incremental losses. The loss
charges were applied to transfers out of or through a pool.* We implemented the charges by assess-
ing 2 $1/MWh trade hurdle on all transfers between directly connected pools. Even though other

s GE MAPS has the capability to use a set of fixed loss factors based on the specified load flow case and scales

these factors up or down as the load increases or decreases with respect to the base case (i.e., it assumes a linear
relationship between transmission losses and load on the system). As long as the power flows on transmission
lines do not change direction, this is a reasonable approximation, but in much of the study region, flows can
reverse direction depending on the season, the time of day, and unit availability. As a result, the GE MAPS
logic to calculate marginal iosses was not used, and the impact on market clearing prices of changing physical

losses was not determined. Rather, only financial fees for losses were incorporated into the Production Cost
Analysis.
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hurdles are removed, loss charges among the PJM subregions are maintained in the change case to
reflect losses within the expanded RTO.

Table A-1 summarizes the level of all the hurdles by type and time period.

Table A-1: Hurdle Rates on Pool-to-Pool Transactions

Commitment Dispatch
Peak Off-Peak Peak Off-Peak
Trade Hurdles 3 1 3 1
Penalty for Losses 1 1 1 1
Import Hurdles 10 1 3 1

Operating Reserves

MAPS accounts for spinning and non-spinning reserve requirements in its commitment and
dispatch. The spinning reserve market affects the energy market prices because the units that
provide spinning reserve cannot produce clectricity under normal conditions.* As a result, energy
prices in MAPS are higher when reserve markets are modeled.

In both the Base and Change Case, operating reserve requirements were specified for each
pool as 2.5 percent of hourly load, all of which must be met with spinning resources. Additionally, in
the change case, we imposed locational operating reserve requirements. PYM (East and West),
ComEd, AEP, DP&L, and DVP were each required to provide operating reserves internally. The

methodology implicitly maintains the Base Case reserve requirements and precludes benefits from
reserve sharing across the expanded PJM,

We assumed that only a limited percentage of generation units’ capacity can provide spin-
ning reserves due to ramp-up constraints that prevent units from reaching their full capacity for
delivering energy within the ten minutes period required for operating reserves. We specified a
ramp rate for each unit and allowed it to hold operating reserves equal to amount the unit cam ramp
in ten minutes. The ramp rate varies by unit type, as listed in Table A-2.

44

Non-spinning reserve requirements rarely influence MAPS energy prices in areas like the eastern U.S., with a
reasonably large supply of quick-starting gas turbines.
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Table A-2: Generator Ramp Rates by Unit Type

) Ramp Rate
UnitType  viw/Minute)
Coal 6
Combined Cycle 25
Gas Turbines 9
[Nuclear 0
Other 0
Peaking Units 0
Steam Gas/Oil 6
Steam Other 6

Maintenance Scheduling for Thermal Generation Units

The GE MAPS feature of scheduling maintenance of thermal generation units was used to
levelize the reserve margin across the weeks of each year.*” We assumed that maintenance within
each pool (i.e., RTO or independent control zone) is scheduled such that reserves within the pool are
levelized on an annual basis. For example, if a region’s load peaks in the summer, it will schedule
little or no maintenance in that season; similarly, if a company’s load peaks in the summer and
winter, it will schedule no maintenance in these two seasons.

Generation from Conventional Hydre and Pumped Storage Units

Hourly generation levels for ecach hydro unit were determined by the GE MAPS model for
each of the scenarios and years modeled. The GE MAPS model takes monthly generation totals for
each hydro unit together with limits on their maximum and minimum generation levels and sched-
ules hydro generation against the load shape for the pool in which the unit is located. The GE MAPS
model generally does not dispatch hydro generation to relieve transmission congestion. However, if
the locational price at the generation unit is very low (less than $5/MWh), then MAPS backs down
generation from that unit to relieve congestion; under these circumstances, backing down the hydro
unit is the most economic and may be the only alternative to relieving congestion. Also, GE MAPS
does not increase generation from hydro resources to relieve congestion. This modeling assumption
impacts each of the scenarios equally because only thermal units are used for congestion
management in all scenarios.

GE MAPS dispatches pumped storage units based on load and committed thermal generation
in the surrounding region. The model approximates the price elasticity for each hour over the course
of a week using the stack of available generating units in the surrounding region and finds the corre-

45

The weekly reserve margin is capacity available during that week minus the week’s peak load.
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sponding operating pattern for pumped storage units that minimizes total production cost. The
model honors the physical characteristics of each unit, including pumping and generating capacities,
pumping efficiency, and reservoir storage limits. When developing the schedule, the model does not
directly account for transmission limits, but rather restricts the set of generators it considers to be
available to ramp up for pumping or ramp down when the pumped storage units generate to those in
the local region of each unit. Once the pumping and generating pattern has been developed, the
model does honeor all transmission constraints when meeting the schedule as part of the dispatch
process. However, because the scheduling algorithm does not directly account for the availability of
transmission in each hour, the optimization is only an approximation and as a result contains some
noise.

In order to avoid potentially spurious benefits or costs between the Base and Change Cases
stemming from the optimization of Bath County Pumped Storage unit operations, CRA used a styl-
ized schedule for this unit and held it constant among all cases.*® Based on initial runs with various
pumping and generating schedules for the unit, a schedule was developed that performed reasonably
well in all cases, but was not biased towards either case. The schedule honors all physical operating
characteristics of the unit and balances pumping requirements with energy output. All other pumped
storage hydro units were optimized using the standard GE MAPS algorithm.

A.2, KEY INPUT ASSUMPTIONS

As inputs to the model, CRA began with GE’s complete database for the Eastern Intercon-
nection power system, which is based in part on data from RDI. We have modified this database
based on our analysis of public data and model results to ensure data integrity, validity, and consis-
tency of plant operations with historical market data. In addition, we have incorporated data
provided by Dominion Virginia Power.

The following is a list of the major components of the model. The list is followed by a
description of each component and the associated data sources.

(1) Load Inputs
(2) Thermal Unit Characteristics
(3) Planned Additions and Retirements

(4) Fuel Price Forecasts

46

Bath County s a 2520 MW pumped storage facility located in western Virginia, DVP owns two-thirds of this
facility, with the remainder owned by Allegheny.
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(5) Transmission System Representation

(6) Environmental Regulations

(7) Hydro Unit Qutput

(8) NUG Contracts

Load Inputs

Peak loads and annual energy demands were based on forecasts reported in the 2001 NERC
ES&D. Since published data do not extend to the end of our study period (i.e., 2014), forecasts were
extended based on the projected growth over the reported forecast period (2002-2011). Table A-3
shows the regional peak load and annual energy totals assumed in each of the years modeled.

Table A-3: Peak Loads and Annual Energy Demand, by Region

2005
Peak Annual
Control Zone/RTO Load Energy

(MW)  (GWh)
DVP Zone 18,156 92,845
AEP 200478 124,204
DP&L 3,165 17,227
ComEd 22942 102,350
PIM (MAACHAPS) 66,274 348,582
MISO 131,232 724,968
CP&L 12,965 66,506
DUKE + CEPCI 22,373 112,912
SCE&G+Santee Cooper 8,541 45,464
TVA 31,612 176,641
SETRANS 74,335 408,431
SPP 42,257 210,934
GFL 38,282 209,759
ISO-NE 24,161 132,085
NYISO 32,218 162,160

2007
Peak Annual
Load Energy
(MW) (GWh)
18,911 96,784
21,180 128,794
3,279 17,697
23,888 105,250
68,577 359,149
135,878 745,573
13,288 69,367
22,930 117,770
8,753 47,420
33,173 183,091
77,933 426,494
43,715 217,065
39910 221,485
24777 136,162
32,948 165,880

2010

Peak

Load

(MW)
19,914
22,191
31,367
25,380
72,670
142,503
14,128
24,381
9,307
35,503
83,521
46,326
42,585
25,813
33,957

Annnal

Energy

(GWh)
102,289
135,212
18,203
109,650
375,148
782,171
73,647
125,035
50,346
192,701
455,481
233,001
237,493
142,242
171,600

2014

Peak Annua}

Load Energy

(MWw) (GWh)
21,378 110,705
23,756 144,228
3,595 19,277
27,200 115,695
76,943 398,385
153,377 835,104
15,298 79,606
26,400 135,154
10,078 54,420
38,368 205,863
91,481 495,010
50,614 251,219
46,523 262,592
27,508 149,743
35,382 179,340

Individual company load shapes are based on actual 1997 hourly load data as reported by the
companies. The GE MAPS model adjusts each company’s historical hourly load shape to fit the
peak and annual energy numbers specified for that company for the year being modeled. The hourly
load data created by that process for each company is then used as an input for the GE MAPS hourly

simulation.
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Thermal Unit Characteristics

GE MAPS models generation units in detail, in order to accurately simulate their operational
patterns and thereby project realistic hourly prices. The following characteristics are modeled:

Unit type (steam, combined-cycle, combustion turbine, cogeneration, etc.)
Full load heat rates and heat rate curves.

Summer and winter capacities.

Operation and maintenance costs.

Forced and planned outage rates.

Minimum up and down times.

Quick start and spinning reserve capabilities.

Startup costs.

Sources for thermal unit data include the EIA-411, EIA-867, and EIA-412 forms, the FERC
Form 1, and the REA-12 forms. When unit-specific data were unavailable, we developed generic
heat rate curves for different unit types based on available data for similar units. CRA specified unit
forced and planned outage rates for each type based on an analysis of NERC’s “Generating Avail-
ability Data System” data set. Table A-4 shows the outages our outage rate assumptions for cach

unit type.
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Table A-4: Outage Rate Assumptions

Forced Planned
Outage Outage
Unit Type Size Rate Rate
Coal 0-100 MW 5.0% 7.2%
Coal 100 - 500 MW 7.0% 7.2%
Coal 500 MW + 7.0% 7.2%
Steam Gas/Qil 0-100 MW 5.0% 6.7%
Steam Gas/Oil 100 - 560 MW 7.0% 6.7%
Steam Gas/Oil 500 MW + 7.0% 6.7%)|
Combined Cycle 0- 100 MW 3.5% 4.8%
Combined Cycle 100 - 500 MW 3.5% 4.8%
Combined Cycle 500 MW + 3.5% 4.8%
Nuclear 0-100 MW 7.0% 7.0%
Nuclear 100 - 500 MW 7.0% 7.0%
Nuclear 500 MW + 7.0% 7.0%
Gas Turbines 0-100 MW 5.0% 1.5%
Gas Turbines 100 - 500 MW 2.5% 1.5%|
Gas Turbines S0 MW + 2.5% 1.5%
Other Peaking Units 0- 100 MW 4.0% 1.5%
Other Peaking Units 100 - 500 MW 4.0% 1.5%
Other Peaking Units 500 MW -+ 4.0% 1.5%
Other 0-100 MW 5.0% 6.7%
Other 100 - 500 MW 5.0% 6.7%
Other 500 MW + 5.0% 6.7%

A listing of all generators in the DVP control zone is provided in Table A-17 at the end of
this appendix.

Planned Additions and Retirements

Planned entries and retirements impact the fuel mix of installed capacity and the composition
of plants on the margin. Most retirements are oil or steam gas plants, which are likely to be replaced
by combined-cycle gas plants.*” We added new capacity to the model in the years through 2005
based only on existing projects that are currently under construction.”® Additional generic new

capacity was added in the years after 2007 only as needed to meet regional reserve requirements in
each case.

We assumed all new capacity would take the form of either gas-fired combined-cycle (CC)
or simple-cycle gas turbines (GT), based on the relative economics of their entry. We balanced the
entry of CC and GT units in each region consistent with an equilibrium in which each new unit earns

a7
48

Planned retirements were specified based on information in RDI’s Base Case Database.
As reported in RDI's NewGen Database.
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a sufficient margin from energy and capacity sales to cover its capital costs over a 30-year period.
We assumed that a new CC would require a margin (energy revenues plus capacity revenues minus
variable O&M, fuel, and emissions allowance costs) of $85 per kW in each year in order to cover its
capital costs and its annual fixed O&M costs and that a new GT would require a margin of $50 per
kW per year. These were derived based on an assumed cost of $560 per kW for CC units and $365
per kW for GTs, excluding interest during construction.

Unit additions and retirements modeled are summarized in Tables A-18 and A-19 at the end
of this appendix.

Fuel Price Forecasts

The opportunity cost of fuel consumed for generation (i.e., or the current spot price of fuel) is
generally the largest component of a unit’s marginal cost bid. To project these variable fuel costs,
we used forecasts of spot fuel prices at regional hubs, and further refined these based on historical
differentials between price points around each hub. For oil and gas, we used estimates of the price
delivered to generators on a regional basis, while for coal, we used plant specific price forecasts.

Coal Prices

CRA specified coal prices on the plant-level coal prices using forecasts of the fuel costs for
each plant from RDI. RDI's forecasts are based on the historical and expected fuel type used at each
plant and regional, delivered price of each type of coal. The forecasts account for potential fuel
switch in response to environmental regulations. Where plant-level forecasts were not available, we

used RDI’s regional coal price forecast. Table A-5 shows the default regional annual coal-prices
used in the study.
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Table A-5: RDI-Based Regional Coal Forecast ($2002/mmBtu)

Region 2005 2007 2010 2014
East Central Area Reliability Coord Agrmn 1.18 1.17 1.16 1.16
Entergy 1.23 1.22 1.17 1.17
Florida Retliabilty Coordinating Council 1.71 1.69 1.65 1.65
MAIN Sub Region 1.13 1.11 1.06 1.06
Mid-Continent Area Power Pool 0.87 0.88 0.85 0.85
New Brunswick 1.76 1.72 1.66 1.66
New England Power Pool 1.76 1.72 1.66 1.66
New York Power Pool 1.48 1.45 1.44 1.44
SPP Northern Subregion 0.89 0.89 0.86 0.86
PIM Interconnect PA-NJ-MD 1.32 1.30 1.28 1.28
SPP South Subregion 1.13 1.12 1.08 1.08
Southern Subregion 1.50 1.48 1.43 1.43
Tennessee Valley Authority 1.26 1.24 1.21 1.21
Virginia/Carolinas Subregion 1.47 1.44 1.43 1.43
Gas and Oil Prices

The key underlying forecasts are projected prices for crude oil and for natural gas (Henry

Hub). All other forecasts are derived from these two basic forecasts using projected basis differen-
tials.

To derive #2 fuel oil prices for electric generation, we used state-specific basis differentials
developed based on EIA Form 423 data and assumed the price follows the same trajectory as crude
oil prices. Our # 6 fuel vil forecast is based recent New York Harbor prices. Because residual oil is a
close substitute for natural gas in many dual-fuel electric generators and industrial facilities, we

trended future #6 oil prices based on the price of natural gas. Table A-6 presents CRA forecasts for
#6 and #2 fuel oil.
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Table A-6: Fuel Oil Prices

FO2 Prices FO6 Prices

2005 20607 20106 2014 2005 2007 2010 2014
ECAR 4.83 4.63 4.57 4,58 3.20 3.06 3.03 3.03
FRCC 475 4,55 4.49 4.50 3.20 3.06 3.03 3.03
MAAC 4.69 4.49 4.44 4.45 3.20 3.06 3.03 3.03
MAIN 4.62 4.64 4.66 4,73 3.20 3.06 3.03 3.03
MAPP 5.01 5.03 5.06 5.14 3.20 3.06 3.03 3.03
NPCC 4.97 4.99 5.02 5.10 3.20 3.06 3.03 3.03
SERC 4.83 4.85 4.87 4,95 3.20 3.06 3.03 3.03
SPP 4.82 4.84 4.87 4.94 3.20 3.06 3.03 3.03
SOUTHERN 4.83 4.85 4.87 4.95 3.20 3.06 3.03 3.03
TVA 4.83 4.85 4.87 4.95 3.20 3.06 3.03 3.03
VACAR 4.83 4.85 4.87 4.95 3.20 3.06 3.03 3.03

Figure A-1 shows CRA’s forecast for the spot price of natural gas at Henry Hub. The fore-
cast is a composition of NYMEX futures prices in the short term, and an average among various,
publicly-available long-term forecasts in the remaining year.

Figure A-1: Comparison of Natural Gas Price Forecasts
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The burner-tip price for natural gas is a sum of two components—regional price and local
delivery charges (which reflect unavoidable L.DC and/or lateral charge). CRA’s forecasted regional
gas prices are derived from the Henry Hub forecast and projected basis differentials for cach region
derived from historical regional price data. Our natural gas regions and their corresponding price
points are identified in Tables A-7 and A-8. Basis differentials and regional delivered gas prices are
shown in Table A-20 at the end of this appendix.

Table A-7: Definition of Gas Price Regions

Regional Mapping

1 2 3 4 5 6 7
New England MA ME NH VT RI CT
Eastern NY NY
NYC' NY
Eastern PA/NJ PA NI
Western NY/PA NY PA
DC, DE, MD DC DE MD
WV, KY WV KY VA
NC, VA NC VA
SC, GA sC GA
Southeast’ LA AL TN KY MS AR FL
Florida FL
Midcontinent 1A MT NE OK KS MO
Midwest MI OH IN L
Upper Midwest MN WI ND SD
Rockies MT WY CcO uT
Southwest NM A7 NV
East Texas TX
West Texas TX
PNW WA ID OR NV
Northern CA CA
Southern CA CA
Western Canada CN
'Con Ed, Long Isiand Lighting
“Includes PP&L, Exelon, UGI, GPU's Portland Gilbert, Sayerville and Titus arcas
*Includes Southern Co. plants in the FL panhandle
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Table A-8: Sources for Historical Regional Gas Price Data

Region Price Point
Henry Hub Bloomberg Natural Gas Henry Hub Spot Price
New England Algonguin Gates (Bloomberg)
Avg of Transco Z6 non NY and lroquois Wright station (2/3 weighting on Z6 due to location
Eastern NY )
of gen stations)
NYC Bloomberg Trnasco Zone 6
Eastern PA/INJ  Average between NYC [4] and Leidy
Western NY/PA  Bloomberg Dominion Leidy Pa. Natural gas Spot Price
bC, DE, MD Tetco M3
Platts Gas Daily, COLUMBIA, APP, MONTHLY AVERAGE OF DAILY AVERAGE SPOT
WV, KY
GAS PRICE
NC, VA Priced as a discount to Tetco M3
SC, GA Platts SOUTHEAST, AVERAGE, DELIVERED TO PIPELINE, SPOT GAS PRICE
Platts FLORIDA GATES VIA FGT, MONTHLY AVERAGE OF DAILY AVERAGE SPOT GAS
Southeast PRICE
Florida Bloomberg Mid-Continent Natural Gas Spot Price Average
Midcontinent Bloomberg Mid-Continent Natural Gas Spot Price/Chicago City Gate
Midwest Average between Chicago [13] and AECO [22]
Upper Midwest Mixed sources. Bloomberg Colorado Interstate Gas North System Natural Gas Daily Spot
Price; Nat Gas Week Colorado Interstate Kanda WY
. Mixed sources. Bloomberg Natural Gas San Juan Basin Spot Price. Post 1998 Nat Gas
Rockies
Week Blanco NM
Southwest Bloomberg Natural Gas Katy Spot Price
East Texas Bloomberg Natural Gas Waha Hub Spot Price
West Texas Bloomberg Spot Natural Gas Price Huntingdon BC/Sumas WA USD
PNW Mixed sources. Platts MALIN, OREGON, PG&E LINE 400, AVG, CITY-GATE, SPOT GAS
PRICE. Post 2001 Nat Gas week PGT Malin
Northern CA Platts Gas Daily, SOUTHERN CALIFORNIA LARGE PACKAGES, MONTHLY AVERAGE
OF DAILY AVERAGE SPOT GAS PRICE
Southern CA Bloomberg Spot Natural Gas Price/AECO C Hub USD
Western Canada Priced at a discount to NC, VA

Transmission System Representation

GE MAPS honors designated transmission constraints in its commitment and dispatch of
generating units. We used a combination of GE’s standard transmission representation for the East-
ern Interconnection, transmission constraints from publicly available regional studies, and specific
transmission information provided by Dominion. Constraints included:

* Thermal limits on all 500 kV lines in the study region.

» NERC flowgates throughout the Eastern Interconnect.
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» Contingencies and thermal limits identified by GE’s contingency processor as
potentially problematic.

¢ Contingencies listed in the VACAR-TVA-SOUTHERN Study Group’s 2003 Summer
Study published in February 2000,

¢ Contingencies listed in the June 1998 VACAR-ECAR-MAAC Study Committee’s
Interregional Transmission System Reliability Assessment.

* Binding transmission constraints posted on the PJM website,
e Other important constraints identified by Dominion.

We also accounted for several voltage and stability constraints within PJM by limiting the
flow on selected interfaces to levels below their thermal ratings. The Black Oak-Beddington line,
AP South Interface, and PJM East, West, and Central Interfaces were all monitored with limits set to
levels consistent with PIM historical operations.

In order to restrict trade between regions to commercially feasible levels, we also limited
pool-to-pool transfers. Based on TTC limits reported on QASIS, transfer limits reported in regional
transmission studies, NERC reliability assessments, and guidance from Dominion, we imposed the
transfer limits shown in Figure A-2. Note that pool-to-pool transfers are also limited by the physical
transmission limits described above, However, the MAPS model may in some hours use physically
available transmission capacity more efficiently than can generally be accomplished in current
markets, even with the hurdles we have implemented. Hence, these additional transfer limits were
intended to capture practical commercial limits on the amount of power that can be moved across
seams during periods in which physical limits do not bind.
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Figure A-2: Maximum Economic Transfers Between Adjacent RTOs or Control Areas in MW

3000

Environmental Regulations

The opportunity cost of tradable SO, and NOx allowances were added to the variable costs of
all affected units, based on their current emission rates, and projected emission allowance prices.”
We assumed the prices of SO, and NOx allowances as shown in Table A-9. These allowance prices
are based on current trading prices and projections of allowance prices in future years that are
consistent with our fuel price forecasts and the continuation of current emissions limits.”®

NOy adders were applied to units in regions affected by the NOx SIP (State Implementation Plan) Call. Adders
were included only during the NOy season (May through September).
In particular, the NOx SIP Call, the Title I'V national SO, cap, and Title V unit-level NOy emissions limits,
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Table A-9: NOX and SO2 Allowance Prices

Market 2003 2004 2005 2007 2010 2014
s02! $157 $134 5110 $135 $180 $194
SIP Call? $0  $4,800  $4,800 $3,332 $3,741 $4.230
OTR® $7,170 $4,800 $4,800 $3,332 $3,741 $4,230

'2003-2007 RDI BaseCase
2004 - 2005 from March 2003 Airtrends. Post 2006 price from RDI BaseCase
*Cantor Fitzgerald 3/24/03. OTR assumed to fully merge with SIP call market starting in 2004

Projected Hydro Output

CRA used the basic MAPS modeling approach for conventional hydro units, which accounts
for environmental and operating constraints, such as maximum and minimum river flows. Monthly
maximum and minimum generation and total energy are supplied to GE MAPS, and the model
schedules the units to meet these requirements and shave peak loads. We used historical seasonal
patterns for each individual hydro unit as a proxy for future seasonal generation (monthly GWh).
The historical data were taken from EIA-759 form information as reported in the RDI database.

For pumped storage units, we used the generating and pumping capacities, reservoir sizes,
and efficiency levels as specified in the standard GE MAPS database. Where appropriate, CRA
refined the specified capacity and operating characteristic assumptions for the Bath County facility
based on input from Dominion. As note above, the operation of the Bath County unit followed a
pre-specified, stylized schedule, and the standard MAPS procedure determined the dispatch for all
other pumped storage units.

NUG Contracts

Based on guidance from Dominion, CRA modeled certain contractual details for NUGs
within DVP control zone. We modeled all must-take NUGs as fully dispatched, up to capacity
factors consistent with historical operation. Also, the operation of dispatchable NUGs reflected
specified contract energy prices rather than the plants’ variable operating costs. In other words, the
NUGS were dispatched whenever the contract energy price fell below the market price of energy,
making them economic sources of power for Dominion. We assumed that NUG contracts scheduled
to expire during the study period would not be renewed and that the plants would operate on a
merchant basis following the expiry.
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A.3. MAPS MODELING RESULTS

As discussed in section IV of the report, the benefits to Virginia that stem from joining the
expanded PJM RTO are driven by increased ability access lower cost generation from neighboring
regions without substantial impediments to trades, along with the offset to congestion costs provided
by FTR revenue. Several modeling results iflustrate the changes in the unit dispatch and trade
patterns that occur that occur between the Base and Change Cases in Virginia and other areas
throughout the eastern interconnection.

This section present several key outputs from the GE MAPS wholesale market model including:

¢ DVP area net imports.

» Average pool-to-pool transfers.

* Generation by unit type and region,
e LMPs for each regional market.

* Binding transmissi