UNITED STATES OF AMERICA
BEFORE THE
FEDERAL ENERGY REGULATORY COMMISSION

)
PJM Interconnection, L.L.C. ) Docket No. EL21-91-000, -003

)

COMMENTS OF THE INDEPENDENT MARKET MONITOR FOR PIJM
IN OPPOSITION TO OFFER OF SETTLEMENT

Pursuant to Rule 602(f) of the Commission’s Rules and Regulations,’ Monitoring
Analytics, LLC, acting in its capacity as the Independent Market Monitor (“Market Monitor”)
for PJM Interconnection, L.L.C.2 (“PJM”), submits this reply in opposition to the offer of
settlement and Settlement Agreement filed January 31, 2024, by PJM (“Offer”). The
Settlement Agreement is by and among: PJM; American Municipal Power, Inc.; Dynegy
Marketing and Trade, LLC; Hazelton Generation, LLC; ]-POWER USA Development Co.,
Ltd.; LS Power Development, LLC; Old Dominion Electric Cooperative; PJM Industrial
Customer Coalition; and Vistra Corp” (“Settling Parties”).

The Offer does not serve the public interest and should be rejected. This case presents
a straightforward issue. Should resources receiving a special formula rate tied to the recovery
of investment receive, based on a known faulty input, costs based on taxes that they do not
pay. Despite the simple issue presented by this case, redress has been delayed by slow
administration of the tariff revision process by PJM, and by the unnecessarily lengthy
procedures before the Office of Administrative Law Judges. A consequence of this delay is
that for years generators have been collecting from customer revenues to pay taxes that they
do not pay. As of November 17, 2022, refund protection in this Section 206 proceeding

expired.3

1 18 CFR § 385.602(f) (2023).

2 Capitalized terms used herein and not otherwise defined have the meaning used in the PJM Open
Access Transmission Tariff (“OATT”).

3 See PJM Interconnection, L.L.C.; Notice of Institution of Section 206 Proceeding and Refund Effective Date,
Docket No. EL21-19-000, 86 Fed. Reg. 45980 (August 17, 2021); 16 U.S.C. § 824e(b).



The Offer would provide an unjustified windfall to affected black start unit owners of
at least $74.1 million.

Action by the Commission is needed to ensure that the black start unit Capital Cost
Recovery Rate operates as it was intended, allows unit owners recovery of specific
investment costs, sets just and reasonable rates for PJM customers, and serves the public
interest.

Based on the record of this proceeding, including the Affidavit attached to this
pleading, PIM should be required to provide accurate CRF values for units selected for black
start service prior to June 6, 2021. There is no reason why this proceeding cannot be
immediately resolved with the just and reasonable, accurate, implementation of the formula

rates for black start service in PJM.

I. ARGUMENT

A contested offer of settlement may only be approved based on its merits.* A contested
settlement may be approved on its merits under one of the four approaches set forth in
Trailblazer Pipeline Company.5 None of the approaches under Trailblazer Pipeline Company can
be relied on for approval of the Offer. The Offer does not and cannot resolve the single issue,

an issue of material fact, identified in the order setting this matter for hearing.® There is no

4 18 CFR § 385.602(h)(1) (“If the Commission determines that any offer of settlement is contested in
whole or in part, by any party, the Commission may decide the merits of the contested settlement
issues, if the record contains substantial evidence upon which to base a reasoned decision or the
Commission determines there is no genuine issue of material fact.”).

5 The four approaches for approving a settlement under Trailblazer Pipeline Company include: (i)
addressing the contentions of the contesting party on the merits when there is any adequate record;
(ii) approving a contested settlement as a package on the ground that the overall result of the
settlement is just and reasonable; (iii) determining that the contesting party's interest is sufficiently
attenuated such that the settlement can be analyzed under the fair and reasonable standard
applicable to uncontested settlements when the settlement benefits the directly affected settling
parties; or (iv) preserving the settlement for the consenting parties while allowing contesting parties
to obtain a litigated result on the merits. See Trailblazer Pipeline Company, 85 FERC { 61,345 (1998).

6 See PJM Interconnection, L.L.C., 182 FERC { 61,194 at P 32 (“[W]hether, as a result of changes from the
TCJA, the existing CRF values result in a Capital Cost Recovery Rate for generating units that were
selected to provide Black Start Service prior to June 6, 2021 that is unjust and unreasonable. While
the record does not contain conclusive evidence that the existing CRF values include a 35% tax rate,
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record supporting the Offer’s CRF values as just and reasonable, including as a “package.”
The Market Monitor represents the public interest in efficient and competitive markets. The
settlement cannot be analyzed under the fair and reasonable standard applicable to
uncontested settlements because the Offer allows unjust and unreasonable overrecovery of
investment costs, contrary to efficient and competitive markets. There is no possibility of
severing the issues in the manner contemplated under the Trailblazer Pipeline Company
approaches.

Although the Commission encourages settlements, that policy is not a license to
resolve cases at all costs.” An offer of settlement, as in this case, that is unfair, unreasonable,
or against the public interest must be rejected.®

The matter could continue to proceed to hearing. However, this is unnecessary. In the
attached affidavit of Dr. Joseph E. Bowring (“Affidavit”), included pursuant to Rule 602(f)(4),
Dr. Bowring provides sufficient evidence for the Commission to resolve the issues of material
fact set for hearing and to determine just and reasonable CRF values to apply to units selected

for service prior to June 6, 2021.°

the Market Monitor has introduced sufficient evidence that those values may include a 35% tax rate,
raising a disputed issue of material fact as to whether changes to the tax rate render the existing CRF
values unjust and unreasonable. The import of the tax rate in the determination of the CRF value is
a material fact that cannot be determined based on the existing record, which warrants setting the
justness and reasonableness of the existing CRF values for hearing and settlement judge
procedures.”).

7 See, e.g., Arkla Energy Resources, 49 FERC { 61,051, 61,217 (1989); Transwestern Pipeline Co., 9 FERC |
61,075, at 61,166 (1979).

8 See Petal Gas Storage, L.L.C. v. FERC, 496 F.3d 695, 701 (2007) (“[T]he Commission has a duty to
disapprove uncontested settlements that are unfair, unreasonable, or against the public interest”);
citing Mobil Oil Corp. v. FPC, 417 U.S. 283, 314 ("If a [settlement] proposal enjoys unanimous support

.., it could certainly be adopted . . . if approved in the general interest of the public." (emphasis
added) (internal quotation marks omitted)); NorAm Gas Transmission Co. v. FERC, 148 F.3d 1158,
1165 (D.C. Cir. 1998) ("Even if . . . customers had unanimously supported the proposed settlement,
the Commission would still have the responsibility to make an independent judgment as to whether
the settlement is 'fair and reasonable and in the public interest.™); Tejas Power Corp. v. FERC, 908
F.2d 998, 1003 (D.C. Cir. 1990) ("Commission may approve uncontested settlement only upon a
finding that the settlement appears to be fair and reasonable and in the public interest." (internal
quotation marks omitted)).

9 See 18 CFR § 385.602(h)(1).


https://advance.lexis.com/search/?pdmfid=1000516&crid=85e15a8c-1eaf-4eee-a332-d85b803bc252&pdsearchterms=496+F.3d+at+701&pdtypeofsearch=searchboxclick&pdsearchtype=SearchBox&pdstartin=hlct%3A1%3A1&pdsavestartin=true&pdpsf=&pdqttype=and&pdquerytemplateid=urn%3Aquerytemplate%3Abff169a9d4599e00d4b5c5d24bcf7a3a%7E%5EEnergy%2520%2526%2520Utilities%2520Law&pdsf=&pdsourcetype=all&ecomp=qd1vkkk&earg=pdsf&prid=7816ad88-0c7e-458a-87b7-62c640c4dc8c
https://advance.lexis.com/search/?pdmfid=1000516&crid=85e15a8c-1eaf-4eee-a332-d85b803bc252&pdsearchterms=496+F.3d+at+701&pdtypeofsearch=searchboxclick&pdsearchtype=SearchBox&pdstartin=hlct%3A1%3A1&pdsavestartin=true&pdpsf=&pdqttype=and&pdquerytemplateid=urn%3Aquerytemplate%3Abff169a9d4599e00d4b5c5d24bcf7a3a%7E%5EEnergy%2520%2526%2520Utilities%2520Law&pdsf=&pdsourcetype=all&ecomp=qd1vkkk&earg=pdsf&prid=7816ad88-0c7e-458a-87b7-62c640c4dc8c
https://advance.lexis.com/search/?pdmfid=1000516&crid=85e15a8c-1eaf-4eee-a332-d85b803bc252&pdsearchterms=496+F.3d+at+701&pdtypeofsearch=searchboxclick&pdsearchtype=SearchBox&pdstartin=hlct%3A1%3A1&pdsavestartin=true&pdpsf=&pdqttype=and&pdquerytemplateid=urn%3Aquerytemplate%3Abff169a9d4599e00d4b5c5d24bcf7a3a%7E%5EEnergy%2520%2526%2520Utilities%2520Law&pdsf=&pdsourcetype=all&ecomp=qd1vkkk&earg=pdsf&prid=7816ad88-0c7e-458a-87b7-62c640c4dc8c
https://advance.lexis.com/search/?pdmfid=1000516&crid=85e15a8c-1eaf-4eee-a332-d85b803bc252&pdsearchterms=496+F.3d+at+701&pdtypeofsearch=searchboxclick&pdsearchtype=SearchBox&pdstartin=hlct%3A1%3A1&pdsavestartin=true&pdpsf=&pdqttype=and&pdquerytemplateid=urn%3Aquerytemplate%3Abff169a9d4599e00d4b5c5d24bcf7a3a%7E%5EEnergy%2520%2526%2520Utilities%2520Law&pdsf=&pdsourcetype=all&ecomp=qd1vkkk&earg=pdsf&prid=7816ad88-0c7e-458a-87b7-62c640c4dc8c
https://advance.lexis.com/search/?pdmfid=1000516&crid=85e15a8c-1eaf-4eee-a332-d85b803bc252&pdsearchterms=496+F.3d+at+701&pdtypeofsearch=searchboxclick&pdsearchtype=SearchBox&pdstartin=hlct%3A1%3A1&pdsavestartin=true&pdpsf=&pdqttype=and&pdquerytemplateid=urn%3Aquerytemplate%3Abff169a9d4599e00d4b5c5d24bcf7a3a%7E%5EEnergy%2520%2526%2520Utilities%2520Law&pdsf=&pdsourcetype=all&ecomp=qd1vkkk&earg=pdsf&prid=7816ad88-0c7e-458a-87b7-62c640c4dc8c

II. CONCLUSION

The Market Monitor opposes the Offer. The Offer should be rejected. Rather than

reinstitute the hearing process, the matter should be resolved expeditiously based on the

record, including the facts established in the attached affidavit.

Joseph E. Bowring

Independent Market Monitor for PIM
President

Monitoring Analytics, LLC

2621 Van Buren Avenue, Suite 160
Eagleville, Pennsylvania 19403

(610) 271-8051
joseph.bowring@monitoringanalytics.com

John Hyatt

Senior Economist

Monitoring Analytics, LLC

2621 Van Buren Avenue, Suite 160
Eagleville, Pennsylvania 19403
(610) 271-8050
john.hyatt@monitoringanalytics.com

Dated: February 20, 2024

Respectfully submitted,
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Jetfrey W. Mayes

General Counsel

Monitoring Analytics, LLC

2621 Van Buren Avenue, Suite 160
Eagleville, Pennsylvania 19403
(610) 271-8053
jeffrey.mayes@monitoringanalytics.com



CERTIFICATE OF SERVICE

I hereby certify that I have this day served the foregoing document upon each person
designated on the official service list compiled by the Secretary in this proceeding.
Dated at Eagleville, Pennsylvania,

this 20t day of February, 2024.
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Jetfrey W. Mayes

General Counsel

Monitoring Analytics, LLC

2621 Van Buren Avenue, Suite 160
Eagleville, Pennsylvania 19403
(610) 271-8053
jeffrey.mayes@monitoringanalytics.com
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Exhibit No. IMM-0001
Docket No. EL21-91-000, -003

UNITED STATES OF AMERICA
BEFORE THE
FEDERAL ENERGY REGULATORY COMMISSION

PJM Interconnection, L.L.C. ) Docket No. EL21-91-000, -003

Q1.

AFFIDAVIT OF JOSEPH E. BOWRING

ON BEHALF OF THE INDEPENDENT MARKET MONITOR FOR PJM

PLEASE STATE YOUR NAME AND POSITION.

A. My name is Joseph E. Bowring. | am the Market Monitor for PJM. | am the

Q2.

1

2

3

President of Monitoring Analytics, LLC. My business address is 2621 Van Buren
Avenue, Suite 160, Eagleville, Pennsylvania. Monitoring Analytics serves as the
Independent Market Monitor (IMM) for PJM, also known as the Market Monitoring
Unit (MMU or Market Monitor). Since March 8, 1999, | have been responsible for
all the market monitoring activities of PJM, first as the head of the internal PJM
Market Monitoring Unit and, since August 1, 2008, as President of Monitoring
Analytics. The market monitoring activities of PJM are defined in the PJIM Market
Monitoring Plan, Attachment M and Attachment M-Appendix to PJM Open Access
Transmission Tariff (OATT).!

WHAT IS THE PURPOSE OF YOUR TESTIMONY?

The purpose of my testimony is to explain: (1) the nature and purpose of the formula
rate at issue in this proceeding; (2) how the existing Capital Recovery Factor (CRF)
values for generating units that were selected to provide Black Start Service prior to
June 6, 2021 were calculated;? (3) why, as a result of changes resulting from the Tax
Cuts and Jobs Act (TCJA),? the existing CRF values that result in a Capital Cost
Recovery Rate for generating units that were selected to provide Black Start Service
prior to June 6, 2021, are unjust, unreasonable, and unduly discriminatory or
preferential; (4) how the inputs to the existing formula rate should be adjusted to

See PJM Interconnection, L.L.C., 86 FERC 1 61,247; 18 CFR § 35.34(k)(6).
See PJM OATT Schedule 6A Para. 18.
Tax Cuts and Jobs Act of 2017, Pub. L. No. 115-97, 131 Stat. 2054 (2017).

-1-
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Exhibit No. IMM-0001
Docket No. EL21-91-000, -003

produce a correct Capital Cost Recovery Rate for such units; and (5) why the
settlement proposed January 31, 2024, has not been shown to be just and reasonable
and should not be approved.

PLEASE PROVIDE A SUMMARY OF THE CENTRAL ISSUE IN THIS
CASE.

The inputs to the formula rate for black start capital cost recovery changed as a
result of tax law changes that became effective on January 1, 2018. The result was
that the correctly calculated CRF rates decreased significantly. PJM failed to reflect
those changed inputs in the rates paid to black start owners. PJM failed to change
the CRF rates after being notified of the issue by the Market Monitor. PJM finally
changed the CRF rates in a filing approved by order issued August 10, 2021, but
those rates failed to address the ongoing overpayments to black start resources
which had been selected to enter service prior to June 6, 2021.4 PJIM’s approach and
the approach of the proposed settlement in this case both misunderstand the
fundamental purpose of the CRF provision. That purpose is to ensure the payment
of 100 percent of the defined return to investors. PJM’s approach and the settlement
approach would both result in substantial overpayment to all affected black start
units. This is a factual matter.

Q4. WHAT ISSUE(S) DID THE COMMISSION SET FOR HEARING?

A. The Commission’s March 24, 2023 order set the following issue of fact for hearing:

4

[W]hether, as a result of changes from the TCJA, the
existing CRF values result in a Capital Cost Recovery
Rate for generating units that were selected to provide
Black Start Service prior to June 6, 2021 that is unjust
and unreasonable. While the record does not contain
conclusive evidence that the existing CRF values
include a 35% tax rate, the Market Monitor has
introduced sufficient evidence that those values may
include a 35% tax rate, raising a disputed issue of
material fact as to whether changes to the tax rate render
the existing CRF values unjust and unreasonable. The
import of the tax rate in the determination of the CRF

See PJM Interconnection, L.L.C., 176 FERC § 61,080.

-2-
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Docket No. EL21-91-000, -003

value is a material fact that cannot be determined based
on the existing record, which warrants setting the
justness and reasonableness of the existing CRF values
for hearing and settlement judge procedures.®

Q5. HOW DO YOU RESPOND TO THE ISSUES SET FOR HEARING?

A. The Commission noted that the Market Monitor had provided sufficient evidence to

raise the issue but did not find that there was conclusive evidence as to the tax rate
included in the CRF calculations. This testimony provides dispositive evidence that
the existing CRF rates were based on a 36 percent tax rate, including 2005 affidavits
from Market Monitor witnesses and public PJM reports. ® ” AMP and ODEC cited
the same PJM report.8 This testimony provides dispositive evidence that the existing
CREF rates were based on the use of MACRS depreciation, including 2005 affidavits
from Market Monitor witnesses and public PJM reports. As a result, this testimony
demonstrates that the existing CRF rates that PJIM continues to apply to black start
resources selected prior to June 6, 2021, are simply wrong and therefore unjust and
unreasonable because the CRF rates do not include the actual tax rate and
depreciation provisions that became effective on January 1, 2018.

Once the factual issue is resolved, the issue of how to determine the appropriate
going forward CRF rates for units selected prior to June 6, 2021, must be resolved,
in order to ensure just and reasonable recovery of their discrete investment under the
applicable formula rate.

The offer of settlement does not address the only issue explicitly set for hearing. The
offer of settlement includes, without justification, CRF rates that are calculated
incorrectly even on their own terms and are inconsistent with the Commission
approved CRF rates that account for the TCJA changes in the tax code. In addition,
the settlement fails, without explanation, to address the fact that the CRF rate is

See PJM Interconnection, L.L.C., 182 FERC {61,194 at P 32.

Comments of the Independent Market Monitor for PJM at 6, Docket No. ER21-
1635-000 (April 28, 2021).

Id. at footnote 15.

Protest of American Municipal Power, Inc. and Old Dominion Electric
Cooperative at 3, Docket No. ER21-1635-000 (April 28, 2021).

-3-
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Exhibit No. IMM-0001
Docket No. EL21-91-000, -003

designed to ensure full recovery of a return on and of capital over the defined term
of the CRF, no more and no less.

IS YOUR APPROACH RETROACTIVE RATEMAKING?

No. The CRF is a formula rate that defines total payments over a defined term. If the
CRF is overstated in the early years, regardless of the reason, it can be reduced in
the later years in order to produce the intended result over the entire term. That is
not retroactive ratemaking as it does not require the repayment of payments made
under a stated or filed rate. The proposed going forward adjustment to the formula
produces an outcome that is the only outcome consistent with the purpose of this
specific formula rate for CRFs, to provide 100 percent of the defined return to both
debt and equity investors over the defined term of the CRF.

Note that this is very different from standard cost of service ratemaking that sets a
stated rate that remains in place until it is changed by a subsequent decision of the
Commission. That is the essential difference between a stated rate and a formula
rate designed to recover capital costs over a defined term.

PLEASE DESCRIBE THE NATURE AND PURPOSE OF THE RATE AT
ISSUE IN THIS PROCEEDING.

The specific rate at issue in this proceeding is a formula rate included in Paragraph
18 of Schedule 6A of the OATT (Schedule 6A). The formula rate in Schedule 6A
compensates black start service units included in PJM’s system restoration plan.
PJM relies on the black start system restoration plan to restore service if there is a
system wide black out event, a shut down of the PJM transmission system.

The formula rate included in Schedule 6A is:

(Fixed BSSC) + (Variable BSSC) + (Training Costs)
+ (Fuel Storage Costs)} * (1 + 2)

Only the Fixed BSSC term of the formula is at issue in this proceeding and even
more specifically only the CRF component of the Fixed BSCC as it applies to black
start units selected to enter service before June 6, 2021, is at issue in this
proceeding. Selected to enter service means that PJM selected the black start
resource pursuant to a PJIM RFP process prior to June 6, 2021, and does not refer to
the date that the resource actually began providing service.
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There are three options for calculating the Fixed BSSC term: the Base Formula
Rate; the Capital Cost Recovery NERC-CIP Specific Recovery; and the Capital
Cost Recovery Rate.

The first option is the Base Formula Rate for Fixed BSSC:
(Net CONE * Black Start Unit Capacity * X.)

The Base Formula Rate formula calculates a rate based on the net cost of new entry
(Net CONE) for a new unit in the PJM capacity market in $/MW-day, multiplied by
the Black Start Unit Capacity in MW, multiplied by an allocation factor X which is
defined to be .02 for CTs (combustion turbine generators). The Net CONE value is a
parameter of the PJIM Capacity Market and has nothing directly to do with the cost
of units providing black start service.

The Base Formula Rate for Fixed BSSC does not provide for the recovery of a
specific capital investment in black start capability. The default Fixed BSSC is not
based on the cost of the black start resource. The Base Formula Rate in Paragraph
18 is not a cost of service rate.

The second option is the Capital Cost Recovery NERC-CIP Specific Recovery, a
special purpose Fixed BSCC that allows existing black start units to recover
incremental costs associated with compliance with NERC reliability standards.®
The formula for Capital Cost Recovery NERC-CIP Specific Recovery is:

(Net Cone * Black Start NERC-CIP Unit Capacity * X) + (Incremental Black Start
NERC-CIP Capital Costs * CRF) + (Fuel Assurance Capital Costs * CRF)

The third option, the Capital Cost Recovery Rate, is at issue in this proceeding. 1°
The Fixed BSCC formula is:

(FERC-approved rate) + (Incremental Black Start Capital Costs * CRF) + (Fuel
Assurance Capital Costs * CRF)

See PJM Interconnection, L.L.C., 127 FERC 1 61,197, at P 39; order on
compliance filing 1, 128 FERC { 61,249 (September 17, 2009); delegated order on
compliance filing 2 (November 17, 2009).

This option was established by the Commission in 2011. See PIJM
Interconnection, L.L.C., 138 FERC 1 61,020; PJM Filing, Docket No. ER11-1440
(August 30, 2011) at 9.
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The issue in this case is the correct CRF values for black start resources that are paid
under the Capital Cost Recovery Rate.

As there is no “FERC-approved rate” component of the rates for the units at issue in
this proceeding, the “FERC approved rate” component is effectively zero dollars.

None of the black start resources at issue have any Fuel Assurance Capital Costs to
date.

Therefore, the effective Fixed BSCC formula for purposes of this proceeding is:
(Incremental Black Start Capital Costs * CRF)

The CRF provides for the recovery of a discrete, defined investment in black start
capability over a defined period, after which the payment for black start transitions
to the default fee for the remainder of the black start service provided.

. WHAT IS ACRF?

CRF means capital recovery factor. A CRF is a rate which when multiplied by the
investment in an asset results in an equal annual revenue requirement over the
defined term of the CRF. That annual revenue requirement provides for full
recovery of the investment costs and a return on that investment over the defined
term of the CRF. CRF is a general financial concept broadly applicable across
investments and industries.

WHAT IS THE PURPOSE OF THE CRF RATE FOR BLACK START
REVENUE REQUIREMENTS?

The CRF calculations in the PJIM OATT were originally developed for use in
defining market seller offer caps in PJM capacity market auctions.'* The purpose of
the CRF values in the capacity market was to explicitly match the return of and on
capital to the expected life of the incremental investment in capacity resources,
defined as APIR in the OATT, Attachment DD. ? At the time of the establishment
of the RPM capacity market rules, coal units with relatively short expected
remaining lives were required to make large investments in environmental controls.

See PJM Interconnection, L.L.C., 117 FERC { 61,331 (2006); OATT Attachment
DD § 6.8(a).

See OATT Attachment DD 8§ 6.8(a).

-6-



~ o DN

15Q 11.

16
17

18
19
20
21
22
23

13

14

15

16

17

Exhibit No. IMM-0001
Docket No. EL21-91-000, -003

As a result, it was necessary to provide for different time periods over which the
opportunity for full recovery of capital costs could occur. The CRF table defined
CREF levels for a range of expected asset lives with a defined set of input variables
and values.

HOW WERE THE EXISTING CRF VALUES CALCULATED FOR
GENERATING UNITS THAT WERE SELECTED TO PROVIDE BLACK
START SERVICE PRIOR TO JUNE 6, 20217

. The CRF values were included in the initial RPM filing in 2005.2 The Market

Monitor calculated the CRF values and affidavits attached to the RPM filing by
Joseph Bowring and Raymond Pasteris provide a description of the CRF calculation
and the model assumptions.!# *> The CRF values were added to Schedule 6A in
2009 to allow for the recovery of new or additional fixed black start capital costs.*®
It was explicit at the time of the filing that the CRF rate was a specifically defined
formula rate and not a stated rate.’

WERE THE CRF VALUES ALWAYS BASED ON EXPLICTLY STATED
INPUT VALUES, INCLUDING THE APPLICABLE FEDERAL INCOME
TAX RATE?

. Yes. There are six defined inputs to the CRF formula: debt to equity ratio, rate of

return on equity, interest rate on debt, federal income tax rate, state income tax rate
and depreciation factors. These inputs were stated explicitly the very first time that
PJM filed the CRF rates in the capacity market filing. The Market Monitor
developed the CRF method that was incorporated in the CRF tables in the PIM
OATT.

PJM Filing, ER05-1410 (August 31, 2005) Tab C (Revised Original Sheet No.
590).

Id., Tab G (Affidavit of Joseph E. Bowring) at 23.

Id., Tab I (“Independent Study to Determine Cost of New Entry Combustion
Turbine Power Plan Revenue Requirement,” Attachment to the Affidavit of
Raymond M. Pasteris on Behalf of PJM Interconnection, L.L.C.) at 3-4.

PJM Filing, Docket No. ER09-730 (February 19, 2009) at 7.
Id. passim.
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IS THE CRF CALCULATION A BLACK BOX CALCULATION?

No. The CRF calculation is not and has never been a black box calculation. The
CREF calculation is based on a limited set of known inputs that result in the defined
CRF values that were first listed in a table in Attachment DD to the PJM OATT.

IS THE FEDERAL INCOME TAX ONE OF THE INPUTS TO THE CRF
CALCULATION?

. Yes. The federal income tax rate is one of the explicitly state inputs to the CRF

calculation. The original CRF calculations explicitly include a federal income tax
rate of 36 percent that was stated repeatedly publicly by both PJM and the Market
Monitor.!8

HAS THE MARKET MONITOR USED DIFFERENT APPROACHES TO
DEFINING THE CRF FORMULA?

. Yes. The Market Monitor has used different approaches but all of them are

substantively identical. The Market Monitor used a multiyear financial model to
calculate the CRF values that were included in Attachment DD to the PJM OATT.
That financial model included repayment of debt on a fixed mortgage style schedule
and recognized that all net revenue in excess of costs including debt costs and tax
obligations flow to the equity owner of the asset. This approach is called the flow to
equity (FTE) approach.

In 2021, the Market Monitor developed a formula that is the equivalent of the
multiyear financial model for calculating CRF values.*® However, the formula used
the weighted average cost of capital (WACC) approach to defining returns to debt
holders and equity owners. The WACC approach maintains a constant debt to equity
ratio by attributing net revenue in excess of costs to both debt holders and equity
owners in proportion to the debt to equity ratio. That formula was filed by PJM and
approved by the Commission and is now both in Attachment DD and Schedule 6A
of the PJM OATT.

See Exhibits Nos. IMM-0001}, -0002, -0003, -0004, -0005, -0006, 0007, -0008, -
0009, -0010, -0011, -0012, -0013, attached.

Comments of the Independent Market Monitor for PJM at 16, ER21-1635-000
(April 28, 2021).
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As part of the Market Monitor’s responses to Commission Staff discovery in this
case, the Market Monitor clarified that the FTE approach correctly reflects the
ownership interests in net revenue in excess of costs.?’ The FTE approach is the
correct way to calculate CRF values.

The Market Monitor developed and provided the CRF formula based on the FTE
approach as part of the responses to Staff discovery.

WHAT IS THE RELATIONSHIP BETWEEN THE CRF TABLE IN
ATTACHMENT DD AND THE CRF TABLE IN SCHEDULE 6A?

The table of CRF values based on the CRF table in Attachment DD was included in
Schedule 6A for black start because the issue was the same issue addressed in the
capacity market. The issue was how to match the expected or intended life of the
asset (black start investment) to the recovery of the capital costs using equal annual
payments for a range of different recovery periods. The financial calculation is the
same for any asset if the inputs are the same. The inputs were the same for the
capacity market and the black start cost recovery. One important difference between
the two applications of CRF is that the CRF is intended to pay black start owners the
exact amount of the CRF revenue requirement while in the capacity market, the
CRF/APIR calculation changes the market seller offer cap and provides the
opportunity to receive the full annual revenue requirement in the capacity market.

DOES SCHEDULE 6A PROVIDE FOR FULL RECOVERY OF CAPACITY
COSTS OVER A DEFINED PERIOD?

Yes. Schedule 6A provides that at the conclusion of the recovery of the specific and
discrete investment cost over the defined term of the recovery period, recovery of
the investment cost using the Capital Cost Recovery Rate is complete. The Capital
Cost Recovery Rate is specifically designed for the recovery of a discrete fixed
capital investment. When the Capital Cost Recovery Rate has served its purpose,
continued black start service is then compensated under the default rate.

WHAT IS THE DIFFERENCE BETWEEN A STATED RATE AND A
FORMULA RATE?

A stated rate is a fixed value approved by the Commission. A formula rate is a
formula approved by the Commission with defined inputs. As input values change,

See Exhibit No. IMM-0014, attached.
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the new values are used in the formula to calculate the applicable rate. The Capital
Cost Recovery Rate is a formula rate. The CRF, a component of the Capital Cost
Recovery Rate, is a specific formula rate with clearly defined characteristics that
distinguish it from other formula rates.

WHY DO THE EXISTING CRF VALUES RESULT IN AN
OVERRECOVERY OF CAPITAL COSTS FOR BLACK START UNITS
SELECTED PRIOR TO JUNE 6, 20217

The CRFs, when multiplied by the capital investment amount, result in an annual
revenue payment that is sufficient to provide for the return on and return of the
capital investment and to provide for the income taxes associated with the annual
revenue payment over the term of the CRF.

The original CRF formula, that resulted in values calculated by the Market Monitor
and proposed by PJM for inclusion in the OATT in 2005, and included in Schedule
6A of the PJIM OATT in 2009, was based on a federal income tax rate of 36 percent
and depreciation using the 15 year Modified Accelerated Cost Recovery System
(MACRS).

The TCJA reduced the income tax rate for existing and new investments, including
black start investments, effective January 1, 2018. The TCJA reduced the federal
corporate income tax rate to 21 percent. The TCJA also included a provision that
allows for 100 percent bonus depreciation for property placed in service after
September 27, 2017, and before January 1, 2023.2* 22

The result was a significant reduction in the CRF for black start investments. The
continued application of the CRF rates that include higher than actual tax
obligations has resulted in customers paying black start owners a windfall equal to
the impact of the reduction in tax obligations under the TCJA. Customers paid and
are paying for the capital costs of black start resources as if those resources were
obligated to pay taxes at the prior high rate when those resources were actually
paying taxes at a much lower rate.

Tax Cuts and Jobs Act, Pub. L. No. 115-97, 131 Stat. 2096, Stat. 2105 (2017) at
Subtitle C, Part I, SEC. 13001.

Id. at Subtitle C, Part 111, SEC. 13201.

-10 -
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PJM should have reduced CRF rates immediately, effective January 1, 2018, for all
existing and new black start resources. The result would have been to ensure that all
black start owners received what they reasonably expected when PJM selected them
to provide black start service and to ensure that all customers paid what they
reasonably expected. Those reasonable expectations included a return on and of the
capital invested to provide black start service, over the defined recovery period.

PJM was notified of the CRF errors in 2019. Eighteen months later, in April 2021,
PJM filed to update the CRF and at that time argued the original CRFs were black
box values that could not be updated for existing black start providers. PJM
recognized in 2020 that the federal income tax rate in the CRF values needed to be
corrected from 36 percent to 21 percent.?®

WHAT HAS BEEN THE RESULT OF THE FAILURE TO CORRECTLY
CALCULATE THE CRF VALUES?

There are 49 black start generators that have received payments based on the
outdated CRFs that reflect federal income tax rates and depreciation schedules
corresponding to the tax laws in effect prior to the passage of the TCJA. The 49
generators include 29 black start generators that began providing black start service
prior to September 27, 2017, and would not have been eligible for bonus
depreciation under the TCJA. Of those 29 black start generators, 11 completed their
capital recovery terms between January 1, 2018, and June 2021. The 11 generators
that completed their capital recovery terms are not part of the settlement. The excess
payments to these 29 generators were due to the change in the federal income tax
rate alone and were not affected by the changes to depreciation rules. Of the 49
black start generators, 20 began black start service after September 27, 2017, and
before January 1, 2023, and received excess payments as a combined result of the
change in the federal income tax rate and the change in depreciation rules included
in the TCJA. Of the 38 black start generators that have not completed their capital
recovery terms, 24 generators will complete their capital recovery terms in 2024 and
2025. An additional 8 generators will complete their capital recovery terms in 2026.
The last 6 generators will complete their capital recovery terms from 2035 through
2040.

See Exhibit IMM-0013 at 9, attached, Black Start Education, PJM Interconnection,
L.L.C., PJM Operating Committee Meeting (May 14, 2020).

-11 -
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HOW SHOULD THE EXISTING CAPITAL COST RECOVERY RATE FOR
THE PRE JUNE 6, 2021 UNITS BE ADJUSTED?

The CREF rates going forward should be recalculated, using the formula and the
correct inputs, in order to ensure that the purpose of the CRF is met, and that black
start units are correctly compensated over the defined term of the CRF for each such
unit. That recalculation should reflect the return of capital already received by
existing black start units under the applied CRF values to date, and, as a result,
eliminate the over recovery that would result under the settlement proposal CRF
values. The CRF values should be set at a level that pays for the full tax liability and
the full return on the black start capital investment (rate of return or cost of capital)
and the full return of the black start capital investment (depreciation) over the full
term of the CRF. The weighted average cost of capital paid to black start owners
over the full term of the CRF should be exactly as explicitly included in the original
CRF values. A description of this proposal and a formula for calculating the updated
CRF are included in the Market Monitor’s Comments in this docket.

CAN YOU EXPLAIN WHY THE PROPOSED SETTLEMENT SHOULD
NOT BE APPROVED?

For the black start resources placed in service after September 27, 2017, the
proposed settlement recalculates the annual revenue requirement for black start units
by multiplying the original capital investment by an updated, but incorrectly
calculated, CRF corresponding to the original cost recovery term. The settlement,
for unexplained reasons, fails to use the going forward rate already approved by the
Commission. The settlement substitutes unsupported and demonstrably incorrect
CREF rates for the Commission approved rates. Even if the settling parties do not
agree that the CRF should correctly account for capital recovery over the entire term
of the CRF and should only be corrected going forward, the CRF rates are wrong.
The settlement CRF rates with zero bonus depreciation are correct for resources
placed in service before September 27, 2017. However, none of the settlement rates
account for the capital recovery calculated over the full term of the CRF rates.

The updated CRFs were incorrectly calculated using the correct components of the
CRF formula in Schedule 6A, section 18 of the PIM OATT, but with the incorrect
input values. The financial parameter assumptions for the settlement CRFs are

See Comments of the Independent Market Monitor for PJM, Docket No. EL21-91-
000 (November 11, 2021), corrected (November 18, 2021), at 19-26.

-12 -
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shown in Table 1. The federal income tax rate is the only parameter that was
updated to calculate the proposed settlement CRFs. If a resource that began black
start service in 2020 had an initial investment of $1 million with the five year
recovery option, the original capital recovery payment would be $363,000, and the
updated capital recovery payment would be $309,700. Table 2 compares the original

and proposed settlement CRFs.

Table 1 Parameter Assumptions

Parameter Description
Percent funding equity
Percent funding debt
Return on equity

Debt interest rate

Federal income tax rate
State income tax rate
Bonus depreciation percent
Depreciation rate

Parameter Value
50.0%

50.0%

12.0%

7.0%

21.0%

9.0%

0.0%

MACRS15

Table 2 Original CRFs and Proposed Settlement CRFs

Capital
Recovery
Period (Years)  Original CRF
5 0.3630
10 0.1980
15 0.1460
20 0.1250

Proposed
Settlement CRF
0.3097

0.1767

0.1348

0.1180

The proposed settlement values are incorrect for the following reasons:

1. The depreciation assumption of 0.0 percent bonus depreciation is not correct
for 20 of the 38 resources seeking settlement. These 20 resources were eligible
for 100 percent bonus depreciation. Bonus depreciation allows 100 percent of
the capital investment to be depreciated in the first year of operation. The
proposed settlement CRFs assume 15 year MACRS depreciation rates. Bonus
depreciation significantly reduces the income tax liability compared to
MACRS. The proposed settlement CRFs are 14 to 25 percent higher than the
correctly calculated rates using the actual bonus depreciation rules in the tax
code as a result of the use of the 15 year MACRS rates. Table 3 shows the
CRFs with both zero percent and 100 percent bonus depreciation, and all other
parameter values as listed in Table 1.

-13-
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Table 3 Proposed Settlement CRFs with bonus depreciation

Settlement

Capital Proposal CRF with
Recovery Settlement 100 percent bonus Percent
Period (Years) Proposal CRF depreciation  Difference
5 0.3097 0.2475 (20%)
10 0.1767 0.1487 (16%)
15 0.1348 0.1175 (13%)
20 0.1180 0.1031 (13%)

2. The proposed settlement CRFs will result in a wide disparity in the actual
achieved returns on equity by unit. The CRF is designed to provide a 12
percent return on equity. The realized returns on equity for the 38 generators
under the proposed settlement would range from 12.8 percent to 59.8 percent.
The average realized return on equity would be 33.9 percent. The returns vary
due to the length of the capital recovery period, the service start date and
whether the resources are eligible for bonus depreciation. Table 4 provides a
breakdown of the return levels based on bonus depreciation eligibility. The
Market Monitor’s proposal would provide a 12 percent return on equity to all
generators except those for which the over recovery is already too high to
reach that result.

Table 4 Realized returns under the proposed settlement agreement

Realized return on equity under the
proposed settlement

Number of
generators  Minimum Maximum  Average

Started black start service before

September 27, 2017 and currently

receiving capital cost recovery payments 18 12.8% 15.1% 14.7%
Started black start service after

September 27, 2017 and currently

receiving capital cost recovery payments 20 21.6% 59.8% 51.2%

All generators that are part of settlement 38 12.8% 59.8% 33.9%

-14 -
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3. The capital recovery period is not correct. The settlement CRF calculations

should reflect the remaining capital recovery period, which in some cases, is
less than one year.

. The capital investment amount is not correct. The capital investment amount

should reflect capital already recovered under the existing CRF rates. Each of
the resources has received capital recovery payments for several years as
defined by the CRF applied. That CRF included an incorrect definition of the
income tax liability. In some cases, the equity capital has been completely
returned to the equity investors plus the defined return on equity. The only
reason to continue any CRF payments when the equity has been fully recovered
plus the defined return on equity is to repay any debt obligations that have not
been fully repaid.

. The settlement CRF values are calculated using the weighted average cost of

capital (WACC) model which assumes a constant debt to equity ratio during the
capital recovery period. The original CRF values were calculated using a flow
to equity (FTE) model. The FTE model recognizes that the debt is repaid
according to a predetermined payment schedule with all revenue in excess of
taxes and debt payments going to the equity investor. The FTE model
accurately reflects the cash flows that occur during capital recovery. The FTE
model should be used to revise the CRF values.?®

HOW DOES THE SETTLEMENT COMPARE TO A CORRECT
CALCULATION OF THE CRF VALUES?

A. Under the proposed settlement, customers would pay $15.6 million less in capital

25

recovery payments than if the incorrect CRF values were not changed. But the
proposed settlement still requires the transmission customers to overpay by $74.1
million. See Table 5. The total overpayment if the incorrect CRF values were not
changed would be $89.7 million. The settlement reduces the overpayment by 17.4
percent.

See the Market Monitor’s response to the discovery request S-IMM-1.3 in Exhibit
IMM-0004.

-15 -
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Table 5 Capital recovery payments by customers

Capital Recovery
Payments

2018 - 2040 Overpayment
($ millions)  ($ millions)

Had CRFs been updated on January 1, 2018 $428.7
Current CRFs remain in place $518.4 $89.7
Proposed Settlement $502.8 $74.1

HOW DOES TIMING AFFECT THE POSSIBLE OUTCOMES IN THIS
MATTER?

A. The Commission has indicated that retroactive application of revised CRFs to black

Q 24.

start resources that have completed their capital cost recovery is not a viable
option.2® Twenty four black start resources will complete their capital recovery
terms in 2024 and 2025. Eight black start resources will complete their capital
recovery terms in 2026. Six generators will complete their capital recovery terms
from 2035 through 2040. In the absence of a Commission decision, these black start
resources will continue to be paid based on the incorrect and overstated CRFs
through the full term of their CRFs.

WHAT ARE THE ALTERNATIVES TO THE PROPOSED SETTLEMENT?

A. The Commission can determine that the original federal income tax rate assumption

26

27

is 36 percent. There is ample evidence of this fact.?” In addition, the actual federal
income tax rate incorporated in the existing CRF values is irrelevant. The correct
CREF values can be and have been calculated with the current tax rates. The correct
CREF values are significantly lower than the existing CRF values.

The Commission could accept the Market Monitor’s proposed resolution. If the
Market Monitor’s proposal were implemented effective January 1, 2025, the
overpayment for capital cost recovery would be reduced from $89.7 million to $23.6
million. Table 5 shows the capital recovery payments that would result if the CRFs

176 FERC 1 61,080 (“August 10", 2021 Order™) at 50.

See Attachments A, B and C to Answer and Motion for Leave to Answer of the
Independent Market Monitor for PIJM, EL21-91-000 (May 10, 2023).
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were corrected effective January 1, 2025. The reduction would be larger if the CRFs
were corrected before an effective date of January 1, 2025.

Under the Market Monitor’s proposal, an updated CRF is calculated for each unit.
The unit specific updated CRF reflects the remaining unrecovered capital
investment and the remaining years of capital recovery as of the date of
implementing the updated CRF. The updated CRF values reflect the actual capital
recovery to date based on the overstated CRF values and the correspondingly
reduced requirement for the balance of the period. The capital recovery payment
totals in Table 5 do not include separate refunds or disgorgement of previous
payments to the black start generators.

To reduce the overpayment below $23.6 million it would be necessary to require
refunds from black start resources that have completed their CRF terms using the
overstated CRFs or that have already received 100 percent or more of their full
capital recovery. The Commission established a 15 month refund period that began
in August 2021.28 The 15 month refund period has expired.

Table 6 Market Monitor resolution compared to settlement proposal

Capital Recovery
Payments

2018 - 2040 Overpayment
($ millions)  ($ millions)

Had CRFs been updated on January 1, 2018 $428.7

Current CRFs remain in place $518.4 $89.7
Proposed Settlement $502.8 $74.1
Market Monitor - Updated CRFs beginning January 1, 2025 $452.3 $23.6

18 Q 25. DOES THIS CONCLUDE YOUR TESTIMONY?

19

28

A. Yes.

August 10", 2021 Order at 54.

-17 -
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1 The Basics of CRF

A capital recovery factor (CRF) is used to convert a principal amount of capital into an equivalent
stream of uniform payments. A typical CRF formula found in engineering economics textbooks
is given in equation (1.1).!

(1.1)

r(1+7r)V

CRF = —F—«——
1+nrV-1

Variable r is an interest rate, N is the number of uniform annual payments and payments are
assumed to occur at the end of year. To derive equation (1.1) the CRF is first denoted by c,
allowing the annual payment to be stated as A = cK, where K is the capital investment. Then ¢
is the value that solves the following present value equation,

N
P cK
B Z (1+7))
j=1

=<k 2, (757)

u\l+T7
j=1

The summation in the equation above is a finite geometric series. A general formula for the sum

of a finite geometric series is given by

1.2)

w UH
Z 17j — (1 _ UW_H+1) ]
: 1-v

j=H

H and W are positive integers and v is any number except one (v # 1). It is straightforward
exercise to show that equation (1.2) is valid. If S is the sum on the left hand side of equation (1.2),
then § — vS = v — v"W*1 and solving for S gives the right hand side of (1.2).

Using equation (1.2) with H =1, W = Nand v = 1/(1 + r) yields
z( 1 )j_(1+r)"’—1
1+r) r@@+nrN -

Jj=1

Replacing the summation in the present value equation yields

K = ck 1+nrV-1
- ¢ <T(1+T‘)N>

and solving for ¢ produces equation (1.1).

1 For example, see pages 21-22 in “Economic Evaluation and Investment Decision Methods,” Stermole,
F.J. and Stermole, J].M. (1993).
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1.1 CRF That Reflect Taxable Income

The revenue that results from a capital investment is taxable income. The revenue payment 4,
obtained by multiplying the capital investment amount K by the CRF in equation (1.1), would be
too low in cases where the revenue is taxable. The goal, in the presence of taxes, is to have a CRF
for which the product CRF - K yields an annual payment A that will provide the necessary and
sufficient level of revenue to cover the investors’ annual tax payments, and the return on and
return of the capital investment. In other words, over the life of the project, the revenue in excess
of the tax payments and investment return should equal the original capital investment. The
annual revenue payment can be determined by solving an equation where the present value of
the after tax cash flows resulting from annual revenue payment is equal to the initial capital
investment.

The composition of the after tax cash flow is dependent upon capital budgeting model. The flow
to equity (FTE) model was used to develop the original CRF for PJM Black Start Service.2 The FTE
approach discounts the after tax cash flow to the equity investor at the return on equity. The CRF
must satisfy the following present value equation,

E K—i CFj
L +rn)
=1

E - K is the equity portion of the capital investment, CF; is the after tax cash flow to the equity
investor for year j, 7, is the rate of return on equity and the revenue, tax and debt payments are
assumed to occur at the end of the year. The model variables are defined in Table 1. In the FTE
model, the after tax cash flow is revenue net of taxes and the debt payment, and the tax calculation
includes an offset for both depreciation and interest on the debt. The after tax cash flow for year
jis

CF;=cK — (cK — 8K —I;)s — P
=cK(1—5)+8jKs+1Ijs—P
where c is the CRF, K is the total capital investment including debt and equity, I; is the interest

portion of the debt payment P and s is the effective tax rate. Upon replacing CF; in the present
value equation

N N N N
E-K=cK(1 )Z ! +KZ 5 . Z l Pz !
' =C — S S E—— S e m— S —_— —_— .
i (1+7,)! i (1+71,)/ i (1+71,)/ i (1+1,)/
=1 =1 =1 =1

Equation (1.2) withH =1, W = Nand v = 1/(1 + 1) gives

2 Additional details on the flow to equity approach can be found in Section 17.2 in “Corporate Finance,”
Ross, Westerfield, Jaffe, 4th Edition, 1996.
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N
Z _(A+r)V -1
—(1+ re)f r,(1+ )N
and substituting into the previous equation results in

- 1+ -1 N S (A+r)" -1
E'K—CK(1_5)<W>+KS;(1+7~€)J Z 1+re)1 (re(1+re)"’ >

Solving for ¢ yields
(1.3)

AR, - i 5; si b Pa+m)Y-1
TR 1| P4 Ry K4Urn) K n0tnv |
Table 1 Variable descriptions for the FTE capital budgeting model

Variable  Description

K Capital investment (included debt and equity)
E Equity funding percent

le Return on equity

rq Debtinterest rate

P Debt payment

y Interest portion of debt paymentin year |

S Effective tax rate
N Cost recovery period
0; Depreciation factor for year |

Formulas for the debt payment and interest portion of the debt payment, for debt with a term of
N years and assuming end of year debt payments, are given in equation (1.4).

(1.4)
_ Td(l + T'd)N
P=0a E)K(1+rd)N—1
(A +r NI -1
- — j-1 i=1 -
I] (1 E)K'rd(l"‘rd) < (1+’r‘d)N—1 y ] 1 ,N
Using the (1.4)

o - A+r)V I -1\ 1
j—1
Z 1+rc) ;(1 ~ BKralt+ra) ( I+ -1 )(1 + 1))
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= (1-E)K (ﬁ) (1 +r " Z (1

As previously noted

; )j a+ leN:(l +rd)j
+r, a) ~ \1+re
]=

N
Z @+ -1
o (1+ re) (1 +r)V

and equation (1.2) withH =1, W = N and v = (1 + 14)/(1 + 1) gives

1=
~/
N
+|+
o |
N—
~
I

Te — T4 (1 + re)N

(1 +rd)<(1 +r)V —(1+ rd)N>.

Upon replacing the finite geometric series with the expressions above

N
T4 A+r )V =1\ @A +r )V =@ +r)dV
Z — - (1—E)K(—_1> [(1+rd)N< >— .

(1 + rd)N 7"e(l + re)N (re - 7"d)(l + re)N

Replacing the sum of discounted interest payments in equation (1.3) and using (1.4) to replace P
yields the CRF formula in equation (1.5).

(1.5)

3 re(1 +r )N 5
RF = A+ ro" 1] E‘S;(Hre)i

g Q+r )V -1 A+r )V =@ +rdV
(=BT OV — 1 [(1 + rd)N< (L + 1)V ) - < (o — 1) (1 + 1)V )]

ra(1+r )V \ /A +r )V -1
(1 +ry)N — 1) < re(1+r )N >

+a-o)

Substituting the parameter values shown in Table 2 into the CRF formula, assuming a five year
capital recovery period and straight line depreciation yields a CRF of 0.275362. With a capital
investment of $1 million, the annual payment is $275,362.

Table 3 provides a cash flow summary for a $1 million capital investment with a five year cost
recovery period that uses straight line depreciation. The revenue for each year, equal to the
product of the CRF and the capital investment amount, is $275,362. The tax payment for each year
is equal to the effective tax rate times the revenue net of depreciation and the interest portion of
the debt payment. The interest payment in year 1 is equal to the product of the debt interest rate
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and the initial debt of $500,000, and the return on equity in year 1 is equal to the product of the
rate of return on equity and the initial equity investment of $500,000.

Table 2 Financial parameter and tax assumptions®

Parameter
Parameter Value
Equity Funding Percent 50.0000%
Debt Funding Percent 50.0000%
Equity Rate 12.0000%
Debt Interest Rate 7.0000%
Federal Tax Rate 21.0000%
State Tax Rate 9.3000%
Effective Tax Rate 28.3470%
Depreciation (§;, i =1,2,3,4,5) 20.0000%

After accounting for the tax payment, the debt payment and return on equity in year 1, $81,975 is
available as payback to the equity investors. The remaining equity investment is $418,025 at the
end of year 1. The year 2 interest on debt is the product of the debt interest rate and the remaining
debt at the end of year 1. The year 2 return on equity is the product of the rate of return on equity
and the remaining equity investment at the end of year 1. Payback to equity investors is $90,087
in year 2. The cash flows for years 3 through 5 are analogous to the year 2 cash flow.

Table 3 Cash flow summary for 5 year, $1 million investment with straight line depreciation*

Service Year 1 2 3 4 5
Revenue $275,362 $275,362 $275,362 $275362 $275,362
Depreciation $200,000 $200,000 $200,000 $200,000 $200,000
Interest on debt $35000  $28914  $22402  $15434 $7,978
Tax payment $11,441 $13,167 $15,013 $16,988 $19,101
Debt payment $121,945 $121,945 $121945 $121945 $121,945
Return on equity $60,000  $50,163  $39,353  $27466  $14,391
Payback of debt $86,945  $93,032  $99544 $106512 $113,968
Payback of equity $81,975 $90,087 $99,051 $108,962 $119,924
Remaining debt $413,055 $320,023 $220479 $113,968 $0.000
Remaining equity $418,025 $327,938 $228,887 $119,924 $0.000

3 The effective tax rate (parameter s in the formula) is equal to State Tax Rate + Federal Tax Rate x (1-State
Tax Rate).

4 FTE model with end of year revenue and tax payments.
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After the final revenue payment in year 5, the remaining equity investment, and the remaining
debt are reduced to $0. Summing horizontally across the debt payback row and the equity
payback row produces $500,000 for each, reflecting the 1:1 debt to equity ratio in Table 2. This
example illustrates that the revenue payment determined by the CRF provides the necessary and
sufficient annual revenue to pay the taxes associated with the revenue payment as well as the
required return on and return of the capital investment. This important point is established as a
general result in the following proposition.

Proposition 1.1. The CRF given by equation (1.5) is the unique value, assuming a FTE model with
end of year payments, for which the resulting annual revenue payment is necessary and
sufficient, over the term of the investment, to provide for the annual tax liability and the return
on and return of the capital investment.

1.2 Half Year Convention

The revenue and tax payments would likely be made on a monthly or quarterly basis rather than
occurring at the end of the year. A better model with respect to the timing of the revenue and tax
payments is obtained by assuming the revenue and tax payments occur at the midpoint of each
year. To derive a CRF corresponding to midyear revenue and tax payments, the present value
equation from the previous section is modified to reflect the new timing assumption. Each after
tax cash flow amount is assumed to occur a half year earlier than in the previous model. The
revised present value equation is

N
Z 1+r)1 0.5’

or equivalently,

K= mz (1+ re)l '
Making the substitution,
CF;=cK — (cK — 6K —Ij)s — P
and solving for c yields equation (1.6).
(1.6)

r,(1+1)N E ) PA+r)NV -
(1= +r)V 1] 1/—1+r6‘S;(1+re)f7;(1+re)f+? 1o (L+ 1)V

Cc =

Formulas for the debt payment and interest portion of the debt payment, for debt with a term of
N years and assuming the half year convention are given in equation (1.7).
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(1.7)

Td(l + Td)N_l/z
(1 + T'd)N -1

L=A-B)K({/1+r,—1)

I = (1= E)Krg(1 +1,)/73/2 <

P=(1-E)X

(1+ry)N I -1 g N
A+rpv—1 )0 /==

Substituting the formulas for the interest payment into the sum of discounted interest payments
from (1.6) results in

s JItra-1 R A AN
— _ j—3/2
Z 1+ ) =1 -E)X 11 +Z(Td(1+rd)1 ( A+r)V —1 )(1+Te)j>

j=2
_ (1_E)K\/1+Td—1

1+,

(1— E)Kr, L1y 14y
+ t_la+r" ) () —a+ Y (1)
J1+rg[(L+r)N —1] = 1+ = 1+
Both summations in the previous expression are finite geometric series that can be simplified by
using equation (1.2). Taking H =2, W = N and v = 1/(1 + r,) gives

Z _a+ ro)V-1-1
(1+r1) 1,(1+r)N
andwithH =2, W =Nandv=_1+r;)/(1+71,)

N .
1+7r,\ A+r )V —(@+rg)N?
Z<1+ d) - (1+rd)2< (r, —rg) (1 +r )V >

J_

Replacing the summations yields equation (1.8).

(1.8)

N

1+r;—-1
Z —(1—E)K—d
a 1+e)1 1+,

(1—E)Krd,/1+rd (1 + 7N (1+r )V 1—-1
(1+r)V —1 Ta (L + 1)V
a1+ re)N_1 -1+ rd)N_1

‘( (. — ) + 1)V )]

Using (1.8) to replacing the sum of discounted interest payments in equation (1.6) and using (1.7)
to replace P yields the CRF formula in equation (1.9).
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(1.9)
AR IO E o6 T+r,—1
CRF‘(1—s>[(1+re>N—1]{./—1+re‘S]Z(Hre)f_S“_E) T+r,
T 1+ 74 (@4 )N -1
_S(l_E)—(l+rd)N—1[(1+rd)N 1< R )

B A+r )V 1 — @A +r V1 f—E) rg(1+r )NV (A +1r,)VN -1
(Te - rd)(l + re)N (1 + rd)N -1 re(l + re)N

Using the parameter values in Table 2, with a five year capital cost recovery period and straight
line depreciation, equation (1.9) yields a CRF of 0.260975. With an initial capital investment of $1
million, the annual payment is $260,975. Table 4 shows the corresponding cash flow summary.

Table 4 Cash flow summary for 5 year, $1 million investment with half year convention

Service Year 1 2 3 4 5
Revenue $260,975 $260,975 $260,975 $260,975 $260,975
Depreciation $200,000 $200,000 $200,000 $200,000 $200,000
Interest on debt $17204  $27952  $21656  $14,920 $7,712
Tax payment $12,408 $9,361  $11,146  $13,055  $15,098
Debt payment $117,889 $117,889 $117,889 $117,889 $117,889
Return on equity $29,150  $47817  $37508  $26,176  $13,713
Payback of debt $100,685  $89,937  $96,233 $102,969 $110,177
Payback of equity $101,528  $85909  $94,433 $103,855 $114,275
Remaining debt $399,315 $309,378 $213,145 $110,177 $0
Remaining equity $398,472 $312,563 $218,130  $114,275 $0

The calculation of the values in Table 4 is identical to the corresponding values in Table 3 except
that the year 1 interest on the debt and the year 1 return on equity reflect a half year period. The
interest on debt in year 1 is equal to the product of the initial debt and the half year interest rate
\J1+rg — 1. The return on equity in year 1 is equal to the product of the equity investment and
the half year rate of return /1 + r, — 1. The cash flow summary shows that the revenue payment
determined by the CRF is necessary and sufficient to pay the taxes associated with the revenue
payment as well as the required return on and return of the capital investment.

Changing the depreciation assumption to 3 year MACRS produces a CRF of 0.251812. The
MACRS depreciation factors are shown in Table 7. The lower CRF relative to the straight line
depreciation example reflects the lower tax payment under MACRS due to the accelerated
depreciation schedule. In years 1 and 2, the tax payment in Table 5 is negative due to the
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accelerated depreciation assumption.> The cash flow summary in Table 5 shows that the revenue
payment determined by the CRF, using 3 year MACRS depreciation, is at the necessary and
sufficient level to provide for the taxes associated with the revenue payment as well as the
required return on and return of the capital investment.

Table 5 Cash flow summary for 5 year, $1 million investment with 3 year MACRS

Service Year 1 2 3 4 5
Revenue $251812 $251812 $251,812 $251,812 $251,812
Depreciation $333,300 $444500 $148,100  $74,100 $0
Interest on debt $17204  $27952  $21656  $14,920 $7,712
Tax payment ($27.976) ($62,545)  $23260  $46,147  $69,195
Debt payment $117,889 $117,889 $117,889 $117,889 $117,889
Return on equity $29150  $44,070  $25782  $15597 $6,935
Payback of debt $100,685  $89,937  $96,233 $102,969 $110,177
Payback of equity $132,749 $152,398  $84,880  $72,180  $57,793
Remaining debt $399,315 $309,378 $213,145 $110,177 $0
Remaining equity $367,251 $214,853 $129,973  $57,793 $0

Assuming 100 percent bonus depreciation results in a CRF of 0.242110. The corresponding cash
flow summary is given in Table 6.

Table 6 Cash flow summary for 5 year, $1 million investment with bonus depreciation

Service Year 1 2 3 4 5
Revenue $242,110 $242110 $242,110 $242,110 $242,110
Depreciation $1,000,000 $0 $0 $0 $0
Interest on debt $17,204  $27952  $21,656  $14,920 $7,712
Tax payment ($219,716)  $60,707  $62,492  $64,401  $66,445
Debt payment $117,889 $117,889 $117,889 $117,889 $117,889
Return on equity $29150  $22226  $17,271  $11,936 $6,190
Payback of debt $100,685  $89,937  $96,233 $102,969 $110,177
Payback of equity $314,786  $41288  $44458  $47,883  $51,586
Remaining debt $399,315 $309,378 $213,145 $110,177 $0
Remaining equity $185214 $143926  $99,469  $51,586 $0

In each example, the annual revenue payment, equal to the product of the capital investment and
the CRF obtained from equation (1.9) is the necessary and sufficient revenue amount to cover the

> Itis assumed that the capital investor would use the negative tax liability from this project as an offset
against the tax liability resulting from other revenue.
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tax liability and the return on and return of the investment capital. This observation is generalized
in the following proposition.

Proposition 1.2. The CRF given by equation (1.9) is the unique value, assuming a FTE model with
the half year convention, for which the resulting annual revenue payment is necessary and
sufficient, over the term of the investment, to pay the annual tax liability and the return on and
return of the capital investment.

Table 7 Modified Accelerated Cost Recovery System (MACRS) with half year convention®

3 year 5year 10 year 15 year 20 year

Depreciation Depreciation Depreciation Depreciation Depreciation

Year Factors Factors Factors Factors Factors
1 33.33% 20.00% 10.00% 5.00% 3.750%
2 44.45% 32.00% 18.00% 9.50% 7.219%
3 14.81% 19.20% 14.40% 8.55% 6.677%
4 741% 11.52% 11.52% 7.70% 6.177%
5 11.52% 9.22% 6.93% 5.713%
6 5.76% 7.37% 6.23% 5.285%
7 6.55% 5.90% 4.888%
8 6.55% 5.90% 4.522%
9 6.56% 5.91% 4.462%
10 6.55% 5.90% 4.461%
11 3.28% 5.91% 4.462%
12 5.90% 4.461%
13 5.91% 4.462%
14 5.90% 4.461%
15 5.91% 4.462%
16 2.95% 4.461%
17 4.462%
18 4.461%
19 4.462%
20 4.461%
21 2.231%

Proposition 1.2 Proof. K, is the initial capital invested and, j > 1, represents the equity investment
remaining at the midpoint of cost recovery year j. Kl(e) is the remaining equity investment at the
midpoint of year 1 after using the year 1 revenue net of taxes, the debt payment and return on
equity, as a payback to the equity investors. The proposition states that the CRF in equation (1.9)

6 See Appendix A, Table A-1, IRS Publication 946, United States Department of Treasury (2020).
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is the unique value that will result in K, IE’e) = 0. Representing the CRF in equation (1.9) as c, the
year 1 revenue net of taxes and return is

cKo(1—s) + 8, Kogs + 1s — P —EKy(\J1+7,—1).

The rate of return on equity reflects a half year of return due to the half year convention. The
equity investment that remains at the midpoint of year 1 is

K® = EKy — (cKo(1 = 5) + 81Kos + Is — P — EKo({/T+ 7, — 1))
= EKg\J[1+ 1, — cKo(1 —5) — 8;Kos — I;s + P.
The year 2 revenue net of taxes, the debt payment and return on equity is
cKo(1 = 5) + 8,Kos + I,s — P — 1,K®
and the equity investment that remains at the midpoint of year 2 is
K =K (1 +7,) - cKy(1—5)— 8,Kgs — s+ P.
Substitution for Kl(e) yields

K = EKy(1+7,)%2 — cKo(1 = )[(1 +7) + 1] = [6:(1 +7.) + 8,]Kos — [L(1 +17,) + L]s
+P[(1+7r,)+1].

Repeating this process through the end of the capital recovery period yields
(1.10)

N N N
Kjf,e) =EKy(1 +1,)N"12 — cK,(1 — s)z(l +1,)7t — Kosz (L +r )V — sz LA+ 1)V
j=1 j=1 j=1
N
+P 2(1 +r)
=1

Equation (1.2) withH =1, W = Nand v = 1 + r gives

i 1 i (1+r)V -1
(1+7,)"1 = A+r) =—tl —
j=1 j=

1+7‘6,,1 T,

Using the formulas for I; in equation (1.7) yields
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N
Z L+ 1)V
j=1

=1 -BE)K(J1+rg—1)Q+m)V?

(1 + T'd)N_j+1 -
(1 + T'd)N -1

N
+ 2(1 — E)Kyry(1 + 1)/ 73/2 <

=2

=1 -E)Ky(J1+r4—1)A+1)V

e e S ) e 2 ()

]=2 =

1) (1+7n,)VJ

=

Equation (1.2) withH =2, W = Nand v = 1/(1 + 1) gives

N j N-1 _
Z (1 + re> - (11:(;81- )N 1

j=2

andH=2,W =Nandv = (1+14)/(1+r1,) gives

N
1+ T+ )V =@+ !
Z( rd) = A +ra)? [( » rd)(1(+r;c’i\’) '

j=2

Upon making these substitutions

N
Z (147N

=1-E)K(J1+rg—1)A+r)V?
(1 —E)Kyrg(1 + 1) N1 ((1 + 1, )Nt — 1)
,/1+rd(1+rd)N—1[(1+rd) e

B <(1 +r )N -1+ rd)N‘1>]

(re - rd)

Replacing the summations in equation (1.10) and replacing P using (1.7) yields
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N
1+r)V -1 ~
KIE]e) = EKy(1 + Te)N—l/Z —cKy(1—5) (%) — KOSZ 5],(1 + T.e)N—]

T
e =

—s(1—BE)Ko(J1+14—-1)A + 1)V

Td(1+rd) N—1<
JTHra(L+r )V —1 [(1 *ra)

A+ )V 1@ +ryN? rg(1+r V"V (A + 1)V -1
‘( (e —ra) )]*“‘E)K"((Hrdw—l)( " >

—s(1 - E)K, A +7)" - 1)

Te

Replacing ¢ with the CRF formula in (1.9) results in K ,S,e) = 0. The equation for K also establishes
the uniqueness of the CRF. If there are two CRF values, for instance c¢; and c,, satisfying the
proposition, then each will produce Ky = 0 and one can quickly deduce from the equation for Ky
that ¢; = ¢,.
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1 The Basics of CRF

A capital recovery factor (CRF) is used to convert the principal amount of a capital investment
into an equivalent stream of uniform payments. A typical CRF formula found in engineering
economics textbooks is given in equation (1.1).!

(1.1)

CRF = r(1+nr)V
T (A+r)VN-1

Variable r is an interest rate, N is the number of uniform annual payments and the payments are
assumed to occur at the end of year. To derive equation (1.1) the CRF is first denoted by c,
allowing the annual payment to be stated as A = cK where K is the capital investment. Then c is
the value that solves the following present value equation,

N
P cK
B Z (1+7))
j=1

=<k 2, (757)

u\l+T7
j=1

The summation in the equation above is a finite geometric series. A general formula for the sum

of a finite geometric series is given by

1.2)

w UH
Z 17j — (1 _ UW_H+1) ]
: 1-v

j=H

H and W are positive integers and v is any number except one (v # 1). It is a straightforward
exercise to show that equation (1.2) is valid.?

Using equation (1.2) with H =1, W = Nand v = 1/(1 + r) yields

i( 1 )j_(1+r)"’—1

L\1+7r)  r(@+r)N
Jj=1

Replacing the summation in the present value equation yields

K = ck 1+nrV-1
- ¢ <T(1+T‘)N>

1 For example, see pages 21-22 in “Economic Evaluation and Investment Decision Methods,” Stermole,
F.J. and Stermole, ].M. (1993).

2 If S is the sum on the left hand side of equation (1.2), then S — vS = v¥ — v"*1 and solving for S gives
the right hand side of (1.2).
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and solving for ¢ produces equation (1.1).

1.1 CRF That Reflect Taxable Income

The revenue that results from a capital investment is taxable income. The revenue payment 4,
obtained by multiplying the capital investment amount K by the CRF in equation (1.1), would be
too low in cases where the revenue is taxable. The goal, in the presence of taxes, is to have a CRF
for which the product CRF - K yields an annual payment A that will provide the necessary and
sufficient level of revenue to cover the investors’ annual tax payments, and the return on and
return of the capital investment. In other words, over the life of the project, the revenue in excess
of the tax payments and investment return should equal the original capital investment. The
annual revenue payment can be determined by solving an equation where the present value of
the after tax cash flows resulting from the annual revenue payment is equal to the initial capital
investment.

The composition of the after tax cash flow is dependent upon the capital budgeting model. The
weighted average cost of capital (WACC) approach was used to develop the CRF for PJM Black
Start Service which was accepted by FERC in August 2021.%> + The WACC approach to capital
budgeting discounts the after tax cash flow at the after tax weighted average cost of capital rate
and payback of the investment in each recovery year reflects the assumed debt and equity
financing structure.’ The CRF must satisfy the following present value equation,

N
CF,
=y
i(1+71)]
j=1

K is the capital investment, CF; is the after tax cash flow for year j, r is the WACC rate, and the
revenue, tax and debt payments are assumed to occur at the end of the year. The model variables
are defined in Table 1-1. In the WACC model, the after tax cash flow is revenue net of taxes, and
the tax calculation includes an offset for depreciation. The after tax cash flow for year j is

CF; = cK — (cK — &;K)s

=cK(1—s)+6iKs

3 176 FERC { 61,080 (August 10, 2021) at 43-44.

4 Additional details on the weighted average cost of capital approach to capital budgeting can be found
in Section 17.3 in “Corporate Finance,” Ross, Westerfield, Jaffe, 4t Edition, 1996.

> The after tax weighted average cost of capital rate is equal to Equity Funding Percent x Equity Rate + Debt
Funding Percent x Debt Interest Rate x (1- Effective Tax Rate).
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where c is the CRF, K is the total capital investment including debt and equity, cK is the annual
revenue payment, s is the effective tax rate and &; is the depreciation factor for year j. Upon
replacing CF; in the present value equation

N N
K=cK(1 )Z ! Lk i
SOV TV A ayy T AT
j=1 j=1
Equation (1.2) withH =1, W = Nand v = 1/(1 + r) gives

@+ -
Z 1+r)y  r(1+ r)N

and substituting into the previous equation results in

aA+rV-1
K=cK(1—s)( (1+r)N> KSZ(1+1")J'

Solving for ¢ yields the CRF formula in equation (1.3).
(1.3)

r(1+nr)V

_ _ ]
I | (CEO L) R SICRaoY

Table 1-1 Variable descriptions for the WACC capital budgeting model

Variable Description

After tax weighted average cost of capital
Effective tax rate

r
S

N Cost recovery period
0, Depreciation factor for recovery year j

Substituting the parameter values shown in Table 1-2 into the CRF formula, assuming a five year
capital recovery period and straight line depreciation yields a CRF of 0.274938. With a capital
investment of $1 million, the annual payment is $274,938.

Table 1-3 provides a cash flow summary for a $1 million capital investment with a five year cost
recovery period that uses straight line depreciation. The revenue for each year, equal to the
product of the CRF and the capital investment amount, is $274,938. The tax payment for each year
is equal to the effective tax rate times the revenue net of depreciation. The return on the capital
investment in year 1 is equal to the product of the WACC rate and the initial capital investment
of $1,000,000.
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Table 1-2 Financial parameter and tax assumptions®

Parameter
Parameter Value
Equity Funding Percent 50.0000%
Debt Funding Percent 50.0000%
Equity Rate 12.0000%
Debt Interest Rate 7.0000%
Federal Tax Rate 21.0000%
State Tax Rate 9.0000%
Effective Tax Rate (s) 28.1100%
After tax Weighted Average Cost of Capital (r) 8.5162%

After accounting for the tax payment and return on investment in year 1, $168,711 is available as
payback to the investors. The remaining capital investment is $831,289 at the end of year 1. The
year 2 return on investment is the product of the WACC rate and the remaining capital
investment at the end of year 1. Payback to investors is $183,079 in year 2. The cash flows for
years 3 through 5 are analogous to the year 2 cash flow.

Table 1-3 Cash flow summary for 5 year, $1 million investment with straight line depreciation’

Recovery Year 1 2 3 4 5
Revenue $274938  $274938  $274938  $274938  $274938
Depreciation $200,000  $200,000  $200,000  $200,000  $200,000
Tax Payment $21,065 $21,065 $21,065 $21,065 $21,065
Return on capital investment $85,162 $70,794 $55,202 $38,283 $19,923
Capital investment payback $168,711  $183,079  $198,670  $215590  $233,949
Remaining capital investment $831,289  $648209  $449539  $233,949 $0

After the final revenue payment in year 5, the remaining capital investment is reduced to $0.
Summing horizontally across the capital investment payback row in Table 1-3 produces
$1,000,000. This example illustrates that the revenue payment determined by the CRF provides
the necessary and sufficient annual revenue to pay the taxes associated with the revenue payment
as well as the required return on and return of the capital investment. This important point is
established as a general result in the following proposition.

Proposition 1.1. The CRF given by equation (1.3) is the unique value, assuming a WACC capital
budgeting model with end of year payments, for which the resulting annual revenue payment is

6 The effective tax rate (parameter s in the formula) is equal to State Tax Rate + Federal Tax Rate x (1-State
Tax Rate).

7 WACC model with end of year revenue and tax payments.
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necessary and sufficient, over the term of the investment, to provide for the annual tax liability
and the return on and return of the capital investment.

1.2 Half Year Convention

The revenue and tax payments would likely be made on a monthly or quarterly basis rather than
occurring at the end of the year. A better model with respect to the timing of the revenue and tax
payments is obtained by assuming the revenue and tax payments occur at the midpoint of each
year. To derive a CRF corresponding to midyear revenue and tax payments, the present value
equation from the previous section is modified to reflect the new timing assumption. Each after
tax cash flow amount is assumed to occur a half year earlier than in the previous model. The
revised present value equation is

N
Z 1+r)1 0.5

or equivalently,

K= v1+rz(1+r)].

Making the substitution,
CF; = cK(1 —5) + §jKs
and solving for ¢ yields equation (1.4).

(1.4)

CRF = r(1+nr)V 1 o S;
JECRDICERIET) N e Iy

Using the parameter values in Table 1-2, with a five year capital cost recovery period and straight
line depreciation, equation (1.4) yields a CRF of 0.260798. With an initial capital investment of $1
million, the annual payment is $260,798. Table 1-4 shows the corresponding cash flow summary.

Table 1-4 Cash flow summary for 5 year, $1 million investment with half year convention

Service Year 1 2 K] 4 )
Revenue $260,798 $260,798 $260,798 $260,798 $260,798
Depreciation $200,000 $200,000 $200,000 $200,000 $200,000
Tax Payment $17,090  $17,090 $17,090  $17,090  $17,090
Return on Capital Investment $41,711 $67959  $52992  $36,751 $19,126
Payback of Capital Investment $201,997 $175,749 $190,716 $206,957 $224582

Remaining Capital Investment $798,003 $622,255 $431539 $224,582 $0
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The calculation of the values in Table 1-4 is identical to the corresponding values in Table 1-3
except that the year 1 return on investment reflects a half year period. The return on investment
in year 1 is equal to the product of the capital investment and the half year rate of return v1 + r —
1. The cash flow summary shows that the revenue payment determined by the CRF is necessary
and sufficient to pay the taxes associated with the revenue payment as well as the required return
on and return of the capital investment.

Changing the depreciation assumption to 3 year MACRS produces a CRF of 0.254231. The
MACRS depreciation factors are shown in Table 1-8. The lower CRF relative to the straight line
depreciation example reflects the lower tax payment under MACRS due to the accelerated
depreciation schedule. In years 1 and 2, the tax payment in Table 1-5 is negative due to the
accelerated depreciation assumption.® The cash flow summary in Table 1-5 shows that the
revenue payment determined by the CRF, using 3 year MACRS depreciation, is at the necessary
and sufficient level to provide for the taxes associated with the revenue payment as well as the
required return on and return of the capital investment.

Table 1-5 Cash flow summary for 5 year, $1 million investment with 3 year MACRS

Service Year 1 2 3 4 5
Revenue $254231  $254231 $254.231 $254.231  $254,231
Depreciation $333,300 $444500 $148,100  $74,100 $0
Tax Payment ($22,226) ($53,485)  $29,833  $50,635  $71.464
Return on Capital Investment $41,711  $65170  $44515  $29,195  $14,343
Payback of Capital Investment $234,747 $242546 $179,883 $174,401 $168,424
Remaining Capital Investment $765,253 $522,708 $342,825 $168424 $0

The depreciation assumption has a significant impact on the CRF level. Generally, the faster the
capital is depreciated for tax purposes, the lower the CRF. The Tax Cuts and Jobs Act (TCJA),
signed into law on December 22, 2017 included bonus depreciation rates applicable to capital
investments placed in service after September 27, 2017.° 1 Capital investments placed into service
after September 27, 2017 and before January 1, 2023, are eligible for 100 percent bonus
depreciation.!

8  Itis assumed that the capital investor would use the negative tax liability from this project as an offset
against the tax liability resulting from other revenue.

9 Tax Cuts and Jobs Act, Pub. L. No. 115-97, 131 Stat. 2096, Stat. 2105 (2017).
1026 U.S. Code §11(b)
11 Bonus depreciation is 100 percent for capital investments placed in service after September 27, 2017

and before January 1, 2023. Bonus depreciation is 80 percent for capital investments placed in service
after December 31, 2022 and before January 1, 2024, and the bonus depreciation level is reduced by 20
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Assuming 100 percent bonus depreciation results in a CRF of 0.247523. The corresponding cash
flow summary is given in Table 1-6. The CRF for straight line depreciation for a five year cost
recovery period is 5.3 percent higher than the CRF corresponding to 100 percent bonus
depreciation.

Table 1-6 Cash flow summary for 5 year, $1 million investment with bonus depreciation

Service Year 1 2 3 4 5
Revenue $247523 $247523 $247523 $247523  $247 523
Depreciation $1,000,000 $0 $0 $0 $0
Tax Payment ($211,521)  $69579  $69579  $69,579  $69,579
Return on Capital Investment $41,711 $49,621 $38,692 $26,834 $13,965
Payback of Capital Investment $417,334 $128,324 $139252 $151,111  $163,980
Remaining Capital Investment $582,666 $454,343  $315091 $163,980 $0

The CREF for a capital investment with a 20 year recovery period is 0.103149 and the corresponding
cash flow summary is given in Table 1-7 for a capital investment totaling $10,000,000.

percent for each subsequent year through 2026. Capital investments placed in service after December
31, 2026 are not eligible for bonus depreciation. See 26 U.S. Code §168(k)(6)(A).
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Table 1-7 Cash flow summary for 20 year, $10 million investment with bonus depreciation

Return on Payback of Remaining

Service Tax Capital Capital Capital
Year Revenue Depreciation Payment Investment Investment Investment
1 $1,031,492 $10,000,000 ($2,521,048) $417,109 $3,135431 $6,864,569
2 $1,031,492 $0  $289,952 $584,597 $156,943 $6,707,626
3 $1,031,492 $0  $289,952 $571,231 $170,308 $6,537,318
4 $1,031,492 $0  $289,952 $556,728 $184,812 $6,352,506
5 $1,031492 $0  $289,952 $540,989 $200,551 $6,151,955
6  $1,031,492 $0  $289,952 $523,910 $217,630 $5,934,325
7 $1,031,492 $0  $289,952 $505,376 $236,164 $5,698,161
8  $1,031492 $0  $289,952 $485,264 $256,276  $5,441,886
9 $1,031492 $0  $289,952 $463,439 $278,101 $5,163,785
10  $1,031,492 $0  $289,952 $439,756 $301,784 $4,862,001
11 $1,031,492 $0  $289,952 $414,055 $327,484 $4,534,517
12 $1,031,492 $0  $289,952 $386,166 $355,373 $4,179,143
13 $1,031,492 $0  $289,952 $355,902 $385,638 $3,793,505
14 $1,031,492 $0  $289,952 $323,061 $418,479 $3,375,026
15 $1,031,492 $0  $289,952 $287,422 $454,117  $2,920,909
16 $1,031,492 $0  $289,952 $248,749 $492,791 $2,428,118
17 $1,031,492 $0  $289,952 $206,782 $534,758  $1,893,361
18 $1,031,492 $0  $289,952 $161,241 $580,298 $1,313,062
19  $1,031,492 $0  $289,952 $111,822 $629,717  $683,345
20 $1,031492 $0  $289,952 $58,195 $683,345 $0

In each example, the annual revenue payment, equal to the product of the capital investment and
the CRF obtained from equation (1.4) is the necessary and sufficient revenue amount to cover the
tax liability and the return on and return of the investment capital. This observation is generalized
in the following proposition.

Proposition 1.2. The CRF given by equation (1.4) is the unique value, assuming a WACC capital
budgeting model with the half year convention, for which the resulting annual revenue payment
is necessary and sufficient, over the term of the investment, to pay the annual tax liability and the
return on and return of the capital investment.
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Table 1-8 Modified Accelerated Cost Recovery System (MACRS) with half year convention

3 year 5year 10 year 15 year 20 year

Depreciation Depreciation Depreciation Depreciation Depreciation
Factors Factors Factors Factors Factors

1 33.33% 20.00% 10.00% 5.00% 3.750%
2 44.45% 32.00% 18.00% 9.50% 7.219%
3 14.81% 19.20% 14.40% 8.55% 6.677%
4 741% 11.52% 11.52% 7.70% 6.177%
5 11.52% 9.22% 6.93% 5.713%
6 5.76% 7.37% 6.23% 5.285%
7 6.55% 5.90% 4.888%
8 6.55% 5.90% 4.522%
9 6.56% 5.91% 4.462%
10 6.55% 5.90% 4.461%
11 3.28% 5.91% 4.462%
12 5.90% 4.461%
13 5.91% 4.462%
14 5.90% 4.461%
15 5.91% 4.462%
16 2.95% 4.461%
17 4.462%
18 4.461%
19 4.462%
20 4.461%
21 2.231%

1.3 Proof of Proposition 1.2

Proposition 1.2. The CRF given by equation (1.4) is the unique value, assuming a WACC capital
budgeting model with the half year convention, for which the resulting annual revenue payment
is necessary and sufficient, over the term of the investment, to pay the annual tax liability and the
return on and return of the capital investment.

Proof. K, is the initial capital invested and Kj, j = 1, represents the capital investment remaining
at the midpoint of cost recovery year j. K; is the remaining capital investment at the midpoint of
year 1 after using the year 1 revenue net of taxes and return on investment, as a payback to
investors. The proposition states that the CRF in equation (1.4) is the unique value that will result
in Ky = 0. Representing the CRF in equation (1.4) as c, the year 1 revenue net of taxes and return
on investment is

12 See Appendix A, Table A-1, IRS Publication 946, United States Department of Treasury (2020).
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cKo(1—s) + 6:Kps — Ko(V1+1—1).

The rate of return on the investment reflects a half year of return due to the half year convention.
The equity investment that remains at the midpoint of year 1 is

Ky = Ko — (cKo(1 = 8) + 8, Kos — Ko(VI+7 — 1))
= KoV1+ 71 —cKy(1—5s) — 5;Kys.

The year 2 revenue net of taxes and return on investment is
cKy(1—s) + 6,Kys — 7K,
and the capital investment that remains at the midpoint of year 2 is
K, =K;(1+71)—cKy(1—5)—08,Kps.
Substitution for K yields
K, = Ko(147)32 —cKy(1 = )[(1 + 1) + 1] = [6,(1 + 1) + 6,]K,s .

Repeating this process through the end of the cost recovery period yields
(1.5)

N N
Ky = Ko(1 +1r)N"1/2 — cKy(1 - 5) Z(l + 7)1 - KOSZ S +r)VN.
j=]_ ]:1

Equation (1.2) withH =1, W = Nand v = 1 + r gives
N N
. 1 o @A+ -1
Jm1 - _— j=2x2"7 -
Z(1+r) 1+rZ(1+r) =
Jj=1 j=1

Replacing the first summation in equation (1.5) yields

(1.6)

N
1+rV -1 .
Ky = Ko(1+7)V"1/2 _ cKo (1 — 5) (%) - Kosz 51+ |
=1

Replacing c in (1.6) with the CRF formula in (1.4) results in Ky = 0. Equation (1.6) also establishes
the uniqueness of the CRF. If there are two CRF values, for instance c¢; and c,, satisfying the
proposition, then each will produce Ky = 0 and one can quickly deduce from the equation (1.6)
that ¢; = c,.
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UNITED STATES OF AMERICA

BEFORE THE
FEDERAL ENERGY REGULATORY COMMISSION
)
PJM Interconnection, L.L.C. ) Docket No. EL21-91-003
)

RESPONSE OF THE INDEPENDENT MARKET MONITOR FOR PJM
TO FERC TRIAL STAFF’S
FIRST SET OF DATA REQUESTS

S-IMM-1.1. Please provide all available workpapers and/or formulas used
to derive the Levelized Capital Recovery Factor (CRF) for Black
Start facilities selected to provide service prior to June 6, 2021
(pre-June 6, 2021 CRFs). Define all terms and where applicable
provide as live excel spreadsheets.

RESPONSE

Documents responsive to this request are attached. The attached spreadsheet contains a
simulation model that was used to calculate the pre-June 6, 2021, CRF values.' There is a
separate tab for calculating the CRFs corresponding to the four capital recovery periods
(5 years, 10 years, 15 years and 20 years). The annual revenue payment is equal to the
product of the CRF and capital investment amount. The after tax cash flow to the equity
investor is equal to the revenue net of income tax payments and debt payments.> The
model uses the solver function to iterate through possible values for the CRF, stopping
when the internal rate of return (IRR) corresponding to the after tax cash flow is equal to
the required return on equity (12.0 percent).

There is an assumption in the simulation model that has an effect on the calculated CRF
value, increasing the CRF value slightly. In the simulation model, the debt payments are
treated as occurring at mid year. The mid year convention can be used to better align the

1 2023-09-15 S-IMM DR 1-1 Response-Attachment.

2 Generally the fixed O&M expense would also be subtracted from the revenue but the fixed O&M
is set to $0 for the capital recovery calculation.
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timing of the revenue, income tax and debt payments which would likely be made on a
monthly or quarterly basis.?

Three presentations from 2006 on the CRF approach are attached to the response to Data
Request S-IMM-1.2.

Sponsor: Prepared under the supervision of Dr. Joseph E. Bowring.

Dated: September 15, 2023

3 The Market Monitor noted this issue in a previous filing but described it as a rounding error. See

pages 8-9 and footnote 20 in Errata Filing of the Independent Market Monitor for P[M, Attachment B,
EL21-91 (November 18, 2021).
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S-IMM-1.2. Please provide any Market Monitor records of the stakeholder
process in which these CRF factors were developed.

RESPONSE
Please see the following attached documents:

e Attachment A: Black Start Tariff Section 6.4 Proposed Changes, MIC (September
18, 2006).

e Attachment B: Black Start Tariff Section 6.4 Issues, MRC (October 25, 2006).

e Attachment C: Black Start Tariff Section 6.4 Proposed Changes, MIC (October 31,
2006).

Sponsor: Prepared under the supervision of Dr. Joseph E. Bowring.

Dated: September 15, 2023
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S-IMM-1.3. Was the formula used to derive the pre-June 6, 2021 CRFs
equivalent to the formula for the CRF for facilities selected to
provide service after June 6, 2021 (post-June 6, 2021 CRFs)? If
not, please explain your understanding of the differences
between the two formulas.

RESPONSE

No. The pre-June 6, 2021, CRFs were calculated using a flow to equity (FTE) financial
model that incorporates a mortgage payment approach for the loan repayment. Under
this approach, the debt to equity ratio is not constant during the cost recovery period.
The formula for the post-June 6, 2021, CRF was derived from a weighted average cost of
capital (WACC) financial model. When the revenue is equal to the level required to meet
all the payment obligations, without excess payments, the results of the two models are
quite close.

But when there are payments in excess of the level required to meet all the payment
obligations, as has occurred in this case, the difference between the models is significant.
In the WACC model, the revenue in excess of income taxes, required interest payments
and return on equity is split between accelerated loan repayment and payment to equity
according to the debt to equity ratio, and the debt to equity ratio is maintained at a
constant level during the cost recovery period. In the FTE model, revenue in excess of
income taxes, required debt payments and return on equity flows to the equity investor.

In this case, payments to black start resources used CRF calculations based on taxes
higher than actual required tax payments. As a result, there were payments in excess of
the level required to meet all the payment obligations. In cases where there are excess
payments, the FTE model accurately captures the excess returns to equity while the
WACC model does not.

The attached spreadsheet includes a side by side comparison of the approaches.* Model
A is an FTE model and Model B is a WACC model. Both models use the mid year
convention where revenue, tax and debt payments are assumed to occur at the midpoint
of the year rather than at the end of the year. Model A uses a mortgage type loan
repayment and model B splits the return of the investment between repayments of loan
principal and payments to equity according to the debt to equity ratio. Model A results
in a debt to equity ratio based on repaying the debt principal following the mortgage
payment structure and all excess revenues flowing to equity. Model B maintains a
constant debt to equity ratio throughout the cost recovery period. Model A is the model

4 2023-09-15 S-IMM DR 1-3 Response-Attachment.
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used to determine the pre-June 6, 2021 CRFs. Model B is the model used to determine the
post-June 6, 2021 CRFs.

The spreadsheet illustrates how each model reflects the impacts of using the incorrect
federal income tax law to calculate the CRF.> Table 1 shows the revenue and payment
streams associated with the FTE model that uses a mortgage style loan repayment
(Model A in the attached spreadsheet). The revenue payment reflects the five year CRF
value, 0.363, used to determine the revenue payments to pre-June 6, 2021, black start
units based on tax laws in place prior to the Tax Cuts and Jobs Act of 2017 (TCJA).® The
income tax payment in the model reflects the 100 percent bonus depreciation and 21
percent federal income tax rate included in the current tax laws. The interest on the debt
and the repayment of the debt principal are not affected by the excess revenue which
results from the incorrect income tax assumptions. All of the excess is paid to equity
investors. In year 1, revenue in excess of income taxes, interest payments and return on
equity is $500,542 of which $100,685 goes toward repayment of the debt principal and
the remaining $399,857 goes to the equity investors. In year 2, the remaining equity
investment is paid off and there is an additional $38,769 paid to the equity investors.
Over the five year recovery period the repayment of the debt principal totals $500,000 as
does the repayment of the equity investment. The excess revenue to equity investors in
the table is the money left over in each year after meeting all other obligations. The after
tax cash flow to equity investors is the sum of the ROE, repayment of the equity
investment and the excess revenue to equity investors. The internal rate of return
corresponding to the after tax cash flow is 61.7 percent. This 61.7 percent rate of return is
more than five times higher than the target return. The intent of the CRF payment is to
provide the equity investors with a 12 percent return on investment.

5>  On the Parameters Assumptions tab of the spreadsheet, set the federal income tax rate to 21
percent, the depreciation type to 100 percent bonus deprecation (by inputting ‘B100’) and set the
CREF override flag to 1 (this forces the model to use a CRF value of 0.363 which is the original five
year CRF).

6 Public Law 115-97.
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Table 1 FTE model with five year cost recovery period and $1 million investment

Flowto Equity Approach - Non Constant D/E with Mid Year Payments

Capital Recovery Year 1 2 3

Revenue $363,000 $363,000 $363,000 $363,000 $363,000
Depreciation $1,000,000 $0 $0 $0 $0
Interest on debt $17,204  $27,952  $21,656  $14,920 $7,712
Income Tax ($183,897) $94,182 $95,952 $97,845 $99,871
Return on equity (ROE) $29,150  $12,017 $0 $0 $0
Revenue in excess of taxes, interest and ROE $500,542 $228,849 $245392 $250,235 $255,416
Repayment of debt principal $100,685  $89,937  $96,233 $102,969 $110,177
Repayment of equity investment $399,857  $100,143 $0 $0 $0
Debt Remaining $399,315 $309,378 $213,145 $110,177 $0
Equity Remaining $100,143 $0 $0 $0 $0
Excess Revenue to equity investors $0  $38,769 $149,159 $147,266  $145,240
After tax cash flow to equity investors $429,008 $150,929 $149,159 $147,266  $145,240
Internal Rate of Return (IRR) to equity investors 61.7%

Table 2 shows the revenue and payment streams for the WACC model with a constant
debt to equity ratio (Model B in the attached spreadsheet). Revenue in excess of income
taxes, interest payments and return on equity is split between repayments of loan
principal and repayments of equity investment according to the debt to equity ratio
which is 50/50 in this case. In year 1, revenue in excess of income taxes, interest payments
and return on equity is $500,350 with $250,175 going to accelerated debt repayment and
$250,175 going to the equity investors.” Under this approach, the debt and equity are
repaid in year 4. The excess revenue to equity investors in years 4 and 5 is the money left
over in each year after meeting all other obligations. The after tax cash flow to equity
investors is the sum of the ROE, repayment of the equity investment and the excess
revenue to equity investors. The internal rate of return corresponding to the after tax

7 The year 1 revenue net income taxes, interest and ROE is slightly lower (by $192) under the
WACC approach. This results from the return on investment calculation when using the mid year
convention. In the WACC model (Model B), the year 1 investment return net the income tax shield

is equal to (/1+E-7,+D-(1—s) 1, —1) K where E is the equity funding percent, D is the
debt funding percent, 7, is the return on equity, ry is the interest rate on debt, s is the effective
income tax rate and K is the capital investment. Under the FTE approach with the mid year
convention (Model A), the year 1 return on equity is (\/Tre —1)-E - K, the year 1 interest on the
debt is (/1+74—1) DK and the tax shield can be explicitly stated as s (\/1+7,—1)-D K.
Since (V1+E 1, +D-(1—s)1rg—1)#(J1+7r—-1)-E+Q—5s)-(J1+7,—1) D, models A

and B give different values for revenue net of income taxes, interest and ROE.? For a few

resources, a portion of the payments received during the 15 month refund period will have to be
returned in order to achieve a 12 percent return on investment.
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cash flow is 41.5 percent. This 41.5 percent rate of return is more than three times higher
than the target return. The intent of the CRF payment is to provide the equity investors
with a 12 percent return on investment. The internal rate of return to equity investors in
the WACC model is lower than in the FTE Model A because Model B is based on the
incorrect assumption that equity holders would repay debt holders early despite the fact
that it reduces the return to equity holders.

Table 2 WACC model with a five year cost recovery period and $1 million investment

WACC Approach - Constant D/E with Mid Year Payments

Capital Recovery Year 1 2 3 4 5
Revenue $363,000 $363,000 $363,000 $363,000 $363,000
Depreciation $1,000,000 $0 $0 $0 $0
Gross Income Tax ($179,061) $102,039 $102,039 $102,039  $102,039
Income Tax Shield*? $4,643  $4916  $2,767 $435 $0
Interest on debt'® $17,204  $17488  $9843  $1,548 $0
Return on Equity (ROE)*? $29,150 $29979.01 $16,874.42 $2,653.83 $0.00
Revenue in excess of taxes, interest and ROE $500,350 $218,410 $237,010 $257,194 $260,961
Repayment of debt principal $250,175 $109,205 $118,505 $22,115 $0
Repayment of equity investment $250,175 $109,205 $118,505  $22,115 $0
Debt Remaining $249,825 $140,620  $22,115 $0 $0
Equity Remaining $249,825 $140,620  $22,115 $0 $0
Excess Revenue to equity investors $0 $0 $0 $212,963 $260,961
After tax cash flow to equity investors $279,325 $139,184 $135379 $237,733  $260,961
Internal Rate of Return (IRR) to equity investors 41.5%

The reduction in the income tax liability introduced with the TCJA significantly reduced
the income tax payments and the windfall savings that resulted from continuing to pay
black start resources under the outdated tax laws went to the equity investors. The FTE
model correctly reflects the accelerated repayment of the equity investment and the flow
of excess revenues to the equity investor. The WACC model with a constant debt to
equity ratio understates the cash flow to the equity investor. The Market Monitor’s
proposal to calculate a revised CRF is based on the FTE model that reflects the windfall
income tax savings accruing to the equity investors. Under the Market Monitor’s
proposal, a date is selected, for example January 1, 2024, and a revised CRF that accounts
for the repayment of the investment as of January 1, 2024, is calculated. Under this
approach, the revised revenue will be set at a level for which the return on investment
for equity investors, over the entire black start service period, is 12 percent, as originally
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intended.® The revised CRF will result in a lower payment for black start units for the
remainder of the capital recovery period but at the end of the recovery period the owner
of the black start units will have received revenue sufficient to provide for the repayment
of debt at 7 percent interest, federal and state income tax liabilities, a 12 percent return on
equity and the return of the equity portion of the capital investment, all as intended in
the CRF calculations.”

Sponsor: Prepared under the supervision of Dr. Joseph E. Bowring.

Dated: September 15, 2023

For a few resources, a portion of the payments received during the 15 month refund period will
have to be returned in order to achieve a 12 percent return on investment.

The Market Monitor described the proposed resolution in a previous filing. See Section H in Errata
Filing of the Independent Market Monitor for PIM, Attachment B, EL21-91 (November 18, 2021).
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S-IMM-1.4. Does the CRF increase with the age of the Black Start Unit under
the pre-June 6, 2021 CRFs, as well as the post-June 6, 2021 CRFs?
If there is a difference in how age affects CRF between the two,
please explain that difference and why that difference exists.

RESPONSE

The CRF value, holding the other parameters constant, is a function of the recovery
period. The longer the recovery period, the lower the CRF. The logic is that the recovery
of the investment is over a longer period and that the longer the recovery period, the
smaller the required annual recovery. In Attachment DD, the recovery period is an
inverse function of the life of the underlying capacity resource. The older the underlying
capacity resource, the shorter the recovery period. In Attachment DD, the CRF is applied
to incremental capital investment in existing capacity resources, termed APIR. The logic
was that older units had a shorter remaining life and therefore needed a shorter recovery
period for incremental investment.

In the case of black start resources, the same logic applied only if an existing resource
added black start capability. If an older resource with a shorter remaining life added
black start capability, the recovery period for the black start investment would be
shorter. For a new resource with black start capability, the recovery period should be 20
years and include a commitment to provide black start for the entire life of the resource.

Sponsor: Prepared under the supervision of Dr. Joseph E. Bowring.

Dated: September 15, 2023
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S-IMM-1.5. Please provide any materials in your control relating to
engagement between the Market Monitor and PJM relating to
the use of tax rates in the development of existing or past CRFs,
to include presentations, emails and other communications
between PJM and the Market Monitor.

RESPONSE

The Market Monitor continues to review its files, and it expects that it can provide the
requested materials on or before Friday, September 22, 2023.

Sponsor: Prepared under the supervision of Dr. Joseph E. Bowring.

Dated: September 15, 2023
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S-IMM-1.6. Please provide any materials in your control relating to
engagement between the Market Monitor and stakeholders, to
include customers, Black Start Service providers and any other
participants, relating to the use of tax rates in the development
of existing or past CRFs, to include presentations, emails and
other communications. Please note which if any of these are or
were available to Black Start Service providers and/or to the
public.

RESPONSE

The Market Monitor continues to review its files, and it expects that it can provide the
requested materials on or before Friday, September 22, 2023.

Sponsor: Prepared under the supervision of Dr. Joseph E. Bowring.

Dated: September 15, 2023
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S-IMM-1.7. Did the Market Monitor prepare the initial workpapers used to
develop pre-June 6, 2021 CRF rates, including the use of a 36%
corporate federal income tax rate in those calculations? If yes:

a. Please explain in detail any changes made to these
calculations between the preparation of any initial
workpapers and the final setting of the CRF rates at
issue.

b. Please identify who at the Market Monitor would have
the most knowledge of such calculations and any
subsequent changes.

RESPONSE
Yes, the Market Monitor prepared the initial workpapers.
a. NA

b. Any questions about the calculations and any subsequent changes should be
directed to Dr. Joseph E. Bowring.

Sponsor: Prepared under the supervision of Dr. Joseph E. Bowring.

Dated: September 15, 2023

12



Exhibit IMM-0005



| Exhibit IMM-0005
‘g/ Docket No. EL21-91-000, -003

Black Start Tariff Section 6.4
Proposed Changes

MIC Joseph Bowring
October 31, 2006 Frank Racioppi
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éfpjm BlaskeStatiban s SUes

BSS tariff initially designed to address existing black
start units

e Tariff treatment of new black start investments Is unclear

o Goal is to clarify tariff treatment of new black start
Investments

* Process requirements:
— Members agreement and/or
— FERC decision

* Owners retain option to file directly with FERC

WWW.pjm.com 2 ©2005 PJM




IMM-

éfpjm BlaskeStatiban s SUes

o Capital recovery typically over investment life

o Capital recovery under recent black start filings is two to
five years with request for existing tariff treatment
thereafter

* Over recovery of capital costs when accelerated
recovery combined with current tariff rate for balance of

Investment life

* Accelerated recovery results in higher rates of return
without an explicit FERC decision

WWW.pjm.com 3 ©2005 PJM
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Tariff treatment of new black start units is unclear
 Ensure appropriate incentives for new black start units

 Ensure appropriate agreement term for new black start
units
— Ensure appropriate cost recovery term for new black start units

— Ensure that commitment by seller to provide black start service is
consistent with life of black start investment

— Ensure that commitment by buyers to purchase black start
service is consistent with life of black start investment

— Ensure that commitment by sellers and buyers is consistent

WWW.pjm.com 4 ©2005 PJM
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 Ensure that FERC has responsibility for regulatory
decisions:
— Rate of return in CRF factors
— Rate of return for incentive payments

WWW.pjm.com 5 ©2005 PJM



I Framework fobBSS e asito hanges
Jm

* Treatment of existing black start units

 Treatment of new black start investments made in recent
years
— Payments over remaining investment life after accelerated full
capital recovery
 Treatment of new entry black start investments in the
future
— Payments over investment life
— Payments after investment life

WWW.pjm.com 6 ©2005 PJM
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 New entry black start service generation revenue
requirements

WWW.pjm.com 7 ©2005 PJM

Actual fixed costs recovered over the remaining life of the
associated generator up to a maximum of 20 years, as an
example. (FERC decision)

* Apply appropriate CRF (capital recovery factor)

Fixed costs include all fixed costs including return on and of
capital and fixed O&M costs.

Actual variable costs recovered on an annual basis.

Tariff provisions will provide for such cost recovery. (FERC
decision)

After the term of the agreement, such units eligible to receive
tariff rate, as an example. (FERC decision)

Rers retain option to file with the FERC.
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 Owners recovering black start service generation
revenue requirements for existing units under tariff rate
— Continue to recover costs under that structure.

 Owners recovering black start service generation
revenue requirements under FERC approved
agreements

— Continue to collect under those agreements until expiration of
the contract term.

— After the agreement expires, as an example, one half of the
current tariff rate will apply until expiration of the contract term.
(FERC decision)

— After the agreement expires, as an example, the current tariff
terms apply. (FERC decision)

WWW.pjm.com ©2005 PJM
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Datarmmanis-of CRF

o Capital Recovery Factor (CRF)

Function of rate of return
Effects on CRF for 12%, 18% and 24%
Rate of return is a FERC decision

Capital will be recovered based on the remaining life of the
associated generator.

Based on 15 year MACRS tax depreciation schedule.

Age of Existing Remaining Life of Levelized CRF @ Levelized CRF @ Levelized CRF @

Units (Years)  Plant (Years) 12% IRR 18% IRR 24% IRR
1to5 20 0.125 0.160 0.198

6to 10 15 0.146 0.180 0.216

11to 15 10 0.198 0.230 0.262

16 Plus 5 0.363 0.391 0.419

WWW.pjm.com 9 ©2005 PJM
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« CRF Example

— A generator owner invests $1 million to enable a
seven year old unit to provide black start service.
 Life of the black start investment is 20 years.
 From the CRF table, the default remaining age is 15 years.
* Therefore assumed life of black start investment is 15 years.
 With a 12% IRR, the resulting CRF is 0.146.
* With a 24% IRR, the resulting CRF is 0.216

 The annual levelized revenue requirement for the investment
In the black start unit
— With a 12% IRR is: $1M * 0.146 = $146,000 per year.
— With a 24% IRR is: $1M * 0.216 = $216,000 per year

WWW.pjm.com ©2005 PJM
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o Capital recovery
— Capital recovery typically over investment life

— Capital recovery under recent black start filings is two
to five years

— No match between payments and obligation

— Double recovery of capital costs when combined with
current tariff rate for balance of investment life

— Resultant rates of return not explicitly considered

©2005 PIJM
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 Net Present Value (NPV)

— NPV is the discounted annual revenue received under
each option for all the relevant years.

— Discount rate used in example NPV calculations is
8.55 percent. (Based on a recent black start filing.)

— NPV provides a method for comparing revenue
streams that vary over time.

WWW.pjm.com 12 ©2005 PJM
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* Internal Rate Of Return (IRR)

— IRR Is the rate of return the owner will receive on the
equity investment in the project.

— IRR is defined as the discount rate that results in the
NPV of the after tax cash flow to equity being equal to
the equity investment.

— IRR provides a method for comparing the profitability
of different investments.

WWW.pjm.com 13 ©2005 PJM
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g,pjm Examples of Paysaert Atera

e Col 1. Apply CRF factors (12% IRR) for 20 years
— NPV =$925,293; IRR =12%

o Col 2. Apply CRF factors (18% IRR) for 20 years
— NPV =$1,148,399; IRR =18%

o Col 3. Apply CRF factors (24% IRR) for 20 years
— NPV =$1,384,050; IRR =24%

WWW.pjm.com 14 ©2005 PJM
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PJM Cost Based PJM Cost Based PJM Cost Based
Method 12.0%  Method 18.0 % Method 24.0 %

IRR IRR IRR
2007 $98,133 $121,795 $146,787
2008 $98,133 $121,795 $146,787
2009 $98,133 $121,795 $146,787
2010 $98,133 $121,795 $146,787
2011 $98,133 $121,795 $146,787
2012 $98,133 $121,795 $146,787
2013 $98,133 $121,795 $146,787
2014 $98,133 $121,795 $146,787
2015 $98,133 $121,795 $146,787
2016 $98,133 $121,795 $146,787
2017 $98,133 $121,795 $146,787
2018 $98,133 $121,795 $146,787
2019 $98,133 $121,795 $146,787
2020 $98,133 $121,795 $146,787
2021 $98,133 $121,795 $146,787
2022 $98,133 $121,795 $146,787
2023 $98,133 $121,795 $146,787
2024 $98,133 $121,795 $146,787
2025 $98,133 $121,795 $146,787
2026 $98,133 $121,795 $146,787
NPV $925,293 $1,148,399 $1,384,050
IRR % 12.1% 18.0% 24.0%
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hibit IMM-EOOS

bores - 2

g,pjm Examples of Paysaert Atera

e Col 1. Full capital cost recovery in 2 years
— Tariff rate for 18 years
— NPV =$3,044,040; IRR =117.5%

e Col 2. Full capital cost recovery in 2 years
— One half tariff X-factor rate for 18 years
— NPV =%$2,060,003; IRR =104.6%

e Col 3. Full capital cost recovery in 5 years
— Tariff rate for 15 years
— NPV =%$2,550,384; IRR =54.6%

WWW.pjm.com 16 ©2005 PJM
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g,pjm Examples of Paysaert Atera

e Col 4. Full capital cost recovery in 5 years
— One half tariff X-factor rate for 15 years
— NPV =$1,844,581 ; IRR =50.2%
e Col 5. PIM tariff rate for 20 years
— Full PIM Tariff Formulaic Rate for 20 Years
— NPV =$2,614,444 ; IRR =56.4%

WWW.pjm.com 17 ©2005 PJM



2 Yr Offer then
PJM Tariff

2 Yr Offer then

One Half PIM

Tariff

5 Yr Offer then
PJM Tariff

||| Stdert NormLo

5 Yr Offer then
One Half PIM
Tariff

Exhibit rMM-OOOS

Full PIM Tariff
All Years

$520,000 $520,000 $261,000 $261,000 $277,277
2008 $520,000 $520,000 $261,000 $261,000 $277,277
2009 $277,277 $148,797 $261,000 $261,000 $277,277
2010 $277,277 $148,797 $261,000 $261,000 $277,277
2011 $277,277 $148,797 $261,000 $261,000 $277,277
2012 $277,277 $148,797 $277,277 $148,797 $277,277
2013 $277,277 $148,797 $277,277 $148,797 $277,277
2014 $277,277 $148,797 $277,277 $148,797 $277,277
2015 $277,277 $148,797 $277,277 $148,797 $277,277
2016 $277,277 $148,797 $277,277 $148,797 $277,277
2017 $277,277 $148,797 $277,277 $148,797 $277,277
2018 $277,277 $148,797 $277,277 $148,797 $277,277
2019 $277,277 $148,797 $277,277 $148,797 $277,277
2020 $277,277 $148,797 $277,277 $148,797 $277,277
2021 $277,277 $148,797 $277,277 $148,797 $277,277
2022 $277,277 $148,797 $277,277 $148,797 $277,277
2023 $277,277 $148,797 $277,277 $148,797 $277,277
2024 $277,277 $148,797 $277,277 $148,797 $277,277
2025 $277,277 $148,797 $277,277 $148,797 $277,277
2026 $277,277 $148,797 $277,277 $148,797 $277,277
NPV $3,044,040 $2,060,003 $2,550,384 $1,844,581 $2,614,444
IRR % 117.5% 104.6% 54.6% 50.2% 56.4%

laie0s (s - 2

T
=
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IRR for cost-based method is less than IRR for
accelerated recovery options

NPV for cost-based method is less than NPV for
accelerated recovery options

 Need FERC decision as to appropriate returns for new
black start investment

 Need FERC decision on double recovery of capital costs

* Need to clarify tariff to cover rates for new black start
Investment

WWW.pjm.com 19 ©2005 PJM
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Black Start Tariff Section 6.4
Proposed Changes

MIC Market Monitoring Unit
September 18, 2006
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g’pjm Proposed Changes

e Ensure appropriate incentives for new black start units

 Ensure appropriate agreement term for new black start
units

e Ensure appropriate cost recovery term for new black
start units

 Goal is to match reasonable expected life of black start
Investment with cost recovery and commitment to
purchase black start service

©2005 PIJM
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g’pjm Proposed Changes

* Ensure that commitment by seller to provide black start
service Is consistent with life of black start investment

e Ensure that commitment by buyers to purchase black
start service Is consistent with life of black start
Investment

©2005 PIJM
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g’pjm Proposed Changes

 New entry black start service generation revenue
reguirements

— Actual fixed costs will be recovered over the remaining life of the
associated generator up to a maximum of 20 years.

* Apply CRF factors

— Fixed costs include all fixed costs including return on and of
capital.

— Actual variable costs will be recovered on an annual basis.

— Tariff provisions will provide for such cost recovery.
— Owners retain option to file with the FERC.

WWW.pjm.com ©2005 PIM
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g’pjm Proposed Changes

 Owners recovering black start service
generation revenue requirements for existing
units under tariff rate
— WIll continue to recover costs under that structure.

 Owners recovering black start service
generation revenue requirements under FERC
approved agreements

— WIll continue to collect under those agreements until
expiration of the contract term.

— After the agreement expires, only variable costs will
collected.

— After the agré'e Efeaas ool U —

“dtfditional coll6€tion of fixed COSIS-UIIESE TEW Capia—
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g/ Capital Recovery Methodology

e Capital Recovery Factor (CRF)

— Capital will be recovered based on the remaining life of the
associated generator.

— Based on 15 year MACRS tax depreciation schedule.

Age of Existing Remaining Life of

Unit Plant (Years) Levelized CRF
1to5 20 0.125
6 to 10 15 0.146
11to 15 10 0.198
16 to 20 5 0.363

r/’/——“ mﬁE%
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g,pjm CRF Example

« CRF Example

— A generator owner invests $1 million to enable a
seven year old unit to provide black start service.
 Life of the black start investment is 20 years.
From the CRF table, the default remaining age is 15 years.
Therefore assumed life of black start investment is 15 years.

The resulting CRF is 0.146.

The annual levelized revenue requirement for the investment
In the black start unit is:

$1 million * 0.146 = $146,000 per year.

WWW.pjm.com ©2005 PIM




Exhibit IMM-0007



Review of Black Start Formula and Cost Components

Laura Walter, PJM

June 2011
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PJM Black Start Review:
A Schedule 6A: Section 18

Black Start: Executive Summary

Black Start Service is the ability of generating units to start without an outside electrical supply or the demonstrated ability
of a generating unit with a high operating factor (subject to Transmission Provider concurrence) to automatically remain
operating at reduced levels when disconnected from the grid.

PJM’s Open Access Transmission Tariff, relating to Black Start Service, requires PJM to review the formula and cost
components utilized to compensate Black Start Service providers at least every two years. Specifically, Schedule 6A:;
Section 18 states:

At least every two years, PJM shall review the formula and its costs components set forth in
this section, and report on the results of that review to stakeholders.i

This paper is the report required by the tariff, a review of the components and formulas in the current approved version of
Schedule 6A: Section 18. This report is not a review of the annual revenue requirements calculated by the tariff
and whether the compensation black start units receive is adequate to keep the unit in black start service and
maintain it reliably.

Areas that require further consideration in this report include; possible update to the CRF table, the Fixed Black Start
Service Cost (FBSSC) for units not requesting capital recovery costs under Section 5, more specific definitions to clarify
and provide guidance when calculating cost for units requesting capital recovery costs under section 6 and the clarification
of fuel storage cost to remove any interpretation from the tariff.
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PJM Black Start Review

A Schedule 6A: Section 18

Black Start: Total Revenue Requirements

Black start service supplies electricity for system restoration in the unlikely event that the entire PJM Interconnection grid
would lose power. In the event that power would be lost across the entire grid, black start service is be used to supply
electricity to help restore the system. Black start service is provided by generating units that have the ability to start up and
deliver power to the grid without an outside source of power — or units that can remain in operation at reduced output
levels when disconnected from the grid. Such units must be able to reconnect to the grid within 90 minutes after a request
from PJM. They also must be able to maintain frequency and voltage under varying loads. To be designated as a black
start resource, a generating facility must pass a series of performance tests every 13 months. In a system-restoration
situation, black start units can be used to reestablish the regional electric system. Once connected, they supply power to
other generating units and help restore load. This must be a careful, deliberate process that keeps generation in balance
with load in order to avoid the possibility of another loss of service.

The owners of black start units receive cost-based payments for providing the service to the grid. Schedule 6A section 18
outlines the formulas used to calculate the revenue requirements. The primary formula is as follows:

Generator's Annual Black Start Service Revenue Requirement =
{Fixed BSSC + Variable BSSC + Training Costs + Fuel Storage Costs} * (1 + Z)

Where:

o Fixed BSSC = Fixed Black Start Service Cost

o Variable BSSC = Variable Black Start Service Costs

e Training Costs = $3,750 per plant per delivery year (50 staff hours per plant per year *$75 per staff hour)
o Fuel Storage Cost is the cost defined in the tariff for oil units with onsite storage (discussed below)

e /= the incentive factor of 10%

The total revenue requirements are the amount of compensation a black start unit receives per delivery year if it fulfills all
the black start requirements under the tariff. This amount is allotted monthly, and may change every delivery year (June 1
—May 31). PJM records the tests of all black start units receiving compensation through the PJM tariff and alerts PJM
Settlements to stop payment if requirements are not met.

Automatic Load Rejection Units (ALR) or Units with a High Operating Factor

Automatic Load Rejection Units are generating units with a high operating factor that have demonstrated the ability
(subject to Transmission Provider concurrence) to automatically remain operating at reduced levels when disconnected
from the grid. These units can be considered black start where appropriate, but they do not receive the same black start
payments as black start units that start without an outside electrical supply. The revenue requirements for ALR units are
as followst:

ALR Generator's Annual Black Start Service Revenue Requirement =
Training Costs * (1 + Z)

o  Where Zis a 10% incentive factor
e Training costs are calculated as 50 staff hours per plant per year *$75 per staff hour = $3,750 per plan per
delivery year

PJM © 2011 Www.pjm.com 4|Page
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PJM Black Start Review

A Schedule 6A: Section 18

For ALR units, the total annual compensation from black start is $4,125 per plant per delivery year.

Fixed Black Start Service Cost (FBSSC)

Fixed Black Start Service Cost are calculated in two possible ways depending on whether the unit is recovering costs
under section 5ii or Section 6 of Schedule 6A with the central difference being whether the black start unit owner seeks to
recover new or additional capital costs through application of the Schedule 6A formula rate. The following figure shows the
2 methods for recovery of Fixed BSSC.

Fixed BSSC
| I ]
Section 5 Section 6:
St UniCapacty® oGS Gapta

Figure 1: Two methods to recover fixed black start costs per Schedule 6A

If units recover Fixed BSSC through Schedule 6A, section 5, they are electing to forgo any recovery of black start capital
costs and fall into the lower left-hand box above. If units prefer to recover through Schedule 6A, Section 6, then they do
submit capital costs for recovery and fall into the lower right-hand box above.

Section 5 Fixed Black Start Service Cost for Units not requesting Capital Cost Recovery

For units recovering costs under Section 5 and not recovering black start capital costs, Fixed Black Start Service Costs are
defined below:

Where CONE is equal to “then current net Cost of New Entry for the CONE Area where the Black Start Unit is located as
set forth in Section 5.10 of Attachment DD”. These are the CONE areas set forth in Attachment DD:

Geographic Location Within the PJM Cost of New Enfry
Region Encompassing These Zones in $/MW-Year

PS. JCP&L. AE, PECO. DPL, RECO 122,040
(“CONE Area 1)

BGE, PEPCO (“CONE Area 2") 112,868
AEP. Dayton. ComEd. APS. DQL 115,479
(“CONE Area 37)

PPL. MetEd. Penelec (“CONE Area 47) 112.868
Dominion (“CONE Area 5) 112.868
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The formula refers to a table with gross CONE in $-MW-year, but is referring only to the five CONE areas in the 2013-2014
delivery year. The use of UCAP CONE or ICAP CONE is not specified. Cost of New Entry is a Reliability Pricing Model
(RPM) parameter and is related to the cost to build a GE Frame 7F in an area specified above. As CONE values used in
planning parameters are calculated before Base Residual Auctions (BRA), the CONE values are three years old during the
“‘current” delivery year in which the black start units are paid. The five CONE areas listed here are not applicable to every
delivery year.

The net CONE is then multiplied by 365 so as to convert the $/MW-day net CONE value to a $/MW-year value. Itis PJM
staff opinion that units of measurements should be explicit in this formula to avoid confusion.

The Black start unit capacity is defined, as the installed capacity (ICAP).
The term X is:

the Black Start Service allocation factor unless a higher or lower value is supported by the
documentation of the actual costs of providing Black Start Service. For such units qualifying as
Black Start Units on the basis of demonstrated ability to operate at reduced levels when
automatically disconnected from the grid, X shall be zero. For Black Start Units with a commitment
established under section 5, X shall be .01 for Hydro units, .02 for Diesel or CT units.

PJM staff would recommend changing “Hydro” to include “Storage Units’”.

Section 6 Fixed Black Start Service Cost for Units requesting Capital Cost Recovery

Black Start Capital Cost Recovery =
Capital Costs for incremental equipment solely necessary for Black Start * CRF
For units recovering black start capital costs under Section 6, Fixed Black Start Service Costs are defined below:

“Black Start Capital Costs” is the capital cost documented by the owner or accepted by the
Commission for the incremental equipment solely necessary to enable a unit to provide Black Start
Service in addition to whatever other product or services such unit may provide. Such costs shall
include those incurred by a Black Start Owner in order to meet NERC Reliability Standards that
apply to Black Start Units solely on the basis of the provision of Black Start Service by such unit.

This section (Black Start Capital Costs) should be well defined to clarify what is meant by the statement, “for the
incremental equipment solely necessary to enable a unit to provide Black Start Service in addition to whatever other
product or services such unit may provide”.

This statement could be interpreted in different ways — for example it could refer to s to only the equipment required to
allow the unit to be black start capable, such as a diesel generator, air starter, batteries, or specific control functions. This
section could also imply that the entire generating unit could be replaced or repaired through Schedule 6A. This ambiguity
needs to be clarified.

“CRF” or “Capital Recovery Factor” includes age and years of remaining life, but the tariff specifies that the CRF is based
on ‘the age of the unit.”
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Age of Years of Remaining
Black Start Life of Levelized CRF
Unit Black Start Unit
ltos 20 0.125
6to 10 15 0.146
11to 15 10 0.198
16+ 5 0.363

The CRF table has several different assumptions such as: the Capital Recovery Factor based on a levelized proforma for
a 100MW Combustion Turbine for $1M, 2.5% inflation, 36% federal tax rate, 9% state tax rate, income tax rate 41%, 50%
equity and 50% debt with a 7% interest rate, and a 12% internal rate of return on equity.

This CRF table was originally taken from the capacity market, and the capacity market CRF table has since been updated
to the following:

Age of Existing Unuts (Years) Remamng Life of Plant Levelized CRF
(Years)

l1tos 30 0.107
6to 10 25 0.114
11 to 15 20 0.125
16 1o 20 15 0.146
2l to 25 10 0.198
25 Plus 5 0.363
Mandatory CapEx 1 0.450

40 Plus Altemmative 1 1.100 X

Whether this is a more appropriate fit for the CRF table for Black Start should be explored.

Variable Black Start Service Cost (VBSSC)
Variable Black Start Service Cost = Black Start Unit O&M * Y

0&M is the Operating and Maintenance Cost that is calculated for all cost offers through following Manual 15: Cost
Development Guidelines. Y is 1% of the total annual O&M.

Training Cost
Training Costs = 50 staff hours/year/plant * $75/hour

$75is a fixed rate written into the tariff that does not change with inflation or other economic indicators. This currently
does not seem to be an inadequate amount. This cost is independent of the number of people trained, how many do
restoration drills, and the cost of training to determine the true cost for training.
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Fuel Storage Cost

Fuel Storage Costs =

(Minimum Tank Suction Level 4+ (# of Run Hours Required * Fuel Burn Rate))
* (12 month forward strip + basis) * Bond Rate

PJM staff believes units of measure in this component should be explicit. For the 12 month forward strip and bond rate,
the value from May 1 every year should be used to keep recovery consistent across resources. Determination of basis
should also be defined.

Conclusion

The areas that require further consideration include; possible update to CRF table, the Fixed Black Start Service Cost
(FBSSC) for units not requesting capital recovery costs under Section 5, more specific definitions to clarify and provide
guidance when calculating cost for units requesting capital recovery costs under Section 6 and the clarification of fuel
storage cost definitions should be clarified to remove any interpretation from the tariff.

Potential Parking Lot ltems

e  Fixed Black Start Service Cost (FBSSC) Formula Clarifications
e  Evaluation of CRF table

e  Fuel Storage Cost Clarifications

" http://www.pjm.com/documents/~/media/documents/agreements/tariff.ashx page 512

i http://www.pjm.com/documents/~/media/documents/agreements/tariff.ashx page 509

ii. Owners of Black Start Units selected to provide Black Start Service in accordance with section 4 and electing to forego any recovery of new
or additional Black Start Capital Costs shall commit to provide Black Start Service from such Black Start Units for an initial term of no less than
two years and authorize the Transmission Provider to resell Black Start Service from its Black Start Units. The term commitment shall continue
to extend until the Black Start Unit owner, or the Transmission Owner, with the consent of the Transmission Provider, or the Transmission
Provider, with the consent of the Transmission Owner, provides written, one-year advance notice of its intention to terminate the commitment.
v Owners of Black Start Units selected to provide Black Start Service in accordance with section 4 and electing to recover new or additional
Black Start Capital Costs shall commit to provide Black Start Service from such Black Start Units for a term based upon a reasonable estimate
of the expected life of the Black Start Unit, as set forth in the CRF Factor Table in section 18, and authorize the Transmission Provider to resell
Black Start Service from its Black Start Units. Either the Transmission Provider, with the consent of the Transmission Owner, or the
Transmission Owner, with the consent of the Transmission Provider, may terminate the commitment with one year advance notice of its
intention to the Black Start Unit owner, but the Transmission Owner shall reimburse the Black Start Unit owner for any amount of unrecovered
Fixed Black Start Service Costs over a period not to exceed five years. A Black Start Unit owner may terminate the provision of Black Start
Service with one year advance notice (or its commitment period may be involuntarily terminated pursuant to the section 15 below). Such Black
Start Unit shall forego any otherwise existing entitlement to future revenues collected pursuant to this Schedule 6A and fully refund any amount
of the Black Start Capital Costs recovered under a FERC-approved rate (recovered on an accelerated basis pursuant to the provisions of
section 17(i)) in excess of the amount that would have been recovered pursuant to section 18 during the same period. At the conclusion of the
term of commitment established under this section 6, a Black Start Unit shall commence a new term of commitment under either section 5 or 6,
as applicable.

v http://www.pjm.com/documents/~/media/documents/agreements/tariff.ashx Page 2267
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Black Start: Executive Summary

Black Start Service is used to restart the grid after a loss of electrical service and is needed because most generators
require electricity to start. Traditional black start is the ability of generating units to start without an outside electrical
supply. Another type of black start unit is an Automated Load Rejection (ALR) unit that is a generator with a high
operating factor and the demonstrated ability 'to automatically remain operating at reduced levels when
disconnected from the grid.

The PJM Open Access Transmission Tariff (tariff) 2 requires PJM to review the formula and cost components utilized
to compensate Black Start Service providers at least every two years. Specifically, Schedule 6A: Section 18 states:

At least every two years, PIM shall review the formula and its costs components set
forth in this section, and report on the results of that review to stakeholders.?

This paper describes in document form the report given on Black Start Compensation at the May 7, 2013 System
Restoration Strategy Senior Task Force* that is required by the tariff with a review of the components and formulas
for black start compensation. This report also documents the System Restoration Strategy Task Force’s (SRSTF)
review of black start compensation modifications that were discussed from February 2013 to September 2014, with
submittals of minor compensation changes to the Federal Energy Regulatory Commission (FERC) for approval. The
FERC approved the recommended compensation changes on November 14, 2014.

1 Subject to Transmission Provider concurrence

2 http://www.pjm.com/~/media/documents/agreements/tariff.ashx

3 The most recent Tariff changes approved by FERC on November 14,2014 changed the review cycle to five (5) years.

4 http://www.pjm.com/~/media/committees-groups/task-forces/srstf/20140522/20140522-item-02-bs-compensation-changes.ashx
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Black Start: Current Total Revenue Requirements

Black start service supplies electricity for system restoration in the unlikely event that the entire PJM Interconnection
grid would lose power. In the event that power would be lost across the entire grid, black start service is be used to
supply electricity to help restore the system. Black start service is provided by generating units that have the ability to
start up and deliver power to the grid without an outside source of power — or units that can remain in operation at
reduced output levels when disconnected from the grid. Such units must be able to reconnect to the grid within 180
minutes after a request from PJM. They also must be able to maintain frequency and voltage under varying loads. To
be designated as a black start resource, a generating facility must pass a series of performance tests every 13
months. In a system-restoration situation, black start units can be used to reestablish the regional electric system.
Once connected, they supply power to other generating units and help restore load. This must be a careful,
deliberate process that keeps generation in balance with load in order to avoid the possibility of another loss of
service.

The owners of black start units receive cost-based payments for providing the service to the grid. A generator's
Annual Black Start Service Revenue Requirement is the amount of compensation a black start unit receives per
delivery year if it fulfills all the black start requirements under the tariff. The PJM tariff outlines the formulas used to
calculate the revenue requirements.

Traditional Black Start Units

The primary formula to calculate a traditional black start generator’'s Annual Black Start Service Revenue
Requirement can be found in the tariff, Section 18 of Schedule 6A is as follows:

Generator's Annual Black Start Service Revenue Requirement =
{Fixed BSSC + Variable BSSC + Training Costs + Fuel Storage Costs} * (1 + Z)

Where:

o Fixed BSSC = Fixed Black Start Service Cost

o Variable BSSC = Variable Black Start Service Costs

e Training Costs = $3,750 per plant per delivery year (50 staff hours per plant per year multiplied by $75 per
staff hour)

o Fuel Storage Cost is the cost defined in the tariff for oil units with onsite storage (discussed below)

e Z=the incentive factor of 10 percent

The Annual Black Start Service Revenue Requirements is allotted monthly, and may change every delivery year
(June 1 —May 31). PJM records the tests of all black start units receiving compensation through the PJM tariff and
alerts PJM Settlements to stop payment if requirements are not met.

Automatic Load Rejection Units (ALR) or Units with a High Operating Factor

Automatic Load Rejection Units are generating units with a high operating factor that have demonstrated the ability
(subject to Transmission Provider concurrence) to automatically remain operating at reduced levels when
disconnected from the grid. These units can be considered black start where appropriate, but they do not receive the
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same black start payments as black start units that start without an outside electrical supply. The revenue
requirements for ALR units are as follows®:

ALR Generator s Annual Black Start Service Revenue Requirement =
Training Costs * (1 + Z)

o Where Zis a 10 percent incentive factor
e Training costs are calculated as 50 staff hours per plant per year multiplied by $75 per staff hour = $3,750
per plan per delivery year

For ALR units, the total annual compensation from black start is $4,125 per plant per delivery year.

Fixed Black Start Service Cost (FBSSC)

Fixed Black Start Service Cost can be recovered through the PJM tariff or through a FERC approved rate. Fixed
Black Start Service Costs recovered through the tariff are calculated in three possible ways depending on whether
the unit is recovering costs under Paragraph 58 or Paragraph 67 of Schedule 6A with the central difference being
whether the black start unit owner seeks to recover new or additional capital costs. The following figure shows the
three methods for recovery of Fixed BSSC.

5 http://www.pjm.com/documents/~/media/documents/agreements/tariff.ashx page 509

& Owners of Black Start Units selected to provide Black Start Service in accordance with section 4 and electing to forego any recovery of new or additional Black
Start Capital Costs shall commit to provide Black Start Service from such Black Start Units for an initial term of no less than two years and authorize the
Transmission Provider to resell Black Start Service from its Black Start Units. The term commitment shall continue to extend until the Black Start Unit owner, or
the Transmission Owner, with the consent of the Transmission Provider, or the Transmission Provider, with the consent of the Transmission Owner, provides
written, one-year advance notice of its intention to terminate the commitment.

7 Owners of Black Start Units selected to provide Black Start Service in accordance with section 4 and electing to recover new or additional Black Start Capital
Costs shall commit to provide Black Start Service from such Black Start Units for a term based upon a reasonable estimate of the expected life of the Black Start
Unit, as set forth in the CRF Factor Table in section 18, and authorize the Transmission Provider to resell Black Start Service from its Black Start Units. Either the
Transmission Provider, with the consent of the Transmission Owner, or the Transmission Owner, with the consent of the Transmission Provider, may terminate
the commitment with one year advance notice of its intention to the Black Start Unit owner, but the Transmission Owner shall reimburse the Black Start Unit
owner for any amount of unrecovered Fixed Black Start Service Costs over a period not to exceed five years. A Black Start Unit owner may terminate the
provision of Black Start Service with one year advance notice (or its commitment period may be involuntarily terminated pursuant to the section 15 below). Such
Black Start Unit shall forego any otherwise existing entitiement to future revenues collected pursuant to this Schedule 6A and fully refund any amount of the
Black Start Capital Costs recovered under a FERC-approved rate (recovered on an accelerated basis pursuant to the provisions of section 17(i)) in excess of the
amount that would have been recovered pursuant to section 18 during the same period. At the conclusion of the term of commitment established under this
section 6, a Black Start Unit shall commence a new term of commitment under either section 5 or 6, as applicable.

PJM © 2014 WWW.pjm.com 5|Page
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Fixed BSSC

Paragraph 6:
Black Start Capital
Cost Recovery

‘ |
| |
NERC-CIP Rate:
(Net CONE*BS NERC-
CIP Unit Capacity * X)
+ (NERC CIP Capital
Costs * CRF)

Paragraph 5:
Base Formula Rate

Capital Cost Rate:
(FERC-approved Rate)
+ (Incremental BS
Capital Costs * CRF)

Net CONE*Black Start
Unit Capacity * X

Figure 1. Three methods to recover fixed black start costs per Schedule 6A

If units recover Fixed BSSC through Paragraph 5, they are electing to forgo any recovery of black start capital costs
and fall into the lower left-hand box above. If units prefer to recover through Paragraph 6, then they do submit capital
costs for recovery and fall into the lower two right-hand boxes above. Units recovering costs under a FERC approved
rate can also recover new or additional black start capital costs through the PJM tariff and fall into the lower right
hand box.

Paragraph 5 Fixed Black Start Service Cost for Units not requesting Capital Cost Recovery

For units recovering costs under Paragraph 5, Fixed Black Start Service Costs are calculated using the Base
Formula Rate below:

Fixed BS5C = Met COME * Black Start Unit Capacity * X

Where Net CONE is “the then current installed capacity (“ICAP") net Cost of New Entry (expressed in $/MW year) for
the CONE Area where the Black Start Unit is located”. The CONE areas and values for the 2014-2015 delivery year
are:
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2014-2015 Cost
of New Entry in
TO Zones within Cone Area S/MW - Year
CONE Area 1 PS, JCP&L, AE. PECO, DPL, RECO 94,108
CONE Area 2 BGE, PEPCO 82,778
AEP, Dayton, ComEd, APS, DQL, ATSI,
CONE Area 3 DECK, EKPC 123,655
CONE Area 4 |PPL, MetEd, Penelec 97,455
COMNE Area 5 Dominion 90,487

Black Start Unit Capacity is defined, as “the Black Start Unit's installed capacity, expressed in MW.”

The term X is defined as “the Black Start Service allocation factor unless a higher or lower value is supported by the
documentation of the actual costs of providing Black Start Service. For such units qualifying as Black Start Units on
the basis of demonstrated ability to operate at reduced levels when automatically disconnected from the grid, X shall
be zero. For Black Start Units with a commitment established under paragraph 5, X shall be .01 for Hydro units, .02
for Diesel or CT units.”

Paragraph 6 Fixed Black Start Service Cost for Units requesting Capital Cost Recovery

For units recovering NERC-CIP black start capital costs under Paragraph 6, Fixed Black Start Service Costs are
calculated using the following equation:

Fixed BSSC = Met CONE * Black Start NERC-CIP Unit Capacity * X )
+( Incremental Black Start NERC-CIP Capital Costs * CRF )

Where Net CONE is “the then current installed capacity (“ICAP”) net Cost of New Entry (expressed in $/MW year) for
the CONE Area where the Black Start Unit is located”.

Black Start NERC-CIP Unit Capacity is “the Black Start Unit's installed capacity, expressed in MW, but, for the
purposes of this calculation, capped at 100 MW for Hydro units, or 50 MW for CT units.”

The term X is defined as “the Black Start Service allocation factor unless a higher or lower value is supported by the
documentation of the actual costs of providing Black Start Service. For such units qualifying as Black Start Units on
the basis of demonstrated ability to operate at reduced levels when automatically disconnected from the grid, X shall
be zero. For Black Start Units with a commitment established under paragraph 5, X shall be .01 for Hydro units, .02
for Diesel or CT units.”

Incremental Black Start NERC-CIP Capital Costs are defined as “ those capital cost documented by the owner or
accepted by the Commission for the incremental equipment solely necessary to enable a Black Start Unit to maintain
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compliance with mandatory Critical Infrastructure Protection Reliability Standards (as approved by the Commission
and administered by the applicable Electric Reliability Organization “.

“CRF” or “Capital Recovery Factor” is equal to the levelized CRF as set forth in the applicable CRF Table set forth
below.

For units recovering incremental black start capital costs under Paragraph 6, Fixed Black Start Service Costs are
calculated using the following equation;

Fixed BSSC = FERC-approved rate ) + ( Incremental Black Start Capital Costs * CRF )

“FERC-approved rate” is “the Black Start Unit's current FERC-approved recovery of costs to provide Black Start
Service, if applicable. To the extent that a Black Start unit owner is currently recovering black start costs pursuant to
a FERC-approved rate, which cost recovery will be included as a formulaic component for calculating the Black Start
Unit's annual revenue requirement pursuant to this paragraph 18. However, under no circumstances will PIM or the
Black Start Unit owner restructure or modify that existing FERC-approved rate without FERC approval.”

Incremental Black Start Capital Costs are defined as the new or additional capital cost documented by the owner or
accepted by the Commission for the incremental equipment solely necessary to enable a unit to provide Black Start
Service in addition to whatever other product or services such unit may provide. Such costs shall include those
incurred by a Black Start Owner in order to meet NERC Reliability Standards that apply to Black Start Units solely on
the basis of the provision of Black Start Service by such unit. However, incremental Black Start Capital Costs shall
not include any capital costs that the Black Start unit owner is recovering for that unit pursuant to a FERC-approved
recovery rate.”

“CRF” or “Capital Recovery Factor” is "equal to the Levelized CRF based on the age of the Black Start Unit, which is
modified to provide Black Start Service, as present in the CRF Table below:”

Age of Years of Remaining
Black Start Life of Levelized CRF
Unit Black Start Unit
lto5 20 0.125
6to 10 15 0.146
11to 15 10 0.198
16+ 5 0.363

The CRF table has several different assumptions such as: the Capital Recovery Factor based on a levelized
proforma for a 100MW Combustion Turbine for $1M, 2.5 percent inflation, 36 percent federal tax rate, 9 percent state
tax rate, income tax rate 41 percent, 50 percent equity and 50 percent debt with a 7 percent interest rate, and a
12percent internal rate of return on equity.

Optionally, a Black Start unit owner may elect to apply an alternative Capital Recovery Factor (CRF), in lieu of the
age-based CRF table listed above, which is based upon the expected capital Improvement Lifespan of the new or
additional capital improvements (as determined by the applicable depreciation period of the capital improvement, as
published from time to time by the US Internal Revenue Service).The Applicable Recovery Period and the term of
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Black Start Service Commitment shall be the same and determined by the expected Capital Improvement Lifespan.
In the event that the Black Start unit seeks recovery of capital improvements that are included in more than one
category of Capital Improvement Lifespan (as set forth below), its Applicable Recovery period and term of
commitment to provide black start service for such Black Start unit shall be the longest expected life of those new or

additional capital improvements.

Capital Improvement Applicable Fecavery
Lifespan (years) Period/Tenn of Levelized CRF
Commutment (years)
16-20 20 0.135
11-15 15 0.144
fi-10 10 0.193
1-5 > 0.363

In those circumstances where a Black Start Unit owner has elected to recover incremental Black Start Capital Costs,
in addition to a FERC-approved recovery rate, its applicable term of commitment shall be the greater of: (i) the
FERC-approved recovery period, or (i) the applicable term of commitment as established by the CRF Tables above.

After a Black Start Unit has recovered its allowable Incremental Black Start Capital Costs or Incremental Black Start
NERC-CIP Capital Costs, as provided by the applicable Capital Cost Recovery Rate, and has satisfied its applicable
commitment period required under Schedule 6A: Paragraph 6, the Black Start Unit shall be committed to providing
black start in accordance with Paragraph 5 of Schedule 6A and calculate its Fixed BSSC in accordance with the
Base Formula rate.

Variable Black Start Service Cost (VBSSC)
Variable Black Start Service Cost = Black Start Unit O&M * Y

Where Black Start Unit O&M is” the operations and maintenance cost attributable to supporting Black Start Service
and must equal the annual variable O&M outlined in the PIJM Cost development Guidelines set forth in the PJM
Manuals. Such costs shall include those incurred by a Black Start Owner in order to meet NERC Reliability
Standards that apply to a Black Start unit solely on the basis of the provision of Black Start Service by the unit.”

Y is "unless a higher or lower value is supported by documentation of costs. If a value of Y is submitted for this cost,
a (1-Y) factor must be applied to the Black Start unit's O&M costs on the unit’s cost-based energy schedule,
calculated based on the Cost Development Guidelines in the PIM Manuals”

For unit qualifying as Black Start Units on the basis of a demonstrated ability to operate at reduced levels when
automatically disconnected from the grid (ALR), there are no variable costs associated with providing Black Start
Service and the value for Variable BSSC shall be zero.

Training Cost
Training Costs = 50 staff hours/year/plant * $75/hour

PIM© 2014 www.pjm.com 9|Page
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Fuel Storage Cost

Black Start Units that do not use oil as their fuel must set their Fuel Storage Costs to zero. Black Start units that can
use oil for fuel shall calculate Fuel Storage Costs as:

Fuel Storage Costs =

(Minimum Tank Suction Level + (# of Run Hours Required * Fuel Burn Rate))
* (12 month forward strip + basis) * Bond Rate

Where Minimum Tank Suction Level is “and shall apply where no direct current pumps are available for the black
Start Unit”.

Number of Run Hours are “the actual number of hours a transmission provider requires a Black Start Unit to run. Run
Hours shall be at least 16 hours or as defined by the Transmission Owner restoration plan, whichever is less”.

Fuel Burn rate is “actual fuel burn rate for the Black Start Unit”.

12 Month Forward Strip is “the average of forward prices for the fuel burned in the Black Start unit traded the first
business day on or following May 1”.

Basis is “the transportation costs from the location referenced in the forward price data to the Black Start unit plus
any variable taxes”.

Bond rate is “the value determined with reference to the Moody's Utility Index for bonds rated BAA1 reported the first
business day on or following May 1".

Z Factor

The Z factor shall be an incentive factor solely for Black Start Units with a commitment established under Schedule
6A Paragraph 5 and shall be ten percent. For those Black Start units that elect to recover new or additional Black
Start Capital Costs under Paragraph 6, the incentive factor (Z), shall be equal to zero.
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SRSTF Black Start Proposed Revenue Requirements Changes

Black Start: System Restoration Strategy Task Force (SRSTF)

The PJM System Restoration Strategy Task Force was created to analyze and evaluate PJM’s System Restoration
plan and utilization of Black Start generation during a System Restoration as directed by the Markets and Reliability
Committee.®

The SRSTF reviewed the existing black start compensation methods contained in PJM’s tariff on May 7, 2013° and
considered four different black start compensation proposals: 0

A. Modified Status Quo + Revised Incentives
B. Proxy for Formula Replacement

C. Cost Allocation

D. Minimum Incentive

The Minimum Incentive (D) became the primary and the Proxy for Formula Replacement (B) became the secondary.
Both proposals were forwarded to the Markets and Reliability Committee (MRC) and proposals failed a sector
weighted vote at the February 27, 2014 meeting."

The SRSTF then considered several minor changes to Black Start unit compensation. These changes impact a small
number of Black Start units and are seen more as “clean-up” or “equity” issues as opposed to any major changes to
the method of compensation for Black Start units. The task force also looked at potential changes to cost allocation,
but is not recommending any changes to the existing Black Start cost allocation methodology. The Minor
Compensation Proposal was forward to the MRC and approved July 31, 201412 and submitted to FERC for approval

8 The System Restoration Strategy Senior Task force (SRSTF) charge:

Due to industry developments such as new environmental regulations, NERC CIP (Critical Infrastructure Protection)
standards and increasing cost of Black Start generation, PIM foresees a potential future reliability issue with the
current method of System Restoration Planning. This Task Force will examine the current System Restoration
Planning process to determine its viability and efficiency moving forward and recommend any changes to the System
Restoration strategy and associated procurement, cost allocation, and compensation methods, inclusive of back stop
options to the MRC for approval. - http://www.pjm.com/~/media/committees-groups/task-
forces/srstf/postings/charter.ashx

9 http://www.pjm.com/~/media/committees-groups/task-forces/srstf/20130507/20130507-black-start-compensation.ashx
10 http://www.pjm.com/~/media/committees-groups/task-forces/srstf/20131122/20131122-compensation-back-stop-matrix.ashx
1 http://www.pjm.com/~/media/committees-groups/committees/mrc/20140327/20140327-item-01-draft-20140227-meeting-minutes.ashx

12 http://www.pjm.com/~/media/committees-groups/committees/mrc/20140821/20140821-item-01-draft-minutes-mrc-
20140731.ashx
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on September 15, 20143, One of the changes included in the proposal extended the Schedule 6A review period from
two years to five years to align with the RTO Wide Black Start RFP.

Main Proposal — Minimum Incentive Compensation Proposal

This proposal received 66 percent support from the SRSTF. The significant change in this proposal would be to
change the incentive factor in the Black Start Base Formula Rate from 10 percent to the greater of 10 percent or
$25,000. The existing Capital Recovery Rate and NERC CIP Capital Recovery Rates would not change. Other
more minor changes included in this proposal include:

e The Black Start Capacity MW amount would be based on the offered Black Start MW for energy only units
and the ICAP for capacity units

e ALR units would be permitted to recover NERC Compliance costs as documented to the Independent
Market Monitor

e Would allow compensation for fuel storage to include fuels other than oil

o Would provide for a five year PIM internal review of revenue formulas

Alternate Proposal — Proxy for Formula Replacement

This proposal received 63 percent support from the SRSTF. The significant change in this proposal would be to
replace the Black Start Base Formula Rate and components with a Proxy formulation. This proxy was developed
based on the average of the responses received from the RTO-wide and Incremental Request for Proposal (RFP)
submittals. The Proxy rate would replace the Base Formula Rate, Variable Operating and Maintenance (VOM)
Costs, Fuel Storage and Training Costs. The existing Capital Recovery Rate and NERC CIP Capital Recovery
Rates would not change. The Proxy rates are shown in the table below:

Additional Black Annual Black  Additional Annual Black Unit Total
Initial Capital Start Resource Start Capital Resource Annual Black Start Fuel Annual Black
Paymentto add Capital Payment Payment  Annual Black Start O&M Storage Start Payment
Black Start Resource Black Start (from  (From RFP (using 0.125  Start Capital Payment (from Payment (from (including
Size RFP Responses)  Responses) CRF) Payment RFP Responses) RFP Responses)  Training)
MW <= 10* $275,798 $105,871 $34,475 $13,234 $3,351 $6,280 $47,855
10 > MW <= 60 $1,930,588 $741,097 $241,323 $92,637 $23,456 $43,957 $312,486
60 > MW <= 90 $5,069,227 $1,258,927 $633,653 $157,366 $37,572 $64,152 $739,127
90 > MW <=300 Small
Starting requirement $6,861,848 $1,953,800 $857,731 $244,225 $182,896 $87,700 $1,132,077
90 > MW <=300 Medium
Starting Requirement $16,918,852 $1,953,800 $2,114,856 $244,225 $182,896 $87,700 $2,389,202
90 > MW <=300 Large
Starting Requirement $24,552,399 $1,953,800 $3,069,050 $244,225 $182,896 $87,700 $3,343,395

* No Data from RFP Responses. Assumed 5/35 of 10 > MW<=60 MW Values
The proposal would also provide for a five year PJM internal review of this formulation.

Comparative Summary

The objective of both proposals is to provide more incentive for the existing Black Start resources (which are
currently on the Base Formula Rate) to continue to provide this service. This provides for continuity and flexibility in
Restoration Planning and provides more assurance of an adequate supply of Black Start generation to meet critical
load needs.

13 http://www.pjm.com/~/media/documents/ferc/2014-filings/20140915-er14-2883-000.ashx
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Neither proposal changes the Capital Recovery Factors which are used for new capital investments for Black Start
units as there was general agreement on the task force that the Capital Recovery Factors provides sufficient
incentive to attract new Black Start resources.

Both proposals would increase the cost of Black Start Service in the RTO. The Proxy for Formula Replacement
would increase costs more significantly than the Minimum Incentive proposal. Estimated cost impact for each
proposal over existing rates is shown below:

AECO 4587,375.76 4612,749.80 $659,039.18 $849,126.54 $2,210,244.00
AEP $641,304.41 $1,065,072.31 $713,841.68 $1,100,196.98 $1,955,964.00
APS $163,108.11 4263,640.01 §293,618.98 $391,926.34 5885,337.00
ATSI $110,933.66 $170,352.21 $121,530.86 $160,482.60 $624,972.00
BGE $3,258,715.57 $8,220,357.01 $5,212,388.17 $5,299,327.26 $6,894,242.76
COMED 53,607,130.48 §5,175,988.79 54,394,846.18 54,558,736.61 §5,233,355.84
DAY $166,374.93 $245,123.31 $259,735.15 $436,122.86 $1,061,523.00
]DEUK $331,699.42 $1,211,017.72 $1,216,925.45 $1,674,002.69
DOM 51,069,397.17 51,069,397.17 $1,069,397.17
DPL 4534,124.05 4543,207.62 4587,724.57 $1,009,295.07 $2,938,570.00
puQ 540,729.08 §53,404.09 561,788.81 561,788.81 461,788.81
EKPC $387,247.88 $402,043.52 $869,913.00
JCPL $541,191.23 $328,467.96 $608,508.56 $626,403.28 $1,726,848.68
METED §541,937.33 $178,493.70 $897,429.93 $897,617.32 $897,617.32
PECO $1,266,963.40 $1,379,460.78 $1,548,942.76 $2,108,129.78 $7,316,155.00
PENELEC $367,061.09 4573,457.48 $525,051.98 $535,152.14 $1,557,651.75
PEPCO $462,700.00 $212,074.47 $325,972.27 $325,972.27 $325,972.27
PPL $157,515.64 $152,847.12 $251,989.60 4569,078.44 $1,814,081.00
PSEG 53,858,641.94 §2,673,261.66 51,867,588.19 52,806,728.73 §3,533,143.00
PJM TOTAL $16,305,806.68 $22,479,657.74 $20,997,659.64 §24,424,451.18 $42,650,779.31

Note — Values in the table above applied the two proposals to the existing Black Start costs as September 1, 2013.
These costs will vary in the future as some existing Black Start units retire and new Black Start units are selected
through the RTO-wide Black Start RFP process.

Markets and Reliability Committee Actions

Both proposals failed a sector weighted vote at the Markets and Reliability Committee (MRC) meeting on February
27,2014, The SRSTF continued to work on abridged compensation proposal and forwarded the Minor
Compensation Changes with Limited Fuel Storage to the MRC for approval. This proposal was endorsed in the July
31, 2014 MRC meeting™.

Minor Compensation Changes with Limited Fuel Storage Proposal

The SRSTF looked at several minor changes to Black Start unit compensation. The Minor Compensation Changes
with Limited Fuel Storage Proposal impacts a small number of Black Start units and are seen more as “clean-up” or
“equity” issues as opposed to any major changes to the method of compensation for Black Start units. The task
force also looked at potential changes to cost allocation, but did not recommend any changes to the existing Black
Start cost allocation methodology.

14 http://www.pjm.com/~/media/committees-groups/committees/mrc/20140327/20140327-item-01-draft-20140227-meeting-minutes.ashx
15 http://www.pjm.com/~/media/committees-groups/committees/mrc/20140821/20140821-item-01-draft-minutes-mrc-20140731.ashx
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Schedule 6A: Section 18

The Compensation proposal described below received 58 percent support at the SRSTF. No other compensation
proposal received the required 50 percent approval at the SRSTF to move it forward to the MRC for consideration.

The changes include:

o Allowing Energy Only Black Start units to be compensated using the offered Black Start MW.

0 Justification: Currently Black Start units on the base formula rate are compensated based on ICAP
values. There is no mechanism to compensate Energy Only Black Start units on the base formula
rate for providing this service.

e Allow Automatic Load Rejection (ALR) units to recover NERC Compliance costs as documented to the IMM.

o Justification: This would allow ALR units to recover NERC Compliance costs and be comparable
with traditional Black Start units in the ability to recover these costs.

e Allow for fuel storage compensation for liquefied natural gas (LNG), propane and oil per the existing formula
for fuel storage.

o Justification: Currently only oil storage is specified in the tariff. This would allow units that use
LNG or propane to comparably recover fuel storage costs associated with providing Black Start.

e Inthe case where Black Start units share a common fuel tank, only one Black Start unit will be eligible for
recovery of Minimum Tank Suction Level (MTSL).

o Justification: This is to close a loophole in the current fuel storage compensation which allows for
multiple Black Start units using the same fuel tank to recover the fuel storage costs related to the
minimum tank suction level.

¢ Provide for a five year PJM internal review of compensation formula.

0 Justification: This would align the formula review with the RTO-wide RFP process and reduce PJM
staff administrative burden. Currently this review is performed every 2 years. Results of the
review will be reviewed with PJM Stakeholders (either MRC or MC Webinar).

Conclusion

The SRSTF performed a thorough review of the current black start compensation in Schedule 6A of the PJM Open
Access Transmission Tariff starting in February 2013. Only the minor compensation changes proposal was approved
by the MRC in July 2014 and forwarded to the FERC for approval on September 15, 2014, The FERC approved
the minor compensation proposal on November 14, 2015.

16 http://www.pjm.com/~/media/documents/ferc/2014-filings/20140915-er14-2883-000.ashx
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Black Start: Executive Summary

Black Start Service is used to restart the grid after a loss of electrical service and is needed because most
generators require electricity to start Traditonal black start is the ability of generating units to start without an
outside electrical supply. Another type of black start unit is an Automated Load Rejecton (ALR)unit that is a
generator with a high operating factor and the demonstrated ability’ to automatcally remain operating at reduced
levels when disconnected from the grid.

The PJM OpenAccess Transmission Tariff (tariff) 2 requires PJM fo review the formula and cost components
utized to compensate Black Start Service providers at least every five years. Specifically, Schedule 6A: Section
18 states:

Every five years, PJM shall review the formula and its costs components setforth in this section
18, and reporton the results of that review to stakeholders. 3

This paper is intended to documentthe review as required by Schedule 6A, and is not intended to
provide information and updates regarding the current PJM Operating Committee Special Sessions for
Fuel Requirements for Black Start Resources. Currentand future updates of the PJM Operating
Committee Special Session for Fuel Requirements for Black Start Resources may be found via PJM’s
website for the PJM Operating Committee.

Since the 2014 prior review of Schedule 6A, Section 18, a revision to the tariff language took effect on
November 16, 2017 to clearly define the initial annual black start revenue requirementreview process
for new black start units. Theinitial review process for new black start units includes aninitial annual
black start revenue estimate to be collected during the documentand compensation review period. T his
change has resulted in minimizing the potential for large after the fact black start rebilling charges to
network service customers and point-to-point reservations.

During the past five years, PJM has held an RT O Wide Black Start Request for Proposal and four Black
Start Incremental Request for Proposals with three completed and one currently under review.
Generator Ownerinterest and black start service bidding remains active with multiple RFP responses.
As aresult, PJM is not recommending modifications to the current version of Schedule 6A, Section 18.

" Subject to Transmission Provider concurrence

2 https:/fagreements.pjm.com/oatt/3897

3 Schedule 6A Black Start Service Section 18 Effective Date: 9/1/2018
4 htps://www.pjm.com/committees-and-groups/committees/oc.aspx
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Schedule 6A Changes since 2014 Review

Initial Review for New Black Start Units

On September 22, 2017, Docket No. ER17-2332-000, the Commission issued an Order accepfing revisions to PJM
Tariff, Schedule 6A seting forth a process for establishing the inifial revenue requirement for a new Black Start Unit
entering service in PJM (efiectve date November 16, 2017). The new process can be found in the farif, Secton 17B
which allows for the submitial of new Black Start Service revenue requirements (including supporting data and
documentation) to PJM and the MarketMonitoring Unit for review and analysis by no later than 90 days after entering
Black Start Service. The MarketMonitoring Unit has a 90-day period fo review the submitials and calculate the new
Black Start Units annual revenue requirement and submitto PJM and the Black Start Unit owner. Moretime is
alloted in the event of more than three new Black Start owner submitals. In this case, the Marketing Monitoring Unit
has an additonal 90 days to review the next set of three submitials and so on untl complete. The Black Start Owner
has 7 days to notfy PJM and the Marketing Monitoring Unit if it disagrees with the Market M onitoring Unit's
determination. PJM shall determine within 30 days if the values submitied by the Black Start Unit owner meet te
requirements of the Tariff and PJM Manuals. If PJM does not accept te values submitted by the Black Start Unit
owner, the owner may flle its proposed values with the Commission for approval. If PJM accepts the Black Start Unit
owner’s Black Start revenue requirements, the Market Monitoring Unit may pefiion the Commission for an order that
would require the Black Start Unit owner to uilize the values determined by the MarketMonitoring Unit or PJM or
such other values determined by the Commission.

During this initial period, PJM will hold the new Black Start Unit owner’s monthly credits in a non-interest bearing
account Following acceptance of the new Black Start Unit owner’s annual revenue requirement (per Section 17B),
the Black Start owner will begin to receive monthly credits, including any monthly credits held by PJM back to the
date the unit enters Black Start Service (Section 22). Zonal rates will be based on Black Start Service capability or
share of generation units designated by the Transmission Provider and allocated to network service customers and
point-fo-point reservatons. Zonal rates will include estmated annual revenue requirements as estimated by the unit
entering Black Start Service. Any estimated annual revenue requirement true up will be included in the monthly bil
following the acceptance of the new Black Start units annual revenue requirement (Section 25)

Black Start: Current Total Revenue Requirements

Black start service supplies electricity for system restoration in the unlikely event that the entre PJM Interconnection
grid would lose power. In the event that power would be lost across the entire grid, black start service is to be used o
supply electricity to help restore the system. Black start service is provided by generafing units that have te ability to
start up and deliver power to the grid without an outside source of power — or units that can remain in operation at
reduced oufput levels when disconnected from the grid. Suchunits must be able to reconnect to the grid within 180
minutes afler a request from the Transmission Owner (specific to the Transmission Owner’s System Restoration
Plan). They also mustbe able to maintain frequency and voltage under varying loads. To be designated as a black
start resource, a generating facility mustpass a series of performance tests every 13 months. In a system-restoration
situaion, black start units can be used to reestablish the regional electric system. Once connected, they supply
power to other generating units and help restore load. This must be a careful, deliberate process that keeps
generation in balance with load in order to avoid the possibility of another loss of service.

The owners of black start units receive payments for providing the serviceto the grid. A generator’s Annual Black
Start Service Revenue Requirement is the amount of compensation a black start unit receives per delivery year if it
fulfils all the black start requirements under the tarif. The PJM fariff Schedule 6A outines the formulas used to
calculate the revenue requirements.
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Traditional Black Start Units

The primary formula to calculate a tradional black start generator’'s Annual Black Start Service Revenue
Requirement can be found in the tariff, Section 18 of Schedule 6A is as follows:

Generator's Annual Black Start Service Revenue Requirement =
{Fixed BSSC + Variable BSSC + Training Costs + Fuel Storage Costs} * (1 + Z)

Where:

e Fixed BSSC=Fixed Black Start Service Cost

e Variable BSSC= Variable Black Start Service Costs

e Training Costs = $3,750 per plant per delivery year (50 staff hours per plant per year muliiplied by $75 per
staff hour)

o Fuel Storage Cost is the cost defined in the tariff for oil units with onsite storage (discussed below)

o Z=the incentive factor of 10 percent

The Annual Black Start Service Revenue Requirements is alloted monthly, and may change every delivery year
(June 1 —May 31). PJM records the tests of all black start units receiving compensation through the PJM tariff and
alerts PJM Setiements to stop payment if requirements are not met

Automatic Load Rejection Units (ALR) or Units with a High Operating Factor

Automatic Load Rejection Units are generating units with a high operating factor that have demonstrated the ability
(subject to Transmission Provider concurrence) to automatcally remain operating at reduced levels when
disconnected from the grid. These units can be considered black start where appropriate, but they do not receive te
same black start payments as black start units that start without an outside electrical supply. The revenue
requirements for ALR units are as follows?:

ALR Generator s Annual Black Start Service Revenue Requirement =
Training Costs * (1 + Z)

o Where Zis a 10 percentincentve factor

e Training costs are calculated as 50 staff hours per plant per year multiplied by $75 per staff hour = $3,750
per plan per delivery year

For ALR units, the total annual compensation from black start is $4,125 per plant per delivery year.

5 hitps:/fagreements.pim.com/oatt/3897
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Fixed Black Start Service Cost (FBSSC)

Fixed Black Start Service Cost can be recovered through the PJM fariff or through a FERC approved rate. Fixed
Black Start Service Costs recovered trough the tariff are calculated in three possible ways depending on whether
the unit is recovering costs under Paragraph 5 or Paragraph 67 of Schedule 6A with the central difference being
whether the black start unit owner seeks to recover new or addiional capital costs. The following figure shows the
three methods for recovery of Fixed BSSC.

Fixed BSSC

Paragraph 6:
Black Start Capital
Cost Recovery

Paragraph 5:
Base Formula Rate

| |

NERC-CIP Rate:
(Net CONE*BS NERC-
CIP Unit Capacity * X)

+ (NERC CIP Capital
Costs * CRF)

Capital Cost Rate:
(FERC-approved Rate)
+ (Incremental BS
Capital Costs * CRF)

Net CONE*Black Start
Unit Capacity * X

Figure 1: Three methods to recover fixed black start costs per Schedule 6A

& Owners of Black Start Units selected to provide Black Start Service in accordance with section 4 of this Schedule 6A and electing to forego any recovery of new
or additional Black Start Capital Costs shall commit to provide Black Start Service from such Black Start Units for an initial termof no less than two years and
authorize the Transmission Providerto resell Black Start Service fromits Black Start Units. The term commitment shall continue to extend until the Black Start
Unitowner, or the Transmission Provider provides written, one-year advance notice ofits intention to terminate the commitment or the commitmentis
involuntarily terminated pursuant to section 15 of this Schedule 6A.

" Owners of Black Start Units selected to provide Black Start Service in accordance with section 4 of this Schedule 6A and electing to recover new or additional
Black Start Capital Costs shall commit to provide Black Start Service fromsuch Black Start Units for a termbased upon the a ge of the Black Start Unitor the
longestexpected life of the Incremental Black Start Capital Cost, as set forth in the applicable CRF Tables in section 18 of this Schedule 6A. For those Black
Start Units that elect to recover new oradditional Black Start Capital Costs in addition to a prior, FERC-approved cost recovery rate, the applicable commitment
period shall be the longer of the FERC-approved recovery period or the applicable term of commitment as set forth in the CRF Tables in section 18 of this
Schedule 6A. The Transmission Provider may terminate the commitment with one year advance notice of its intention to the Black Start Unit owner, but the Black
Start Unitowner shall be eligible to recover any amount of unrecovered Fixed Black Start Service Costs over a periodnotto exceed five years. ABlack Start Unit
owner may terminate the provision of Black Start Service with one year advance notice and consent of the Transmission Provider (orits commitment period may
be involuntarily terminated pursuant to the section 15 below). Such Black Start Unit shall forego any otherwise existing entitiement to future revenues collected
pursuant to this Schedule 6A and fully refund any amount of the Black Start Capital Costs recovered under a FERC -approvedrate (recovered on an accelerated
basis pursuantto the provisions of section 17(i) of this Schedule 6A) in excess of the amount that would have been recovered pursu ant to section 18 of this
Schedule 6Aduring the same period. Atthe conclusion of the term of commitment established underthis section 6 of this Schedule 6A, a Black Start Unit shall
commence a new termof commitment under either section5 or 6 of this Schedule 6A, as applicable.
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If units recover Fixed BSSC through Paragraph 5, they are electing to forgo any recovery of black start capital costs
and fall into the lower lefthand box in Figure 1. If units prefer to recover through Paragraph 6, then they do submit
capital costs for recovery and fall into the lower two right-hand boxes in Figure 1. Units recovering costs under a
FERC approved rate can also recover new or additional black start capital costs through the PJM fariff and fall info
the lower right hand box in Figure 1.

Paragraph 5 Fixed Black Start Service Cost for Units not requesting Capital Cost Recovery

For units recovering costs under Paragraph 5, Fixed Black Start Service Costs are calculated using the Base
Formula Rate below:

Fixed BSSC = Net COME * Black Start Unit Capacity * X

Where Net CONE s “the then current installed capacity (“ICAP”) net Cost of New Entry (expressed in $/MW year) for
the CONE Areawhere the Black Start Unit is located”. The CONE areas are:

CONE Area 1: AE, DPL, JCPL, PECO, PS, RECO

CONE Area 2: BGE, PEPCO

CONE Area 3: AEP, APS, ATSI, ComEd, Dayton, DEOK, Dominion, Duquesne
(DLCo), EKPC, OVEC

CONE Area 4: MetEd, Penelec, PPL

Net Cone Area $/MW day may be found by delivery year via PJM’s website:
https://www.pjm.com/markets-and-operations/rpm.aspx

Eachdelivery year contains a workbook tited “Planning Period Parameters for Base Residual
Auction” with the values listed in the Net CONE worksheet.

Black Start Unit Capacity is defined, as “the Black Start Unit’s installed capacity, expressed in MW.”

The term X is defined as ‘the Black Start Service allocation factor unless a higher or lower value is supported by the
documentation of the actual costs of providing Black Start Service. For such units qualifying as Black Start Units on
the basis of demonstrated ability to operate at reduced levels when automatically disconnected from the grid, X shall
be zero. For Black Start Units with a commitment established under paragraph 5, X shall be .01 for Hydro units, .02
for Diesel or CT units.”

Paragraph 6 Fixed Black Start Service Cost for Units requesting Capital Cost Recovery
For units recovering NERC-CIP black start capital costs under Paragraph 6, Fixed Black Start Service Costs are
calculated using the following equation:
Fixed BSSC = ( Net COME * Black Start NERC-CIP Unit Capacity * X )
+( Incremental Black Start NERC-CIP Capital Costs * CRF )

Where Net CONE is “the then current installed capacity (ICAP”) net Cost of New Entry (expressed in $/MW year) for
the CONE Areawhere the Black Start Unit is located”.
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Black Start NERC-CIP Unit Capacity is “the Black Start Unit’s installed capacity, expressed in MW, but, for the
purposes of this calculation, capped at 100 MW for Hydro units, or 50 MW for CT units.”

The term X is defined as ‘the Black Start Service allocation factor unless a higher or lower value is supported by the
documentation of the actual costs of providing Black Start Service. For such units qualifying as Black Start Units on
the basis of demonstrated ability to operate at reduced levels when automatically disconnected from the grid, X shall
be zero. For Black Start Units with a commitment established under paragraph 5, X shall be .01 for Hydro units, .02
for Diesel or CT units.”

Incremental Black Start NERC-CIP Capital Costs are defined as “those capital cost documented by the owner or
accepted by the Commission for the incremental equipment solely necessary to enable a Black Start Unit to maintain
compliance with mandatory Critical Infrastructure Protection Reliability Standards (as approved by the Commission
and administered by the applicable Electric Reliability Organization “.

“CRF” or “Capital Recovery Factor” is equal o the levelized CRF as set forth in the applicable CRF Table set forth
below.

For units recovering incremental black start capital costs under Paragraph 6, Fixed Black Start Service Costs are
calculated using the following equation;

Fixed BSSC = FERC-approved rate ) +( Incremental Black Start Capital Costs * CRF )

“FERC-approved rate” is “the Black Start Unit’s current FERC-approved recovery of costs to provide Black Start
Service, if applicable. To the extent that a Black Start unit owner is currently recovering black start costs pursuant to
a FERC-approved rate, which costrecovery will be included as a formulaic component for calculating the Black Start
Unit's annual revenue requirement pursuant to this paragraph 18. However, under no circumstances will PUM or the
Black Start Unit owner restructure or modify that existing FERC-approved rate without FERC approval.”

Incremental Black Start Capital Costs are defined as the new or additional capital cost documented by the owner or
accepted by the Commission for the incremental equipment solely necessary to enable a unit to provide Black Start
Service in addition to whatever other product or services such unit may provide. Such costs shall include those
incurred by a Black Start Owner in order to meet NERC Reliability Standards that apply to Black Start Units solely on
the basis of the provision of Black Start Service by such unit. However, incremental Black Start Capital Costs shall
not include any capital costs that the Black Start unit owner is recovering for that unit pursuant to a FERC-approved
recovery rate.”

“CRF” or “Capital Recovery Factor” is “equal to the Levelized CRF based on the age of the Black Start Unit, which is
modified to provide Black Start Service, as present in the CRF Table below:”

Age of Years of Remaining
Black Start Life of Levelized CRF
Unit Black Start Unit
ltos 20 0.125
6to 10 15 0.146
11 to 15 10 0.198
lo+ 5 0.363
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The CRF table has several different assumptions such as: the Capital Recovery Factor based on a levelized
proforma for a 100M W Combustion Turbine for $1M, 2.5 percent inflaion, 36 percent federal tax rate, 9 percent state
fax rate, income tax rate 41 percent, 50 percent equity and 50 percent debt with a 7 percent interest rate, and a
12percent internal rate of return on equity.

Optionally, a Black Start unit owner may elect to apply an alternatve Capital Recovery Factor (CRF), in lieu of the
age-based CRF fable listed on page 7, which is based upon the expected capital Improvement Lifespan of the new or
additonal capital improvements (as determined by the applicable depreciation period of the capital improvement, as
published from ime to ime by the US Internal Revenue Service).The Applicable Recovery Period and the term of
Black Start Service Commitment shall be the same and determined by the expected Capital Improvement Lifespan.

In the event that the Black Start unit seeks recovery of capital improvements that are included in more than one
category of Capital Improvement Lifespan (as set forth below), its Applicable Recovery period and term of
commitment fo provide black start service for such Black Start unit shall be the longest expected life of those new or
additonal capital improvements.

Capital Improvement Anplicable Fecovery
Lifespan (years) FPerniod/Tenn of Levelized CRF
Commitment (years)
16-20 20 0.135
11-15 15 0.146
f-10 10 0.193
1-5 5 0363

In those circumstances where a Black Start Unit owner has elected o recoverincremental Black Start Capital Costs,
in addion to a FERC-approved recovery rate, its applicable term of commitment shall be the greater of. (i) the
FERC-approved recovery period, or (i) the applicable term of commitment as established by the CRF Tables above.
After a Black Start Unit has recovered its allowable Incremental Black Start Capital Costs or Incremental Black Start
NERC-CIP Capital Costs, as provided by the applicable Capital Cost Recovery Rate, and has satsfied its applicable
commitment period required under Schedule 6A: Paragraph 6, the Black Start Unit shall be commitied to providing
black start in accordance with Paragraph 5 of Schedule 6A and calculate its Fixed BSSCin accordance with the
Base Formula rate.

A. Variable Black Start Service Cost (VBSSC)
Variable Black Start Service Cost = Black Start Unit O&M * Y

Where Black Start Unit O&M is “the operations and maintenance cost attributable to supporting Black Start Service
and must equal the annual variable O&M outlined in the PJM Cost development Guidelines set forth in the PUIM
Manuals. Such costs shall include those incurred by a Black Start Owner in order to meet NERC Reliability
Standards that apply to a Black Start unit solely on the basis of the provision of Black Start Service by the unit.”

Y is 0.01, “unless a higher or lower value is supported by documentation of costs. If a value of Y is submitted for this
cost, a (1-Y) factor must be applied to the Black Start unit's O&M costs on the unit's cost-based energy schedule,
calculated based on the Cost Development Guidelines inthe PJM Manuals”
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For unit qualifying as Black Start Units on the basis of a demonstrated ability to operate at reduced levels when
automatically disconnected from the grid (ALR), there are no variable costs associated with providing Black Start
Service and the value for Variable BSSC shall be zero.

B. Training Cost
Training Costs = 50 staff hours/year/plant * $75/hour

C. Fuel Storage Cost

Black Start Units that do not use oil as teir fuel must set their Fuel Storage Costs to zero. Black Start units that can
use oil for fuel shall calculate Fuel Storage Costs as:
Fuel Storage Costs =

(Minimum Tank Suction Level + (# of Run Hours Required * Fuel Burn Rate))
* (12 month forward strip + basis) * Bond Rate

Where Minimum Tank Suction Level is “and shall apply where no direct current pumps are available for the black
Start Unit’.

Number of Run Hours are “the actual number of hours a transmission provider requires a Black Start Unit to run. Run
Hours shall be at least 16 hours or as defined by the Transmission Owner restoration plan, whichever is less”.
Fuel Burn rate is “actual fuel burn rate for the Black Start Unit’.

12 Month Forward Strip is “the average of forward prices for the fuel burned in the Black Start unit traded the first
business day on or following May 1”.

Basis is “the transportation costs from the location referenced in the forward price data to the Black Start unit plus
any variable taxes”.

Bond rate is “the value determined with reference to the Moody’s Utility Index for bonds rated BAA1 reported the first
business day on or following May 1”.

D. Z Factor

The Z factor shall be an incentive factor solely for Black Start Units with a commitment established under Schedule
6A Paragraph 5 and shall be ten percent For those Black Start units that elect to recover new or addional Black
Start Capital Costs under Paragraph 6, the incentive factor (2), shall be equal to zero.
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Requestfor Proposal (RFP)since 2014

April 11, 2014: Black Start Incremental Request for Proposal for AEP Zone. PJM requested bids for
additional black start capabilitywithin the AEP transmission zone.

November 24, 2014: Black Start Incremental Request for Proposal for Northeast Ohio and Western
Pennsylvania. PJM requested additional black start capability within Northeastern Ohio and Western
Pennsyivania.

July 28, 2015: Second Incremental Request for Proposal for Northeast Ohio and Western Pennsylvania.
PJM determined the need for additional black start capabilitywithin Northeastern Ohio and Western
Pennsyivania.

February 01,2018: PJM 2018 RT O Wide Black Start Request for Proposal. Thiswas the second PIM
RTO-wide black start Request for Proposal process and requested bids for new black start capability in
accordance with the Five-Year Black Start Selection Process as documented in PJM Manual 14D.

February 01,2019: Black Start Incremental Request for Proposal for BGE/PEPCO Zones. PJM requested
bids for additional black start capability within the BGE transmission zone.

Conclusion

PJM Manual 14D: Generator Operational Requirements; Section 10: Black Start Generation Procurement
outlines the PJM black start selection process and includes the RT O wide black start RFPs, PIM
incremental black start RFPs and PJM Reliability Backstop processes. Resourcesthat are awarded black
start service are compensated under Schedule 6A of the T ariff, with the associated formula and its cost
components documented in this paper. PJM has received, reviewed, and approved several resources
during the multiple RFPs listed above. As a result, no additional changes are needed due to the response
following the above mentioned RT O Wide and Incremental RFPs.
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Gerard Cerchio

From: Joseph Bowring

Sent: Thursday, October 3, 2019 6:07 PM

To: ‘David.schweizer@pjm.com’; Glen D. Boyle (Glen.Boyle@pjm.com)
Cc: Gerard Cerchio

Subject: Black Start CRF tables

David/Glen:

Three CRF tables:
e Firstis the current tariff table
e Second is the current tariff table recalculated to reflect recent changes in tax law that reduce CRF values
e Third is our proposed CRF table for black start. This table uses a 20 year CRF for all black start units. We would
be ok providing for a return of a pro rata share of the payments to the generation owner if the unit failed before
20 years, and with a guarantee to continue providing black start service for the balance of the useful life of the
unit at the tariff rate.
Let us know if you want to discuss.
Thanks
Joe



Black Start CRF - Current Tariff

Remaining
Age of Existing Units Life of Plant |Levelized CRF @
(Years) (Years) 12% IRR
1t0 & 20 0.125
G to 10 15 0.146
11to 15 10 0.193
16 + 5 0.363

Black Start CRF - Current Tariff-New Tax Law

Remaining
Age of Existing Units Life of Plant |Levelized CRF @
(Years) (Years) 12% IRR
1t0 & 20 0.096
G to 10 15 0.111
11to 15 10 0.144
16 + 5 0.246

Black Start CRF -IMM Proposed New Tariff

Age of Existing Unit Life of BS (Levelized CRF @
Where BS Located [Years) | Unit (Years) 12% IRR
1to B0 Plus 20 0.096
Financial Assumptions
Current 2019
Percent Equity 50% 50%
Percent Debt 50% 50%
Remaining | Remaining Plant
Loan Term Plant Life Life
Loan Rate (%) 7.0% 7.0%
Federal Tax Rate (%) 35.0% 21.0%
Sate Tax Rate (%) 9.0% 9.0%
15 YT First Year 100%
Depreciation MACRS Baonus
At End of At End of Plant
Target IRR Plant Life Life

(1) For property placed in service after September 27, 2017
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UNITED STATES OF AMERICA
BEFORE THE
FEDERAL ENERGY REGULATORY COMMISSION

PIJM INTERCONNECTION, L.L.C. ) Docket Nos. ER05- -000
and EL.05- -000

AFFIDAVIT OF
ANDREW L. OTT
ON BEHALF OF
PJM INTERCONNECTION, L.L.C.

I, Andrew L. Ott, being duly sworn, depose and state as follows:

My name is Andrew L. Ott, and my business address is 955 Jefferson Avenue,
Valley Forge Corporate Center, Norristown, Pennsylvania, 19403-2497. As Vice
President of Market Services at PIJM, T am responsible for day-to-day operation of all
PIM markets including the energy markets, ancillary services markets, financial
transmission rights market, and the capacity markets. I am also responsible for market
settlements, market design and market development. I have worked at PJM in market
operations, market design and market development since October, 1996. I have
substantial experience in electricity market design and development. Prior to joining
PIM, 1 worked as a power systems engineer in transmission planming and operations for
13 years. I have a BS in electrical engineering and an MS in mathematics and applied
statistics.

I am submitting this affidavit to explain and support several aspects of the
Reliability Pricing Model (“RPM”) filed by PIM in this proceeding. In particular, in this
affidavit, I will:

e provide an overview of RPM;

e explain the RPM auction-clearing process;

» describe how LSEs can avoid the uncertainties of the auction process by self-
scheduling their owned or contracted resources, including RPM’s option for
flexible self-scheduling;

e cxplain and support RPM’s four-year-forward approach to assuring resource
adequacy;

e explain and support RPM’s use of a downward-sloping variable resource
requirement (“VRR”) curve;

o describe and justify the particular VRR curve PIM has selected for initial use in
RPM;

o demonstrate how RPM is likely to produce energy-cost savings;
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e explain how RPM integrates load management solutions to assuring reliability;

e cxplain how RPM will set separate capacity prices by season, thereby
encouraging greater competition and efficiency;

e explain how RPM addresses the PJM region’s need for resources with quick-start
and load-following capabilities;

e explain and support RPM’s reliability backstop provisions; and

e provide an estimate of PJM’s administrative costs to implement RPM.

I. Overview of RPM

Under RPM, PJM will administer a series of auctions for each Delivery Year,' to
match the region’s reliability requirements with offers to sell capacity resources, taking
into account all capacity resources that LSEs have self-supplied or bilaterally contracted
(I discuss these “self-scheduling” options in more detail in section III below), and to
establish corresponding reliability charges for each season of such year. Figure 1 on the
following page provides a graphical overview of the RPM auction process 1n relation to
the Delivery Year.

As with the Planning Period used in PJM today, a Delivery Year is the 12-month
period from June 1 of a calendar year to May 31 of the following calendar year.
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Proposed Timing of RPM Auctions

June May
| Flaning ) |
EFORd “ :
Fixed
A 4 h 4 A 4
Incremental | | Incremental || incremental
Auction  ~ | | Auction - Aniction :

Figure 1 — RPM Auction Timing

Four years before each Delivery Year, PJM will conduct a Base Residual Auction
to enable commitment of capacity resources needed to satisfy remaining capacity needs
of loads after taking account of LSEs’ owned and contracted resources. The market
clearing method used in the auction will consider locational transmission constraints, as
well as the PTM Region’s need for a minimum amount of capacity capable of adjusting
output to follow changes in load, and a minimum amount capable of starting in 30
minutes or less. I discuss in more detail in section X of my affidavit the PIM system’s
need for thirty-minute-start and load-following resources, and how RPM will help the
PJM region meet that need.

The auction-clearing model will use marginal pricing to set prices based on these
locational and operational reliability constraints, the submitted supply offers, and a
Variable Resource Requirement (“VRR”) Curve. As explained in sections V and VI of
my affidavit, the VRR Curve will replace the current single-value rate paid by loads that
are deficient in satisfying their capacity obligations, and charts a downward-sloping
relationship between price and unforced capacity to identify the level of capacity that will
provide an acceptable level of reliability. After extensive analysis, as described in the
affidavit of Professor Benjamin F. Hobbs of Johns Hopkins University, PJM selected the
following VRR curve (shown in Figure 2 on an unforced capacity basis)® for initial use in
RPM:

z The VRR Curve shown reflects the cost of new entry (“CONE”) estimate for
certain zones in the eastern PIM region. There are two other CONE estimates

3
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Figure 2 — Recommended VRR Curve

Based on the VRR Curve and the other inputs described above, the auction will
set: (1) the price paid to capacity resources that are committed to the region in the
auction; and (2) the corresponding amounts to be paid by LSEs as a Locational
Relhability Charge. A resource will be accepted in the auction, and committed to provide
capacity to the PJM system during the Delivery Year, if its offer is at or below the
clearing price (including any adders applicable to such resource, as discussed below)
determined through the auction. All payments and charges determined as a result of the

(reflecting slight geographic differences in equipment, labor, or other costs) that
together cover the remaining zones in PYM. Because the CONE estimates vary by
only a few thousand dollars, all three resulting curves have essentially the same
shape, 1.e., that shown here.
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RPM actions will be billed on a monthly basis during the Delivery Year and settled at that
time.

As a result of the locational constraints, the clearing price could vary among
identified areas, known as Locational Deliverability Areas (“LDAs”), depending on
whether transmission limits into such LD As bind in the auction. As PJM’s Vice President
of Planning, Mr. Steven R. Herling, explains in his affidavit, PTM’s regional transmission
expansion planning (“RTEP”) process currently identifies areas that have a limited ability
to import capacity due to physical hmitations of the transmission system, voltage
limitations, or stability limitations, but that information 1s not reflected in current capacity
prices. Those areas identified in the planning process now will be used as LDAs in RPM.

Similarly, if either or both of the operational reliability constraints bind in the
auction (i.e., the clearing prices otherwise established are not sufficient to attract the
needed capacity from qualifying resources), then resources supplying load-following or
30-minute-start capabilities (depending on which type of resource is needed) will receive
additional compensation, based on the bids of such resources and the mmimum required
level of such resources needed for system reliabihity.

Within each Base Residual Auction and incremental auction {(described below),
PJM will clear prices separately for each of four seasons.’” The capacity obligation
(which is based on peak summer loads) will be the same throughout the year, but price
offers and clearing prices may (and likely will) vary by season. As I explain in section IX
of this affidavit, seasonally differentiated prices should promote efficiency, by
encouraging competition from resources (such as external generation resources) that are
not available for the full year, or that can apply greater price pressure during the seasons
they are available.

RPM will allow many more types of resources than today to qualify as capacity
resources. Under RPM, Capacity Resource offers will include both existing and planned
generation resources, as well as both existing and planned load management programs
(referred to when offered in an RPM auction as “Demand Resources™). Moreover,
planned merchant transmission upgrades that provide incremental mncreases in import
capability into constrained LDAs can be offered into the auction. As Mr. Herling
explains, this added feature will allow transmission upgrades to compete directly with
local generation in constrained LDAs, ensuring that the auction does not consider local
generation as the only solution to deliverability limitations that could be solved
economically by transmission.

In addition to the Base Residual Auction, PJM will hold incremental auctions for
the Delivery Year to provide market participants the opportunity to adjust their capacity
market positions. The First Incremental Auction, held twenty-three months before the

The four scasons are summer (June 1 to August 31), fall (September 1 to
November 30), winter (December 1 to February 28), and spring (March 1 to May
31).
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Delivery Year, will allow market participants an opportunity to replace resources
previously committed in the Base Residual Auction that become unavailable for such
reasons as cancellation, delay, derating, an increase in the forced outage factor
(“EFORA”), or a decrease in the value of a Planned Demand Resource.” The costs of the
resources committed in the First Incremental Auction will be recovered from the parties
that needed to secure replacement resources.

PIM will conduct a Second Incremental Auction thirtcen months before the
Delivery Year, but only if PIM projects that the PJM region will be short of capacity for
that Delivery Year by more than 100 megawatts, as a result of a higher load forecast.”
When these conditions are met, the auction will be held to commit the needed additional
capacity. The costs of the additional resources committed in the Second Incremental
Auction, which are needed for the entire region, will be recovered from all LSEs in the
PJM Region, by adjusting the preliminary “base” (region-wide) capacity price established
in the Base Residual Auction.

PIM will conduct a Third Incremental Auction four months before the Delivery
Year. As with the First Incremental Auction, this auction will allow market participants
an opportunity to replace resources committed in the prior auctions, that since have
become unavailable, or reduced in value due to a revised calculation of EFORp. As with
the First Incremental Auction, the cost of resources committed in this auction will be
recovered from the parties that need to secure replacement resources.

In addition to having the opportunity to compete with generation in the RPM
auctions, load management programs can be nominated three months before a Delivery
Year as Interruptible Load for Reliability (“ILR”). PJM will certify the nominated
resources as ILR if they meet the criteria established for load management, such as being
available for interruption at PJM’s direction for a minimum number of hours, for a
mimimum number of times per year. Certified ILR will receive the same type of
payments as Demand Resources that are offered and cleared in the auctions. I discuss the
role of load management in RPM in greater detail in section XIII of my affidavit.

To ensure that committed resources fulfill their commitments during the Delivery
Year, RPM includes various compliance and deficiency charges. These are closely

Previously committed capacity resources will not be permitted to offer into an
incremental auction. Rather, resources that would participate in an incremental
auction include those that offered above the clearing price in the earlier auctions,
planned resources developed after the earlier auctions, and external resources that
chose not to participate in earlier PJM auctions for that Delivery Year.

PJM will prepare a preliminary load forecast for the Delivery Year before the
Base Residual Auction, and then update that forecast !5 months before the
Delivery Year, so that there is enough time to conduct a Second Incremental
Auction if necessary.
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patterned on the similar charges assessed under the RAAs today, but adapted to address
the additional types of resources that can be committed in RPM.

As described by PJM’s market monitor, Joseph E. Bowring, in his affidavit, RPM
also includes provisions designed to protect against potential market power, including
market structure tests, and offer caps based on avoidable-cost determinations similar to
those addressed 1n other PIM proceedings.

Because RPM, when fully implemented, will address Delivery Years four years in
the future, it includes transition provisions to address the first three Delivery Years after
implementation, and to phase in certain of its new features.

Finally, RPM will include a reliability backstop auction to ensure that sufficient
capacity 1s procured 1f there are repeated failures to commit adequate resources through
the auctions described above. As I explain in section XI of this affidavit, the backstop
will be triggered only if significant shortages are observed in the auctions applicable to
four consecutive Delivery Years.

II. RPM Auction Clearing Process

The RPM optimization clearing approach will use marginal pricing to set prices
based on generation capacity offers, Demand Resource offers, and the variable resource
requirement curve while satisfying the operational reliability constraints and locational
transmission constraints.®

If the auction clearing results in no binding constraints, all types of capacity will
receive the same price. On the other hand, if the overall capacity requirement is met, but
the operational reliability or locational constraints bind, then resources that are required
to satisfy these constraints will receive additional compensation, as necessary to attract
sufficient resources that provide these capabilities. A complete description of the market
clearing algonthm is provided in Attachment 1 to my affidavit.

The incremental auctions similarly will employ an optimization-based market
clearing algorithm, similar to the clearing algorithm used in the Base Residual Auction.
The incremental auction clearing algorithm will have the objective of minimizing
capacity procurement costs given the generation resource offers, demand resource offers,
buy bids from parties that need replacement resources, locational constraints and

6 Since each resource may submit multiple offers for different products (i.e., base
capacity and operational reliability attributes) the optimization algorithm uses a
mixed integer programming formulation to ensure that only one offer for each
resource 1s cleared. The optimization formulation objective is to minimize the
overall objective function cost of meeting the variable resource requirement using
the available resources while considering the locational and operational reliability
constraints.
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operational reliability constraints. Unlike the clearing method for the Base Residual
Auction (as described below) the incremental auctions will not use a VRR. Curve. The
First and Third Incremental Auctions will clear at the intersection of the curve formed by
the buy bids for replacement capacity, and the curve formed by the offers to sell
replacement capacity.” The Second Incremental Auction will clear at the point on the
supply curve that provides the additional supply needed to meet the increased load
forecast.

The optimization algorithm will clear the Base Residual Auction at the
intersection of the supply curve and the variable resource requirement curve at the
marginal segment8 on either the supply curve or the VRR curve. The clearing price will
be the offer of the marginal resource 1if the marginal segment is the supply curve and the
price of the Variable Resource Requirement if the marginal segment 1s the VRR curve.
Generally, all sellers offering capacity resources at or below the clearing price will be
committed as capacity resources in the auction’ and their resources become committed to
meet the region’s capacity needs for the Delivery Year; and they will receive that clearing
price (plus any adders appropriate to the type or location of their resource) during the
Delivery Year. However, if a seller’s offer is on the supply curve past (to the right of) the
intersection with the VRR curve, then its offer 1s not accepted and its resource therefore
does not clear in the auction.

If the two curves do not intersect (meaning that the supply curve “stopped” before
it could reach the VRR Curve), then the end of the supply curve will be extended
vertically until it intersects the VRR curve. The supply curve is extended vertically
because the “stopping” or termination of the supply curve at a given capacity level
indicates that supply is fully utilized at that capacity level. When the supply 1s fully

Although provided as vehicles to replace specific resources that became
unavailable, the First and Third Incremental Auctions generally will not procure
specific resources for specific buyers. Rather, all buyers that need replacement
resources will pay a clearing price for the megawatts of replacement capacity they
require based on the clearing price of all replacement capacity. The exception to
this rule is that if a resource that has become unavailable was needed to relieve a
locational or operational reliability constraint, the buyer must pay for replacement
capacity that also relieves that constraint.

The marginal segment is the last fraction of a supply offer, or the last point of the
VRR curve, that must be partially cleared to match supply and demand and clear
the auction.

While it is generally true that all resources with offers below the clearing price are
accepted and all resources with offers above the clearing price are not accepted, 1t
is not always true. In some cases generators with lower offers but with restrictive
offer parameters, such as minimum MW amount and seasonal offers, may be
more costly to the overall solution than more flexible generator offers with a
slightly higher offer price. In these cases the higher priced but more flexible unit
may be committed instead of the lower priced less flexible generator.

8
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utilized in this manner, the VRR curve becomes marginal. This condition indicates that
the resource requirement is adjusted in the auction solution to recognize the restricted
availability of supply and the VRR curve will set the clearing price to properly reflect the
marginal value of capacity at that pomt on the curve.

As explained by Mr. Herling, capacity adequacy 1n PJM is defined by an Installed
Reserve Margin (“IRM”) for the PIM region, set by the PIM Board with the advice of the
PIM Reliability Committee. Currently, that IRM is 15%. Under RPM, an auction may
clear at a capacity level above the target IRM, but this will happen only when the higher
capacity commitment can be obtained at lower cost. To be clear, this will not occur
merely if the unit cost of securing more capacity is less. As shown below, the auction
algorithm produces this result only if more capacity is secured at a lower total cost, which
obviously benefits the region.

Several examples will help to illustrate these points. First, given the offers and
VRR Curve in figure 3, the optimization would clear at the marginal supply offer of
$109/MW-Day, where the supply curve intersects the VRR Curve

Figure 3 - RPM Optimization Clearing
Intersection of Supply Curve & VRR
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In the next example, given the same VRR curve but a higher supply curve as
shown in Figure 4, the supply curve intersects the VRR at a point between two different
supply offers. This type of scenario could result from “block bid” offers, t.e., offers to
serve a block of additional capacity at a given price. In this situation, the optimization
would clear at the marginal price on the VRR curve of approximately $129/MW-Day, as
defined by the vertical line between the two sell offers.
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Figure 4 - RPM Optimization Clearing
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Now consider the case in which the sell offers forming the supply curve do not
intersect the Variable Resource Requirement Curve, which could happen if all supply
offers are priced below the VRR curve. Figure 5 shows the supply curve in this example
ending with the last supply segment offered at approximately $80/MW-Day. In this
instance, the marginal value of system capacity will be set by extending the supply curve
vertically from its end point until it intersects the Variable Resource Requirement Curve,
thereby clearing at a price of approximately $115/MW-Day.

Figure 5 - RPM Optimization Clearing
No Intersection - Supply Curve Vertically Extended
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Note also what would happen if the clearing price was set at the IRM of 15%.
Figure 6 uses the same VRR curve and supply curve as the first example (Figure 3) and
extends the supply curve from the point where it provides 15% reserve margin vertically
until that vertical line intersects the VRR Curve, resulting in a clearing price of
$182/MW-Day.

10
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Figure 6 - RPM Optimization Clearing
Lowest Total Cost
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If the system peak was 1000 MWs, then clearing at $182/MW-Day with a 15%
reserve margin would result in a system cost of:

System Cost = System Peak x (1 + Reserve Margin) x Clearing Price
= 1000 MWs x (1 +.15) x $182/MW-Day
= $209,300/Day

Under RPM, an auction may clear at a capacity level above the target IRM, but
this will happen only when the higher capacity commitment can be obtained at lower
cost. This will not occur merely if the unit cost of securing more capacity is less. The
auction algorithm produces this result only if more capacity is secured at a lower total
cost, which obviously benefits the region. In the case of Figure 6, the optimization
algorithm yields an overall lower clearing cost by continuing beyond the point at which it
provides 15% reserve margin to the intersection of the supply curve and the VRR curve.
This produces a clearing price of $109/MW-Day with an 18% reserve margin. By
clearing at this level, the system cost is as follows:

System Cost = System Peak x (1 + Reserve Margin) x Clearing Price
= 1000 MWs x (1 +.18) x $109/MW-Day
=§$128,620/Day

The relationship illustrated here—i.e., more capacity at lower cost—holds for
every point on the proposed VRR Curve, as shown on Table 1. It also holds regardless of
the load level, i.e., whether the curve is applied to clear the region as a whole or to clear
only an individual LDA. As can be seen, the overall cost to procure capacity 1s highest in
scarcity conditions, i.e., when the reserve margin achieved by the resources cleared in the
auction falls short of the IRM target set by the PJM Board. The total capacity cost then
goes down (not just on a unit basis, but on a total-cost basis) as more capacity is cleared.

11
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When the VRR Curve Clears Above the IRM,

It Clears More Capacity at Less Cost

Region-wide Unforced Capacity Obligation 147321
Capacity
Price
Reserve from Capacity
Cleared | Capacity VRR Cost Reduction | Reduction
by Cleared | $/MW- | $ Million in Cost in Cost

Auction MW Day per Day | $ Mil/Day | $ Bil/yr
12% 143478 340 49 Reference | Reference
13% 144759 288 42 7 3
14% 146040 235 34 15 5
15% 147321 182 27 22 8
16% 148602 129 19 30 11
17% 149883 119 18 31 11
18% 151164 109 16 32 12
19% 152445 99 15 34 12
20% 153726 89 14 35 13

III.  Self-Scheduling Options

LSEs have the option to specify their self-owned generation or unit-specific
bilateral contracts to hedge their reliability charges under RPM. LSEs that elect to “sclf-
schedule” will enter their owned or contracted resources into the auction (technically as
“sellers” of such resources, like any other seller of a capacity resource in the auction),
and then the auction will procure any remaining capacity required for the region. LSEs
relying on self-supply or bilateral contracts will be price-takers in the auction, submitting
a zero-price offer and then receiving revenue during the Delivery Year based on the
capacity of their resources and the clearing prices established by the auctions. Such LSEs
then will pay only the difference, if any, between the revenues they receive for their self-
scheduled resources and the RPM reliability charges. A difference between the LSE’s
resource revenues and its reliability charges can arise because: (i) the final clearing price
may change from the first auction to the delivery year due to changes in the forecasts of
peak load; (i1)the final amount of ILR certified for the Delivery Year may differ from the
forecast of ILR relied on for purposes of that first auction; or (11} the LSE’s resources are

12
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not thirty-minute-start or load-following resources, and so the LSE still must contribute
to the system’s cost for such resources committed by other sellers.

RPM also offers LSEs an opportunity to hedge these potential differences, using a
“flexible self-scheduling” option. This option allows an LSE to designate a resource as
self-scheduled to the extent needed to meet the capacity charges attributable to its loads,
while also specifying a selling price to offer the resource into the auctions to the extent it
is not needed to meet the LSE’s reliability charge obligations.

Accordingly, a flexible self-scheduled sell offer must specify an offer price for
use in the auction clearing in the event the resource is not needed to cover the calculated
capacity obligation. The LSE must also specify the portion of its peak load in each
transmission zone it wishes to cover with self-scheduled resources. A flexible self-
scheduled resource will automatically be cleared in the auction if needed to supply the
LSE’s obligation associated with that specified load; otherwise the resource will be
treated as offered into the market.

In the event the LSE does not need all of the generators that were specified as
self-scheduled generators to meet its obligation, the RPM auction-clearing algorithm will
consider the excess (defined as the units in the LSE’s offer portfolio with the highest
offer prices) as offered into the market. In the event the LSE did not specify sufficient
sclf-scheduled generation to meet its calculated obligation, then the LSE will be notified
that it must purchase the additional required generation to cover its obligation.

1Vv. Four-Year Forward Auctions and Resource Commitments

PIM’s experience with the current short-term capacity market indicates that
market has design flaws. It does not adequately quantify reliability requirements, nor has
it demonstrated the capability to sustain generation investment. Moreover, the current
short-term market simply does not provide a reasonable opportunmity for planned
generation resources or planned demand resources to compete with existing resources,
which raises market-structure concerns.

The short-term nature of the current PJM capacity market and current capacity
obligation rules are fundamentally inconsistent with the need to preserve system
reliability over the long term. The need for a capacity market is fundamentally driven by
reliability requirements. The current capacity construct allows LSEs to commit
generation resources to provide installed capacity to serve their network load capacity
obligation on a day-by-day basis. Under the current rule, generation resources committed
to the system as capacity resources can “de-list” from capacity resource status with as
little as 36 hours notice. As discussed by Mr. Bowring in his affidavit, the current
construct has not provided sufficient revenue to generators, thus sending a signal to those
generators that they are not valued for reliability. Recently PJM has had to develop and
file with FERC generation deactivation rules as a stop-gap measure to deal with
announced retirements of generation units that are needed for relhiability. The
fundamental inconsistency between quantified reliability needs and the observed
generation revenue adequacy results indicates that the current capacity construct does not
properly quantify the reliability needs of the system.
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By contrast, RPM is based on a four-year forward pricing regime that provides a
direct opportunity for planned generation, planned transmission upgrades, and planned
demand resources to compete with existing resources. A market incorporating both
pricing and lead-times that support new entry will help establish transparent investment
signals and should significantly reduce market power concerns. The four-year-forward
price signal, based on competitive generation, transmission, and demand resource sell
offers, shouid reflect the market’s expectations about future conditions, including such
factors as relative fuel costs and regulatory changes, such as environmental regulations.
That information should be very valuable to investors considering alternative resource
options. Moreover, because 1t 1s a long-term price signal, it should be relatively stable,
especially compared to the volatile short-term pricing that characterizes the current PJM
capacity market.

Longer-term price signals also should incent longer-term bilateral contracts, as an
effective means of hedging the reliability charges assessed under RPM. This will help
orient market participant objectives with the system’s reliability needs, and help ensure
the long-term wiability of the competitive market model in the electric mdustry.
Capacity market reform alone cannot achieve these objectives, but it cannot be ignored
either. Embedding a longer-term view in the capacity markets is consistent with, and will
support, parallel efforts in PJM to ensure a longer-term view in transmission planning (as
discussed by Mr. Herling) and a longer-term view in load management, through such
measures as a forward energy reserve market and additional revenue sources to help
establish and sustain load management.

Some have argued that a voluntary forward capacity market could achieve the
same objectives as the four-year forward RPM auction design. This is not true because of
the rehiability constraints that must be satisfied for the entire system on a forward basis.
The capacity construct is directly related to long-term rehiability requirements of the
system to ensure both adequate generation supply and adequate transmission delivery
capability to each region of the market. A voluntary forward market would provide load
serving entities with the alternative to contract with capacity resources on a longer term
basis but would not require entities to arrange to cover all of their load obhgation until a
short term residual auction is held a few months before the delivery year. This type of
voluntary forward market would create fundamental inconsistencies between the forward
market results and the reliability requirements. For example, under such a voluntary
forward market, 1t 1s probable that only a portion of the total load would elect to
participate and that as a result certain critical generation in a constrained LDA would not
be contracted by load on a forward basis. This would result in the same short term crisis
scenarios that have been experienced under the current capacity construct. As we have
seen, such situations would require out of market, Reliability Must Run contracts which
distort the forward market investment signals and which in turn would adversely impact
investment. Since the reliability requirements are based on ensuring that all firm load is
served, it is imperative that the forward market contains all of the firm load so that the
market results accurately reflect all of the reliability constraints. Under the RPM model,
the load also has the choice to offset or to avoid the capacity payment by offering in
Demand Resources or specifying the load as 1LR.
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As discussed by Mr. Herling, recent generation retirements have highlighted a
fundamental problem with the long-term planning of the transmission system. The load
deliverability analysis performed in the RTEP process requires as input the generation
resources that will be available to support delivery of imported energy to load.
Uncertainty in the generation resource availability for future years creates a significant
amount of uncertainty in the future regional transmission plan. Since reliability 15 a
fundamental requirement, this planning uncertainty cannot be sustained. To correct this
problem, the PJM region needs to return to a longer-term forward capacity obligation to
commit generation for future years. A four-year forward commitment period 1s needed
for generation capacity obligations to ensure that the five-year PTM RTEP has adequate
forward information on generation conditions, so that proper planning and coordination
of transmission upgrades can be assured.

The incrementa! auctions that were mentioned previously provide market
participants with the flexibility to adjust their positions from the Base Residual Auction.
This incremental auction is an important feature of the RPM that reduces the risk of
participation in the four-year forward auction for various entities, such as new generation
projects or new demand resources, by providing a mechanism for them to purchase an
alternative, replacement resource should they experience construction delays or other
unforeseen events. This feature also eliminates potential seams issues with adjacent
capacity markets by providing near term adjustment capability for resources that choose
to participate in adjacent capacity markets that have shorter time horizons such as
NYISO’s market.

V. Benefits of a Variable Resource Requirement Approach to Setting Capacity
Prices

As explained by Professor Hobbs, a variable resource requirement curve has
significant advantages over the single-value installed capacity approach used in PJM’s
current capacity market. In a single-valued IRM system, prices are very high if there is a
shortage of only a few megawatts below the installed reserve margin, but drop to zero if
there is a surplus of only a few megawatts of excess capacity above the IRM level. As
Professor Hobbs explains, this too is a form of price-capacity curve, but it has a dramatic
vertical drop—to a price of zero—at the IRM capacity level. In contrast, 2 more
gradually downward-sloping variable resource requirement curve recognizes that
additional capacity over and above a target reserve margin has some value. In part
because it recognizes this value, a Variable Resource Requirement curve should help
reduce the capacity price volatility that has been observed in the current PIM daily
capacity market, as illustrated in Figure 7 on the following page.

15



Document Accession #: 20050902-0090 Filed Date: 08/31/2005 Exhibit IMM-00011

Rl 4

e

OO NONUT R W=

13
14
15
16
17
18

Docket No. EL21-91-000, -003
Figure 7
PJM Daily and Monthly Capacity Credit Market Clearing Prices
Calendar Years 2000-2004

Source: 2004 PIM State of the Market Report, page 159

PJM Daily and Monthly Capacity Credit Market (CCM)
performance: Calendar years 2000 to 2004
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This type of price volatility actually experienced in the PIM capacity market
corresponds to the price volatility predicted by Professor Hobbs in his long-term dynamic
economic simulation of capacity markets with vertical demand curves, such as PJM’s.
current market. As he explains, such volatility creates a significant degree of uncertainty
for investors, which increases their perceived risk of attaining an adequate return on
investment. Since the current capacity market has exhibited pricing behavior that
bounces between two pricing extremes, depending on whether there is too little capacity
or too much relative to the target Installed Reserve Margin, the result has been increased
forward uncertainty for generation. Therefore, the PJM market has experienced a period
of very low capacity prices, which has resulted in generation retirements and in very little
new generation additions in the future, which in turn has created reliability criteria
violations.

Some stakeholders have argued that the PTM market results are simply illustrating
a normal investment cycles and that no capacity market reform is necessary. However,
such investment swings are in direct conflict with the fundamental reliability
requirements, which should not be compromised. The PJM market structure has included
a generation capacity market construct as a means to ensure long-term adequacy of
supply so that the short-term availability of generation to meet demand can be ensured.
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The existence of a generation capacity product is driven by the fact that electric energy 1s
an essential commodity, and it is simply unacceptable to have shortages. The August
2003 blackout dramatically illustrated the tremendous negative effect that failure of
glectric supply has on social welfare and on the economy. The justifiable social
requirement for high reliability standards coupled with the inability to easily store electric
energy during times of excess supply for later use clearly indicates that a capacity market
reform to ensure stable and sustainable supply adequacy is required.

As described by Professor. Hobbs, the variable resource requirement approach
provides a much more stable pricing than is likely to result from a vertical demand curve
approach. Therefore, a major advantage of a variable resource requirement curve
compared to the single-value IRM is that the stream of capacity payments received by
generators will be more stable. Because investors do not like risk, more volatile profits
mean that higher rates of return will be required for new generation investments under the
current capacity construct. In order to obtain the higher returns required by risk-averse
investors, shortages of capacity would have to happen more frequently, resulting in
higher costs and risks to consumers of inadequate supply. In comparison, as shown in the
dynamic economic analysis performed by Professor Hobbs, a vanable resource
requirement curve-based system should help reduce variability in generator revenues,
especially for peaking capacity. Further reductions in risk to investors result if capacity
commitments are made years in advance, as opposed to the present PIM system. Market
simulations of RPM show that risk-averse investors will accept lower rates of return,
ultimately decreasing costs and risks to consumers.

In addition to lowering consumer cost, Professor Hobbs’ dynamic economic
analysis results indicate that a higher level of reliability will be achieved with a variable
resource requirement approach. The higher level of reliability is achieved through
investment response to the more stable price signals, which means that the target Installed
Reserve Margin will be achieved in many more years than under the current capacity
construct. Therefore, since the variable resource requirement will incent earlier investor
response to upcoming reliability shortages, there will be less dependence on out-of-
market regulatory intervention, such as reliability backstop mechanisms or special credits
to keep generators needed for reliability from retiring.

VI.  Variable Resource Requirement Parameters

To help select a particular VRR Curve for use in RPM, PIM commissioned
Professor Hobbs to perform dynamic simulations of the long-term investment behavior
resulting from differing demand curves. The analysis was performed in order to
determine the variable resource requirement characteristic parameters that result in an
adequate level of generation net revenue. As explained by Professor Hobbs, the relative
performance of each variable resource requirement curve was assessed based on a
reliability performance measure and a capacity cost measure. The reliability performance
measure quantified the investment response in terms of its ability to sustain investment to
meet or exceed the net load growth such that installed reserve standards are satisfied in
each future year. The measure of capacity cost was based on annual capacity price
results in the simulation.

Professor Hobbs considered five demand curves in his base case analyses. Each
of these curves is displayed in Figure 8. In these curves, the “X” axis s expressed as a
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ratio of the unforced reserve margin to the target unforced reserve margin, so that a value
of 1 signifies that the target is just met. Multiplying this ratio by (100% + the target
reserve in percent)and then subtracting 100% converts the ratio into a reserve margin.
For example, the three sloped curves in the figure below drop to zero price at a ratio of
1.043. This equates to a reserve margin of 20%, i.c., 1.043 * (100% + 15%) — 100%
equals 20%.
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As shown, the five curves consist of one similar to PIM’s current vertical demand
curve approach, one based on the value to customers of an increment of lost load, and
three based on the cost to generators of installing a new peaking plant to serve an
increment of additional load. In the last three curves, the estimated net cost of new entry
is used as a reference price to ensure that as reserve margin levels decrease, capacity
prices rise to incent new investment. As Professor Hobbs explains, the dynamic
economic analysis revealed that the most significant parameter affecting the reliability
performance of the curves was the distance the Net Cost of New Entry reference price
was shifted to the right or the left of the Installed Reserve Margin threshold.
Accordingly, of the three curves based on the net cost of new entry, one pairs that value
with the IRM, one pairs that value with the IRM plus one percentage point, and one pairs
that value with the IRM plus four percentage points.

Table 2 on the following page summarizes the results of Professor Hobbs’
dynamic economic analyses of these five demand curves, showing how each fared in
terms of reliability (how often the IRM was met or exceeded, and how large that
exceedance (or shortfall) was on average), and costs (total consumer payments, scarcity
payments, and capacity payments).
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Table 2.
-
Summary of Results of Dynamic Analyses of Five Alternative Demand Curves
ForecIas(.lti(I:{i)serve Generati Cornponelr{‘t; of Generation Consumer
newee on Profit, eaue Payments
% Yecars Average % $/th\c71/de S fo.rt N
Curve Forecast Forecast (standar Scarcity  E/AS ICAp Al
deviation : ICAP
Reserve  Reserve d Revenue  Fixed Payment $/Peak
Meets or over IRM [s-d.]) $/kW/yr Revenue $/kW/yr W/
Exceeds (Standard ,pp  (sd)  SkWhT  (sd) G dyT
JRM  Deviation) 4)
1. No Demand " -0.44  66/353% 47 0 70 129
Curve (1.92)  (113) (89 67y (121)
2. Original PIM -0.06 2521.2% 37 39 84
Curve, Based on 54 10
VOLL (0.74) (73) (70) (14) (78)
3. Alternative
- Curve 1.23  15/17.5% 26 40 74
92 10
with New Entry (0.87) (53) (52) (4) (55)
Net Cost at IRM
4. Alternate Curve
with New Entry 1.79  12/16.6% 21 42 71
Net Cost at 98 10
IRM+1% (0.90) (46) (44) ) (48)
5. Alternate Curve
with New Entry o8 340  13/17.0% 14 0 50 74
Net Cost at
1. 4
g (L05) @D @D CORNCE)
1 Curve 1: All of the downward sloping VRR curves perform better than the
2 vertical curve (analogous to PJM’s current capacity pricing). For the vertical curve, the
3  average percentage reserve margin is less than the target IRM, and has a large standard
4  deviation, reflecting substantial fluctuations above and below the reserve margin.
5  Similarly, the average profits demanded by generators are higher than for any other case,
6 and again have a large standard deviation, indicating substantial swings and volatility.
7  Continuing the trend, the average payments by consumers (for both scarcity payments n
~ 8  the energy market and capacity payments) are highest for the vertical demand curve case,
9  again with a very large standard deviation.
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Curve 2: PIM considered a requirement curve based on the value of lost load as
an alternative to relying on the cost of new entry. Rather than valuing incremental
capacity at replacement cost (i.e., the cost of new entry), this curve values capacity based
on the cost to the customer of having its service interrupted. As can be seen from the
results for “Curve 2,” this approach performed poorly, providing inadequate assurance of
rehability, and relatively high cost.

Curve 3: Comparing the three downward sloping curves, the curve that pairs the
net CONE with IRM (Curve 3) performs reasonably well, but not as well as the other
two. That curve achieves the target IRM in fewer of the years, and results in shghtly
higher costs to consumers.

Curve 4: The curve that pairs net CONE with IRM + 1% (Curve 4) exhibits better
reliability, with reserves at or exceeding IRM in 98% of the years. Capacity payments by
consumers are only very slightly above the capacity payments for the IRM + 0% curve,
and total consumer payments (including both capacity and scarcity payments in the
energy market) are less. Profits demanded by generators are comparatively low, as are
the standard deviations for all three metrics, indicating less volatility.

Curve 5: The last downward-sloping curve, which pairs net CONE with IRM +
4% (Curve 5), exhibits the same level of reliability as Curve 4. However, consumer
payments for capacity are higher than for Curve 4, with a greater standard deviation.
Although scarcity costs for curve 5 are the lowest of any curve, these do not offset the
higher capacity costs, so total costs to consumers are higher than for Curve 4.

Based on these results, PJM chose Curve 4 as the mitial VRR Curve for this RPM
filing. This is the curve that sets the price of capacity at the cost of new entry, when the
capacity level is one percentage point above the IRM. This curve appears to offer the
best combination of adequate generation reserves and reliability for reasonable cost.

Professor Hobbs tested his results by running numerous sensitivity cases, varying
certain inputs or assumptions and recalculating the results. Among other things, he
looked at the impact of varying the intersection of the curve with the horizontal axis, 1.e.,
the capacity level at which the price of capacity is zero. Recall that the vertical demand
curve assigns zero value to capacity above the installed reserve margin. Accordingly, the
closer the zero-price point is to the installed reserve margin, the steeper (more vertical)
the resulting curve will be. To assess the differing performance of curves with various
zero-crossing points, Professor Hobbs compared curve with a zero-crossing point at the
IRM plus five percentage points, and with a zero-crossing point at the IRM plus ten
percentage points. For Curve 4 above (which pairs the cost of new entry with the IRM
plus 1%), he found negligible difference in reliability and cost with these alternative zero-
crossing points. Given these results, PJM is recommending the curve with a zero-
crossing point at IRM + 5% because it does not diminish reliability compared to the other
alternative. This curve, which is closer to the current vertical demand curve, moderates
the cost of capacity since it values at zero all capacity cleared at more than five
percentage points above the target IRM. Had Professor Hobbs found that this curve
resulted in lower overall reliability, or higher overall long-term cost, PJM would not
adopt it. But as it appears to result in no significant reduction in reliability or increase in
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cost, this curve is preferable as it may help ease the transition to a downward-sloping
capacity pricing curve.

While PJM has devoted considerable resources to selecting the VRR Curve for
use in RPM, PJM recognizes that the curve may need to be adapted over time.
Accordingly as part of the RPM design, PIM has committed to a stakeholder process to
evaluate the performance of the VRR curve parameters at least every three years. The
ongoing performance analysis will ensure that the VRR curve is adjusted as necessary to
satisfy changing system conditions.

VII. Expected Energy Cost Savings from RPM

The benefits of the VRR curve extend beyond increasing reliability and reducing
total capacity costs. There also can be additional consumer benefits in reduced energy
prices, since the commitment of capacity at a higher reserve level will tend to decrease
energy market prices. To assess these possible savings, PIM staff, under my direction,
estimated the impact of varying reserve margins on load payments, locational energy
prices, and generator production cost. As discussed in this section of my affidavit, PIM
found that these savings could be quite significant, i.e., in the hundreds of millions of
dollars.

A, Methodology

The objective of this analysis was to estimate the impact of varying PJM’s reserve
margin on the PJM regional energy market. The market impacts were measured in terms
of load payment, locational marginal prices, and generator production cost for each
reserve margin scenario.

PIM used the General Electric Multi-area Production Simulation (“GE_MAPS”)
megawatt flow program, a commonly-used production costing model, for this analysis.
The GE-MAPS model was used because it can simulate security constrained unit
commitment and economic dispatch scenarios using realistic generation operating
constraints, and produce prices consistent with an LMP-based energy market such as
PJM’s market. PJM also used the detailed generation database maintained by GE Power
System Energy Consulting, as well as a detailed electrical model of the entire
transmission system.

The GE MAPS program calculates hour-by-hour production costs while
recognizing constraints on generation dispatch that are imposed by the transmission
system. The program uses a detailed electrical model of the entire transmission network,
along with generation shift factors determined from a solved AC power flow model, to
calculate the power flows for cach hourly generation dispatch in the simulation. The
program provides production costing results and hourly spot prices at individual buses
and flows on selected transmission lines. The GE MAPS program formulates the
generating system dispatch as a linear programming problem where the objective
function is to minimize production costs subject to electrical constraints. The objective
of the commitment and dispatch algorithms is to determine the most economic operation
of the generating units on the system. The simulation is subject to the operating
characteristics of the individual generating units, the constraints imposed by the
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transmission system, and operating and spinning reserve requirements. Accordingly, the
analysis provides a reasonable estimate of the tmpact of varying levels of installed
generation reserve where security-constrained economic dispatch is used to meet entire
market demand.

A study base case for the PJM region with updated fuel costs for 2007 was
developed from a GE MAPS 2003 Eastern Interconnection base case. Additional base
case detail is presented in Attachment 2 to my affidavit. Each scenario was developed by
retiring PJM capacity resources, starting with the earliest unit installation date and
moving progressively to later installation dates, until the desired reserve margin was
achieved (22%, 20%, 18%, 16%, 15%, 14%, 12%, and 10%). A calendar year 2007
annual run was completed for each scenario. The PJM forecast annual peak load for
2007 is 137,043 MW, and the forecast annual energy demand is 714,458 GWh.

B. Results

The results of each scenario are shown in Table 3 below, which demonstrates that
as reserve margins tighten, customer payments for capacity and total energy production
rise, while higher capacity reserve margins enable greater competition and lower total
energy costs.

Table 3
Load Payments and Generation Production Cost in 2007 for
Varying Levels of Reserve Margin

Reserve | Annual | Wtd Avg | Summer | Generation

Margin Load LMP Installed | Production
Payment | ($/MWh) | Capacity Cost

($Million) (MW) ($Million)
22% 26,445 37.01 168,305 16,194
20% 26,743 37.43 164,805 16,294
18% 27,218 38.10 162,195 16,401
16% 27,840 38.97 159,359 16,532
15% 28,154 39.41 158,182 16,615
14% 28,457 39.83 156,762 16,691
12% 29,262 40.96 154,089 16,921
10% 30,238 42.32 151,413 17,175
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Each column of Table 3 is defined below:

Reserve Margin - Amount of installed generation capacity (in %) above the PJM forecast
annual peak load, 1.e.,:

Total PIM Summer Installed Capacity — PIM Forecast Annual Peak Load
PJM Forecast Annual! Peak Load

Annual Load Payment — Total annual load payment (in $Millions) for PIM load,
calculated as the sum of hourly PJM loads multiplied by the corresponding hourly LMPs.

Wtd Avg LMP - The load weighted average rate for load payment, i.¢.,:

Total annual load payment
Forecast annual energy demand

Summer Installed Capacity — Total of the summer capacity ratings for all PJM capacity
resources.

Generation Production Cost - costs to operate generation at the desired level of output for
each simulation hour, calculated as the summation of the hourly fuel cost, operation and
maintenance cost, start-up cost, and emission cost for each thermal generating unit when
dispatched at the simulated MWh output level.

C. Discussion of results

The annual energy market simulation results indicate that the average annual
energy prices and total costs decrease with increasing installed generation reserve margin.
For example, as shown in Table 3, the total annual load payments at a 15 percent installed
reserve are estimated at $28.154 million. However, at an 18 percent installed reserve
margin, total annual load payments were reduced to $27,218 million, or a decrease i
total load payments of $936 million for the year. Similarly, the generation production
costs decreased by $214 million from the 15 percent installed reserve margin case to the
18 percent installed reserve margin case. These energy cost savings would be in addition
to the savings in capacity costs by clearing excess reserve on the VRR curve as shown in
Table 2 above.

These savings greatly exceed the cost of procuring capacity at higher levels of
reserves. For example, if we assume that the capacity market clearing price is $100 per
MW day, and that the market clears along the VRR curve at approximately the 18 percent
installed reserve level, then the annual capacity cost of the excess reserve above 15
percent would be $100/MW day * 365 days * (4013 MW" = $146.5 miilion. This cost
increase is less than the annual energy market savings of $936 million in reduced annual

10 4013 MW is the difference in capacity MW cleared at the 18% reserve level
(162,195 MW) compared to capacity cleared at the 15% reserve level (158,182
MW).
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load payments between the 18% and 15% installed reserve cases that are illustrated in the
simulation results from Table 3. 1t is also less than the $214 million reduction in annual
generation production cost that results from the 3 percent increase in installed reserve.
These results indicate a substantial benefit to consumers in energy market savings
through the application of the variable resource requirement curve in the RPM model.

VIII. Role of Load Management in the Reliability Pricing Model

A, Overview

Consistent with a long-term goal of encouraging development of load-
management solutions as a cost-effective alternative to building more generation and
transmission plant, PJM and its stakeholders are working on several mitiatives that will
open to load management resources opportunities that today are limited to generation
resources, including developing a forward energy reserve market; rewarding demand
reductions not only for reducing the need for energy, but also for reducing the need for
certain ancillary services; and refining the treatment of, and compensation for, load
management during emergencies to make it more comparable to the various ways in
which PIM can call on and compensate generation in emergencies.

RPM supplements these efforts by ehminating a significant economic difference
between generators and load management projects—the opportunity to receive
compensation as a capacity resource. Until some future date when the PIM market is
able to transition to an energy-only market, most generators’ primary sources of revenue
will be split between energy and capacity. To ensure the proper investment signals are
communicated, resources should have access to both revenue streams. However, load
management solutions do not currently have an opportunity to compete directly for the
capacity share of available compensation. RPM will remedy this shortcoming. Under
RPM, a load serving entity’s obligations can be satisfied not only with existing and
planned generation resources, but also with existing and planned demand resources, all of
which will be allowed to offer into the RPM auctions as capacity resources.

RPM therefore will create a significant new forward revenue stream for load
management resources that should encourage load response providers and plant operators
towards long-term development of solutions that capture those revenues, reduce energy
costs, and improve their bottom line. In short, RPM should facilitate capital investment
in load management resources. Morcover, by allowing load-management resources the
opportunity to bid competitively to satisfy system reliability requirements, the region as a
whole will realize rehiability-cost savings whenever those solutions are more cost-
effective than generation or transmission alternatives.

RPM will establish two principal mechanisms for load-management alternatives
to help meet the region’s reliability needs: Interruptible Load for Reliability (“ILR”) and
Demand as a Resource (“DR”). For any given planning year, a demand responsive load
may choose to be either, but not both types of resource, which will significantly expand
the opportunities for load response over the current capacity model.
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B. Interruptible Load for Reliability

ILR 1s a direct successor to current rules in PJM that allow load-serving entities to
obtain credit against capacity obligations through qualifying load-management programs,
known as Active Load Management, or “ALM.” As an ILR provider, a load will offer to
PJM up to ten 6-hour interruptions per year that can be invoked at PJM’s sole discretion.
This is the same number and duration as today in the ALM program. In return, the ILR
provider will receive a credit against its RPM reliability charge. The credit will offset
both the base (region-wide) reliability charge and the locational price adder (recognizing
the locational value of the reduction in demand), but will not offset the portion of the
charge that compensates for the operational reliability benefits that are unique to certain
types of generators.

ILR may be certified as late as three months prior to the delivery year. Because
RPM establishes capacity values for each year up to four years ahead, a customer that
elects to participate as ILR in a given delivery year will know the value of capacity in
PJM not only for that upcoming year but also for each of the next three years. This
revenue certainty will help load response providers or end-use customers plan and
implement the most cost-effective load-management processes or strategies. Therefore,
even a customer that is reluctant to commit its load-response capability as a resource in
an RPM auction still will have options under RPM to receive several years of capacity
revenues (in the form of an ILR credit against the LSE capacity payment otherwise due 1n
each of those years). And it can wait until after the results of the RPM auctions are
known before making those resource plans. As a further option, the LSE could choose to
offer its load management capability into one of the incremental auctions for the delivery
year as a Demand Resource, to see if it can improve on the value 1t could obtain from that
resource during the Delivery Year as ILR (which value was set by the base residual
auction).

To ensure the market realizes the benefit of capacity offsets expected from ILR
resources, PIM will net a forecast quantity of expected ILR from the total quantity of
capacity to be obtained through the four-year-ahead base residual auction. By reducing
the amount of capacity that must be procured in the auction, this netting of expected ILR
likely will lower the clearing price. The ILR forecast will be adjusted for each
succeeding delivery year based on the most recent experience with actual ILR resource
certification in the most recent five-year period. Based on discussions of this issue in
stakeholder forums, PJM anticipates a possible transition from this lagging forecast
methodology to a dynamic price-based forecast once experience with RPM enables
development of an ILR supply price curve.

C. Demand as Resource

In addition to granting customers credit against reliability charges through ILR,
RPM offers load-management providers an opportunity to bid their resources (upon
certification by PJM) into the auction, just like any generation resource. Both existing
and planned Demand Resources can participate in the RPM auctions (both the Base
Residual Auctions and Incremental Auctions), which commit resources years or months
in advance to satisfy capacity obligation in a Delivery Year. The RPM auctions (base
residual auction and incremental auctions) provide opportunities for DR providers to
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commit their demand resources 48 months, 23 months, 13 months, and four months
before a Delivery Year. Demand resources will be paid the base capacity price in the
PJM Region, plus any Locational Price Adders for the LDA in which the resource is
located (but will not get the portion of the charge that compensates for the operational
reliability benefits that are unique to certain types of generators.). This provides a
potentially sigmficant additional tool to help resolve deliverability concerns in
constrained LDAs in a timely and cost-effective manner.

Thus, participation in the RPM auctions will provide demand response
participants with a future revenue stream on which they can rely to aid their installation
or expansion of demand resources. Demand Resources can incorporate these future
guaranteed revenues into their planning processes to create new load-reducing
capabilities, or enhance existing capabilities. Stated differently, these guarantced
revenues will spur greater capital investment in demand resources and encourage more
demand response.

IX. RPM Seasonal Prices

In addition to varying prices by location and type of resource, clearing prices in
RPM will also be allowed to vary by season. While each LSE’s overall capacity
obligation (which is based on summer peak loads) will remain the same, seasonal price-
clearing will open opportunities for competition from resources (such as external
generation resources) that may not be available to PIM loads year-round or that may offer
greater price pressures during the seasons they are available.

Therefore, prices will be cleared separately in the Base Residual Auction and the
three Incremental Auctions for four seasons: summer (June 1 to August 31), fall
(September 1 to November 30), winter (December 1 to February 28), and spring (March
I to May 31). Only prices will vary; the total capacity obligation in the Base Residual
Auction will remain the same for the entire Delivery Year. Similarly, the incremental
obligation procured in the Second Incremental Auction will be constant for the entire
Delivery Year.

Under the seasonal approach, sellers of capacity from generation resources will
have the option to offer that capacity for each season, with separate price bids by season,
or for the entire year with a single bid. Transmission enhancements, which by definition
are in the PIM region footprint and necessarily are committed to the PIM region for the
entire year, may btd only on an annual basis. Sellers of Demand Resources will have an
option of bidding their resources for the entire year, or only for the summer season
(consistent with the summer performance criteria currently used to qualify ALM, which
also will be used under RPM to qualify ILR and demand resources). If a demand
resource is offered for the summer season only, then it will clear only if its price is at or
below the clearing price determined for the summer season. If the summer-only demand
resource clears, then the seller will receive revenues only for the summer period.
Similarly, a generation resource offered at differing prices for differing seasons will clear
only to the extent its offered price in a season is at or below the clearing price for that
season. By contrast, a resource offered for the entire year (whether generation,
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transmission, or demand) will clear if its offer price is at or below the average of the
clearing prices of the four seasons.

X. RPM’s Role in Helping Meet the System’s Operational Reliability
Requirements.

RPM also will help address a recent decline in load-following and thirty-minute-
start capabilitics on the PJM system. While PJM presently is capable of meeting load-
following criteria'' on a reliable basis, PJM has experienced a significant decline in
recent years in dispatchable and quick-start capabilities. RPM will value these
capabilities, and encourage the investment needed to maintamn and expand these

capabilities.

PJM’s current capacity construct treats all installed generation capacity the same,
even though some units have added capabilities that bring added value to preserving
system reliability. For example, loads can increase at a rapid rate on a typical summer
day, and the system dispatcher must have at his disposal units that can dynamically track
that increase in load. Similarly, loads can increase rapidly, drop off, and then rise to a
second peak on a typical winter day; so the system dispatcher must have at his disposal
units that can start, stop, and re-start potentially multiple times during a day. In any
season, the rate of change in load at the start of a typical work-day is usually thousands of
megawatts per hour. To ensure reliable service, therefore, the PJM region must have
available an adequate amount of resources that can respond to rapid increases in load,
known as “load-following” resources; and resources that can start and stop several times
a day on relatively short notice, known as “thirty-minute-start™ resources.'”

NERC defines acceptable load/generation balance limits with its Control
Performance Statistic (“CPS”) criteria. In simplified terms, over any 10-minute
period the average value of area control error (“ACE”), which is the instantaneous
mismatch between load and generation plus net interchange, must not exceed a
predefined limit (for example, 194 MW for the PIM Mid-Atlantic Region). If this
limit is exceeded, a CPS violation is recorded. On average over every month, at
least 90 percent of the 10-minute periods must be without violations in order to
comply with the NERC criteria.

More technically, the PIM RAA defines load-following resources as resources
“that are capable of either dispatching within a given range at or above a
minimum ramp rate, or cycling on- and off-line to respond to changes in system
load as they occur” and thirty-minute-start resources as resources ‘“‘that have
generating capability over and above that needed to meet day-to-day peak demand
that can be converted fully into energy within thirty minutes of a request from
PIM.” PIM RAA, Schedule 9.1.
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The mix of pool-dispatched generating units must have a number of other
characteristics to maintain reliability, mcluding, for example, regulation capability,
spinning reserve capabuility, and quick-start (i.e., ten-minute) capability. PJM’s market
rules already recognize the added value of regulation and spinning reserve capabilities,
through real-time ancillary service markets for these products. In contrast, load-
following and thirty-minute-start services are not well-suited to valuation in conjunction
with the real-time energy market under current conditions. Unlke spinning and
regulation service, load-following service is not a product that a generator provides in
lieu of energy; rather it refers to the manner in which a unit provides energy, e.g., the
unit’s ramping or rate-of-change capability. In addition, energy and ancillary service
markets currently are settled on an integrated or averaged hourly basis, but the essence of
load-following service is the ability to change output within the hour, so payment for
average hourly production does not recognize the value provided by load-following
resources. This problem is hard to remedy—sub-hourly settlement to recognize real-time
production would require substantial investment in new metering infrastructure.
Similarly, a real-time market for thirty-minute-start service would be expensive to
implement, out-weighing any benefit that a real-time market might offer compared to
longer-term procurement of that service using a mechanism such as RPM.

The decline in load-following capability can be seen from the offer data provided
to PIM by on-line units offered into the PJM energy market. Over the past four years, the
amount of load-following generation offered in PJM has declined by nearly one-quarter.
In June 2000, approximately 44 percent of all generation megawatts offered in PJM was
dispatchable (1.e., capable of load-following), meaning that generators could ramp greater
than 1 MW per minute over 44 percent of the region’s total generation capacity.
Currently, only 34 percent of total generation 1s dispatchable.

PIM also has seen a decline of about one-third in the number of available starts-
per-day (i.e., the number of times the unit can be turned on, turned off, and turned back
on during the day to help the system track rapid increases in load) offered by combustion-
turbine units. Market sellers submit the available number of daily starts for their fast-
start combustion turbines on a daily basis as part of their bid for the unit. Daily starts
offered by market sellers have decreased from an average of 4.6 starts per day in June
2000 to 3.1 starts per day in August 2004, i.e., by about one-third.

A significant reason for the decline in economically dispatchable generation stems
from the high costs of maintaining older fossil-fueled steam units in a condition that
allows them to ramp more quickly and cycle more frequently. Frequent cycling of such
units accelerates wear and tear and increases maintenance costs. Owners of such units
need an increased economic incentive to cover these increased maintenance costs and
preserve the economically dispatchable range and cycling capabilities of these units.
PJM’s current capacity payment mechanism does not separately value these costs, nor are
they separately compensated in the energy or ancillary service markets.

While most of the unifs recently retired in PJM had load-following capability, that
capacity is not being replaced by new load-following units. Of the approximately 1,500
MW of generation resources that have retired from service in PJM in the past two years,
more than 1,200 MW were fossil-fueled steam resources, which traditionally have
supphed PIM’s load-following capability. And although more than 8,000 MW of new
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generation came on line in PJM in the past two years, none of it was from load-following
resources. The units added were combustion turbines, gas-fired combined-cycle units or
wind resources. None of these resource types are considered load-following resources
because they can run only within a specific output range, and typically can start up only
once per day. Although PIM estimates that approximately 1,800 MW of planned
generation projects in the PJM interconnection queue has a high commercial probability
of completion none of those projects (combined-cycle units, combustion turbines, and
one wind project) have load-following capability.

To help address these concerns, the RPM auction-clearing algorithm will produce
higher compensation for Load-Following Resources and Thirty-Minute-Start Resources
to the extent needed to meet the system’s requirements for such resources. Prior to the
RPM auctions, PJM will determine the region’s minimum requirement for cach of these
types of resources, and certify units capable of meeting those requirements. Market
sellers with such resources can specify in their offers the added price, if any, they desire
to offer these capabilities. If either of the operational reliability constraints bind in the
auction, then the price will clear higher as necessary to ensure the minimum required
amount of resources with such capability are committed in the auction. All generation
resources in the region that provide that needed capability then will receive the same
price adder."?

To ensure the capability i1s provided, resources committed in the auctions to
resolve the operational reliability constraints must pass capability tests in the Delivery
Year, and must specify and offer such capabilities in thetr offer data for the PIM energy
market. If a seiler does not provide the promised capability during the Delivery Year, it
will be assessed penalties.

XI.  RPM’s Reliability Backstop Provisions

It is theoretically possible that a capacity auction might not elicit sufficient sell
offers to ensure that enough capacity is committed to satisfy the region’s reliability
requirements. To address this contingency, RPM includes a backstop mechanism, under
which PJM would hold a special auction (without relying on a VRR curve) to solicit
offers to enter into long-term capacity sales agreements directly with PJM.

This backstop will not be lightly invoked; RPM sets a high hurdle for PIM to
intervene in this manner. Specifically, the backstop will be triggered only if a shortage is
observed in the auctions for four consecutive Delivery Years, and only subject to FERC
approval. If PIM administers four consecutive base residual auctions in which

The adder may differ for the two capabilities, i.e., Load-Following versus Thirty-
Minute-Start. 1f the Load-Following constraint binds in the auctions, all Load-
Following resources will receive the adder for that constraint; and if the Thirty-
Minute-Start constraint binds, all Thirty-Minute-Start resources will receive that
adder.
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insufficient capacity is committed, then PJM will file with FERC for approval to conduct
a reliability backstop auction within four months after the last such base residual auction.

If held, a Reliability Backstop Auction will seek commitments of additional
generation resources for a term of up to fifteen years, based on the sell offer(s) that satisfy
the posted reliability requirements at the lowest price. If a Market Seller’s Sell Offer is
accepted in the Reliability Backstop Auction, then PJM will enter into a long-term
purchase agreement (on behalf of all LSEs in the PTM Region) with that Market Seller.
Under this agreement, the Capacity Market Seller will be paid its offer price, less any
payments the Market Seller is entitled to receive for commitment of such resource
through the regular RPM auctions, and less any contributions to the fixed cost of its
resource from the energy or ancillary service markets. The resulting agreement will be
filed with FERC. PIM will recover the costs of such payments through a charge, in
addition to the Locational Reliability Charge, assessed on all LSEs pro rata based on their
Daily Unforced Capacity Obligations.

If its offer is selected in a backstop auction, the seller must offer all Unforced
Capacity of its base load resource into the Base Residual Auctions held after the backstop
auction for all Delivery Years in the term of its offer. The scller must offer such
resources at zero price, and will receive the clearing price determined in each such
auction.

XII. PJM’s Administrative Costs to Implement RPM

Implementing RPM as proposed in this filing will not create substantial new
administrative costs for PJIM. PIM currently estimates that the up-front project
implementation cost will be $1.6 million, which includes system design, software
development, testing, participant training, and documentation costs. Moreover, PIM
expects that the ongoing operational costs to administer the RPM auctions will not be
greater than the current operating costs to administer the existing capacity market
construct. PJM expects that the increased analytical requirements for the RPM locational
and operational constraints will be offset by the reduction in the number of capacity
auctions that PJM staff must execute on an annual basis.

This concludes my affidavit.
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AFFIDAVIT OF ANDREW L. OTT
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Andrew L. Ott, being first duly sworn, deposes and says that he has read the foregoing
“Affidavit of Andrew L. Ott on behalf of PIM Interconnection, L.L.C.,” that he is familiar with
the contents thereof, and that the matters and things set forth therein are true and correct to the

best of his knowledge, information and belief.

/sl /)/ / ﬁ'

~"  Ahndrew L. Ott

Subscribed and sworn to before me this S\W\) day of August, 2005,

Ndtary Public

 COMMONWEALTH OF PENNSYLVANIA
' Notarial Seat
April Mays-Parks, Notary Pubiic

My Commission expires: q } %/I OQA o Comdercs Yo oo ey Sounty
{ My Commission Expires Sept. 8, 2008

Member., Pennsylvania Association Of Notaries
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ATTACHMENT 1

‘-
RPM AUCTION CLEARING OPTIMIZATION DETAILS
Objective function:
Z= Z(BidM WBaseCleared, ,, ,, % BidPrice, .. ., )+ Z (TransM WCleared ,, x TransPrice j‘,g)
i.5eg.on Jorg
- Z (SegM WCleared,, . % SegPrice,gJeg)
rE.seg
This optimization problem is subject to the following constraints.
(1) 0 < BidMWBaseCleared, so0 o < MaxBidMWBase; o0 o4
(2) ResourceMWBase; o, = 3. BidMWBaseCleared; g9 4
seg
(3) 0 < BidMWOaCleared; o0 oq S MaxBidOaMW; coo o4
(4) ResourceMWOa; ,, = 3, BidMWOaCleared; co0 o,
seg
(5) ResourceMWOa; ,,, < OaCapacityCleared; ,, x MaxBidQOa; ,,
(6) ResourceMWBase; ,, < OaCapacityCleared; ,, x MaxBidBase; ,,
- (7) > OaCapacityCleared; ,, <1
o
) ResourceMWOa,; ,, < ResourceMWBase; ,,
9 0 <TransMWCleared;,, < MaxTransMW, ,,
(10) 0= SegMWCleared,; ;oo < MaxSegMW,y oo
(11) Z ResourceMWBase, ,, = ZSegM WCleared,, ,, , for al