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

Pursuant to Rule 602(f) of the Commission’s Rules and Regulations,1 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; J-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). 
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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, PJM 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.4 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.6 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.7 An offer of settlement, as in this case, that is unfair, unreasonable, 

or against the public interest must be rejected.8 

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, 2021.9 

                                                           

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
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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 PJM 
President 
Monitoring Analytics, LLC 
2621 Van Buren Avenue, Suite 160 
Eagleville, Pennsylvania 19403 
(610) 271-8051 
joseph.bowring@monitoringanalytics.com 

Respectfully submitted, 

 
Jeffrey W. Mayes 
 
General Counsel 
Monitoring Analytics, LLC 
2621 Van Buren Avenue, Suite 160 
Eagleville, Pennsylvania 19403 
(610) 271-8053 
jeffrey.mayes@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
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UNITED STATES OF AMERICA 
 BEFORE THE  

FEDERAL ENERGY REGULATORY COMMISSION 
 

 
PJM Interconnection, L.L.C. 

) 
) 
) 

 
Docket No. EL21-91-000, -003 

AFFIDAVIT OF JOSEPH E. BOWRING 
ON BEHALF OF THE INDEPENDENT MARKET MONITOR FOR PJM 

 PLEASE STATE YOUR NAME AND POSITION. 1 

A. My name is Joseph E. Bowring. I am the Market Monitor for PJM. I am the 2 
President of Monitoring Analytics, LLC. My business address is 2621 Van Buren 3 
Avenue, Suite 160, Eagleville, Pennsylvania. Monitoring Analytics serves as the 4 
Independent Market Monitor (IMM) for PJM, also known as the Market Monitoring 5 
Unit (MMU or Market Monitor). Since March 8, 1999, I have been responsible for 6 
all the market monitoring activities of PJM, first as the head of the internal PJM 7 
Market Monitoring Unit and, since August 1, 2008, as President of Monitoring 8 
Analytics. The market monitoring activities of PJM are defined in the PJM Market 9 
Monitoring Plan, Attachment M and Attachment M-Appendix to PJM Open Access 10 
Transmission Tariff (OATT).1 11 

 WHAT IS THE PURPOSE OF YOUR TESTIMONY? 12 

A. The purpose of my testimony is to explain: (1) the nature and purpose of the formula 13 
rate at issue in this proceeding; (2) how the existing Capital Recovery Factor (CRF) 14 
values for generating units that were selected to provide Black Start Service prior to 15 
June 6, 2021 were calculated;2 (3) why, as a result of changes resulting from the Tax 16 
Cuts and Jobs Act (TCJA),3 the existing CRF values that result in a Capital Cost 17 
Recovery Rate for generating units that were selected to provide Black Start Service 18 
prior to June 6, 2021, are unjust, unreasonable, and unduly discriminatory or 19 
preferential; (4) how the inputs to the existing formula rate should be adjusted to 20 

                                              
1 See PJM Interconnection, L.L.C., 86 FERC ¶ 61,247; 18 CFR § 35.34(k)(6). 
2  See PJM OATT Schedule 6A Para. 18. 
3  Tax Cuts and Jobs Act of 2017, Pub. L. No. 115-97, 131 Stat. 2054 (2017). 
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produce a correct Capital Cost Recovery Rate for such units; and (5) why the 1 
settlement proposed January 31, 2024, has not been shown to be just and reasonable 2 
and should not be approved. 3 

 PLEASE PROVIDE A SUMMARY OF THE CENTRAL ISSUE IN THIS 4 
CASE. 5 

A. The inputs to the formula rate for black start capital cost recovery changed as a 6 
result of tax law changes that became effective on January 1, 2018. The result was 7 
that the correctly calculated CRF rates decreased significantly. PJM failed to reflect 8 
those changed inputs in the rates paid to black start owners. PJM failed to change 9 
the CRF rates after being notified of the issue by the Market Monitor. PJM finally 10 
changed the CRF rates in a filing approved by order issued August 10, 2021, but 11 
those rates failed to address the ongoing overpayments to black start resources 12 
which had been selected to enter service prior to June 6, 2021.4 PJM’s approach and 13 
the approach of the proposed settlement in this case both misunderstand the 14 
fundamental purpose of the CRF provision. That purpose is to ensure the payment 15 
of 100 percent of the defined return to investors. PJM’s approach and the settlement 16 
approach would both result in substantial overpayment to all affected black start 17 
units. This is a factual matter. 18 

 WHAT ISSUE(S) DID THE COMMISSION SET FOR HEARING? 19 

A. The Commission’s March 24, 2023 order set the following issue of fact for hearing: 20 

[W]hether, as a result of changes from the TCJA, the 21 
existing CRF values result in a Capital Cost Recovery 22 
Rate for generating units that were selected to provide 23 
Black Start Service prior to June 6, 2021 that is unjust 24 
and unreasonable.  While the record does not contain 25 
conclusive evidence that the existing CRF values 26 
include a 35% tax rate, the Market Monitor has 27 
introduced sufficient evidence that those values may 28 
include a 35% tax rate, raising a disputed issue of 29 
material fact as to whether changes to the tax rate render 30 
the existing CRF values unjust and unreasonable.  The 31 
import of the tax rate in the determination of the CRF 32 

                                              
4  See PJM Interconnection, L.L.C., 176 FERC ¶ 61,080. 
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value is a material fact that cannot be determined based 1 
on the existing record, which warrants setting the 2 
justness and reasonableness of the existing CRF values 3 
for hearing and settlement judge procedures.5 4 

 HOW DO YOU RESPOND TO THE ISSUES SET FOR HEARING? 5 

A. The Commission noted that the Market Monitor had provided sufficient evidence to 6 
raise the issue but did not find that there was conclusive evidence as to the tax rate 7 
included in the CRF calculations. This testimony provides dispositive evidence that 8 
the existing CRF rates were based on a 36 percent tax rate, including 2005 affidavits 9 
from Market Monitor witnesses and public PJM reports. 6 7 AMP and ODEC cited 10 
the same PJM report.8 This testimony provides dispositive evidence that the existing 11 
CRF rates were based on the use of MACRS depreciation, including 2005 affidavits 12 
from Market Monitor witnesses and public PJM reports. As a result, this testimony 13 
demonstrates that the existing CRF rates that PJM continues to apply to black start 14 
resources selected prior to June 6, 2021, are simply wrong and therefore unjust and 15 
unreasonable because the CRF rates do not include the actual tax rate and 16 
depreciation provisions that became effective on January 1, 2018.  17 

Once the factual issue is resolved, the issue of how to determine the appropriate 18 
going forward CRF rates for units selected prior to June 6, 2021, must be resolved, 19 
in order to ensure just and reasonable recovery of their discrete investment under the 20 
applicable formula rate. 21 

The offer of settlement does not address the only issue explicitly set for hearing. The 22 
offer of settlement includes, without justification, CRF rates that are calculated 23 
incorrectly even on their own terms and are inconsistent with the Commission 24 
approved CRF rates that account for the TCJA changes in the tax code. In addition, 25 
the settlement fails, without explanation, to address the fact that the CRF rate is 26 

                                              
5  See PJM Interconnection, L.L.C., 182 FERC ¶ 61,194 at P 32. 
6  Comments of the Independent Market Monitor for PJM at 6, Docket No. ER21-

1635-000 (April 28, 2021). 
7  Id. at footnote 15. 
8  Protest of American Municipal Power, Inc. and Old Dominion Electric 

Cooperative at 3, Docket No. ER21-1635-000 (April 28, 2021). 
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designed to ensure full recovery of a return on and of capital over the defined term 1 
of the CRF, no more and no less. 2 

 IS YOUR APPROACH RETROACTIVE RATEMAKING? 3 

A. No. The CRF is a formula rate that defines total payments over a defined term. If the 4 
CRF is overstated in the early years, regardless of the reason, it can be reduced in 5 
the later years in order to produce the intended result over the entire term. That is 6 
not retroactive ratemaking as it does not require the repayment of payments made 7 
under a stated or filed rate. The proposed going forward adjustment to the formula 8 
produces an outcome that is the only outcome consistent with the purpose of this 9 
specific formula rate for CRFs, to provide 100 percent of the defined return to both 10 
debt and equity investors over the defined term of the CRF. 11 

Note that this is very different from standard cost of service ratemaking that sets a 12 
stated rate that remains in place until it is changed by a subsequent decision of the 13 
Commission. That is the essential difference between a stated rate and a formula 14 
rate designed to recover capital costs over a defined term.  15 

 PLEASE DESCRIBE THE NATURE AND PURPOSE OF THE RATE AT 16 
ISSUE IN THIS PROCEEDING. 17 

A. The specific rate at issue in this proceeding is a formula rate included in Paragraph 18 
18 of Schedule 6A of the OATT (Schedule 6A). The formula rate in Schedule 6A 19 
compensates black start service units included in PJM’s system restoration plan. 20 
PJM relies on the black start system restoration plan to restore service if there is a 21 
system wide black out event, a shut down of the PJM transmission system. 22 

The formula rate included in Schedule 6A is:  23 

(Fixed BSSC) + (Variable BSSC) + (Training Costs)  24 
+ (Fuel Storage Costs)} * (1 + Z) 25 

Only the Fixed BSSC term of the formula is at issue in this proceeding and even 26 
more specifically only the CRF component of the Fixed BSCC as it applies to black 27 
start units selected to enter service before June 6, 2021, is at issue in this 28 
proceeding. Selected to enter service means that PJM selected the black start 29 
resource pursuant to a PJM RFP process prior to June 6, 2021, and does not refer to 30 
the date that the resource actually began providing service. 31 
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There are three options for calculating the Fixed BSSC term:  the Base Formula 1 
Rate; the Capital Cost Recovery NERC-CIP Specific Recovery; and the Capital 2 
Cost Recovery Rate.  3 

The first option is the Base Formula Rate for Fixed BSSC:  4 

(Net CONE * Black Start Unit Capacity * X.) 5 

The Base Formula Rate formula calculates a rate based on the net cost of new entry 6 
(Net CONE) for a new unit in the PJM capacity market in $/MW-day, multiplied by 7 
the Black Start Unit Capacity in MW, multiplied by an allocation factor X which is 8 
defined to be .02 for CTs (combustion turbine generators). The Net CONE value is a 9 
parameter of the PJM Capacity Market and has nothing directly to do with the cost 10 
of units providing black start service. 11 

The Base Formula Rate for Fixed BSSC does not provide for the recovery of a 12 
specific capital investment in black start capability. The default Fixed BSSC is not 13 
based on the cost of the black start resource. The Base Formula Rate in Paragraph 14 
18 is not a cost of service rate. 15 

The second option is the Capital Cost Recovery NERC-CIP Specific Recovery, a 16 
special purpose Fixed BSCC that allows existing black start units to recover 17 
incremental costs associated with compliance with NERC reliability standards.9  18 
The formula for Capital Cost Recovery NERC-CIP Specific Recovery is: 19 

(Net Cone * Black Start NERC-CIP Unit Capacity * X) + (Incremental Black Start 20 
NERC-CIP Capital Costs * CRF) + (Fuel Assurance Capital Costs * CRF) 21 

The third option, the Capital Cost Recovery Rate, is at issue in this proceeding. 10 22 
The Fixed BSCC formula is:   23 

(FERC-approved rate) + (Incremental Black Start Capital Costs * CRF) + (Fuel 24 
Assurance Capital Costs * CRF)  25 

                                              
9  See PJM Interconnection, L.L.C., 127 FERC ¶ 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). 

10  This option was established by the Commission in 2011. See PJM 
Interconnection, L.L.C., 138 FERC ¶ 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 1 
under the Capital Cost Recovery Rate. 2 

As there is no “FERC-approved rate” component of the rates for the units at issue in 3 
this proceeding, the “FERC approved rate” component is effectively zero dollars. 4 

None of the black start resources at issue have any Fuel Assurance Capital Costs to 5 
date.  6 

Therefore, the effective Fixed BSCC formula for purposes of this proceeding is:   7 

(Incremental Black Start Capital Costs * CRF) 8 

The CRF provides for the recovery of a discrete, defined investment in black start 9 
capability over a defined period, after which the payment for black start transitions 10 
to the default fee for the remainder of the black start service provided. 11 

 WHAT IS A CRF? 12 

A. CRF means capital recovery factor. A CRF is a rate which when multiplied by the 13 
investment in an asset results in an equal annual revenue requirement over the 14 
defined term of the CRF. That annual revenue requirement provides for full 15 
recovery of the investment costs and a return on that investment over the defined 16 
term of the CRF. CRF is a general financial concept broadly applicable across 17 
investments and industries. 18 

 WHAT IS THE PURPOSE OF THE CRF RATE FOR BLACK START 19 
REVENUE REQUIREMENTS? 20 

A. The CRF calculations in the PJM OATT were originally developed for use in 21 
defining market seller offer caps in PJM capacity market auctions.11 The purpose of 22 
the CRF values in the capacity market was to explicitly match the return of and on 23 
capital to the expected life of the incremental investment in capacity resources, 24 
defined as APIR in the OATT, Attachment DD. 12 At the time of the establishment 25 
of the RPM capacity market rules, coal units with relatively short expected 26 
remaining lives were required to make large investments in environmental controls. 27 

                                              
11  See PJM Interconnection, L.L.C., 117 FERC ¶ 61,331 (2006); OATT Attachment 

DD § 6.8(a). 
12  See OATT Attachment DD § 6.8(a). 
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As a result, it was necessary to provide for different time periods over which the 1 
opportunity for full recovery of capital costs could occur. The CRF table defined 2 
CRF levels for a range of expected asset lives with a defined set of input variables 3 
and values. 4 

 HOW WERE THE EXISTING CRF VALUES CALCULATED FOR 5 
GENERATING UNITS THAT WERE SELECTED TO PROVIDE BLACK 6 
START SERVICE PRIOR TO JUNE 6, 2021? 7 

A. The CRF values were included in the initial RPM filing in 2005.13 The Market 8 
Monitor calculated the CRF values and affidavits attached to the RPM filing by 9 
Joseph Bowring and Raymond Pasteris provide a description of the CRF calculation 10 
and the model assumptions.14 15 The CRF values were added to Schedule 6A in 11 
2009 to allow for the recovery of new or additional fixed black start capital costs.16 12 
It was explicit at the time of the filing that the CRF rate was a specifically defined 13 
formula rate and not a stated rate.17 14 

 WERE THE CRF VALUES ALWAYS BASED ON EXPLICTLY STATED 15 
INPUT VALUES, INCLUDING THE APPLICABLE FEDERAL INCOME 16 
TAX RATE? 17 

A. Yes. There are six defined inputs to the CRF formula: debt to equity ratio, rate of 18 
return on equity, interest rate on debt, federal income tax rate, state income tax rate 19 
and depreciation factors. These inputs were stated explicitly the very first time that 20 
PJM filed the CRF rates in the capacity market filing. The Market Monitor 21 
developed the CRF method that was incorporated in the CRF tables in the PJM 22 
OATT. 23 

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

590). 
14  Id., Tab G (Affidavit of Joseph E. Bowring) at 23. 
15  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. 

16  PJM Filing, Docket No. ER09-730 (February 19, 2009) at 7.  
17  Id. passim. 
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 IS THE CRF CALCULATION A BLACK BOX CALCULATION? 1 

A. No. The CRF calculation is not and has never been a black box calculation. The 2 
CRF calculation is based on a limited set of known inputs that result in the defined 3 
CRF values that were first listed in a table in Attachment DD to the PJM OATT. 4 

 IS THE FEDERAL INCOME TAX ONE OF THE INPUTS TO THE CRF 5 
CALCULATION? 6 

A. Yes. The federal income tax rate is one of the explicitly state inputs to the CRF 7 
calculation. The original CRF calculations explicitly include a federal income tax 8 
rate of 36 percent that was stated repeatedly publicly by both PJM and the Market 9 
Monitor.18 10 

 HAS THE MARKET MONITOR USED DIFFERENT APPROACHES TO 11 
DEFINING THE CRF FORMULA? 12 

A. Yes. The Market Monitor has used different approaches but all of them are 13 
substantively identical. The Market Monitor used a multiyear financial model to 14 
calculate the CRF values that were included in Attachment DD to the PJM OATT. 15 
That financial model included repayment of debt on a fixed mortgage style schedule 16 
and recognized that all net revenue in excess of costs including debt costs and tax 17 
obligations flow to the equity owner of the asset. This approach is called the flow to 18 
equity (FTE) approach. 19 

In 2021, the Market Monitor developed a formula that is the equivalent of the 20 
multiyear financial model for calculating CRF values.19 However, the formula used 21 
the weighted average cost of capital (WACC) approach to defining returns to debt 22 
holders and equity owners. The WACC approach maintains a constant debt to equity 23 
ratio by attributing net revenue in excess of costs to both debt holders and equity 24 
owners in proportion to the debt to equity ratio. That formula was filed by PJM and 25 
approved by the Commission and is now both in Attachment DD and Schedule 6A 26 
of the PJM OATT. 27 

                                              
18  See Exhibits Nos. IMM-0001}, -0002, -0003, -0004, -0005, -0006, 0007, -0008, -

0009, -0010, -0011, -0012, -0013, attached. 
19  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 1 
case, the Market Monitor clarified that the FTE approach correctly reflects the 2 
ownership interests in net revenue in excess of costs.20 The FTE approach is the 3 
correct way to calculate CRF values. 4 

The Market Monitor developed and provided the CRF formula based on the FTE 5 
approach as part of the responses to Staff discovery.  6 

 WHAT IS THE RELATIONSHIP BETWEEN THE CRF TABLE IN 7 
ATTACHMENT DD AND THE CRF TABLE IN SCHEDULE 6A? 8 

A. The table of CRF values based on the CRF table in Attachment DD was included in 9 
Schedule 6A for black start because the issue was the same issue addressed in the 10 
capacity market. The issue was how to match the expected or intended life of the 11 
asset (black start investment) to the recovery of the capital costs using equal annual 12 
payments for a range of different recovery periods. The financial calculation is the 13 
same for any asset if the inputs are the same. The inputs were the same for the 14 
capacity market and the black start cost recovery. One important difference between 15 
the two applications of CRF is that the CRF is intended to pay black start owners the 16 
exact amount of the CRF revenue requirement while in the capacity market, the 17 
CRF/APIR calculation changes the market seller offer cap and provides the 18 
opportunity to receive the full annual revenue requirement in the capacity market. 19 

 DOES SCHEDULE 6A PROVIDE FOR FULL RECOVERY OF CAPACITY 20 
COSTS OVER A DEFINED PERIOD? 21 

A. Yes. Schedule 6A provides that at the conclusion of the recovery of the specific and 22 
discrete investment cost over the defined term of the recovery period, recovery of 23 
the investment cost using the Capital Cost Recovery Rate is complete. The Capital 24 
Cost Recovery Rate is specifically designed for the recovery of a discrete fixed 25 
capital investment. When the Capital Cost Recovery Rate has served its purpose, 26 
continued black start service is then compensated under the default rate. 27 

 WHAT IS THE DIFFERENCE BETWEEN A STATED RATE AND A 28 
FORMULA RATE? 29 

A. A stated rate is a fixed value approved by the Commission. A formula rate is a 30 
formula approved by the Commission with defined inputs. As input values change, 31 

                                              
20  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 1 
Cost Recovery Rate is a formula rate. The CRF, a component of the Capital Cost 2 
Recovery Rate, is a specific formula rate with clearly defined characteristics that 3 
distinguish it from other formula rates. 4 

 WHY DO THE EXISTING CRF VALUES RESULT IN AN 5 
OVERRECOVERY OF CAPITAL COSTS FOR BLACK START UNITS 6 
SELECTED PRIOR TO JUNE 6, 2021? 7 

A. The CRFs, when multiplied by the capital investment amount, result in an annual 8 
revenue payment that is sufficient to provide for the return on and return of the 9 
capital investment and to provide for the income taxes associated with the annual 10 
revenue payment over the term of the CRF. 11 

The original CRF formula, that resulted in values calculated by the Market Monitor  12 
and proposed by PJM for inclusion in the OATT in 2005, and included in Schedule 13 
6A of the PJM OATT in 2009, was based on a federal income tax rate of 36 percent 14 
and depreciation using the 15 year Modified Accelerated Cost Recovery System 15 
(MACRS).   16 

The TCJA reduced the income tax rate for existing and new investments, including 17 
black start investments, effective January 1, 2018. The TCJA reduced the federal 18 
corporate income tax rate to 21 percent. The TCJA also included a provision that 19 
allows for 100 percent bonus depreciation for property placed in service after 20 
September 27, 2017, and before January 1, 2023.21 22 21 

The result was a significant reduction in the CRF for black start investments. The 22 
continued application of the CRF rates that include higher than actual tax 23 
obligations has resulted in customers paying black start owners a windfall equal to 24 
the impact of the reduction in tax obligations under the TCJA. Customers paid and 25 
are paying for the capital costs of black start resources as if those resources were 26 
obligated to pay taxes at the prior high rate when those resources were actually 27 
paying taxes at a much lower rate. 28 

                                              
21  Tax Cuts and Jobs Act, Pub. L. No. 115-97, 131 Stat. 2096, Stat. 2105 (2017) at 

Subtitle C, Part I, SEC. 13001. 
22  Id. at Subtitle C, Part III, SEC. 13201. 



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

- 11 - 

PJM should have reduced CRF rates immediately, effective January 1, 2018, for all 1 
existing and new black start resources. The result would have been to ensure that all 2 
black start owners received what they reasonably expected when PJM selected them 3 
to provide black start service and to ensure that all customers paid what they 4 
reasonably expected. Those reasonable expectations included a return on and of the 5 
capital invested to provide black start service, over the defined recovery period. 6 

PJM was notified of the CRF errors in 2019.  Eighteen months later, in April 2021, 7 
PJM filed to update the CRF and at that time argued the original CRFs were black 8 
box values that could not be updated for existing black start providers. PJM 9 
recognized in 2020 that the federal income tax rate in the CRF values needed to be 10 
corrected from 36 percent to 21 percent.23 11 

 WHAT HAS BEEN THE RESULT OF THE FAILURE TO CORRECTLY 12 
CALCULATE THE CRF VALUES? 13 

A. There are 49 black start generators that have received payments based on the 14 
outdated CRFs that reflect federal income tax rates and depreciation schedules 15 
corresponding to the tax laws in effect prior to the passage of the TCJA. The 49 16 
generators include 29 black start generators that began providing black start service 17 
prior to September 27, 2017, and would not have been eligible for bonus 18 
depreciation under the TCJA. Of those 29 black start generators, 11 completed their 19 
capital recovery terms between January 1, 2018, and June 2021. The 11 generators 20 
that completed their capital recovery terms are not part of the settlement. The excess 21 
payments to these 29 generators were due to the change in the federal income tax 22 
rate alone and were not affected by the changes to depreciation rules. Of the 49 23 
black start generators, 20 began black start service after September 27, 2017, and 24 
before January 1, 2023, and received excess payments as a combined result of the 25 
change in the federal income tax rate and the change in depreciation rules included 26 
in the TCJA. Of the 38 black start generators that have not completed their capital 27 
recovery terms, 24 generators will complete their capital recovery terms in 2024 and 28 
2025. An additional 8 generators will complete their capital recovery terms in 2026. 29 
The last 6 generators will complete their capital recovery terms from 2035 through 30 
2040. 31 

                                              
23  See Exhibit IMM-0013 at 9, attached, Black Start Education, PJM Interconnection, 

L.L.C., PJM Operating Committee Meeting (May 14, 2020). 
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 HOW SHOULD THE EXISTING CAPITAL COST RECOVERY RATE FOR 1 
THE PRE JUNE 6, 2021 UNITS BE ADJUSTED? 2 

A. The CRF rates going forward should be recalculated, using the formula and the 3 
correct inputs, in order to ensure that the purpose of the CRF is met, and that black 4 
start units are correctly compensated over the defined term of the CRF for each such 5 
unit. That recalculation should reflect the return of capital already received by 6 
existing black start units under the applied CRF values to date, and, as a result, 7 
eliminate the over recovery that would result under the settlement proposal CRF 8 
values. The CRF values should be set at a level that pays for the full tax liability and 9 
the full return on the black start capital investment (rate of return or cost of capital) 10 
and the full return of the black start capital investment (depreciation) over the full 11 
term of the CRF. The weighted average cost of capital paid to black start owners 12 
over the full term of the CRF should be exactly as explicitly included in the original 13 
CRF values. A description of this proposal and a formula for calculating the updated 14 
CRF are included in the Market Monitor’s Comments in this docket.24 15 

 CAN YOU EXPLAIN WHY THE PROPOSED SETTLEMENT SHOULD 16 
NOT BE APPROVED? 17 

A. For the black start resources placed in service after September 27, 2017, the 18 
proposed settlement recalculates the annual revenue requirement for black start units 19 
by multiplying the original capital investment by an updated, but incorrectly 20 
calculated, CRF corresponding to the original cost recovery term. The settlement, 21 
for unexplained reasons, fails to use the going forward rate already approved by the 22 
Commission. The settlement substitutes unsupported and demonstrably incorrect 23 
CRF rates for the Commission approved rates. Even if the settling parties do not 24 
agree that the CRF should correctly account for capital recovery over the entire term 25 
of the CRF and should only be corrected going forward, the CRF rates are wrong. 26 
The settlement CRF rates with zero bonus depreciation are correct for resources 27 
placed in service before September 27, 2017. However, none of the settlement rates 28 
account for the capital recovery calculated over the full term of the CRF rates. 29 

The updated CRFs were incorrectly calculated using the correct components of the 30 
CRF formula in Schedule 6A, section 18 of the PJM OATT, but with the incorrect 31 
input values. The financial parameter assumptions for the settlement CRFs are 32 

                                              
24  See Comments of the Independent Market Monitor for PJM, Docket No. EL21-91-

000 (November 11, 2021), corrected (November 18, 2021), at 19–26. 
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shown in Table 1. The federal income tax rate is the only parameter that was 1 
updated to calculate the proposed settlement CRFs. If a resource that began black 2 
start service in 2020 had an initial investment of $1 million with the five year 3 
recovery option, the original capital recovery payment would be $363,000, and the 4 
updated capital recovery payment would be $309,700. Table 2 compares the original 5 
and proposed settlement CRFs.  6 

Table 1 Parameter Assumptions 7 

 8 

Table 2 Original CRFs and Proposed Settlement CRFs 9 

 10 

The proposed settlement values are incorrect for the following reasons:  11 

1. The depreciation assumption of 0.0 percent bonus depreciation is not correct 12 
for 20 of the 38 resources seeking settlement. These 20 resources were eligible 13 
for 100 percent bonus depreciation. Bonus depreciation allows 100 percent of 14 
the capital investment to be depreciated in the first year of operation. The 15 
proposed settlement CRFs assume 15 year MACRS depreciation rates. Bonus 16 
depreciation significantly reduces the income tax liability compared to 17 
MACRS. The proposed settlement CRFs are 14 to 25 percent higher than the 18 
correctly calculated rates using the actual bonus depreciation rules in the tax 19 
code as a result of the use of the 15 year MACRS rates. Table 3 shows the 20 
CRFs with both zero percent and 100 percent bonus depreciation, and all other 21 
parameter values as listed in Table 1. 22 

Parameter Description Parameter Value
Percent funding equity 50.0%
Percent funding debt 50.0%
Return on equity 12.0%
Debt interest rate 7.0%
Federal income tax rate 21.0%
State income tax rate 9.0%
Bonus depreciation percent 0.0%
Depreciation rate MACRS15

Capital 
Recovery 

Period (Years) Original CRF
Proposed 

Settlement  CRF
5 0.3630 0.3097

10 0.1980 0.1767
15 0.1460 0.1348
20 0.1250 0.1180
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Table 3 Proposed Settlement CRFs with bonus depreciation 1 

  2 

2. The proposed settlement CRFs will result in a wide disparity in the actual 3 
achieved returns on equity by unit. The CRF is designed to provide a 12 4 
percent return on equity. The realized returns on equity for the 38 generators 5 
under the proposed settlement would range from 12.8 percent to 59.8 percent. 6 
The average realized return on equity would be 33.9 percent. The returns vary 7 
due to the length of the capital recovery period, the service start date and 8 
whether the resources are eligible for bonus depreciation. Table 4 provides a 9 
breakdown of the return levels based on bonus depreciation eligibility. The 10 
Market Monitor’s proposal would provide a 12 percent return on equity to all 11 
generators except those for which the over recovery is already too high to 12 
reach that result. 13 

Table 4 Realized returns under the proposed settlement agreement 14 

 15 

Capital 
Recovery 

Period (Years)
Settlement 

Proposal CRF 

Settlement 
Proposal CRF with 
100 percent bonus 

depreciation
Percent 

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%)

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%

Number of 
generators

Realized return on equity under the 
proposed settlement



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

- 15 -

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

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.

4. 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.

5. 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.25 20 

HOW DOES THE SETTLEMENT COMPARE TO A CORRECT 21 
CALCULATION OF THE CRF VALUES? 22 

A. Under the proposed settlement, customers would pay $15.6 million less in capital23 
recovery payments than if the incorrect CRF values were not changed. But the24 
proposed settlement still requires the transmission customers to overpay by $74.125 
million. See Table 5. The total overpayment if the incorrect CRF values were not26 
changed would be $89.7 million. The settlement reduces the overpayment by 17.427 
percent.28 

25 See the Market Monitor’s response to the discovery request S-IMM-1.3 in Exhibit  
IMM-0004. 
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Table 5 Capital recovery payments by customers 1 

 2 

 HOW DOES TIMING AFFECT THE POSSIBLE OUTCOMES IN THIS 3 
MATTER? 4 

A. The Commission has indicated that retroactive application of revised CRFs to black 5 
start resources that have completed their capital cost recovery is not a viable 6 
option.26 Twenty four black start resources will complete their capital recovery 7 
terms in 2024 and 2025. Eight black start resources will complete their capital 8 
recovery terms in 2026. Six generators will complete their capital recovery terms 9 
from 2035 through 2040. In the absence of a Commission decision, these black start 10 
resources will continue to be paid based on the incorrect and overstated CRFs 11 
through the full term of their CRFs.  12 

 WHAT ARE THE ALTERNATIVES TO THE PROPOSED SETTLEMENT? 13 

A. The Commission can determine that the original federal income tax rate assumption 14 
is 36 percent. There is ample evidence of this fact.27 In addition, the actual federal 15 
income tax rate incorporated in the existing CRF values is irrelevant. The correct 16 
CRF values can be and have been calculated with the current tax rates. The correct 17 
CRF values are significantly lower than the existing CRF values. 18 

The Commission could accept the Market Monitor’s proposed resolution. If the 19 
Market Monitor’s proposal were implemented effective January 1, 2025, the 20 
overpayment for capital cost recovery would be reduced from $89.7 million to $23.6 21 
million. Table 5 shows the capital recovery payments that would result if the CRFs 22 

                                              
26  176 FERC ¶ 61,080 (“August 10th, 2021 Order”) at 50. 
27  See Attachments A, B and C to Answer and Motion for Leave to Answer of the 

Independent Market Monitor for PJM, EL21-91-000 (May 10, 2023). 

Capital Recovery 
Payments

2018 - 2040
($ millions)

Overpayment
($ 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
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were corrected effective January 1, 2025. The reduction would be larger if the CRFs 1 
were corrected before an effective date of January 1, 2025. 2 

Under the Market Monitor’s proposal, an updated CRF is calculated for each unit. 3 
The unit specific updated CRF reflects the remaining unrecovered capital 4 
investment and the remaining years of capital recovery as of the date of 5 
implementing the updated CRF. The updated CRF values reflect the actual capital 6 
recovery to date based on the overstated CRF values and the correspondingly 7 
reduced requirement for the balance of the period. The capital recovery payment 8 
totals in Table 5 do not include separate refunds or disgorgement of previous 9 
payments to the black start generators.  10 

To reduce the overpayment below $23.6 million it would be necessary to require 11 
refunds from black start resources that have completed their CRF terms using the 12 
overstated CRFs or that have already received 100 percent or more of their full 13 
capital recovery. The Commission established a 15 month refund period that began 14 
in August 2021.28 The 15 month refund period has expired.  15 

Table 6 Market Monitor resolution compared to settlement proposal 16 

 17 

 DOES THIS CONCLUDE YOUR TESTIMONY? 18 

A. Yes.19 

                                              
28  August 10th, 2021 Order at 54. 

Capital Recovery 
Payments

2018 - 2040
($ millions)

Overpayment
($ 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
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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 

(1.1) 

𝐶𝑅𝐹 =
𝑟(1 + 𝑟)𝑁

(1 + 𝑟)𝑁 − 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 𝑐 

is the value that solves the following present value equation,    

𝐾 = ∑
𝑐𝐾

(1 + 𝑟)𝑗

𝑁

𝑗=1

  

= 𝑐𝐾 ∑ (
1

1 + 𝑟
)

𝑗𝑁

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) 

∑ 𝑣𝑗

𝑊

𝑗=𝐻

=
𝑣𝐻

1 − 𝑣
(1 − 𝑣𝑊−𝐻+1) . 

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 𝑆 − 𝑣𝑆 = 𝑣𝐻 − 𝑣𝑊+1 and solving for 𝑆 gives the right hand side of (1.2). 

Using equation (1.2) with 𝐻 = 1, 𝑊 = 𝑁 and 𝑣 = 1 (1 + 𝑟)⁄  yields 

∑ (
1

1 + 𝑟
)

𝑗𝑁

𝑗=1

=
(1 + 𝑟)𝑁 − 1

𝑟(1 + 𝑟)𝑁
 . 

Replacing the summation in the present value equation yields 

𝐾 = 𝑐𝐾 (
(1 + 𝑟)𝑁 − 1

𝑟(1 + 𝑟)𝑁 ) 

and solving for c 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 𝐴, 

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 = ∑
𝐶𝐹𝑗

(1 + 𝑟𝑒)𝑗

𝑁

𝑗=1

  . 

𝐸 ∙ 𝐾 is the equity portion of the capital investment, 𝐶𝐹𝑗 is the after tax cash flow to the equity 

investor for year j, 𝑟𝑒 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 

𝑗 is   

𝐶𝐹𝑗 = 𝑐𝐾 − (𝑐𝐾 − 𝛿𝑗𝐾 − 𝐼𝑗)𝑠 − 𝑃 

= 𝑐𝐾(1 − 𝑠) + 𝛿𝑗𝐾𝑠 + 𝐼𝑗𝑠 − 𝑃 

where 𝑐 is the CRF, 𝐾 is the total capital investment including debt and equity, 𝐼𝑗 is the interest 

portion of the debt payment 𝑃 and 𝑠 is the effective tax rate. Upon replacing 𝐶𝐹𝑗 in the present 

value equation   

𝐸 ∙ 𝐾 = 𝑐𝐾(1 − 𝑠) ∑
1

(1 + 𝑟𝑒)𝑗

𝑁

𝑗=1

+ 𝐾𝑠 ∑
𝛿𝑗

(1 + 𝑟𝑒)𝑗

𝑁

𝑗=1

+ 𝑠 ∑
𝐼𝑗

(1 + 𝑟𝑒)𝑗

𝑁

𝑗=1

− 𝑃 ∑
1

(1 + 𝑟𝑒)𝑗

𝑁

𝑗=1

 . 

Equation (1.2) with 𝐻 = 1, 𝑊 = 𝑁 and 𝑣 = 1 (1 + 𝑟𝑒)⁄  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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∑
1

(1 + 𝑟𝑒)𝑗

𝑁

𝑗=1

=
(1 + 𝑟𝑒)𝑁 − 1

𝑟𝑒(1 + 𝑟𝑒)𝑁
 

and substituting into the previous equation results in  

𝐸 ∙ 𝐾 = 𝑐𝐾(1 − 𝑠) (
(1 + 𝑟𝑒)𝑁 − 1

𝑟𝑒(1 + 𝑟𝑒)𝑁 ) + 𝐾𝑠 ∑
𝛿𝑗

(1 + 𝑟𝑒)𝑗

𝑁

𝑗=1

+ 𝑠 ∑
𝐼𝑗

(1 + 𝑟𝑒)𝑗

𝑁

𝑗=1

− 𝑃 (
(1 + 𝑟𝑒)𝑁 − 1

𝑟𝑒(1 + 𝑟𝑒)𝑁 ) . 

Solving for 𝑐 yields 

(1.3) 

𝑐 =
𝑟𝑒(1 + 𝑟𝑒)𝑁

(1 − 𝑠)[(1 + 𝑟𝑒)𝑁 − 1]
{𝐸 − 𝑠 ∑

𝛿𝑗

(1 + 𝑟𝑒)𝑗

𝑁

𝑗=1

−
𝑠

𝐾
∑

𝐼𝑗
(1 + 𝑟𝑒)𝑗

𝑁

𝑗=1

+
𝑃

𝐾

(1 + 𝑟𝑒)𝑁 − 1

𝑟𝑒(1 + 𝑟𝑒)𝑁 } . 

Table 1 Variable descriptions for the FTE capital budgeting model 

 

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) 

𝑃 = (1 − 𝐸)𝐾
𝑟𝑑(1 + 𝑟𝑑)𝑁

(1 + 𝑟𝑑)𝑁 − 1
 

𝐼𝑗 = (1 − 𝐸)𝐾𝑟𝑑(1 + 𝑟𝑑)𝑗−1 (
(1 + 𝑟𝑑)𝑁−𝑗+1 − 1

(1 + 𝑟𝑑)𝑁 − 1
) ,     𝑗 = 1, ⋯ , 𝑁 

Using the (1.4) 

∑
Ij

(1 + re)j

N

j=1

= ∑(1 − 𝐸)𝐾𝑟𝑑(1 + 𝑟𝑑)𝑗−1 (
(1 + 𝑟𝑑)𝑁−𝑗+1 − 1

(1 + 𝑟𝑑)𝑁 − 1
)

1

(1 + re)j

N

j=1

 

Variable Description

K Capital investment (included debt and equity)

E Equity funding percent

r e Return on equity

r d Debt interest rate

P Debt payment 

I j Interest portion of debt payment in year j

s Effective tax rate

N Cost recovery period

δ j Depreciation factor for year j
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= (1 − 𝐸)𝐾 (
𝑟𝑑

(1 + 𝑟𝑑)𝑁 − 1
) [(1 + 𝑟𝑑)𝑁 ∑ (

1

1 + re
)

𝑗N

j=1

− (1 + 𝑟𝑑)−1 ∑ (
1 + 𝑟𝑑

1 + re
)

𝑗N

j=1

] 

As previously noted 

∑
1

(1 + re)j

𝑁

𝑗=1

=
(1 + re)𝑁 − 1

𝑟𝑒(1 + re)𝑁
 

and equation (1.2) with 𝐻 = 1, 𝑊 = 𝑁 and 𝑣 = (1 + 𝑟𝑑) (1 + 𝑟𝑒)⁄  gives 

∑ (
1 + 𝑟𝑑

1 + 𝑟𝑒
)

𝑗𝑁

𝑗=1

= (
1 + 𝑟𝑑

𝑟𝑒 − 𝑟𝑑
) (

(1 + re)𝑁 − (1 + rd)𝑁

(1 + re)𝑁 ) . 

Upon replacing the finite geometric series with the expressions above 

∑
Ij

(1 + re)j

N

j=1

= (1 − 𝐸)𝐾 (
𝑟𝑑

(1 + 𝑟𝑑)𝑁 − 1
) [(1 + 𝑟𝑑)𝑁 (

(1 + re)𝑁 − 1

𝑟𝑒(1 + re)𝑁 ) −
(1 + re)𝑁 − (1 + rd)𝑁

(𝑟𝑒 − 𝑟𝑑)(1 + 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) 

CRF =
re(1 + re)N

(1 − s)[(1 + re)N − 1]
{E − s ∑

δj

(1 + re)j

N

j=1

− (1 − 𝐸)𝑠
𝑟𝑑

(1 + 𝑟𝑑)𝑁 − 1
[(1 + 𝑟𝑑)𝑁 (

(1 + re)𝑁 − 1

𝑟𝑒(1 + re)𝑁 ) − (
(1 + re)𝑁 − (1 + rd)𝑁

(𝑟𝑒 − 𝑟𝑑)(1 + re)𝑁 )]

+ (1 − 𝐸) (
𝑟𝑑(1 + 𝑟𝑑)𝑁

(1 + 𝑟𝑑)𝑁 − 1
) (

(1 + re)N − 1

re(1 + re)N )} 

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 assumptions3 

 

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 depreciation4 

 

                                                      
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. 

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 (δi , i = 1,2,3,4,5) 20.0000%

Service Year 1 2 3 4 5

Revenue $275,362 $275,362 $275,362 $275,362 $275,362

Depreciation $200,000 $200,000 $200,000 $200,000 $200,000

Interest on debt $35,000 $28,914 $22,402 $15,434 $7,978

Tax payment $11,441 $13,167 $15,013 $16,988 $19,101

Debt payment $121,945 $121,945 $121,945 $121,945 $121,945

Return on equity $60,000 $50,163 $39,353 $27,466 $14,391

Payback of debt $86,945 $93,032 $99,544 $106,512 $113,968

Payback of equity $81,975 $90,087 $99,051 $108,962 $119,924

Remaining debt $413,055 $320,023 $220,479 $113,968 $0.000

Remaining equity $418,025 $327,938 $228,887 $119,924 $0.000
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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 

𝐾 = ∑
𝐶𝐹𝑗

(1 + 𝑟)𝑗−0.5

𝑁

𝑗=1

  , 

or equivalently, 

K = √1 + 𝑟𝑒 ∑
𝐶𝐹𝑗

(1 + 𝑟𝑒)j

N

j=1

 . 

Making the substitution, 

𝐶𝐹𝑗 = 𝑐𝐾 − (𝑐𝐾 − 𝛿𝑗𝐾 − 𝐼𝑗)𝑠 − 𝑃 

and solving for 𝑐 yields equation (1.6). 

 (1.6) 

𝑐 =
𝑟𝑒(1 + 𝑟𝑒)𝑁

(1 − 𝑠)[(1 + 𝑟𝑒)𝑁 − 1]
{

𝐸

√1 + 𝑟𝑒

− 𝑠 ∑
𝛿𝑗

(1 + 𝑟𝑒)𝑗

𝑁

𝑗=1

−
𝑠

𝐾
∑

𝐼𝑗
(1 + 𝑟𝑒)𝑗

𝑁

𝑗=1

+
𝑃

𝐾

(1 + 𝑟𝑒)𝑁 − 1

𝑟𝑒(1 + 𝑟𝑒)𝑁 } . 

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) 

𝑃 = (1 − 𝐸)𝐾
𝑟𝑑(1 + 𝑟𝑑)𝑁−1 2⁄

(1 + 𝑟𝑑)𝑁 − 1
 

𝐼1 = (1 − 𝐸)𝐾(√1 + 𝑟𝑑 − 1) 

𝐼𝑗 = (1 − 𝐸)𝐾𝑟𝑑(1 + 𝑟𝑑)𝑗−3 2⁄ (
(1 + 𝑟𝑑)𝑁−𝑗+1 − 1

(1 + 𝑟𝑑)𝑁 − 1
) ,     𝑗 = 2, ⋯ , 𝑁 

Substituting the formulas for the interest payment into the sum of discounted interest payments 

from (1.6) results in  

∑
𝐼𝑗

(1 + 𝑟𝑒)𝑗

𝑁

𝑗=1

= (1 − 𝐸)𝐾 (
√1 + 𝑟𝑑 − 1

1 + 𝑟𝑒
+ ∑ (𝑟𝑑(1 + 𝑟𝑑)𝑗−3 2⁄ (

(1 + 𝑟𝑑)𝑁−𝑗+1 − 1

(1 + 𝑟𝑑)𝑁 − 1
)

1

(1 + 𝑟𝑒)𝑗
)

𝑁

𝑗=2

) 

= (1 − 𝐸)𝐾
√1 + 𝑟𝑑 − 1

1 + 𝑟𝑒

+
(1 − 𝐸)𝐾𝑟𝑑

√1 + 𝑟𝑑[(1 + 𝑟𝑑)𝑁 − 1]
[(1 + 𝑟𝑑)𝑁 ∑ (

1

1 + 𝑟𝑒
)

𝑗𝑁

𝑗=2

− (1 + 𝑟𝑑)−1 ∑ (
1 + 𝑟𝑑

1 + 𝑟𝑒
)

𝑗𝑁

𝑗=2

] . 

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 + 𝑟𝑒)⁄  gives 

∑
1

(1 + re)j

𝑁

𝑗=2

=
(1 + re)𝑁−1 − 1

𝑟𝑒(1 + re)𝑁
 

and with 𝐻 = 2, 𝑊 = 𝑁 and 𝑣 = (1 + 𝑟𝑑) (1 + 𝑟𝑒)⁄   

∑ (
1 + 𝑟𝑑

1 + 𝑟𝑒
)

𝑗𝑁

𝑗=2

= (1 + 𝑟𝑑)2 (
(1 + re)𝑁−1 − (1 + rd)𝑁−1

(𝑟𝑒 − 𝑟𝑑)(1 + re)𝑁 ) . 

Replacing the summations yields equation (1.8). 

(1.8) 

∑
𝐼𝑗

(1 + 𝑟𝑒)𝑗

𝑁

𝑗=1

= (1 − 𝐸)𝐾
√1 + 𝑟𝑑 − 1

1 + 𝑟𝑒

+
(1 − 𝐸)𝐾𝑟𝑑√1 + 𝑟𝑑

(1 + 𝑟𝑑)𝑁 − 1
[(1 + 𝑟𝑑)𝑁−1 (

(1 + re)𝑁−1 − 1

𝑟𝑒(1 + re)𝑁 )

− (
(1 + re)𝑁−1 − (1 + rd)𝑁−1

(𝑟𝑒 − 𝑟𝑑)(1 + re)𝑁 )] 

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) 

𝐶𝑅𝐹 =
𝑟𝑒(1 + 𝑟𝑒)𝑁

(1 − 𝑠)[(1 + 𝑟𝑒)𝑁 − 1]
{

𝐸

√1 + 𝑟𝑒

− 𝑠 ∑
𝛿𝑗

(1 + 𝑟𝑒)𝑗

𝑁

𝑗=1

− 𝑠(1 − 𝐸)
√1 + 𝑟𝑑 − 1

1 + 𝑟𝑒

− 𝑠(1 − 𝐸)
𝑟𝑑√1 + 𝑟𝑑

(1 + 𝑟𝑑)𝑁 − 1
[(1 + 𝑟𝑑)𝑁−1 (

(1 + re)𝑁−1 − 1

𝑟𝑒(1 + re)𝑁 )

− (
(1 + re)𝑁−1 − (1 + rd)𝑁−1

(𝑟𝑒 − 𝑟𝑑)(1 + re)𝑁 )] + (1 − 𝐸) (
𝑟𝑑(1 + 𝑟𝑑)𝑁−1 2⁄

(1 + 𝑟𝑑)𝑁 − 1
) (

(1 + 𝑟𝑒)𝑁 − 1

𝑟𝑒(1 + 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 

   

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 

√1 + r𝑑 − 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 + r𝑒 − 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 

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 $17,204 $27,952 $21,656 $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 $47,817 $37,508 $26,176 $13,713

Payback of debt $100,685 $89,937 $96,233 $102,969 $110,177

Payback of equity $101,528 $85,909 $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
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accelerated depreciation assumption.5 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 

   

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 

    

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 

                                                      
5  It is 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. 

Service Year 1 2 3 4 5

Revenue $251,812 $251,812 $251,812 $251,812 $251,812

Depreciation $333,300 $444,500 $148,100 $74,100 $0

Interest on debt $17,204 $27,952 $21,656 $14,920 $7,712

Tax payment ($27,976) ($62,545) $23,260 $46,147 $69,195

Debt payment $117,889 $117,889 $117,889 $117,889 $117,889

Return on equity $29,150 $44,070 $25,782 $15,597 $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

Service Year 1 2 3 4 5

Revenue $242,110 $242,110 $242,110 $242,110 $242,110

Depreciation $1,000,000 $0 $0 $0 $0

Interest on debt $17,204 $27,952 $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 $29,150 $22,226 $17,271 $11,936 $6,190

Payback of debt $100,685 $89,937 $96,233 $102,969 $110,177

Payback of equity $314,786 $41,288 $44,458 $47,883 $51,586

Remaining debt $399,315 $309,378 $213,145 $110,177 $0

Remaining equity $185,214 $143,926 $99,469 $51,586 $0
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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 convention6 

 

Proposition 1.2 Proof. 𝐾0 is the initial capital invested and, 𝑗 ≥ 1, represents the equity investment 

remaining at the midpoint of cost recovery year 𝑗. 𝐾1
(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). 

Year

3 year  

Depreciation 

Factors

5 year  

Depreciation 

Factors

10 year  

Depreciation 

Factors

15 year  

Depreciation 

Factors

20 year  

Depreciation 

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 7.41% 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%
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is the unique value that will result in 𝐾𝑁
(𝑒)

= 0. Representing the CRF in equation (1.9) as 𝑐, the 

year 1 revenue net of taxes and return is 

𝑐𝐾0(1 − 𝑠) + 𝛿1𝐾0𝑠 + 𝐼1𝑠 − 𝑃 − 𝐸𝐾0(√1 + 𝑟𝑒 − 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  

𝐾1
(𝑒)

= 𝐸𝐾0 − (𝑐𝐾0(1 − 𝑠) + 𝛿1𝐾0𝑠 + 𝐼1𝑠 − 𝑃 − 𝐸𝐾0(√1 + 𝑟𝑒 − 1)) 

= 𝐸𝐾0√1 + 𝑟𝑒 − 𝑐𝐾0(1 − 𝑠) − 𝛿1𝐾0𝑠 − 𝐼1𝑠 + 𝑃. 

The year 2 revenue net of taxes, the debt payment and return on equity is 

𝑐𝐾0(1 − 𝑠) + 𝛿2𝐾0𝑠 + 𝐼2𝑠 − 𝑃 − 𝑟𝑒𝐾1
(𝑒)

  

and the equity investment that remains at the midpoint of year 2 is 

𝐾2
(𝑒)

 = 𝐾1
(𝑒)

 (1 + 𝑟𝑒) − 𝑐𝐾0(1 − 𝑠) − 𝛿2𝐾0𝑠 − 𝐼2𝑠 + 𝑃 . 

Substitution for 𝐾1
(𝑒)

 yields  

𝐾2
(𝑒)

 = 𝐸𝐾0(1 + 𝑟𝑒)3 2⁄ − 𝑐𝐾0(1 − 𝑠)[(1 + 𝑟𝑒) + 1] − [𝛿1(1 + 𝑟𝑒) + 𝛿2]𝐾0𝑠 − [𝐼1(1 + 𝑟𝑒) + 𝐼2]𝑠 

+ 𝑃[(1 + 𝑟𝑒) + 1] . 

Repeating this process through the end of the capital recovery period yields  

(1.10) 

𝐾𝑁
(𝑒)

= 𝐸𝐾0(1 + 𝑟𝑒)𝑁−1 2⁄ − 𝑐𝐾0(1 − 𝑠) ∑(1 + 𝑟𝑒)𝑗−1

𝑁

𝑗=1

− 𝐾0𝑠 ∑ 𝛿𝑗(1 + 𝑟𝑒)𝑁−𝑗

𝑁

𝑗=1

 − 𝑠 ∑ 𝐼𝑗(1 + 𝑟𝑒)𝑁−𝑗

𝑁

𝑗=1

+ 𝑃 ∑(1 + 𝑟𝑒)𝑗−1

𝑁

𝑗=1

. 

Equation (1.2) with 𝐻 = 1, 𝑊 = 𝑁 and 𝑣 = 1 + 𝑟 gives 

∑(1 + 𝑟𝑒)𝑗−1

𝑁

𝑗=1

=
1

1 + 𝑟𝑒
∑(1 + 𝑟𝑒)𝑗

𝑁

𝑗=1

=
(1 + 𝑟𝑒)𝑁 − 1

𝑟𝑒
 . 

Using the formulas for  𝐼𝑗 in equation (1.7) yields  
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∑ 𝐼𝑗(1 + 𝑟𝑒)𝑁−𝑗

𝑁

𝑗=1

= (1 − 𝐸)𝐾0(√1 + 𝑟𝑑 − 1)(1 + 𝑟𝑒)𝑁−1

+ ∑(1 − 𝐸)𝐾0𝑟𝑑(1 + 𝑟𝑑)𝑗−3 2⁄ (
(1 + 𝑟𝑑)𝑁−𝑗+1 − 1

(1 + 𝑟𝑑)𝑁 − 1
) (1 + 𝑟𝑒)𝑁−𝑗

𝑁

𝑗=2

 

= (1 − 𝐸)𝐾0(√1 + 𝑟𝑑 − 1)(1 + 𝑟𝑒)𝑁−1

+
(1 − 𝐸)𝐾0𝑟𝑑(1 + 𝑟𝑒)𝑁

√1 + 𝑟𝑑(1 + 𝑟𝑑)𝑁 − 1
[(1 + 𝑟𝑑)𝑁 ∑ (

1

1 + 𝑟𝑒
)

𝑗𝑁

𝑗=2

− (1 + 𝑟𝑑)−1 ∑ (
1 + 𝑟𝑑

1 + 𝑟𝑒
)

𝑗𝑁

𝑗=2

] 

Equation (1.2) with 𝐻 = 2, 𝑊 = 𝑁 and 𝑣 = 1 (1 + 𝑟𝑒)⁄  gives 

∑ (
1

1 + 𝑟𝑒
)

𝑗𝑁

𝑗=2

=
(1 + 𝑟𝑒)𝑁−1 − 1

𝑟𝑒(1 + 𝑟𝑒)𝑁
 

and 𝐻 = 2, 𝑊 = 𝑁 and 𝑣 = (1 + 𝑟𝑑) (1 + 𝑟𝑒)⁄  gives 

∑ (
1 + 𝑟𝑑

1 + 𝑟𝑒
)

𝑗𝑁

𝑗=2

= (1 + 𝑟𝑑)2 [
(1 + 𝑟𝑒)𝑁−1 − (1 + 𝑟𝑑)𝑁−1

(𝑟𝑒 − 𝑟𝑑)(1 + 𝑟𝑒)𝑁
] . 

Upon making these substitutions  

∑ 𝐼𝑗(1 + 𝑟𝑒)𝑁−𝑗

𝑁

𝑗=1

= (1 − 𝐸)𝐾0(√1 + 𝑟𝑑 − 1)(1 + 𝑟𝑒)𝑁−1

+
(1 − 𝐸)𝐾0𝑟𝑑(1 + 𝑟𝑑)

√1 + 𝑟𝑑(1 + 𝑟𝑑)𝑁 − 1
[(1 + 𝑟𝑑)𝑁−1 (

(1 + 𝑟𝑒)𝑁−1 − 1

𝑟𝑒
)

− (
(1 + 𝑟𝑒)𝑁−1 − (1 + 𝑟𝑑)𝑁−1

(𝑟𝑒 − 𝑟𝑑)
)] . 

Replacing the summations in equation (1.10) and replacing 𝑃 using (1.7) yields  
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𝐾𝑁
(𝑒)

= 𝐸𝐾0(1 + 𝑟𝑒)𝑁−1 2⁄ − 𝑐𝐾0(1 − 𝑠) (
(1 + 𝑟𝑒)𝑁 − 1

𝑟𝑒
) − 𝐾0𝑠 ∑ 𝛿𝑗(1 + 𝑟𝑒)𝑁−𝑗

𝑁

𝑗=1

 

− 𝑠(1 − 𝐸)𝐾0(√1 + 𝑟𝑑 − 1)(1 + 𝑟𝑒)𝑁−1

− 𝑠(1 − 𝐸)𝐾0

𝑟𝑑(1 + 𝑟𝑑)

√1 + 𝑟𝑑(1 + 𝑟𝑑)𝑁 − 1
[(1 + 𝑟𝑑)𝑁−1 (

(1 + 𝑟𝑒)𝑁−1 − 1

𝑟𝑒
)

− (
(1 + 𝑟𝑒)𝑁−1 − (1 + 𝑟𝑑)𝑁−1

(𝑟𝑒 − 𝑟𝑑)
)] + (1 − 𝐸)𝐾0 (

rd(1 + rd)N−1 2⁄

(1 + rd)N − 1
) (

(1 + 𝑟𝑒)𝑁 − 1

𝑟𝑒
) . 

Replacing 𝑐 with the CRF formula in (1.9) results in 𝐾𝑁
(𝑒)

= 0. The equation for 𝐾𝑁 also establishes 

the uniqueness of the CRF. If there are two CRF values, for instance 𝑐1 and 𝑐2, satisfying the 

proposition, then each will produce 𝐾𝑁 = 0 and one can quickly deduce from the equation for 𝐾𝑁 

that 𝑐1 = 𝑐2. 
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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 

(1.1) 

𝐶𝑅𝐹 =
𝑟(1 + 𝑟)𝑁

(1 + 𝑟)𝑁 − 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,    

𝐾 = ∑
𝑐𝐾

(1 + 𝑟)𝑗

𝑁

𝑗=1

  

= 𝑐𝐾 ∑ (
1

1 + 𝑟
)

𝑗𝑁

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) 

∑ 𝑣𝑗

𝑊

𝑗=𝐻

=
𝑣𝐻

1 − 𝑣
(1 − 𝑣𝑊−𝐻+1) . 

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.2 

Using equation (1.2) with 𝐻 = 1, 𝑊 = 𝑁 and 𝑣 = 1 (1 + 𝑟)⁄  yields 

∑ (
1

1 + 𝑟
)

𝑗𝑁

𝑗=1

=
(1 + 𝑟)𝑁 − 1

𝑟(1 + 𝑟)𝑁
 . 

Replacing the summation in the present value equation yields 

𝐾 = 𝑐𝐾 (
(1 + 𝑟)𝑁 − 1

𝑟(1 + 𝑟)𝑁 ) 

1  For example, see pages 21-22 in “Economic Evaluation and Investment Decision Methods,” Stermole, 

F.J. and Stermole, J.M. (1993). 

2  If 𝑆 is the sum on the left hand side of equation (1.2), then 𝑆 − 𝑣𝑆 = 𝑣𝐻 − 𝑣𝑊+1 and solving for 𝑆 gives 

the right hand side of (1.2). 
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and solving for c 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 𝐴, 

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 2021.3 4 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.5 The CRF must satisfy the following present value equation, 

𝐾 = ∑
𝐶𝐹𝑗

(1 + 𝑟)𝑗

𝑁

𝑗=1

  . 

𝐾 is the capital investment, 𝐶𝐹𝑗 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   

𝐶𝐹𝑗 = 𝑐𝐾 − (𝑐𝐾 − 𝛿𝑗𝐾)𝑠 

= 𝑐𝐾(1 − 𝑠) + 𝛿𝑗𝐾𝑠 

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, 4th Edition, 1996. 

5  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 𝛿𝑗 is the depreciation factor for year 𝑗. Upon 

replacing 𝐶𝐹𝑗 in the present value equation   

𝐾 = 𝑐𝐾(1 − 𝑠) ∑
1

(1 + 𝑟)𝑗

𝑁

𝑗=1

+ 𝐾𝑠 ∑
𝛿𝑗

(1 + 𝑟)𝑗

𝑁

𝑗=1

 . 

Equation (1.2) with 𝐻 = 1, 𝑊 = 𝑁 and 𝑣 = 1 (1 + 𝑟)⁄  gives 

∑
1

(1 + 𝑟)𝑗

𝑁

𝑗=1

=
(1 + 𝑟)𝑁 − 1

𝑟(1 + 𝑟)𝑁
 

and substituting into the previous equation results in  

𝐾 = 𝑐𝐾(1 − 𝑠) (
(1 + 𝑟)𝑁 − 1

𝑟(1 + 𝑟)𝑁 ) + 𝐾𝑠 ∑
𝛿𝑗

(1 + 𝑟)𝑗

𝑁

𝑗=1

 . 

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

(1.3) 

𝐶𝑅𝐹 =
𝑟(1 + 𝑟)𝑁

(1 − 𝑠)[(1 + 𝑟)𝑁 − 1]
{1 − 𝑠 ∑

𝛿𝑗

(1 + 𝑟)𝑗

𝑁

𝑗=1

} 

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

  

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. 

Variable Description

r After tax weighted average cost of capital

s Effective tax rate

N Cost recovery period

δj Depreciation factor for recovery year j
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Table 1-2 Financial parameter and tax assumptions6 

 

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 depreciation7 

 

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. 

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%

Recovery Year 1 2 3 4 5

Revenue $274,938 $274,938 $274,938 $274,938 $274,938

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 $215,590 $233,949

Remaining capital investment $831,289 $648,209 $449,539 $233,949 $0
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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 

𝐾 = ∑
𝐶𝐹𝑗

(1 + 𝑟)𝑗−0.5

𝑁

𝑗=1

  , 

or equivalently, 

K = √1 + 𝑟 ∑
𝐶𝐹𝑗

(1 + 𝑟)j

N

j=1

 . 

Making the substitution, 

𝐶𝐹𝑗 = 𝑐𝐾(1 − 𝑠) + 𝛿𝑗𝐾𝑠 

and solving for 𝑐 yields equation (1.4). 

 (1.4) 

𝐶𝑅𝐹 =
𝑟(1 + 𝑟)𝑁

(1 − 𝑠)[(1 + 𝑟)𝑁 − 1]
{

1

√1 + 𝑟
− 𝑠 ∑

𝛿𝑗

(1 + 𝑟)𝑗

𝑁

𝑗=1

} 

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 3 4 5

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 $67,959 $52,992 $36,751 $19,126

Payback of Capital Investment $201,997 $175,749 $190,716 $206,957 $224,582

Remaining Capital Investment $798,003 $622,255 $431,539 $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 √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 0.254231. 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.8 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 

 

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, 2017.9 10 Capital investments placed into service 

after September 27, 2017 and before January 1, 2023, are eligible for 100 percent bonus 

depreciation.11 

8  It is 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). 

10  26 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 

Service Year 1 2 3 4 5

Revenue $254,231 $254,231 $254,231 $254,231 $254,231

Depreciation $333,300 $444,500 $148,100 $74,100 $0

Tax Payment ($22,226) ($53,485) $29,833 $50,635 $71,464

Return on Capital Investment $41,711 $65,170 $44,515 $29,195 $14,343

Payback of Capital Investment $234,747 $242,546 $179,883 $174,401 $168,424

Remaining Capital Investment $765,253 $522,708 $342,825 $168,424 $0
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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 

 

The CRF 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). 

Service Year 1 2 3 4 5

Revenue $247,523 $247,523 $247,523 $247,523 $247,523

Depreciation $1,000,000 $0 $0 $0 $0

Tax Payment ($211,521) $69,579 $69,579 $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 $139,252 $151,111 $163,980

Remaining Capital Investment $582,666 $454,343 $315,091 $163,980 $0
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Table 1-7 Cash flow summary for 20 year, $10 million investment with bonus depreciation 

 

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. 

Service 

Year Revenue Depreciation

Tax 

Payment

Return on 

Capital 

Investment

Payback of 

Capital 

Investment

Remaining 

Capital 

Investment

1 $1,031,492 $10,000,000 ($2,521,048) $417,109 $3,135,431 $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 $1,031,492 $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 $1,031,492 $0 $289,952 $485,264 $256,276 $5,441,886

9 $1,031,492 $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 $1,031,492 $0 $289,952 $58,195 $683,345 $0
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Table 1-8 Modified Accelerated Cost Recovery System (MACRS) with half year convention12 

 

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. 𝐾0 is the initial capital invested and 𝐾𝑗, 𝑗 ≥ 1, represents the capital investment remaining 

at the midpoint of cost recovery year 𝑗. 𝐾1 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 𝐾𝑁 = 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). 

Year

3 year  

Depreciation 

Factors

5 year  

Depreciation 

Factors

10 year  

Depreciation 

Factors

15 year  

Depreciation 

Factors

20 year  

Depreciation 

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 7.41% 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%
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𝑐𝐾0(1 − 𝑠) + 𝛿1𝐾0𝑠 − 𝐾0(√1 + 𝑟 − 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  

𝐾1 = 𝐾0 − (𝑐𝐾0(1 − 𝑠) + 𝛿1𝐾0𝑠 − 𝐾0(√1 + 𝑟 − 1)) 

= 𝐾0√1 + 𝑟 − 𝑐𝐾0(1 − 𝑠) − 𝛿1𝐾0𝑠. 

The year 2 revenue net of taxes and return on investment is 

𝑐𝐾0(1 − 𝑠) + 𝛿2𝐾0𝑠 − 𝑟𝐾1  

and the capital investment that remains at the midpoint of year 2 is 

𝐾2  = 𝐾1(1 + 𝑟) − 𝑐𝐾0(1 − 𝑠) − 𝛿2𝐾0𝑠 . 

Substitution for 𝐾1 yields  

𝐾2  = 𝐾0(1 + 𝑟)3 2⁄ − 𝑐𝐾0(1 − 𝑠)[(1 + 𝑟) + 1] − [𝛿1(1 + 𝑟) + 𝛿2]𝐾0𝑠 . 

Repeating this process through the end of the cost recovery period yields  

(1.5) 

𝐾𝑁 = 𝐾0(1 + 𝑟)𝑁−1 2⁄ − 𝑐𝐾0(1 − 𝑠) ∑(1 + 𝑟)𝑗−1

𝑁

𝑗=1

− 𝐾0𝑠 ∑ 𝛿𝑗(1 + 𝑟)𝑁−𝑗

𝑁

𝑗=1

 . 

Equation (1.2) with 𝐻 = 1, 𝑊 = 𝑁 and 𝑣 = 1 + 𝑟 gives 

∑(1 + 𝑟)𝑗−1

𝑁

𝑗=1

=
1

1 + 𝑟
∑(1 + 𝑟)𝑗

𝑁

𝑗=1

=
(1 + 𝑟)𝑁 − 1

𝑟
 . 

Replacing the first summation in equation (1.5) yields  

(1.6) 

𝐾𝑁 = 𝐾0(1 + 𝑟)𝑁−1 2⁄ − 𝑐𝐾0(1 − 𝑠) (
(1 + 𝑟)𝑁 − 1

𝑟
) − 𝐾0𝑠 ∑ 𝛿𝑗(1 + 𝑟)𝑁−𝑗

𝑁

𝑗=1

 . 

Replacing 𝑐 in (1.6) with the CRF formula in (1.4) results in 𝐾𝑁 = 0. Equation (1.6) also establishes 

the uniqueness of the CRF. If there are two CRF values, for instance 𝑐1 and 𝑐2, satisfying the 

proposition, then each will produce 𝐾𝑁 = 0 and one can quickly deduce from the equation (1.6) 

that 𝑐1 = 𝑐2. 
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Exhibit IMM-0004



1 

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.1 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.2 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.3  

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 PJM, 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: 

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

• Attachment B: Black Start Tariff Section 6.4 Issues, MRC (October 25, 2006). 
• 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.4 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.5 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).6 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 
CRF 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. 

Exhibit IMM-0004 
Docket No. EL21-91-000, -003



 

6 

Table 1 FTE model with five year cost recovery period and $1 million investment 

 

 

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.7 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 + 𝐸𝐸 ∙ 𝑟𝑟𝑒𝑒 + 𝐷𝐷 ∙ (1 − 𝑠𝑠) ∙ 𝑟𝑟𝑑𝑑 − 1� ∙ 𝐾𝐾 where 𝐸𝐸 is the equity funding percent, 𝐷𝐷 is the 
debt funding percent, 𝑟𝑟𝑒𝑒  is the return on equity, 𝑟𝑟𝑑𝑑 is the interest rate on debt, 𝑠𝑠 is the effective 
income tax rate and 𝐾𝐾 is the capital investment. Under the FTE approach with the mid year 
convention (Model A), the year 1 return on equity is ��1 + 𝑟𝑟𝑒𝑒 − 1� ∙ 𝐸𝐸 ∙ 𝐾𝐾, the year 1 interest on the 
debt is ��1 + 𝑟𝑟𝑑𝑑 − 1� ∙ 𝐷𝐷 ∙ 𝐾𝐾 and the tax shield can be explicitly stated as 𝑠𝑠 ∙ ��1 + 𝑟𝑟𝑑𝑑 − 1� ∙ 𝐷𝐷 ∙ 𝐾𝐾. 
Since ��1 + 𝐸𝐸 ∙ 𝑟𝑟𝑒𝑒 + 𝐷𝐷 ∙ (1 − 𝑠𝑠) ∙ 𝑟𝑟𝑑𝑑 − 1� ≠ ��1 + 𝑟𝑟𝑒𝑒 − 1� ∙ 𝐸𝐸 + (1 − 𝑠𝑠) ∙ ��1 + 𝑟𝑟𝑑𝑑 − 1� ∙ 𝐷𝐷, models A 
and B give different values for revenue net of income taxes, interest and ROE.8  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. 

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
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 $245,392 $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%

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

 

 

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 

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 Shield1 2 $4,643 $4,916 $2,767 $435 $0
Interest on debt1 2 $17,204 $17,488 $9,843 $1,548 $0
Return on Equity (ROE)1 2 $29,150 $29,979.01 $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 $135,379 $237,733 $260,961
Internal Rate of Return (IRR) to equity investors 41.5%

WACC Approach - Constant D/E with Mid Year Payments
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intended.8 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.9 

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

Dated: September 15, 2023

                                                   
8  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. 
9  The Market Monitor described the proposed resolution in a previous filing. See Section H in Errata 

Filing of the Independent Market Monitor for PJM, 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 
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Black Start Tariff Section 6.4 
Proposed Changes

MIC Joseph Bowring
October 31, 2006 Frank Racioppi
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Black Start Tariff Issues

• BSS tariff initially designed to address existing black 
start units

• Tariff treatment of new black start investments is unclear
• 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

Exhibit IMM-0005 
Docket No. EL21-91-000, -003



©2005 PJMwww.pjm.com 3

Black Start Tariff Issues

• Capital recovery typically over investment life
• 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
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Basis for Required Changes

• 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
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Basis for Required Changes

• Ensure that FERC has responsibility for regulatory 
decisions:
– Rate of return in CRF factors
– Rate of return for incentive payments
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Framework for BSS Tariff Changes

• 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
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Framework for BSS Tariff Changes

• New entry black start service generation revenue 
requirements
– 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)
– Owners retain option to file with the FERC.
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Framework for BSS Tariff Changes

• 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)
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Determinants of CRF

• 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 
Units (Years)

Remaining Life of 
Plant (Years)

Levelized CRF @ 
12% IRR

Levelized CRF @ 
18% IRR

Levelized CRF @ 
24% IRR

1 to 5 20 0.125 0.160 0.198
6 to 10 15 0.146 0.180 0.216

11 to 15 10 0.198 0.230 0.262
16 Plus 5 0.363 0.391 0.419
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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.
• 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
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Issues

• 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
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NPV Definition

• 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.
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IRR Definition

• 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.
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Examples of Payment Alternatives - 1

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

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

• Col 3. Apply CRF factors (24% IRR) for 20 years
– NPV =$1,384,050; IRR =24%
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Illustration of Impacts - 1

Year

PJM Cost Based 
Method 12.0 % 

IRR

PJM Cost Based 
Method 18.0 % 

IRR

PJM Cost Based 
Method 24.0 % 

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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Examples of Payment Alternatives - 2

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

• 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%

• Col 3. Full capital cost recovery in 5 years
– Tariff rate for 15 years
– NPV =$2,550,384; IRR =54.6%
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Examples of Payment Alternatives - 2

• 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%

• Col 5. PJM tariff rate for 20 years
– Full PJM Tariff Formulaic Rate for 20 Years
– NPV =$2,614,444 ; IRR =56.4%
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Illustration of Impacts - 2

Year
2 Yr Offer then 

PJM Tariff

2 Yr Offer then 
One Half PJM 

Tariff
5 Yr Offer then 

PJM Tariff

5 Yr Offer then 
One Half PJM 

Tariff
Full PJM Tariff 

All Years
2007 $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%
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Conclusions

• 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
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Black Start Tariff Section 6.4 
Proposed Changes

MIC Market Monitoring Unit
September 18, 2006
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Proposed Changes

• 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
• Goal is to match reasonable expected life of black start 

investment with cost recovery and commitment to 
purchase black start service
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Proposed Changes

• 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
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Proposed Changes

• New entry black start service generation revenue 
requirements
– 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.
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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 

be collected.
– After the agreement expires, there will be no 

additional collection of fixed costs unless new capital 
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Capital Recovery Methodology

• 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 
Unit

Remaining Life of 
Plant (Years) Levelized CRF

1 to 5 20 0.125
6 to 10 15 0.146
11 to 15 10 0.198
16 to 20 5 0.363
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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.
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Review of Black Start Formula and Cost Components 

Laura Walter, PJM 

June 2011 
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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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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: 

 Fixed BSSC = Fixed Black Start Service Cost 

 Variable BSSC = Variable Black Start Service Costs  

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

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

 Z= 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 followsii: 

ALR Generator′s Annual Black Start Service Revenue Requirement = 

Training Costs ∗ (1 + Z) 

 

 Where Z is a 10% incentive factor 

 Training costs are calculated as 50 staff hours per plant per year *$75 per staff hour = $3,750 per plan per 

delivery year  
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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 5iii or Section 6iv 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. 

 
 

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: 
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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.  It is 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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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: 

v 

 

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 

 

O&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 

 

$75 is 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 +  # 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 Items 

 Fixed Black Start Service Cost (FBSSC) Formula Clarifications 

 Evaluation of CRF table 

 Fuel Storage Cost Clarifications 

 

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

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

iii 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. 
iv 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 1to 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, PJM shall review the formula and its costs components set 
forth in this section, and report on the results of that review to stakeholders.3   

This paper describes in document form the report given on Black Start Compensation at the May 7, 2013 System 
Restoration Strategy Senior Task Force4 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: 

• Fixed BSSC = Fixed Black Start Service Cost 
• Variable BSSC = Variable Black Start Service Costs  
• Training Costs = $3,750 per plant per delivery year (50 staff hours per plant per year  multiplied by $75 per 

staff hour) 
• Fuel Storage Cost is the cost defined in the tariff for oil units with onsite storage (discussed below) 
• 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 follows5: 

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

 
• Where Z is a 10 percent incentive factor 
• 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 56 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 
6 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 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. 

PJM © 2014 www.pjm.com 5 | P a g e  

                                                             

Exhibit IMM-0008 
Docket No. EL21-91-000, -003

http://www.pjm.com/documents/%7E/media/documents/agreements/tariff.ashx


PJM Black Start Review  
Schedule 6A: Section 18 

 
 

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: 

 

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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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: 

 

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;  

 

“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 PJM 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:”   

 

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. 

 

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 (ii) 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 PJM 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 PJM 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 
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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.8  

The SRSTF reviewed the existing black start compensation methods contained in PJM’s tariff on May 7, 20139 and 
considered four different black start compensation proposals:10 

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.11 

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, PJM 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 

11 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, 201413. 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: 

• 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 

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

• Would allow compensation for fuel storage to include fuels other than oil 
• Would provide for a five year PJM 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: 

Black Start Resource 
Size

Initial  Capital 
Payment to add 
Black Start (from 
RFP Responses)

Additional Black 
Start Resource 

Capital Payment 
(From RFP 

Responses)

Annual Black 
Start Capital 

Payment 
(using 0.125 

CRF)

Additional 
Resource 

Annual Black 
Start Capital 

Payment

Annual Black 
Start O&M 

Payment (from 
RFP Responses)

Annual Black 
Start Fuel 
Storage 

Payment (from 
RFP Responses)

Unit Total 
Annual Black 

Start Payment 
(including 
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: 

 

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, 201414. 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 meeting15.  

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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PJM Black Start Review  
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: 

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

• 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. 
• 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. 
• In the 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. 
o 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, 201416.  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. 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 ability1 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 five years.  Specifically, Schedule 6A: Section 
18 states:  
 

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

 
This paper is intended to document the 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.  Current and 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.4 
 
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 requirement review process 
for new black start units.  The initial review process for new black start units includes an initial annual 
black start revenue estimate to be collected during the document and compensation review period. This 
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 RTO Wide Black Start Request for Proposal and four Black 
Start Incremental Request for Proposals with three completed and one currently under review.  
Generator Owner interest and black start service bidding remains active with multiple RFP responses.  

As a result, PJM is not recommending modifications to the current version of Schedule 6A, Section 18. 
 
  
 
 

 
 
 
 
 

 

                                              
1 Subject to Transmission Provider concurrence 
2 https://agreements.pjm.com/oatt/3897 
3 Schedule 6A Black Start Service Section 18 Effective Date: 9/1/2018  
4 https://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 accepting revisions to PJM 
Tariff, Schedule 6A setting forth a process for establishing the initial revenue requirement for a new Black Start Unit 
entering service in PJM (effective date November 16, 2017).  The new process can be found in the tariff, Section 17B 
which allows for the submittal of new Black Start Service revenue requirements (including supporting data and 
documentation) to PJM and the M arket Monitoring Unit for review and analysis by no later than 90 days after entering 
Black Start Service.  The Market Monitoring Unit has a 90-day period to review the submittals and calculate the new 
Black Start Unit’s annual revenue requirement and subm it to PJM and the Black Start Unit owner.  More time is 
allotted in the event of more than three new Black Start owner submittals.  In this case, the Marketing Monitoring Unit 
has an additional 90 days to review the next set of three submittals and so on until complete.  The Black Start Owner 
has 7 days to notify PJM and the Marketing Monitoring Unit if it disagrees with the Market Monitoring Unit’s 
determination.  PJM shall determine within 30 days if the values submitted by the Black Start Unit owner meet the 
requirements of the Tariff and PJM Manuals.  If PJM does not accept the values submitted by the Black Start Unit 
owner, the owner may file 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 petition the Commission for an order that 
would require the Black Start Unit owner to utilize the values determined by the Market Monitoring 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-to-point reservations.  Zonal rates will include estimated 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 bill 
following the acceptance of the new Black Start unit’s 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 entire 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 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 the Transmission Owner (specific to the Transmission Owner’s System Restoration 
Plan). 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 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 Schedule 6A outlines the formulas used to 
calculate the revenue requirements.  
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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: 

 Fixed BSSC = Fixed Black Start Service Cost 

 Variable BSSC = Variable Black Start Service Costs  

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

staff hour) 

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

 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 
same black start payments as black start units that start without an outside electrical supply.  The revenue 
requirements for ALR units are as follows5: 

ALR Generator′s Annual Black Start Service Revenue Requirement = 

Training Costs ∗ (1 + Z) 

 
 Where Z is a 10 percent incentive factor 

 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 https://agreements.pjm.com/oatt/3897 
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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 56 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. 
 
 

 
 

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

                                              
6 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 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 conti nue to extend until the Black Start 

Unit owner, or the Transmission Provider provides written, one-year advance notice of its intention to terminate the commitment or the commitment is 
involuntarily terminated pursuant to section 15 of this Schedule 6A. 
7 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 from such Black Start Units for a term based upon the a ge of the Black Start Unit or the 

longest expected 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 or additional 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 Unit owner shall be eligible to recover 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 and consent of the Transmission Provider (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) of this Schedule 6A) in excess of the amount that would have been recovered pursu ant to section 18 of this 
Schedule 6A during the same period. At the conclusion of the term of commitment established under this section 6 of this Schedule 6A, a Black Start Unit shall 

commence a new term of commitment under either section 5 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 left-hand 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 tariff and fall into 
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: 

 
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 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 

Each delivery year contains a workbook titled “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: 

 
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”.   
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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 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;  

 
“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 PJM 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:”   
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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 on page 7, 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 
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. 
 

 
 
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 (ii) 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. 

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 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 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 in the 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 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”. 
 

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 additional Black 
Start Capital Costs under Paragraph 6, the incentive factor (Z), shall be equal to zero. 
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Request for Proposal (RFP) since 2014 

 
April 11, 2014:  Black Start Incremental Request for Proposal for AEP Zone.  PJM requested bids for 
additional black start capability within 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 
Pennsylvania. 
 
July 28, 2015:  Second Incremental Request for Proposal for Northeast Ohio and Western Pennsylvania.  

PJM determined the need for additional black start capability within Northeastern Ohio and Western 
Pennsylvania. 
 
February 01, 2018:  PJM 2018 RTO Wide Black Start Request for Proposal.  This was the second PJM 
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 RTO wide black start RFPs, PJM 

incremental black start RFPs and PJM Reliability Backstop processes.  Resources that are awarded black 
start service are compensated under Schedule 6A of the Tariff, 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 RTO Wide and Incremental RFPs. 

Exhibit IMM-0009 
Docket No. EL21-91-000, -003

http://www.pjm.com/


Exhibit IMM-00010



1

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: 

 First is the current tariff table
 Second is the current tariff table recalculated to reflect recent changes in tax law that reduce CRF values
 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 
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Black Start Education 
Black Start Unit Testing, Substitution, Termination Rules, and 

Capital Recovery Factor (CRF) 

Becky Davis

PJM Performance Compliance
PJM Operating Committee Meeting 
May 14, 2020
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Black Start Definitions

A single generator that is able to start without an 
outside electrical supply, or the demonstrated 
ability of a base load unit to remain operating, at 
reduced levels, when automatically disconnected 
from the grid.

A plant that includes a unit that can black start.  
A Black Start Plant with Black Start Units at different 
voltage levels (electrically separated) will be 
considered multiple Black Start Plants.

Black Start

Unit

Black Start

Plant
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• Transmission Owners develop and review the 
restoration plan annually.
Black Start Units Listed in TO Restoration Plans

• Black Start Units receiving compensation 
under Schedule 6A have agreed that the unit 
should be designated as black start.

Black Start Units

PJM, in 
collaboration 
with the 
Transmission 
Owners, identify 
the generating 
units that are 
critical for 
system 
restoration.
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Black Start Testing Requirements

Every generating unit that is providing black start capability shall be 
tested to verify that it can be started and operated without being 
connected to the PJM power system.
• Scheduled at the discretion of the generator owner; however, prescheduled with PJM 

prior to testing.

• Completed and submitted black start test report for all testing performed (pass or fail, 

and requested 14 days following test).

• A successful test is required, on a 13-month rolling basis, for the Black Start Unit to 

continue receiving black start compensation under Schedule 6A.  

Identify all Black Start Units for annual testing.

Exhibit IMM-00013 
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Black Start Testing Requirements

• Start when requested from 
“blackout” state

• Close to a dead bus within 
3 hours

• Operate at reduced levels 
when disconnected from 
the grid

• Maintain frequency and 
voltage under varying load
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Black Start Unit Substitutions

Schedule 6A Black Start Service – Section 10

Provide additional clarification and guidance for 
Black Start Unit substitution.
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Initial 
commitment of at 
least two years 
from black start 
service 
implementation 
date.
May terminate 
with one year’s 

advanced notice
if: 

Schedule 6A Black Start Service – Unit Terminations

Additional termination rules to address potential delays for units 
without a black start test on file for an extended period. 

• Black Start Unit 
owner initiated 
termination
Forego any existing 

entitlement to revenues 

collected under Schedule 

6A (refund FERC-

approved rates)

• PJM initiated 
termination 
Black Start Unit owner 

eligible to recover any 

amount of unrecovered 

fixed black start service 

costs over a period < 5 

years
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Schedule 6A Black Start Service – Capital Recovery Factor

Black Start Units may recover new or additional black start capital 
costs for a term based on the age of the Black Start Unit.

Capital recovery factor (CRF) based on a levelized pro forma for a 100 MW combustion turbine for $1 M.

Capital 
Recovery 
Factor 
(CRF) 
Table

Exhibit IMM-00013 
Docket No. EL21-91-000, -003



PJM © 20209www.pjm.com | Public

Capital Recovery Factor Components

9% 
State 
tax rate

50% 
Equity

and 

50% 
Debt

New/Revised Tax Laws
Bonus depreciation 

12% 
Internal 
rate of 
return 
on 
equity

7%
Current 

Interest Rate

Based on current bond rate~3.5%
Proposed

Based on current federal 
corporate and state tax rates

41%
Current 

~28%
Proposed

Income tax rate

Current federal corporate tax 
rate 21%

36%
Current 

~21%
Proposed

Federal tax rate
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Black Start Education

Appendix
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Appendix

References:
• PJM OATT Schedule 6A Black Start Service
• PJM M-12 Balancing Operation; Section 4
• PJM M-10 Pre-Scheduling Operations; Section 2
• PJM M-14D Generation Operational Requirements; Section 10
• PJM M-27 Open Access Transmission Tariff Accounting; S-7
• PJM M-36 System Restoration; Sections 6 & 8
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Appendix

Black Start Testing Form:
https://www.pjm.com/-/media/markets-ops/ancillary/black-start-

test-report-forms.ashx?la=en
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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.1 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.2 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.3  

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 PJM, 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: 

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

• Attachment B: Black Start Tariff Section 6.4 Issues, MRC (October 25, 2006). 
• 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.4 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.5 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).6 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 
CRF 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 

 

 

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.7 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 + 𝐸𝐸 ∙ 𝑟𝑟𝑒𝑒 + 𝐷𝐷 ∙ (1 − 𝑠𝑠) ∙ 𝑟𝑟𝑑𝑑 − 1� ∙ 𝐾𝐾 where 𝐸𝐸 is the equity funding percent, 𝐷𝐷 is the 
debt funding percent, 𝑟𝑟𝑒𝑒  is the return on equity, 𝑟𝑟𝑑𝑑 is the interest rate on debt, 𝑠𝑠 is the effective 
income tax rate and 𝐾𝐾 is the capital investment. Under the FTE approach with the mid year 
convention (Model A), the year 1 return on equity is ��1 + 𝑟𝑟𝑒𝑒 − 1� ∙ 𝐸𝐸 ∙ 𝐾𝐾, the year 1 interest on the 
debt is ��1 + 𝑟𝑟𝑑𝑑 − 1� ∙ 𝐷𝐷 ∙ 𝐾𝐾 and the tax shield can be explicitly stated as 𝑠𝑠 ∙ ��1 + 𝑟𝑟𝑑𝑑 − 1� ∙ 𝐷𝐷 ∙ 𝐾𝐾. 
Since ��1 + 𝐸𝐸 ∙ 𝑟𝑟𝑒𝑒 + 𝐷𝐷 ∙ (1 − 𝑠𝑠) ∙ 𝑟𝑟𝑑𝑑 − 1� ≠ ��1 + 𝑟𝑟𝑒𝑒 − 1� ∙ 𝐸𝐸 + (1 − 𝑠𝑠) ∙ ��1 + 𝑟𝑟𝑑𝑑 − 1� ∙ 𝐷𝐷, models A 
and B give different values for revenue net of income taxes, interest and ROE.8  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. 

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
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 $245,392 $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%

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

Exhibit IMM-00014 
Docket No. EL21-91-000, -003



 

7 

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 

 

 

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 

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 Shield1 2 $4,643 $4,916 $2,767 $435 $0
Interest on debt1 2 $17,204 $17,488 $9,843 $1,548 $0
Return on Equity (ROE)1 2 $29,150 $29,979.01 $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 $135,379 $237,733 $260,961
Internal Rate of Return (IRR) to equity investors 41.5%

WACC Approach - Constant D/E with Mid Year Payments
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intended.8 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.9 

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

Dated: September 15, 2023

                                                   
8  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. 
9  The Market Monitor described the proposed resolution in a previous filing. See Section H in Errata 

Filing of the Independent Market Monitor for PJM, 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 

Exhibit IMM-00014 
Docket No. EL21-91-000, -003


	United states of america
	before the
	federal energy regulatory commission
	COMMENTS OF THE INDEPENDENT MARKET MONITOR FOR PJM IN OPPOSITION TO OFFER OF SETTLEMENT
	I. Argument
	II. Conclusion
	2024-02-20 Exhibit-0001 Bowring Affidavit.pdf
	United states of america
	before the
	federal energy regulatory commission
	AFFIDAVIT OF JOSEPH E. BOWRING ON BEHALF OF THE INDEPENDENT MARKET MONITOR FOR PJM
	Blank Page

	Exhibit IMM-0002 (Q11 and Q14) CRF Technical Reference-FTE approach.pdf
	Blank Page

	Exhibit IMM-0003 (Q11 and Q14) CRF Technical Reference-WACC approach.pdf
	Blank Page

	Exhibit IMM-0004 (Q21, Part 5) 2023-09-15 Staff-IMM DR 1 Responses-AS SENT.pdf
	RESPONSE
	RESPONSE
	RESPONSE
	RESPONSE
	RESPONSE
	RESPONSE
	RESPONSE
	a. NA
	b. Any questions about the calculations and any subsequent changes should be directed to Dr. Joseph E. Bowring.
	Blank Page

	Exhibit IMM-0005 IMM MIC Presentation (10-31-06).pdf
	Black Start Tariff Section 6.4 Proposed Changes
	Black Start Tariff Issues
	Black Start Tariff Issues
	Basis for Required Changes
	Basis for Required Changes
	Framework for BSS Tariff Changes
	Framework for BSS Tariff Changes
	Framework for BSS Tariff Changes
	Determinants of CRF
	CRF Example
	Issues
	NPV Definition
	IRR Definition
	Examples of Payment Alternatives - 1
	Illustration of Impacts - 1
	Examples of Payment Alternatives - 2
	Examples of Payment Alternatives - 2
	Illustration of Impacts - 2
	Conclusions
	Blank Page

	Exhibit IMM-0006 IMM MIC Presentation (09-18-06).pdf
	Blank Page

	Exhibit IMM-0007 PJM Black Start Formula & Cost Components Review (June 2011).pdf
	Blank Page

	Exhibit IMM-0008 PJM Black Start Formula & Cost Components Review (December 2014).pdf
	Review of Black Start Formula and Cost Components
	Black Start: Executive Summary
	Black Start: Current Total Revenue Requirements
	Traditional Black Start Units
	Automatic Load Rejection Units (ALR) or Units with a High Operating Factor
	Fixed Black Start Service Cost (FBSSC)
	Paragraph 5 Fixed Black Start Service Cost for Units not requesting Capital Cost Recovery

	Variable Black Start Service Cost (VBSSC)
	Training Cost
	Fuel Storage Cost
	Z Factor

	SRSTF Black Start Proposed Revenue Requirements Changes
	Black Start: System Restoration Strategy Task Force (SRSTF)

	Main Proposal – Minimum Incentive Compensation Proposal
	Alternate Proposal – Proxy for Formula Replacement
	Comparative Summary

	Markets and Reliability Committee Actions
	Minor Compensation Changes with Limited Fuel Storage Proposal
	Conclusion
	Blank Page

	Exhibit IMM-0009 PJM Black Start Formula & Cost Components Review (October 2019) (1).pdf
	Blank Page

	Exhibit IMM-0010 (Email to PJM about TCJA and CRF updates (October 3, 2019).pdf
	Blank Page

	Exhibit IMM-0011 2005-08-31 ER05-1410  RPM Filing with Bowring and Pasteris Affadivits.pdf
	00C50E59-66E2-5005-8110-C31FAFC91712.TIF
	Document Content(s)
	Blank Page

	Exhibit IMM-0012 2009-02-19 ER09-730 PJM BSS Tariff Filing.pdf
	0138227D-66E2-5005-8110-C31FAFC91712.TIF
	Document Content(s)
	Blank Page
	Untitled

	Exhibit IMM-0013, PJM Black Start Education (05-14-20).pdf
	Blank Page

	Exhibit IMM-0014 Staff-IMM DR 1 Responses (09-15-23).pdf
	RESPONSE
	RESPONSE
	RESPONSE
	RESPONSE
	RESPONSE
	RESPONSE
	RESPONSE
	a. NA
	b. Any questions about the calculations and any subsequent changes should be directed to Dr. Joseph E. Bowring.
	Blank Page




