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System-Wide Variable Resource Requirement (VRR) Curve
 Adopt Marginal Reliability Impact (MRI) VRR curve, with prices reflective of 

incremental reliability value. We present Curves 2 and 3 as within the workable 
range, with different performance tradeoffs 

 Stabilize Pricing Parameters by adopting “Reference Price” to replace Net CONE 
parameter, with simplified annual updates (see next slide) 

 Price Cap: In the range of 1.5-1.75 × Reference Price (approximately $500-625/MW-
day). Quantity at the cap no lower than 99% × Reliability Requirement (lower price 
cap corresponds to higher quantity at the cap to maintain 1-in-10)

 Locational Deliverability Area (LDA) Curves
 LDA VRR Curves based on location-specific MRI curves 

 Anchor point at LDA Reliability Requirement and Reference Price. Local reference 
price higher in some locations

 LDA Price cap at max of: 1.5 × LDA Reference Price, or parent LDA/RTO price cap. 
Quantity at LDA cap determined by MRI curve (approximately 96-99% across LDAs)

Interactions with RPM Performance
 Restore 3-Year Forward Period of the Base Residual Auctions (BRAs)

 Reliability Backstop to: (1) update investigation provisions to trigger in any shortfall 
(i.e. price cap) event on an LDA-specific basis (not just RTO-wide); and (2) review 
whether backstop procurement mechanisms are sufficient to address reliability risks

 Transition to Sub-Annual Capacity Construct with at least two seasons 

 1. PRIMARY RECOMMENDATIONS

Updated: Primary VRR Study Recommendations

Sources and Notes: Recommended Curve constructed using Reference Price of $350/MW-day; 
Current VRR Formula from PJM, Open Access Transmission Tariff. Attachment DD, Section 
5.10.a.iii, using Brattle estimates of CT Net CONE ($528/MW-day) and CT CONE ($832/MW-
day); 1.75 × Net CONE is the binding parameter in setting the price cap for the current curve.

Recommended MRI-Based VRR Curves

Curve 3: MRI Curve 
@ 1.5 × Reference 
Price

Curve 2: MRI Curve 
@ 99% of the 
Reliability Requirement

Current Curve Reliability Requirement

Indicative 
Workable Range 
of MRI-Based Curves

% of Reliability Requirement
UCAP Reserve Margin

2
3

https://www.pjm.com/pjmfiles/directory/merged-tariffs/oatt.pdf
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Proposed Reference Prices 
for 2028/29 (in 2028)
– RTO: $350/MW-day UCAP
– MAAC: $425/MW-day UCAP
– Other LDAs: see map

Annual Updates
– Index to CPI
– Index to fleetwide UCAP

 1. PRIMARY RECOMMENDATIONS

Updated: CONE Study Recommendations

$725
$350

$425

$600

$350

Sources and Notes: Monitoring Analytics, PJM State of the Market Report 2017, Volume II: Appendix, Figure A-3.

https://www.monitoringanalytics.com/reports/pjm_state_of_the_market/2017/2017-som-pjm-volume2-appendix.pdf
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 CONE STUDY RECOMMENDATIONS

Gross CONE by Area

Sources and Notes: 
[A], [B], [D]: Outputs from CONE Model. 
[C]: [A] x [B] x (1000 / 365). 
[E]: [C] + [D].



 CONE STUDY RECOMMENDATIONS

Net CONE Benchmarks for RTO

Sources and Notes: “LTCT” and “LTCC” refer to “long-term CONE” derived from OFE/EPC costs from the 2022 CONE Study (escalated for 2028) and current Non-EPC costs and FOM.
[A], [B], [D]: Outputs from CONE Model for CONE Area 3. 
[C]: [A] x [B] x 1000/365. 
[F]: Forward E&AS provided by PJM staff for DEOK LDA. 10-yr Avg E&AS calculated from DEOK net revenues for delivery years 2017/2018 – 2023/24 from Monitoring Analytics, 
State of the Market Report for PJM, March 14, 2024, pp. 399-400; Net revenues for delivery years 2024/25-2026/27 from PJM, Default New Entry MOPR Offer Prices, Accessed 
March 6, 2025. See Appendix A. 
[H]: Provided by PJM staff.

https://www.monitoringanalytics.com/reports/PJM_State_of_the_Market/2023/2023-som-pjm-vol2.pdf
https://www.pjm.com/markets-and-operations/rpm.aspx


 CONE STUDY RECOMMENDATIONS

Short-Term Reservation Price in Transient Tight Conditions

Sources and Notes: 
[A]: Current Level-Nominal CONE value from CONE model for RTO.
[B]: for CT and CC, long-run CONE from Table ES-2. For BESS, long-run CONE assumed to be back calculated from the $350/MW-day UCAP long-run Net CONE from Figure ES-1. $471 CONE ICAP = $350 Net CONE 
UCAP × 65% ELCC + $244 Forward E&AS ICAP for BESS.
[C]: Output from CONE model, reservation price analysis.
[D], [E]: Provided by PJM staff. 
[F]: ([C] – [D]) / [E]. 
[G]: ([A] – [D]) / [E].



 Step 1: Select a representative LDA

 Recognize that to meet the RTO need, one 
would build in the most economic area

 This points to LDAs with low Net CONE, not 
an average

 But not the very minimum, since the 
minimum might be due to errors, and might 
have limited siting…and the minimum can 
shift over time in ways that real plants cannot

 It is reasonable to assume the representative 
RTO entry cost is the 33rd percentile Net 
CONE among all LDAs 

 DEOK becomes the representative

 CONE STUDY RECOMMENDATIONS

Proposed RTO Reference Price for 2028/29

Step 2: Set RTO reference price at median of ten 
selected benchmarks for DEOK Net CONE



 CONE STUDY RECOMMENDATIONS

Proposed LDA Reference Prices for 2028/29 ($/MW-day UCAP in 2028$)
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 CONE STUDY RECOMMENDATIONS

Since the recommended Reference Price does not express the net cost of entry at a snapshot in time but a long-
term view, it does not need to be updated annually for temporary changes in costs and revenues

We therefore propose to hold the Reference Price constant in real terms between Quadrennial Reviews by indexing 
to the Consumer Price Index (CPI), other than scaling to changes in fleet-wide average accreditation factors
– We propose the “Consumer Price Index for All Urban Consumers (CPI-U) for the U.S. City Average for All Items, 1982-84=100” 

as reported by the U.S. Bureau of Labor Statistics (BLS), since this is the broadest, most comprehensive CPI; to be measured at 
the time of each setting parameters for each auction, relative to this filing or most recent update

– To maintain consistency with ongoing updates to ELCC ratings, the Reference Price would also be updated based on annual 
changes to the pool-wide accredited UCAP factor considering all technologies (not tied to a specific technology to avoid excess 
shifting)

This should help stabilize capacity price signals, supporting investment

For MOPR purposes, our Report provide more detailed weights and indexes for traditionally annual Net CONE 
adjustments

Annual Updates to Reference Prices
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Next Steps:
PJM & stakeholders to review recommendations for 

potential VRR Curve and Reference Price Updates
Stakeholders vote at the MIC and MRC are expected 

around the end of Q2 2025
FERC Filing date anticipated before October 1, 2025
Updated parameters applicable beginning with the 

2028/29 BRA

 3. NEXT STEPS

Discussion & Next Steps

Sources and Notes: Recommended Curve constructed using Reference Price of $350/MW-day; 
Current VRR Formula from PJM, Open Access Transmission Tariff. Attachment DD, Section 5.10.a.iii, 
using Brattle estimates of CT Net CONE ($528/MW-day) and CT CONE ($832/MW-day); 1.75 × Net 
CONE is the binding parameter in setting the price cap for the current curve.

Recommended MRI-Based VRR Curves

Curve 3: MRI Curve 
@ 1.5 × Reference 
Price

Curve 2: MRI Curve 
@ 99% of the 
Reliability Requirement

Current Curve Reliability Requirement

Indicative 
Workable Range 
of MRI-Based Curves

% of Reliability Requirement
UCAP Reserve Margin

2
3

https://www.pjm.com/pjmfiles/directory/merged-tariffs/oatt.pdf
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 Recommendation: Price cap at 1.5-1.75 
× Reference Price
 Approximately $500-625/MW-day UCAP 
 Quantity at or somewhat above 99% × 

Reliability Requirement, where Reliability 
Backstop is triggered (specific value to be 
aligned with Reference Price and “tuning” to 1-
in-10)

 Remove CONE-based minimum (not needed to 
mitigate possibility of low/zero Net CONE if 
Reference Price is stabilized over review period)

Price Cap 
 4. APPENDIX: RECAP OF DETAILED RECOMMENDATIONS 

Consideration Cap Range Suggests Price Cap:

Historical RPM 
Price Cap

$450-$625
(nominal $, adjusted 

for ELCC)

• Historical price cap range has been sufficient to 
maintain supply-side interest in new 
developments (except in most recent auction 
when other factors limited participation)

Proposed 
Temporary Cap

$325 • PJM proposal filed with FERC (pending approval) 
to temporarily reduce price cap and mitigate 
customer exposure to price cap events under 
near-term tight supply conditions. Paired with 
price floor at $175 to maintain supplier interest

Neighboring 
Markets’ Caps

$524-$631
(2028$)

• Price high enough to align with price caps in 
neighboring capacity markets and compete for 
imports when multiple regions are tight

Simulation 
Modeling

150%-191% 
× Net CONE

@ $350 Reference 
Price, cap would be 
$605 for Curve 2, or 

$525 for Curve 3

• Curve 2: Cap at 168%-191% × Reference Price 
supports 0.1 LOLE under long-run equilibrium 
conditions if price cap quantity is at 99% of 
reliability requirement 

• Curve 3: Lower cap at 150% × Reference Price 
would be right-shifted at minimum quantity 

Note: Historical price caps are adjusted up to account for transition to ELCC, not adjusted 
for inflation.  Neighboring market caps reflect 2028$, and UCAP of each market.
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 Challenge: Material risk that price cap of 1.5-1.75 × Reference Price may be 
insufficient to attract entry under present conditions, because:
– Gas-fired developments are small relative to 32 GW PJM forecast load growth plus 

18 GW retirements by 2030 (with turbine supplies limited and selling at premium 
while faced with >150 GW forecast US demand growth and international demand)

– This may necessitate costlier BESS, and even its cost could increase w/further tariffs 
or loss of ITC

– The prospect of capacity price spiking then declining toward long-run Net CONE 
means short-term reservation prices might be much higher than level-nominal

– Hence prices might have to rise even above BESS level-nominal Net CONE to attract 
enough new entry via auctions for 1-year commitments

– We will share analyses of possible short-term reservation prices for CT, CC, and BESS

 These conditions exceed the bounds tested or expected before for RPM

 One option would be to consider a much higher price cap, but this is not 
our recommendation, because:
– Base analyses indicates cap of 1.5-1.75 × Reference Price will be high enough over 

the long term; very high cap would only be needed until supply conditions resolve
– Customer exposure to extremely high prices may be politically unsustainable 

(moderated somewhat if they pursue demand-side approaches) 

 Suggests that acute supply shortages might be better addressed through 
another mechanism, such as offering multi-year terms for new resources in 
the event of transient tight conditions (else accepting shortfalls):
– Trigger only in defined extreme shortage conditions
– Provide enough compensation to attract needed supplies
– Minimize undermining the market

 4. APPENDIX: RECAP OF DETAILED RECOMMENDATIONS 

Challenge: How to Manage Acute Reliability Risks in Transition  

Illustration of Reservation Price vs. Level-Nominal
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Long-Run Net CONE



brattle.com | 17

Role of Price Cap vs. Reliability Backstops

 A well-functioning capacity market ideally produces few events at the 
price cap and rarely or never relies on a reliability backstop

 However, it is difficult to set a price cap for a single-year commitment 
high enough to procure sufficient capacity in all conceivable conditions

 To mitigate risks posed by acute and transient tight supply conditions, a 
backstop may be needed; the current backstop can be improved to be 
more systematic, competitive and limit impacts on the broader market

Current RPM Backstop Mechanism

 <99% Reliability Requirement (1 Year): Triggers investigation to review 
reasons for shortfall to recommend changes to address shortfall (e.g., 
address barriers to entry, increase VRR curve prices)

 <99% Reliability Requirement (3 Consecutive Years): Triggers post-BRA 
backstop auction (up to 15-year commitments, seller offers collected for 
6-month bid window, sellers compete on price)

 Backstop mechanisms apply only on an RTO-wide basis (not to LDAs)

 4. APPENDIX: RECAP OF DETAILED RECOMMENDATIONS 

Reliability Backstop Provisions
Potential Enhancements to Reliability Backstop Procurements
• Timing of Backstop Procurement: to avoid delay in attracting supply, the 

backstop may need to trigger more quickly if the BRA clears short (3 
consecutive years of shortage unlikely to be acceptable)

• Volume: Only up to defined “minimum acceptable” quantity (e.g. at or below 
quantity at RTO & LDA price cap) 

• Term: If one year at price cap is insufficient to attract supply, procure 
incremental supply at the price cap, but under a 2 to 15-year commitment

• Format of competitive procurement: Structured to prioritize both lower cost 
and shorter term

• Sellers eligible for multi-year commitments: New resources, plus existing 
resources that need it, subject to monitoring and mitigation of offers

• Other sellers: Earn 1-year commitment @ price cap (same as today)

Current Reliability Backstop Provisions: PJM Tariff Attachment DD.16. 

Recommendation: Enhance reliability backstop mechanism to: 
1. Update investigation provisions to trigger in any shortfall (i.e. price 

cap) event on an LDA-specific basis (not just RTO-wide); and 
2. Review whether backstop procurement mechanisms are sufficient to 

address reliability risks

Caveats
• Not offering a fully specified solution (out of scope for quadrennial review), 

would need to be carefully developed to manage customers cost and risk 
exposure (which differs greatly by state), and avoid adverse interactions with 
competitive market

• Relying on such a mechanism departs from the current “spot” construct with 
the same terms for all resources

• Could suppress auction price below other opportunities PJM capacity may 
have (which also complicates offer mitigation and eligibility for special terms)

• Would necessitate allocating above-market costs in later years

https://agreements.pjm.com/oatt/5170
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 Recommendation: LDA-specific MRI 
curves
 LDA curves defined by target point at Reliability 

Requirement and Reference Price, produces a 
different scaling factor in each LDA

 Price cap at max of: 1.5 × LDA Reference Price or 
parent LDA/RTO reference price

 Quantity at cap ranges 96%-99% of LDA Reliability 
Requirement (flatter curve reflects graduated 
reliability value)

 Longer-term: Consider moving to uniform $/MWh 
scaling factor across all LDAs and seasons (will help 
to manage tradeoffs in reliability vs. cost by location 
and season, but requires updated clearing logic 
similar to ISO-NE)

LDA VRR Curves: Transition to MRI-Based Demand Curves
 4. APPENDIX: RECAP OF DETAILED RECOMMENDATIONS 

Recommendation: MRI-Based Curve in LDAs

Notes: Each gray line represents the MRI curve for a different LDA.

Reference Price

Reliability Requirement

0.1 LOLE
@ 95%-99% of 
Requirement

Current Curve

0.01 LOLE
@ 102%-106% of 
Requirement



 Recommendation: Maintain 
current schedule to restore 3-
year forward period, aligned 
with overall RPM design
 May require some reforms to be 

implemented in a staged fashion (delay 
implementation rather than delaying 
auctions)

 Compared to recent compressed 
forward periods, full 3-year-forward 
auctions can allow more time for market 
participants to manage design changes 
and bring supply online

Restore Full 3-Year Forward Delivery Period
 4. APPENDIX: RECAP OF DETAILED RECOMMENDATIONS 

Years Before Delivery Period

Auction

Sources and Notes: Timeline of future auctions from PJM, Auction Schedule, 2024.

3 Years 2 Years 1 Year Delivery

Accreditation and Reliability Modeling Reforms

MOPR Rules Modified

Forward E&AS, Adjusted VRR Curve Shape
Reforms on RMR & Other Participation Rules

Auctions Applicable to Current VRR Curve Review

36 months forward

36 months forward

12 months forward

17 months forward

10 months forward

Anticipated 17 months forward

Anticipated 23 months forward

Anticipated 29 months forward

Anticipated 36 months forward

11 months forward

10 months forward

Anticipated 36 months forward

https://www.pjm.com/-/media/DotCom/markets-ops/rpm/rpm-auction-info/rpm-auction-schedule.xlsx
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 Recommendation: Transition to 
sub-annual capacity market with 
MRI-based VRR curves
 Will substantially improve capability to 

manage of reliability needs across seasons 
with different reliability drivers, resource 
capabilities, and relative supply-demand 
balance 

 Sub-annual MRI-based curves can naturally 
balance economic value by season (same 
$/MWh scaling factor by sub-annual period, 
similar to MISO’s 4-season MRI curves)

Transition to sub-annual capacity market
 4. APPENDIX: RECAP OF DETAILED RECOMMENDATIONS 

Illustrative Seasonal Capacity Demand Curves

SummerAnnual MRI-
Based VRR CurveWinter

Capacity (UCAP-MW)
Pr
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e 
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P 

M
W

-D
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)

Sources and Notes: Curves are illustrative set based on projections of winter and summer peak 
demand. Seasonal curves use the same scaling factor as the annual curve.
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 4. APPENDIX: RECAP OF DETAILED RECOMMENDATIONS 

Summary of Implications for Price Cap Given Net CONE Uncertainties
Curve #1: Anchored @ Target Point Curve #2: Cap @ 99% of Requirement Curve #3: Cap @ 150% of Net CONE

Curve #1: Cap is a substantially higher multiple of Net 
CONE compared to today. Poorer reliability before 

reaching cap

Curve #2: Cap @ 99% of requirement and lower value 
than current CONE-based minimum. Curve runs through 

Net CONE @ 0.2-0.4% above Requirement

Curve #3: Lowering cap to 50% of Net 
CONE requires right-shifting the curve 

another 0.2-0.3% to maintain reliability
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 4. APPENDIX: RECAP OF DETAILED RECOMMENDATIONS 

Tuned MRI Curves: Performance with Varying Net CONE
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