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This report was prepared for The American Clean Power 
Association (Client) and member organizations in 
accordance with The Brattle Group’s engagement terms 
and is intended to be read and used as a whole and not 
in parts. 

The report reflects the analyses and opinions of the 
authors and does not necessarily reflect those of The 
Brattle Group’s clients or other consultants.

The analyses and approach included are necessarily 
based on assumptions with respect to conditions which 
may exist or events which may occur in the future. We 
have not made any independent verification of these 
assumptions, which may have been provided by Client or 
affiliated entities or derived from industry reports and 
filings. 

Our analyses and assumptions are dependent on events 
that are not within our control or the control of any 
other person, and do not account for regulatory 
uncertainties. Actual future results may differ, perhaps 
materially, from those analyzed. 

Accordingly, we do not make, nor do we intend to make, 
nor should the reader infer, any representation with 
respect to the likelihood of any future outcome. 
Furthermore, we cannot, and do not, accept liability for 
losses suffered, whether direct or consequential, arising 
out of any reliance on the analyses in this report or 
accompanying workpapers. 

While the analyses that we are providing may assist the 
Client or affiliated entities render informed decisions, 
they are not meant to be a substitute for the exercise of 
the Client or affiliated entities’ own business judgment. 

Disclaimer



Introduction and Executive Roadmap



Roadmap serves as an action plan for reforms to 
further unlock the value of storage 

 Facilitate impactful, feasible market reforms
 Prioritize and guide policy engagement efforts of 

ACP and members
 Develop high-level concepts for solutions to 

address RTO-specific needs

Scope

 Wholesale market reforms
 Utility-scale applications, standalone and co-

located

Focus on PJM, MISO, and NYISO because:

 Opportunities for market reform
 States pursuing decarbonization, anticipated 

rapid growth in demand and renewables
 Overall, a mix of central planning and market-

based investment 

Energy Storage Market Design Roadmap Project

Ohio
Utilities: 80-

100% by 
2050

Midcontinent 
Independent 

System Operator

Illinois
50% RPS 
by 2040

Iowa
Utilities: 40-100% 
GHG/Renewable 

by 2040 Indiana
Utilities: 

40-80% by 
2040

Pennsylvania
80% emissions 

reduction by 2050

Michigan
Utilities: 80-

90%
GHG by 2040

Minnesota
Utilities: 50-

100%
GHG by 2050

Virginia
100% clean energy

by 2050
North Carolina

Carbon neutrality by 2050

Maryland
100% clean  by 

2040

New Jersey
50% RPS by 2030

100% clean by 
2050

PJM Interconnection

Entergy: 
Arkansas & 
Louisiana

Net zero GHG 
by 2050

Wisconsin
Utilities: 30-

100%
renewable/GHG

by 2050

North Dakota
Utilities: 30-100% 

Renewable/GHG by 2050

South Dakota
Utilities: 100% 

renewable/GHG by 2050
New York

100% RPS by 2040

New York 
Independent 

System Operator

Source: Adapted from Illinois Renewable Energy Access Plan. See ICC Staff, The Brattle Group, 
Great Lakes Engineering, Illinois Renewable Energy Access Plan, December 2022.
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https://icc.illinois.gov/api/web-management/documents/downloads/public/informal-processes/renewable-energy-access-plan/2022-12-15-final-second-draft-illinois-renewable-energy-access-plan.pdf
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The Case for Reform: Limits of Conventional Market Design

 Today’s wholesale electricity market design is largely founded on the capabilities and limits of conventional generation

 Current challenges: load growth and retirements raise resource adequacy needs while increased reliance on variable resources 
(with fewer dispatchable fossil units) create flexibility needs

 Storage can meet these challenges, but storage value is constrained by market designs that do not currently address all system 
needs nor fully accommodate the special capabilities (and limitations of) storage resources
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NYISO

New Facilities will be Needed to Replace Reliability 
Attributes of Retiring Fossil Units

Growing Reliance on Variable Resources Will Increase Flexibility 
Needs Beyond the Limits of Current Market Design

SPP Wind Today
CAISO Solar Today

Incremental Retiring FossilProjected Renewable Deployment
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Markets Fund and Shape Storage Deployment (CAISO vs. ERCOT)
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World-Leading Battery 
Deployment in ERCOT & CAISO

CAISO: Energy Arbitrage w/ Daily Cycling

ERCOT: Ancillary Services w/ Minimal Cycling
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Hourly Dispatch 2023

Month

Month

(MW)

MW

8/16/2023 System Supply

Hour of day

8/10/2023 System Supply

Hour of day

% Storage 
Penetration (of 
Average Load)

MW Installed Storage 
Capacity

%

%

MW

MW

CAISO

ERCOT

Sources and Notes: Figure reformatted from results in CAISO 2022 Special Report on Battery Storage Resources and from Modo 
Energy. In 2022, batteries in CAISO received nearly $30.5 million of bid cost recovery (BCR) mostly from RT market (~10% of all BCR 
settled despite being 5% of ICAP). Energy category includes revenues from Imbalance schedules. CA RA contract revenue ranging 
from $60 - $96 /kW-year is from Figure 16 (“RA only”) CPUC 2023 Energy Storage Procurement Study. 
 

Energy

Regulation

Reserves

CAISO ERCOT

2022 Storage Revenue from RTO Markets
($/kW-yr)

…Boosted by Revenues 
from Distinct Markets

(MW)

Storage

Storage

…Reflecting Divergent Applications and Operations

Charge*

Discharge*

-0.7

2hr storage

4hr storage

0

0.8

Other

Battery deployment in ERCOT and CAISO is due to high amounts 
of variable generation, along with enhanced market designs

Sources and Notes: Data from S&P global CapitalIQ US Power Markets and Gridstatus.io; Note that charge and 
discharge is normalized for both ISOs as (MW charge or discharge) / (total end of month installed battery storage 
capacity). ERCOT only reports battery charging after December of 2023; figure only shows discharging, not charging.
 

RA 
contracts

https://www.caiso.com/documents/2022-special-report-on-battery-storage-jul-7-2023.pdf
https://modoenergy.com/research/ercot-battery-energy-storage-system-august-2023-revenues-ancillary-services-ecrs-arbitrage
https://modoenergy.com/research/ercot-battery-energy-storage-system-august-2023-revenues-ancillary-services-ecrs-arbitrage
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-division/documents/energy-storage/2023-05-31_lumen_energy-storage-procurement-study-report.pdf
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Storage Roadmap: Continuing the RTO’s Reforms for Energy Transition
Today
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Market Design 
Roadmap

MISO

NYISO

PJM

Capacity: hourly model for demand curve, ELCC for all supply
AS: RegD, potential split up/down Regulation market, 30-min reserves, expanded AS 
volumes, scarcity pricing
Energy: Storage market model, dispatchable wind/solar

Capacity and Investment: MRI accreditation, broad solutions to transmission needs, 
storage as reference resource
AS: Balancing Intermittency Project: day-ahead uncertainty in reserves, dynamic reserve 
quantity, hourly reserve proposal 
Energy: Storage market model, market power mitigation for storage, multi-interval 
dispatch, dispatchable wind/solar

Capacity: Seasonal, hourly model for supply accreditation and demand curves
AS: ramp product, 30-min reserve covering multi-hour forecast error, dynamic AS 
volumes, scarcity pricing, dispatchable wind/solar
Energy: Storage market model, ELMP

Other Reforms
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Summary of Potential Reform Solutions
RTO 1. Capacity 

Value

Section 1

2. Multi-Hour 
Uncertainty 

Product
Section 2

3. Intra-hour 
Uncertainty/ 

Ramp Product
Section 3

4. Alternative Reliability 
Solutions Post-Retirement

Section 4

5. Opportunity 
Cost Bidding 

Section 5

MISO

Implement 
“Energy Equity” 

or “Capacity 
Equity/Even 

Loss” method Develop Day 
Ahead 

Uncertainty 
product, mindful 
of key details to 

accurately reflect 
system value

Enhance existing 
ramp product

RFP for solutions to the 
reliability issue; consider 
lengthening deactivation 

notice period"
None

NYISO
Refine storage 

dispatch in 
reliability model 

Develop 
ramp/uncertainty 

products, 
mindful of key 

details to 
accurately reflect 

system value

None

PJM None

RFP for solutions to the 
reliability issue; consider 
lengthening deactivation 

notice period"

Allow 
opportunity cost 
bidding, intraday 

flexibility
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Rough Estimates Show Potential Depth of Market Reforms

Capacity 
Value 

Day-Ahead Uncertainty 
Product

Intra-hour Uncertainty/Ramp 
Product (10-min flex) 

Alternative 
Reliability Solutions

Opportunity 
Cost Bidding 

Product Capacity New ancillary service New ancillary service
Non-market 

reliability
Energy

Market size
Peak demand 

(or net 
demand)

24-hr ahead forecast 
uncertainty*:

1%-3% of peak demand +
5% - 15% of wind and of solar

Expected intrahour ramp-up† + 
intrahour uncertainty:

0.2% - 0.4% of peak demand +
0.5% - 1% of wind and of solar

5% - 15% of retiring 
units might leave 
reliability issues

Top 2 – 6+ 
hrs of daily 
net loads

Addressable 
by storage

10% - 30% 100% 100%
100% (mainly long 

duration)
10% - 30%

POTENTIAL STORAGE MARKET DEPTH IN 2030

MISO 14 to 41 GW 8 to 25 GW
700 to 1,700 MW +
700 to 1,400 MW

2.5 to 7.5 GW Deep

NYISO 3 to 9 GW 2 to 6 GW
100 to 200 MW +
 200 to 300 MW

0.3 to 0.9 GW Deep

PJM 17 to 50 GW 6 to 19 GW
800 to 1,300 MW +

 500 to 900 MW
2 to 6 GW Deep

(for Illustration only) *Expected ramp and energy gap omitted from 
assessment of day-ahead and multi-hour ramp 
product, see Section 2 for further discussion

THESE POLICY ASSESSMENTS ARE NOT FORECASTS

†Expected ramp-up estimated from 80th to 95th percentile of 
June-August hourly change in net load for 2030 resource mix, 
divided by six for 10-min ramp. Sourced from GridStatus.io

https://www.gridstatus.io/live
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1.  Capacity Value of Storage Resources

2.  Day-Ahead and Other Multi-Hour Uncertainty Products
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Table of Contents of Energy Storage Market Design Roadmap
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AS: Ancillary Services

CR: Contingency Reserve

DA: Day Ahead

DAM: Day Ahead Market

GW: Gigawatt

Hr: Hour

ISO: Independent System Operator

Min: Minute

MW: Megawatt

NWA: Non-Wires Alternative

OCA: Opportunity Cost Adjustment (NYISO)

SOC: State of Charge

STR: Short Term Reserve (MISO)

List of Acronyms and Abbreviations

Reg: Regulation Service/Reserve

RFP: Request For Proposals

RMR: Reliability Must Run

RT: Real Time

RTO: Regional Transmission Operation (used here to 

include ISOs)

VOLL: Value of Lost Load
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Citations for Renewable Deployment and Retirements

RTO Peak Demand Solar Generation Capacity Wind Generation Capacity Generators at Risk of Retirement

MISO 137 GW in 2030
Source: MISO, MISO Futures 
Report: Series 2A, November 
1, 2023

57 GW by 2030
Source: MISO, MISO Futures Report: Series 
2A, November 1, 2023

80 GW by 2030
Source: MISO, MISO Futures Report: 
Series 2A, November 1, 2023

48 GW by 2030
Source: MISO, MISO Futures Report: 
Series 2A, November 1, 2023, 

NYISO 30 GW by 2030
Source: State Scenario, NYISO, 
2023-2042 System & Resource 
Outlook, Appendix H, July 23, 
2024

20 GW by 2030, utility and BTM
Source: State Scenario, NYISO, 2023-2042 
System & Resource Outlook, Appendix H, 
July 23, 2024

12 GW by 2030, land-based and offshore
Source: State Scenario, NYISO, 2023-
2042 System & Resource Outlook, 
Appendix H, July 23, 2024

4 GW by 2030
Source: NYISO, 2023-2042 System & 
Resource Outlook, Appendix H, July 23, 
2024

PJM 167 GW in 2030
Source: PJM, LTRTP Workshop 
Policy Study, October 1, 2024

55 GW by 2030 (includes solar + storage 
resources)
Source: PJM, LTRTP Workshop Policy Study, 
October 1, 2024

35 GW by 2030 
Source: PJM, LTRTP Workshop Policy 
Study, October 1, 2024

40 GW by 2030
Source: PJM, Energy Transition in PJM: 
Resource Retirements, Replacements & 
Risks, February 23, 2023

SPP 56 GW
Source: SPP, 2024 Wind Solar 
and ESR Study Report, August 
2024

Not evaluated 34 GW in 2024
Source: SPP, 2024 Wind Solar and ESR 
Study Report, August 2024

Not evaluated

CAISO 52 GW
Source: CAISO, 2023 Annual 
Report on Market Issues & 
Performance, July 2024

36 GW (20 UPV and 16 BTM)
Sources: CAISO, Installed renewable 
resources as of 11/7/2024; CAISO, Solar 
Eclipse Technical Bulletin, pp. 5, April 2024

Not evaluated Not evaluated

* Source data interpolated to intervening years where necessary

https://cdn.misoenergy.org/Series1A_Futures_Report630735.pdf
https://cdn.misoenergy.org/Series1A_Futures_Report630735.pdf
https://cdn.misoenergy.org/Series1A_Futures_Report630735.pdf
https://cdn.misoenergy.org/Series1A_Futures_Report630735.pdf
https://cdn.misoenergy.org/Series1A_Futures_Report630735.pdf
https://cdn.misoenergy.org/Series1A_Futures_Report630735.pdf
https://cdn.misoenergy.org/Series1A_Futures_Report630735.pdf
https://cdn.misoenergy.org/Series1A_Futures_Report630735.pdf
https://www.nyiso.com/documents/20142/46037414/2023-2042-System-Resource-Outlook.pdf
https://www.nyiso.com/documents/20142/46037414/2023-2042-System-Resource-Outlook.pdf
https://www.nyiso.com/documents/20142/46037616/Appendix-H-Capacity-Expansion-Model-Results.pdf/72712f69-6248-2cc7-9038-00360229a7b1
https://www.nyiso.com/documents/20142/46037414/2023-2042-System-Resource-Outlook.pdf
https://www.nyiso.com/documents/20142/46037414/2023-2042-System-Resource-Outlook.pdf
https://www.nyiso.com/documents/20142/46037616/Appendix-H-Capacity-Expansion-Model-Results.pdf/72712f69-6248-2cc7-9038-00360229a7b1
https://www.nyiso.com/documents/20142/46037414/2023-2042-System-Resource-Outlook.pdf
https://www.nyiso.com/documents/20142/46037414/2023-2042-System-Resource-Outlook.pdf
https://www.nyiso.com/documents/20142/46037616/Appendix-H-Capacity-Expansion-Model-Results.pdf/72712f69-6248-2cc7-9038-00360229a7b1
https://www.nyiso.com/documents/20142/46037414/2023-2042-System-Resource-Outlook.pdf
https://www.nyiso.com/documents/20142/46037414/2023-2042-System-Resource-Outlook.pdf
https://www.nyiso.com/documents/20142/46037616/Appendix-H-Capacity-Expansion-Model-Results.pdf/72712f69-6248-2cc7-9038-00360229a7b1
https://www.pjm.com/-/media/DotCom/committees-groups/committees/teac/2024/20241001-special/item-04---ltrtp-workshop-policy-study.pdf
https://www.pjm.com/-/media/DotCom/committees-groups/committees/teac/2024/20241001-special/item-04---ltrtp-workshop-policy-study.pdf
https://www.pjm.com/-/media/DotCom/committees-groups/committees/teac/2024/20241001-special/item-04---ltrtp-workshop-policy-study.pdf
https://www.pjm.com/-/media/DotCom/committees-groups/committees/teac/2024/20241001-special/item-04---ltrtp-workshop-policy-study.pdf
https://www.pjm.com/-/media/DotCom/committees-groups/committees/teac/2024/20241001-special/item-04---ltrtp-workshop-policy-study.pdf
https://www.pjm.com/-/media/library/reports-notices/special-reports/2023/energy-transition-in-pjm-resource-retirements-replacements-and-risks.ashx
https://www.pjm.com/-/media/library/reports-notices/special-reports/2023/energy-transition-in-pjm-resource-retirements-replacements-and-risks.ashx
https://www.pjm.com/-/media/library/reports-notices/special-reports/2023/energy-transition-in-pjm-resource-retirements-replacements-and-risks.ashx
https://www.spp.org/documents/72346/2024%20spp%20elcc%20wind%20solar%20&%20esr%20report.pdf
https://www.spp.org/documents/72346/2024%20spp%20elcc%20wind%20solar%20&%20esr%20report.pdf
https://www.spp.org/documents/72346/2024%20spp%20elcc%20wind%20solar%20&%20esr%20report.pdf
https://www.spp.org/documents/72346/2024%20spp%20elcc%20wind%20solar%20&%20esr%20report.pdf
https://www.caiso.com/documents/2023-annual-report-on-market-issues-and-performance-jul-29-2024.pdf
https://www.caiso.com/documents/2023-annual-report-on-market-issues-and-performance-jul-29-2024.pdf
https://www.caiso.com/documents/2023-annual-report-on-market-issues-and-performance-jul-29-2024.pdf
https://www.caiso.com/about/our-business/managing-the-evolving-grid
https://www.caiso.com/about/our-business/managing-the-evolving-grid
https://www.caiso.com/documents/april-8-solar-eclipse-technical-bulletin-march-11-2024.pdf
https://www.caiso.com/documents/april-8-solar-eclipse-technical-bulletin-march-11-2024.pdf


1. Capacity Value of Storage Resources
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Topic 1. Heuristic approach to capacity 
value assessment in reliability model

 Marginal ELCC/MRI methods evaluate the impact 
of incremental additions of a resource with three 
simulation scenarios (baseline, with test 
resource, and with benchmark resource)

 Unlike PJM and NYISO, MISO uses a less accurate 
one-step heuristic method that does not evaluate 
incremental additions; it instead looks only at the 
base scenario, leading to underestimation of 
storage value

Aspects of Storage Capacity Value Assessment in Reliability Models

Topic 2. Simulated dispatch order in the model

 Reliability models simulate stressful days in which storage is 
exhausted after discharging for many hours

 If storage is dispatched before emergency procedures in the 
simulation (counter to actual operations in some cases), it 
experiences more resource exhaustion before risk hours, 
reducing the reliability value storage otherwise could provide 

 Furthermore, the dispatch order of similar energy-limited 
resources, (e.g. Demand Response) has substantial impacts 
on capacity value

Scope: assess two previously-identified topics that underestimate storage capacity value 
without otherwise addressing the core risk modeling
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MISO’s Direct Loss of Load (DLOL) approach to 
capacity accreditation relies on a single “snapshot” 
of underlying reliability risk in the model and 
accredits resources’ contributions during reliability 
hours after dispatch decisions are made ex-ante

Capacity value of a resource under DLOL depends 
on modelled availability during risk hours (e.g., load 
shed hours) from that snapshot

Problems for storage: underestimates value of 
storage (and other resources such as solar and 
demand response) by failing to recognize that 
marginal storage additions (or additions of other 
resources) would change the modeled dispatch and 
move energy from non-risk hours into risk hours

(See example and reform solution on next slide)

Topic 1: Single-Step Capacity Evaluation in Reliability Models

Source: Astrapé Consulting, MISO Capacity Accreditation Analysis, 
prepared for ACP, August 15, 2023.

Graphical Example of MISO’s Proposed Direct Loss of Load 
(DLOL) Accreditation Approach

Output of storage is zero 
during load shed hours 
(→0 DLOL), but adding 

storage discharge in 
earlier hours reduces load 

shed in these risk hours

Furthermore, whichever 
resource is dispatched last 
in model will have highest 
ELCC even if both are 
contributing to reliability 
equally, here DR receives 
higher ELCC while storage 
would receive 0.
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Energy Equity Approach: Storage Dispatch Puts 
Shortfall Across All Discharge Hours
Value of 4-hr 
storage: 40% 

Capacity Equity/Even Loss Approach: Storage 
Dispatch Puts Shortfall in Peak Discharge Hours

Value of 4-hr 
storage: 65% 

Topic 1 Reform: Change Simulated Storage Dispatch 

DLOL approach sets capacity value according to output during load shed hours.

DLOL underestimates value of storage (and other resources) by failing to 
recognize that marginal storage additions can improve reliability by moving 
energy from non-risk hours into risk hours.

Alternatives to modelled storage dispatch mitigate (but do not fix) the issue

DLOL capacity 
value for 4-hr 
storage: 7% 

Modeled storage output

MISO Status Quo: Simulated Storage Meets Load Until 
Exhausted → Load Shed Is After Storage Exhaustion

Load shed

Solar

Load

Wind Thermal Generation

https://cdn.misoenergy.org/20230822-23%20RASC%20Item%209bii%20DLOL%20Enhancement%20Proposal629916.pdf
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Topic 2: Dispatch Order in Reliability Models

Source: Kevin Carden, Astrapé Consulting, Draft Dispatch Methodology Proposal, presented to PJM Capacity Capability Senior Task Force (CCSTF), August 7, 2020.

“On a daily basis, maximize the reliability contribution of economic [Energy Limited Resource] ELR by optimizing its utilization 
across energy and ancillary services by adjusting targeted reserves to be consistent with actual operating history. Reserve 
targets higher than operational minimums will result in slightly longer DR deployments but preserve storage capacity”.

DR Deployed After All Other Supply Is Exhausted

Deploying DR after 
all reserves are 
exhausted requires 
more storage 
depletion and does 
not align with actual 
operations

DR Is Deployed to Maintain Target Reserves Level 
Available from Other Supply (i.e., Storage)

Dispatching DR 
instead to maintain 
reserves preserves 
flexible storage 
resource to better 
serve reliability needs 
and aligns with 
operations

https://www.pjm.com/-/media/committees-groups/task-forces/ccstf/2020/20200807/20200807-item-05a-approaches-to-elcc-modeling.ashx
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Gap Analysis: Capacity Value of Storage in MISO, NYISO, and PJM

RTO Capacity 
Evaluation 
Approach

Class-based* Full Multi-step ELCC? Simulated Dispatch Order of 
StorageMarginal

MISO 
Direct Loss of 
Load (DLOL)

Simulated availability 
during Critical Hours 
(hours w/ load shed 
and potentially w/ 
modelled supply 
margin < 3%)

✓ ✓ ✗ No, only assesses 1 snapshot from reliability 
model; underestimates storage by failing to 
recognize that marginal resource would 
change the modeled storage dispatch and 
reduce storage exhaustion by moving 
energy from non-risk hours into risk hours

• Simulated storage dispatched before DR & 
emergency procedures

• Storage dispatch modeling details subject 
to near-term refinement at the MISO RA 
Subcommittee and pending answer to 
FERC deficiency notice

NYISO 
Marginal 
Reliability 
Improvement 
(MRI)

Ratio of reduction in 
LOLE from marginal 
class resource relative 
to perfect resource in 
the same zone

✓ ✓ ✓ Yes, accurately captures the beneficial 
effect of redispatching storage when a 
resource is added on the margin**

• Simulated storage deployed before DR & 
emergency measures (except before 1PM)

• DR deployed to maintain target reserves 
(but reserves not assigned to storage)

PJM 
ELCC

Ratio of reduction in 
EUE from marginal 
class resource relative 
to perfect resource

✓ ✓ ✗ Yes, accurately captures the beneficial 
effect of redispatching storage when a 
resource is added on the margin

• Simulated storage dispatched after DR, 
and longer-duration storage before shorter 
duration

* With unit-specific performance adjustment
**NYISO avoids the term “ELCC”, since they (like PJM and others) use a perfect generator as a benchmark, rather than scaling up load as per the original formulation of ELCC in 1966.

Zonal

https://cdn.misoenergy.org/20240821%20RASC%20Item%2006b%20LOLE%20Modeling%20Enhancements%20Storage%20Modeling643281.pdf
https://cdn.misoenergy.org/20240228%20RASC%20Item%2005c%20RA%20Model%20Enhancement%20Presentation631891.pdf
https://cdn.misoenergy.org/20230822-23%20RASC%20Item%209bii%20DLOL%20Enhancement%20Proposal629916.pdf
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Capacity Value of Storage : MISO Potential Reform Solutions

Potential Reforms

Option 1: Move to a full multi-step ELCC assessment

Option 2: Second best option (practical given recent FERC approval): 
adjust storage dispatch under DLOL; no perfect solution, but “energy 
equity” and “even loss/capacity equity” approaches better recognize 
reliability value of any marginal output during the storage discharge 
cycle

Refine simulated dispatch to align more with actual operations (e.g. 
more realistic modelling of simulated DR deployment) (could be 
included in current stakeholder effort)

OVERALL PRIORITY: 
HIGH

P
rio

rity Ite
m

s
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Capacity Value of Storage : NYISO Potential Reform Solutions

OVERALL PRIORITY:
LOW

Potential Reforms

Continue to refine simulated dispatch to align more with actual 
operations (e.g., assess impact of simulated reserve provision by 
storage on state of charge; seek realistic modelling of dispatch order 
of different durations of limited energy resources)
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Appendix: Storage Capacity Value Actions in Target Markets

RTO Current Status of Reform Elements of Preferred 
Solutions

Roadmap Summary

MISO 
Direct Loss of 
Load (DLOL)

• FERC approved DLOL filing despite 
concerns about storage modeling

• Details of storage dispatch modeling 
under DLOL is still under debate 
with the Resource Adequacy 
Subcommittee (RASC) as of April 
2025

• Option 1: Reform to multi-step 
ELCC accreditation (less likely given 
recent FERC approval for DLOL)

• Option 2: Plug into in ongoing 
stakeholder reform effort to discuss 
storage dispatch approach and 
order

• Contribute to ongoing stakeholder process at the 
RASC to discuss storage dispatch approach and 
order under DLOL (current stakeholder process)

NYISO 
Marginal 
Reliability 
Improvement 
(MRI)

Currently ongoing stakeholder process 
under the 2022 Improving Capacity 
Accreditation project, reform titled 
“Modeling Improvements for Capacity 
Accreditation – SCR Modeling”

Align simulated dispatch order of 
storage in reliability modeling with 
actual operations (i.e. dispatching DR 
before storage and long-duration 
storage before short-duration storage)

Engage with ICAP Working Group and New York 
State Reliability Council (NYSRC) to ensure 
enhanced modelling of storage discussions also 
considers reliability modelling dispatch order 
(current stakeholder process)

PJM 
ELCC

No preferred reforms No preferred reforms No preferred reforms

https://cdn.misoenergy.org/20240821%20RASC%20Item%2006b%20LOLE%20Modeling%20Enhancements%20Storage%20Modeling643281.pdf
https://www.nyiso.com/documents/20142/40342797/2023-10-03%20Modeling%20Improvements%20-%20SCR%20Modeling.pdf/e5b6faa3-7865-c92a-dbf2-39e1ea6c65e8
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Sources: Capacity Value of Storage (NYISO)
Number Title (Date) Author / Organization

[1] NYISO Manual 4, Installed Capacity Manual (Issued May 2024), 7.2. Capacity Accreditation Factors NYISO

[2] NYISO ICAP Manual 4 Attachments (May 2024), Attachment J, Section 6.7: Calculation of UCAP for 
Energy Storage Resources 

NYISO

[3] NYISO Modeling Improvements for Capacity Accreditation (March 2024) NYISO Management Committee

[4] NYISO Final CAFs for the 2024/2025 Capability Year (Feb 2024) NYISO

[5] NYISO ICAP Manual Appendix Revisions (Feb 2024) NYISO ICAP Working Group

[6] NYISO Capacity Accreditation: Implementation Details (Dec 2023) NYISO Business Issues Committee

[7] NYISO Approach to Update ELR Output Restriction Starting 2024-2025 IRM (Aug 2023) NYISO Installed Capacity Subcommittee

[8] NYISO State of the Market Report 2022 (May 2023) Potomac Economics

[9] Support for NYISO Capacity Accreditation Project (March 2022) GE Energy Consulting

[10] NYISO ELCC Accreditation Analysis (Jan 2022) Astrape for Clean Energy/Storage 
Groups

[11] NYISO Capacity Accreditation: Consumer Impact Analysis (Nov 2021) Potomac Economics

[12] Sensitivity Using GE MARS in Modeling ELRs (Oct 2021) NYISO ICAP Working Group

[13] ELCC Allocation Methodologies: Marginal, Average, and the Delta Method (Sep 2021) E3 to NYISO ICAP Working Group

[14] Capacity Accreditation: Straw Proposal (Aug 2021) NYISO ICAP Working Group 

[15] Installed Capacity Subcommittee White Paper on Energy Limited Resources Modeling (May 2021) New York State Reliability Council 

https://www.nyiso.com/documents/20142/2923301/icap_mnl.pdf
https://www.nyiso.com/documents/20142/32280612/Appendix-Attachments-for-ICAP-Manual.pdf/d3501b19-51c4-e511-59df-824dfe0e45b6
https://www.nyiso.com/documents/20142/43713211/5%202024-03-27%20MC%20-%20Modeling%20Improvements_v2.pdf/0dc344f9-22e8-20a8-cda6-95c38b85a73e
https://www.nyiso.com/documents/20142/43275262/24_02_29_ICAPWG_FinalCAFs.pdf/b1cf7d7f-06eb-ac49-f471-958fa317d90c
https://www.nyiso.com/documents/20142/43038997/6%2024_02_20_ICAPWG_ICAP%20Manual%20Appendix%20Revisions_FINAL.pdf/ebc62156-e003-c967-d108-d53a2e04f000
https://www.nyiso.com/documents/20142/34963268/4%20CA%20Capacity%20Accreditation%20pres.pdf
https://www.nysrc.org/wp-content/uploads/2023/08/ELR_ICS_Presentation_Updated0801.pdf
https://www.potomaceconomics.com/wp-content/uploads/2023/05/NYISO-2022-SOM-Full-Report__5-16-2023-final.pdf
https://www.nyiso.com/documents/20142/29607069/3%20GE-Support%20for%20NYISO%20Capacity%20Accreditation%20Project_0331.pdf
https://cdn.ymaws.com/ny-best.org/resource/resmgr/reports/NYISO_ELCC_Accreditation_Ana.pdf
https://www.nyiso.com/documents/20142/25835955/MMU%20ICAP%20Accreditation%20Consumer%20Impact%20Analysis%2011-02-2021.pdf/637ba21e-db75-a4c1-5b41-f770dd26e529
https://www.nysrc.org/wp-content/uploads/2023/05/AI-8.2-ELR-Sensitivity-ICS-20211007.pdf
https://www.nyiso.com/documents/20142/24899187/NYISO%20ELCC_210922_September%2027%20Presentation.pdf/30147074-ed72-467c-512e-58a792cc6c25
https://www.nyiso.com/documents/20142/23645207/20210809%20NYISO%20-%20Capacity%20Accreditation%20Straw%20Proposal.pdf
https://www.nysrc.org/wp-content/uploads/2023/03/ELR-Modeling-White-Paper-May-2021-FINAL.pdf
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Sources: Capacity Value of Storage (MISO)
Number Title (Date) Author / Organization

[1] FERC Deficiency Notice on MISO DLOL Approach (July 2024) FERC

[2] MISO LOLE Modeling Enhancement: Planned Outage Modeling (April 2024) MISO

[3] Comments and Protests of the Clean Energy Parties on MISO DLOL Approach (March 2024) Clean Energy Parties

[4] MISO Initial DLOL FERC Filing (March 2024) MISO

[5] DLOL Enhancements Proposal (August 2023) Inverenergy/Nextera Energy/Astrape

[6] MISO Resource Accreditation White Paper (May 2023) MISO

[7] MISO LOLE Modeling Enhancements: Storage Modeling, RASC (August 2024) MISO

Number Title (Date) Author / Organization

[1] FERC Order Accepting Tariff Revisions Subject to Condition (Jan 2024) FERC

[2] PJM Capacity Accreditation Analysis for ACP (Jan 2024) Astrape Consulting

[3] PJM Response to FERC Deficiency Notice (Dec 2023) PJM

[4] PJM Marginal ELCC Filing (Oct 2023) PJM

Sources: Capacity Value of Storage (PJM)

https://elibrary.ferc.gov/eLibrary/filelist?accession_number=20240725-3120&optimized=false
https://cdn.misoenergy.org/20240417%20RASC%20Item%2005d%20LOLE%20Modeling%20Enhancements%20-%20Planned%20Outage%20Modeling632508.pdf
https://elibrary.ferc.gov/eLibrary/filelist?accession_number=20240429-5426&optimized=false
https://elibrary.ferc.gov/eLibrary/filelist?accession_number=20240328-5329&optimized=false
https://cdn.misoenergy.org/20230822-23%20RASC%20Item%209bii%20DLOL%20Enhancement%20Proposal629916.pdf
https://cdn.misoenergy.org/MISO%20Draft%20Resource%20Accreditation%20Design%20White%20Paper628865.pdf
https://cdn.misoenergy.org/20240821%20RASC%20Item%2006b%20LOLE%20Modeling%20Enhancements%20Storage%20Modeling643281.pdf
https://www.pjm.com/directory/etariff/FercOrders/7147/20240130-er24-99-001.pdf
https://www.pjm.com/directory/etariff/FercDockets/7759/20231201-er24-99-001.pdf
https://www.pjm.com/directory/etariff/FercDockets/7657/20231013-er24-99-000.pdf


Ramp/Uncertainty Products: 
Introduction
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Ramp/Uncertainty Products Compensate Resources like Storage to 
Meet Growing System Flexibility Needs

To reliably and efficiently meet growing variability 
and uncertainty, new ancillary services can secure 
and pay for enough capability for expected 
and/or unexpected up-ramp in net demand

 Expected ramp is more important in intra-hour 
intervals

 Uncertainty is more important when planning ahead 
for forecasted needs over the course of the day 

 Procuring flexibility needs in-market will not only help 
position the fleet, but will signal efficient investment 
(unlike uplift for non-market commitment/dispatch 
instructions)

MISO, CAISO, and SPP launched the first ramping 
products in the intra-hour timeframe to address: 

 Growing need for flexibility

 Spurious 5-minute price spikes due to transient 
shortfalls in ramp capabilities 

Example of 15-minute Ramp/Uncertainty Product Procurement

Source: Kathleen Spees and Sam Newell, Modernizing Electricity Market Design – Efficiently Managing 
Net Load Variability in High-Renewable Systems: Designing Ramping Products to Attract and Leverage 
Flexible Resources, FERC Docket No. AD21-10-000, Post-technical conference comments on behalf of the 
New York State Energy Research and Development Authority, February 4, 2022

https://www.brattle.com/wp-content/uploads/2022/02/AD21-10-2022-02-04-FERC-EAS-Comments-NYSERDA_-1.pdf
https://www.brattle.com/wp-content/uploads/2022/02/AD21-10-2022-02-04-FERC-EAS-Comments-NYSERDA_-1.pdf
https://www.brattle.com/wp-content/uploads/2022/02/AD21-10-2022-02-04-FERC-EAS-Comments-NYSERDA_-1.pdf
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Ramp/Uncertainty Products Compensate Resources like Storage to 
Address Growing Multi-Hour Uncertainty

 Multi-hour uncertainty products are especially 
valuable in the day-ahead and hours-ahead 
timeframe, given higher uncertainty

 A Day-Ahead Uncertainty Product commits 
extra availability when needed to meet 
incremental forecasted needs, due either to:

– The “energy gap”, in which physical supply cleared 
in the day-ahead energy market falls short of the 
forecast, or

– Uncertainty needs to cover scenarios in which net 
load comes in higher than forecasted

 A Day-Ahead Uncertainty Product replaces out-
of-market actions that perform this same 
function today

 Day-Ahead Uncertainty Products are being 
developed and launched (CAISO and ISONE, and 
to some extent SPP and MISO)

Notes/Source: Data is for the CAISO footprint (i.e., future 
requirement will be higher given more renewables). See CAISO, 
Day-Ahead Market Enhancements Analysis Report, January 24, 
2022, Figure 3, p. 9.
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 When a MW of resource capability 
can sell two reserves at once, the 
reserves “overlap”

– Conventional Operating Reserves are 
rarely defined to overlap, e.g., a MW 
cannot sell Regulation and Spinning 
Reserve in the same interval

 Because multi-hour uncertainty/ramp 
products target intervals much 
further in the future, they are more 
often allowed to overlap with 
conventional operating reserves

 Overlapping reduces price interaction 
between reserve products, and 
increases the MW of ramp supply

Ramp Product Definition Improved by Higher Scarcity Pricing in 
Broader Reserves Construct, Reflecting High Reliability Value

 When a MW assigned to one 
reserve product counts towards the 
need for a second product (or 
similar logic), it “nests”

 With nesting, scarcity pricing (or 
sometimes all pricing) in the parent 
product is added to (aka “cascades” 
into) all nested products

– Reserve products are ranked so that 
lower priority products run scarce 
first, and are priced lower

 Nesting and cascading definition 
across reserve products are part of 
a coherent scarcity pricing 
framework

Overlapping Reserves Nesting and Cascading

 MISO, NYISO, and PJM could 
increase conventional operating 
reserve scarcity prices to reflect 
their full reliability value, thus 
making room also for the full 
value of the ramp product

 An intra-hour ramp product 
should not overlap with 
conventional reserves, because 
they share the same time horizon; 
for the same reason, it should fit 
into the nesting/cascade construct

 Whether to overlap/cascade/nest 
are key design decisions for multi-
hour ramp/uncertainty product

Solution Considerations



2. Day-Ahead and Other Multi-Hour 
Uncertainty Products
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Jurisdictional Review of Day-Ahead and Multi-Hour Uncertainty Products
CAISO Imbalance 
Reserve  and 
Reliability Capacity [3]

SPP Uncertainty 
Product [4][5][6][7]

ISO-NE Day-Ahead 
Energy Imbalance 
Reserves [9][10]

MISO Short Term 
Reserves 
[11][12][13][14]

NYISO 60 min Product 
[19] (design concept, 
currently suspended)

Type of Product DA Uncertainty 
Product

Multi-Hour 
Ramp/Uncertainty 
Product

DA Uncertainty 
Product

Multi-Hour Uncertainty 
Product

DA Uncertainty Product 
and Multi-Hour 
Uncertainty Product

System Needs 
Procured

DA uncertainty plus 
DA energy gap 
(shortfall of DA 
physical energy vs. ISO 
forecast)

Hour-ahead 
uncertainty plus 
expected ramp

DA energy gap 
(shortfall of DA 
physical energy vs. 
ISO forecast)

3-hour ahead 
uncertainty

DA and multi-hour 
ahead uncertainty

Required Flexibility 30-min ramp 1-hr ramp 1-hr ramp 30-min ramp 1-hr ramp

Minimum Duration 
Requirement

1 hr 1 hr 1 hr 1 hr 4 hr

Procurement 
Timeframe

DA RT (with hour-ahead 
UC, plus DA forward)

DA RT (and DA forward) RT and DA

Ramping Demand 
Curve and Pricing

Multi-step penalty, 
highest at $55

Multi-step penalty, 
highest at ~$113/MWh

Penalty capped at 
$2,575/MWh

Multi-step penalty, 
highest at $500/MWh 

TBD demand curve not 
nested in existing ORDCs

Allows Offer Costs 
(above Opp. Costs)

Yes Yes, for offline units Yes Yes, for offline units, 
$100/MWh cap

TBD

Locational Approach Nodal Zonal System-wide Zonal Zonal

Ramp Direction



System Needs 
Procured

Sufficient procurement quantity to meet the energy gap, forecast error events, and otherwise satisfy operator 
conservativeness in the day-ahead timeframe (aim to replace all non-local RUCs); inclusion of expected ramp is less 
important in day-ahead, but the energy gap procurement may be needed to avoid unintended interactions with 
virtuals; multi-hour ramp/uncertainty products should cover expected ramp + uncertainty

Seller Offers Price formation with broad inclusion of seller costs 
(replacing non-local uplift); allow sellers to offer premia to endogenous lost opportunity cost from energy sales

Demand Curve High-value demand curve (e.g., up to a fraction of VOLL) that reflects system value of incremental reserves when 
forecasts show potential scarcity; most efficient pricing requires raising shortage pricing across all reserves

Resource Eligibility Broad resource eligibility (including faster-starting units scheduled offline) to assuage cost impact concerns

Non-Performance 
Penalty

Inclusion of penalties indexed to VOLL

Ramp Capability 
Timeframe

TBD—0.5 to 12+ hrs, depending on interaction with intraday scheduling processes

Min. Duration Req’t Requires RTO-specific analysis, likely multiple hours

Procurement Time Day ahead, with intraday procurement optional

Locational Approach More granular is better where feasible, zonal or better

Ramp Direction Up more valuable, reflecting VOLL; down reflects the expected value of avoided RE curtailment, which can be 
appreciable especially for wind dominated systems
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Solution Sketch for Day-Ahead and Multi-Hour Uncertainty Products
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Evaluation of the duration of historical net load 
underforecasting events

Principles for Minimum Duration Requirement for Day-Ahead and 
Multi-Hour Uncertainty Products

Duration of Forecast Error Events

Lead Time of Operational Alternatives

 Evaluation of the resource fleet typically available following a 
poor forecast event

– E.g., offline conventional generators with 1 – 4 hr start time

 In the future: coordination with other, slower reserves 
Source: NYISO, Balancing Intermittency: Uncertainty Reserve 
Requirement Calculation, Sep. 5, 2024

Duration is Implied by the Purpose and Desired 
Outcome of the Multi-Hour Uncertainty Product

 Purpose: ensure efficient quantity of long lead-time supply 
(or DR) has been committed to meet poor net load forecast 
outcomes (or under-commitment in DA energy market)

 RTO may need to depend on multi-hour ramp assigned in 
day-ahead for many hours until the forecast error event 
resolves, or until operational alternative can be arranged

https://www.nyiso.com/documents/20142/39768278/6%20Balancing%20Intermittency_ICAPWG_MIWG_090523.pdf/23391d26-0559-5757-1289-d043e833e16c
https://www.nyiso.com/documents/20142/39768278/6%20Balancing%20Intermittency_ICAPWG_MIWG_090523.pdf/23391d26-0559-5757-1289-d043e833e16c
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A multi-hour uncertainty product designed to address uncertainty in the day-ahead timeframe does not necessarily 
need to account for expected ramp, because the day-ahead energy market already accounts for expected hour-to-
hour ramp needs in the 24-hour schedule, and there are seldom multi-hour costs in DA to meet expected changes in 
net demand

 That is, generator ramp limits do not generally affect schedules in the day-ahead market, since the hourly time 
resolution is slow relative to ramp rates

 Some ISO/RTOs may not incorporate generator ramp limits into the day-ahead market

However, the day-energy energy market may not commit sufficient physical supply to meet the forecast (due to 
voluntary bids being too low, or clearing of virtual supply to meet demand); thus, Day Ahead Uncertainty Products 
often procure extra capability to meet the “energy gap” relative to the forecast

 Day-ahead demand is largely determined on the margin by virtual players, who may respond to larger DA reserve 
procurements by lowering aggregate DA energy demand (in anticipation of fewer high-priced RT shortage events, 
and generally lower RT energy prices). 

 The system operator may respond in turn by increasing out of market reliability unit commitments, partly undoing 
the effect of the market-based commitments from the reserve product

Day-Ahead and Multi-Hour Uncertainty Products Need Not Include 
Expected Ramp, but Likely Need to Cover Expected Demand
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Gap Analysis: Day-Ahead and Multi-Hour Uncertainty Products

RTO Sufficient Procurement Quantity to Satisfy 
Day-Ahead Operator Conservatism?

Price Formation 
With Broad Incl. 
of Seller Costs? 

Tall Demand 
Curve? 

Broad Resource 
Eligibility?

Non-
Performance 
Penalties

MISO (Short 
Term Reserve)

🢜
Uncertainty covers 3-hr ahead instead of 

24-hr ahead; ignores energy gap

✘
Capped at $500 

NYISO 
(Balancing 
Intermittency 
Phase 1 for 30-
min reserves)

🢜 
Uncertainty covers 24-hr ahead; ignores 
energy gap (risking poor interaction with 

virtuals given the large day-ahead 
uncertainty)

Broad offer 
allowance in 

day ahead

Maximum value 
of $750/MWh 
for 30-minute 

reserves 

 
Includes DR, offline 
thermal generators 

w/ 2-hour start 
and faster

Proposed

PJM
✘

Has no multi-hour ramp/uncertainty product
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Day-Ahead and Other Multi-Hour Uncertainty Products: MISO 
Potential Reform Solutions

OVERALL PRIORITY:
HIGH

Potential Reforms Relative to Existing Product (STR)

Modify STR or add a new day-ahead uncertainty product with sufficient 
procurement quantity to satisfy operator conservativeness, addressing 
24-hr ahead uncertainty plus energy gap and replacing all non-local RUCs; 
if timeframe remains intra-day, then add procurement of expected ramp

Tall demand curve that reflects system value of incremental reserves 
when forecasts show potential scarcity

Strengthen non-performance penalties (which boosts efficiency, price, 
and favors high performers)

P
rio

rity Ite
m

s



Potential Reforms Relative to Proposal 
(Balancing Intermittency Phase 1 Day-Ahead Procurement of 30-Min Reserve)

Propose reform to Uncertainty Reserve Requirement to add energy gap to DA 
requirement (avoiding poor interaction with virtuals); monitor implementation for 
sufficient procurement quantity to satisfy operator conservativeness (addressing 24-hr 
ahead uncertainty and replacing all non-local RUCs)

Increase maximum value of demand curve above $750/MWh to reflect system value of 
incremental reserves when forecasts show potential scarcity

Non-performance penalties (boosts efficiency, price, favors high performers)

Introduce slower multi-hour ramp/uncertainty reserve product for 60 minutes or slower 
ramp capability, like BI Phase 2 proposal, including a market mechanism to address the 
shortfall of bid-in energy demand relative to forecast demand
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Day-Ahead and Other Multi-Hour Uncertainty Products: NYISO 
Potential Reform Solutions

OVERALL PRIORITY:
MEDIUM
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Potential Reforms Relative to Status Quo (No Product)

Develop a new uncertainty reserve product w/ sufficient procurement quantity to satisfy 
operator conservativeness (addressing 24-hr ahead uncertainty and energy gap, thus 
replacing all non-local RUCs)

Price formation with broad inclusion of seller costs 
(replacing non-local uplift); allow sellers to offer premia to endogenous lost opportunity 
cost from energy sales

Tall demand curve that reflects system value of incremental reserves when forecasts show 
potential scarcity

Broad resource eligibility (including units scheduled offline) to ensure efficient outcome, 
lower cost impact

Non-performance penalties (which boosts efficiency, price, and favors high performers)
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Day-Ahead and Other Multi-Hour Uncertainty Products: PJM 
Potential Reform Solutions

OVERALL PRIORITY:
HIGH
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System Needs Procured: Uncertainty vs. Expected Flexibility Needs, Including the Energy Gap: Whether the ramp product is 
procured to meet needs from unexpected ramp (the potential for error in net demand forecasts over the ramp capability 
timeframe), the expected ramp (the forecasted change in net demand over that timeframe), or the energy gap (shortfalls in 
cleared physical day-ahead supply relative to forecast)

Required Flexibility: The number of minutes or hours over which the system needs (and a resource can provide) ramping 
capability 

Ramp Product Procurement Timeframe: When the ramping product is procured for use in real-time. In general, it is either 
procured intra-hour, closer to real-time (typically with a forward procurement in the day ahead market), or it is procured in over 
a multi-hour timeframe (such as in the day-ahead energy market)

Ramping Demand Curve and Pricing: Nature of the demand curve for the ramp product (fixed requirement, multi-step penalty 
factor curve, or a smooth demand curve), and the maximum willingness to pay for the product. 

Allows Offer Costs above Opportunity Costs: Co-optimized opportunity costs, where a resource offering to provide ramping 
product will automatically have the opportunity cost of not providing energy accounted for in clearing. Some ramping products 
also allow product-specific offers. 

Locational Approach: Whether the product accounts for deliverability constraints and transmission (zonally or nodally) or is 
instead a uniform systemwide product. 

Ramp Direction: Upward and/or downward ramp 

Appendix: Design Parameters of Ramp/Uncertainty Products



3. Intra-Hour Ramp/Uncertainty Products 
(e.g., for 10-Minute Ramps)
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Jurisdictional Review of Intra-Hour Ramp/Uncertainty Product
Product Name and 
Jurisdiction

CAISO Flexiramp 
Product [1][2]

SPP Ramp Product 
[5][6][7] 

Australia NEM Operating 
Reserve (not implemented) 
[8]

MISO Ramp 
Capability Product 
[13][14][15]

NYISO 10 and 30-Min 
Reserves w/ Uncertainty 
[16][17][18] (proposed)

Ramp Capability 
Timeframe

5-min ramp (and 15-
min via FMM)

10-min ramp 30-min ramp 10-min ramp 10- and 30-min ramp

Minimum Duration 
Requirement

N/A N/A N/A N/A 1 hr

Procurement 
Timeframe

RT (5 and 15 min) RT (and DA forward) RT RT (and DA forward) RT (and DA forward)

Flexibility Needs 
Procured 
(Procurement 
Quantity)

Unexpected and 
expected ramp

Unexpected and 
expected ramp

Unexpected and expected 
ramp minus other reserves. 

Unexpected plus 
expected ramp

Unexpected ramp

Ramping Demand 
Curve and Pricing

Multi-step penalty 
factor, highest at 
$247/MWh

Multi-step penalty 
factor, highest at 
$23/MWh

Multi-step penalty factor, 
highest at $10,214/MWh

Multi-step penalty 
factor, highest at 
$31/MWh

One lower value step on 
10- and 30-min ORDCs, 
highest $40/MWh 

Allows Offer Costs 
(above Opp. Costs)

No No Yes No No

Locational Approach Nodal None None Zonal Zonal

Ramp Direction



Sketch of Preferred Solution for Intra-Hour Ramp/Uncertainty

Procurement Quantity Include uncertain ramp + expected ramp in procurement (at short timescales, expected dominates, and 
is not otherwise fully procured and priced in-market); quantify uncertainty dynamically, potentially 
capturing day-specific meteorological scenarios

Seller Offers Allow sellers to offer premia to endogenous lost opportunity cost from energy sales (above penalty risk)

Demand Curve High-value demand curve (e.g., up to a fraction of VOLL) to reflect system value of incremental reserves 
when forecasts show potential scarcity; requires raising shortage pricing across all reserves 

Resource Eligibility Online and fast start

Non-performance Penalty Include non-performance penalties (which boosts efficiency, price, and favors high performers), ideally 
indexed to VOLL for failures during emergencies

Ramp Capability Timeframe Close to real-time (present assessment assumes  10-minutes)

Min. Duration Requirement None (or 5 minutes)

Procurement Timeframe RT (with DA forward)

Locational Approach More granular locational approach is better, zonal or better

Ramp Direction Up more valuable, reflecting VOLL; down reflects the expected value of avoided RE curtailment, which 
can be appreciable especially for wind dominated systems
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Principles for Minimum Duration Requirement for Intra-Hour 
Ramp/Uncertainty Product

Purpose and Desired Outcome of Intra-Hour Ramp 
Product Points to Short-Duration Needs

 Intra-hour Ramp Purpose: produce an energy 
dispatch optimized for upcoming ramp needs; avoid 
exhausting ramp capability and the resulting transient 
shortage

 Focus is on expected ramp over 10 minutes

 The intra-hour ramp product has a distinct purpose 
from that of traditional 10-minute or 30-minute 
contingency reserves

 The headroom available for energy market dispatch 
changes w/ every 5 minute interval, esp. during ramps

No Duration Requirement Needed Given 
Short-Duration Application

 The purpose implies a 5-minute duration 
requirement, consistent with the lack of a 
duration requirement on existing intra-
hour ramp products in MISO, SPP, and 
CAISO.

 NYISO has proposed an intra-hour ramp 
product that is integrated with 
contingency reserves, and therefore 
inherits the corresponding duration 
requirement
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Gap Analysis: Intra-Hour Ramp/Uncertainty Products

RTO Procurement 
Quantity Includes 
Expected + 
Uncertain Ramp? 

Dynamic 
Procurement 
Quantities for 
Uncertain Ramp?

Tall 
Demand 
Curve? 

Allows Sellers to 
Offer Above 
Endogenous Opp. 
Cost?

Non-
Performance 
Penalties

MISO
Under 

development

✘
Limited to 
$31/MWh

✘ ✘

NYISO 
(proposed)*

✘
Unexpected only

✘
Limited to 
$40/MWh

✘ Under 
development†

PJM
Has no ramp product

†Source: NYISO, Operating Reserves Performance: Penalty Proposal, October 22, 2024

*Rated against recent Uncertainty Reserve Requirement proposal from Balancing Intermittency Project

https://www.nyiso.com/documents/20142/47642242/Operating%20Reserves%20Performance%20Penalty%20Proposal.pdf/08cd372f-15b0-66d9-14ce-93e2b3a984b0
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Intra-Hour Ramp Product: MISO Potential Reform Solutions

OVERALL PRIORITY:
MEDIUM

Potential Reforms to Existing Product

Dynamic procurement quantities for uncertain ramp needs 
based on more sophisticated data (in progress)

Raise the offer cap (currently implicitly at zero) 

Tall demand curve to reflect high system value of incremental 
reserves when forecasts show potential scarcity (ideally w/ 
increase in scarcity pricing for all reserves) 

Non-performance penalties (which boosts efficiency, price, and 
favors high performers)

P
rio

rity Ite
m
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Intra-Hour Ramp Product: NYISO Potential Reform Solutions

OVERALL PRIORITY:
HIGH

Potential Reforms (vs. Recent Proposal)

Include expected ramp in market procurement (at short timescales, it 
dominates, and it’s not otherwise fully procured and priced in-market) 

Remove or reduce 60-min. duration requirement for ramp product

Raise the RT offer cap (currently at zero in RT, but not DA) 

Increase operating reserve scarcity pricing/demand curve to reflect high 
system value of incremental reserves (ideally w/ increase in scarcity 
pricing for all reserves) 

Non-performance penalties (in progress) boosts efficiency, price, and 
favors high performers)

P
rio

rity Ite
m
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Intra-Hour Ramp Product: PJM Potential Reform Solutions

OVERALL PRIORITY: 
HIGH

Potential Reforms (Requires Developing New Product)

Develop new ramp product that includes expected and unexpected ramp in 
procurement quantity

Dynamic procurement quantities for uncertain ramp needs based on more 
sophisticated data

Very tall demand curve to reflect system value of incremental reserves when 
forecasts show potential scarcity (ideally w/ increase in scarcity pricing for all 
reserves) 

Include a nonzero offer cap

Non-performance penalties (which boosts efficiency, price, and favors high 
performers)

P
rio

rity Ite
m

s
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Sources: Ramp Products (CAISO, SPP, ISO-NE, AEMO) 
Number Title (Date) and Notes

Author / 
Organization

[1] Tretheway Direct Testimony, Attachment C, Tariff Amendment to Implement Flexible Ramping Product, pp. 140, 
FERC Docket ER16-2023-000 (June 24, 2016). Unexpected ramp covers 97.5th percentile of forecast error over 
same duration as ramp capability time horizon. 

CAISO

[2] Market Performance Planning Forum, pp. 73 (2023) CAISO

[3] Day-Ahead Market Enhancements (May 2023). Unexpected ramp calculated by quantile regressions of net load 
forecast errors. Target implementation date in Fall 2024 

CAISO 

[4] Integrated Marketplace Calculation Guide (2021). Unexpected ramp for both SPP products covers 97.5th percentile 
of forecast error over same duration as ramp capability time horizon. SPP

[5] Uncertainty Product Prototype Design Whitepaper (2020) SPP

[6] State of the Market, pp. 117 (May 2023) SPP

[7] State of the Market, pp. 65 (Fall 2023) SPP

[8] Operating Reserve Design (November, 2022) Unexpected ramp covers 97.5th percentile of forecast error over 
same duration as ramp capability time horizon. Working model for discussion, not implemented AEMO

[9] Tariff Amendment to Establish Jointly Optimized Day-Ahead Energy and Ancillary Services Market, FERC Docket 
ER24-275-000 (October 31, 2023) Expected ramp only does not address uncertainty – procurement is the amount 
of the day ahead energy gap only, so procurement quantity is zero roughly half of the time. 

ISO-NE

[10] Comments in Support of the Day-Ahead Ancillary Services Initiative (November 2023) IMM for ISO-NE

https://elibrary.ferc.gov/eLibrary/filedownload?fileid=01e13d99-66e2-5005-8110-c31fafc91712
https://elibrary.ferc.gov/eLibrary/filedownload?fileid=01e13d99-66e2-5005-8110-c31fafc91712
https://www.caiso.com/Documents/Presentation-MarketPerformancePlanningForum-Jun29-2023.pdf
https://www.caiso.com/InitiativeDocuments/RevisedFinalProposal-Day-AheadMarketEnhancements.pdf
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fwww.spp.org%2Fdocuments%2F69542%2Fintegrated%2520marketplace%2520ramp%2520and%2520uncertainty%2520product%2520calculation%2520guide.docx&wdOrigin=BROWSELINK
https://www.spp.org/documents/71645/2023%20annual%20state%20of%20the%20market%20report%20v2.pdf
https://www.spp.org/documents/71103/spp%20mmu%20qsom%20fall%202023%20v2.pdf
https://www.aemc.gov.au/sites/default/files/2023-02/AEMO%20Technical%20Advice%20November%202022.pdf
https://www.iso-ne.com/static-assets/documents/100004/rev_to_est_jointly_optimized_day-ahead_mkt_for_energy_and_ancillary_services.pdf
https://www.iso-ne.com/static-assets/documents/100004/rev_to_est_jointly_optimized_day-ahead_mkt_for_energy_and_ancillary_services.pdf
https://www.iso-ne.com/static-assets/documents/100005/imm_comments_on_dasi.pdf
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Sources: Ramp Products (MISO, NYISO) 

Number Title (Date) and Notes
Author / 

Organization

[11] Short-Term Reserve Primer (March 2021) Unexpected ramp requirements are manually set and static by hour 
based on aggregated zonal contingency events. Addresses net load forecast uncertainty and contingencies. 

MISO

[12] Continued Reforms to Improve Scarcity Pricing and Price Formation (July 14, 2022) MISO

[13] Scarcity Pricing White Paper: Value of Lost Load and Operating Reserve Demand Curve (March 2024). Ramp 
Capability Product quantity procured set at 1,075 MW. 

MISO

[14] Ramp Product Enhancements (December 2022), MISO Seasonal Readiness Workshop: Winter 2023-24 
(October 2023), slides  45 - 47

MISO

[15] Business Practice Manual No. 2, pgs. 301-302. Confirms non-performance penalties for MISO STR. MISO

[16] Quarterly Report MISO, pp.40 (Spring 2023) IMM for MISO

[17] Locational Examples and Initial Tariff Revisions (August 1, 2024) Unexpected ramp covers 95th percentile of 
historical net load, wind, FTM solar and offshore wind forecast uncertainty. 

NYISO

[18] Market Design Concept Proposed (November 10, 2023) NYISO

[19] Percentiles and Shortage Pricing Curves (March 4, 2024) NYISO

[20] Balancing Intermittency: Uncertainty Reserve Requirement Calculation (September 5, 2024); 1h Notification 
w/ 4h Duration Operating Reserves Product (October 12, 2023) Actual procurement quantity of unexpected 
ramp TBD. 

NYISO

https://cdn.misoenergy.org/STR%20Primer%2020210310530762.pdf
https://cdn.misoenergy.org/20220714%20MSC%20Item%2006%20Continued%20Reforms%20to%20Improve%20Scarcity%20Pricing%20and%20Price%20Formations%20(MSC-2019-1)625527.pdf
https://cdn.misoenergy.org/20240418%20MSC%20Item%2004d%20Scarcity%20Pricing%20White%20Paper%20VOLL%20and%20ORDC632355.pdf
https://cdn.misoenergy.org/20221201%20MSC%20Item%2006%20Ramp%20Product%20Enhancements627169.pdf
https://cdn.misoenergy.org/20231031%20Winter%20Readiness%20Workshop%20Item%2002-06%20Presentation630651.pdf
https://www.misoenergy.org/legal/rules-manuals-and-agreements/business-practice-manuals/
https://cdn.misoenergy.org/20231205%20Markets%20Committee%20of%20the%20BOD%20Item%2006%20IMM%20Quarterly%20Report631027.pdf
https://www.nyiso.com/documents/20142/46161626/6%20Balancing%20Intermittency_MIWG_08012024_draft.pdf/fa2c5571-b3b8-7714-5265-16a1ccf4e6ea
https://www.nyiso.com/documents/20142/41130653/Balancing%20Intermittency_MDCP%20Presentation_final.pdf/ab912240-d021-0e7a-a02a-987a94928bf7
https://www.nyiso.com/documents/20142/43315080/BI%202024%20MIWG_03042024_final.pdf/bbd5e0a7-3205-89b7-ed25-3672358fa761
https://www.nyiso.com/documents/20142/39768278/6%20Balancing%20Intermittency_ICAPWG_MIWG_090523.pdf/23391d26-0559-5757-1289-d043e833e16c
https://www.nyiso.com/documents/20142/40559142/Balancing%20Intermittency.pdf/6900a8af-f193-e9f2-47b8-6fdbd184047b
https://www.nyiso.com/documents/20142/40559142/Balancing%20Intermittency.pdf/6900a8af-f193-e9f2-47b8-6fdbd184047b


4. Alternative Reliability Solutions: 
Meeting Needs the Market Has Failed to Address
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Alternative Reliability Solutions: 
Meeting Needs the Market Has Failed to Address

Energy Transition Raises the Potential for Increasing 
Reliability Issues that the Market Cannot Address

• Many legacy generators were intentionally planned 
to support location transmission needs, esp. in load 
pockets; retirements will continue to trigger 
transmission reliability violations (often major)

• Some of these violations are too localized for zonal 
capacity markets to solve

• Transmission infrastructure, supply resources like 
storage, or other non-wires solutions can all 
contribute to solving these reliability problems at 
lower cost to consumers

• RTOs should identify solution(s) that lead to the 
lowest costs for ratepayers when procuring 
reliability solutions out of market

Gaps in Current Market Rules

• Currently, nearly all post-retirement reliability 
violations are solved through new 
transmission, with reliability must-run (RMR) 
contracts as an interim solution

• Some RTOs (PJM) do not consider non-wire 
solutions as a long-term solution

• Other RTOs consider non-wire solutions in 
their post-retirement planning processes, but 
they are rarely selected due to lack of a 
comprehensive benefit-cost analysis, 
exacerbated by short notice period between 
the solicitation and the required online date
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Competitive solicitations usually lead to lower 
prices for ratepayers

 Studies have shown the benefits of competitive 
solicitations both in transmission infrastructure 
procurement and generator procurement

 On average, the cost of RMRs in PJM has been 
~$300/MW-Day, compared to typical capacity 
market clearing prices in the long term of 
~$100/MW-Day 

A technology-neutral procurement may lead to 
outcomes that can both solve the reliability need 
of issue and provide other beneficial services to 
the grid at a lower cost

 Energy storage (especially long-duration and 
multi-day storage) may be able to resolve both 
transmission security constraints and provide 
flexibility value to the grid

 Depending on the scope of the reliability need, 
batteries or other non-wires solutions can be 
significantly lower cost and more easily deployed 
than transmission infrastructure

Social Benefits to Considering Alternative Solutions Following Retirement

https://www.brattle.com/wp-content/uploads/2021/05/16726_cost_savings_offered_by_competition_in_electric_transmission.pdf
https://media.rff.org/documents/RFF_WP_21-01.pdf
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Jurisdictional Review of Post-Retirement Reliability Solutions
RTO Post-Retirement 

Reliability Sol’ns
Recent 

Examples
Compensation Retirement 

Notice 
Requirement

Long-Term Solution Procurement Process

NYISO RTO assesses, procures 
short- and long-term 
reliability alternatives

Gowanus and 
Narrows Plants 
(2025, 565 MW)

Cost of service 
or availability & 
performance 
rate

12 months • Competitive solicitation for long-term solution can include non-wires 
solutions as part of “Short Term Assessment of Reliability”

• Generation solutions can be “market-based” or cost-of-service rates

MISO RTO IDs but does not 
procure reliability 
alternatives

Rush Island 
plant (2022, 
1,195 MW)

Cost of service 12 months • MISO will consider any generators/storage in the interconnection queue as 
a solution to avoid need for System Support Resource (SSR)

• MISO lacks a process to fund those resources

PJM Transmission and RMR 
only

N/A N/A 3+ months • PJM IDs transmission solution(s) through Regional Transmission Expansion 
Plan (RTEP); TO builds

• No consideration of non-wires solutions

ERCOT Only transmission 
considered for long-term 
solution
RTO assesses alternatives 
to RMR for short term

Braunig units 
(2024, 652 MW)

Cost of service 5 months
(150 days)

• ERCOT IDs long-term transmission solutions to address reliability needs 
from retiring unit

• ERCOT solicits proposals for must-run alternatives (MRAs) to replace RMRs 
in the short-term (can include non-wires solutions)

• An MRA solution is only until the long-term transmission solution is in-
service at which point the MRA would only receive market revenues

CAISO RTO and/or TO (w/ CPUC 
direction) assess and 
procure short- and long-
term reliability 
alternatives

Oakland (2016, 
165 MW), 1,262 
MW since 2016

Cost of service 3 months • CAISO’s “Transmission Planning Process” and CPUC’s “Local Resource 
Adequacy Program” coordinate to solicit solutions to address reliability 
needs from generator retirement: CAISO handles transmission solutions, 
CPUC directs utilities to procure non-wires solutions

• Many RMR units do not retire when RMR expires
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 Dynegy filed to retire 165 MW gas-fired Oakland power plant by 2016

 CAISO identified local reliability need, issued RMR contract to the plant while 
opening a competitive solicitation for solutions; received transmission, storage, 
demand response, and hybrid responses

 CAISO recommended PG&E’s Oakland Clean Energy Initiative (OCEI), including a 
mix of transmission upgrades, storage, and demand response, meeting the need 
lower cost than transmission or generation solutions alone

Case Study #1: CAISO and Oakland Station Natural Gas Plant

NWA (“OCEI”) Solved Reliability Need at Lower Cost

Source: CAISO, 2017-2018 Transmission Plan, March 22, 2018, pg. 129.
Source: Google Earth. Includes data from: GoogleLandsat / CopernicusAirbusData SIO, 
NOAA, U.S. Navy, NGA, GEBCO; Imagery from the dates: 9/24/2009–6/7/2024 Note, 
some visible imagery has unknown date information.  

In 2017, CAISO 
Selected Competitive 
Solution Including 
NWA Following 165 
MW Peaker Retirement

https://www.caiso.com/Documents/BoardApproved-2017-2018_Transmission_Plan.pdf


brattle.com | 52

 Narrows and Gowanus plants are dual-fuel gas generator 
barges in NYC totaling 565 MW, slated for retirement in 2025 
due to NY’s Peaker Rule

 NYSERDA had planned to replace their reliability value with the 
Champlain-Hudson Power Express (CHPE), a 1,250 MW 
transmission line carrying firm hydropower from Quebec

 NYISO ID’d a short-term reliability need following CHPE’s delay 
to 2027, issued a competitive solicitation for short-term 
reliability solutions

 Neither of the two responses could resolve the reliability need 
by 2025

Case Study #2: NYISO and Narrows and Gowanus Plants

Source: Astoria Generating Company, L.P., Gowanus Generating Station
Gowanus Repowering Project  Preliminary Scoping Statement, New York State Siting 
Board on Electric Generation Siting and the Environment Case Number – 18-F-0758, 
May 2019

NYISO Recently Solicited but Did Not Select RMR 
Alternatives for 565 MW Peaker Retirement

https://www.google.com/url?sa=i&url=https%3A%2F%2Fdocuments.dps.ny.gov%2Fpublic%2FCommon%2FViewDoc.aspx%3FDocRefId%3D%257B50EEA8CD-58A9-40FC-87B5-3DC6E1CE3D4E%257D&psig=AOvVaw0t62FCPhTAq3xkuIdqvK23&ust=1730127126437000&source=images&cd=vfe&opi=89978449&ved=2ahUKEwjs78j3566JAxWQElkFHR6xMeEQjhx6BAgAEBo
https://www.google.com/url?sa=i&url=https%3A%2F%2Fdocuments.dps.ny.gov%2Fpublic%2FCommon%2FViewDoc.aspx%3FDocRefId%3D%257B50EEA8CD-58A9-40FC-87B5-3DC6E1CE3D4E%257D&psig=AOvVaw0t62FCPhTAq3xkuIdqvK23&ust=1730127126437000&source=images&cd=vfe&opi=89978449&ved=2ahUKEwjs78j3566JAxWQElkFHR6xMeEQjhx6BAgAEBo
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Alternative Solutions After Generator Retirement: Sketch of 
Preferred Solutions

3. Use Long-term Contracts 
for Compensation

4. Lengthen the Deactivation Notice Period

1. Consider Alternative Resources and Tx Solutions as a Long-term 
Solution to Post-Retirement Reliability Issues

2. Conduct a Holistic Cost-benefit Analysis 
on All Qualifying Alternatives

• Following a post-retirement reliability violation finding, complete a 
competitive, technology-neutral solicitation to resolve reliability need 
determined by the RTO

• Solutions should resolve specific reliability needs for the long-term to 
avoid further out of market procurements

The cost-benefit analysis should account for 
the costs over the expected operating lifetime 
of the alternative in comparison to the system 
costs with generator contracts in the short-
term then the long-term transmission solution

Cost-effective supply 
resources may need 
additional revenues beyond 
the market revenues

• Notice period needs to be long enough for reliability solutions to be constructed prior 
to the generator’s retirement

• Complementary to interconnection reforms allowing rapid post-retirement 
interconnection procedures (e.g., PJM’s under-development CIR replacement process)
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Gap Analysis: Alternative Solutions After Generator Retirement

RTO Considers Non-
Wires Solutions

Long-Term 
Contracts to Supply 
Resource Solutions

Holistic Cost-
Benefit Analysis

Deactivation 
Notice 
Period

MISO Yes, but limited 
by lack of RTO 
procurement 

✘ N/A, no RTO 
procurement

12 months

NYISO 12 months

PJM ✘ N/A N/A, no RTO 
procurement

3+ months
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Alternative Solutions After Generator Retirement: MISO Potential 
Reform Solutions

OVERALL PRIORITY:
MEDIUM

Potential Reforms

Conduct a competitive solicitation for alternative resources and 
Tx options as a long-term solution to reliability issues the market 
didn’t solve

Conduct a holistic cost-benefit analysis on all qualifying 
alternatives

Lengthen the deactivation notice period

P
rio

rity Ite
m

s
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Alternative Solutions After Generator Retirement : NYISO Potential 
Reform Solutions

OVERALL PRIORITY:
LOW

Potential Reforms

Consider lengthening the deactivation notice period
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Alternative Solutions After Generator Retirement : PJM Potential 
Reform Solutions

Potential Reforms

Conduct a competitive solicitation for alternative resources and 
Tx options as a long-term solution to reliability issues the market 
didn’t solve

Conduct a holistic cost-benefit analysis on all qualifying 
alternatives

Use long-term contracting for compensation

Lengthen the deactivation notice period

P
rio

rity Ite
m

s

OVERALL PRIORITY:
MEDIUM
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Sources: MISO 
Number Title (Date) Author / Organization

[1] Attachment Y Review Rush Island Units 1 and 2: Rush Island Annual Review Process (May 
31, 2024)

MISO Central Subregional Planning Meeting

Number Title (Date) Author / Organization

[1] RMR History and Issues (November 9, 2023) Monitoring Analytics

[2] IMM State of the Market Report discussion of Part V (RMR) issues (October 12, 2023) Monitoring Analytics

[3] RTO/ISO Deactivation Processes (January 18, 2023) PJM Interconnection, Deactivation 
Enhancements Senior Task Force

[4] Avoiding Reliability Must-Runs/System Support Resources (2023) Gridlab

Sources: PJM

Sources: ERCOT
Number Title (Date) Author / Organization

[1] Reliability Must Run (RMR) Process (March 2024)
ERCOT

[2] ERCOT Nodal Protocols (August 1, 2024) pp. 422-445.
ERCOT

https://cdn.misoenergy.org/20240531%20CSPM%20Item%2003d%20Rush%20Island%20SSR%20Annual%20Review632996.pdf
https://cdn.misoenergy.org/20240531%20CSPM%20Item%2003d%20Rush%20Island%20SSR%20Annual%20Review632996.pdf
https://www.pjm.com/-/media/committees-groups/task-forces/destf/2023/20231109/20231109-item-03---rmr-history-and-issues.ashx
https://www.pjm.com/-/media/committees-groups/task-forces/destf/2023/20231109/20231109-item-03---rmr-som-memo.ashx
https://www.pjm.com/-/media/committees-groups/task-forces/destf/2024/20240118/20240118-item-04---rto-iso-deactivation-processes.ashx
https://www.pjm.com/-/media/committees-groups/user-groups/pieoug/2023/20231011/20231011-avoiding-reliability-must-runs-system-support-resources.ashx
https://www.ercot.com/files/docs/2024/03/20/One%20Pager_RMR%20and%20MRA%20(March%202024).pdf
https://www.ercot.com/files/docs/2024/07/26/August%201,%202024%20Nodal%20Protocols.pdf
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Sources: NYISO

Number Title (Date)
Author / 

Organization

[1] Responses to Questions About the 2023 Quarter 2 Short-Term Reliability Process Solution Solicitation (September 
21, 2023) NYISO

[2] Open Access Transmission Tariff (August 20, 2024) pp. 2580-2677
NYISO

[3] Short-Term Assessment of Reliability: 2023 Quarter 2 (July 14, 2023) pp. 29.
NYISO

[4] Short-Term Reliability Process Report: 2025 Near-Term Reliability Need Solution Selection (November 20, 2023)
NYISO

Number Title (Date)
Author / 

Organization

[1] Decision on reliability must-run and capacity procurement mechanism enhancements proposal (March 20, 2019)
Keith Casey

[2] 2023 Report on Market Issues & Performance (2023) pp. 301-304.
CAISO

[3] Reply Brief of the California Independent System Operator, Application 20-04-013 (December 4, 2020)
CAISO

Sources: CAISO

https://www.nyiso.com/documents/20142/15930765/Responses-to-Questions-About-the-2023-Quarter-2%20Short-Term-Reliability-Process-Solution-Solicitation.pdf/3c0d40aa-729d-41e4-015a-b5ee0b161fb2
https://www.nyiso.com/documents/20142/15930765/Responses-to-Questions-About-the-2023-Quarter-2%20Short-Term-Reliability-Process-Solution-Solicitation.pdf/3c0d40aa-729d-41e4-015a-b5ee0b161fb2
https://nyisoviewer.etariff.biz/ViewerDocLibrary/MasterTariffs/9FullTariffNYISOOATT.pdf
https://www.nyiso.com/documents/20142/16004172/2023-Q2-STAR-Report-Final.pdf
https://www.nyiso.com/documents/20142/39103148/2023-Q2-Short-Term-Reliability-Process-Report.pdf/
https://www.caiso.com/Documents/Decision-ReliabilityMust-Run-CapacityProcurementMechanismEnhancementsProposal-Memo-Mar2019.pdf
https://www.caiso.com/documents/2023-annual-report-on-market-issues-and-performance.pdf
https://www.caiso.com/documents/dec4-2020-replybrief-oaklandcleanenergyinitiative-a2004013.pdf


5. Opportunity Cost Bidding
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Storage resources selling energy now give 
up the chance to sell later, incurring an 
opportunity cost @ forecast of later 
energy/AS value 

 Opportunity cost is complex and varies by 
seller, state of charge

 Sellers have different forecasts, incl. low-
probability high-price outcomes

 AS (such as Regulation) can also entail 
opportunity cost in offers

Accurate storage offers are essential for 
optimal reliability outcomes by avoiding 
depleting limited energy before it is most 
needed during scarcity conditions

Accurate storage offers facilitate efficient 
price formation in a flexible clean resource 
mix

Opportunity Cost Bidding is Fundamental to Storage Participation 
in Energy Markets

Source: CAISO, Special Report on Battery Storage, July 7, 2023

Storage Offers Reflect Value Over Hours Later in Day

Price 
over 4 
hours

Storage operator willing to 
sell energy early in the day at 
forecasted price later

Average CAISO day-ahead battery bids and nodal prices August 31-Sep. 9, 2022

https://www.caiso.com/documents/2022-special-report-on-battery-storage-jul-7-2023.pdf
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ISO/RTOs do not always allow accurate 
opportunity-cost offers

 E.g., when capping reserve offers, mitigating 
market power, in emergencies, etc.

 Due to limits to changes in offers intraday

 PJM prohibits them entirely when mitigated 
due to local market power

ISO/RTOs limit updates to offers through lead 
time requirements and other rules, even though 
opportunity costs can change dynamically

This leads to suboptimal reliability and 
distorted prices (too low early in the day, too 
high later), especially in high storage systems 
and especially during scarcity

Gap: ISO/RTOs can Underestimate or Prohibit Opportunity Cost 

Storage offer reform is important even though offers 
are only infrequently mitigated (e.g., ~1-2% in PJM):

 Mitigation is targeted at high-value load pockets of 
interest to storage developers

 Uplift payments can be based on cost-based offers

 Under PJM’s Capacity Performance rules, resources 
that are not dispatched in an emergency due to 
opportunity-cost based offers in excess of charging 
cost would be penalized for failure to perform

 Restricting intraday offer updates incentivizes non-
dispatchable status, limiting efficiency and revenue

 Low AS offer caps force uneconomic clearing of AS 
without accounting for impact on later availability



brattle.com | 63

Opportunity Cost Bidding Jurisdictional Review

RTO Oppo 
Cost 
Bids

RT Offer 
Update 
Latency

Avoids 
Ex-Ante 
Mitigation

Intra-Day Opportunity Cost Method when Energy Offers Are Mitigated

MISO 30 mins before 
clock hour

✘ • Opportunity costs allowed in consultation with the IMM
• Otherwise, based on offers when cleared in past 90d

NYISO 75 mins before 
clock hour

• Allow the supplier to offer according to their own opportunity costs, by 
having any ex-ante mitigation (i.e., in Zone J) incorporate opportunity costs 
that the supplier provides for each hour

• If seller in zone J doesn’t submit their own opportunity costs, offer may be 
based on NYISO calculation of optimized schedule: using 90-day average DA 
prices for DA; and the DA price in RT

PJM ✘ 65 mins before 
clock hour

✘ • Mitigated offers in DA and RT based on charge cost and efficiency factor
• Cannot increase RT offers above cleared DA offers (“Intraday Offers” rule)

ERCOT 5 mins before 
RT dispatch

• Pending reform limiting storage offers that alleviate congestion to avoid 
LMPs above price cap

CAISO 75 mins before 
clock hour

✘ • CAISO-calculated opportunity cost allowed, can depend on SOC
• RT mitigation uses DA prices; DA mitigation uses shadow prices from DA 

optimization
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Sketch of Preferred Solution for Opportunity Cost Offers

3. Raise the offer cap for some ancillary services 4. Allow offer updates

1.No ex-ante mitigation 2. Limited ex-post review of concerning patterns that the market monitor identifies

• Too dynamic and difficult

• See NYISO for equivalent  
approach (for storage)

• Can develop distant 
second best in case 
ex-ante mitigation is 
mandated, following 
principles for #2

• Safe-harbor for most cases via simple structural test of ability to exercise market 
power (e.g., a “small fish” rule)

• Could further test for incentive to withhold (but contractual positions can confound)

• For others, principled review of offers in comparison to competitive benchmarks (e.g., 
shadow price of a MWh in storage each interval, accounting for: SOC uncertainty, 
updated price forecasts, stochastics, performance penalty risk, impact of SOC 
depletion on multi-hour A/S opportunities, and a margin allowing for variation in 
approaching these tricky topics

• Consequences for repeated disagreements or violations (e.g., referral to FERC)? 

e.g., Regulation depletes energy, offers should be allowed to include 
reasonable opportunity costs (especially under a must-offer obligation) 
beyond endogenously-calculated energy-opportunity cost

Allow intraday changes in energy 
and ancillary services offers in order 
to track highly dynamic forecasts
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Second Best Ex-Ante Mitigation Alternative (if Preferred Reform Fails)

1. Test storage ex ante, only mitigate if all tests are failed (structural, conduct, impact, etc.)

 Structural test to safe-harbor most cases, checks for the ability to exercise market power; e.g., “small fish” rule

 Optional incentive test to assess whether portfolio position is net improved via withholding, noting that portfolio positions can 
also depend on contracts outside the ISO/RTO

 Conduct plus impact test should reference opportunity costs calculated by the IMM or the RTO

 Opportunity cost calculation used for reference price and mitigation level should include updated LMP forecasts as close to the 
dispatch period as possible (~1 hour before) and should account for SOC uncertainty, stochastics, performance penalty risk, 
impact of SOC depletion on multi-hour A/S opportunities, and a margin allowing for uncertainty in estimation

2. In case of failed tests, ex-ante mitigation based on opportunity costs calculated by the RTO or IMM

 Ex-ante mitigation is not preferable due to its calculation complexity, but may be more likely to be accepted by certain RTOs (e.g., 
PJM which has a history of strict market power mitigation regimes and may be unlikely to accept only ex-post mitigation)

3. The reference offer level used for conduct + impact test and offer replacement should include a high 
degree of cushion for the seller’s offers

 The threshold for both the conduct and impact tests should be higher than is used for thermal resources to reflect the uncertainty 
in opportunity cost calculations and risks to a battery losing its available charge if prices spike later
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Gap Analysis: Storage Offer Rules in Target ISO/RTOs

RTO Opportunity 
Cost in 
Reference 
Prices

Avoids Ex-
Ante 
Mitigation 
for Storage 

Structural 
Test

Impact 
Test

RT Offer 
Update 
Latency

Unlimited RT Offer 
Updates?

AS Offer Caps ($/MW/hr)

MISO ? ✘ 30 mins 
before 
clock 
hour

Reg: $500
CR: $100

NYISO ✘ 75 mins 
before 
clock 
hour

Reg: unit-specific mitigated 
offers in DA and RT
CR: unit-specific mitigated 
offers in DA, $0 in RT

PJM ✘ ✘ ✘ 65 mins 
before 
clock 
hour

Intraday offers cannot 
exceed cleared DA 
offers (potentially all 
hours for always-on 
batteries)

Reg: $12 (or $100 
unmitigated)
CR: ~$0 in DA and RT
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Opportunity Cost Bidding: MISO Potential Reform Solutions

OVERALL PRIORITY:
LOW

Potential Reforms

Clarify the process and temporal requirements for sellers to submit 
opportunity costs

Establish a clear structure for ex-post review of opportunity cost submissions, 
starting w/ structural and other tests; if failed, mitigation accounts for 
uncertainty in LMP forecasts, stochasticity, SOC uncertainty, performance 
penalty risk, AS opportunity cost, and a large margin for uncertainty

Consider a “small fish” rule exempting owners with portfolios <5% market 
share from any mitigation

Decrease latency of intraday offers (requires significant software and business 
process changes)
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Opportunity Cost Bidding: NYISO Potential Reform Solutions

OVERALL PRIORITY:
LOW

Potential Reforms

Establish a clear structure for ex-post review of opportunity cost 
submissions, starting w/ structural and other tests; if failed, mitigation 
accounts for uncertainty in LMP forecasts, stochasticity, SOC uncertainty, 
performance penalty risk, AS opportunity cost, and a large margin for 
uncertainty

Consider a “small fish” rule exempting owners with portfolios <5% market 
share from any mitigation

Decrease latency of intraday offers (requires significant software and 
business process changes)
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Opportunity Cost Bidding: PJM Potential Reform Solutions

OVERALL PRIORITY:
HIGH

Potential Reforms

Allow inter-hour opportunity cost in mitigated offers, w/o ex-ante review; clear 
structure for ex-post review including structural test (looser than 3 pivotal 
supplier) and reference prices that allow leniency in submitted offers

For storage, allow intraday offers above cleared DA offers

Increase AS offer cap, especially in day ahead

Exempt owners w/ portfolios <5% market share from mitigation (“small fish” rule)

Decrease latency of intraday offers (requires significant software and business 
process changes)

P
rio

rity Ite
m

s
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MPM Trigger: Determines what resources are flagged to have the ability to exercise market 
power and thus may be forced to bid below their initial offer price

 Structural Test: Assesses whether a resource can exercise market power, e.g., PJM’s Three 
Pivotal Supplier test which determines whether there is sufficient supply without the 
generation from the supplier being tested and the two largest suppliers in the local area

 Conduct + Impact Test: A two-part test to determine if a supplier may be exercising market 
power: the conduct test compares the supplier’s offer to a reference level, while the impact 
test measures the effect of the offer on the clearing prices in the local area

Mitigated Offer: The level a resource’s bid is mitigated to if they are flagged as having the ability 
to exercise market power—generally set at the marginal cost

Optimization of storage schedules across the day is a potential fix, but transfers control from 
participant to RTO (and requires costly software changes by the RTO)

Appendix: Market Power Mitigation Methods
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Appendix: Details of Jurisdictional Review 
RTO Local MPM 

“Trigger”
Intra-Day Opportunity Cost Method for Energy

MISO Conduct + 
impact test (ex 
ante)

• Can submit opportunity costs in consultation with the IMM
• Otherwise, mitigated offer cap set like other resources (based on prices when cleared in past 30d)
• Can update offers 30 mins before the dispatch period

NYISO Conduct + 
impact test (ex 
ante in NYC, ex 
post elsewhere)

• Opportunity Cost Adjustment (OCA) for ex ante mitigation (in NYC) allows sellers to choose offers in DA and RT; ex 
post, may be asked by market monitor to justify offers

• Otherwise, opportunity costs based on optimized energy arbitrage schedule: in DA, using 90-day average DA prices; 
in RT, using the DA price (no provisions for more updated forecasts other than using OCA).

• Can update opportunity costs 75 mins before the dispatch period

PJM Structural Test 
(ex ante)

• Mitigated offers in DA and RT based on average charge cost and the efficiency factor
• Can update offers ~65 mins before the hour
• Cannot increase RT offers above cleared DA offers (“Intraday Offers” rule)

ERCOT
(Current)

Structural test 
(ex ante)

• Mitigated offer cap for storage set at system-wide offer cap (effectively exempting mitigation)
• Can update offers 5 mins before the dispatch period

ERCOT
(Proposed)

Structural test 
(ex ante)

• Mitigated offer for storage capped at the “shadow price cap” of the relevant transmission constraint ($2,800+/MWh) 
times the relevant shift factor (as low as a few percent)

CAISO Structural test 
(ex ante)

• Opportunity cost dependent on state of charge (e.g., if SOC is 1 hour then oppo cost is highest LMP hour of day and 
if SOC if 4 hours then oppo cost is 4th highest consecutive LMP of day)

• RT mitigation uses DA prices; DA mitigation uses prices from the DA SCED mitigation run
• Can update mitigation 75 mins before the dispatch period
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Sources: Opportunity Cost Bidding (NYISO)
Number Title (Date) and Notes Author

[1] Opportunity Costs for Energy Storage Resources, Market Issues Working Group NYISO

[2] Energy Storage Resources: Opportunity Costs and Mitigation Measures, Market Issues Working Group NYISO

[3] Manual 34: Reference Level Manual, pp. 35-36 NYISO

[4] Market Services Tariff (MST), pp. 678-712; The conduct plus impact test in NYISO uses the following thresholds for 
resources in unconstrained areas (system-wide mitigation): An MP fails the conduct test if its bid is the lower of 300% or 
$100/MWh higher than the reference price which is set at the opportunity cost and it fails the impact test if it raises 
LMPS by either 200% or $100/MWh. In constrained areas (where shadow price is over $0.04/MWh for the transmission 
into the area) the conduct threshold is set equal to (average fuel price X 2 X 8760) / number of constrained hours.

NYISO

[5] Market Services Tariff (MST), Section 23.3.1.4.5 NYISO

[6] Manual 12: Transmission and Dispatch Operations Manual, pp 71 NYISO

Sources: Opportunity Cost Bidding (PJM)
Number Title (Date) and Notes Author

[1] PJM Manual 15: Cost Development Guidelines, Revision 44 (August 1, 2023) pp. 78-80. PJM 
Interconnection

[2] Temporal Opportunity Cost for Energy Storage Resources (ESR) Real Time Cost Offer (May 10, 2019) Dominion 
Energy

[3] PJM Manual 11: Energy & Ancillary Services Market Operations, Revision 131 (June 27, 2024). PJM uses the Three 
Pivotal Supplier Test which is a screen to measure whether there is enough available supply to meet demand in a 
constrained area without the supplier being tested and the two other largest suppliers in the region

PJM 
Interconnection

https://www.nyiso.com/documents/20142/7007643/ESR%20Opportunity%20Cost%20-%20061119.pdf/41cf3cfe-1a28-b738-8e18-d26f1b901a3e
https://www.nyiso.com/documents/20142/9802057/ESR%20-%20MIWG%20-%2012_17_19.pdf/1dfbbd94-d9fe-0cad-bbf0-775950f723bd
https://www.nyiso.com/documents/20142/2923301/rl_mnl.pdf/ae26885c-9f44-b0bb-11ab-e09ac2431c69
https://nyisoviewer.etariff.biz/ViewerDocLibrary/MasterTariffs/9FullTariffNYISOMST.pdf
https://nyisoviewer.etariff.biz/ViewerDocLibrary/MasterTariffs/9FullTariffNYISOMST.pdf
https://www.nyiso.com/documents/20142/2923301/trans_disp.pdf/9d91ad95-0281-2b17-5573-f054f7169551
https://www.pjm.com/-/media/documents/manuals/m15.ashx
https://www.pjm.com/-/media/committees-groups/committees/mic/20190510-special-esrco/20190510-item-05-dominion-energy-temporal-opportunity-costs-for-esr-real-time-cost-offer.ashx
https://www.pjm.com/-/media/documents/manuals/m11.ashx
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Sources: Opportunity Cost Bidding (MISO)
Number Title (Date) and Notes Author

[1] Business Practice Manual No. 9: Market Monitoring and Mitigation (August 31, 2023) The conduct plus impact test in 
MISO uses the following thresholds: An MP fails the conduct test if its bid is the lower of 300% or $100/MWh higher 
than the reference price which is set at the opportunity cost and it fails the impact test if it raises LMPS by either 200% 
or $100/MWh. In narrow constrained areas (where its expected to be constrained for at least 500 hours/year) the 
conduct threshold is set equal to the net cost of a peaker plant divided by the number of constrained hours

MISO

[2] FERC Electric Tariff Module D: Market Monitoring and Mitigation Measures (November 19, 2023) pp. 92-105.
MISO

[3] MISO Energy and Ancillary Services Co-optimization MISO

[4] Business Practice Manual 2: Energy and Operating Reserve Markets, pp. 266-267 MISO

Sources: Opportunity Cost Bidding (ERCOT)
Number Title (Date) and Notes Author

[1] ERCOT Nodal Protocols (August 1, 2024) pp. 586-588. ERCOT uses the Constraint Competitiveness Test as their 
structural market power screen

ERCOT

[2] Draft Report: Mitigated Offer Caps for Energy Storage Resources (ESRs), Wholesale Markets Subcommittee, 
(November 1, 2023)

ERCOT 
Wholesale 
Markets 
Subcommittee

https://cdn.misoenergy.org/BPM-009%20Market%20Monitoring%20and%20Mitigation49600.zip
https://misodocs.azureedge.net/miso12-legalcontent/Module_D_-_Market_Monitoring_and_Mitigation_Measures.pdf
https://www.ercot.com/files/docs/2019/09/18/4._MISO_Energy_and_Ancillary_Service_Co-optimization_091819.pdf
https://www.misoenergy.org/legal/rules-manuals-and-agreements/business-practice-manuals/
https://www.ercot.com/files/docs/2024/07/26/August%201,%202024%20Nodal%20Protocols.pdf
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fwww.ercot.com%2Ffiles%2Fdocs%2F2023%2F10%2F25%2F06-esr-moc-draft-report_wms.pptx&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fwww.ercot.com%2Ffiles%2Fdocs%2F2023%2F10%2F25%2F06-esr-moc-draft-report_wms.pptx&wdOrigin=BROWSELINK
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Number Title (Date) and Notes Author

[1] Final Proposal – Energy Storage and Distributed Energy Resources – Storage Default Energy Bid (October 22, 2020) CAISO

[2] Energy Storage Enhancements – Energy Storage Model and Market Power Mitigation (February 11, 2022)
CAISO

[3] Energy Storage Enhancements – Final Proposal (October 27, 2022)
CAISO

[4] Open Access Transmission Tariff pp. 1405-1414.
CAISO uses the Three Pivotal Supplier Test which is a screen to measure whether there is enough available supply to 
meet demand in a constrained area without the supplier being tested and the two other largest suppliers in the region

CAISO

[5] Storage Bid Cost Recovery and Default Energy Bid Enhancements: Issue Paper and Straw Proposal for Track 1 (July 26, 
2024) pp. 24-25. CAISO uses a three pivotal supplier test as their structural market power screen. CAISO

Sources: Opportunity Cost Bidding (CAISO)

https://stakeholdercenter.caiso.com/InitiativeDocuments/FinalProposal-EnergyStorage-DistributedEnergyResourcesPhase4-DefaultEnergyBid.pdf
https://www.caiso.com/Documents/Energy-Storage-Enhancements-Market-Power-Mitigation-Presentation-Feb11-2022.pdf
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwic5tXjh4SIAxVeM1kFHS8BChoQFnoECBQQAQ&url=https%3A%2F%2Fstakeholdercenter.caiso.com%2Finitiativedocuments%2Ffinalproposal-energystorageenhancements.pdf&usg=AOvVaw2kQEEVEOdGzP4CRtco88iw&opi=89978449
https://caiso.etariff.biz:8443/ViewerDocLibrary/MasterTariffs/1FullTariff.pdf
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjt3prCiISIAxUiEFkFHeUDFZMQFnoECBQQAQ&url=https%3A%2F%2Fstakeholdercenter.caiso.com%2FInitiativeDocuments%2FIssue-Paper-and-Straw-Proposal-Storage-Bid-Cost-Recovery-and-Default-Energy-Bids-Enhancements-Jul-26-2024.pdf&usg=AOvVaw0I_rqZNGxD99VlhkgVFMEB&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjt3prCiISIAxUiEFkFHeUDFZMQFnoECBQQAQ&url=https%3A%2F%2Fstakeholdercenter.caiso.com%2FInitiativeDocuments%2FIssue-Paper-and-Straw-Proposal-Storage-Bid-Cost-Recovery-and-Default-Energy-Bids-Enhancements-Jul-26-2024.pdf&usg=AOvVaw0I_rqZNGxD99VlhkgVFMEB&opi=89978449


6. Assessment of Potential Reform 
Solutions
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Rough Estimates Show Potential Depth of Market Reforms

Capacity 
Value 

Day-Ahead Uncertainty 
Product

Intra-hour Uncertainty/Ramp 
Product (10-min flex) 

Alternative 
Reliability Solutions

Opportunity 
Cost Bidding 

Product Capacity New ancillary service New ancillary service
Non-market 

reliability
Energy

Market size
Peak demand 

(or net 
demand)

24-hr ahead forecast 
uncertainty*:

1%-3% of peak demand +
5% - 15% of wind and of solar

Expected intrahour ramp-up† + 
intrahour uncertainty:

0.2% - 0.4% of peak demand +
0.5% - 1% of wind and of solar

5% - 15% of retiring 
units might leave 
reliability issues

Top 2 – 6+ 
hrs of daily 
net loads

Addressable 
by storage

10% - 30% 100% 100%
100% (mainly long 

duration)
10% - 30%

POTENTIAL STORAGE MARKET DEPTH IN 2030

MISO 14 to 41 GW 8 to 25 GW
700 to 1,700 MW +
700 to 1,400 MW

2.5 to 7.5 GW Deep

NYISO 3 to 9 GW 2 to 6 GW
100 to 200 MW +
 200 to 300 MW

0.3 to 0.9 GW Deep

PJM 17 to 50 GW 6 to 19 GW
800 to 1,300 MW +

 500 to 900 MW
2 to 6 GW Deep

(for Illustration only) *Expected ramp and energy gap omitted from 
assessment of day-ahead and multi-hour ramp 
product, see Section 2 for further discussion

THESE POLICY ASSESSMENTS ARE NOT FORECASTS

†Expected ramp-up estimated from 80th to 95th percentile of 
June-August hourly change in net load for 2030 resource mix, 
divided by six for 10-min ramp. Sourced from GridStatus.io

https://www.gridstatus.io/live
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Methodology and Citations for High-Level Market Depth Estimates 
(Not As A Forecast, But A Rough Indicator)

RTO Peak Demand Solar Generation Wind Generation Generators at Risk of Retirement

MISO 137 GW in 2030
Source: MISO, MISO Futures Report: 
Series 2A, November 1, 2023

57 GW by 2030
Source: MISO, MISO Futures Report: 
Series 2A, November 1, 2023

80 GW by 2030
Source: MISO, MISO Futures Report: 
Series 2A, November 1, 2023

48 GW by 2030
Source: MISO, MISO Futures Report: Series 2A, 
November 1, 2023

NYISO 30 GW by 2030
Source: State Scenario, NYISO, 2023-
2042 System & Resource Outlook, 
Appendix H, July 23, 2024

20 GW by 2030
Source: State Scenario, NYISO, 2023-
2042 System & Resource Outlook, 
Appendix H, July 23, 2024

12 GW by 2030
Source: State Scenario, NYISO, 2023-
2042 System & Resource Outlook, 
Appendix H, July 23, 2024

4 GW by 2030
Source: State Scenario, NYISO, 2023-2042 
System & Resource Outlook, Appendix H, July 
23, 2024

PJM 167 GW in 2030
Source: PJM, LTRTP Workshop Policy 
Study, October 1, 2024

55 GW by 2030 (includes hybrids)
Source: PJM, LTRTP Workshop Policy 
Study, October 1, 2024

35 GW by 2030
Source: PJM, LTRTP Workshop Policy 
Study, October 1, 2024

40 GW by 2030
Source: PJM, Energy Transition in PJM: 
Resource Retirements, Replacements & Risks, 
Feb. 23, 2023

Intra-Hour Uncertainty/Ramp Product Multi-Hour and Day-Ahead 
Uncertainty Product

Alternative 
Reliability Solutions

Methodology Total market size assumed to be equal to the expected + unexpected ramp for 10 minutes after 
real time dispatch.
Expected ramp calculation is based on the 80th to 95th percentile of net load hourly ramp, 
divided by 6 to estimate 10-min ramp. June – August 2024 hourly data; load, wind, and solar are 
scaled to reflect projected 2030 levels.  Source: GridStatus.io
Unexpected ramp = 0.2%-0.4% of peak demand + 0.5% - 1.0% of wind and solar nameplate 
capacity.
Uncertainty ranges are based on historical analysis of 10-minute ahead load, wind, and solar 
forecast error assuming a ramp product will procure up to the 97.5th percentile confidence 
interval (consistent with existing ramp products).

Total market size assumed to be equal 
to the expected + unexpected ramp 
from 1 day before real time dispatch
Unexpected ramp = 1%-3% of peak 
demand + 5% - 15% of wind and solar 
nameplate capacity
Uncertainty ranges are based on 
historical analysis of DA load forecast 
error and DA wind/solar forecast error

Assumed that batteries 
could be an economic 
solution to replace 
retiring fossil generators 
5% - 15% of the time
Values for retiring fossil 
taken by outlook studies 
completed by the 
individual RTOs

https://cdn.misoenergy.org/Series1A_Futures_Report630735.pdf
https://cdn.misoenergy.org/Series1A_Futures_Report630735.pdf
https://cdn.misoenergy.org/Series1A_Futures_Report630735.pdf
https://cdn.misoenergy.org/Series1A_Futures_Report630735.pdf
https://cdn.misoenergy.org/Series1A_Futures_Report630735.pdf
https://cdn.misoenergy.org/Series1A_Futures_Report630735.pdf
https://cdn.misoenergy.org/Series1A_Futures_Report630735.pdf
https://www.nyiso.com/documents/20142/46037414/2023-2042-System-Resource-Outlook.pdf
https://www.nyiso.com/documents/20142/46037414/2023-2042-System-Resource-Outlook.pdf
https://www.nyiso.com/documents/20142/46037616/Appendix-H-Capacity-Expansion-Model-Results.pdf/72712f69-6248-2cc7-9038-00360229a7b1
https://www.nyiso.com/documents/20142/46037414/2023-2042-System-Resource-Outlook.pdf
https://www.nyiso.com/documents/20142/46037414/2023-2042-System-Resource-Outlook.pdf
https://www.nyiso.com/documents/20142/46037616/Appendix-H-Capacity-Expansion-Model-Results.pdf/72712f69-6248-2cc7-9038-00360229a7b1
https://www.nyiso.com/documents/20142/46037414/2023-2042-System-Resource-Outlook.pdf
https://www.nyiso.com/documents/20142/46037414/2023-2042-System-Resource-Outlook.pdf
https://www.nyiso.com/documents/20142/46037616/Appendix-H-Capacity-Expansion-Model-Results.pdf/72712f69-6248-2cc7-9038-00360229a7b1
https://www.nyiso.com/documents/20142/46037414/2023-2042-System-Resource-Outlook.pdf
https://www.nyiso.com/documents/20142/46037414/2023-2042-System-Resource-Outlook.pdf
https://www.nyiso.com/documents/20142/46037616/Appendix-H-Capacity-Expansion-Model-Results.pdf/72712f69-6248-2cc7-9038-00360229a7b1
https://www.pjm.com/-/media/DotCom/committees-groups/committees/teac/2024/20241001-special/item-04---ltrtp-workshop-policy-study.pdf
https://www.pjm.com/-/media/DotCom/committees-groups/committees/teac/2024/20241001-special/item-04---ltrtp-workshop-policy-study.pdf
https://www.pjm.com/-/media/DotCom/committees-groups/committees/teac/2024/20241001-special/item-04---ltrtp-workshop-policy-study.pdf
https://www.pjm.com/-/media/DotCom/committees-groups/committees/teac/2024/20241001-special/item-04---ltrtp-workshop-policy-study.pdf
https://www.pjm.com/-/media/DotCom/committees-groups/committees/teac/2024/20241001-special/item-04---ltrtp-workshop-policy-study.pdf
https://www.pjm.com/-/media/DotCom/committees-groups/committees/teac/2024/20241001-special/item-04---ltrtp-workshop-policy-study.pdf
https://www.pjm.com/-/media/library/reports-notices/special-reports/2023/energy-transition-in-pjm-resource-retirements-replacements-and-risks.ashx
https://www.pjm.com/-/media/library/reports-notices/special-reports/2023/energy-transition-in-pjm-resource-retirements-replacements-and-risks.ashx
https://www.gridstatus.io/live
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