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.é/ Reserve Certainty Senior Task Force Scope

Comprehensive Topics on Reserve and Energy Market

* Issue Charge and Problem Statement approved at September 2023 MRC.

Immediate-Need Scope Longer-Term-Need Scope

Begin immediately, worked over 6 —9 months : Begin on 6 — 9 month lag, worked over 12 — 18 months
Addresses current Synchronized i Addresses future system needs for reserve
Reserve performance concerns, and flexibility, with evaluation of the Operating
observation on reserve price . Reserve Demand Curve (ORDC), operational
formation implementation, and metrics, and enhancements or additional
deployment of reserves . market solutions (ramping, multi-interval, etc.)

Work on the longer-term scope is nhow drawing to a close.
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https://pjm.com/-/media/committees-groups/committees/mrc/2023/20230920/20230920-item-02a---3-reserve-certainty-issue-charge---clean.ashx
https://pjm.com/-/media/committees-groups/committees/mrc/2023/20230920/20230920-item-02a---1-reserve-certainty-problem-statement.ashx

é/ Remaining Meeting Dates & Work Plan

« The RCSTF is on track to hold a vote on packages in June.

* The next few meetings will focus on refining those packages in response to
stakeholder feedback and addressing stakeholder questions and/or reviewing
stakeholder alternatives.

RCSTF Meeting Date ___Phase _______[Notes

April 13 (full day)

May 1 (full day) Package Refinement ~ Polling to occur following this meeting.
May 21 (full day) and Alternatives Polling results will be reviewed.

June 10 (full day)

Offline vote to occur immediately following this

June 25 (half day AM) Voting mesting
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é/ Review/Endorsement Timeline

RCSTF vote MRC Vote MC Vote
A A A
©
N
()
N
Jul. 23 October
MRC First FERC
Read Filing

© First Read Vote
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.,%/ Proposals

» Packages have currently been offered by PJM and the IMM.

* The changes contemplated by the packages include, but are not limited
to:

— New and/or increased day-ahead reserve market requirements to align
operational scheduling needs with the day-ahead market

— Introduction of new / modified reserve products and services to better position the
system to respond to growing ramping and/or uncertainty system needs

— Eligibility to provide each reserve product, and availability and performance
expectations for each product

— Updates to offer price rules to reflect the cost to provide reserves

— Changes to the locational procurement of reserves
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é/ Reserve Services included in PJM's Proposal

Purpose RTM / DAM Response Time Online Only Locational
IRl Contingency recovery Both 10 minutes v v
Reserve ) e
10-Min Ramp/ Real-time net-load ramp and :
LGN E TR CEELEE uncertainty Both 10 minutes v v
30-Min Ramp/ Real-time net-load ramp and :
UL GEL TR CEELEE uncertainty Both 30 minutes v v
30-Min Reserves F R ZE I T R S 2 Both 30 minutes X 7
reserves e
Day-Ahead : :
Scheduling Reserves Day-ahead uncertainty DAM-only 60 minutes X X
Energy Gap Scheduling physical supply to _ :
Reserves meet the PJM load forecast DAM-only 60 minutes v X
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é/ The Ask

* If you haven't already, start engaging in the RCSTF.

* |In preparation for upcoming polling following the May 1 RCSTF and
voting at the end of June, review the supporting material.

— The PJM team has put significant effort into creating stand alone
collateral to explain the PJM proposal.

— This material is posted on the RCSTF web page for off-line review
to aid in decision making.

= See list of materials in the appendix to this presentation

* Reach out with questions.
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A1

1

2

Key Takeaways

3

* The RCSTF is
progressing towards a
vote on packages in
June.

The proposals under
consideration are
complex, but
supporting materials
are available to aid
stakeholder
understanding and
decision making.

Start reviewing now to
prepare for upcoming
polling (early May) and

voting (June).

PJM © 2026
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épjm Contact

Facilitator:
Lisa Morelli, Lisa.Morelli@pjm.com

Secretary:

Amanda Egan, Amanda.Egan@pjm.com Member Hotline

SME: (610) 666 — 8980
Emily Barrett, Emily.Barrett@pjm.com (866) 400 — 8980
RCSTF Next Steps custsve@pjm.com
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é/ Where to find the supporting documents

Reserve Certainty Senior Task Force

[ J PJ M h a S posted Seve ra I d OCU m e n tS The Reserve Certainty Senior Task Force (RCSTF) will investigate enhancements to PJM’s reserve markets.

Immediate-term topics to be explored include the quantity of reserves procured, how reserves are deployed,
event performance and penalty structure, and alignment of offer structure with fuel procurement practices.

a n d d ata SetS to S u p po rt Additionally, the group will explore long-term system needs due to an evolving generation fleet, including

reserve product participation requirements and incentives for resource flexibility. The RCSTF reports to the

underStanding Of itS RCSTF proposal Markets and Reliability Committee (MRC).

View issues the RCSTF is currently tracking.

Chair/Facilitator: Lisa Maorelli
Secretary: Amanda Egan

During the meeting, if you are experiencing issues with connectivity or teleconference, please contact Meeting

 These documents are posted on the
RCSTF page on pjm.com alongside e
the Issue Charge and Problem / \

4.7.2026
State m e nt " PJM’s RCSTF Proposal Summary 4.7.2026
L]
ncentive Compatibility via Interactions between Reserve and Energy Prices 4.7.2026
L] L
-
- - ve Service Mesting, Unnesti Price Formation .
https://www.pjm.com/committees-and
” ST 2025 Reserve Requirements 4.7.2026
groups/task-forces/rcstf
Supplement Product Nesting and Resource Level Constraints 4.7.2026
. . Visualizations of 2025 RCSTF Reserve Requirements 4.7.2026
 These documents will continue to be
Real-Time Net-Load Uncertainty Quantification 3.12.2026
u pd ated aS n eed ed Supplement Locational Constraints for Reserve Services 3.13.2026
Day-Ahead Uncertainty and Risk Framework [weE) 10.29.2025
ssue Charge 10.3.2023

Problem Statement 9.25.2023
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https://www.pjm.com/committees-and-groups/task-forces/rcstf
https://www.pjm.com/committees-and-groups/task-forces/rcstf

é/ List of Supporting Documents for the PJM Package

PJM’s RCSTF Package and Rationale (previously “PJM Position on Long-Term RCSTF Scope”) - UPDATED

Summary Presentation on PJM’s RCSTF Proposal - UPDATED

* Operation Uncertainty Quantification

 Real-Time Net-Load Uncertainty Quantification

 Locational Constraints for Reserve Services

* Product Nesting and Resource-Level Constraints - UPDATED

« Reserve Service Explainer Table - UPDATED

« 2025 Day-Ahead and Real-Time Reserve Requirements - UPDATED

 Graphical Visualizations of the 2025 Requirement Values - UPDATED

 Reserve Service Nesting, Unnesting and Price Formation Examples -

Incentive Compatibility via Interactions between Reserve and Energy Prices -
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https://www.pjm.com/-/media/DotCom/committees-groups/task-forces/rcstf/postings/pjm-position-on-long-term-rcstf-scope.pdf
https://www.pjm.com/-/media/DotCom/committees-groups/task-forces/rcstf/postings/pjms-rcstf-proposal-summary.pdf
https://www.pjm.com/-/media/DotCom/committees-groups/task-forces/rcstf/postings/operation-uncertainty-quantification.pdf
https://www.pjm.com/-/media/DotCom/committees-groups/task-forces/rcstf/postings/real-time-net-load-uncertainty-quantification.pdf
https://www.pjm.com/-/media/DotCom/committees-groups/task-forces/rcstf/postings/supplement-locational-constraints-for-reserve-services.pdf
https://www.pjm.com/-/media/DotCom/committees-groups/task-forces/rcstf/postings/supplement-product-nesting-and-resource-level-constraints.pdf
https://www.pjm.com/-/media/DotCom/committees-groups/task-forces/rcstf/postings/rcstf-product-explainer.pdf
https://www.pjm.com/-/media/DotCom/committees-groups/task-forces/rcstf/postings/2025-reserve-requirements.xlsx
https://www.pjm.com/-/media/DotCom/committees-groups/task-forces/rcstf/postings/visualizations-of-2025-rcstf-reserve-requirements.pdf
https://www.pjm.com/-/media/DotCom/committees-groups/task-forces/rcstf/postings/reserve-service-nesting-unnesting-and-price-formation.pdf
https://www.pjm.com/-/media/DotCom/committees-groups/task-forces/rcstf/postings/incentive-compatibility-via-interactions-between-reserve-and-energy-prices.pdf

.,%/ PJM’s RCSTF Package and Rationale

Note: PUJM has updated the document title
from “PJM Position on Long-Term RCSTF
Scope” to “PIM’s RCSTF Package and
Rationale.”

A detailed explanation of the challenges

PJM is attempting to address as well as a
comprehensive description of PUM'’s
package to address the long-term RCSTF
scope.

PJM’s Position on Challenges and Solutions for

Long-Term Reserve Certainty Reforms

Market Design
Late Updated: April 6, 2026

Link to the document
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https://www.pjm.com/-/media/DotCom/committees-groups/task-forces/rcstf/postings/pjm-position-on-long-term-rcstf-scope.pdf

é/ Summary Presentation: PJM’s RCSTF Proposal

A slide deck summarizing PJM’s
proposal package.

é PJM Proposal

1) Reserve Requirements to align with operational needs
a) Align operational scheduling needs with the Day-Ahead Market
b) Address growing ramping and uncertainty system needs
2) Market Design Reserve Structure Changes
a) Define Eligibility and Incentive Performance of resources
b) Recognize the cost to provide reserves through offers

c) Value the flexibility to address the system reserve needs

www.pjm.com | Public PJM © 2026

Link to the document
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https://www.pjm.com/-/media/DotCom/committees-groups/task-forces/rcstf/postings/pjms-rcstf-proposal-summary.pdf

Operation Uncertainty Quantification

Operation Uncertainty Quantification

A short (two-page) document explaining
how uncertainty is quantified to inform Introduction
PJM'’s risk assessment and to inform the b i LA g

uncertainty for the next operating day, so that markets and operations can proactively factor the appropriate level of

D ay_ A h e a d S C h e d u I i n g Re S e r've ::;eer:i:i::da ::cg:thT:::sary reserves correspondingly, so that energy and reserve prices are consistent with
quantItIeS Uncertainty Components

Load and renewable (wind and solar) forecast accuracy, generation performance and interchange are the main
uncertainty components that system operation faces when securing the appropriate level of reserves for the next
operating day.

Reliability Assessment Commitment (RAC) runs daily between 14:30 and 15:30. 14:00 Day-ahead forecast is used in
RAC run. Choosing 14:00 Day-ahead forecast aligns with the timing of the RAC run. The difference between 10:00
and 14:00 is covered by RAC. Using PJM RTO wind and solar power forecast gives better overall prediction
compared to using wind and solar DA bid-in values. And generation tripping and de-rating that happen before 15:00
are accounted for by the RAC process. The following hourly uncertainty components were collected for the historical
days since March 2018:

+ |oad Forecast Error (LFE)

= LFE =Load Forecast - Actual Load

* | oad Forecast used is the 14:00 Day-ahead Load Forecast.
* Wind Power Forecast Error (WFE)

= WFE = Wind Power Forecast - Actual Wind Power

*  Wind Power Forecast used is the 14:00 Day-ahead Wind Power Forecast.
« Solar Power Forecast Error (SFE)

»  SFE = Solar Power Forecast - Actual Solar Power

= Solar Power Forecast used is the 14:00 Day-ahead Solar Power Forecast.

« Interchange Error (IE)

L i n k to th e d oc u m e nt » |E=DA Interchange - Actual Interchange

= DA interchange is the 14:00 Day-ahead scheduled interchange.
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https://www.pjm.com/-/media/DotCom/committees-groups/task-forces/rcstf/postings/operation-uncertainty-quantification.pdf

Real-Time Net-Load Uncertainty Quantification

A short (three-page) document
explaining how real-time net-load Introduction
uncertainty is quantified to inform PJM's e ot i Aty g, 1o 7 AL B g

three new rampinglunceriainty resene servicss so that PUM's markets can proaciively provision the reserves
d I t - necessary to manage these challenges. PUM is proposing to two 10-Min Ramp/Uncertainty senvices, one for up
p ro p OS e re a - I l I I e re S e rve reserves and one for down (10-Min RUR Up and 10-Min RUR Down), and cne new 30-Min Ramp/Uncerainty

Reserve serace in the up direction enly (30-Min RUR). The uncertainty component of procurement tangets for theze

re q u i re m e n tS S p e C i fi Ca I I y " new reserve services would be based on a historical analysis of PUM's real-ime cperational data. This document is
y . intended to cutline this analysis.

Forecast Uncertainty

[ J 1 O - M I n R U R l l p In the context of this analysis and quanfification approach, forecast uncertainty is defined as the amount that a

forecast changes between the fime when the forecast is used to make a decision and the ime when that decision
effizctively has an impact To illustrate this, assume the unceriainty being quantified is to inform procurement of a 10-
minute ramp and wncertainty resene servics, which is intended fo address netdoad ramp and net-load forecast
. uncertanty in the 10 minutes beyond the next tanget enengy dispatch point. Figure 1 shows the fimeline for
® 1 O -— M I n R U R D OW n calculating and sending out digpatch instuctions o resources, which effectively instruct resources fo be at a certain
dispatch point at ime T. These energy dispatch and reserve instructions are based on informafion available (and the
forecasts evaluated) at fme T-10.

. = Dispatch
Y 3 O - M R R Economic : Target Time
IN U Dispatch ~ "aructions

State Soves | peoral® Inciuggons
aslimaton
snapshot
{approximate)
I
Link to the document Now Coopateh # eire
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https://www.pjm.com/-/media/DotCom/committees-groups/task-forces/rcstf/postings/real-time-net-load-uncertainty-quantification.pdf

é/ Locational Constraints for Reserve Services

A technical document detailing the

Iocat|ona| procu rement deS|gn for eaCh RCSTF Supplement: Locational Constraints for Reserve
. . . Services
reserve service, including the

mathematical formulations for how these contens

. . B o T T 1
locational constraints would be modeled 2. Preiminares .. ,
. . . 3. Transmission Line Constraints for ENergy ... 3
In the market clearing engines. 8 DASRANAEG e eeeeneoeeeeeseseeere e .
5. CONTINEENCY RE S S L. ittt e ettt e e e e e e 4
5.1, Synchronized Reserves .. e e 4
5.2, 30-Min Secondary Resarves oottt it et e e e e e 5
6. Ramping/Uncertainty Reserves (RUR) . .uuuiit ittt it ieneainennaeeanes 6
7. Components of Congestion Prices for Energy and Reserves ..o iiriiinnieeinn.. 8
7.1. Nodal Congestion Prices for RUR Products ... ... oo i 8
7.2. Nodal Congestion Prices for Contingency Reserves ..., 8
7.3. Nodal Congestion Price of ENergy ..ot 9

1. Purpose

The goal of this document is to provide details of the locational constraints for the different

reserve services that are part of the RCSTF proposal.

Link to the document
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https://www.pjm.com/-/media/DotCom/committees-groups/task-forces/rcstf/postings/supplement-locational-constraints-for-reserve-services.pdf

é/ Product Nesting and Resource-Level Constraints
4

Product Nesting & Resource Constraints

A technical document detailing the how |

. RCSTF Supplement: Product Nesting and Resource-Level
the product nesting would work for each Constraints
reserve service as well as how the Contents

resource-level constraints would be 1. Purlpose ................................................................................ 1
B 1T T T =T 1
modeled in the market C|ear|ng engines. 3. System-level CONSUAINtS . ............. .o oo o oo 2
4. System Marginal Prices of Reserve Products ... ... oo 3
5. Resource-Level Reserve Constraints .. ....oo. oottt e 5
5.1, Online Reserve Constraimts ..u v e it e s et i aaaes 5
5.1.1. Headroom Constraints ... ... e e i 5
5.1.2. Ramp-Capability Constraints ........ ..o i e ee s 5
5.2. Offline Reserve CONSTIaints ... ..ot et e e e eeees 6
5.2.1. Headroom Constraints ... e et a e in i a e ians 6
5.2.2. Ramp-Capability Constraints ... ...t e 6
1. Purpose

The goals of this document are to provide details of the following:

* System-level constraints for the different reserve services

¢ The nesting of the different reserve products in the system-level constraints, and the impli-
cations to the system marginal prices of the reserve products

¢ The resource-level constraints for the different reserve products

Link to the document
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https://www.pjm.com/-/media/DotCom/committees-groups/task-forces/rcstf/postings/supplement-product-nesting-and-resource-level-constraints.pdf

A table summarizing key
aspects of each reserve
service.

Link to the document
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A1

Reserve Service Explainer Table

RCSTF Explainer: Reserve Products and Services

Service Eligible Products Market Purpose Time Duration | Omline Only” Offers Max Btother 1505 ADC Key
Synchronized but | All Call (automated response Most Severs Single A single step demand curve
. . )
:’::":'m SR (online) RTH - DAM : “l;mﬁ“l“ 'TS"”"“ 10-Minutes (30 Minutes need notbe SCED |10 spinevent; not thiough BT [ C:;”'“F[‘ e [T Contingency [MSSC) witha fgé:‘::?g:ﬁﬁ;:ﬁs%f:] priced at $2, 100/MWH til. SR
s 0 restone ALE levels dispatchable SCED) expectzd penalty rate: potantial parformanca addar = requiremant, and $0 beyond it
Maxx(10-Min expacted natioad Dowmsard slaplng: priced at
[Address 10-Min forward net wpramp 150750 forecast] + 95 -$1,500/MWh at experted
10-Min load ramp up following Ecenomically dispatched —_— - | Ramp Capability (SPP/MISO); [ramp - 35t pecercentile
Ramp/Uncertainty |10 Min RUR (Ug) FTM - DAM encrey dispatch along with |10 Minutes |1 Hour Ves v SCED through RT SCED at $0offerinRTH; Sot Cap | thpercentle ramp uncertainty |\ o nte Ramp Up uncertainty, $1,000/MWh 2t
’ dispatchable - 1$10 in DAM following SCED target, D). In
Reserves (RUR) Up)| |associated uncertainty in applicable time this case, 2 netload down Praduct (CAISO) expected ramp, and
[the ramp up direction o . ~$100/MWh at expected ramp
vamp is considered negative : '
+ 85th percentile uncertainty
Max 10 Minespected netioad ]
104 .Iﬂd:mss dein f:;lrv‘vard:l [ I ::-:: ramp (E:d:mumm(asth rim:f!;pahili;if:’],; Mi‘n ?;";:ﬁ:ll::f;rm;;ﬁ
load ramp down followires canomically dispatche percentile ramg exible Ramp rectuc "
Rampilncertal Va5 + SCED RUF: Up ipped along the X
P "™ 110 Min RUR (Down) FTM + DAM energydispatchalong with [10-Minutes | 1-Hour e through RT-SCED at 30 offer Yes uncertainty following SCED | (CAISD). MISO slso has Pfiipped alon the
Reserves (RUR) ! gispatchable - s at expected ramp, but
|associated uncertainty in applicable time target, 0). Inthis case,a product defined, but does not | )
Down priced at 10% of the 10-Min
the ramg down direction netioad up ramp s considered |currently clear it
RUF: Upcurve
negative
Downward sloping priced at
-§1,900/MWh at expectsd
|Adidress 30 Min forward net $0 offer in RTM; Soft Cap ?;T]g';g::zz’;dl:::l:;d};:"“ :;T:nﬁ[h T;sgﬂi:‘"}:nm
30-Min load ramp following enery - Economically dispatched [0 $10 in DAM. If o i oS0 the US o .31 o
s - e
Ramp/Uncertainty |30 Min RUR RTM + DAM dispateh along with 30 Minutes  |4-Hour o ihrough RT-SCED at qualitying for both 10-Min| Ves crperied rame |PeRinhe S REsan “pecter ama, 2
dispatchable percentile of ramp uncertsinty |squivalant productisenice  |~$100/MWh at expected ramp
Reserves (Up only) assacisted uncertainty, applicable time and 30-Min Spin, the offer : : ) '
1D AL A batwesn 10-Min and 30-Min + 85th percentile uncertainty,
ks following SCED target \where expected ramp is
between minutes 10 and 30
following SCED target
MSSC + 30 Min expacted
30 Min RUR; 30 Min Sech Backfil o fre up Won Spin resources are called netioad ramp (50550 forecast) |30 MinReserves (NVISOK, [ The 30-Min Reserve curve isa
[offline secandary reserves]. synchronizad reserves online by operator s needed oo less 10-Min expected ramp + | TMOR {ISO-NE; STR (MISO); | version of the 30-Min RUR
30 MinReserves  [Same RUR productcan  |RTM + DAM following aspin eventin  |[30-Minutes  |4-Hour N Economicaly dispatched |11 5P ;;]in e Ves 95 th parcentile of ramp 50-Min Uncerainty Reserves | demand curve, right shifted by
satisfy both 30 Min RUR and addition to the 30 Min RUR throush RT-SCED at uncertainty between 10-Min | (SPPY; Non Spinning Ressrve | MSSC, and priced at 10% of
30 Min Resarve requirement reserves applicable time and 30-Min following SCED  |Service (FRCOT) the RUR curve
targat
Downward sioping from
10-Min RUR (Up}; 30-Min ) ) $SOLMUN AL the 0t
" Procure suficient physical . 90-th percentile of historical percentie of historical enarsy
RUR: 60 Min Spin. 10/30 Min 4 Hour but e ally dispatched as . i Enersy Imbalance Reseves [0 ’
Energy Gap - [generation to mast DAload ) 60-Min Spin has same energy gap inwinter. Applied h ®* |sapinwinter, and priced at$0
LR can satisty this DM only G0Minutes  |reducedto1-Hour |neednotbe SOED  |enerey or T reserves thiough o 1150-NE); however, no explicit
Reserves : shyis forecast on elevated isk o2 - rves tISUER | ror price as 30 Min Spin anly on elevated risk days in " i beyend the requirement, The
raquirement in additicn to for 10-MinSpin] | cispatchable RT-SCED at applicable time ) online reguirement : A
cold-weather days winter slope is based on distribution
the previous requirements . i
of anergy gap in historical
observations
10-Min RUR (Lig); 30-Min Different percenties of
RUR; 30-Min Sech; 60-Min s inty ferors) Nan-Spin resources are called forecast errors Las
Day-ahead Spin; 60-Min Nen-spin. ! [::5 ""“‘ "'"T °:"':d 4-Hour (potentially anline by operator as needed; [60-Min Non-Spin has percentages of load / Single step priced at §50/MWh
scheduling 10/30-Min/50-Min Spincan | DAM only :';mwa:l“:::wzl :: a0 Minutes  |reduced to 1-Hour  |No Economically dispatched as | same offer priceas30- | No renewable forecast) based on | Imbalance Reserves (CAISO) | till DASR reguirement and $0
resenves (DASR]  [satisfy this requirementin I——— for 10-Min Spin) enerey o AT reserves through [MinNon-Spin Iowimedium/high risk day + beyond it
accition to the pravious * v RT-SCED at applicable time eniory ga reguiremant if
i i apgplicable
PJM @ 2026 www.pjm.com: For Public Use
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A1

2025 Day-Ahead and Real-Time Reserve Requirements

An excel spreadsheet with
interval day-ahead and real-
time reserve quantities for
2025, assuming the proposed
reserve reforms had been in

place.

www.pjm.com | Public

Link to the document

Timestamp (UTC) SR

1/1/2025 5:00
1/1/20256:00
1/1/20257:00
1/1/2025 8:00
1/1/20259:00

1/1/2025 10:00
1/1/2025 11:00
1/1/2025 12:00
1/1/2025 13:00
1/1/2025 14:00
1/1/2025 15:00
1/1/2025 16:00
1/1/2025 17:00
1/1/2025 18:00
1/1/2025 15:00
1/1/2025 20:00
1/1/2025 21:00
1/1/2025 22:00
1/1/2025 23:00

1/2/20250:00
1/2/2025 1:00

Information

23244
23244
23244
23244
23244
2324.4
2324.4
2324.4
2324.4
23244
23244
23244
23244
23244
2324.4
2324.4
2324.4
2324.4
23244
23244
23244

414.33729
123.632403
267.5887927
345.734502
533.7956017
732317329
938.7107263
960.0676913
6423183107
369.3784217
439.455165
555.3081623
657.2692247
742.603132
922.4594687
1301.681165
1587.537734
1593.772949
766.1657347
460.3490493
421.2219397

J0 RERTIE12

Day-Ahead Requirements

513.14629
800.671403
643.3234593
559.803502
376.5042683
189.165329
0

0
334.1919773
719.7310883
809.315165
789.0864957
735.8378913
664.6849132
468.8051353
31.414165

0

0
328.1444013
624.4993827
644.8036063

TER QOERGAT

585.50807
4.919599
296.0870913
453.603266
826.2121883
1222217257
1632.881936
1671406251
1028.133
445.0999803
531.16313
730.4776127
918.0850103
1084.118829
1449519665
2228.550546
2844282231
2898.850997
1247.016145
638.4008117
565.3376423

10-min RUR Up 10-min RUR Down 30-min RUR  30-min Reserves EG

2373.50807
1792.919599
2084.057091
2241.603266
2616.212188
3010.217257
3420.881936
3459.406281

2816.133

2233.09998

2319.16313
2518.477613

2706.08501
2872.118829
3237.519665
4016.550546
4632262231
4656.850997
3035.016145
2426.400812
2353.337642

Real-Time Requirements

DASR
4111.949
4096.997
4019.918
3963.359
3966.172
4028.482

4085.09
4189.017
4321.698
4603.918
4833.988
4833.988
4833.988
4833.988
4533.988
4533.988
4533.988
4533.988

4956.59

4956.59
4890.835

= = R = R = R e I = [ e B e Y e [ e B e [ e B e T o B e R e R e R e B e I = R = T
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é/ Graphical Visualizations of the 2025 Requirement Values

Seasonal Average 24-Hour Requirements (RT)

Graphical visualizations of the winer

2025 raw requirement values w T

(posted separately). These e e R B e it
visualizations are intended to :

llustrate averages and trends ‘;

based on season, time of day, risk 5 7. Lo e e

level, etc. £ —
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Reserve Service Nesting, Unnesting and
Price Formation Examples

Simple numerical examples that
Illustrate how the nested and

This document is intended te provide education on the price formation implicafions of fhe nesfing or unnesting of
. . PNz reserve services by walking through a few simple numerical examples. PuJM is providing this document to be
responsive to stakeholder quesfions about the implications of reserve nesting/unnesting on energy price formation as
u n n e S te d re S e rve d e S I g n S I l I I p a Ct well as to illustrate the incentive compatibility between energy and reserve prices that result from the co-optimization.
These examples are not intended to be indicative of actual market clearing cutcomes but simply to build 3
a fundamental undersianding of outcomes of the co-cplimization. This document is also notintended to provide a
m a rket CI ea rl n O tCO m eS a n d comprehensive overview of how the optimization would be structured or to provide a detailed explanation of the
g u unnesied design. An in-depth description of the product nesting proposed in PJM's package is provided in RCSTF
Eupplement: Product Nesting and Rescurce Level Constraints and 2 defailed mathematical descripfion of the
optimization and incentive compatibility has been provided in RCSTF Supplement: Incentive Compatibility via

L] L]
rI Ce fo rm a t I O n Interactions between Reserve and Enengy Prices. These two documents are intended to provide more rigorous
L] technical detail and io be complementary with thiz st of illustrafive examples.
The numerical examples provided in this document use only two generators for simphicity. The implied system is
lossless and has no congestion, and so thers is a single system marginal energy price. In each of the numerical
examples, the generator offers and parameters are held constant, and the reserve requirements are fived. The oaly
difference in each scenario is an increase in load, which results in 3 ightening of reserve margins, ending with
shoriage across all reserve services. For simplicity and to better illustrate the implications of the reserve and energy
co-opfimization, these examples assume that the two generators do not submit reserve offers, and reserve prices are

driven only by lest opportunity cost and the reserve penalty factors. Total reserve quanfities and the reserve penalty
factors are the same between the nested and unnested cases.

Numerical Examples

Example Set Up

Assume there are two generators on a system serving demand. Both are online and capable of providing reserves.
There iz no congesfion on the syztem and no kozses, and therefore there iz a single system marginal ensrgy price.
There are thres reserve senices that are cleared, all of them only in the up direcfion:

+  Synchronized Reserves (SR)

+  10-Min Ramp/Uncertainty Resemves [10-Min RUR)

*  30-Min Ramp/Uncerainty Resemes (30-Min RUR)
In the case whers the reserve semvices are nested, SR can meet the SR Requirement, the 10-Min RUR: Requirement
and the 20-Min RUR Requirement; 10-Min RUR can mest the 10-Min RUR Reguirement and the 30-Min RUR
reguirement, and 30-Min RUR can cnly meed the 30-Min RUR Requirement. In the case where the reserve senvices
arz unnested, SR can only mest the SR Requirement, 10-Min RUR can only mest the 10-Min RUR Reguirement and

30-Min RUR can only mest the 30-Min RUR Reguirement. The equations for how each reserve service requirement
would be metin both the mested and unnested dezigns are given below.

Nested Reserve Constraints
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Incentive Compatibility via Interactions between
Reserve and Energy Prices
Y

= Incentive Compatibility

A detailed mathematical explanation

. . . RCSTF Supplement: Incentive Compatibility via Interactions
Of the hOW the CO'OptImlzatlon Of ppbetwettanResezve andEietrgylzices t t
energy and reserves endogenously

* When the same resource clears both SR and 10-Min RUR (Up) products, then the

reflects opportunity costs in market clearing price of SR is equl to the sum of the clearing price of 10-Min RUR (Up) product

and the incremental SR offer of the resource

CI ea ri n g p ri CeS to e nS u re i n Ce ntive * \When the same resource clears both 10-Min RUR (Up) and 30-Min RUR products:

» The 10-Min RUR (Up) clearing price may be greater than the 30-Min RUR clearing

CO m pati b i I ity price if the 10-Min ramp rate constraint is binding for the resource

» The 10-Min RUR clearing price is equal to the 30-Min RUR clearing price if the 10-

Min ramp rate constraint is not binding

* |f a resource is infra-marginal for energy and clears 10-Min RUR (Up) and 30-Min RUR
products without binding on the 10-Min or 30-Min ramp rate constraints, then the
clearing price of the 10-Min RUR and 30-Min RUR products equal the infra-marginal
energy rent of the resource (the difference between the clearing price of energy and
the incremental energy offer of the resource)

* If a resource is marginal for energy, but binding on the 10-Min or 30-Min ramp rate
constraints and there is a systemwide reserve shortage, indicating that the system is
more constrained on flexibility than on capacity, then the clearing price of energy can
potentially be lower than the clearing price of the reserve products

* If a resource is dispatched above its ECOMIN to provide 10-Min RUR Down reserves,
then the energy price can potentially be lower than the incremental energy offer of the
resource at its dispatch point, but this difference is “made whole” through the clearing

price of the 10-Min RUR Down product.
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é/ IMM Proposal Material

* The IMM has posted a series of presentations to explain their
proposal:

tem 05 - IMM proposal

tem 02 - IMM Locational Reserves

tem 04 - IMM Position on Operating Reserve Demand Curves

 The RCSTF matrix is also a helpful resource for both the IMM and
PJM packages:

ltem 08 - Options and Packages Matrix
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