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Objectives

eDescribe the types of reserves
eldentify PJM reserve requirements
eExplain the PJM Reserve Markets

eDescribe the Reserve participation response verification process
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Reserve Markets
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Reserve Markets

Reserve Services

Each service carries a reserve 30-Minute
requirement and has an ORDC. Reserves
_—
|
Primary
Reserves
(Response in 1-10 min)
[ : 1
Synch Non-Synch
Reserves (SR) Reserves (NSR)

1

Secondary
Reserves (SecR)
(Response in 10-30 min from
on and offline resources)

Reserve Products

Each product has a market
and a clearing price.

Clearing Price represents
procurement of the Synch Reserve
requirement

Clearing price represents procurement of the
balance of the Primary Reserve Requirement not
met by Synch Reserves

Clearing price represents procurement of
the balance of the 30 Min Requirement not
met by Synch and Non-Synch Reserves

PIM©2025
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Synchronized and Non-Synchronized Reserve
Markets

Synchronized and Non-Synchronized Reserve Markets

Day-Ahead Real-Time

Day-Ahead e Real-Time
30-Minute Reserve m =W, 30-Minute Reserve

Primary v Primary
Reserves " Reserves
Synchronized - Synchronized
Reserves ~ Reserves

every I ey

Solidify financial incentives to provide reserves when assigned due to day-ahead financial commitment.

Remove modeling differences between Day-Ahead and Real-Time Energy Markets.

PIM©2025 Page 7
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Identical Clearing Mechanism in DA and RT
Markets

Identical Clearing Mechanism in DA and RT Markets

Reserves and energy are co- » Two-stepped ORDC is implemented in DA and
el (PO RUEKENERTEVARNSEYAN RT. Penalty factors will be the same in DA and
Ahead and Real-time RT

» Same reserve zone/subzone in DA and RT.
Operational emergency may require a change
in RT

Like the energy market, cleared MW and prices will typically
differ between DA and RT reserve markets

PIM©2025 Page 8
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Reserve MW Calculation Example from an Online
Unit

Reserve MW Calculation Example from an Online Unit

500 4 Energy + Reserve, MW

Unit A
400 (O ) R STARTUP | NOTIFICATION
STATUS: Online i i
%00 200 Mw 5Min | 0Min
200 ECOMIN: | ECOMAX: RAMP RATE (RR):
» Time, Min >
ol 1 Ti+10 TL430 " [(100MW | 600 MW 5 MW/Min

SR =min[EcoMax - MW, RR*10] SecR = min[EcoMax - MW, RR*30]-SR

=min[600 - 200, 5*10] =min[600 - 200, 5*30]-50
=min[400,50] =min[400,150]-50
=50 MW =150-50

=100 MW
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Reserve MW Calculation Example from an Offline
Unit

Reserve MW Calculation Example from an Offline Unit

A Reserve, MW Unit A
550 | -
sTATUS: Offline STARTUP | NOTIFICATION
6 TIME: TIME:
0omMmw : :
5 Min 2 Min
50
R ECOMIN: | ECOMAX: RAMP RATE (RR):
P Qe e — 50 MW | 150 MW 10 MW/Min
NSR =min[EcoMax, EcoMin + (10 - SecR = min[EcoMax, EcoMin + (30 -
StartTime - NotifTime)*RR] StartTime - NotifTime)*RR]-NSR
=min[150, 50 +(10 -5 - 2)*10] =min[150, 50 + (30 -5-2)*10]-80
=min[150,50 + 3*10] =min[150,280]-80
= min[150,80] = 150-80
=80 MW =70 MW
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Day Ahead Reserve Assignments Carried to Real-
Time

Day Ahead Reserve Assignments Carried to Real-Time

Condensers and Inflexible Economic Load Response resources

that are cleared day-ahead will have their commitments carried
to real-time

Commitment is carried over unless in
real-time the resource is committed to
provide energy or another reserve
product

Need to have a min run time no greater
than one hour and notification time
between ten and thirty minutes

PIM©2025 Page 11
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Reserve Market Resource Eligibility

Reserve Market Requirements and
Obligations

www.pjm.com | Public PIM©2025

Reserve Market Resource Eligibility

Not Eligible for Non-
Synchronized

Reserves:
¢ Economic Load
Response
Reserve |
Market % * Energy Storage

Eligible /

Resources enrolled
participation model

PIM©2025 Page 12
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Must Offer Requirement

Generation capacity resource (RPM or FRR)
must offer 10-min and 30-min reserve
capability (Unless on outage)

All other generation resources eligible to

10

provide reserves and submitted energy offers =
considered offered into reserve markets

Can request reduced Synch/Secondary Reserve Max due to physical limitations

Violating reserve must offer if
mm) choose not to make capability
available requirement

Hydro, ELR, Hybrid and ESR
not considered available by
default (Must submit
specific reserve offers)

PIM©2025
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Resource Obligations

Resource Obligations

* Obligatedto respond
to PJM instructions
during Synchronized

Violation of Reserve Event
Seftlements | Failureto \NOperating RS T

Penalty | resrond to SR Fagreement | clearing price for
Event (OA) assigned MW amount

11
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LSE Obligation

Self-schedule Bilateral
@ Transactions

[ Fulfill LSE B o)

own resources

Obligation

Purchase . =
from reserve “.
market

12

LSE Obligation

3
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Reserve Offers and Data
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Reserve Offers

* Consist of three elements:
— Availability
— Offer MW
— Offer price

Resource Type

* If Hydro, ESR, Hybrid and ELR unable to participate in
any given hour during Operating Day:
— Set Offer MW =0
— Set to “Not Available”
— Done in Markets Gateway sixty-five (65) minutes
prior to the operating hour

Reserve

Market Condensers | Gen | Nuclear | ESR/Hydro/Hybrid Resource | Response
SR Specify availability separately
N/A for ESR and Hybrid
NSR Set through energy offer Resource; Specify N/A for NSR
availability separately for hydro
SecR Specify availability separately

14
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Synchronized Reserve Offers

All resources may
specify Synchronized
Offer Price ($/MWh)
Offer Price cannot be
negative
Synch
Reserve

No Offer Price
entered, then
$0.00/MWh used

Expected Value of
ynchronized
Reserve Penalty
found on Ancillary
. Services page

15

Synchronized Offer
Prices must be cost-

Synch Offer Prices
Capped at the
Expected Value of
Synchronized
- Reserve Penalty

PIM©2025

Page 17



Reserve Market | Student Guide

Non-Synchronized and Secondary Reserve Offers

Non-Synchronized and Secondary Reserve Offers

———

nable to submit
~offers in Markets
Gateway

Offer prices for Non-
Synchronized Reserve and
Secondary Reserve are

$0.00/MWh

|

ELR can submit
Shutdown Cost

(S/MWh)

16
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Reserve Parameters

Reserve Parameters

Update Available Markets Gateway Update Location

Must be entered prior to 11 a.m. the day before the operating day *  Generator > Unit > Detail
YL Can be updated anytime to reflect real-time changes +  Demand Response > Hourly Updates
*  Generator > Hourly Updates
Initial Energy No updates available. Based on actual resource output N/A
Output
Ramp Rates Default and Daily Ramp Rates must be entered priorto 11am.  *  Default: Generator > Unit > Detail
the day before the operating day. +  Daily Ramp Rate: Generator > Unit > Ramp Rates
Ramp Rate updates can be made during the operating day 65-  +  Updates: Generator > Unit > Ramp Rates Updates
minutes prior to the operating hour.

Must be entered prior to 11 a.m. the day before the operating day Generator > Unit > Detail

(TR S Must be entered prior to 11 a.m. the day before the operating day *  Demand Response > Parameters

Notification Time updates can be made during the operating day *  Generator > Unit> Detail
65-minutes prior to the operating hour. +  Updates: Generator > Schedules > Detail Updates

Must be entered prior to 11 a.m. the day before the operating day Generator > Unit > Detail
G on Time

17
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Managing Synchronized and Secondary Reserve
Data

Managing Synchronized and Secondary Reserve Data

* Condense to Gen Cost * Heat Rate
* Condense Startup Cost * Condense To Notification Time
* Condense Hourly Cost * Condense To Generate Time

Condense

Energ

SR MW Capability = max {0, min [min (EcoMax, SynchMax), EcoMin + RampRate* (10 minutes - condense to gen time)]}

PIM©2025 Page 20
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Segmented Ramp Rates

Segmented Ramp Rates

* Ensure ramp rates are accurate

» Demand Response Portfolio v|  Location

" Copera  Utilize Ramp Rates in Markets
i Gateway

Schedul
] Hourly Updates | Detail Ramp Rates Updates
Dispatch Lambda

Market Results

* Allows use of segmented ramp rates

fopuation fanet s * Model situations where ramp rates
Synchronized Reserve Mz |
Non-Synchronized Resen 4200 | 10 ! 150 can Change
z 4510 04 50 . .
Secondary Reserve Marke o | - ! o . MI” POIntS

Unit Limitations
Interface Pricing * Transition Points
Opportunity Cost Calculator

Parameter Limits

Can be updated hourly

— Ramp Rates Updates tab

19
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Reserve Market Timeline

Reserve Market Timeline
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Reserve Market Timeline

A *
11:00 a.m.

Due day ahead of operating day by
11:00 a.m.

-* i*

Data submitted to Markets Gateway

*Times are in Eastern Prevailing Time (EPT)

21
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Synchronized Reserve Timing

Synchronized Reserve Timing

* Forward commitment for reserve resources and all regulation resources will be posted
30 minutes prior to the operating hour
— Synchronous Condensers and Economic Load Response resources will be
considered “inflexible” units and committed on a forward basis

Operating Hour

60 minutes before 30 minutes before

RT SCED commits

additional Reserve
ASO* calculates inflexible Reserve Offer MW and "G

Inflexible commitments

reserve resources
posted

LPC calculates
RMCPs

Incremental commitments may be

*Ancillary Service Optimi
neibaly senee Salmesr made for inflexible units

22
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Reserve Results Posting

Reserve Results Posting

What Frequency Location When
SyenResee SEn )
Seconay Reseve oty T R
Inflexible Synch Reserve Hourly m:i::jg::’ﬁ;; 22;““ PLEDE
Inflexible Secondary Reserve ~ Hourly mm:::g‘;:;;’; ggu':‘i" pictie p o
Flexible Reserves Every 5 minutes E%F;g:l?na;\ﬁ%mspatch Every 5 min
Clearing Price Every 5 minutes gzt; ST Every 5 min

23
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Day Ahead Reserve Results - Markets Gateway

Bilaterals

Demand

Schedules
Dispatch Lambda

Market Results

Regulation Market

Synchronized Reserve Mz
Non-Synchronized Resen
Secondary Reserve Mark
Unit Limitations

Interface Pricing

Opportunity Cost Calculator

Parameter Limits

Price Responsive Demand

Pseudo Tie Transaction

System Utilities
Up-To-Transaction
Virtual

Weather Forecast

Srowal

nized Reserve Award | DAMo

Day Ahead Reserve Results - Markets Gateway

Reserve Award

(Al =

Show al v A v
BOLLC AMMERBAC 10 Steam RT0 0.0 0.0
BOLLC AWIERBAC 20 Steam [ 0 00
BOLLC AWMERSAC 30 Dieset L) 0.0 | 0.0
BOLLC Capice 31 Hydro P RT0 09 0 00
SOLLC Haid 1 Steam PALRTO %0 00 00
BOLLC My X o () 0 00
BOLL Lock | Seeam w0 00 0
BOLLC Lock 2 Steam L) 00 00
BOLLC Russet 1 Steam Ly 0.0 0.0
BOLLC Yacnee 10 Steam Ly 00 0.0
BOLLC Yacnee 20 team P 5T0 00 00 0
BOLLC Yocnee M Steam w10 00 00
BOLLC AMMERBAC 10 Steam L) 0.0 0.0
BOLLC AMHERAC 20 Steam 10 0| 00

24
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RT Reserve Results - Markets Gateway Dispatch
Lambda

RT Reserve Results - Markets Gateway Dispatch Lambda

(20l | (= 0 0 0 [ bl %o %0 180 Ll i o Cordensing fo Tiee 2 spiming reene

e Price 3 Lol L1 0 4 M0 %0 %0 13 (1] ] g corciunuslyfor P from one Gy t he et
e L] ik} Ll 1] [} (1 0 %0 80 4 L] (] Raing cortinsly for P from one Gy to e et
e Prce 1 0 &1 (1] i m %10 %19 113 1] 1] g cortiunusly for P from one Gy to e et
e Prce 195 &0 L] L] 0o 9 %9 %0 131 0 (] Ruig coirunsly for M fromne Gy to e et

* Flexible resource assignments viewed in Dispatch Lambda

* Non-flexible resource assignments viewed:
— Generator > Market Results

— Dispatch Lambda

25
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Public Reserve Results - Markets Gateway

Public Reserve Results - Markets Gateway

Bilaterals
Demand

» Demand Re

acea | ACTIVESUBZONE v

Interface Pricing

Opportunity Cost Calculator Repulation Resuits | DA Synchwonized Reserve R Active Subrone

s |[QSEIRISI NI | 14 pricmary Reserve Rewults | RT Primary Reserve Results | DA 20 Minute Reserve Results | RT 30 M

Paramater Limits
PJM »> 2024-01-16 >» ACTIVE SUBZONE
Price Responsive Demand

Pseudo Tie Transaction Data provided on this page s based on an hour ahead projection. Actual values may vary in real time depending on changes n system conditions.
 Public
Messages
Reports
Pricing Nodes
Market Results Energy 1 w0 410 00 1.697.0 16970 00 -
ts Anc 2 wo X 950 00 17690 1160 00
System Utilities 3 ) 5.0 00 1.689.0 16800 00
Up-To-Transaction 4 | w0 2 w.o [X) 14200 1800 [
Virtual s wo %0 00 1,604.0 16040 00
i T 0 "o X 10 00 14260 18260 00
7 ) 09 00 2,400 2400 00
0 "o ) 0 22600 2,200 00
5 ) 3.0 40 1.879.0 197130 00
0 o z "0 00 1,900 2,800 [X)
1 o w70 00 1,970 197130 00
n o i 10 (X 2540 2240 (X}
[} w0 ) 00 15%.0 1,519.0 00
1 ) X @0 (X 2,0m0 2,0m0 [X)
15 w0 0.0 00 1,950 19550 00
1 ) 00 [X) 2.0 2910 00
7 o %0 00 22190 0.0
0 ) 199 [X) 2,105.0 09
9 w0 18700 00 00 23810 00
" an Tana wa an Vren Vasn an
26
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Public Reserve Results - Data Miner

Public Reserve Results - Data Miner

% Data Miner 2

Ancillary Servi L]
yervice » Real-Time Ancillary Service Market Results

Day-Ahead Ancillary
Service Market Results

Dispatched Reserves

Real-Time Ancillary Service Market Results

Non-Synchronized Reserve  This feed provides the Real-Time markets results for Ancillary services including MW quantities and prices. Data posted prior to October 1,

Preliminary Billing Data 2022 will be hourly granularity. Data posted after October 1st will be five-minute granularity as part of PJM Comprehensive Pricing Reform.
Opsrationsl Reserves Posting Frequency: Daily on Business Days
P Regulation Zone i . "
Preliminary Biliog Dot Update Availability: Daily between 11 a.m. and 12 p.m.
Real-Time Ancillary Retention Time: Indefinitely
Service Market Results Last Updated: 2/14/2024 10:34
Real-Time Dispatched First Available: 6/14/2013 00:00
Reserves TR —
Explore Data Set
Regulation Market Data EEpre e e
Regulation Prices
Download API
Secondary Non
Synchronized Reserve

Pretiminary Biliog Data In order to create a system-to-system connection to this dataset, you can download and implement an API. A PJM account is required to
download and use the API.

Synchronized Reserve

Events Go to API Portal

Synchronized Reserve

Preliminary Billing Data

Bid and Offer Data o

Data Fields

27
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Public Reserve Results - Data Miner

Public Reserve Results - Data Miner

Assigred MW Self-scheduled MW | Tier { MW Interface Reserve Capability MW | Demand Response MW Assigned  Noo-Synchronized Reserve MY

im0 L9 wn wn tr 4 2% 2 2% ng 0 0 bt
P FTO R (13 (1] 197 | 18 1554 & 0 0 mny
o .‘F | 1| C:‘. | [ '!ﬂ. '5!3‘ 7\!5‘ 2 0 l'l)l‘ H
P fT0 [ L} | (1] ] o [ I [ Jas [ prULY | 348 [ & [ 0 [ V 0 [ 0 I
w L (1] 1)) 4005 | 1M 1,158 ) ) 1545 0
P24 RTO 0N (] 0 J448 | TR 8107 4 0 (] ]
P2 iT0 L] am (31 M 43 2 ) 2 ms 0 0 M4

i P20 [ R [ {1 | (1] | | [ 297 [ 1998 I 1554 [ 4 [ 0 I (] | ms [
o R [ ) 9 149 455 k] 0 u
PRTO ] (] (] MG s 3448 L] 0 ¢ ¢

UZ '" | .'.5‘. :ZJ. | | Iéi]!. :5)}5- LC‘?ES- BC‘ C. '.‘?5‘ 0
P FTO 0N 0 0 3448 | B0 Bm7 § 0 (] 0

28
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Reserve Zone Structure

e 4

Reserve Zone

=—————x i S —
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Reserve Zone Structure

One Reserve Zone: RTO Reserve Zone Creation of New Reserve Subzones
* Currently, one subzone due to potential * New reserve subzones defined as far in
deliverability issues advance as possible
— Mid-Atlantic Dominion (MAD) * Cannot be created on a same-day basis
* Defined for constraints in these three
categories:

— Reactive transfer interfaces (AP
South, BEDBLA, etc.)

— >= 230 KV actual overload
constraint (i.e. Conastone-Peach
Bottom 500kV actual overload)

— Contingency overload exceeding
load dump limit on 230kV or above
facility

30
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Mid-Atlantic Dominion (MAD) Reserve Subzone

Mid-Atlantic Dominion (MAD) Reserve Subzone

¢ Default subzone

* Defined by the most-
limiting reactive
transferinterface

— Procure reserves that _ e
will not overload :
critical constraints
when reserves are
deployed

Most Limiting
Interface

("/ e

31
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Reserve Subzone Composition

Reserve Subzone Composition

Ancillary Services

e Reserve subzones defined as all —— e

buses with 3% or greater (raise- L emm——
help) distribution factor on o Prendieniliiedrid

associated transmission constraint . R
* Definitions typically published DN o

create a system-to-system connection to this dataset, you can download and implement
Locational Marginal 9 Y P

every business day = | vt s e the a6

Data Fields

* Definitions posted on Data Miner St

N Subzone String Subzone
Retired o Resource I Number Resource ID
PTSIE o Resource tame String Resource Name
Resource Type stri Resource Type
System Information & e
Zone String Transmis ission Zone
plift o
Effective Date Date Reserve Subzone Mapping Effective Date
Terminate Date oate Reserve Subzone Mapping Termination Date

32
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Flexible Reserve Subzones

* Dynamically adjust reserve subzone to
reflect system conditions

» Better enable reliable operations and
result in market results more
consistent with system operations

* Only one subzone active at any given
time
— Communicatedin Markets Gateway

Note: Changes to the active reserve
subzone can be made in real-time
intraday on an exception basis

33
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Loading Synchronized Reserves

e 4

Loading Synchronized Reserves

=—————x i S —
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Loading Synchronized Reserves

ICCP reserve
event signal d

AGC Basepoints *

‘, ) i
T All-Call to ALL GOs

» After SR initiation, Economic Basepoints raised for resources with assignments

* ELR follow instructions in DR Hub

* Self-scheduled, not following dispatch generation and Synchronous Condensers take
manual action to respond

*  During SR event, AGC will only change basepoint for units with SR assignment if
SCED call for increase in output

35
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Call for Synchronized Reserve

* ELR resources implement
requested percentage of
Synchronized Reserve as
quickly as possible without
regard to price

* Continue to implement
Synchronized Reserve until
directed by PJM to discontinue

At most, one level of
operator intervention
between PJM and entity
taking action

Call for Synchronized Reserve

Loading of Synchronized Reserve is a Reliability Service!

PIM
Generation

Dispatcher

Synchronized
Reserve Request — All Call

Synchronized Reserve
Request — All Call

Curtailment Service
Provider

Market Operation
Center (MOC)

ELR
Customer

Synchronized
Reserve Request

PIM©2025
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Electronic (ICCP) Signal for Reserves

Electronic (ICCP) Signal for Reserves

PJM Control
Centers

L

37

—— S —

Must subscribe to receive signal

Can subscribe to
New Points:

* ASECRES - Seconda;

: ry Reserve assigned
SECRESST - Resource RT reserve ?b"ii'
(sent to PTM) =i

multiple points

; Available points found i
| document pven in Reserve FAQ

\ rected to

+ Requests am.i questions di
Rese c

https://www.pjm.com/-/media/DotCom/etools/markets-gateway/synchronized-reserve-deployment-

and-reserve-price-formation-fag.pdf

PIM©2025
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Response Calculation / Verification

e 4

Response Calculation

www.pjm.com | Public PIM©2025

Response Calculation / Verification

* Resource responses verified by PJM
Performance Compliance Dept. following each
event

* Actual responses compared to assignments
used to determine penalties

39
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Resource Response Measurement

Resource Response Measurement

* Resource response to a synchronized reserve event

IS
— Difference between resource’s output at start of Eirerit
event, and 1Minute  g,.»  1Minute
— Output ten minutes after start of event, allowing for
small fluctuations and possible telemetry delays
Resource Output

» Resource output at start of event

— Lowest telemetered output between 1 minute prior to Event :
and 1 minute following start of event Stant -

1
* Resource output ten minutes after event _ :

Resource Output
— Greatest output achieved between 9 and 11 minutes P

after start of event
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Shortage Conditions

e 4

Shortage Pricing

=—————x

www.pjm.com | Public PIM©2025

Shortage Conditions

* Reserve Requirements (RTO & Sub Zone) exist for:
— 30-minute Reserves
— Primary Reserves
— Synchronized Reserves

* Reserve shortage when not enough non-emergency resources available to maintain
requirements in event of unforeseen incident including, but not limited to:

- Extreme Weather - Higher peak load growth
- Higher than average generator outages - Unexpected transmission outage

42
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Shortage Pricing

Shortage Pricing

* Max Energy LMP Component = Energy Offer Cap + 2 * Reserve Penalty Factor

$/MWh
T —— * Max Energy Offer
— $2000/MWh
$300 _____ D ——— 6 5 55,0 6 68095 580080850000 080800 00000 8 ° Max Penalty FaCtOf
i - — $850/MWh
oj:nng’&t:ﬁ;fmy Step 1+ 190 MW Step 2A + Extended . Max Energy Com ponent
STEP 1 STEP 28 | — $3700/MWh**
43
Knowledge Check
Let's Review

v/
v/

44

1. Which service has an Operating Reserve Demand Curve (ORDC)?
a. Synchronized Reserves

b. Non-Synchronized Reserves

PIM©2025 Page 40



C.

d.

Secondary Reserves

Regulation Reserves

What is the PIJM Primary Reserve Reliability Requirement?

a.

b.

Largest single contingency
Largest single contingency + 190 MW
150% of the Synchronized Reserve requirement

150% of the Synchronized Reserve requirement + 190 MW

PIM©2025
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Summary
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Questions
Questions
PJM Client Management & Services
Telephone: (610) 666-8980
Toll Free Telephone: (866) 400-8980
Website: www.PJM.com
Email: trainingsupport@pjm.com

Member

Community
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