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Introduction

• The solutions proposed here are intended to spark discussion, and 
are presented in this format, not as a final package, but to facilitate 
a conversation about how solution options fit together.

• These solution options are focused on adjustments to status quo 
that can provide incremental improvement in the immediate term. 

• PJM anticipates that any solutions advanced in the immediate term 
will be followed up with additional and more comprehensive 
solutions for the immediate term scope moving forward. 
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Challenges to be Addressed in the Immediate Term

• All-Call does not align with other dispatch instructions, which creates confusion 
and introduces communication delays

• PJM lacks the tools required to deploy less than 100% of held reserves

• Penalties do not reflect the impact to the system at the time resources fail to 
convert reserves into energy 

• Resource financial incentives are sometimes at odds with PJM reserve 
deployment instructions 

• Current performance evaluation will sometimes assess a MW shortfall on 
resources that were unable to provide those MWs

• A lack of confidence in reserve performance has led to a 30% increase in 
PJM’s synchronized reserve reliability requirement
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Reserve Deployment Paradigm

Reserve Deployment PJM is interested in 
exploring other deployment 
paradigms and how reserve 

deployment costs can be 
reflected more directly in the 
market. However, to address 

acute challenges in the 
immediate term, we are 

focused first on incremental 
improvements to this 

existing paradigm.

Deployment Paradigm Reserves are requested from 
resources holding a reserve 
assignment

Actions following an event Dispatchers send out new 
dispatch instructions to resources 
to load reserves

“Purpose” of reserves To provide energy when instructed 
through exceptional dispatch

This is where we are in the 
immediate term and what is 

represented in this slide deck.
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Deployment
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Deployment: Challenges to Address

• Dispatchers lack tools to deploy less than 100% of the reserves 
held

• Communication delays caused by the All-Call

• Inconsistency between how instructions are given during a spin 
event and during normal dispatch

• Confusion on what PJM is requesting from resources during a spin 
event
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Deployment Proposed Solution

• Dispatcher initiates the reserve event, entering the amount of reserves to be deployed 
(either in MW or %)

• For generators, reserve deployment MWs are added to the current output of each 
resource in AGC and sent out immediately through telemetry, along with a notification 
that we are in a spin event

– This addition of the deployment MWs will happen outside of the dispatch and 
pricing optimization, and therefore will not be reflected in LMP

• For demand response resources, deployment instructions go through DR Hub, as 
occurs in status quo

• While the event persists, dispatch instructions to dispatch-following resources with a 
reserve deployment assignment would be the greater of a) the original deployment 
instruction sent or b) the new economic dispatch point calculated by SCED



PJM © 20248www.pjm.com | Public

Deployment Example 1

T1 Tstart TendT2 T3 T4

For target time T2, Resource 1 has a 100 MW target basepoint 
and a 20 MW reserve assignment. At time Tstart, the resource is 
operating at 100 MW and is immediately requested to load all 20 
MW of reserve. 

SCED DISPATCH CALCULATED FOR NEXT TARGET TIME

RESERVE DEPLOYMENT IN AGC

INSTRUCTION SENT TO RESOURCE

BP2: 100 MW BP3: 100 MW BP4: 100 MW

BPspin: 120 MW* BP3’: MAX(100 MW, 120 MW)** BP4’: MAX(100 MW, 120 MW)**

100 MW 120 MW 120 MW 120 MW

*BPspin= Output at Tstart + Reserve Deployment

**BPn’: MAX(BPspin, Tn)
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Deployment Example 2

T1 Tstart TendT2 T3 T4

For target time T2, Resource 2 has a 100 MW target basepoint 
and a 20 MW reserve assignment. At time Tstart, that resource is 
operating at 100 MW and immediately requested to load all 20 
MW of reserve. 

SCED DISPATCH CALCULATED FOR NEXT TARGET TIME

RESERVE DEPLOYMENT IN AGC

INSTRUCTION SENT TO RESOURCE

BP2: 100 MW BP3: 90 MW BP4: 80 MW

BPspin: 120 MW* BP3’: MAX(120 MW, 90 MW)** BP4’: MAX(120 MW, 80 MW)**

100 MW 120 MW 120 MW 120 MW

*BPspin= Output at Tstart + Reserve Deployment

**BPn’: MAX(BPspin, Tn)
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Deployment Example 3

T1 Tstart TendT2 T3 T4

For target time T2, Resource 3 has a 100 MW target basepoint 
and a 20 MW reserve assignment. At time Tstart, that resource is 
operating at 100 MW and is immediately requested to load all 20 
MW of reserve. 

SCED DISPATCH CALCULATED FOR NEXT TARGET TIME

RESERVE DEPLOYMENT IN AGC

INSTRUCTION SENT TO RESOURCE

BP2: 100 MW BP3: 130 MW BP4: 160 MW

BPspin: 120 MW* BP3’: MAX(120 MW, 130 MW)** BP4’: MAX(120 MW, 160 MW)**

100 MW 120 MW 130 MW 160 MW

*BPspin= Output at Tstart + Reserve Deployment

**BPn’: MAX(BPspin, Tn)
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Less than 100% Reserve Deployment Proposed Solution

• To the extent possible, all resources will be deployed pro rata

– Example: A resource has a 10 MW SR assignment and PJM deploys 80% of held reserves. 
The resource would be instructed to deploy 8 MW.

• Inflexible generation resources will be deployed to the greater of a) EcoMin and b) the pro rata 
reserve deployment instruction*

– Example: A condenser has an EcoMin of 10 MW, a 30 MW SR assignment, and PJM deploys 50% of 
held reserves. The resource would be instructed to deploy 15 MW. 

– Example: A condenser has an EcoMin of 20 MW, a 30 MW SR assignment, and PJM deploys 50% of 
held reserves. The resource would be instructed to deploy 20 MW. 

*Due to these constraints, actual reserves deployed may be greater than the pro rata calculation
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Performance Evaluation
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SR Performance Evaluation: Challenges to Address

• While these are edge cases, the calculated assignment and 
deployment instruction may not align with a resource’s operating 
posture when the event occurs 100% of the time because the 
actual time of the event is unknown beforehand.

– Example 1: Status quo performance evaluation does not account 
for when a resource is sent a deployment instruction that would 
dispatch that resource above its EcoMax.

– Example 2: Depending on where a resource is operationally when 
an event begins, its ramp limitations may not allow it to achieve the 
desired deployment. 
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SR Performance Evaluations: Challenges Example 1

T1 Tstart
Tstart+10T2 T3 T4

At T1, Resource 1 is operating at 100 MW, its EcoMax. For target time T2, it is given a 80 MW target 
basepoint, positioning to be able to provide 20 MW of reserves, which it is assigned. At time Tstart, a spin 
event is called. That resource is operating at 95 MW and is immediately requested to load all 20 MW of 
reserve, sending it to 115 MW. 

100 MW 120 MW 120 MW 120 MW

INSTRUCTIONS SENT TO RESOURCE FOR THE TARGET TIME
80 MW 
for T2

ACTUAL RESOURCE OUTPUT 

If it achieves EcoMax, Resource 1’s performance would be its output at 
Tstart+10 – Tstart  = 5 MW, which would be a shortfall of 15 MW under status quo.

115 MW 
for Tstart+10

115 MW 
for Tstart+10

115 MW 
for Tstart+10

100 MW 
at T1

95 MW 
at Tstart

100 MW 
at T2

100 MW 
at T3

100 MW 
at Tstart+10
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SR Performance Evaluations: Challenges Example 2

T1 Tstart = T1+2
Tstart+10T2 T3 T4

At its position at T1 Resource 2 is in a segment of its ramp rate curve that corresponds to a capability of 5 
MW/min. Beginning at T2 its target dispatch point places it in a new segment of its ramp rate curve, at 
which point its ramp rate is 1 MW/min. The resource’s capability calculation, based on its output when the 
optimization engine is run, indicates that the resource has 30 MW of ramp capability and the resource’s 
EcoMax supports that assignment. The optimization clears the resource for 30 MW of reserves.

120 MW 120 MW 120 MW

ACTUAL LINEARIZED RAMP CAPABILITY FOR NEXT 10 MINUTES
30 MW 22 MW 10 MW

Ramp Rate = 5 MW/min Ramp Rate = 1 MW/min

Because of when the event occurs, Resource 2 is only capable of providing 22 MW of reserves in 10 minutes 
(it has 3 minutes of ramp capability at 5 MW/min and then 7 minutes starting at T2 at ramp capability of 1 
MW/min). Under status quo, this resource would be assessed as having a 8 MW shortfall even if it fully 
utilized its ramp capability.
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SR Performance Evaluation Proposed Solution

• For events that are at least 10 minutes, PJM will run two performance evaluation checks. If a 
resource passes either of the checks, it is evaluated as having met its performance 
requirements

– Check 1: Updated status quo methodology that caps the expected resource output based on the 
resource’s EcoMax (or SynchMax where applicable). Under this evaluation, a resource would not be 
assessed a shortfall if it achieves the lesser of its reserve deployment assignment or its EcoMax (or 
SynchMax where applicable) within 10 minutes and sustains that performance for the event up to the 
product duration. 

– Check 2: Using the resource’s segmented ramp rates, PJM will calculate the resource’s expected, 
ramp-limited capability over the 10 minutes following the start of the event based on the resource’s 
starting MW output. PJM will evaluate whether the resource meets or exceeds this expected 
performance within 10 minutes and sustains that performance for the event up to the product 
duration requirement.

• If a resource does not pass any of the performance checks, the shortfall MW will be based on 
the check in which the resource’s measured performance was the best. 
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SR Performance Evaluations: Solution Example Check 2

T1 T2 T3

When the optimization is run, the resources are sitting at 75 MW. Based on 
their 10 minute ramp capability at this point, 50 MW are cleared on each 
resource:
• 5 MW/min * 10 min = 50 MW [75 MW + 50 MW  = 125 MW]

Resource Dispatch Before Spin Event:
75 MW 100 MW

Output Ramp
125 MW 5 MW/min
150 MW 1 MW/min

Four resources (R1, R2, R3 and R4) are assigned reserves based on their calculated 10-minute capability at 
target dispatch T2. All four resources have the same segmented ramping capability and are not constrained by 
their EcoMin or EcoMax limits. 
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SR Performance Evaluations: Solution Example Check 2

Output Ramp
125 MW 5 MW/min
150 MW 1 MW/min

T1
Tstart = T1+4 Tstart+10T2 T3

Actual resource output:
95 MW

A spinning event is called at time Tstart, four minutes into the interval that ends at T2. The resources are asked to 
load their 50 MW reserve assignments. The event ends after 13 minutes. 

Tend = Tstart+13

Starting at time Tstart, when the event is called, the resources’ ramp-limited 
capability is actually 34 MW:
• 5 MW/min * 6 min = 30 MW [95 MW + 30 MW  = 125 MW]
• 1 MW/min * 4 min = 4 MW [125 MW + 4 MW  = 129 MW]
• 30 MW + 4 MW = 34 MW

The resources are instructed to ramp to 150 MW, but can only achieve 129 MW. They would fail Check 1 because their 
ramp limitations do not allow them to move up the requested number of MWs in 10 minutes. 
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SR Performance Evaluations: Solution Example Check 2

The four, ramp-limited resources (R1, R2, R3, and R4) perform as follows.
Tstart+10 Tstart+11 Tstart+12 Tstart+13 Shortfall

MW Output Shortfall MW Output Shortfall MW Output Shortfall MW Output Shortfall

R1 129 MW 0 MW 129 MW 0 MW 129 MW 0 MW 129 MW 0 MW 0 MW
R2 129 MW 0 MW 130 MW 0 MW 131 MW 0 MW 132 MW 0 MW 0 MW
R3 125 MW 4 MW -- -- -- -- -- -- 4 MW
R4 129 MW 0 MW 126 MW 3 MW 126 MW 3 MW 127 MW 2 MW 2 MW

• R1 meets its ramp-limited performance expectations by ramping up according to its segmented ramp rates. 
No shortfall is assessed.

• R2 meets its ramp-limited performance expectations within 10 minutes and continues to ramp up, getting 
closer to its requested output level. No shortfall is assessed.

• R3 does not meet its ramp-limited performance expectations within 10 minutes, and the shortfall at minute 
10 becomes its assessed shortfall.

• R4 meets its ramp-limited performance expectations within 10 minutes, but does not sustain it. Its total 
assessed shortfall is the average of its measured shortfall values at each minute. 
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NSR Performance Evaluation: Challenges to Address

• Resources holding an non-synchronized reserve assignment are 
primarily utilized when they are called online for energy outside of a 
non-synchronized reserve event.

• Currently, the only performance evaluation methodology that exists 
for evaluating NSR performance is during a non-synchronized 
reserve event.
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NSR Performance Evaluation Proposed Solution

• When called online for energy, irrespective of the existence of an 
event, evaluate whether the resource reaches EcoMin within 10 
minutes (mirror of status quo for offline SecR)
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Compensation, Penalties and Offer Structure
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Compensation, Penalties and Offers: Challenges to Address

• The cost of reserve deployment is not in all cases recoverable 
through the energy market and resources may not be financially 
indifferent to following PJM deployment instructions in all cases

• Current penalties are insufficient to achieve reserve certainty and 
do not reflect the impact of a failure to deploy requested reserves to 
the system at the time of deployment
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Deployment Cost Recovery: Example

Output Energy Offer 
50 MW $20
100 MW $100

A resource is operating economically at a flat dispatch level of 45 MW, given an LMP of $20, and 
holds a reserve assignment of 30 MW. Above 50 MW, the resource’s offer price jumps to $100. A 
spinning event is called and that resource is asked to deploy those 30 MW of reserves. At $20, the 
resource recovers its cost for the first 5 MW, but not for the remaining 25 MW. 

The unrecovered deployment costs in each interval would be 
calculated as the difference between the resources energy offer 
and real time LMP multiplied by the average MWs deployed in 
that interval.

Unrecovered costs = Energy offer of deployed MW – energy revenues from deployed MWs
• Energy offer of deployed MW = area under the incremental offer curve for the deployed MW
• Energy revenues from deployed MWs = Deployed MW * LMP / 12
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Deployment Cost Recovery: Example

Output Energy Offer 
50 MW $20
100 MW $100

The event occurs at the start of the interval, and ends after 10 
minutes. LMP in both intervals is $20. The resource deploys half 
its reserves (or 15 MW additional) in each interval.** 

T1 T2 T3
LMP = $20 LMP = $20

Interval 1:
• Unrecovered Deployment Costs = 5 MW ($20 - $20)/12 + 10 MW($100 - $20)/12 = $67

Interval 2: 
• Unrecovered Deployment Costs = 5 MW($20 - $20)/12 + 25 MW($100 - $20)/12 = $167

Total Unrecovered Deployment Costs = $234 

**For simplicity, this example assumes instant, full deployment of reserves at the start of each interval (i.e., a step 
function). In reality, the actual sampled output would be used.
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Proposed Changes to Make-Whole Payments 
for Reserve Deployment

• PJM will calculate make whole payments for resources that deploy 
reserves to make them financially indifferent to following PJM 
reserve deployment instructions

• Make whole payments for the unrecovered costs of deploying 
synchronized reserves will be credited through the synchronized 
reserve market and costs will be allocated to the synchronized 
reserve market 

• Make whole payments will be offset by revenue above costs earned 
from synchronous reserve market clearing price credits for that 
operating day
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Penalties

• Two elements of penalties for non-performance moving forward:

– Penalties based on reserve market clearing price credits

– LMP-based penalty for failure to convert reserves to energy
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Penalties based on Reserve Market Credits

• For resources holding an SR assignment that fail to perform during a synchronized 
reserve event, the penalties based on reserve market credits will remain the same (i.e., 
adjustments to the reserve credits within the operating day and the retroactive penalty 
charge)

• For offline resources holding a SECR assignment that fail to perform, the adjustments to 
reserve credits will remain the same (i.e., adjustments to reserve credits within the 
operating day or to the last time the resource was online)

• For resources holding a NSR assignment that fail to perform, regardless of the existence 
of an event, the adjustments to reserve credits will mirror penalties for offline SECR 
(described in the previous bullet)
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LMP-Based Penalty

• If a resource fails to convert procured reserves into energy when called 
upon, that resource will need to pay for that shortfall based on the real-
time LMP

• The payment for undelivered energy will be calculated based on the 
shortfall MWs, starting in the interval in which the resource was expected 
to have fully deployed the requested reserves (i.e., for SR and NSR, 10 
minutes following the start of a spinning event, for SECR 30 minutes). 

• The payment for undelivered energy will be applied for the product’s 
duration requirement (i.e., for SR and NSR, 30 minutes or a total of 6 
intervals).
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LMP-Based Penalty: Example

A resource is assessed as having a 5 MW shortfall when called on to 
deploy synchronized reserves. For each of the following 6 intervals, 
the resource is required to pay for this 5 MW shortfall at LMP.

Interval LMP ($) Penalty ($)
11/30/2024 18:45 25.99 --
11/30/2024 18:50 26.97 --
11/30/2024 18:55 30.21 12.59
11/30/2024 19:00 32.26 13.44
11/30/2024 19:05 30.23 12.60
11/30/2024 19:10 29.32 12.22
11/30/2024 19:15 26.11 10.88
11/30/2024 19:20 23.65 9.85

Total 71.57

Where the buyback at each interval is 
calculated as:

Payment = MW Shortfall x LMP/12

Interval the reserves were deployed

Interval the reserves should have 
been fully converted to energy
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Other Penalty Options

• PJM believes that more stringent penalties are required to achieve 
the performance needed for reserve certainty

• Alternate options to the ones described above to achieve this goal 
have been discussed, including changes to the reserve credit-
based penalties to make those more stringent in lieu of introducing 
the additional LMP-based penalty
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Offer Structure

• Status quo

• Increases in the penalties would increase the offer cap

– The expected penalty calculation methodology would be updated 
to reflect the LMP-based penalty should that be implemented

• Adjustments to the make-whole payments would make resources 
at least indifferent to following PJM deployment instructions

• Changes to the deployment and performance evaluation should 
better address issues with the current capability calculation
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Other Adjustments to Compensation

• For reserves assignments that are determined to be undeliverable 
during a deployment event, settlements will cap the reserve 
assignment by any undeliverable MWs for that interval. 

– Example: From the Check 2 performance evaluation example, a 
resource is cleared for 50 MW, but when deployed, its ramp-limited 
capability only allows it to provide 34 MW. That resource would 
incur no penalties for only providing 34 MW, and its reserves 
assignment credits for that interval would be capped at 34 MW. 
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Acronyms
Acronym Term & Definition

LMP Locational Marginal Price is defined as the marginal price for energy at the location where the energy is delivered or 
received. For accounting purposes, LMP is expressed in dollars per megawatt-hour ($/MWh). LMP is a pricing 
approach that addresses Transmission System congestion and loss costs, as well as energy costs.

AGC Automatic Generation Control is equipment that automatically adjusts generation.

SCED Security Constrained Economic Dispatch is the optimization engine used to calculate dispatch and reserve 
assignments and to set prices. 

MW A Megawatt is a unit of power equaling one million watts (1 MW = 1,000,000 watts) or one thousand kilowatts (1 MW 
= 1,000 KW). To put it in perspective, under non-severe weather conditions, one MW could power roughly 800 to 
1,000 average-sized American homes.

PJM Glossary

https://www.pjm.com/Glossary.aspx
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Acronyms
Acronym Term & Definition

SR Synchronized Reserves is a reserve capability that can be converted fully into energy within 10 minutes following 
the request of PJM. Equipment providing Synchronized Reserve must be electrically synchronized to the power 
system.

NSR Non-Synchronized Reserves is a reserve capability that can be converted fully into energy within 10 minutes 
following the request of PJM. Equipment providing Non-Synchronized Reserve need not be electrically synchronized 
to the power system.

SECR Secondary Reserves is a reserve capability that can be converted fully into energy within 30 minutes following the 
request of PJM. Equipment providing Secondary Reserve need not be electrically synchronized to the power system.

PJM Glossary

https://www.pjm.com/Glossary.aspx
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