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Approach to Address Frequency Regulation Issues 
Short Term

Phase 1 – Implementation in 1st Quarter of 2012
– Modified energy ramp rate for regulating resources to minimize 

the conflict when a unit is ramping for regulation and energy
– Calculate a performance score for each regulation resource for 

each regulating hour
– Eligibility for regulation credit will be based on meeting a 

minimum performance factor of 25% for the market hour
– Disqualification from regulation market will be based on 100 hour 

rolling average of performance factors below 40% threshold

• See Appendix A for more detail of Phase 1
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Approach to Address Frequency Regulation Issues 
Short Term

Modified energy ramp rate for regulating resources to minimize the 
conflict when a unit is ramping for regulation and energy
• Today’s algorithms ramp resources for both energy and regulation which leads 

to poor regulation response and inaccurate clearing prices.
• Benefits of Change – Improved regulation performance and more accurate 

clearing prices
– Resource ramping instructions (energy + regulation) will align with resource 

capabilities which will allow a decrease in the amount of regulation procured.
– The regulation clearing engine will see the increased Product Substitution Costs 

(PSC) for units needing large MW ramps for economics which will better 
incorporate these costs in the Regulation Market Clearing Price.

– Increased RMCP and PSC will be offset by lower after-the-fact make-whole 
payments and a lower regulation requirement.
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Approach to Address Frequency Regulation Issues 
Short Term

Calculate a performance score for each regulation resource for each 
regulating hour
• We clearly have different levels of regulation performance today, but we do not 

calculate that performance or its impact on system control.
• Benefits of Change

– Performance scores reflect the benefits each resource provides to system control 
by focusing on the resource’s response to our control signals

– Phase 1 will provide continuous feedback to the regulation resources of their 
performance using near real time reporting 

– Data posting for each resource through eMKT (or GPM)

• See Appendix B for examples of performance score calculations
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Approach to Address Frequency Regulation Issues 
Short Term

Eligibility for regulation credit will be based on meeting a minimum 
performance score of 25% for the market hour
• Since we do not have automated scoring today, verification for settlements 

requires manual analysis for each regulating unit to determine eligibility for 
hourly regulation credits

• Benefits of Changes
– Bright line criteria for eligibility
– Does not compensate resources that do not provide system benefits
– Performance Score and credit withdrawal on the settlements report for increased 

visibility
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Approach to Address Frequency Regulation Issues 
Short Term

Disqualification from regulation market will be based on 100 hour 
rolling average of performance factors below 40%
• Today’s tests for resources in the regulation market often have unusable 

results and require manual calculation for each test.  These test do not give 
continuous feedback to operators on performance over time. 

• Benefits of Changes
– Allows continuous verification to help ensure good performance
– Increased visibility of how well each resource performs
– Allows reasonable notification time to regulation resources to allow them to 

improve performance
– Resources can re-qualify for the regulation market by following the current testing 

guidelines in Manual 12 which will reset the rolling average.
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Approach to Address Frequency Regulation Issues 
Long Term

Phase 2 – Implementation in late 2012
– All Phase 1 components continue
– Two part offer and settlement – Capacity and Mileage clearing on 

an hourly basis for the lowest total expected production cost
– Incorporating performance scores into clearing process to ensure 

the most economical resources provide regulation and a 
transparent market

– Reduction in total regulation requirement based on increased 
performance and resources following signals more closely 
aligned with their capabilities

• See Appendix A for more detail of Phase 2
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Approach to Address Frequency Regulation Issues 
Long Term

Two part offer and settlement – regulation capability and mileage 
clearing on an hourly basis for the lowest total expected production 
cost
• Today’s compensation mechanism does not align with value provided to 

system control
• Benefits of Changes

– Regulation credits will more accurately represent the regulation capability set-
aside to provide regulation AND the movement associated with providing 
regulation

– Units with the ability to provide fast regulation will receive about 3-4 times more 
mileage $ than traditional resources based on analysis of current control signals

– Resources with best values to come into the market that are both high quality and 
high value

• See Appendix C for formulae and an example of  two-part clearing price
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Approach to Address Frequency Regulation Issues 
Long Term

Incorporating performance scores into clearing process to ensure the 
most economical resources provide regulation and a transparent 
market
• The current regulation commitment stack looks at only bids, and not value to 

system control, when setting regulation assignments
• Benefits of Changes

– Payment determined by {Mileage Clearing Price * Normalized Miles of the 
Regulation Control Signal * Performance Factor * Regulation Capability}

– The commitment process selects the resources with the best value to system 
control when the clearing engine considers performance scores

– Incorporating performance scores in the clearing process, rather than only through 
after-the-fact adjustments, makes the market more transparent
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Approach to Address Frequency Regulation Issues 
Long Term

Reduction in total regulation requirement based on increased 
performance and resources following signals more closely aligned 
with their capabilities
• The regulation requirement needs to align with the reliability criteria and the 

design of the regulation market
• Benefits of Changes

– Decreasing regulation requirements reduces regulation payments
– Fewer resources providing regulation means more resources available for the 

energy market
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Questions?

Rus Ogburn 610-666-4427
Scott Benner 610-666-4246
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Appendix A
Two-Phased Approach and Current State Outline
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Phased Approach Outline
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Current State of Regulation  Market with 
Phase1 & 2 Modifications Noted
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Appendix B
Performance Scoring Summary and Examples
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Performance Score – 3 pieces

1) Accuracy – the correlation or degree of relationship between 
control signal and regulating unit’s response
– 5 minute rolling correlation with 10 second granularity
– Re-calculated with a 10 second time shift up to 5 minutes

2) Delay – the time delay between control signal and point of 
highest correlation from Step 1.
– Up to 5 minutes

3) Precision – Difference between the areas under the curve for 
the control signal and the regulating unit’s response.

NOTE: These pieces can be weighted independently.
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Performance Score Example  – Combined Cycle

Correlation: 0.95 Delay: 0.66      Precision: 0.74
Total Performance Score: 0.78
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Performance Score Example  – Steam Unit

Correlation: 0.56 Delay: 0.36     Precision: 0.004
Total Performance Score: 0.31
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Appendix C
Two-Part Regulation Market
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Two Part Offer – Regulation Capability 

• Capacity Offers determine the amount of regulation capacity that a 
resource offers into the regulation market

• The merit order of the regulation offers must be adjusted by the 
performance of the resources to properly account for the expected 
benefit to system control.
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Two Part Offer - Mileage

• “Mileage” is the total length of the control signal.

• The anticipated mileage costs must be adjusted by the expected 
movement of the resource during the hour and the expected 
performance of the resource.

• Expected mileage will be a 30 day average for that type of market 
hour (on/off peak or high/low delta load)
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Two Part Offer – Total Cost 

• Total offer for a resource is the summation of the following components.

• The rank order must be calculated per MW
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Two Part Offer – Clearing Price

• The Rank Order $/MW of the last resource assigned will set the 
Regulation Market Clearing Price (RMCP).

• This single RMCP creates the basis for setting the component clearing 
prices for capacity and mileage.
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Two Part Offer – MW requirements

• The market will have both a capacity and mileage requirement

• These requirements will be determined based on historical operations 
and off-line analysis and set to ensure compliance with NERC and PJM 
reliability needs.
– PJM sets limits to ensure compliance with NERC reliability requirements.
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RPSTF Two-Part Regulation Market
Clearing Price Example
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Clearing Price Example 

• Assuming Epsilon chosen 
at marginal based on 
capacity and mileage 
requirements being met 
with that unit.

• Therefore, $45/MW sets the 
Regulation Market Clearing 
Price.
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Clearing Price Example

• We now find the highest 
Adjusted Mileage Offer, 
which is $20/MW.  

• This sets the Mileage 
Clearing Price at $20/MW.

www.pjm.com

• The Capacity Clearing Price equals $45/MW - $20/MW = $25/MW.
• These component clearing prices will be used in the settlement 

calculations.
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