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Regulation Market Clearing 

• Regulation is cleared every hour for one hour look-ahead 

 Pricing is done every 5 minutes along with energy LMP in real-time 

• Regulation is cleared to meet the established requirements  

 525 Effective MW for Off-peak (0000 – 0500) 

 700 Effective MW On-Peak (0500 – 0000) 

• One RTO Regulation market and therefore one uniform clearing price (RMCP) 

 Clearing is based on merit (cost, performance, and benefits to the system) 

 Clearing price separates into capability and performance clearing prices (CCP and PCP) 

 No clearing price based on signal type (RegA, RegD) 

• The Area Control Error (ACE) is not a factor in the clearing process 

 Regulation is cleared one hour before operating time 
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Regulation Requirement in Effective MW  
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Effective MW vs. Actual 
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Effective 

MW 

Ave. Actual 

MW 

Ave.  

MBF 

Off 525 511 2.20 

On 700 697 2.14 
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Benefits Factor 

• The Benefits Factor (BF) models the rate of substitution between traditional 

RegA and dynamic RegD resources; 

• It enables the market to translate a fast moving resource‘s regulation MW into 

traditional MW, or effective MW; 

• It also adjusts the total cost of a RegD resource to make it attractive to the 

market clearing engine until the least cost optimum mix of RegD effective MW 

as a percentage of the regulation effective requirement; 

• Resource specific BF is calculated for all eligible RegD resources during the 

regulation market clearing process; 

• The benefits factor for RegA resource is 1 
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Benefits Factor Curve 
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Benefits Factor Calculation 

• BF is calculated for all eligible RegD resources 

• The calculation is one of the initial steps in the regulation clearing and pricing 

 Clearing in Ancillary Service Market Optimizer (ASO) an hour ahead 

 Pricing in Locational Pricing Calculator (LPC) in real-time 

• The Marginal Benefits Factor is the BF of the last RegD resource cleared to 

provide regulation service 

 MBF is a value determined after regulation clearing is completed 

 It has no effect in the regulation clearing 

 It is not used in regulation pricing 

 It is not used in the Market Settlement for regulation credit 
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Highlights of Root Cause 

• Two Market Clearing Issues identified 

 

 Adjusted Total Cost formulation is ineffective in instances of RegD 

self-scheduled and/or offered at $0; 

Market Clearing Engine is unable to optimally procure RegA/D mix 

 

 The current Benefits Factor curve is not aligned with regulation 

signal type dispatch in Operation 

RegD control signal at times in opposite of ACE control due to 

energy neutrality reset 
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Benefits Factor Calculation – Step 1 

• Step 1: Performance Adjusted MW 
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𝑷𝒆𝒓𝒇𝒐𝒓𝒎𝒂𝒏𝒄𝒆 𝑨𝒅𝒋𝒖𝒔𝒕𝒆𝒅 𝑴𝑾 = 𝑹𝒆𝒈𝑴𝑾 ∗ 𝑷𝑺  

 Performance Adjusted MW is the same as initial effective MW (BF set to 1 for all) 

 PS is the historic performance score of the resource 

 PS is a rolling average of actual hourly performance score of the last 100 hours a 

resource has operated or 

 PS is a weighted average of the initial or requalification scores that are then 

averaged with available actual hourly performance scores 
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Benefits Factor Calculation Steps 

• Step 2: Initial Adjusted Total Cost 

 All eligible RegD resources are ranked in ascending order of the Adjusted Total Cost 

 The calculation uses LMP energy-only 

 The initial BF of all RegD are assumed to be 1 
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Benefits Factor Calculation  - Issue 1 

• The modeling equation has performance score (PS) and benefits factor (BF) as 

denominators 

 Resources with high PS should look cheaper to the clearing engine 

 RegD resource with BF > 1 should look cheaper while BF < 1 should look expensive 

 The modeling equation is ineffective for instance when 

Multiple resources self-scheduled for regulation 

Multiple resources offered for regulation at $0  
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𝑻𝒉𝒆 𝑨𝒅𝒋𝒖𝒔𝒕𝒆𝒅 𝑻𝒐𝒕𝒂𝒍 𝑪𝒐𝒔𝒕 $ =  
𝑪𝒂𝒑$ + 𝑳𝑶𝑪$ + 𝑷𝒆𝒓𝒇$ 

𝑷𝑺 ∗ 𝑩𝑭
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Numerical Example  - Effect of Issue 1 (Good) 

Resource Offer MW Offer $ Performance 

Score 

Effective 

MW 

Adjusted 

Total Cost $ 

A 10 5 1.0 10 5 

B 10 5 0.9 9 5.56 

C 10 5 0.8 8 6.25 

D 10 5 0.7 7 7.14 

E 10 5 0.5 5 10 
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Among the goals of the Performance Based Regulation is to value a higher performing 

resource than a low performer 

Resource A is valued more then B, then C … because of the performance score 

The Adjusted Total Cost is the measure of chance to clear – the cheaper, the high chance 



PJM©2015 13 

Numerical Example  - Effect of Issue 1 (Not Good) 

Resource Offer MW Offer $ Performance 

Score 

Effective 

MW 

Adjusted 

Total Cost $ 

A 10 0 1.0 10 0 

B 10 0 0.9 9 0 

C 10 0 0.8 8 0 

D 10 0 0.7 7 0 

E 10 0 0.5 5 0 
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The current cost modeling equation is not effective in instance of regulation self-scheduled or 

offered at $0 

Resource A is not valued differently from E 

This issue has a negative effect on benefits factor calculation for RegD resources 
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Benefits Factor Calculation – Step 3 

• Effective MW Summation Based on Adjusted Total Cost (rank ascending) 
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Resource Offer 

MW 

Offer $ Performance 

Score 

Effective 

MW 

Adjusted Total 

Cost $ 

Rolling 

Eff_MW 

A 10 0 1.0 10 0 

39 

B 10 0 0.9 9 0 

C 10 0 0.8 8 0 

D 10 0 0.7 7 0 

E 10 0 0.5 5 0 

F 10 0.01 0.5 5 0.02 44 
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Benefits Factor Calculation  - Step 4 

• Resource specific benefits factor determination 

 The BF is the intersection on the Y (BF) axis of 

the corresponding rolling effective MW on the X 

(percentage RegD) axis 

 The slope equation is:  
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Benefits Factor Calculation Step 4 – Numerical Example 

• Resource Specific Benefits Factor Assignment 
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Resource Offer 

MW 

Offer $ Performance 

Score 

Effective 

MW 

Adjusted 

Total Cost $ 

Rolling 

Eff_MW 

Benefits 

Factor 

A 10 0 1.0 10 0 

39 

2.6394 

B 10 0 0.9 9 0 2.6394 

C 10 0 0.8 8 0 2.6394 

D 10 0 0.7 7 0 2.6394 

E 10 0 0.5 5 0 2.6394 

F 10 0.01 0.5 5 0.02 44 2.6060 

Resources with the same adjusted total cost share the same BF 
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Summary of Issue 1 and Recommendation 

• BF with Current Logic 

 

• BF with another logic 
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Perf_Adj_MW BF Eff_MW 

10 2.6394 26.4 

9 2.6394 23.8 

8 2.6394 21.1 

7 2.6394 18.5 

5 2.6394 13.2 

5 2.6060 13.0 

Total Eff_MW 116 

Perf_Adj_MW BF Eff_MW 

10 2.8332 28.3 

9 2.773 2.05 

8 2.7196 21.8 

7 2.6728 18.7 

5 2.6394 13.2 

5 2.6060 13.0 

Total Eff_MW 120 

 Current Adjusted Total Cost formulation is ineffective when resources self-scheduled or have offered at $0 

 High performing resources are not well valued 

 Effective MW is lost and may result in unnecessary additional MW commitment from RegA or RegD  

 Recommend a revision to the current Adjusted Total Cost formulation  
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Understanding Benefits Factor Curve – Issue 2 
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 The current curve allows for more 

RegD clearing than the right mix; 

 

 The right mix should be consistent 

with operation experience on 

regulation dispatch for ACE 

control 
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Performance Based Regulation – One Page Summary 
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RegA Raw / Eff MW = 292 / 238 

RegD Raw / Eff MW = 456 / 462 

 Effect of the Adjusted Total Cost 

formulation 

 Potential operation effect of high 

RegD percentage over RegA 

 Effect of MBF < 1  

 Effect of high Performance Score 

bunch 
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Summary 

• Recommend a revision to the Adjusted Total Cost formulation 

 Incent a better regulation resources performance 

 Allows for a more accurate valuation of RegD 

 Formulation does not affect pricing but Benefits Factor ranking only 

• Recommend a revision of the Benefits Factor Curve 

 Allows for optimal mix of RegD vs. RegA and align with current 

regulation dispatch practice 

• Affected document for revisions if these recommendation are taken 

 No change to Tariff or Operating Agreement 

 Change to manual 11 section 3 

www.pjm.com 


