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Agenda 

• Regulation Requirement 
– Preliminary Results  

• MRTS Curves 
– Process flow to show how MRTS curves are developed 
– Examples MRTS curves 
– Summary of different MRTS curves based on different RegD 

energy storage sizes 
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Regulation Requirement 

• Current Regulation Requirement: 
– On-Peak (0500-2359) – 700MW Effective 
– Off-Peak (0000-0459) – 525MW Effective 
– 15,925 MWh daily for regulation 

 
• Proposed Regulation Requirement: 

– Seasonal Requirements (Fall, Winter, Spring, Summer) 
– Ramp/Non-Ramp periods defined based on historical evaluation 

and engineering study 
– Ramp hours will procure more MW compared to Non-Ramp hours  

www.pjm.com 
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Preliminary Requirement Level: 
• Ramp Hours =  800MW Effective 

– Preliminary, investigating potentially separate requirements for morning and evening ramps 
• Non-Ramp Hours = 600MW Effective 
 

Determination of Requirement Level: 
• Evidence additional regulation is needed during ramping hour 
• Frequency Bias decrease of 14.27% in 2016 adds to lower CPS and higher BAAL minutes  

– Frequency Bias change from -1555MW/0.1Hz to -1333MW/0.1Hz 
• Requirements will be re-evaluated quarterly after new signal implementation 
• Requirement increase in line with frequency bias change 

– Ramp Hours = 700*1.1427% = 800MW Effective 
– Non-Ramp Hours = 525*1.1427% = 600MW Effective 

www.pjm.com 
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Seasonal Definition 
• Fall (Preliminary) 

– Months: September 1 – November 30 
– Ramp hours: HE6 – HE8, HE18 – HE24 
– Daily Procurement: 16,400 MWh 
 

• Winter (Preliminary) 
– Months: December 1 – February 29 
– Ramp hours: HE6 – HE9, HE18 – HE24 
– Daily Procurement: 16,600 MWh 
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Seasonal Definition 
• Spring (Preliminary) 

– Months: March 1 – May 31 
– Ramp hours: HE6 – HE8, HE18 – HE24 
– Daily Procurement: 16,400 MWh 

  
• Summer (Preliminary) 

– Months: June 1 – August 31 
– Ramp hours: HE6 – HE14, HE19 – HE24  
– Daily Procurement: 17,400 MWh 
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MRTS Process Flow 
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MRTS Process Flow 

• The engineering relationship is defined between RegA and RegD resources by 
evaluating how well various mixes of RegA and RegD control ACE 

www.pjm.com 

1 
2 

3 How to read the relationship map: 
(example data only) 
1. Best Control with 1000MW of total 

regulation and ~30% RegD 
 

2. Good Control with 700MW of total 
regulation and ~25% RegD 
 

3. Worst Control with 400MW of total 
regulation and ~100% RegD 
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MRTS Process Flow 

• Isoquants are developed on this graph based on a fixed level of ACE control (black 
line below) while varying the amount of total regulation and % of RegD 
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How to read the isoquant: 
(example data only) 
• Example: 825MW and 0%RegD 

is the same control as 575MW 
and 10% RegD 
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MRTS Process Flow 
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• Different Isoquants can be drawn within the 
engineering simulation results  

• Isoquant to be used for MRTS 
development will be in line with the 
defined requirement and desired ACE 
control  
 

(example data only)  
• If requirement is 800 effective MW, the 

Isoquant would start at 800MW of RegA 
only 
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MRTS Process Flow 

• Control value at 800MW of 
RegA only will be used as 
the control base 

• All RegA-RegD ‘MW pairs’ 
matching this control are 
then selected 

(example data only)  
• See boxed values in the plot 

to the right 
– Data interpolation used 

between points for 
more accurate results 
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MRTS Process Flow 

• RegA – RegD  ‘MW pairs’ 
(example data only) 
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RegA Perf. 
Adj. MW 

RegD Perf. Adj. 
MW 

Total Reg Perf. 
Adj. MW 

800  0               800  
625  50             675  
550 100            650  
480 150            630  
425 200            625  
378 250            628  
340 300            640  
320 350            670  
300 400            700  
280 450            730  
270 500            770  
255 550            805  
240 600            840  
230 650            880  

• Plot ‘MW pairs’ to define RegA-RegD 
solution space (example data only) 
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MRTS Process Flow 

• By taking the derivative of the RegA - RegD solution curve, the MRTS Curve is 
defined, which gives the rate of technical substitution (RTS) between RegA and RegD 

• (example data only) 
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𝑑𝑑
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MRTS Process Flow 

• Use MRTS Curve to clear RegA 
and RegD resources to least cost 
solution 

• X-axis is RegD performance 
adjusted MW  

• Y-axis is the Rate of Technical 
Substitution to translate RegD MW 
to equivalent RegA MW 
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MRTS Process Flow 

www.pjm.com 

Define 
Engineering 
Relationship  

Identify 
Desired ACE 

Control 

Determine 
RegA -RegD 
‘MW Pairs’ of 

Equivalent 
Control 

Derive the 
MRTS Curve 
to Determine 

Rate of 
Technical 

Substitution 

Optimize 
Commitment 
of RegA and 

RegD to 
Least-Cost 

Solution  



PJM©2016 18 

MRTS Definition  

 
 
 

MRTS Definition for Seasonal and Ramping/Non-Ramping hours 
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Fall Ramping MRTS Definition  
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• 30 minute energy storage modeled 
• Effective Requirement for ramping hours = 800MW 
• Use control at 800MW of RegA only to find RegA-RegD ‘MW pairs’ which yield equivalent control 
• Data interpolation used between control points to increase accuracy 
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Fall Ramping MRTS Definition  
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Requirement: 800 Effective MW 

• 30 minute energy storage modeled 
 
• MRTS = 1 

– 35% Perf. Adj. MW of RegD make up 
total Regulation Requirement 

– 245 Perf. Adj. MW of RegD 
 

• MRTS = 0 
– 64% Perf. Adj. MW of RegD make up 

total Regulation Requirement 
– 548 Perf. Adj. MW of RegD 
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Fall Non-Ramping MRTS Definition  
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• 30 minute energy storage modeled 
• Effective Requirement for non-ramping hours = 600MW 
• Use control at 600MW of RegA only to find RegA-RegD ‘MW pairs’ which yield equivalent control 
• Data interpolation used between control points to increase accuracy 
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Fall Non-Ramping MRTS Definition  
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Requirement: 600 Effective MW 

• 30 minute energy storage modeled 
 
• MRTS = 1 

– 36% Perf. Adj. MW of RegD make up 
total Regulation Requirement 

– 191 Perf. Adj. MW of RegD 
 

• MRTS = 0 
– 68% Perf. Adj. MW of RegD make up 

total Regulation Requirement 
– 452 Perf. Adj. MW of RegD 
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Fall Summary Results Ramp 
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Controllers Where MRTS = 1 Controllers Where MRTS = 0 

Ramp/ 
Non-Ramp Value Today 15 New 30 New 60 New Today 15 New 30 New 60 New 

Ramp 

% Perf. Adj. RegD MW 1% 26% 35% 38% 68% 58% 64% 67% 

Perf. Adj. RegD MW 6 195 245 262 610 525 548 565 

Total Perf. Adj. MW 
(RegA+RegD) 800 743 702 687 902 907 853 838 

Effective MW Req. 800 800 800 800 800 800 800 800 

• Today = MRTS creation using controller in production today 

• 15/30/60 New = MRTS creation using the new controller with conditional neutrality and 15, 30, or 60 

minute energy storage 
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Fall Summary Results Non-Ramp 
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Controllers Where MRTS = 1 Controllers Where MRTS = 0 

Ramp/ 
Non-Ramp Value Today 15 New 30 New 60 New Today 15 New 30 New 60 New 

Non-Ramp 

% Perf. Adj. RegD MW 0% 30% 36% 40% 66% 65% 68% 74% 

Perf. Adj. RegD MW 2 164 191 209 587 456 452 484 

Total Perf. Adj. MW 
(RegA+RegD) 600 554 531 521 892 700 660 657 

Effective MW Req. 600 600 600 600 600 600 600 600 

• Today = MRTS creation using controller in production today 

• 15/30/60 New = MRTS creation using the new controller with conditional neutrality and 15, 30, or 60 

minute energy storage 
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Fall Ramping MRTS Definition  
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• 15 minute energy storage modeled 
• Effective requirement for ramping hours = 800MW 
• Use control at 800MW of RegA only to find RegA-RegD ‘MW pairs’ which yield equivalent control 
• Data interpolation used between control points to increase accuracy 
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Fall Ramping MRTS Definition  
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Requirement: 800 Effective MW 

• 15 minute energy storage modeled 
 
• MRTS = 1 

– 26% Perf. Adj. MW of RegD make up 
total Regulation Requirement 

– 195 Perf. Adj. MW of RegD 
 

• MRTS = 0 
– 58% Perf. Adj. MW of RegD make up 

total Regulation Requirement 
– 525 Perf. Adj. MW of RegD 



PJM©2016 28 

Fall Non-Ramping MRTS Definition  
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• 15 minute energy storage modeled 
• Effective Requirement for non-ramping hours = 600MW 
• Use control at 600MW of RegA only to find RegA-RegD ‘MW pairs’ which yield equivalent control 
• Data interpolation used between control points to increase accuracy 
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Fall Non-Ramping MRTS Definition  

www.pjm.com 

Requirement: 600 Effective MW 

• 15 minute energy storage modeled 
 
• MRTS = 1 

– 30% Perf. Adj. MW of RegD make up 
total Regulation Requirement 

– 164 Perf. Adj. MW of RegD 
 

• MRTS = 0 
– 65% Perf. Adj. MW of RegD make up 

total Regulation Requirement 
– 456 Perf. Adj. MW of RegD 
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Fall Ramping MRTS Definition  

www.pjm.com 

• 60 minute energy storage modeled 
• Effective requirement for ramping hours = 800MW 
• Use control at 800MW of RegA only to find RegA-RegD ‘MW pairs’ which yield equivalent control 
• Data interpolation used between control points to increase accuracy 
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Fall Ramping MRTS Definition  

www.pjm.com 

Requirement: 800 Effective MW 

• 60 minute energy storage modeled 
 
• MRTS = 1 

– 38% Perf. Adj. MW of RegD make up 
total Regulation Requirement 

– 262 Perf. Adj. MW of RegD 
 

• MRTS = 0 
– 67% Perf. Adj. MW of RegD make up 

total Regulation Requirement 
– 565 Perf. Adj. MW of RegD 
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Fall Non-Ramping MRTS Definition  
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• 60 minute energy storage modeled 
• Effective Requirement for non-ramping hours = 600MW 
• Use control at 600MW of RegA only to find RegA-RegD ‘MW pairs’ which yield equivalent control 
• Data interpolation used between control points to increase accuracy 
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Fall Non-Ramping MRTS Definition  

www.pjm.com 

Requirement: 600 Effective MW 

• 60 minute energy storage modeled 
 
• MRTS = 1 

– 40% Perf. Adj. MW of RegD make up 
total Regulation Requirement 

– 209 Perf. Adj. MW of RegD 
 

• MRTS = 0 
– 74% Perf. Adj. MW of RegD make up 

total Regulation Requirement 
– 484 Perf. Adj. MW of RegD 
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