
Final Assessment for Fast-Responding Regulation Service Pilot Project
March 25, 2014
On November 13, 2012, the ERCOT Board of Directors (“Board”) directed ERCOT Staff to conduct a pilot project to test a “Fast Responding Regulation Service”—a form of Regulation Service requiring full response within 60 cycles of a substantial deviation in system frequency or receipt of an ERCOT deployment signal.  This document presents a final assessment of the pilot project for the ERCOT Board and summarizes the costs and benefits of the FRRS pilot over the entire period of the project.  
1. BACKGROUND AND ADMINISTRATION OF THE PILOT PROJECT
As stated in the Governing Document for the Fast-Responding Regulation Service Pilot Project (“Governing Document”), the purpose of this pilot project was to: 
· Determine whether FRRS can improve ERCOT’s ability to arrest frequency decay during unit trips;

· Determine the optimal means of deploying FRRS by testing various deployment methodologies; 

· Determine whether FRRS can reduce the need for Regulation Service and thereby reduce total Ancillary Service costs;
· Assess the operational benefits and challenges of deploying FRRS;

· Provide data for ERCOT to determine the appropriate settlement treatment for Resources providing FRRS, including possible “pay-for-performance” methods such as those being developed in response to FERC Order 755.
ERCOT’s evaluation of each of these purposes is included in Section 2, below.  

A. Project Timeline and Participation
ERCOT began deployments of participating Resources on February 25, 2013 and conducted the final deployments of pilot Resources on February 28, 2014.  During the course of the pilot, three Resources were qualified and participated:

1) Participant 1 was a nominal 36 MW battery in Winkler/Ector County.  The battery was modeled as a Generation Resource and a Load Resource.  The Generation Resource was qualified through testing to provide up to 32 MW of FRRS-Up and the Load Resource was qualified to provide 30 MW of FRRS-Down.

2) Participant 2 was a nominal 1 MW battery in Harris County.  The battery was modeled as a Generation Resource and a Load Resource.  The Generation Resource was qualified to provide up to 1 MW of FRRS-Up and the Load Resource was qualified to provide 1 MW of FRRS-Down.
3) Participant 3 was a nominal 0.1 MW fleet Electric Vehicle Charging Station in Tarrant County.  The charging station was modeled as a Load Resource and was qualified to provide up to .1 MW of FRRS-Up.  The Resource was made up of a fleet of 12 electric vehicles.
The degree of participation of each of these Resources varied throughout the course of the pilot.  The following graph shows the range of aggregate quantities of FRRS-Up awards during the entire period of the pilot for all hours in which one or more offers were submitted: 
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The following graph shows the range of aggregate quantities of awards of FRRS-Down during the entire period of the pilot for all hours in which one or more offers were submitted:
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B. Performance Summary

The following table shows the aggregate performance of the pilot Resources for each month during the pilot as a percentage of the awarded MWh that were provided within the acceptable thresholds established in the Governing Document:
	FRRS Performance per Month

	Operating Month
	FRRS-UP Performance
	FRRS-DN Performance

	Feb 25 - 28 2013
	74%
	68%

	March 2013
	89%
	80%

	April  2013
	98%
	75%

	May 2013
	94%
	62%

	June 2013
	95%
	15%

	July 2013
	92%
	6%

	August 2013
	92%
	No offers

	September 2013
	92%
	No offers

	October 2013
	90%
	No offers

	November 2013
	97%
	No offers

	December 2013
	93%
	No offers

	January 2014
	95%
	No offers

	February 2014
	99%
	No offers


The following graph shows the aggregate hourly performance of the pilot Resources providing FRRS-Up. The “Original” bar is the sum of the originally awarded MWs in each hour of the pilot, and the “Actual” bar is the sum of MWs in each hour that met the performance criteria specified in the Governing Document.
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The following graph shows the aggregate hourly performance of the pilot Resources providing FRRS-Down. The “Original” bar is the sum of the originally awarded MWs in each hour of the pilot, and the “Actual” bar is the sum of MWs in each hour that met the performance criteria specified in the Governing Document.
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C. Program Costs
The final total of payments to the pilot Resources was $1.781 million for entire pilot period.  The table below shows the payments for FRRS-Up and FRRS-Down:    
	Ancillary Service
	Total Cost ($)
	Max Price ($/MW)
	Min Price ($/MW)
	Average Price ($/MW)

	FRRS Up
	$1,754,100.63
	4,999.00
	0.01
	10.11

	FRRS Down
	$27,190.91
	150.00
	0.01
	5.84

	Total
	$1,781,291.54
	
	
	


The table below shows the “Original Payments” and “Final Payments” for each month during the pilot.  The “Original Payments” column shows the payments made on initial settlement. The “Final Payments” represent the payment after adjustments due to performance outside of the acceptable thresholds.

	
	Original Payments
	Final Payments
	% Change

	Total FRRS Payments
	$1,907,681.01
	$1,781,291.54
	-6.6%

	
	
	
	
	

	FRRS UP
	Month
	Original Payments
	Final Payments
	% Change

	
	Feb 25 - 28 2013
	$10,183.36
	$7,612.72
	-25.24%

	
	March 2013
	$158,130.04
	$139,681.61
	-11.67%

	
	April  2013
	$157,402.14
	$154,135.96
	-2.08%

	
	May 2013
	$171,071.32
	$160,598.05
	-6.12%

	
	June 2013
	$166,055.04
	$155,912.66
	-6.11%

	
	July 2013
	$118,330.14
	$109,445.57
	-7.51%

	
	August 2013
	$181,810.68
	$167,821.18
	-7.69%

	
	September 2013
	$129,126.92
	$120,557.16
	-6.64%

	
	October 2013
	$124,302.80
	$112,829.60
	-9.23%

	
	November 2013
	$103,418.80
	$96,752.80
	-6.45%

	
	December 2013
	$91,180.40
	$84,671.80
	-7.14%

	
	January 2014
	$114,997.76
	$109,405.20
	-4.86%

	
	February 2014
	$335,605.71
	$334,676.32
	-0.28%

	
	Total
	$1,861,615.11
	$1,754,100.63
	-5.78%

	
	
	
	
	

	FRRS Down
	Month
	Original Payments
	Final Payments
	% Change

	
	Feb 25 - 28 2013
	$3,057.90
	$2,206.30
	-27.85%

	
	March 2013
	$31,319.71
	$18,184.86
	-41.94%

	
	April  2013
	$4,267.12
	$3,302.87
	-22.60%

	
	May 2013
	$3,814.09
	$2,593.68
	-32.00%

	
	June 2013
	$2,840.93
	$865.48
	-69.54%

	
	July  2013
	$766.15
	$37.72
	-95.08%

	
	August 2013
	$0.00
	$0.00
	0.00%

	
	September 2013
	$0.00
	$0.00
	0.00%

	
	October 2013
	$0.00
	$0.00
	0.00%

	
	November 2013
	$0.00
	$0.00
	0.00%

	
	December 2013
	$0.00
	$0.00
	0.00%

	
	January 2014
	$0.00
	$0.00
	0.00%

	
	February 2014
	$0.00
	$0.00
	0.00%

	
	Total
	$46,065.90
	$27,190.91
	-40.97%


To provide a point of reference for the cost of this pilot, the table below shows the costs and prices for the other Ancillary Services for the time period of the FRRS pilot.  The self-arranged amounts were priced using the clearing price, and the dollar amounts are included in the “Total Cost” column. 
	Ancillary Service
	Total Cost ($)
	Average % Self Arranged
	Max Price ($/MW)
	Min Price ($/MW)
	Average Price ($/MW)

	NSPIN
	45,195,084.32
	4%
	250.01
	0.90
	3.45

	RRS
	278,830,860.00
	18%
	501.71
	0.98
	11.24

	REGUP
	49,208,362.53
	4%
	4,999.00
	0.01
	10.11

	REGDN
	22,847,386.50
	4%
	150.00
	0.01
	5.84

	Total
	396,081,693.35
	
	
	
	


Existing ERCOT staff executed all the tasks associated with the pilot.  Work was required by several groups at ERCOT through the course of the pilot including the Operations Analysis, Settlements and the IT Development groups.  The administrative cost impact of the pilot is estimated to have been less than 1 Full-Time Employee for the duration of the pilot project.

2. FINAL ASSESSMENT 
ERCOT provides the following observations on each of the purposes identified in the Governing Document for the FRRS Pilot Project: 

Purpose 1: Determine whether FRRS can improve ERCOT’s ability to arrest frequency decay during unit trips. 
ERCOT observed that FRRS can improve ERCOT’s ability to arrest frequency decay during unit trips.  Pilot resources independently detected the system frequency and demonstrated their capability to slow sudden frequency decays triggered by loss of Generation Resources in real-time.  As an example, the following graph shows the response of a pilot Resource to an actual event on May 22, 2013.  This response was typical of pilot Resources for approximately 80 unit-trip events during the course of the pilot. 
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ERCOT’s analysis of the rate of change of frequency (RoCoF) indicates that if a portion of the resources providing Regulation are fast-responding, there is less residual frequency deviation that requires response from conventional resources.  
The graph below shows actual FRRS deployment signal from ERCOT and FRRS Resources Response against that signal mapped with frequency. The RoCoF 30 seconds prior to the FRRS deployment signal and 30 Seconds after FRRS Resources response (accounting for 10 second delay) were averaged for each deployment by month from January 2013 (one month before the pilot deployments began) to February 2014. 

[image: image1][image: image6.png]ERCOT & QSE Summary 4/22§2013 4:18:33 PM

4 603 14

16:15:30 16:16:00 16:16:30 O === 16:17:30 ; 16:18:00 16:18:30
Freauencvy FRRS-Ub Debnloved FRRS Resbonse Reaulation Debloved




Between February 25, 2013 and February 28, 2014, inclusive, there were more than 43,000 FRRS Deployments, and Resources responded with an average of approximately 12.5 MW per deployment.  ERCOT has calculated that the average decrease in the RoCoF is 7 mHz for each 30 seconds after the FRRS response.  The following table shows the reduction in RoCoF during the months of the pilot compared with the months immediately preceding the pilot (January and February 2013):  
	Month/ Day
	Average MW FRRS-up Deployed
	Average RoCoF  prior to FRRS-up Deployment trigger being reached (mHz/30 Sec)
	Average RoCoF after FRRS-up Response trigger reached (mHz/30 Sec)

	January, 2013
	0.00*
	21.79
	17.31

	Feb 1 to Feb 24
	0.00*
	27.61
	18.96

	Feb 25 to Feb 28
	12.05
	23.44
	11.76

	Mar-13
	14.40
	23.38
	12.03

	Apr-13
	11.57
	19.57
	13.40

	May-13
	12.45
	18.36
	12.61

	Jun-13
	14.15
	15.66
	9.66

	Jul-13
	14.57
	14.24
	9.66

	Aug-13
	13.08
	13.52
	8.76

	Sep-13
	11.08
	16.85
	9.34

	Oct-13
	14.42
	17.95
	11.07

	Nov-13
	14.38
	19.40
	11.60

	Dec-13
	11.07
	16.09
	10.53

	Jan-14
	10.20
	17.12
	9.92

	Feb-14
	10.26
	16.56
	10.23

	· *FRRS not deployed before pilot began on February 25, 2013


Purpose 2: Determine the optimal means of deploying FRRS by testing various deployment methodologies.  
Through the course of the pilot, seven different parameter settings were in place for various time periods.  ERCOT concludes that the final parameter settings optimized the operational benefit of the participating fast-responding Resources.  Over the course of the pilot, ERCOT learned that it could obtain greater benefit from these Resources by reducing the trigger for signal-based deployment from +/- 0.09 Hz to +/- to 0.05 Hz.  Below is a table showing the set of parameters used at the beginning of the pilot and the final set of parameters used for the last few months of the pilot. 

	Parameter Settings
	The Original Pilot Parameter Settings (Operating Day 2-25-13)
	The 7th and Final Pilot Parameters Settings (Operating Days 12-14-13 through 2-28-14)

	Band 1 High Trigger Frequency (Hz)
	60.03
	60.03

	Band 2 High Trigger Frequency (Hz)
	60.05
	60.04

	Band 3 High Trigger Frequency (Hz)
	60.09
	60.05

	Self-Deployment High Frequency (Hz)
	60.09
	60.09

	Band 1 Low Trigger Frequency (Hz)
	59.97
	59.97

	Band 2 Low Trigger Frequency (Hz)
	59.95
	59.96

	Band 3 Low Trigger Frequency (Hz)
	59.91
	59.95

	Self-Deployment Low Frequency (Hz)
	59.91
	59.91

	Capacity Deployment in Band 1 (%) 
	50
	40

	Capacity Deployment in Band 2 (%) 
	100
	70

	Capacity Deployment in Band 3 (%) 
	100
	100

	Maximum Deployment Time per Band (sec) 
	120
	60

	Recall Interval (sec) 
	12
	12

	Single Event Reset High Trigger Frequency (Hz)
	60.01
	60.01

	Single Event Reset Low Trigger Frequency (Hz)
	59.99
	59.99


The table below shows the expected cumulative amount of time a Resource would be expected to respond with the parameter settings that were in place for each of the indicated months.  For example, with the parameter settings in place in April (a time period with a narrow dead-band), the Resources were expected to respond more frequently and longer than in other months. 
	
	Total FRRS Deployment Durations (Hour)
	Total FRRS Deployment Durations (Hour)

	Month
	Down
	UP

	February (start on 2/25)
	11.42
	11.17

	March
	106.53
	120.76

	April 
	128.86
	127.89

	May
	90.74
	92.87

	June 
	77.3
	82.27

	July
	74.66
	79.06

	August
	68.95
	72.26

	September
	77.11
	86.36

	October
	64.33
	77.03

	November
	61.04
	74

	December
	42.38
	59.7

	January_2014 
	55.34
	76.9

	February_2014
	71.35
	75.78


Purpose 3: Determine whether FRRS can reduce the need for Regulation Service and thereby reduce total Ancillary Service costs 
ERCOT has determined that fast and accurate responses from a portion of the Resources providing Regulation Service can lower the overall amount of this service that needs to be procured.  ERCOT’s analysis of the rate of change of Regulation deployment shows that FRRS reduced the deployment of Regulation following a frequency deviation.  The graph below shows the actual FRRS deployment signal from ERCOT, FRRS Resources Response to that signal, and the Regulation Deployment Signal mapped with frequency: 
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ERCOT’s calculations show that the average rate of change of Regulation 30 seconds after FRRS response decreased by 12 MW per 30-seconds: 

	Month/ Day
	Average MW FRRS-up Deployed
	Average Rate of Change of Regulation-Up deployed prior to Reaching FRRS-up Deployment Trigger (MW/30 Sec)
	Average Rate of Change of Regulation-Up deployed after  Reaching FRRS-up Deployment Trigger (MW/30 Sec)

	January, 2013
	0.00*
	69.25
	36.91

	Feb 1 to Feb 24
	0.00*
	77.15
	42.03

	Feb 25 to Feb 28
	12.05
	80.35
	18.61

	Mar-13
	14.40
	80.12
	21.32

	Apr-13
	11.57
	64.70
	25.24

	May-13
	12.45
	62.32
	32.17

	Jun-13
	14.15
	59.10
	32.35

	Jul-13
	14.57
	58.41
	27.77

	Aug-13
	13.08
	55.29
	28.05

	Sep-13
	11.08
	64.20
	31.51

	Oct-13
	14.42
	64.68
	28.46

	Nov-13
	14.38
	61.09
	27.15

	Dec-13
	11.07
	61.05
	27.31

	Jan-14
	10.20
	51.34
	27.42

	Feb-14
	10.26
	50.30
	27.85

	*FRRS not deployed before pilot began on February 25, 2013


Purpose 4: Assess the operational benefits and challenges of deploying FRRS. 
As stated above, ERCOT has determined that FRRS can provide an ascertainable operational benefit to the ERCOT System by reducing the rate of change of frequency as well as the rate of change of Regulation deployment.  ERCOT observed that some pilot Resources seemed to have difficulty in providing the FRRS-Down service.  
Purpose 5: Provide data for ERCOT to determine the appropriate settlement treatment for Resources providing FRRS, including possible “pay-for-performance” methods such as those being developed in response to FERC Order 755.  
ERCOT has collected data on the magnitude and accuracy of the response of FRRS Resources.  This data could be used to evaluate settlement based on a “pay-for-performance” method, such as those developed by other ISOs in response to FERC Order 755.  As a result of NPRR 581, Add Fast Responding Regulation Service as a Subset of Regulation Service, fast-responding Resources are now eligible to participate in ERCOT’s conventional Regulation Service by following a separate signal unique to these Resources.  ERCOT stakeholders participating in the Future Ancillary Services Team (FAST) initiative are currently evaluating whether a fast responding service should be adopted as part of a new portfolio of Ancillary Services, and what settlement treatment would be appropriate for Resources qualifying for this service.  
3. CONCLUSION

The pilot showed that the use of a faster-responding Regulation Service has the potential to increase the reliability of the ERCOT system at a lower total cost to Load as compared with solely relying on conventional Regulation Service.  ERCOT continues to support improvement to the procurement, deployment, and settlement of all Ancillary Services as part of the FAST initiative.
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