ERCOT Fast Frequency Response 
Working Document – 5-6-14 

I. Definition of FFR Service
	Protocol Definition for Fast Frequency Response (FFR) Service –Concept Level – Consensus acceptance requested prior to Protocol Language development:

Fast Frequency Response (FFR):   A response from a resource that is automatically self-deployed and provides a full response within 30 cycles after frequency meets or drops below a preset threshold.  FFR may also be manually deployed 
and full response must be provided within 10 minutes. FFR Resources based on their sustainability and ability to restore may participate in sub-group FFR1 or FFR2. 

A resource providing FFR1 must be able to sustain a full response for maximum of 10 minutes and should fully restore within 10 minutes 
of receiving ERCOT’s recall instruction or continuous 10 minutes of deployment, whichever comes first. 

A resource providing FFR2 must be able to sustain a full response until ERCOT issues a recall instruction or the resource no longer has a responsibility  to provide the service, whichever comes first. The resource must be able to fully restore its FFR2 responsibility within 90 minutes 
after receiving ERCOT’s recall instruction. 

In the ERCOT Interconnection, the minimum amount of guaranteed cumulative FFR Service that must be self-provided by QSEs or procured by ERCOT for every Operating Hour is determined based on minimum FFR and PFR needed to avoid under-frequency firm load shedding for simultaneous loss of two largest units totaling 2750 MW.




Definition of NERC Contingency Reserve

The provision of capacity deployed by the Balancing Authority to meet the Disturbance Control Standard (DCS) and other NERC and Regional Reliability Organization contingency requirements.
Per BAL-002-01. 

R6. A Balancing Authority or Reserve Sharing Group shall fully restore its Contingency Reserves within the Contingency Reserve Restoration Period for its Interconnection.

R6.1. The Contingency Reserve Restoration Period begins at the end of the Disturbance Recovery Period.

R6.2. The default Contingency Reserve Restoration Period is 90 minutes.
Note: The term “Contingency Reserves” as used by NERC in the above includes the capacity reserves for FFR, PFR, Regulation and Contingency Reserve Services as described by ERCOT in the new Ancillary Services product set

Multiple Contingencies within the Contingency Reserve Restoration Period
Additional Reportable Disturbances that occur after the end of the Disturbance Recovery Period but before the end of the Contingency Reserve Restoration Period shall be reported and included in the compliance evaluation. However, the Balancing Authority or Reserve Sharing Group can request a waiver from the Resources Subcommittee for the event if the contingency reserves were rendered inadequate by prior contingencies and a good faith effort to replace contingency reserve can be shown.
II. Need for FFR Service
Primary Frequency Response is achieved through Governor or Governor-like action that is immediate and proportional to the frequency deviation; this response is generally delivered completely within 12 seconds to 14 seconds.  Fast Frequency Response (FFR) provides a full MW response within 30 cycles, slowing the frequency decay and allowing sufficient time for PFR-capable resources to respond.  The benefits and needs of FFR are:
· Increasing the time from point A (pre-disturbance, normal system frequency) to point C (frequency nadir/peak after a sudden power imbalance)
, shown in Figure 1, allowing PFR resources to respond and assist in arresting frequency decay.

· Raising the level of the frequency nadir to reduce the risk of frequency reaching or dropping below the first tier of under frequency load shedding, which is the backstop for the simultaneous loss of the system’s two largest units, totaling 2750 MW.
During periods with low inertia, in the absence of FFR Service, much higher PFR capacity reservation would be needed to ensure that sufficient response capability is available to arrest sudden frequency decay in the event of generation losses.  
The system need for Fast Frequency Response is that the resource fully responds before the C point, sustains its response long enough in order for full deployment of Contingency Reserve Service and restores quickly after the recall.  Resources that can provide either FFR1 or FFR2 are beneficial to ERCOT and therefore it is acceptable to allow both types of Resources to provide Fast Frequency Response.
FFR1 has maximum obligation of 10 minutes and must restore within 10 minutes following ERCOT recall instruction which means FFR1 will respond in 30 cycles and will restore itself in a short duration and be ready for the next event. FFR1 will also be at higher frequency set-point than FFR2 and therefore will be expected to respond to more events than FFR2. 

 On the other hand FFR2 is suitable for the resources that can be deployed for longer period but cannot be restored quickly like FFR1. During manual deployment FFR2 will be beneficial due to its ability to remain deployed for longer period.  
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Typical frequency response following a generator trip.
III. Deployment and Recall Requirement for FFR
	A Resource providing FFR shall monitor the system frequency and must deploy under the following conditions:

·  Automatically self-deploy and provide a full response within 30 cycles after frequency meets or drops below a preset threshold.

· Capable of manual deployment upon ERCOT instruction with full response provided within 10 minutes

ERCOT will use the current Responsive Reserve recall threshold of 59.97 Hz (for more than 1 minute) to recall FFR1 and FFR2 resources after automatic deployments. During the manual deployments FFR1 can restore after maximum deployment period of 10 minutes and FFR2 can only restore following a recall instruction by ERCOT. 



Discussion:
The initiation setting of the under-frequency relay shall not be any lower than 59.7 Hz; 
1. The under-frequency relay must have a delay of no more than 20 cycles (or 0.33 seconds for relays that do not count cycles). Total time from the time frequency first decays to a value low enough to initiate action of the under frequency relay(s) to the time Load is interrupted should be no more than 30 cycles, including all relay and breaker operating times;
2. When FFR is automatically deployed, ERCOT will deploy CR to restore FFR. 
3. ERCOT will issue the FFR recall instruction when the system frequency is equal to or above 59.97 Hz for more than 1 minute and the Contingency Reserve Capacity (NERC defined) has been restored to an acceptable level. 

IV. Qualification and Performance Measurement on Resources Providing FFR

A. Qualification

	A resource to be qualified for FFR services needs to meet the followings:

· Shall independently detect and record system frequency with an accuracy of at least one mHz.

· Shall automatically self-deploy the service within 30 cycles through an actual or pseudo frequency event.

· Shall be capable of manual deployment within 10 minutes following ERCOT’s instruction.

· Shall be capable of sustaining the full deployment for at least 10 minutes.

· 
· 
· 
· 
· 
· 
· The maximum capacity for a resource to participate in FFR shall be equal to or less than the approved capacity in the qualification test.




B. Performance Measurement

	A resource providing FFR service is required to meet the performance requirements in the following:

· When deployed the Resource must provide a minimum of 95% or maximum of 150% of the awarded FFR Responsibility.

· When automatically deployed the Resource must provide full response within 30 cycles once reaching the defined frequency threshold.

· When manually deployed by ERCOT the Resource must provide full response within 10 minutes once receiving ERCOT’s deployment instruction.

· A QSE shall fully restore its FFR1 responsibility within 10 minutes after receiving ERCOT’s recall instruction. A QSE shall fully restore its FFR2 responsibility within 90 minutes after receiving ERCOT’s recall instruction.




V. Methodology to Determine Requirement for FFR service 

Similar to Primary Frequency Response, ERCOT as the system Reliability Coordinator will determine the amount of FFR that needs to be procured in each hour of the Operating Day to assure an acceptable system frequency response.  ERCOT will conduct series of dynamic studies to quantify the amount of FFR and PFR needed under various system conditions.  The results of these studies together with applicable safety margins and amount of FFR procured will determine how much PFR is needed for each hour of the Operating Day.
VI. Work session and workshop discussions  comments
VII. (1/31/2014 work session)
1. Should ERCOT consider FFR-DOWN?
No, but should consider the FFR-DOWN software implementation.
(General consensus is to defer this item for later) 
2. Should ERCOT consider multiple frequency thresholds for FFR deployment?
No. ? (General consensus was that from Reliability perspective it makes sense but the market design gets really complicated, it was suggested to defer this for future until we see more compelling reliability reason. Some of this multiple frequency threshold is already happening today.)
3. What is an appropriate sustained response period for FFR? (The general consensus was that it’s not full hour but much shorter than full hour, it was suggested to align this with some existing NERC standard. ERCOT suggests a 10 minute sustained minimum period. This would allow sufficient time for the impact of the SCED dispatch of Contingency Reserve (CR) to be realized. 
4. What is an appropriate restoration period after receiving ERCOT’s recall signal?
FFR deployment sustained response for up to 10 minutes and should restore the responsibility within 90 minutes. 
  
5. What issues are associated with varying hourly FFR requirements?
Have further discussion after understanding the assessment results. (The general consensus was that month ahead determination of minimum requirements is sufficient advance notice. ERCOT’s draft proposal to produce indicative yearly minimum requirements based on offline studies was supported by Market Participants)
6. Should a resource participating in FFR be required to provide ERCOT with high resolution measurement data for both qualification and performance evaluation?
Require Resources to provide high resolution records after receiving ERCOT’s request.  No need to provide real time data or additional meter point to SCADA.
(2/21/2014 work session, 2/26/2014 workshop)
7. Need to discuss the FFR restoration time and provide historical LR’s deployment and restoration information.
ERCOT will provide an update in the working session on 2/28/2014.
8. Clarify the FFR manual deployment triggers. 
In progress, will provide updates in the working session in March, 2014.
9. Re-evaluate the FFR measurement recorder needs. 
ERCOT will provide an update in the work session on 2/28/2014 and revise the FFR working document language after the work session. 
10. Clarification of the qualification of FFR.
ERCOT will provide an update in the work session on 2/28/2014 and revise the FFR working document language after the work session.
11. Recommend to have resources discuss their capability, concern and challenges to participate in the FFR service in the following FAST workshop.
ERCOT will reach out to the DSWG and other WGs.
12. Post redline PFR work document.
Been posted at http://www.ercot.com/calendar/2014/02/20140225-FAST 
 
13. ERCOT to provide historical frequency performance .
	Year
	<59.70 HZ
	<59.75 HZ
	<59.80 Hz

	2008
	0
	1
	4

	2009
	0
	0
	4

	2010
	1
	7
	21

	2011
	0
	6
	18

	2012
	0
	6
	16

	2013*
	0
	5
	9
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� “Use of Frequency Response Metrics to Assess the Planning and Operating Requirements for Reliable Integration of Variable Renewable Generation” by Joseph H. Eto, Principal Investigator Lawrence Berkeley National Laboratory





�There was significant discussion one whether ERCOT should be able to manually deploy these Resources.  Reviewers may want to provide comments.


�More discussion is expected.  Reviewers may want to provide comments.
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