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Executive Summary
ERCOT implemented all steps of its Emergency Electric Curtailment Plan (EECP) on April 17, 2006, including firm load shedding, for the first time since December 22, 1989.  Two major factors led to ERCOT having to fully implement the EECP:

· ERCOT experienced record temperatures throughout the state on April 17, 2006 which resulted in a record peak demand for April of 51,714 MW.  The peak load would have been approximately 53,817 MW had ERCOT not been forced to shed approximately 1,200 MW of interruptible and 1,000 MW of firm load.
· There were a number of forced generator outages, particularly the loss of four units totaling 1,197 MW within a few minutes, which made it impossible for ERCOT to serve the high loads and maintain system frequency.  Approximately 14,000 MW of generation was also out for planned maintenance and not available during the emergency.

Load Forecast
The load forecast in the Day Ahead planning process for April 17th predicted a peak load of 49,018 MW.  The forecast was updated each hour and the 13:00 forecast for the peak hour on April 17 had increased to 51,114 MW, still significantly below what the peak would have been for the day, approximately 53,817 MW.  There appear to be two reasons for this forecast deviation.  First, the Dallas Fort-Worth temperature forecast used in the Day Ahead planning process for April 17th was 96 degrees Fahrenheit at peak.  The actual temperature for Dallas Fort-Worth at 17:00 on April 17th was 101 degrees Fahrenheit.  One degree Fahrenheit in this area usually correlates to 300 MW of load.  This accounts for about 1,500 MW error.  The remaining error appears due to a flaw in how the load forecast model adjusts itself for historical loads and issues with forecasting in the Coast weather region. 
Generation Availability
ERCOT runs a Replacement Market application that will procure units in order to maintain sufficient capacity and to meet transmission security requirements.  An additional analysis is also performed to identify the need for generation in specific areas to support voltage requirements.  These analyses are part of the Day Ahead process and are repeated periodically during the day.  The Day Ahead analysis resulted in an additional 2,542 MW of capacity directed to come on-line in order to support anticipated local congestion and voltage needs.  The maximum capability scheduled on-line and generating by 1500 on April 17, 2006 was 54,533 MW, approximately 3,335 MW more than needed to meet forecast load and Regulation and Responsive Reserve requirements.  There was an additional 1800 MW of off-line available generation that indicated a startup time of 30 minutes or less.  There was no indication Day Ahead that ERCOT would not be able to meet the load on April 17th.

The Replacement Reserve application was re-run in advisory mode at 1:00 am April 17 with a load forecast of 49,591 MW and again at 1:00 pm April 17 with a load forecast of 51,114 MW.  There was no indication that ERCOT would not be able to meet load demands in either study (Exhibit 1).  The Resource Plans indicated a maximum capability of 55,283 MW of scheduled on-line generation capability for peak hour.  Two of the units that were scheduled on-line and available for peak did not start on time.  One other unit had tripped shortly after noon but continued to predict an on-line and available status for the peak hour.

Between 14:00 and 15:00 system frequency began to decline and ERCOT contacted the QSEs showing the largest Responsive Reserve capability to request an increase in generation.  The QSEs indicated that they had no reserves available or could only increase by a limited amount.  ERCOT continued to indicate more than 3500 MW of Responsive Reserve.  All available Regulation was deployed and a portion of the Responsive Reserve was deployed.  ERCOT declared EECP and tripped interruptible load in order to maintain frequency and adequate reserves on generation.  Four units totaling 1197 MW tripped during EECP and the frequency fell below 59.8 Hz forcing ERCOT to execute EECP Step 4, firm load shedding.
Time Line and Description of Significant Events
· 18:00 April 16, 2006 execution of the Replacement Market Day-Ahead  with a next day peak forecast of 49,018 MW 

· 1:00 April 17, 2006 Re-run of the Replacement Reserve Application in Study mode with a 49,531 peak forecast.  There was no need for additional capacity predicted.

· 12:07 April 17, 2006 365 MW of capability was lost when XXXX tripped.  

· 13:00 Re-Run of Replacement Reserve Application in Study mode with a 51,114 MW peak forecast.  There was no need for additional capacity predicted.  XXXX was shown in the Resource Plan as on-line and available for HE16 with 125 MW of capability.  XXXX was shown in the Resource Plan by XXXX as on-line and available for HE16 with 303 MW of capability.  XXXX was shown on-line and available for HE16 with 365 MW of capability.  XXXX became available at 16:30 with a total capability of 606 MW.  XXXX became available at 17:30 with a total capability of 125 MW.  The Resource Plans incorrectly indicated a total capability of 55,234 MW.  Adjusting the Resource Plans capability by the amount of capability incorrectly shown, results in 54,441 MW of capability with a 51,114 MW predicted peak demand.

· 13:45 94% of the Up Balancing Bid Stack was deployed and 680 MW of Non-Spinning Reserve was deployed

· 13:52 XXXX contacted in order to verify their Responsive Reserve.  XXXX indicated that they had only 275 MW which would be gone when their generation increased to meet schedules.  XXXX’s Responsive Reserve was indicating 850 MW at this time.

· 14:21 Regulation Up fully deployed and frequency indicating 59.942 Hz.

· 14:36 XXXX contacted and given a VDI of 300 MW.  242 MW of Responsive Reserve was deployed by the system and frequency indicated 59.94 Hz.  ERCOT instantaneous Responsive Reserve Available was 3660 MW

· 14:48 XXXX contacted and asked them to increase to 400 MW and they relayed that they would be unable to comply 
· 15:00 99% of the Up Balancing Bid Stack was deployed and 830 MW of Non-Spinning Reserve was deployed

· 15:14 XXXX was contacted and issued a VDI to raise generation by 200 MW

· 15:17 EECP Step 1 initiated

· 15:24 Emergency power across the Eagle Pass DC Tie was requested

· 15:25 EECP Step 1 Hot line call was made to inform the market

· 15:33 533 MW of Responsive Reserve was deployed and frequency indicated 59.84 HZ.  

· 15:34 EECP Step 2 was initiated and all QSEs were instructed to drop LAARs

· 15:51 XXXX lost 220 MW (max cap 255 MW)
· 15:55 XXXX was issued a VDI for 35 MW of emergency power over the Eagle Pass DC Tie

· 16:00 East DC Tie began importing 150 MW of emergency power

· 16:01 XXXX lost 205 MW (max cap 255 MW)
· 16:04 XXXX lost 205 MW (max cap 222 MW)
· 16:07 XXXX lost 267 MW (max cap 465 MW). Total lost capability after EECP initiated was 1197 MW

· 16:10 A Hot Line call was made by the Frequency Desk to alert the QSEs that EECP Step 4 was being initiated 
· 16:13 Hot line call was placed to the TDSPs, ERCOT is in step 4 EECP and TDSPs were instructed to drop 1000 MW of load

· 16:13 ERCOT Frequency was indicating 59.79 HZ and the Interconnection Control Error was 1027 MW
· 16:17 XXXX lost 454 MW (max cap 486 MW)
· 17:32 Hotline call was made to instruct TOs to restore their share of 200 MW of firm load and to move to EECP step 3

· 17:51 Hotline call was made to instruct TOs to restore an additional 200 MW of firm load

· 17:56 Hotline call was made to inform TOs to remain at EECP Step 4 until the firm load is restored.

· 18:03 Hotline call was made to instruct TOs to restore an additional 300 MW of firm load

· 18:10 Hotline call was made to instruct TOs to restore the remaining 300 MW of firm load

· 18:21 Hotline call was made to instruct QSEs to restore 50% of LaaRs

· 18:26 Hot line call was made to inform the market that ERCOT was moving from EECP Step 4 to Step 2

· 18:29 Hotline call was made to instruct QSEs to restore the remaining 50% of LaaR

· 18:48 Hotline call was made to inform the market that ERCOT was moving from EECP Step 2 to Step 1

· 18:49 Emergency assistance over the East DC Tie was discontinued

· 18:54 VDI for emergency power over the Eagle Pass DC Tie was discontinued

· 19:20 Hotline call was made to inform the market that EECP has been cancelled
Observations/Data Review

14:00 – 15:00
FREQUENCY, SCE, AND ANCILLARY SERVICE DEPLOYMENTS

14:20
ERCOT depleted 1030 MW of procured Up Regulation and frequency continued to decline.  By 14:29 frequency had decayed to 59.91 Hz, the threshold for Responsive Reserve, and 243 MW of RRS is deployed.  5 MW of RRS is recalled as frequency briefly rises above the recall threshold at 14:38.
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15:00 – 16:00
FREQUENCY, SCE, AND ANCILLARY SERVICE DEPLOYMENTS

Regulation remained depleted through the hour.  Responsive initially recalled when frequency briefly recovers.  As frequency dropped lower below the 59.91 threshold, ERCOT AGC increased the amount of Responsive deployed.  At 15:25 EECP Step 1 was declared requesting all QSEs to start all resources available.  At 15:34 ERCOT declared Step 2 of the EECP and deployed all LaaR awarded Responsive Reserve Service, and shortly after recalled Responsive from spinning resources.
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16:00 – 17:00
FREQUENCY, SCE, AND ANCILLARY SERVICE DEPLOYMENTS
Responsive Reserve was deployed for the majority of the hour to compensate for the multiple unit trips at 16:01, 16:05, 16:07, and 16:17.  All available Non Spin was deployed by 16:15.  When frequency went below 59.8 HZ, Step 4 of the EECP was declared at 16:13 requesting firm load shedding of 1,000 MW.  Step 3, public appeal for conservation, was implemented at 16:25.
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Using RP data from the16:00 RPRS Study on 4/16/06
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Using RP data from the12:56 RPRS Study on 4/17/06
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Using RP data from the 01:00 RPRS Study on 4/17/06
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17:00 – 18:00
FREQUENCY, SCE, AND ANCILLARY SERVICE DEPLOYMENTS
All Responsive Reserve from spinning resources recalled and frequency recovered shortly after 17:10.  ERCOT began ordering restoration of firm load shed for EECP Step 4 in 200 MW blocks at 17:31.  No QSE had average SCE less than -10 MW for HE 18:00, with the exception of the 3 QSE that lost 1 or more resources.  These 3 carried average SCE similar to the previous hour – 530 MW (QSE B), -445 MW (QSE D), and -415 (QSE L).
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ERCOT daily CPS score for 4/17 was 37
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LaaR Response
Preliminary Data indicates that approximately half of the LaaRs responded within the required ten minute time frame when EECP Step 2 was declared at 15:34.  The remaining portion of the required LaaR response appears to have taken an additional ten minutes to respond.  The actual interruptible load response was slightly higher than the 1150 MW LaaRs providing Responsive Reserve Service.
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Load Forecast Analysis

AREVA re-examined the Load Forecast Model using the actual corrected weather and concluded that the computed error in the forecast was 3100 MW.  The model did not adapt to the change in load during the day.  AREVA discovered that the refined forecast correction was either not working or was severely restricted.  Refined forecast is the term used to describe the “on the fly” adaptation performed by the e-terraloadforecast.  The adaptation is applied to correct the previous day-ahead forecast and to track actual changes in the load and weather inputs throughout the operating day.  The report states that there is a significant likelihood that the refined forecast filter factors for all of ERCOT’s load forecast areas were incorrectly modeled.  The model development was performed using an AREVA application where the filter factor was given in weeks instead of days.  This would have restricted the application to roughly 10% of the expected recovery factor it needed to adjust to the actual load and weather ERCOT experienced on April 17th.  AREVA suggests that the reasonability limits on bad data restrictions should be tightened.
The majority of the forecast error was concentrated in the Coast Load area.  The error in the Day-Ahead forecast for the Coast and the Actual Coast Load was 2568 MW.  The Day-Ahead forecast error for the North Central Load area was 1250 MW.  There was a 5 degree Fahrenheit error in the temperature forecast for Dallas-Fort Worth.  Past data indicates a 260 - 300 MW average error caused by 1 degree error in the temperature forecast.

The model was recently trained using the last two years worth of historical data that ERCOT has using current weather zones    The load on Sunday the day before the event was 43,895 MW the highest April load in the last two years.  The next highest April load occurred on April 28, 2005 and was 41,484 MW.  

Backcast Day Ahead Analysis

The April 16 RPRS study was re-run with a load of 53,783 MW instead of the 49,018 MW forecast at the time.  The estimated load of 53,783 was later revised to 53,817 after a more thorough examination of LaaR deployments and firm load shedding.  RPRS was not re-run with this revision because the first approximation of the adjusted load was very close.  A comparison of the units RPRS procured and the units on-line in PI at 16:00 indicated that RPRS with a higher load forecast would have procured an additional 1026 MW.  Market participants were running more units in real-time on April 17th than they had scheduled in their Sunday 1600 Resource Plans.  The following is a list of additional units that would have been procured by RPRS but were not shown online for April 17th:

XXXX – 51 MW; XXXX  – 100MW; XXXX – 59MW; XXXX – 19MW; XXXX – 12MW; XXXX – 193MW; XXXX – 208MW; XXXX – 63MW; XXXX – 74MW; XXXX – 135MW; XXXX – 163 MW
Backcast Same–Day Analysis

Based on Resource Plans, it would appear the difference in forecast and actual load could have been covered by excess scheduled capacity in the Resource Plans plus quick start capacity that was available in 30 minutes or less.

· Max Capability shown on-line and available in the 1300 April 17 pm study minus the load forecast did not indicate that we would have been in EECP.  However, the Max Capability shown on-line and available in the 1300 April 17 study minus the actual adj. peak load, would have indicated that we would have been close to EECP Step 1 (Exhibit 2)
· 55,283 MW (Max Capability shown on-line at peak)

· -53,817 MW (adj. load at peak)

· = 1466 MW (RRS on Generation at peak)

· + 1150 MW (RRS on LAAR at peak)

· =  2616 MW (RRS at peak) RRS Obligation = 2300 MW

· -793 MW (late starting or tripped after 1200)

· = 1823 MW (RRS at peak) less than RRS obligation forced EECP Step 1

· -1197 MW (tripped units during EECP)

· -115 MW of capacity lost on steam turbine when GT tripped

· = 511 MW (RRS at peak)

· The combinations of the unit that tripped at noon and units that did not start on time added up to 793 MW, forcing us to go into EECP and shed LAARs
· The units that tripped during EECP added up to 1197 MW, forcing us to shed firm load

· 511 MW of RRS is based on average integrated values for the hour, ERCOT must cover instantaneous load which can be significantly higher
Conclusions

ERCOT did not accurately forecast the unseasonably high loads that occurred on April 17.  If it had forecasted the actual peak load the day before, there should have been approximately 1,026 MW more capacity procured by ERCOT.  However, given the loss of generating capacity during the day, ERCOT would still have been in the EECP and close to, but possibly not in Step 4.  
Exhibit 1

The Maximum Capability in the 16:00 Day-Ahead RPRS study, the 1:00 am Current Day and the 13:00 Current Day RPRS studies indicate that ERCOT should be able to meet the load Forecast at peak.
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Exhibit 2

The Maximum Capability in 13:00 Current Day RPRS study minus the actual adjusted peak load for April 17th, indicates that ERCOT would have been close to EECP and possibly in EECP Step 1.
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Load Forecast Graphs
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Graphs of RPRS Studies
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Attachment 1 - Questionnaire for Qualified Scheduling Entities

Subject:  EECP event of 04/17/2006
To assist ERCOT in its review of the Emergency Electric Curtailment Plan (EECP) operations on April 17, 2006, ERCOT requests the following:
1. With respect to your Resource Plan in effect as of 1300 on 4/17/06, please provide the following information:

a. A list of Resources shown on your Resource Plan as on-line and available for hours ending 1600 and 1700 that did not generate as scheduled.

b. For Resources generating on 4/17/06, was their output limited due to any fuel restraints?

i. If so, please explain the nature and duration of the restraint

c. If you experienced Resource trips, did you inform ERCOT about the trip?

i. If yes:

1. provide information regarding the ERCOT employee to whom you provided the information

2. When did you provide the information

3. describe the information you provided to ERCOT

ii. If no, please provide an explanation regarding why you did not inform ERCOT

d. Did you provide any notice to ERCOT regarding Resources that were not on-line when they were scheduled to be on-line?

i. If yes:

1. provide information regarding the ERCOT employee to whom you provided the information

2. When did you provide the information

3. describe the information you provided to ERCOT

ii. If no, please provide an explanation regarding why you did not inform ERCOT

e. How much Responsive Reserve was your Energy Management System calculating as on-line and available at 1530?

f. Were your Resources subject to any limitations that you did not show in the Resource Plan or through telemetry?

2. Were you predicting an abnormally high demand for 4/17/06 and, specifically, for hours ending 1600 and 1700?

3. Were you concerned about being short on capacity on 4/17/06?

a. If yes:

i. Did you discuss your concerns with anyone at ERCOT?

1. If yes, provide information regarding the ERCOT employee to whom you provided the information

2. When did you provide the information

3. describe the information you provided to ERCOT

b. If no, please provide an explanation regarding why you did not inform ERCOT

4. What actions did you take when notified by ERCOT of the capacity insufficiency?

5. How much Non-Spinning Reserve Service did you provide from off-line Resources and from on-line Resources?

Attachment 2 - Questionnaire for Transmission Operators

Subject:  EECP event of 04/17/2006
To assist ERCOT in its review of the Emergency Electric Curtailment Plan (EECP) operations on April 17, 2006, ERCOT requests the following information:
TO Requests

1. Did you observe any voltage problems in your monitored area?

2. Were there any actual overloads observed and, if so, how long did the overload last?

3. Please answer the following questions regarding Load shed:

a. How much Load did you shed?

b. What stations?

c. For how long was the Load shed? 

d. What time did you put the Load back in service?

4. Did you have any temperature forecasts that differed from ERCOT’s published temperature forecast?

5. In response to the capacity insufficiency, did you return to service any equipment scheduled for maintenance outages on 4/17/06?























































































































































Max Capacity at 16:00:


4/16 16:00 Study: 50,661 MW


4/17 01:00 Study: 54,382 MW


4/17 12:56 Study: 55,234 MW





Load Forecast at Peak:


4/16 16:00 Study: 49031 MW


4/17 01:00 Study: 49591 MW


4/17 13:00 Study: 51114 MW





Exhibit 1





  2616 MW of RRS available 





Units that were late starting & A Unit that was on-line at noon and then tripped, reduced ERCOT Reserves to 1823 MW forcing EECP and the shedding of LAAR load





1197 MW of tripped Capability during EECP forced the shedding of firm load





Exhibit 2





Preliminary Data from 4/17/06 Event





Load Forecast at Peak:


4/16 16:00 Study: 49018 MW


4/17 01:00 Study: 49591 MW


4/17 13:00 Study: 51114 MW





69 degrees at 06:00 in DFW





101 degrees at 17:00 in DFW





Maximum On-Line Capacity of 51,829 MW at 16:00





69 degrees at 06:00 in DFW





101 degrees at 17:00 in DFW





69 degrees at 06:00 in DFW





101 degrees at 17:00 in DFW





Maximum On-Line Capacity of 54,644 MW at 19:00





LaaR Response 





69 degrees at 06:00 in DFW





101 degrees at 17:00 in DFW





Load Forecast at Peak:


4/16 16:00 Study: 49018 MW


4/17 01:00 Study: 49591 MW


4/17 13:00 Study: 51114 MW
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Using RP data from the12:56 RPRS Study on 4/17/06
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