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Objective 

The objective of this sensitivity study was to measure the effects of increasing governor droop settings on the Dynamics Working Group study “Utilizing High-Set Load Shedding Schemes to Provide Responsive Reserve Services.”   In the original Responsive Reserve Study case, droop was set at 5% for all governor models in the base case; for these sensitivity cases droop was changed to 7% and 9% and critical scenarios were repeated and compared with the original analysis.      

Summary of Results

ERCOT Staff investigated increased droop settings using the Spring Off peak dynamics base case with two major generation trips: loss of 2,500 MW of generation (both STP units) and loss of 700 MW of generation at DOW.   For each loss of generation case, the two additional droop values were simulated for a total of four runs using approximately 100 hours of CPU time and 8 man-days.

For the 700 MW drop runs, the major problem encountered is over-frequency. 

For the 2500 MW drop runs, the major problem encountered is under-frequency.   In particular, the runs with 25% interruptible load or less exhibit frequency so low that Under-Frequency Load Shedding (UFLS) Stage 2 at 58.9 Hz would trip.  The Dynamics Working Group found this unacceptable (loss of 15% of ERCOT load).

The following shows the effect of changing the droop settings from 5% to 7% or 9% on the Summary Tables from the original Responsive Reserve Study.  (Only the main scenarios from the Spring Off-Peak case are compared):

Limit of interruptible load that can be used to replace Responsive Reserve

Based on Main Scenarios – Spring Off-Peak case

Original Responsive Reserve study – 5% Droop:

	
	Case 1 - 25%

575 MW
	Case 2 -50%

1150 MW
	Case 3 -75%

1725 MW
	Case 4 -100%

2300 MW

	Level a: 59.7
	Any
	Any
	<= 60 %
	N/A

	Level b:

59.8
	Any
	Any
	<= 45 %
	N/A

	Level c:

59.9
	Any
	Any
	<= 60 %
	N/A


Base Case – 0 MW interruptible – 2300 MW from generation – OK

Limit of interruptible load that can be used to replace Responsive Reserve

Based on Main Scenarios – Spring Off-Peak case

Using 7% or 9% Droop settings:

	
	Case 1 – 25%

575 MW
	Case 2 -50%

1150 MW
	Case 3 -75%

1725 MW
	Case 4 -100%

2300 MW

	Level a: 59.7
	All FAIL
	Any
	<= 50 %
	N/A

	Level b:

59.8
	All FAIL
	Any
	<= 30 %
	N/A

	Level c:

59.9
	All FAIL
	Any
	<= 50 %
	N/A


Base Case – 0 MW interruptible – 2300 MW from generation – FAILS

Discussion of Results 

The following is an overview of the droop function as it pertains to this sensitivity study. 

Turbine governors are designed to increase the power output of the machine when the frequency deviates. The objective of governor speed droop is to allow the magnitude of governor response to be shared by all participating generators.  By definition droop is the amount of speed (or frequency) change that is necessary to cause the main prime mover control mechanism to move from fully closed to fully open.  In general, the percent movement of main prime mover control mechanism can be calculated as the speed change (in percent) divided by the per unit droop.   This power-frequency characteristic is known as “speed droop” (or steady state regulation.).  Speed droop is expressed in percent of frequency change between no load and full load on the generation unit.  Typical operating units have speed droop in the range 4%-5%.  A 5% speed droop means that as the frequency drops by 5% (60.0 – 3.0 = 57.0 Hz), the governor will tend to increase machine output by 100%.  

Governor response is limited by several factors.  Within the first few seconds following a disturbance that causes an imbalance between load and generation, governor response changes the generators powers.  During this initial period, additional generation reaction is based on available spinning reserve.  It is critical that enough spinning reserve be available to arrest the frequency decline.  Augmenting spinning reserve, load can be shed by automatic under-frequency load shedding relays to arrest the initial decline and help stabilize the system.   The main concern for units providing spinning reserve is the thermal stresses in the turbine when combined load shedding and spinning reserve does not balance the system.  

A 7% speed droop would mean that as the frequency deviates by 7% ( 60.0 - 4.2 = 55.8 Hz ) the governor will change machine output by 100%.   But when compared with a 5% droop unit, the 7% droop unit would respond with a reduction in change of additional MW than the 5% droop unit would for the same frequency deviation.

The following plot is an example of droop response at 4% and 5% of a 60 MW machine.  It can be seen that for an increase in droop the generator’s response reduces (slope for megawatt change is less). This behavior would suggest that for spinning reserve studies dealing mainly with frequency decrease, there is more room for active load to cover for the slow response of generators with larger droop values. (Example graph is provided for discussion purposes only.) 


[image: image2.wmf] Turbine Governor Response to Frequency - Max Capability 60 MW
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Additional DWG Comments


The difference between the calculated overall system droop and the 5% used in the DWG study requires some explanation.  The DWG was aware, before the RRS study was started, that the calculated overall system droop was much more than the 5% recommended for all governors in ERCOT.  First, recall that the governor action we are discussing is automatic governor action occurring before a human operator or AGC can take action.  Second, recognize the difference between an overall system droop and the droop setting on an individual unit.  The DWG assumed the droop of all governors in ERCOT has been set at approximately 5%.  The observation that the overall system droop is greater than 5% likely can be attributed to a significant number of units not having sufficient governor action.  There can be several reasons for this including the unit operating at maximum output, the unit operating in sliding pressure control, automatic governor action disabled, or, in the case of combustion turbines, operating on temperature control.  The DWG felt is was impossible to predict which unit would be available for responsive service, or how the automatic governor action of any specific unit would respond.  For the study, first all of the governor models were removed.  Then, governors were added one at a time to simulate specific, predefined megawatts of automatic governor response.  Units with governors had a droop of 5%.  The DWG did not calculate an overall system droop for the study, but it was certainly greater than 5% since most units did not have a governor modeled, and thus no automatic governor action.   The DWG study methodology does have some important implications.  It defines the average automatic governor response for individual units and the minimum amount of megawatts from automatic governor action needed to maintain the frequency within the specified limits for specified loss of generation.  The DWG study recommendations essentially define minimum requirements needed to maintain system frequency.


The ERCOT staff study, as evaluated by DWG does illustrate how important the droop setting is to frequency control.  ERCOT staff changed the 5% droop on the governor models used by the DWG to 7% and 9%.  The 7% and 9% refers to individual unit droop, not overall system droop.  Increasing the unit droop increases the overall system droop.  The result of these droop changes can be higher frequency overshoot or uncontrolled frequency decline, depending on the circumstance.  The ERCOT staff study illustrates the statements in the DWG study indicating that the recommendations must be implemented to obtain the stated level of system performance.  It also illustrates that given the unknown state of the ERCOT system droop, it is possible that an incident could occur when insufficient automatic governor action is available resulting in unexpected and severe frequency swings and loss of load.  Implementation of the DWG recommendations should result in an adequate system droop at all times, thus minimizing uncertainty and the likelihood of such system challenges.

Additional Observations

· Runs compared:

· Series 3: 700 MW drop with UFLS, 5% Droop

· Series 31: 700 MW drop with UFLS, 7% Droop

· Series 32: 700 MW drop with UFLS, 9% Droop

· Series 1: 2500 MW drop with UFLS, 5% Droop

· Series 33: 2500 MW drop with UFLS, 7% Droop

· Series 34: 2500 MW drop with UFLS, 9% Droop

· For the 700 MW drop runs, the major problem encountered is over-frequency. 

· For the 5% droop runs, 25 combinations fail (Series 3).

· For the 7% droop runs, 59 combinations fail (Series 31).

· For the 9% droop runs, 59 combinations fail (Series 32).

· For the 2500 MW drop runs, the major problem encountered is under-frequency. 

· All runs were acceptable with 75%, or 50% interruptible load

· For the 5% droop runs, with 25% interruptible load (Series 1): No combinations fail: frequency decays to 59.27 Hz, and recovers to 59.76 Hz.

· For the 7% droop runs, with 25% interruptible load (Series 33): All combinations fail: frequency decays to 59.02 Hz, and doesn’t recover.

· For the 9% droop runs, with 25% interruptible load (Series 34): All  combinations fail: frequency decays to 58.90 Hz, and doesn’t recover.  We would probably get some amount of UFLS Stage 2 tripping.

· For the 5% droop runs, with no interruptible load (Series 1): frequency decays to 59.27 Hz, and recovers to 59.7 Hz.

· For the 7% droop runs, with no interruptible load (Series 33): frequency decays to 58.88 Hz, and doesn’t recover.  UFLS Stage 2 would trip.

· For the 9% droop runs, with no interruptible load (Series 34): frequency decays to 58.88 Hz, and doesn’t recover.  UFLS Stage 2 would trip.
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