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1. Introduction

Two years ago, Energy Mark recommended the addition of a Frequency Response Service (FRS) to the Ancillary Services included in the Texas Market.  Recently, the economists engaged to evaluate the nodal design for the Texas market repeated that recommendation, and the first steps in adding that service have been taken by the Texas Nodal Team into their design of a nodal market for Texas.  To this end, Randy Jones from Calpine has prepared a white paper defining a Governor Response Service (GRS).  This white paper is a good start at defining this service and has been attached to this paper as Appendix 1 – Governor Response Service.
This paper provides an evaluation of the GRS defined in the white paper and provides specific suggestions that will significantly improve that service definition.
2. Evaluation of Governor Response service
The GRS definition offered is a good start but lacks some characteristics important for effective inclusion in a market.  These desired characteristics are enumerated and discussed in this section.
Generalize the GRS to FRS:

The GRS definition is written to include only frequency response provided by a generator through the provision of governor response.  In a fair market, demand side providers should be included equally in the service definition.  This is one way to insure that the market is fair with respect to how it allows for participation of all resources or demands and how it provides compensation for the services delivered.  Therefore, the service definition should be defined by the response characteristic alone and not by the limitations of the physical equipment providing that response.  In fact, Texas already has a similar service described by the Load Acting As Resource (LAAR).  The generalization of the GRS into a Frequency Response Service will allow all of these similar services to be defined, measured and valued under a common definition.  A workable method for doing this will be offered later in this document.
Define a Totally Separate Service:

The GRS definition requires that the response be offered for all generating units bidding into the Responsive Reserve market.  This linkage is not necessary.  In addition, this requirement prevents any unit that cannot provide governor response from participating in the Responsive Reserve market.  This restriction is both unnecessary and reduces the depth of the Responsive Reserve market to the detriment of competition in that market.  Additionally, when the two markets are linked in this manner, it becomes more difficult to substitute a higher value service for a lower value service when prices and quantities offered in the market would make that substitution advantageous.  Therefore, it is recommended that the service not be linked to any other service in the market.
Redefine Responsive Reserve to Remove Linkage to GRS:

If the FRS is separated from the Responsive Reserve service not only must the new FRS be defined but the Responsive Reserve service must be redefined.  This redefinition is necessary to remove requirements from that Responsive Reserve service that are related to the provision of FRS.  An example of this would be the elimination of the 20% of capacity requirement currently included in the Responsive Reserve service definition.
Remove Restrictions of 5% and 10% Droop on Values of Response Offered:
The GRS definition only allows two values of response to be bid into the market, 5% droop and 10% droop.  This restriction is also unnecessary and will limit those allowed to make offers into this market.  The response should be defined in general terms that are independent of the size of the resource making the offer.  Therefore, the offers should be made as MW response per Hz or MW response per 0.1 Hz.  The conversion from droop to response is easily made.  Additionally, the values of response can be directly added allowing easier evaluation of total market position.

Eliminate the Requirement for Governors to be in-service:

This requirement is unenforceable.  The reason is that even when a governor is in-service, the unit can be operated in a mode such that the governor cannot control the generator output (valves wide open sliding pressure mode), or the governor is overridden by other operating characteristics of the generator (axial compressor pressure drops with frequency eliminating governor response).  The only way to insure that governors provide the desired frequency response under all conditions is to continuously measure that response.
Measure the FRS Continuously:

If the service is measured continuously, and that measurement is used to value the service there is no need to verify whether the service was provided or not.  The measurement and associated compensation will automatically send the correct incentives to those participating in the market to self enforce their verification and participation.  When defined in this way much of the complexity of the service associated with verification and compliance would be eliminated making management of the service less complex.
When Frequency Response is continuously measured using a measurement technique such as linear regression, it is automatically weighted for the higher value of response provide during larger frequency excursions, but it also includes the value for the frequency response provided when frequency deviations are small.  If this is not done, there is a natural bias in the market provided in favor of generators that have a dead-band.  This bias will eventually result in a reduction of frequency response for small frequency deviations causing greater frequency variability when frequency is close to schedule to the detriment of interconnection reliability.  This continuous measurement of frequency response will also eliminate the need for ERCOT’s PDCWG to perform numerous studies to confirm response. 
Eliminate Dead-bands from the Definition:

Eliminate dead-bands from the definition of Frequency Response.  Instead define the measurement to correctly adjust the amount of response provided by any dead-band that actually affects the delivery of the response offered.  By doing this, the parties offering response are required to internalize the effect of any dead-band in their bid price for the response.  This internalizes the additional risk contributed by the dead-band into the bid price of the party bidding a resource with a dead-band into the market.  As a result, the comparison of bids from resources offering different dead-bands can be directly compared with one another without biasing that comparison.
Define the Operating Limits for Response:

The limits for a generator should be defined between the minimum load on the machine and the maximum capability for the machine.  The amount of service provided should not require the generator to operate outside the range defined for continuous and stable operation.  This eliminates the need for the verification.  For a demand participating in the same market the upper and lower limits would be defined by the range of demand that is being offered into the FRS market. 
Eliminate the Requirement that all generators operate with their governors in service:

If the FRS is measured continuously, there is no need to require or verify that a generator is operating with its governor in service.  The continuous measurement will provide this information.
Set Appropriate Limits on the Amount of Response from a Single Resource:
Instead of setting a 20% limit on the amount of Frequency Response, limit the amount that a single resource can offer to the change in output that would result from a specific frequency excursion.  An example could be the change in output for a frequency excursion of 0.6 Hz.  This would be equivalent to an excursion to 59.4 Hz, a small amount above the first frequency relay limit of 59.3 Hz.  As it turns out, this would be equivalent 20% of the capacity of a generating unit with no dead-band and a 5% droop, but it could include the entire load offered as part of LAAR.
Reduce the Need for Compliance Measurement and Reporting:

If the continuous measurement of the service is performed correctly, then the requirements 8) through 14) of the GRS Definition Real-time can be eliminated.  By replacing these requirements with a continuous measurement methodology, the complexity of compliance verification can be greatly simplified.
3. Discussion of Recommended Improvements

In the previous section of this paper, the GRS was evaluated and recommendations were made to improve that service definition.  This section provides the technical discussion and support for the specific recommendations made in that section.
Generalize FRS Definition:

A generalized definition of a Frequency Response Service can be developed by considering and including only the characteristics of the service that are important for interconnection reliability and excluding those characteristics that do not support interconnection reliability.  When the service is defined in this manner, the definition becomes a minimal definition of the service desired.  At the same time, the measurement of the service is clearly defined because it is no longer complicated by all of the special circumstances that may be involved with delivery of the service.  Of course for this approach to work the measurement methodology must correctly capture all of those special circumstances involved with delivery and weigh the effects of those special circumstances fairly.

The simplest definition of a Frequency Response Service is a definition in the form of a simple direct linear relationship between a change in interconnection frequency and a change in MW balance resulting from a response to that change in frequency.  This relationship is normally represented as , Frequency Response in MW per Hz, or B, Frequency Bias in MW per 0.1 Hz.  Either basis can be used since they differ only by a factor of ten in their value due to their defined relationship to frequency.  Since this relationship is the slope of a line when MWs are plotted against frequency it should be relatively easy to measure using existing data available to the system operator.
The FRS is defined as a response in MW per 0.1 Hz.  Tenths of Hz have been chosen because the normal response that will be delivered on an interconnection will be delivered for frequency errors in the range of tenths of Hz well below one Hz.  Since the relationship is a direct relationship, the sign of the acquired response is negative.  In addition, the range of the response must also be determined.  The range of the response indicates the frequency range over which the response is contracted to be delivered.  If the interconnection is expected to operate with a frequency range from 59.5 Hz to 60.5 Hz, then sufficient FRS should be contracted to insure that frequency response is provided over that range of frequency operation.  This means that a frequency response of -5 MW per 0.1 Hz requires a MW range of +/- 25 MWs to insure delivery of the service over the full operating range of interconnection frequency.  This however is only a lower bound to the amount of response that should be contracted.  If additional response is contracted within a narrower band of frequency operation, it is acceptable to contract for more frequency response in the wider bands of frequency operation.  This substitution of one form of frequency response for another recognizes that the driving variable is not frequency directly but the resource-demand imbalance that causes frequency error.  This response has been plotted in Figure 1 - Frequency Response Plot.
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Figure 1 shows the relationship between Frequency and the MW Response elicited by that frequency, but it does not reveal the true relationship between the FRS and interconnection frequency.  This relationship is correctly defined by the relationship between interconnection Frequency Error and the resulting MW Response due to that Frequency Error.  Equations (1a) and (1b) describe this relationship in mathematical terms.  
Fig. 1 - Frequency Response Plot indicates MW Response as a function of interconnection frequency. 
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Where:
RF
=
Estimated Frequency Response in MW


B
=
Frequency Bias in MW per 0.1 Hz


FA
=
Actual Frequency in Hz


FS
=
Scheduled Frequency in Hz
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This relationship is correctly shown in Figure 2 – Frequency Response Definition.
Fig. 2 - Frequency Response Definition indicates MW Response as a function of interconnection Frequency Error. 
Note that the defined Frequency Response is the same relationship as shown on the Frequency Response Plot and that the slope of the line indicates a negative direct relationship.  In addition, there is no allowance in this definition for dead-bands or specific response triggers.  Adjustments for these special circumstances will be automatically included within the measurement methodology.  This ability to include the adjustments in the measurement methodology creates a level playing field between different resources, and between resources and demands.
Measure FRS Continuously:
Since the FRS has been defined as a linear relationship between the interconnection frequency error and the MW Response of a market resource or demand, the measurement can be easily performed using a simple linear regression.  The definition of the required response relationship also requires this regression to intersect the origin.  This requires the use of a specific linear regression equation without a term to describe the Y intercept instead of the more general regression equation that is normally used.  This more specific regression equation is shown as Equation (2).
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(2)
Where:
RF
=
Estimated Frequency Response in MW


B
=
Estimated Frequency Bias in MW per 0.1 Hz


ARF
=
Actual Response in MW

F
=
Frequency Error in Hz


The over-bars indicate that the values are averages for the measurement intervals.
A few alternatives demonstrate the relationships included in the measurement methodology.  Before presenting these alternatives some simple characteristics set a frame of reference for the examples.
Frequency Error Distributions:

The frequency error on all of the North American interconnections is distributed in a form that is very close to what is known as a Normal or Gaussian Distribution.  On the Texas Interconnection, this distribution has a standard deviation close to 30 mHz.  In the following plot, the Probability Density and Cumulative Probability Distributions have been plotted for a normal frequency error with a standard deviation of 30 mHz.  These distributions are shown in Fig. 3. – Frequency Error Distributions.
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Fig. 3 - Frequency Error Distributions for the Texas Interconnection. 
Before believable measurement alternatives and examples can be provided, it is necessary to be able to create reasonable simulations for this frequency error data and any responses to that data by resources connected to the interconnection.  As part of this effort, the Cumulative Frequency Error Distribution from the simulation is shown in Fig. 4 – Cumulative Frequency Error Distribution.  This simulation is for 1000 data points and provides a good approximation of the Texas Interconnection Frequency Error for use in the alternative and examples.  This same distribution methodology is also used to estimate the random error associated with the individual responses that shows up as the scatter on the X – Y Plots.
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Frequency Response Plot
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Fig. 4 - Cumulative Frequency Error Distribution for the Texas Interconnection simulations. 
Alternative Methods of Measurement:

Two alternative methods of measurement are demonstrated in the following examples and then compared to each other.  These examples demonstrate both the validity and interchangeability of the two methods considered.
Alternative I:  Measure Unscheduled Frequency Response

If it is assumed that the Frequency Response is not included in the energy schedules, then the difference between the scheduled energy and the actual energy will provide the data to use in the regression equation.  Three example responses have been created to demonstrate this methodology.
Example 1 – No Dead-band Response:

The error that would result from a generator with no governor dead-band that is meeting its scheduled responsibilities is labeled MW Response.  The MW Response has been plotted against the Frequency Error in Fig. 5 – No Dead-band Response.  A regression line is plotted as the best estimate of the frequency response provided by those MW errors.
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It can be seen from the regression line that the frequency response in this example is very close to a frequency response of -5 MW per 0.1 Hz.  This is the frequency response that has been used in all of the simulations for the slope of the base responses excluding the dead-bands.
Fig. 5 - No Dead-band Response with regression line. 
Example 2 – Step Dead-band Response:

The error that would result from a generator with a 30 mHz governor dead-band provided by a digital control system that is meeting its scheduled responsibilities is labeled MW Response.  The MW Response has been plotted against the Frequency Error in Fig. 6 – Step Dead-band Response.  A regression line is plotted as the best estimate of the frequency response provided by those MW errors.

In this example, the step in the dead-band can be seen in the cluster of the data points.  The slope of the regression line in this example is greater, slightly less negative, than the slope from the pervious example with no dead-band.  This means that the resource with No Dead-band provided more frequency response than the resource with a Step Dead-band.  This difference is appropriate because the resource with the Step Dead-band is providing less frequency support than that provided by the resource with No Dead-band shown in Example 1.
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Fig. 6 - Step Dead-band Response with regression line.
Example 3 – Ramp Dead-band Response:

The error that would result from a generator with a 30 mHz governor dead-band provided by a mechanical governor or a digital control system that is meeting its scheduled responsibilities is labeled MW Response.  The MW Response has been plotted against the Frequency Error in Fig. 7 – Ramp Dead-band Response.  A regression line is plotted as the best estimate of the frequency response provided by those MW errors.

In this example, the ramp from the dead-band can be seen in the data points.  The slope of the regression line in this example is greater, significantly less negative, than the slope from the pervious example with a Step Dead-band.  This means that the resource with Step Dead-band provided more frequency response than the resource with a Ramp Dead-band.  This difference is appropriate because the resource with the Ramp Dead-band is providing less frequency support than that provided by the resource with Step Dead-band shown in Example 2.
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Fig. 7 - Ramp Dead-band Response with regression line.

Alternative II:  Measure Scheduled Frequency Response Error
An alternative method of measurement is to explicitly schedule the Contracted Frequency Response as a contracted responsibility.  In this case, the error terms will contain the delivery error from all scheduled responsibilities for the resource.  When the error terms are calculated in this manner, the MW Response is not the actual response delivered but the error in the response delivered as compared to the response contracted.  The same resource deliveries as used in Alternative I Examples 1, 2, and 3 are shown in the following three examples.  The difference is that the Contracted Frequency Response has been removed from the MW Response values to get the MW Response Error values.
Example 1 – No Dead-band Response:

The error that would result from a generator with no governor dead-band that is meeting its scheduled responsibilities is labeled MW Response Error.  The MW Response Error has been plotted against the Frequency Error in Fig. 8 – No Dead-band Response Error.  A regression line is plotted as the best estimate of the frequency response provided by those MW errors.

It can be seen from the regression line that the Frequency Response Error in this example is very close to zero.  This indicates that the Contracted Frequency Response has essentially been delivered as contracted.
Fig. 8 - No Dead-band Response Error with regression line.[image: image20.wmf]No Dead-band Response Error
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Example 2 – Step Dead-band Response:

The error that would result from a generator with a 30 mHz governor dead-band provided by a digital control system that is meeting its scheduled responsibilities is labeled MW Response Error.  In this case it is assumed that the Contracted Frequency Response is explicitly included in the scheduled responsibilities of the resource.  The MW Response Error has been plotted against the Frequency Error in Fig. 9 – Step Dead-band Response Error.  A regression line is plotted as the best estimate of the frequency response provided by those MW errors.

In this example, the step in the dead-band can be seen in the data points.  The slope of the regression line in this example is greater than the slope from the pervious example with no dead-band.  This means that the resource with No Dead-band provided more frequency response than the resource with a step dead-band.  This difference is appropriate because the resource with the Step Dead-band is providing less frequency support than that provided by the resource with No Dead-band shown in Example 1.
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Frequency Response Definition
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Fig. 9 - Step Dead-band Response Error with regression line.
Example 3 – Ramp Dead-band Response:

The error that would result from a generator with a 30 mHz governor dead-band provided by a mechanical governor or a digital control system that is meeting its scheduled responsibilities is labeled MW Response Error.  In this case it is assumed that the Contracted Frequency Response is explicitly included in the scheduled responsibilities of the resource.  The MW Response Error has been plotted against the Frequency Error in Fig. 10 – Ramp Dead-band Response Error.  A regression line is plotted as the best estimate of the frequency response provided by those MW errors.

In this example, the ramp from the dead-band can be seen in the data points.  The slope of the regression line in this example is greater than the slope from the pervious example with a Step Dead-band.  This means that the resource with Step Dead-band provided more frequency response than the resource with a Ramp Dead-band.  This difference is appropriate because the resource with the Ramp Dead-band is providing less frequency support than that provided by the resource with Step Dead-band shown in Example 2.
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Fig. 10 - Ramp Dead-band Response Error with regression line.

Compare Unscheduled Frequency Response to Scheduled Frequency Response Error:
Investigation of the regression mathematics of the first two alternatives provides insight into the relationships between the two alternatives.  Begin with the data sets defined as follows:

Define the Contracted Response as .  If the Contracted Response is not explicitly scheduled as demonstrated in Alternative I above, then the Actual Response in MWs, ARF, will be used as the estimator in the regression equation.  If the Contracted Response is explicitly scheduled as demonstrated in Alternative II above, then the Actual Response in MWs, AR'F, will be adjusted by the Contracted Response before it is used as the estimator in the regression equation.  This relationship is shown in Equation (3).

[image: image4.wmf]F

10

AR

R

A

F

F

D

´

b

-

=

¢




(3)

Regression equation for Alternative I - Contracted Response not explicitly scheduled is Equation (2).  Regression equation for Alternative II - Contracted Response explicitly scheduled is Equation (4).
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(4)

If Equation (3) is substituted into Equation (4) then the relationship between the two regression results can be determined.  This is shown in Equation (5).
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If the terms are then simplified and rearranged as shown in Equations (6) through (9a & b), the result provides the insight desired.
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Substituting Equation (2) into Equation (7) and further simplifying completes the process.
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This demonstrates that the two measurement alternatives are equivalent and provide consistent measurements of the delivered response.  This enables the alternatives of measuring contracted services either directly or indirectly through the delivery error term.  Both methods provide the equivalent results.  This equivalency will be used in later recommendations for contracted service measurement.
Advantages of Continuous Measurement:

There are a number of significant advantages in using a continuous measurement method based on linear regression as shown in the above alternatives.

1. There is no need to define the FRS in specific step values as suggested in the GRS definition.  This provides the system operator the flexibility of acquiring the service from any participant that wishes to sell FRS and the associated capacity.
2. There is no requirement for governors to be in-service, there is no need to develop enforcement methods to confirm this condition and there is no need to incur the overhead of the enforcement process to penalize those that do not comply.  All of these issues are automatically managed by the continuous measurement process.

3. Verification of how much FRS was provided is automatically confirmed by the measurement process.

4. The measurement process automatically manages the specific characteristics associated with different delivery conditions such as dead-bands greatly simplifying the market.

5. If the specific FRS delivery schedules are defined to include operating limits for the response and those schedules are explicitly included in the service measurement, the measurement method will also automatically manage the operating limits.

6. The need for compliance measurement, reporting and enforcement are significantly simplified by a continuous measurement methodology.  These requirements made up more than half of the GRS definition.

These advantages not only simplify the FRS implementation, but will also lead to simplification of other services traded in the same market.  These simplifications will be demonstrated as part of PRR 356.
4. Defining a Frequency Response Service
The GRS document has been copied and modified as recommended above providing a generalized definition for a Frequency Response Service.  This new document is included here as Appendix 2 – Frequency Response Service.
5. Other Considerations

The measurement methodologies offered in this document can be extended to all of the energy and ancillary services contracts.  If this is done, the simplification of enforcement and mitigation can be extended to those services also.  The specifics of how to implement this extension will be offered in future documents related to PRR 356.
6. Summary and Conclusions
This paper recommends a specific way to generalize the suggested GRS into a FRS.  In doing so, the market can be transformed from a market that requires significant efforts to enforce the fulfillment of contracts for services and to mitigate the problems that result for failure to deliver contracted services into a market that is to a great degree both self enforcing and self mitigating.  In making this transition, much of the responsibility for efficient market performance is transferred from the market monitors to the market participants.  Thus one of the basic design goals for the Texas market, design of a market that includes adequate built-in mitigation and enforcement, is improved by integrating that mitigation and enforcement into the measurement and pricing structure itself.
Major Market Component

This paper describes the Governor Response Service (‘GRS’)– an ancillary service that provides fast acting generating capacity to help arrest frequency decay and stabilize frequency of the interconnected transmission system within the first few seconds of an event that causes a significant deviation from the scheduled frequency in the Texas Nodal market.

Purpose

The purpose is to define the various characteristics, delivery, and compliance factors governing the performance of GRS.

Time Frame (Periodicity) 

Day-Ahead Ancillary Services Market (‘DAASM’) and Real-Time.

Definitions

1. Governor droop-  All turbine generators equipped with governors should be capable of providing immediate and sustained response to abnormal frequency excursions.  Governors should provide a 5% droop characteristic.  Governors should, as a minimum, be fully responsive to frequency deviations exceeding ± 0.036 Hz (± 36 mHz).

2. Governor dead-band- a band of frequency within which turbine speed governor controls are not required to provide response to deviation from scheduled frequency.

Description 

Day-Ahead Ancillary Service Market:

1) All generating resources are permitted to bid into the Governor Response Service ancillary service market and this market will run with the other ancillary service markets for Regulation Service and Responsive Reserves.

2) Bids for Governor Response will be required for those units bidding in to the Responsive Reserve market; however, bids for Governor Response will also be accepted from units not bidding into Responsive Reserves.

3) Bids for GRS shall be in 1 MW amounts and shall be stated in 5% and 10% droop characteristic values.

4) Unit governor dead-bands shall be verified at least once semi-annually by the PDCWG by analyzing frequency and unit performance data.

5) Governor droop capability will be ignored for high frequency events when a unit is operating at any level of output below base load.

Real-Time Market: 

6) All units in ERCOT shall be required to operate with their governors in service, 

7) The maximum governor dead band permitted will be .036 Hz,

8) For each frequency deviation event in ERCOT that is .175 Hz or more, ERCOT’s Performance, Disturbance, and Compliance Work Group (‘PDCWG’) will perform an analysis of each qualifying event and produce reports on both the overall interconnection’s response performance as well as each generating unit’s response
,

9) ERCOT’s PDCWG, under confidentiality agreement, will do its analysis of events using the 2 second PI data that ERCOT collects on each unit in the system,

10) The PDCWG’s analysis of each unit’s performance during the event will be reported to the market and ERCOT’s Compliance Dept.  Passing performance for each unit is sustained
 delivery of 70%
 of each unit’s expected energy obligation for each event; example:

· A 100 MW unit with a proven/tested 5% droop characteristic operating at no load,

· A 5% drop in frequency (3 Hz) should cause this unit to go to its full load level; in this case that unit should deliver at least 70 MWs (70% metric) in order to be considered compliant.

11) For energy delivered in response to a frequency event, units providing both GRS and TMRS and those only providing Governor Response will be settled at 5.0X the nodal price for their respective nodes for the additional MWhs delivered outside of their assigned base point (if SCED scheduled) or their scheduled level (if self-scheduled) for each and every settlement interval spanning a frequency event, provided that their performance, as determined by the PDCWG is satisfactory.

12) For units only bidding into the Governor Response Service (not bid into TMRS), that do not achieve the expected governor response (70%) they will only receive the nodal price for MWs delivered for the event (i.e., the nodal price for their node for MWs delivered from ‘A’ Point to arrest of frequency decay at the PDCWG determined ‘C’ Point).

13) For units bidding into both the RRS and the GRS, that do not deliver the expected governor response (70%), they too will only receive their respective nodal price for energy delivered for the event (i.e., the nodal price for their node for MWs delivered from ‘A’ Point to arrest of frequency decay at the PDCWG determined ‘C’ Point).

14) Units failing the 70% metric for two consecutive events shall be barred from bidding into either the TMRS or GRS markets until they can be re-certified by ERCOT Compliance to resume providing these ancillary services.

 Inputs

Outputs

Major Market Component
This paper describes the Frequency Response Service ( FRS ) – an ancillary service that provides fast acting resource capacity to help arrest frequency decay and stabilize frequency of the interconnected transmission system within the first few seconds of an event that causes a significant deviation from the scheduled frequency in the Texas Nodal market.

Purpose
The purpose is to define the various characteristics, delivery, compensation, and compliance factors governing the performance of FRS.

Time Frame (Periodicity) 

Day-Ahead Ancillary Services Market (‘DAASM’) and Real-Time.

Definitions

1. Frequency Response-  
a. All turbine generators equipped with governors should be capable of providing immediate and sustained response to abnormal frequency excursions.
b. Loads participating in the Frequency Response market should be capable of providing immediate and sustained response to abnormal frequency excursions through either natural response of the load or through the tripping of a frequency responsive relay.

Description 

Day-Ahead Ancillary Service Market:

1) All resources capable of providing Frequency Response are permitted to bid into the Frequency Response Service ancillary service market and this market will run with the other ancillary service markets for Regulation Service and Responsive Reserves.

2) Bids for FRS shall be in 1 MW amounts and shall be stated in MWs per 0.1 Hz Frequency Response characteristic values.

3) Bids for FRS shall include High and Low Operating Limits defining the range over which FRS will be delivered.

Real-Time Market: 

4) Schedules for contracted FRS shall be calculated for resources participating in the FRS market.

5) Delivery of FRS shall be confirmed by linear regression of the SCE against the Interconnection Frequency Error using the following regression equation with a forced fit through the origin.
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Where:

=
Estimated Frequency Response in MW per 0.1 Hz


SCE
=
Schedule Control Error in MW

F
=
Frequency Error in Hz


The over-bars indicate that the values are averages for the measurement intervals.
6) Payments for the FRS shall be reduced or increased appropriately by the measured Estimated Frequency Response at the MCP for the FRS.
 Inputs

Outputs
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�  Combined cycle units will continue to be aggregated for this purpose, if registered that way by the owner.


�  PDCWG to determine what the “sustained” metric looks like (seconds, some reference to the ‘C’ Point’s maximum decay, ?).  NERC DCS stipulates that a control area must recover to scheduled or pre-existing frequency value within 15 minutes in order to avoid having a  reportable incident for non-compliance.


�  Older base-load units, due to aging, are likely to only be able to provide this level of governor response, while newer combined cycle units should certainly be able to deliver this performance.  This value is also appropriate when considering the non-linear response of control valve operation and units already moving in the opposite direction of the expected response from other dispatch actions.
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