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Major Market Component

This paper describes the real-time operation of the ERCOT network using market products.

Purpose

The purpose of Real-Time Operations is to economically dispatch resources in a reliable manner to match customer load, subject to generation and transmission constraints.  Real-Time Operations includes Security Constrained Economic Dispatch and Frequency Control, which together, govern the deployment of Balancing Energy, Regulation, and Responsive Reserve.

Time Frame (Periodicity)

Security Constrained Economic Dispatch provides generator production set points and locational marginal prices (LMPs) every 5 minutes.  Load frequency control signals are provided for deployment of regulation resources and, when needed, responsive resources every 4 seconds.

Definitions

High Sustained Limit (HSL) - Limit established by the QSE/REP operator, continuously updatable in real time that describes the maximum sustained energy production capability of the Resource. On change of the HSL, the operator making the change is required to enter a text reason for the limit change that is archived by ERCOT.
High Ancillary Services Limit (HASL) - Limit calculated by ERCOT on update of the HSL that is the maximum sustained energy production capability of the Resource to produce energy (other than that for AS) while maintaining capacity for the unit’s Ancillary Service obligations.  The HASL and HSL are equal if the unit is not self-providing AS or was not awarded AS. The detailed calculation is attached in the Appendix to this document.
High Dispatch Limit (HDL) - Limit calculated by ERCOT every 2 seconds that describes the maximum sustained energy production capability of the Resource in the next 5 minutes.  Calculated by adding to the current real time telemetry of the unit MW the current Balancing Up Ramp Rate (in MW/Min) multiplied by 5 but not to exceed HASL.  

Low Dispatch Limit (LDL) - Limit calculated by ERCOT every 2 seconds that describes the minimum power production capability of the Resource in the next 5 minutes.  Calculated by subtracting from the current real time telemetry of the unit MW the current Balancing Down Ramp Rate (in MW/min) multiplied by 5 but greater than LASL.  

Low Ancillary Services Limit (LASL) - Limit calculated by ERCOT on update of the LSL that is the minimum sustained energy production capability of the Resource to reduce energy output (other than that for AS) while maintaining capacity for the unit’s Ancillary Service obligations.  The LASL and LSL are equal if the unit is not providing Regulation Down Service.

Low Sustained Limit (LSL) - Limit established by the QSE/REP operator, continuously updatable in real time, that describes the minimum sustained energy production capability of the Resource. On change of the LSL, the operator making the change is required to enter a text reason for the limit change that is archived by ERCOT.

Balancing Up Ramp Rate – The Balancing Up Ramp Rate is calculated by ERCOT and is equal to the difference between (a) the lesser of:  (1) the Normal Ramp Rate applicable to the current output of the unit; or (2) the Emergency Ramp Rate applicable to the current output of the unit less the ramp rate required for Responsive Reserve and (b) the implied ramp rate of awarded Regulation Up service (i.e. awarded Regulation Up MW capacity divided by 5 minutes).

Balancing Down Ramp Rate – The Balancing Down Ramp Rate Down is calculated by ERCOT and is equal to the difference between (a) the Normal Ramp Rate applicable to the current output of the unit and (b) the implied ramp rate of awarded Regulation Down service (i.e. awarded Regulation Down MW capacity divided by 5 minutes).

As a note to the Protocols developers this is technically correct (for Balancing Up & Down Ramp Rates), but if a simpler method can be identified the group is open to further discussion.

Normal Ramp Rate – The Normal Ramp Rate is the rate of change in MWs per minute of a generator or load Resource to provide Regulation and Balancing Energy. The Normal Ramp Rate is provided to ERCOT by up to five segments each represented by a single MW/min value (across the capacity of the resource) which describe the available rate of change in output for the given range (between HSL and LSL) of output of a generator or  load resource.  

Emergency Ramp Rate – The Emergency Ramp Rate is the rate of change in MWs per minute of a generator or load Resource to provide Responsive Reserve that is deployed by ERCOT. The emergency ramp rate is provided to ERCOT by up to five segments each represented by a single MW/min value (across the capacity of the resource) which describe the available rate of change in output for the given range (between HSL and LSL) of output of a generator or load resource.    
Output Schedule – is the self-scheduled output for every 5-minute interval of a Resource provided by QSEs before the execution of SCED.

Dynamic Scheduling Resource – is a Resource that has been designated by the QSE as a DSR status type and follows a dynamic load signal.
Security-Constrained Economic Dispatch (SCED) – the determination of desirable generation outputs or other load Resource deployments using offer curves while considering State Estimator (SE) output for load, Resources generation limits, SE transmission buss loads, and transmission constraints to provide the least-cost dispatch.
Load Frequency Control  (LFC) – deployment of those generation resources that are providing regulation service to ensure that system frequency is maintained within predetermined limits and deployment of those generation resources that are providing responsive reserve service when necessary as backup regulation. LFC does not include the deployment of Responsive Reserve by Loads Acting as a Resource (LAARs), when deployed as a block under EECP procedures.
Responsive Reserve - daily operating reserves that are intended to 1) help restore the frequency of the interconnected transmission system within the first few seconds of an event that causes a significant frequency deviation; 2) provide energy during the implementation of the Emergency Electric Curtailment Plan (EECP); and 3) provide backup regulation.
Regulation Reserve – daily operating reserves that are intended to be deployed to produce regulation energy on 4-second intervals to match load and generation to maintain an acceptable system frequency. 
State Estimator (SE)- A computational algorithm that uses real-time inputs from the network's System Control and Data Acquisition (SCADA) system, that measure the network's electrical parameters including its topology, voltage, power flows, etc., to estimate  electrical parameters (such as line flows and buss voltages and loads) in the ERCOT transmission network.  The SE provides as its output a description of the network that values all of the necessary electric parameters (topology, voltage, power flow, etc.) at each electrical buss and line included in the system model.
Description
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ERCOT's goal, during real time operations, is to match generation to load plus transmission losses in a SCED, which produces a least-cost dispatch subject to generation limits, SE transmission buss load, and transmission constraints, while maintaining system frequency in an acceptable manner.  To accomplish this goal, ERCOT will use two control strategies that have different control objectives and operate independent of one another. The first strategy concerns frequency control and is provided by Load Frequency Control (LFC) which operates every four seconds.  LFC attempts to reduce system frequency deviations from scheduled frequency by providing a control signal for the use of those generation units committed to providing regulation and, when necessary, responsive reserve services.  LFC is not concerned with the minimization of overall system generation costs.  The second control loop consists of a SCED which includes the Locational Marginal Price (LMP) calculator.  In ERCOT, the SCED is recalculated every 5-minutes and utilized to provide the 5-minute Bus LMPs and resource set-points, while the LFC will monitor system frequency and provide appropriate control signals to the QSEs every 4 seconds. Both of these control strategies are depicted in block diagram form in Figure 1.

Ancillary Service Monitoring

Capacity
QSE ancillary service capacity monitoring will include both regulation services and ancillary service.

Ancillary service capacity monitoring will be accomplished in both real-time (i.e., hourly) and as a monthly average performance indicator.  ERCOT will maintain the current difference between Ancillary Services required on a unit and the actual capacity available.  If this error is greater than some predetermined amount (for example, 3% telemetering error on the total Resource capability), then ERCOT shall determine the source of the error (i.e., the QSE(s) that is (are) not performing as required) and shall contact the QSE(s) to see if the percent error is due to the sudden loss of a resource providing the ancillary service, telemetry problems or other conditions that can be corrected by the affected QSE in a timely manner.  If a QSE reports to ERCOT that the problem cannot be corrected in a timely manner or if, in ERCOT’s opinion, the problem cannot be corrected in a timely manner, then ERCOT may open a new A/S market to provide the additional A/S capacity needed to maintain system reliability or take other actions as may be appropriate.  QSE's are financially obligated to meet their ancillary service capacity obligations.  Similar to QSE performance monitoring in the current ERCOT market, the results of this performance criteria shall be captured by ERCOT on an on-going basis and reported monthly to the QSEs.

Energy Deployment 

For regulation service performance, ERCOT shall calculate 1‑minute and 10‑minute averages of each QSE’s Regulation Performance Measure (RPM) and shall report these results to QSEs similar to the current performance criteria described in existing ERCOT Protocol 6 Section 6.10.5.3. For QSEs that don’t dynamically schedule, the calculation of RPM for a particular QSE  will be the difference between  the actual generation and the sum of the SCED Base Point,  and the amount of regulation service deployed for all Resources of the QSE providing regulation service.  For QSEs that dynamically schedule, the RPM calculation is the difference between the actual generation and the sum of the SCED Base Point, sum of any dynamic Resource power schedules and the amount of regulation service deployed for all Resources of the QSE providing regulation service   Periods of major frequency deviation will be excluded from the analysis.  

ERCOT will monitor Responsive Service that is delivered ½ minute after major frequency disturbances primarily based on a droop calculation for generators and a relay response for loads and relay responsive resources.  ERCOT will monitor Non-Spin Energy deployment. 

SCED Process

 
Figure 2 describes the real-time SCED process for on-line generation in ERCOT.  In SCED, generator setpoints and 5-minute LMPs are determined for each Resource node and load node in the ERCOT transmission model.  The LMP for each node, as determined by the SCED, is posted to the ERCOT Information System every 5 minutes and is thus available to market participants for their use.
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At the same time, the LMPs and generator base points are also provided over an Inter-Control Center Protocol (ICCP) data link to the responsible QSE (refer to Figure 1).  The SCED produces a security constrained least-cost dispatch for the system's generation resources and dispatchable loads by minimizing the total system cost (which serves as the objective function) subject to SE transmission buss load and the constraints imposed by the transmission network (i.e., flow limits and N-1 contingencies) and the energy offers and physical limitations of each generation resource (i.e., Resource limits and ramp rate(s)).  In other words, the SCED program performs an optimized least-cost dispatch that minimizes the least offer-based cost objective function (i.e., total system cost) subject to SE transmission buss load and the identified transmission and generation constraints.  The system shall be developed with a load forecast adjustment factor.  This factor will initially be set to zero.

Description of SCED

The SCED consists of a number of interacting computational modules whose functions support the calculation as follows:

· The State Estimator (SE)- This module uses real-time inputs from the network's System Control and Data Acquisition (SCADA) system, that measure the network's electrical parameters including its topology, voltage, power flows, etc., to estimate electrical parameters (such as line flows and buss voltages and loads) in the ERCOT transmission network.  The SE provides as its output a description of the network that values all of the necessary electric parameters (topology, voltage, power flow, etc.) at each electrical buss and line included in the system model.  This means that the output of the State Estimator impacts the quality and accuracy of the calculated LMPs that form the basis for subsequent settlement calculations.  This in turn imposes quality requirements on the SE inputs from the SCADA system.  

· Transmission Constraint Management – The SCED respects all active constraints including, for example, thermal transmission line limits.  Active constraint determination and operator validation is described in the Network Security Analysis paper and these inputs carry over into the SCED.

· Unit Limits – This module includes the performance characteristics applicable to each Resource that can be interconnected to the network.  Such characteristics include but are not limited to the HSL, HASL, HDL, LDL, LASL, LSL, Balancing Up Ramp Rates, Balancing Down Ramp Rates, Normal Ramp Rates, Emergency Ramp Rates etc.

· Real Time Ex Ante Mitigation for Market Power – This module governs the development of any real time ex ante offer limitations as described in the Market Mitigation Paper.  To the extent that a 2-pass SCED is utilized to establish offer limitations, information flows back and forth between the SCED and the mitigation logic that result in a final mitigated set of resource offers. 

The first-pass SCED is run using only Competitive Constraints and the QSE supplied offer curves to determine reference prices.  The second-pass SCED is run using the mitigated offer curves and all constraints (Competitive and Non-Competitive Constraints) to determine nodal LMPs and dispatch Base points.    

The offer curves are monotonically increasing, piecewise linear price (in $/MWh) versus quantity (in MWh) curves; however, LaaRs may submit block-load offers that specify a price (in $/MWh) for a specified quantity (in MW) or standard Resource offer curves.  
The resources that do not submit an offer curve are is most cases LMP price takers, unless mitigated for resolution of Non-competitive Constraints.

Every on-line Resource must either submit an offer curve or a 5-minute Output Schedule submitted prior to each execution of the SCED. The five minute output schedule for Qualifying Facilities not bidding and other uncontrollable units is equal to the actual telemetered output of the Resource.  For a Resource that submits an Output Schedule, an offer curve is created for every 5-minute interval with prices of $1000/MWh above its Output Schedule to its HASL and -$1000/MWh below its Output Schedule to its LASL.   

For Resources that submit an offer curve with a range of output levels, the offer curve shall be extended with prices of $1000/MWh above its offer curve upper limit to its HASL and -$1000/MWh below its offer curve lower limit to its LASL.  

All offer curves are then subject to the mitigated offer caps and floors of Step 2 of the dispatch algorithm. 
The SCED: Based on the system state (as determined by the SE), each binding constraint, and the resource offer curves this module calculates a security constrained economic dispatch (SCED) that balances generation and load and simultaneously satisfies the transmission network constraints. It also determines the LMP for each buss included in the ERCOT system model.  This module also calculates the load-weighted zonal LMP for each load zone in ERCOT.

Ex ante performance incentives applied to LMP pricing:
 LMPs and Base Points are calculated through SCED and communicated for each 5-minute operating interval.  Controllable resources including self-scheduled Resources but not Dynamic Scheduling Resources that operate within the greater of the absolute value of +/-10% deviation of their Base Point adjusted for any Ancillary Services deployments or +/-5 MW “bandwidth” and Qualifying Facilities not bidding and uncontrollable Resources are settled on the corresponding LMPs for the interval.  Controllable resources that operate outside the bandwidth shall be paid for their output at a price that is 2% lower than the corresponding positive LMP for every 1% deviation outside the bandwidth, but not less than 0.  If the LMP at the Resource node is negative, then no adjustment is applied to the LMP even if the Resource output is outside the bandwidth. The performance standards for Dynamic Scheduled Resources are that the 5-minute Output Schedule may not indicate a change in actual generation more than ten times the unit ramp rate.  










ERCOT, based on network reliability need, has the authority to explicitly issue a dispatch instruction requiring a unit to move to a specific power output.  In this event, the unit is expected to respond to ERCOT’s dispatch instruction.  If the dispatch instruction requires the unit to move to its LMP set point, no additional compensation beyond normal settlement is provided.  If the dispatch instruction requires the unit to move to a power output other than its Base Point, additional compensation may be provided to the responding unit.  A compensation mechanism to implement these provisions remains to be developed.
Description LFC

The Load Frequency Controller (LFC) as shown in Figure 1 provides system frequency control based on the classic Area Control Error (ACE) algorithm:

ACE = (Scheduled Frequency minus actual Frequency in Hz) * (Frequency bias in MW/0.1Hz)  Similar to the development of methodologies for the determination of ancillary service amounts, ERCOT should develop, subject to Board approval, a methodology for calculating frequency bias.

The LFC receives input from real-time telemetry that includes generation output and system frequency. It also maintains a listing, along with unit status, of the generation capacity that is committed to provide regulation and responsive reserve services (refer to Figure 1).  Based on the ACE, the LFC issues a control signal over an ICCP data link or SCADA to each QSE that is proportional to its share of the aggregated capacity committed for regulation service.  Thus all QSEs participating in the supply of regulation reserve service respond to a regulation deployment.  Each QSE may select from among the purchased regulation reserve capacity within their respective generation fleets to meet a deployment signal for regulation reserve, provided the QSEs’ regulation units operate to meet the QSE’s regulation control performance criteria (yet to be developed).  
For the purpose of determining regulation service deployments by Resources the effective Base point will be adjusted assuming regulation is deployed proportionately to the unit awards for Ancillary Service.  

In the rare event that all up regulation capacity has been deployed, the LFC package will issue dispatch control signals to the QSEs for responsive reserve deployment.  In all cases of a responsive reserve deployment by ERCOT, all QSEs providing responsive reserve service receive a responsive reserve deployment signal that is proportional to the amount of responsive reserve capacity purchased from the QSE by ERCOT in the Day-Ahead Ancillary Services Market.  Energy that results from such deployments is settled at the LMP at the point of injection.  In the case of a deployment from a fleet of responsive reserve resources, the QSE, similar to regulation reserve deployments, shall deploy units consistent with the performance criteria for responsive reserve service.  
  One function of the market's performance monitoring programs is to assure that regulation and balancing energy deployments, whether or not from responsive reserve capacity, is accomplished in a manner that is consistent with minimal impact upon the LMP price signals. Because the SCED computes new Base points based on a current State Estimator snapshot of system conditions, it is expected that regulation deployments will oscillate closely about a zero net energy deployment.  Consequently, deployment of responsive reserve capacity in the case of a full deployment of regulation capacity is not expected to occur with any significant frequency.  In addition to governor response from generation, LFC may issue reserve deployment signals when large deviations from system frequency occur as a result of generation trips or load variations.  Finally, as discussed above, ERCOT Operations may deploy any on-line generation manually, if required to maintain system reliability.  Although the details remain to be developed, performance monitoring for regulation and responsive reserve services must be performed on a fleet-wide basis, while performance monitoring related to the unit's generation LMP set-points must be performed on a unit-by unit basis.
 Inputs

For SCED :

· Tele-metered generation output by unit

· SE transmission buss load

· Transmission network constraint limits (from security analysis)

· Offer curves

· Mitigation offer curves

· Generator operating constraints (minimum and maximum power outputs and ramp rates(s))

For Load Frequency Control:

· Frequency

· Scheduled Frequency

· Capacity available for regulation by QSE

· Participant’s percentage of capacity available for regulation

· Capacity available for responsive reserve by QSE

· Participant’s percentage of capacity available for responsive reserve

· System frequency bias

· Time error

· Control Area Bias

· Integrated ACE for approximately the previous 5 minute interval

Outputs

For SCED:

· LMPs posted on the ERCOT website every 5 minutes

· Set points provided through data link (ICCP) or SCADA for all online generation to each QSE

For Load Frequency Control:

· Regulation deployment signal provided through data link (ICCP) or SCADA to each QSE

· Responsive reserve deployment signal provided through data link (ICCP) or SCADA to each QSE

· Generating unit Participation factors for regulation
Settlement 

Resources will continue to be settled on a 15-minute interval based on ERCOT‑Polled‑Settlement (EPS) metered data, as currently acquired, and priced at each resource's weighted average of the 5-minute SCED Calculator's MW set point outputs at the resource's injection buss.  Resource imbalances shall be determined as the difference between the amount shown in the resource's schedule and its actual output.

Similar to resources, load will continue to be settled on a 15-minute settlement interval.  All load busses in ERCOT must be assigned to a load zone.  The load zone LMP shall be determined as the load-weighted LMP average over all load busses assigned to the load zone.  Load zone LMPs will be calculated in each of the 5-minute calculation periods based on buss loads determined from the SE output. Load imbalance is defined as the difference between a load's metered consumption and its scheduled consumption during the settlement interval in question.  The 5-minute LMPs that cover the 15-minute settlement interval (i.e., the LMP in effect at the start of the settlement interval and the next two LMPs as calculated) will be combined based on the 5-minute buss load-weighted average to determine the settlement interval LMP.

All LMP data shall be certified by ERCOT as correct and final by 1600 hours in the day following the end of the operating day.  ERCOT may correct LMP calculated values only under a limited set of circumstances such as for corrections for known metering or SE errors.  ERCOT may not adjust LMP values after the fact to correct its perception of an exercise of market power.  Only the Public Utility Commission of Texas has the authority to order monies exchanged between market participants to correct a finding of market power abuse.  All settlements shall be based on the ERCOT-certified LMP.

Example

Payment to Generator = Generator Buss LMP x (Actual Energy Output in MWh)

Where the LMP is calculated for the 15 minute settlement interval as the unit base point weighted average of the 5-minute LMPs that cover the settlement period (i.e. the sum of the products of the three 5 minute LMPs and the corresponding MW level for that LMP on its offer curve for the settlement period divided by the sum of those same MW levels equals the LMP Price for that settlement period)

For example assume:

· The offer curve for the generator is composed of the following 3 points:

20 MW   -   $30

30 MW  -   $40

50 MW  -   $50

· The three 5-minute LMPs for the calculation intervals that cover a settlement interval for this generator buss are $30.00, $40.00 and $50.00 per MWh, respectively

· The generator base points in each of these calculation intervals are 20, 30 and 50 MW, respectively

Then


Settlement LMP Price =  [(30*20) + (40*30) + (50*50)]/(20+30+50) = $43.00 per MW


Appendix I – Resource Limits and Calculations to Support SCED and DaRUC
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Appendix II– Combined-Cycle Unit Configuration and Definition

In order to effectively dispatch combined-cycle resources on a unit-specific basis, ERCOT’s POS must know the current configuration of those combined-cycle components.  Many configurations are possible for combined-cycle power blocks.  A “2x1” power block may have as many as five individual configurations in normal operation.  Each configuration for a power block shall be considered by ERCOT as a “unit” for dispatch purposes.  [The exception would be two generators in a “unit” that are connected to the network at different voltage levels.]
ERCOT and QSEs use ICCP (Inter-Control Center Protocol) for passing data points in real time.  The scan rate for that protocol is currently set for 10 seconds. ICCP will be used to report combined-cycle configurations on a “by exception” basis, meaning that the proposed matrix elements for configurations would only be passed by the QSEs to ERCOT when a change has occurred. 

The resource registration system at ERCOT should be designed so that each QSE may pre-register each possible configuration for a power block with ERCOT prior to market open.  In real time ERCOT’s POS will be capable of taking each component’s generator breaker status and “interpreting” which unit combination is on line.  Each unit’s HSL and LSL shall be kept updated by the QSE’s EMS system and reported to ERCOT via the ICCP.  ERCOT shall update the other unit capability parameters in response.  The array below is the conceptual basis for this approach.

If possible ERCOT desires the individual telemetered generator output (MW and MVar) and status.
Flexible Limits for QFs and all Combined-Cycle Unit operating configurations:  Power augmentation methods such as combustion turbine inlet air cooling (CTIAC) methods, duct firing, and other ways of temporarily increasing the output of combined-cycle units need to be made available to the system while respecting the economic impact of each method on the resource owner.  How do we make the bidding and operating availability parameters of a unit flexible enough for the owner to make the increased capability available without penalizing him?


Appendix III:  Qualifying Facilities
Major Market Component

This paper describes the necessary treatments applied to Qualifying Facilities (‘QF’s) participating as resources in the Texas Nodal market.

Purpose

The purpose is to define the various requirements of QFs and allow for their participation in the TNM.

Time Frame (Periodicity) 

Day-Ahead Energy Market (‘DAEM’), Reliability Unit Commitment (‘RUC’), and Real-Time Energy Market (‘RTM’)

Definitions

Applicable to industrial generation facilities including Qualifying Facilities (QFs) as defined in PURPA Act of 1978 and addressed in PURA. 

Thermal Host- the industrial and commercial process(es) that require the  supply of a thermal energy source for the processing of petrochemicals,  other bulk commercial products or other processes, such as, but not limited to, space conditioning, water heating, etc.  

Description 

Day-Ahead Energy Market:

1) If available to run, and expecting unit or combined-cycle capability in excess of Thermal Host electrical load, QFs may choose to self-schedule the hourly excess capacity in the DAEM by submitting a schedule of hourly MW deliveries at the metered nodal injection point in the day-ahead scheduling process.

2) QFs may not be required to provide ancillary services in cases of system insufficiency but may choose to submit bids for ancillary services.

3) QFs providing Regulation Service (Up or Down) may specify that the LSL will be used as constraint on the Reg-Down service and the HSL value be used as constraint on the Reg-Up service.

RUC:

1) QFs that are not scheduled on-line due to thermal host facility outages, but are identified by the ISO in the DaRUC as necessary to solve a constraint or provide other reliability services such as voltage support, may be ordered on and shall be paid as outlined in the RUC whitepaper.   

2) QFs may only be ordered off-line in the case of an ISO-declared system emergency with imminent threat to the reliability of the network.

3) 
Real-Time Market: 

QFs will be settled in the same manner as other generators in ERCOT, with the exception of any penalties that may be issued for not following a resource Base Point due to limitations placed on them by their thermal host.  

1) QFs that choose not to bid will be price takers and will receive the LMP price at their node in real-time.

2) The following bidding definitions are provided as they pertain to QFs:

a) HSL - The highest unrestricted level of energy, in MW, that the operating company can operate the unit without incurring thermal losses from forced extraction condensing.  This can occur when the output of the unit exceeds the thermal needs of the steam host
.  This value should also be set by the owner to take into account environmental emission constraints. 

b) LSL– Low Sustainable Limit, the minimum energy available, in MW, from the unit for economic dispatch calculated from and based on the minimum stable steam delivery to the thermal host plus a justifiable reliability margin that accounts for changes in ambient conditions. 
3) The ISO may only dispatch a QF below its LSL when he has declared a system emergency and the QF is the only resource that can provide the necessary relief.

Outage Scheduling:

1) QFs shall adhere to the outage scheduling procedures already stipulated for other resources in the Outage Scheduling White Paper. One exception is that QFs are not bound by ERCOT’s right of refusal to those outages noticed within 8 days of the outage start time.  With the outage of the thermal host the QF may start a resource outage as required at any time to the extent they must operate together. 

 Inputs

1) QFs will submit the same bidding parameter data as other resources with the addition of HSL (QF) and LSL (QF).

2) QFs shall be registered in the ERCOT Resource database and configured as the trains in which they normally operate.

Outputs

1) The SE shall recognize the QFs as such and all SE outputs shall effectively note QFs as different from other units.

2) All unit-specific dispatch instructions issued by ERCOT shall carry the notation ‘QF’ for these units.















� 





�PAGE \# "'Page: '#'�'"  ��  There is probably a better way of indicating that there is a level of MW output that could cause in imbalance with the host’s steam demand.  This provision may have “withholding” implications if not stated properly in bids.





� How will SCED handle uncontrollable units? -  Ans: Such units will be treated similar to manual dispatch units in classic economic dispatch algorithms. Block diagram 3 applies. 
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						Resource Limits and Calculations to Support SCED and DaRUC

																				Unit ratings

																								real time telemetry

		Unit				Maximum Nameplate		Ramp Rate		Awarded up&down Regulation		Awarded Responsive		Awarded Non-spin Reserve				HSL		HASL		HDL		Actual Generation		LDL		LASL		LSL

		AA-1				70		4		6		14		0				70		50		50		35		21		21		15

		AA-2				170		8		20		20		10				160		110		110		100		60		45		25

		BB-1				90		4				18		0				90		72		65		45		25		15		15

		BB-2				100		5		10		15		20				95		50		50		45		25		25		15

		BB-3				250		16		30		50						245		165		165		135		80		80		50

		Total				680				66		117		30				660		447		440		360		211		186		120

		Note: HSL > HASL > HDL > x > LDL > LASL > LSL

		Conditions for non-calculated values						Reg and RR < 5xRamp?		HSL > X?
and
X > LSL?		A/S < HSL?		X < HSL-AS

		AA-1						OK		OK		OK		OK

		AA-2						OK		OK		OK		OK

		BB-1						OK		OK		OK		OK

		BB-2						OK		OK		OK		OK

		BB-3						OK		OK		OK		OK



JLi:
Regulation and responsive ancillaries should be less than 5 times ramp rate

JLi:
HSL should be greater than telemetry
Telemetry should be greater than LSL

JLi:
Can not award A/S for a volume higher than HSL

JLi:
Cannot generate more then the "spare" capacity after A/S reserves.
If generates to supply A/S this should be shown in a different table.
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