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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.    
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.

 
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.

· 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.

Pending discussion:
LMPs and Base Points are calculated through SCED and communicated for each 5-minute operating interval.  Controllable resources that operate within a defined bandwidth (e.g. 10%) and uncontrollable resources are settled on the corresponding LMPs for the interval.  Controllable resources that operate outside the bandwidth are subject to an Uninstructed Resource Charge (URC) that depends on the magnitude of their deviation and whether such deviation increased the need to deploy Regulation. 

Discussion (from LCRA):

Ex-post LMPs try to penalize price setting resources only regardless of the fact that the actions of others may have resulted in greater need for Regulation.  E.g. if an LMP-setting resource is within its bandwidth while a price-taking resource is 300 MWh above its bandwidth resulting in 300 MWh of additional Regulation Down deployment when there’s no congestion on the system, the price-taking resource does not face any penalties for causing the deployment of additional Regulation. 

Ex-post LMPs may encourage economic withholding by resources by offering at higher prices. By offering at higher prices, the resource is not setting the LMP (which will also be higher due to this resource’s withholding) but is free to chase the resulting LMPs with no penalties.  Ex-post LMPs seem to favor such behavior while penalizing the LMP-setting resource for any deviation.

From the Duality Properties of Linear Programming, we know that a non-optimal primal (dispatch) solution leads to infeasible dual (LMP) variables.  Since the actual ex-post system conditions are almost always non-optimal, this implies that ex-post LMPs are almost always infeasible. Thus all ex-post LMP processors must “estimate” the ex-post LMPs in order to achieve feasibility – otherwise there will be no consistency between the LMPs and the Shadow Prices.  The method of “estimating” must clearly be defined (if possible) and policies must be defined to deal with any inconsistencies between ex-post LMPs and constraint Shadow Prices.

Ex-post pricing may also discourage passive Load participation due to uncertainty of benefits (from resulting ex-post LMPs) of such participation.

Comments from Reliant

“Advisory” ex-ante dispatch rates (or basepoints) are calculated through SCED and communicated for each 5-minute operating interval as desired dispatch points to each resource participating in the real-time market.  ERCOT uses the bid curves (or mitigated price curves, as appropriate) it received and its knowledge of system conditions to calculate advisory dispatch rates via SCED.

LMPs used for settlement are calculated after-the-fact based on actual resource performance.  Generally, the following rules define which resources are eligible, or qualified, to set ex-post LMPs:

Resources that choose to run close to (or greater than but within a defined upper limit percentage, e.g., 10 percent) their basepoint are qualified to set the ex-post LMP.  This means their offer prices will be factored into the calculation of the ex-post LMP. 

Resources with output greater than the basepoint (and greater than a defined upper limit percentage) are settled at the actual LMP at their node, but their offers are not factored into the ex-post LMP determination.   Thus, these resources are settled as price takers at the ex-post LMP.

Resources with output less than the basepoint are not subject to explicit penalties, nor are they disqualified from setting the ex-post LMP at their node.  These resources are settled at the ex-post LMP for their (reduced) output (i.e., the applicable offer price at the actual real-time MW output is used in the ex-post LMP calculation).

Resources that are self-scheduled are settled as price takers at the ex-post LMP.

How do we handle units without bid curves who want to follow their own base schedule outside of SCED?
Method 3 (TXU proposal with LCRA comments):

Since the SCED Calculator moves generation up or down along its offer curve, there should be sufficient economic motivation such that generators will move their generation to the SCED Base Points.  To prevent generation resources that are significantly above or below their SCED Base Points from inappropriately impact system reliability and economics, an error band surrounding the SCED Base Point will be enforced.  [With RUC-ed resources and block-load resources, there will be LMP signals that would motivate behavior different than the “least cost” dispatch from SCED.] [This depends on whether we implement ex post LMP or URC-type “incentives”.].
How do we treat units that are regulating that do not have bids?
For Resources that do not submit an offer curve, the SCED Base point is set equal to the SCADA value and an offer curve is created with prices of $1000/MWh above its SCADA value to its HASL and -$1000/MWh below its SCADA value 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. 

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) 

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 performance evaluation of 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 – Scheduled Energy 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)

Note – Scheduled Energy may be based on a bilateral or ERCOT auction contract or it may be zero if the unit is simply selling energy into the market.

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

· Actual generation energy =25 MWh

Then


Settlement LMP Price =  [(30*20) + (40*30) + (50*50)]/(20+30+50) = $43.00 per MW
Energy payment for the settlement interval = 25 * $43.00 = $ 1075.00 

Outstanding Questions

1. What to do with nonbid or partially bid units with or without A/S

2. A/S Transparency—

3. Ex Ante or Ex Post pricing

4.  New Drawing for SCED processing

5. Work in mitigation concepts

6. Make sure the load info goes to the LaaR document

7. A/S Capacity Monitoring Description

8.  Attach Appendix for example

Appendix 1









� 


� 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.





� 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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