Attachment A

ERCOT Board Meeting, April 20, 2004

Item 5b – Texas Nodal Design Elements – Board Approval

Texas Nodal Design Elements Summary

The following are summaries of “white papers” describing wholesale market design elements developed and approved by the Texas Nodal Team. These design elements are presented to the ERCOT Board for approval at its April 20 meeting. The full TNT-approved white papers may be found at the following web link:

http://www.ercot.com/TNT/default.cfm?func=browsebygroup
(1) Enhanced Hybrid Day-Ahead Market (E-HDAM)

E-HDAM is a daily forward financial energy market in which hourly clearing prices are calculated for each hour of the next operating day based upon E-HDAM Locational Marginal Prices.

The E-HDAM is cleared using Security Constrained Unit Commitment (SCUC) and Security Constrained Economic Dispatch (SCED) software to satisfy energy demand requirements (including Fixed Demand Bids, Price-Sensitive Demand Bids, and Virtual Demand Bids) by minimizing the offer-based production costs over the dispatch horizon, subject to network constraints and Resource operating constraints. The overall production costs include the Start-Up and Minimum Energy Offers of ERCOT-committed Resources and the energy Offers of all Resources selected for DA schedules.

Participation in the E-HDAM is voluntary for all Market Participants, with the possible exception of special reliability needs such as Reliability Must Run Resources.

Key Features of the E-HDAM 

· All Congestion Revenue Rights (CRRs) held by market participants default to settlement based upon applicable E-HDAM settlement prices.  Market participants may, at a deadline to be determined prior to the commencement of the E-HDAM, specify existing CRRs held by the market participant as CRRS that will be settled based upon applicable RT settlement prices.  If the software does not solve, a CRR reservation price of -$Y will be automatically populated by ERCOT, and the case will be solved again. 

· The directional network element flows (and counterflows) represented by CRRs specified to be settled in RT are accounted for in the determination of available transmission network capacity in the E-HDAM.

· The E-HDAM uses three-part supply offers.

· “Up To” congestion bids for bilateral transactions may be specified in the E-HDAM.  If no “up to” value is included for a congestion bid, a default value of $X will be populated by ERCOT.

· CRR Point to Point (PTP) Obligation and Option offers (minimum reservation price) and PTP Obligation bids may be specified in the E-HDAM.  PTP CRR Options cannot be purchased in the E-HDAM.  CRRs offered and not sold are cleared in RT.  CRRs purchased will be cleared in RT.  

· All participation in the E-HDAM is financially binding.

· Residual costs or credits incurred in the operation of the E-HDAM will be allocated to participants in the E-HDAM.

· Energy imbalances from E-HDAM schedules will be settled based upon RT energy settlement prices.

· Physical capacity nominations and additional inter-QSE bilateral schedules may be submitted after the E-HDAM and prior to the RUC.

· Energy imbalances and/or congestion associated with bilateral schedules submitted after the E-HDAM will be settled based upon RT energy settlement prices.

Upon completion of the operation of the E-HDAM and prior to the RUC, the following results are communicated to QSEs:

· The 24 hourly injections for each Resource of each Market Participant whose Offers are accepted in the E-HDAM, including all Self-Scheduled Resources, all cleared Supply Offers, all cleared Virtual Supply Offers, and all cleared bilateral transactions (i.e., those bilateral transactions where the specified “up to” congestion cost is less than the congestion cost resulting in the E-HDAM).

· The 24 hourly withdrawals of each Market Participant whose Bids are accepted in the E-HDAM, including all cleared Demand Fixed Bids, cleared Price-Sensitive Bids, Cleared Virtual Bids, and all cleared bilateral transactions (i.e., those bilateral transactions where the specified “up to” congestion cost is less than the congestion cost resulting in the E-HDAM).

· CRRs cleared in the E-HDAM and their corresponding clearing prices.

· DA LMPs for every settlement point and Shadow Prices for every binding constraint.

(2)  Day-Ahead Reliability Unit Commitment (DaRUC)

This paper describes the DaRUC Market, used by ERCOT to maintain system reliability and security by committing generation as necessary beyond that committed by the bilateral, Ancillary Services and Day-Ahead energy markets.  The objective is to ensure enough online generation capacity to meet the reliability need and to allow secure real-time operation.

DaRUC will use the Security Constrained Unit Commitment (SCUC) algorithm with a power flow model to enforce transmission constraints.  The optimization routine will be used to minimize the cost of committing additional resources to meet ERCOT forecasted demand, subject to all transmission constraints and generator performance characteristics. DaRUC will resolve system energy balance and transmission congestion simultaneously.

SCUC will use two bid components (Start-up Cost and Minimum-energy Cost) and minimize expected cost subject to security constraints.  The SCUC of the DaRUC will first be run with only those resources that submit offers.  If additional resources are required, the SCUC is run again with available off-line resources that did not submit bids having their bids set at their respective Start-up Cost and Minimum-energy Cost offer caps.

RUC will be run after the close of the Day-Ahead Period, which includes the clearing of the Ancillary Services market.  It will consider hourly loads and unit commitments to optimize the entire 24 hour operating day and produces the generating unit commitment profile for next day’s operation.

If a resource is self-committed to be on-line at the start of the DaRUC 24-hour period and scheduled to go off-line at some time during the 24-hour period, ERCOT may decide to keep the resource on-line and not incur the Start-up Cost but rather incur the Minimum-energy Cost from the hour that the resource was scheduled to go off-line till the hour the resource is no longer required by ERCOT to be on-line.

If ERCOT commits a unit earlier than its self-scheduled commitment start hour or keeps a unit committed beyond its self-scheduled shutdown hour, then the impacted QSE has the option of claiming a make whole payment only for the extra hours committed by ERCOT.  

The document proposes Start-up Cost and Minimum-energy Cost offer caps.  Startup Cost offer caps by resource category are for O&M expenses per start in addition to verifiable fuel times Fuel Index Price (FIP).  Proxy O&M expenses are included in the document.  Resource specific verifiable fuel consumption rate per start will be established up front, and O&M expenses may be established in place of these proxies by providing verifiable data.  Regardless of the method selected QSEs retain the right to submit verifiable costs on any start.  The Market Monitor may require that the QSE provide justification of the verifiable costs.  Any resource called upon and paid using these proxy costs will submit “actual” costs for cold, warm and hot starts, by season if necessary, within 30 days after the 1st such start.  This set of costs will be used for all future payments for this Resource subject to approval by the market monitor.  In such cases, this new set of proxy costs will be defined for future use in settlements.

The SCUC will treat all resource capacity providing AS as unavailable, unless such treatment leads to infeasibility (i.e. that capacity is needed to resolve some local transmission problem that cannot be resolved by any other means).  In such cases, ERCOT shall inform the impacted QSE(s) of the amount of its (their) capacity that does not qualify to provide AS.  In such event and within two hours of notification, the QSE(s) may either substitute capacity to meet its (their) AS obligations or ask ERCOT to replace the capacity.  For substituted capacity, ERCOT shall determine the feasibility of the capacity for providing AS.  ERCOT will not pay for ancillary services, which cannot be provided if ERCOT provided such notification in the process. ERCOT may then procure additional AS for the amount of substituted capacity that is infeasible and the amount of capacity that QSE(s) want ERCOT to replace and appropriately charge all impacted QSEs. The appropriate charge is the weighted average of the market clearing prices of the particular ancillary services procured by ERCOT in the multiple procurement processes.  [All buyers will pay the weighted average price of the two markets]

Conceptually

1) Resource offering/providing AS does not work due to congestion

2) ERCOT tells provider it cannot work

3) Provider has option to provide elsewhere or buy it from ERCOT

a. If original AS sold to ERCOT – NO PAYMENT

b. If self-provided – NO CREDIT

4) New Auction – New Clearing price

5) All who buy from ERCOT this AS pay the weighted average of the two auctions. 

Solely for purposes of make whole provisions, generic caps are provided for the BES bid curves of resources.  Each provider made whole under these generic caps has the option to provide to ERCOT verifiable costs to be used as the basis of all future payments for this Resource.  The Market Monitor may require that the QSE provide justification of the verifiable costs.  Any resource called upon and paid using these proxy costs may submit “typical” energy costs, by season if necessary, within 30 days after such calculation of make whole payments which it considers invalid.  This review may be requested by a resource only one time per year, but data submitted may cover multiple seasonal periods. This set of costs will be used for all future make whole payments for this Resource subject to approval by the market monitor.

QSE De-commitment of Resources after DaRUC

In the event of a forced, or impending forced, outage of a resource, the QSE must inform ERCOT about the status of the resource, the QSE-desired and the earliest and latest times that the outage can start, the expected, minimum and maximum duration of the outage.  ERCOT shall coordinate the outage schedule and grant the QSE’s desired schedule unless system reliability necessitates changes within the parameters specified by the QSE.

If a QSE would like to de-commit a self-committed resource for purely economic reasons, the QSE must submit a request to ERCOT specifying the QSE-desired and the earliest and latest times that the resource would be off-line, the expected, minimum and maximum duration of the de-commitment.  ERCOT shall coordinate the de-commitment schedule and grant the QSE’s desired schedule unless system reliability necessitates changes within the parameters specified by the QSE.  A need to commit additional Resources is a reliability issue and would negate approval of a decommitment request.

Whatever the reason behind a QSE’s decision to de-commit a self-committed resource, that resource does not qualify as Committed Capacity for the hours of de-commitment in the settlement of DaRUC charges. 

Resources committed by ERCOT through the DaRUC process that experience a forced outage after unit synchronization, shall be eligible for pro-rated “make-whole” payments based on costs incurred prior to the forced outage.  Such a Resource will receive the hourly minimum energy rate for the hours run.

If the resource experiences start-up failure which creates a forced outage prior to breaker close it may be compensated for its verifiable actual costs limited to costs which qualify as normal startup, (includes maintenance, labor and fuel) up to the forced outage event.    

Settlement Rules

DaRUC Resource commitment decisions are financially and physically binding on the participants and “make-whole” costs are assigned to market participants who have insufficient self-provided or purchased committed capacity and bilateral energy schedules to satisfy their after-the-fact metered load and committed capacity and bilateral energy schedule obligations.  

a.  Calculate the “make-whole” payment for a particular resource for a particular day as follows:

1. Calculate the total of Start-up Cost bid (if the resource is started in this day) plus the product of Minimum-energy Cost bid multiplied by the number of hours for which the resource is committed in that day. 

2. Calculate the energy revenue credit by multiplying the energy output of the resource for each interval of the period for which the resource was committed times the corresponding LMPs at the resource node and subtracting from this product the additional production cost (area under energy bid curve) for output that exceeds the Minimum-energy level and (ii) adding the following quantity, if positive and only up to the amount required to fully eliminate any make whole payment(s): 

(A) the energy output of the resource for each interval outside of the commitment period during which the resource was producing energy times the corresponding LMPs at the resource node and subtracting from this product (B) the additional production cost (area under energy bid curve) for output that exceeds the Minimum-energy level plus the Minimium-energy Cost.  If the output of the resource is below its Minimum-energy level, then the amount (B) is equal to the Minimum-energy Cost ($/MWh) multiplied by the output of the resource. 

3. The “make-whole” payment to the resource is the difference between the amount calculated in (a1) minus the amount calculated in (a3)   If the resource  did not submit an offer for the RUC, 100% of all margin over “make-whole” payments are refunded to QSEs on a load ratio share basis.  If the resource submitted an offer for the RUC, 50% of all margin over “make-whole” payments are refunded to QSEs on a load ratio share basis.

4. Any positive “make-whole” payment of this resource is then allocated evenly over all intervals for which the resource is committed in that day.

b. Calculate the DaRUC charge for each interval as follows:

1.
Calculate the hourly payment for each Resource by dividing the total make-whole payment by the number of hours committed.

2.
Calculate the total hourly payments by summing the payments for each Resource for the hour. 

3.
Calculate the Hourly DaRUC Charge for an hour by dividing the total hourly payment by the total MWs capacity committed for the hour. 

4.
For each QSE calculate any QSE capacity shortage equal to the difference between the adjusted load and the lesser of the amount of capacity in the Day-ahead RUC snapshot (adjusted by ERCOT de-commits) or the amount of available QSE capacity in the real time hour.

5.
Calculate the total shortfall for each hour for all QSEs. 

6.
QSEs that are short will be charged the lesser of their “short ratio share” of the total DaRUC hourly payments or six (6) times the Hourly DaRUC Charge where  “short ratio share” is the amount a QSE is short in that hour divided by the total that all QSEs are short in that hour.

7. Any DaRUC Charges not paid for in 5 above will be charged to all QSEs in Load Ratio Share.

8. ERCOT will calculate and monitor the cost of local congestion for unit commitment based on unconstrained vs. constrained unit commitment of the unit involved.

c. This is how decommitment is handled: 

1. Calculate the amount by which each QSE is short in each interval by taking the positive difference between (1) the sum of QSE self-committed capacity (capacity de-committed or forced-out during this interval would therefore not be counted, except capacity decommitted by ERCOT), Committed Capacity purchase nominations, and bilateral energy purchase schedules (all submitted prior to the DaRUC) and (2) the sum of the QSE after-the-fact adjusted metered load, Committed Capacity sale nominations, and bilateral energy sale schedules.

(3)  Hour-Ahead Reliability Unit Commitment (HaRUC)

This paper describes the HaRUC Market, run each hour by ERCOT to review updated information for the balance of the operating day plus the next solved Day-Ahead Reliability Unit Commitment (DaRUC) to ensure all security constraints can be satisfied.    

HaRUC is not intended to displace DaRUC activities but to accommodate changes in load forecast, reaction to forced outages, and/or other reliability criteria.  HaRUC is intended to solve intraday Unit reliability issues and not consider the effect on prices for balancing energy in real time.  There’s no intent for there to be an automatic deployment of suggested commitments.  Units that were committed by DaRUC are considered as self-committed units and are not subject to decommitment in the HaRUC for economic reasons. This is not to be used as a tool to procure Ancillary Services.  

HaRUC is used much like the DaRUC process to choose only incremental units needed to resolve all security violations not already resolved in the day-ahead RUC.  The most economic resources are committed based on their start-up and minimum energy bids only to resolve system and transmission constraint violations.  

The HaRUC should recognize remedial action plans and does not preclude the opportunity for ERCOT to identify remedial action plans that eliminate the need to commit a unit.  

The Reliability Unit Commitment is subject to all the security constraints specified to prevent dispatch solutions that would expose the power system to post contingency violations of facility ratings. Each Reliability Unit Commitment process would include the following types of constraints:

· Transmission constraints – transfer limits on energy flows through the electricity network.

· Power flow constraints – the energy balance at each node in the electricity system must be served.

· Resource Constraints – the physical and security limits on generation or capacity requirements.

· Mutually available units—limitations on simultaneous unit starts at a station (an alternative to software is to allow ERCOT operations to make manual decisions).  

· Ancillary Service constraints

HaRUC produces the generating unit commitment profile for the study period.  ERCOT operators may choose to use an HaRUC commitment recommendation or choose to use their judgment to make commitment decisions to maintain reliability or limit unreasonable commitment cost without merit.

The output will provide the operator with a list of additional Resources that may be committed.  Upon approval of the selection, the operator will notify the affected Resource of its commitment and enter a reason and/or event for the Resource selection identifying the constraint causing the selection.  This information will be posted and electronic notification sent to the selected Resources’ QSE.  Any manual commitment input to HaRUC will automatically be posted to the MIS giving operator reason. 

ERCOT may also use the look ahead “8-Day” planning tool output and potentially keep a unit online (or start a unit for the next day) so that a unit “minimum duration between starts” does not limit the availability of the unit (for security reasons).  

Settlement Rules 

Any Resources committed prior to the HaRUC run will be counted as self-committed capacity for that QSE in HaRUC settlement.    

1.
Calculate the hourly payment for each Resource by dividing the total make-whole payment by the number of hours committed.

2.
Calculate the total hourly payments by summing the payments for each Resource for the hour. 

3.
Calculate the Hourly HaRUC Charge for an hour by dividing the total hourly payment by the total MWs capacity committed for the hour. 

4.
For each QSE calculate any QSE capacity shortage equal to the difference between the adjusted load and the lesser of the amount of capacity in the HaRUC snapshot (adjusted by ERCOT de-commits) or the amount of available QSE capacity in the real time hour.

5.
Calculate the total shortfall for each hour for all QSEs. 

6.
QSEs that are short will be charged the lesser of their “short ratio share” of the total HaRUC hourly payments or 10 times the Hourly HaRUC Charge where  “short ratio share” is the amount a QSE is short in that hour divided by the total that all QSEs are short in that hour.

7.
Any HaRUC Charges not paid for in 5 above will be charged to all QSEs in Load Ratio Share.

Calculate the amount by which each QSE is short in each interval by taking the positive difference between (1) the sum of QSE self-committed capacity (capacity de-committed or forced-out during this interval would therefore not be counted, except capacity decommitted by ERCOT), Committed Capacity purchase nominations, and bilateral energy purchase schedules (all submitted prior to the HaRUC) and (2) the sum of the QSE after-the-fact adjusted metered load, Committed Capacity sale nominations, and bilateral energy sale schedules.    

(4) Load Forecast Applications

This paper defines the following load forecast applications:

Long-Term Load Forecast (LTLF) – The LTLF will be used to provide Outage Coordination and other longer term operations studies with a full year of daily minimum and maximum load forecasts.  LTLF will run once per day and update the entire year of daily minimum and maximum forecasts each time.

Mid-Term Load Forecast (MTLF) – The MTLF will be used to prepare for day-ahead operation and any near-term acquisition of Responsive Reserve, when accurate hourly forecasts for the rest of the operating day are needed.  MTLF will predict hourly loads for the upcoming week based on current weather forecast parameters within each of the eight load areas and will be updated once per hour.  

Short-Term Load Forecast (STLF) – The STLF will be used to describe the expected change in generation requirements over the next five minutes.  ERCOT will have two options for estimating ERCOT loads for the upcoming market interval.  One option uses sum of generation for the upcoming market interval.  Another option uses the STLF five minute load forecast for the market interval.  STLF will provide a one hour forecast in five minute intervals and will be updated once every five minutes.  This software is not intended to provide an initial input to the AGC software, but is provided to allow its inclusion in the future if needed.  STLF will use actual telemetered five-minute integrated load area loads to derive a set of five minute forecasts for the next hour.  The STLF will be a neural network.    

Self Training

LTLF, MTLF and STLF will have a “self training” mode which will allow the operator to review historic load data and provide the ability to retrain its forecast algorithm accordingly. 

(5) Scheduling

This paper establishes the guidelines for QSE scheduling protocols with ERCOT. 

· QSEs may submit Energy and Self-arranged Ancillary Service schedules to ERCOT.

· Schedules must match between parties but need not reflect actual operating forecasts.

· Energy schedules serve to reflect bi-lateral transactions (Inter-QSE Trades) in ERCOT settlement, providing for more accurate credit obligations between parties.

· Energy schedules serve to shift financial responsibility for scheduled MWh from Seller to Buyer at the specified source/sink.  The Energy schedule is effectively a contract for differences facilitated by ERCOT.

· ERCOT will recognize and calculate Locational Marginal Prices (LMPs) for one or more Hubs.

· Energy Schedules may only include ERCOT Settlement Points (as defined in the Congestion Management CRR paper) as the location of a resource or obligation of any transaction.  

· Provide Capacity Nominations to facilitate settlement of DaRUC charges.

· 5-minute Output Schedules serve to facilitate self-scheduling and providing Ancillary Services from self-scheduled Resources.

ERCOT related scheduling duties are defined.

Content of Schedules is described for:

Energy Scheduling

Ancillary Services Scheduling

Description of “Current Operating Plan” is provided.

Resource Status Codes are defined.

Rules for updating schedules during the Adjustment Period are described.

DC Tie scheduling is described.

Settlement

· The Settlement Interval is 15 minutes.

· All Virtual Resources receive a credit from ERCOT based on energy delivered during the Settlement Interval multiplied by the LMP for the delivery point.

· All Virtual Obligations receive a charge from ERCOT based on energy consumed during the Settlement Interval multiplied by the LMP for the delivery point.

· Settlement for other schedules is contained in the Real Time Operations paper.

· Settlement for capacity nominations is contained in the DA and HA RUC papers.

Scheduling for Split Resource Meters will be handled in the same manner as today.

Existing Emergency Protocols will be used with the following changes:

· Replace OOME with Emergency Base Point mitigated or not

· Hour-Ahead RUC will replace OOMC

· Change the Responsive deployment in the EECP to the following five steps:

· 400 MWs of generation

· half the LaaRs

· 400 MWs of generation

· Rest of LaaRs 


· Rest of generation

A scheduling timeline is provided.

Scheduling applications and process descriptions for EHDAM are highlighted.

(6) Bidding

This paper defines the data required from Resources and Loads to bid in the Day Ahead, RUC and Real Time markets

Day Ahead Market Bidding

The following business rules apply to Market Buyers: 

(1) Market Buyers may submit hourly demand quantities for which it commits to purchase energy at day-ahead prices for consumption in the next Operating Day. Demand bids shall consist of either:

a. bids that specify MW quantity, Settlement Point (Load Zone, Trading Hub, or Resource Node), and a monotonically decreasing price curve limited to no more than 10 price/qty pairs; or 

b. bids in single bid blocks that may link one or more consecutive hours. These bids shall specify hours, MW quantity, Settlement Point and a “not to exceed” price.  

(2) Price-sensitive demand bids, increment offers, and decrement bids must be consistent with the $+-1000/MWh bid/offer cap. 

The following business rules apply to Market Sellers:

(1) For E-HDAM, uncommitted Generation offers may consist of startup, minimum-energy, and an energy offer curve. All other Resources may offer an energy curve only.  An energy offer may not exceed $+-1000/MWh.   For three part offers the energy curve will be the same for all hours of the day.  For the Auction Model only the energy offer will be required.

(2) Offers may be submitted in single offer blocks linking one or more consecutive hours. These offers shall specify hours, MW quantity, Settlement Point and a “minimum reservation” price.

(3) Energy offers shall consist of a monotonically increasing price curve with no more than 10 price/qty pairs.

(4)  A Resource offer curve that is a part of a three part offer accepted for the day-ahead market automatically carries over into the balancing market. This is not needed for the ADAM, but is for the E-HDAM.  

(5) A generator offer for a generating unit with combined cycle capability shall make available only one offer curve for each power block for a single combined cycle configuration as defined in the appendix of the Real-Time Operations Whitepaper.  

(6) Market Sellers may submit price curves at any Hub, Load Zone, or Resource Node for which an LMP is calculated. It is not required that physical generation or load exists at the location that is specified in the increment offer or decrement bid. 

A chart of other information that may be required to implement the bidding process is included.

Ancillary Services Bidding

(7) Resources shall provide offer curves for ancillary services on a unit specific basis.

(8) Offers shall indicate capacity offered, offer price and the ancillary service for which the offer applies.

(9) Any self-scheduled ancillary services must be scheduled in the Day Ahead Scheduling Process.

Reliability Unit Commitment Bidding

(1) The RUC analysis shall use the default startup and minimum-energy costs or offers submitted in the Day Ahead RUC Process.  

(2) Units considered in the RUC process must also have energy curves submitted.

Intra-Day Offer Revisions 

(1) For units not eligible for “make-whole” payments from the EHDAM or RUC, energy offer curves may be modified one hour prior to the start of the operating hour.

(2)
For units that are eligible for “make-whole” payments from the EHDAM or RUC that are required to change fuel due to external fuel curtailments during the operating day energy offer curves may be modified one hour prior to the start of the operating hour.

SCED Bidding 

(1) Self-scheduled generation may submit a price curve at which it would operate in real-time. 

(2) Energy offers shall consist of a monotonically increasing price curve with no more than 10 price/qty pairs.  A generation offer may not exceed $+-1000/MWh. 

(3) If a resource does not submit offer data, the units will be price takers at their node.

(4) Real Time offers must be submitted for the node at which the resource is connected to the grid.

One megawatt is the minimum offer quantity.  

(7) Real Time Operations

This paper describes ERCOT's goal, during real time operations, to match generation to load plus transmission losses in a Security Constrained Economic Dispatch (SCED), which produces a least-cost dispatch subject to generation limits, State Estimator (SE) transmission bus 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 to govern the deployment of Balancing Energy, Regulation, and Responsive Reserve.

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. The SCED is described, including the following interacting computational modules: 

· The State Estimator (SE)

· Transmission Constraint Management

· Unit Limits

· Real Time Ex Ante Mitigation for Market Power

AS Capacity monitoring is described.

AS Energy deployment performance monitoring is described.

Real-Time Settlement is described, with a settlement example.

Appendix I includes Resource Limits and Calculations to Support SCED and DaRUC.

Appendix II addresses Combined-Cycle Unit Configuration and Definition.

Appendix III describes the necessary treatments applied to Qualifying Facilities (‘QF’s) participating as Resources in the Texas Nodal market.

(8) Intermittent Renewable Resources

This paper describes the treatment of Intermittent Renewable Resources (IRR) such as wind, solar, and run-of-the-river powered resources.  The paper describes the forecasting processes and market rules needed to incorporate intermittent resources into the Texas Nodal Market.

Forecasts

Independent forecasts of wind power Renewable Production Potential (RPP) will be needed to provide input to the Day Ahead and hourly RUCs.  ERCOT will produce the required forecasts using information provided by wind powered generation owners, meteorological information, and SCADA.  Wind ranches will install and telemeter the required site-specific meteorological information to ERCOT.  Forecasts for each wind resource will be provided to the QSEs representing wind powered resources.  QSEs will use the ERCOT provided forecasts for wind resources throughout the day ahead and operating day for applicable markets and RUCs. (Similar requirements for solar powered and run of the river hydro will be developed when needed).  ERCOT forecasting costs will be included in the ERCOT administrative fee.

Long-Term Wind Power Forecast (LTWPF) 

QSEs scheduling wind resources will provide ERCOT with forecasted monthly profiles (daily generation shape of hourly production potential) of wind power Renewable Production Potential for each wind resource having an aggregated rating larger than 10MW at its point of interconnection with the transmission system.  These forecasts will be provided to ERCOT once per month.  The forecast is intended to be on a rolling 12 month basis.  
Short-Term Wind Power Forecast (STWPF) 

ERCOT will provide a short term Wind Power Forecast that will provide a rolling 48 hour forecast of wind production potential for use in security analysis and RUCs, updated hourly.

ERCOT is responsible for overseeing the development of cost effective tools or services to forecast energy production from Intermittent Renewable Resources with technical assistance from QSEs scheduling Renewable Resources. ERCOT will use its best efforts to develop accurate and unbiased forecasts, as limited by the availability of relevant explanatory data. Objective criteria and thresholds for unbiased, accurate forecasts shall be posted by ERCOT.

McCamey Flowgate Rights 

Wind Resources in the McCamey Area have been granted special treatment by ERCOT with the understanding that such treatment would exist until the transmission limitations are resolved.  McCamey Flowgate Rights will be determined only for the McCamey area, where ERCOT will determine the applicable area and publish maps indicating the applicable busses.

The procedures for determining McCamey Flowgate Rights and allocating such CRRs to IRRs in the McCamey area will be applicable until the sustainable export capability from the McCamey area is at least 900 MW.

Procedure for Allocating McCamey Flowgate CRRs

ERCOT shall establish and publish a procedure for identifying the constraints that limit the McCamey Area IRR production (the “McCamey  Flowgates Rights”). ERCOT shall also determine the Capacity Impact of each McCamey Area IRR on each McCamey  Flowgate Right by multiplying the maximum rated output for the IRR times its shift factor (or outage shift factor, as appropriate)  for the corresponding Flowgate relative to the load weighted average shift factor of all busses in ERCOT.  The energy deployed from Loads providing Ancillary Services (LaaRs) in the McCamey Area shall be settled at their corresponding Load Zone price; provided, however, that if the Commission does not approve this Settlement, ERCOT shall ensure that Load Resources will receive an appropriate protection from the nodal price to allow for participation in the Ancillary Services market and RUC.  Between five (5) and ten (10) (to be determined by ERCOT) percent of the McCamey Flowgate Rights capacities shall be reserved for use by other market participants. This procedure is intended to preserve the ability of non-IRR resources to utilize the Flowgates without limiting their economic production.  Specifically, these allocation provisions will not disadvantage Load Resources from supplying Ancillary Services in the ERCOT Ancillary Services markets or participating in the RUC.

Annually-Monthly-Daily

At the same time that ERCOT determines available capacity for CRR auctions, it shall allocate 90% to 95% of each McCamey  Flowgate Rights available capacity for the auction as Flowgate CRRs to McCamey Area IRRs in proportion to their Capacity Impact for the corresponding Flowgate using the auction shift factors.  All commercial and committed IRRs in the McCamey area will be included in the analysis, but McCamey Flowgate Rights  will only be awarded to IRRs that are in commercial operation.  McCamey Flowgate Rights  for committed IRRs  will be reserved but only awarded at such time as their committed capacity is in commercial operation for one month.  Any McCamey Flowgate Rights  reserved but not awarded to committed capacity will be distributed to commercial IRRs in the same proportion as CRRs are already awarded.  IRRs in start up and testing of their resources will be awarded McCamey Flowgate Rights  assuming a capacity of 10 MW for units in pre-commercial operation.

Day Ahead

In the day-ahead studies ERCOT will use its 80% confidence level RPP forecasts for each hour to set the maximum capability of each IRR resource. 

Day Ahead Market

The QSE may at its option allow applicable McCamey Flowgate Rights to be cleared in the day ahead market, or may elect to have selected McCamey Flowgate Rights cleared in real time.

Day Ahead RUC 

In the day ahead RUC, the ERCOT provided day ahead 80% confidence level forecast of production potential for an IRR shall be considered the available capacity of the IRR.  IRRs can only self-commit up to the ERCOT forecasted capacity.
Adjustment Period

As additional scheduling opportunities and RUC runs occur, ERCOT will update the forecasts of IRR production potential.  The last ERCOT provided updated 80% confidence level forecast on record prior to each Hourly RUC for that IRR shall be considered the available capacity of the IRR.  ERCOT shall use best efforts to provide reliable and timely forecasts. 

Real Time

IRRs will respond to ERCOT dispatch instructions within their capability.  IRRs may submit offer curves similar to other Resources; however, IRRs shall not be subject to any performance penalties but are expected to following dispatch Set Points that instruct the IRR to produce at levels below their current SCADA level. 

Settlement

Energy settlements for IRRs will be the same as other Resources.  IRRs will not be subject to any performance penalties that require them to have generation that differ from their production potential except for appropriate monitoring to insure that IRRs maintain output below ERCOT instructed Set Points when such Set Points instruct the IRR to produce at levels below their current SCADA level.  

Settlement of RUC Charges
For Day-ahead and Hourly RUC settlement, the ERCOT provided forecast of production potential for an IRR used in the corresponding RUC shall be considered the available capacity of the IRR and such capacity will be treated as being fully available when determining responsibility for the corresponding RUC charges.  An 80% confidence factor will be used to determine the available IRR production potential.

Outage Scheduling

The outage scheduler will provide a mechanism for wind powered resources to communicate individual turbine availability and any substation or IRR owned circuit limits to ERCOT for use in determining the IRR production potential.

(9) DC Ties

This paper defines how flows into and out of the ERCOT market through the DC ties will be treated.  It covers scheduling, real time operations and settlement.  Many elements will remain unchanged from current ERCOT protocols.

Resource offer curves may be submitted by those scheduling imports across the tie in the day-ahead markets.

For imports, ERCOT will treat each DC tie as a Resource and settle at the nodal price.

For exports, ERCOT will treat each DC tie as its own load zone and settle at the nodal price.  

Scheduling, operations, and inadvertent treatment of the DC ties will remain as defined in Section 4.4.18.

Use of the DC Ties during EECP will remain as defined in Section 5.6.6.1 and 5.6.7.

Responsive reserve service provided through the DC Tie will be the same as that in Section 6.1.4 and 6.5.4.

Uninstructed deviation treatment goes away (6.8.1.15.3).

Outage coordination will be reported as is noted in 8.3.

Maintain the loss, A/S, UFE and Admin Fee allocations as defined in Section 4.4.18.4. 

(10) Network Security Analysis

The purpose of Network Security Analysis (NSA) is to assure the operation of the ERCOT transmission system meets the reliability standards of NERC policy and ERCOT operating guides.  NSA consists of a collection of processes and software systems that enable ERCOT and TDSP operators to monitor system transmission elements for out of limit conditions, to study possible contingencies and understand the resulting effects of forced outages and to provide information to the LMP calculator to adjust generation prices at transmission nodes to provide incentives for generator plants to operate within the limits of the transmission system.   

ERCOT will provide for transmission security by using multiple simultaneously executing systems including Network Security Analysis for detection of transmission security constraint violations, transmission element overload detection and tools to distinguish forced outages from planned outages.  ERCOT shall operate the transmission system in accordance with criteria in this document, as well as guidelines further described by ERCOT guides and NERC criteria.  The criteria are not intended to be less stringent than that specified by NERC.

Technical limits established for the operation of transmission equipment shall be applied consistently in all calculations, engineering studies, security analyses, and operator actions.

The ERCOT system shall be operated in such a manner that the occurrence of a single contingency will not cause any of the following conditions, unless emergency operation has been implemented: 

a.
Uncontrolled breakup of the transmission system,

b.
Loading of transmission facilities above defined emergency ratings which can not be eliminated in time to prevent damage or failure following the loss through execution of specific, predefined RAPs,

c.
Transmission voltage levels outside system design limits which can not be corrected through execution of specific, predefined RAPS before voltage instability or collapse occurs.

A credible single contingency is defined as the forced outage of one generating unit in the ERCOT system within a short period of time, or the forced outage of any single transmission element (such as a circuit or transformer).  The forced outage of a double-circuit transmission line (DCKT) will be considered a credible single contingency during any ERCOT declared alert or for any operating conditions characterized by high DCKT outage probability or consequence. Multiple outages of a credible nature shall also be examined and, when practical, ERCOT shall operate to protect against instability, uncontrolled separation, or cascading outages resulting from these multiple outages. 

ERCOT should develop a process to evaluate load shedding in the event of a contingency versus committing additional Resources. 

Network Security Analysis will be designed to operate in real time, hour ahead, and day ahead as well as in Study mode.  Each of these modes will use the same core software for performing security analysis with differences in function depending on the inputs and timing of those inputs to the analysis package. 

The real time sequence is described, including descriptions of:


The Core Process

Dynamic Rating Calculator

MVA Overload and Voltage Limit Alarm Processor

Contingency List Processing

Network Security Analysis Processor

Transmission Constraint Management

The Hour Ahead NSA will use the same computational module as real time NSA, but with different inputs to allow detailed study of ERCOT transmission system reliability.  

The Day Ahead NSA will use the same computational module as real time NSA, but with different inputs to allow detailed study of ERCOT transmission system reliability for each hour of the Day Ahead.  

Inputs and outputs for each module are defined.

(11) Fidelity Requirements for Transmission Element Modeling and Telemetry

This paper identifies the standards for the Real Time operational model for use by ERCOT Operations under the Texas Nodal Market.  The ERCOT Locational Marginal Pricing (LMP) market design will require a high level of accuracy of the modeling of all transmission elements in order for reasonably accurate pricing signals to be sent to the Market Participants.  By providing pricing signals by transmission bus to Generators and other Resources, Market Participants responses will effectively manage the flow on all transmission elements within ratings provided by the TDSP and limits assigned by ERCOT.

TDSPs will provide ERCOT with equipment ratings prior to the start of Texas Nodal and on an ongoing basis (after market open) as required/requested by ERCOT.  ERCOT may request TDSPs to provide information on the methodology and details, for determination of the rating.  ERCOT may review and comment on the methodology.  ERCOT will post ratings and methodologies to the extent practicable.  ERCOT may refer to NERC Standard 600 for applicable definitions, etc. 

To the extent practicable, ERCOT shall strive to use consistent information in the various models used by ERCOT Operations, ERCOT Planning and the Congestion Rights, and other workgroups.  To the extent practicable, ERCOT will strive to utilize consistent names between the CRR model and the network model.

ERCOT will perform periodic updates to the ERCOT Transmission Model. ERCOT will establish a detailed submittal schedule meeting the deadlines defined in the paper.  TDSPs must submit timely transmission model changes per this schedule to be included in these updates.  The Energy Management Systems model is updated no more than four times a year, during the months of May, September, December and March.  For a facility addition, revision, or deletion to be included in any EMS model update, all technical modeling information must be submitted to ERCOT before the deadlines defined in the paper.

There are five major areas where the actions or inactions of the transmission providers will have major effect on the prices paid for generation and ERCOT’s and the TDSP’s ability to maintain reliability when the transmission system is constrained.  These are:

· Definition of transmission elements and parameters

· Definition of Generation and other Resources and Transmission Loads

· Definition of special protection schemes and remedial action plans 

· Continuous telemetry of the status of breakers and switches

· Continuous telemetry of the real time measurements of load, voltages, tap position and flows

This paper defines the fidelity requirements expected for each of these areas.
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