Fidelity Requirements for Transmission Element Modeling

To Support Locational Marginal Pricing for ERCOT
The ERCOT Locational Marginal Pricing (LMP) market design will require a higher 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 constraints provided by the TDSPs and approved by ERCOT.  [Add background info on how long it took to get the SE working.]  
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 and 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

The following is a discussion of each of the above and the fidelity requirements expected.

Definition of Transmission Elements and Parameters
Each transmission element must be defined in the ERCOT database with identical information in the TDSPs control center systems such the operations of ERCOT are consistent with those of the TDSP.  Elements of the transmission system include lines, buses, breakers, manual switches, auto-tap changing transformers, generator step-up transformers, reactors and capacitor banks. Each element must have a unique name using a consistent convention between ERCOT and the TDSP to avoid confusion between TDSPs and ERCOT operations especially when critical communication is needed to support emergency actions.  Consistent communication is also needed by Market Participants, who may be developing a shadow LMP calculator and will want to identify transmission elements by name in ERCOT’s market information system. ERCOT will develop the naming convention with the assistance of TDSPs and approval of TAC.  

ERCOT will perform periodic updates to the ERCOT Transmission Model.  TDSPs must submit timely transmission model changes to be included in these updates.  The Energy Management Systems model is updated twice in a year, during the months of April and November.  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 following deadlines.

	Target for In-service Date
	EMS Model Update
	Information Submitted Date

	May 1 to November 30
	April
	February 12

	December 1 to April 30 (next Year)
	November
	September 15


TDSPs may use normally open pseudo-breakers and switches to designate future states of a facilities configuration such that the model updates can be implemented according to the above table and meet facility construction schedules.

ERCOT will make the full transmission model used to manage the reliability of the transmission system available to TDSPs and all Market Participants.  ERCOT will provide model information through the use of the Electric Power Research Institute (EPRI) and NERC sponsored “Common Information Model” and web based XML communications.  

Transmission Lines

Each transmission line will be modeled by ERCOT that operates in excess of 60Kv.  Each TDSP will provide for all ERCOT transmission lines within its jurisdiction, the element name, line impedance, from and to bus information, line type (overhead or cable) and thermal overload limits.  ERCOT will manage the LMPs and take remedial actions such that actual flow is less than a “normal” rating and any calculated flow due to a contingency is less than an “emergency” rating.  The transmission ratings will be defined assuming 15 minutes to correct for limit violations using consistent engineering practices across all TDSPs.  In addition to thermal limits, TDSPs may submit special transfer limits and stability limits for reliable operations as necessary according to the above schedule.

Transmission Buses 

Each transmission bus will be modeled by ERCOT that operates in excess of 60Kv.  The TDSPs will provide for all ERCOT transmission buses within its jurisdiction, the element name, substation name and a description of all lines that may be connected through breakers and or switches.  A separate name and element will be defined for any bus that can be physically separated by a manual switch or breaker within a substation.  Breakers and switches may only be connected to defined buses. 

Transmission Breakers and Switches

All transmission breakers and switches capable of changing the flow on transmission lines must be modeled by ERCOT.  TDSPs must include all breakers and switches needed to define distribution load on each transmission bus of a substation. Any transmission field (right-of-way) switches must also be included.

Transmission Transformers

All auto tap-changing transformers will be modeled in the ERCOT system.  Each TDSP will provide ERCOT with information to accurately describe the device in all Security Analysis software.  ERCOT will manage the LMPs and take remedial actions such that actual flow is less than a “normal” rating and any calculated flow due to a contingency is less than an “emergency” rating.  The transmission “normal” ratings will be defined assuming 4 hours to correct for limit violations using consistent engineering practices across all TDSPs.  The transmission “emergency” rating will be defined assuming 15 minutes to correct for limit violations.

All Generator step-up transformers greater than 30 MVA will be modeled in the ECOT and the TDSPs systems to provide for accurate modeling of generator voltage control capability. Each step-up transformers parameter will be provided to ERCOT.  TDSPs are encouraged to establish the proper no load tap position and report any change to ERCOT with 90 days notice prior to its implementation date.  ERCOT will make all transformer information available to all market participants. 

Reactors and Capacitors

All reactors and capacitors over 60 Kv will be modeled by ERCOT.  TDSPs will provide ERCOT with complete information on each device’s capabilities and any guidelines on their use.  ERCOT will model the devices in all Security Analysis software including the expected schema to be implemented in switching of the device on and off the system.  TDSPs shall provide ERCOT and all Market Participants with copies of the guidelines.  Any change in guidelines or switching schema will be provided 90 days prior to implementation.

Definition of Generation and other Resources and Transmission Loads

TDSPs will provide information describing each generator and other load Resources connection to the transmission system.  All Resources greater than 10 Mw will be modeled including the Non- TDSP owned step-up transformers to provide generation injections to the transmission network. ERCOT will coordinate the modeling of generators and other Resources with the owners of Resources to assure consistency between TDSPs modeling and that of ERCOT.

TDSPs will provide information describing all actual Transmission load points on the transmission system.  To minimize model size, ERCOT will only model distribution load transformers by exception. Each actual load point may be combined with other load points on the same transmission line to facilitate state estimation of loads that do not telemeter load measurements.  However, actual load elements in multiple load aggregation zones cannot be combined, potentially requiring installation of new telemetry equipment. TDSPs will also provide information describing automatic load rollover schemes and the events that trigger which loads are switched to other transmission elements on detection of outage of a primary transmission element. 

Definition of Special Protection Schemes and Remedial Action Plans

All Special Protection Schemes (SPS) and Remedial Action Plans (RAP) used by ERCOT and the TDSPs to maintain a secure system must be submitted to ERCOT for approval using procedures specifically developed to process the TDSPs request.  The SPSs and RAPs shall be fully documented and deployed without exception if those conditions on the transmission system materialize. All SPSs and RAPs will be considered public information. TDSPs are strictly prohibited from withholding SPSs and RAPs information.

ERCOT will use SPS and RAPs to increase the utilization of the transmission system by incorporating special code in all Security Analysis and LMP calculation systems.

Continuous Telemetry of the Status Of Breakers and Switches

TDSPs will provide continuous telemetry of breakers and switches status on all devices used to switch any transmission element or load on an element to ERCOT.  TDSPs need not install actual telemetry on individual breakers and switches, provided the telemetered status shown to ERCOT is current and free from ambiguous changes in state caused by maintenance personnel.  TDSPs shall update the status of any breaker or switch through manual entries if necessary to always show ERCOT the actual current state of the device. 

TDSPs shall obtain clearance from ERCOT to purposefully “open” any breaker or switch unless such breaker and switch is shown in a planned outage nor should TDSPs close, without ERCOT notification, any breaker or switch not in response to a forced outage and only when attempting to restore service.

TDSPs shall install appropriate condition detection capability to notify ERCOT of potential bad data from loss of scan frequency from RTUs as well as ERCOT shall capture data condition in all displays of breaker and switches showing potential loss of scan frequency of TDSPs. 

ERCOT shall install a SCADA system that provides alarms to system operators on the change in state of any monitored transmission breaker and switch.  ERCOT operators shall monitor any changes in state not only for operations reliability but also for accuracy and effect on the operation of the Security Constrained Dispatch functions.

TDSPs are required to use fully redundant data communication links (ICCP and/or RTU) between their control systems and those of ERCOT to provide status of breakers and switches such that any single element of the communication system can fail and full and complete information flow remains intact.

Continuous Telemetry of the Real Time Measurements of Bus Load, Voltages, Tap Position and Flows

TDSPs will provide, using fully redundant communication links, continuously updated telemetry of all voltages, flows, and loads on any transmission element required to facilitate the State Estimation of all transmission Load withdrawals and Generation injections to and from the transmission network.  The telemetry shall be updated at a scan rate of not less than 10 seconds and be provided to ERCOT at the same frequency. Appropriate condition codes shall accompany the data to indicate its quality indicating if the data has been measured within the scan rate requirement. 

TDSPs will provide telemetered measurements on transmission elements to assure SE observeability on of the voltage and flow between any transmission breakers.  On non-load transmission buses, TDSPs will install sufficient telemetry such that there is n-1 redundancy of measurements. An n-1 redundancy exists if the transmission bus remains observable on the loss of any single measurement pair (Kw, Kvar).  ERCOT’s software vendor will provide a performance guarantee for State Estimator convergence verified by Field Acceptance testing that exceeds industry standards needed to support LMP calculations.

TDSPs and ERCOT staff will develop a continuously operated program to maintain telemetry of all transmission element measurements to provide accurate results of the State Estimator. At each transmission node where multiple measured transmission elements connect, the residual sum of all telemetered measurements shall be maintained to less than, (i.) 5% of normal level of operation or (ii.) 2 Mws what ever is greater.  ERCOT shall provide a list of all nodes and the residual errors to the market information system.  ERCOT will procure a Study Mode State Estimation software package with special tools required for troubleshooting/tuning purposes.

ERCOT will install a SCADA system to provide overload and over/under limit alarming on all transmission elements monitored as constraints in the Locational Marginal Pricing models.  The operators will assure the result of the state estimation is reasonable and accurate and provides legitimate constraints to the dispatch prices. [Need maximum flexibility so that existing equipment does not have to be replaced; compatibility with existing systems.]
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