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 determined by ERCOT based upon equipment ratings and safe operating limits provided by the TDSP.

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

All transmission information entering the market models will be controlled through the mechanism of a “service request”.  ERCOT will establish mechanisms to track the creation and tracking of each service request from receipt from Transmission Operators to implementation.  Provision of planning information to ERCOT is NOT a substitute for a transmission change service request. 

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

Uses of Transmission and Resource Models in an LMP market.

Transmission and Resource models are used in LMP markets for several different functions.

1) Engineering Planning model: This model is created for at least 1case/year created /maintained for next 5 years.+ 1 longer term case.  Typically maintained for transmission planning and is made widely available to participants.  In ERCOT it is maintained by ERCOT staff transmission planning with the assistance of Transmission providers representatives through the Steady State Taskforce.

Key Features:  

a) Easily modifiable case for examining future transmission configuration options.

b) Software available to all Transmission Operators.

c) Widespread acceptance

2) Congestion Revenue Rights availability model: Used for calculation of CRR availability for the coming CRR sales period.  In some markets this model is identical to the “Day-ahead” LMP model and the “Real-time” LMP model.  Such a decision restricts the real-time model updates to the periodicity of the CRR sales.

Key Features:  

a) Buses/names defined to agree with operational model for select time periods

b) Views of source data (lines, map, impedances, etc) available to participants.

c) Linked to program showing available CRR between buses/zones/hubs.

3) LMP Model – Used for calculation of Locational Marginal Prices for both the Day-ahead markets and the real-time markets.  Used as source for posting LMP’s for day ahead and real-time markets. Probably also used for RUC analysis.  May be combined with CRR model and Operational model depending upon decisions made in design.  Retains a static number of busses identical to the appropriate CRR model for a time periods CRR settlement.   Assigns a price to dead buses and does not allow busses to split. 

Key Features:  

a) Injection Buses/names defined to agree with CRR sales model for select time periods

b) Views of model studies available to participants

c) Views of source data (lines, map, impedances, etc) available to participants.

d) Dead buses not allowed to produce zero LMP prices

e) Modeled LMP’s forced to agree with CRR sales model

4) Operational Model – May be same as LMP Model. Used for real-time security analysis studies, and short-term operational security studies. Models all busses, even after bus splits. 

Definition of Transmission Elements and Parameters
Each transmission element should  be defined in the ERCOT database with identical information in the TDSPs control center systems such that 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 should ideally  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  should develop the naming convention with the assistance of TDSPs.    

This will be very expensive and time consuming for the TDSP if it has to change the name of its devices. All of its substation prints will need to be changed, device names re-stenciled on the devices in the field and the EMS and other databases must be changed. An ERCOT naming convention which uses a prefix, to designate the TDSP , followed by that TDSP’s existing device identifier, would reduce the cost and effort involved.

The ERCOT Transmission Model will be updated quarterly. ERCOT will establish a schedule for this purpose and  TDSPs must timely submit per this schedule transmission model changes to be included in these updates.    The Energy Management Systems model should be updated once per month in accordance with the timelines shown below.

	Task
	Performed By
	Time Range

	Submit planned Transmission changes for next 30 days
	Transmission Operator

	1st 10 workdays of month

	Submit planned generation additions to come online within next 30 days
	QSE
	1st 10 workdays of month

	Accept planned transmission changes for next 30 days
	ERCOT
	1st 10 workdays of month (ERCOT will examine data provided in 1st 5 days of period and prompt submitter if incomplete with remaining 5 days.  If service request submitted in 6-10th workday; ERCOT will implement only if complete and correct, and will reject with no changes accepted if inadequate)



	Create new transmission model on Test system and perform validation checks
	ERCOT
	11-13th workdays of month

	Operate “mirror” LMP model of transmission system with prices and system components data visible to market participants
	ERCOT
	14-18th workday of month – ERCOT should post a test plan describing planned exercising (open/closing) of new devices during this test period to allow market participants to observe the effect of status changes to new elements. 

	If errors in model identified by a participant, send notification of probable error to ERCOT
	Market Participants
	14-17th workdays of month

	Investigate reported errors in model
	ERCOT
	18th workday of month

	Make corrections to model (if needed) and operate “mirror” LMP model of transmission system visible to market participants
	ERCOT
	18th-19th  workday of month

	Resolve any further problems reported
	ERCOT
	19th workday of month

	CRR auction for next month if appropriate
	ERCOT
	20th workday of month

	Failover test LMP model to day-ahead/ real-time market model.
	ERCOT
	Last regular work day of month.


Only information provided to ERCOT as part of a formal model service request will be incorporated into the market or operating model.  Information provided to ERCOT planning will NOT be considered a model service request and will not be included in the process. If a service request is not provided or incomplete the equipment associated with that service request WILL NOT BE ALLOWED INTO OPERATION. 

Incomplete or indeterminate service requests provided in the first seven days of a month will receive feedback from ERCOT and an opportunity to correct the request.  Incomplete service requests provided in the 8-15th period will be rejected and associated equipment NOT ALLOWED INTO OPERATION in the following month.

CenterPoint Energy’s EMS system network and PSS-E databases are updated daily or as field changes are made. This should not be limited to only twice a year. Updates are sent to ERCOT Quarterly. ERCOT Protocol 8.7.2 has 30 day notice requirement.

	
	
	

	
	
	

	
	
	


In order to allow for construction schedules, TDSPs may use normally open pseudo-breakers and switches to designate future facilities configuration such that the model updates can be implemented within the ERCOT prescribed time table.
Such pseudo-breakers will be submitted to ERCOT as part of a formal service request in accordance with the timeline proposed above. 


ERCOT will make available to TDSPs and all Market Participants the full transmission model used to manage the reliability of the transmission system.  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.  

NERC standards allow 30 minutes on contingency violations. 15 minute rating allows you to maintain sufficient clearance before line heats  up and sags, you must unload in 15 minutes. All rating should be consistent with the ERCOT Guides.

The network model will accommodate SPS’s, RAP’s, and dynamic ratings in the calculation of day-ahead and real-time market LMP’s; but will not include the effect of mitigation plans.

The CRR model will include the effect of SPS and RAP operation on prices, but will not consider Mitigation Plans or Dynamic Ratings.

Un-necessary changes to the ERCOT model by any entity (such as name changes) will be accommodated at the discretion of ERCOT via service request with a fee charged to the requesting entity.  ERCOT shall re-evaluate this fee on at least every 2 years to collect the approximated cost of this service; this fee to be credited to ERCOT’s budget.  For the 1st  year of operation this fee shall be set at $1000.00/change package. 

Transmission Lines

ERCOT and TDSP will model each transmission line that operates in excess of 60Kv.  The TDSP will provide for each line the element name, line impedance, from and to bus information, line type (overhead or cable) and will specify safe loading limits,  thermal or otherwise.  In addition, TDSP may submit special transfer limits and stability limits for secure and reliable grid operations for ERCOT approval. ERCOT will manage the LMPs and take remedial actions to ensure  that actual flow is less than the TDSP specified “normal” rating and any calculated flow due to a contingency is less than the applicable TDSP  “emergency” rating.  With an approved remedial action plan, ERCOT may manage LMP’s to post contingency loading using a 15 minute rating.  The TDSP specified transmission ratings will reflect ERCOT prescribed time intervals for temporary emergency conditions consistent with good utility practice  Emergency transmission ratings will be defined assuming 2 hours 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.  ERCOT may also calculate transfer limits to protect against voltage collapse or stability concerns.

Transmission Buses 

ERCOT and TDSP will model each transmission bus that operates in excess of 60Kv.  The TDSPs will provide the proposed element name, proposed substation name and a description of all lines that may be connected through breakers and or switches.  ERCOT will establish  a unique name for each substation bus to be used in defining CRR, day-ahead market LMP’s, real-time market LMP’s and operational instructions. 
Not clear, is this at all buses or just those at generator and transmission buses that can be split?

Transmission Breakers and Switches

ERCOT and TDSP will model all transmission breakers and switches capable of changing the flow on transmission lines must be submitted by the TDSP’s to ERCOT for modeling in the CRR, LMP, and Operational model..  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.
Does ERCOT model in-line transmission switches? ERCOT has had trouble properly modeling rollover.

Transmission Transformers

ERCOT and TDSP will model all transformers between nominal voltages above 60 kV .  Each TDSP will provide ERCOT with information to accurately describe the device in all the models described above.    In real-time ERCOT will  calculate LMPs and take remedial actions which ensure that actual flow is less than the TDSP specified  “normal” rating and any calculated flow due to a contingency is less than the applicable TDSP specified  “emergency” rating.  <The following sentence deleted by ERCOT.>The TDSP specified transformer ratings will reflect ERCOT prescribed time intervals for temporary emergency conditions consistent with good utility practice.  Transmission ratings and ERCOT’s enforcement of these ratings is described in the ERCOT operating guides.
ERCOT and TDSP will model all Generator step-up transformers greater than 30 MVA to provide for accurate representation of generator voltage control capability. Parameters for each step-up transformer will be provided to ERCOT and TDSP by Generator.  TDSPs are required to coordinate with plant operator to establish the proper transformer tap position and report any change to ERCOT via a model service request as described above.  <ERCOT deletes the rest of this sentence> with 90 days notice (except for emergency) prior to its implementation date.  ERCOT will make all transformer information available to all market participants.  NERC has a 30 minute criteria.  Threshold size of 30 MVA is inconsistent with Resource size of 10MW  two paragraphs below. Both sizes should be consistent.

Reactors and Capacitors

ERCOT and TDSP will model all reactors and capacitors with a single connection to transmission busses rated at a nominal voltage over 60 Kv.  TDSPs will provide ERCOT with complete information on each device’s capabilities and switching schema on their use which meets ERCOT modeling capabilities.  (ERCOT shall establish parameters for standard reactor/capacitor switching schemas which will be within the capabilities of the transmission models early in the TNT design process to allow TDSP’s to establish such schemas).  ERCOT will model the devices in all LMP and Security Analysis software including the expected schema to be implemented in switching of the device on and off the system.  ERCOT shall provide all Market Participants with copies of switching schema via a model service request. <Oncor proposes “operating guidelines”> operating  guidelines.  Any change in TDSP guidelines or switching schema will be provided to ERCOT 90 days prior to implementation (except for emergency).   Any change in guidelines or switching schema will be provided in accordance with the service request procedure described above.  This is not clear. It may impair operational flexibility for voltage control. What about emergency conditions? Do we make this known to everyone? –Yes.
Definition of Generation and other Resources and Transmission Loads

[Generators and other load Resources, as applicable will] QSEs will provide ERCOT and TDSP with information describing each generator and other load Resources connected to the transmission system via the service request process.  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 at the discretion of ERCOT.  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 transfer schemes and the events that trigger which loads are switched to other transmission elements on detection of outage of a primary transmission element.   Combining load points seems inconsistent with above provision for identifying separate bus segments.  ERCOT may require TDSP’s to provide additional telemetry as required by adequate modeling of the transmission system.   ERCOT shall request PUCT action if required to support inclusion of such costs in the appropriate TDSP rate base.
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 unless the procedure is generated by ERCOT staff.  The SPSs and RAPs shall be fully documented and deployed without exception if those conditions on the transmission system materialize unless actual circumstances are other than contemplated by the SPS/RAP design and would make SPS/RAP deployment detrimental to grid security under those conditions.  Execution of SPS’s and RAP’s will be included or assumed in the calculation of LMP’s. All SPSs and RAPs will be available to market participants.   RAPs are manual, and should only be done it if conditions occur, based on operator judgement.
ERCOT will use SPS and RAPs where feasible 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 on all devices currently provided to ERCOT.     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. 

  TDSP’s shall install systems to notify ERCOT whenever a “open” or “close” instruction is sent to a transmission element to allow ERCOT to distinguish instructions from forced outages in the transmission system. 

TDSPs shall install appropriate condition detection capability to notify ERCOT of potential bad data from loss of communication or scan function. Also, ERCOT shall also analyze received data for possible loss of updates. <ERCOT deletes the rest of this language> capture data condition in all displays of breaker and switches showing potential loss of communication or scan function..   Under current practice, TDSP’s are allowed to operate breakers for less than one hour for maintenance or operational purposes if we do not interrupt flow. This practice should continue.

ERCOT shall establish procedures and software for calculating LMP’s during loss of data from any set of providers. 

ERCOT shall establish a system that provides alarms to ERCOT operators on the change in state of any monitored transmission breaker or switch.  ERCOT operators shall monitor un-directed (forced) outages for reliability and effect on dispatch functions.  
TDSPs are required to use fully redundant data communication links (ICCP and/or RTU) between their control center 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 between control centers 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 more than 10 second or less scan rate and be provided to ERCOT at the same rate. 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 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 meets or exceeds applicable 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 targeted to maintain less than, (i.) 5% of normal level of operation or (ii.) 2 Mws whichever is greater.  ERCOT will provide market notification when this target is not achieved, and will identify steps intended to correct the target failure.  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 should install a test  facility that accommodates running the state estimator/LMP calculator with a model data set before that model is loaded into the on-line system.  The test facility will require real-time ICCP and SCADA links so the test state estimation simulates actual run-time conditions.  This test system should also be able to run load flows and contingency analysis to test the new data set.  ERCOT shall acquire model comparison software that will indicate all differences between the current and new model and shall make provisions to post this information to market participants during the ‘mirror” test run.  This comparison shall indicate differences in device parameters, missing/new devices, and status changes.
ERCOT will establish a system to provide overload and over/under limit alarming on all transmission elements monitored as constraints in the Locational Marginal Pricing models.  ERCOT will implement processes and procedures to facilitate recognition of inaccurate state estimator results; and shall create and implement alternative real-time LMP calculation processes when such inaccurate results are detected.  
Illustration 1 – the model update process
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