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1. Overview

1.1. Background

ERCOT Technical Advisory Subcommittee (TAC) created the Market Enhancement Task Force (METF) and defined its charter as assisting ERCOT in identifying enhancements to the ERCOT Nodal systems with regard to improving system reliability and efficiency in the Real Time Market with specific emphasis on Resource commitment and dispatch.

METF has created a list of Real Time market enhancement opportunities, of which the top areas of improvement are:

· Improve real time unit commitment and dispatch for short notice Resources (e.g. QSGR).
· Incorporate Demand Response (commitment and dispatch) into the Real Time Market.
· Incorporate Energy Storage Resources (commitment and dispatch) into the Real Time Market.
· Co-Optimize Energy and Ancillary Services based on the real time operating conditions.  
The Brattle Group Report on ERCOT Investment Incentives and Resource Adequacy (June 2012) has recommended these Real Time Market enhancements regardless of which resource adequacy framework the Commission and ERCOT select.
Multiple vendors have given presentations describing their suite of Real Time Market software products, all of which have a common framework of a multi-interval Real Time Commitment (RTC) and multi-interval Real Time Dispatch (RTD).
On June 28th, 2012 TAC directed METF to provide a recommendation on the scope of work and approach for a project to improve the Real Time Market utilizing a framework of a multi-interval Real Time Commitment and multi-interval Real Time Dispatch.
This Strawman document has been developed in response to the TAC direction to METF and is intended to be a starting point for discussions at METF in developing the details of the multi-interval Real Time Commitment and multi-interval Real Time Dispatch applications. For example, the policy and formation mechanisms for appropriate pricing and settlements still need to be worked out through the stakeholder process.  This document describes a framework and potential areas of improvements to the ERCOT Real Time Market. The intent of this framework is to make it highly flexible to accommodate any real time commitment, dispatch, pricing and settlements that get approved through the stakeholder process.
1.2. Objectives

The goal of the Real Time Market (RTM) Enhancement Project is to provide the following improvements over ERCOT’s current single interval SCED optimization:

· Improve ERCOT RTM operations for both economic efficiency and system reliability by taking into account a forward looking perspective of system operations and providing the Market Participants and the ERCOT System Operator with a short-term forward projection of system conditions (short-term future prices, expected congestion etc.) based on near real time inputs;

· Provide more efficient commitment and dispatch of Resources with intra-hour temporal constraints via quarter-hourly multi-interval commitment and 5-minute multi-interval dispatch;

· Add the capability to enable participation of Load and Storage Energy Resources in the RTM for Energy and Ancillary Services; 

· Add the capability of co-optimization of Energy and Ancillary Services in the RTM to efficiently utilize available Resource capacities; and

· Add the capability to consider future network topology changes (e.g. transmission outages) in determining the immediate commitment and dispatch of Resources.

The intent of the RTM Enhancement Project is to improve RTM system ability to produce economically efficient market solutions to the operational and reliability needs of the ERCOT system.
1.3. Purpose
The purpose of this Strawman document is to establish the framework and the conceptual approach for the RTM Enhancement Project for further discussions with the stakeholders, the IMM and the PUCT Staff regarding the scope and the functionalities of RTM enhancements  to be developed and implemented  in the existing RT Nodal Market. The details and updates to the ERCOT Settlement and Billing Systems required as the result of these RTM enhancements described herein are beyond the scope of this document.
The Strawman document is a precursor to further and more detailed documentation that will describe the functionality, requirements and design details necessary for the implementation of the concepts that are captured by the RTM Enhancement Project.  The concepts described herein are driven by the experiences in the ERCOT RTM initial operating period and further guided by the actions of other ISOs in the US as they also engage in upgrades to their respective RTM operations.  

1.4. Scope

The RTM Enhancement Project extends the scope of the existing ERCOT market system in two aspects:

· Accommodates participation  of Generation, Load and Storage Energy Resources in RTM in economically efficient manner with improved system operation reliability, and
· Performs optimization of real time system operation in near future time domain considering intra-hour operating conditions and resource capabilities.

These operational extensions require appropriate optimization tools and market data availability. The existing submissions and system data will be extended and utilized to cover full study periods.
The RTM Enhancement Project requires two core applications to meet the objectives described above.  These applications are:

· Real Time Commitment
The Real Time Commitment (RTC) application optimizes intra-hour commitments while at the same time co-optimizing Energy and Ancillary Service procurements every 15 minutes (to coincide with each Real Time 15-minute Settlement Interval) during a rolling RTC study period of  one hour, i.e. four sequential 15-minute intervals (configurable up to data availability) while respecting the 15-minute system Load Forecast, Ancillary Service plans, transmission constraints, hourly Resource commitments  and Resource physical characteristics (i.e. notification time, minimum /maximum up and down times, up/down ramping capabilities, etc); and 

· Real Time Dispatch
The Real Time Dispatch (RTD) application dispatches Energy every 5 minutes over a rolling RTD study period of 50 minutes, i.e. ten sequential 5-minute intervals (configurable) while respecting the 5-minute system Load Forecast, transmission constraints, RTC Resource commitments and Ancillary Service awards,  and Resource dispatch limits and ramping capabilities.

The RTD and RTC programs represent a core of a new suit of Real Time Market applications that will optimize Resource commitments and dispatches, and co-optimize Energy and Ancillary Services over near future respective study periods for variety of types of Generation, Load and Storage Energy Resources.
1.5. Implementation

This document describes a framework to implement the RTM Enhancement Project based on applications readily available from market system vendors and that are proven, implemented and operational in other ISOs. The implementation of the RTM Enhancement Project will be organized in four phases to enhance RTM operation in a non-disruptive manner:
· Phase1: RTD implementation in closed loop mode

· Phase2: RTC implementation to optimize Resource commitments for Energy procurement without co-optimization with  Ancillary Services

· Phase3: RTC implementation with Ancillary Service co-optimization

· Phase4: RTC/RTD implementation with Transmission Constraints (TC) for each time interval considering transmission outages.
 The implementation phases could be overlapping to utilize resources efficiently in constant work-load manner. Assuming that the implementation of the RTM Enhancement Project starts on January 01, the Project timeframe can be organized as follows:  SHAPE  \* MERGEFORMAT 



Any delay to start the Project will shift complete schedule to the right.  The interactions among the implementation phases depend on the functional scope and available resources.  The duration shown for each phase is approximate.
2. RTM Participation

2.1. Quick Start Generation Resources

Within the RTM Enhancement Project all Generation Resources, including SGRs and CC plants, with notification time less than half hour and inter-temporal parameters  less than one hour will be considered as Quick Start Generation Resources (QSGR). The commitment and dispatch of the QSGRs to provide Energy and Ancillary Services will be optimized by RTC and RTD applications. The RTC Commitment Instructions and RTD Base Points are binding if they cannot be re-optimized at subsequent RTC and RTD runs due to Resource inter-temporal and multi-interval constraints.

The qualification requirements, registration parameters, submission formats, COP data and performance monitoring for QSGRs remain unchanged. The QSGR inter-temporal parameters should be specified in at least quarter hour granularity in the existing RARF formats. The inter-temporal parameters will be considered by the RTC application to determine the optimal QSGR cycling.
2.2. Load Resources

One of the key goals of the RTM Enhancement Project is to enable the integration of Load Resources (LR) into the RTM.   ERCOT Load Resources today are exclusively single-site Loads whose participation is limited to the Ancillary Services markets.  The vast majority of LR participation today occurs in Responsive Reserves, where LRs are required to be armed with under-frequency relays (set no lower than 59.7 Hz) and are also subject to 10-minute deployment via dispatch instruction.  Neither form of deployment is integrated into or acknowledged by ERCOT’s current single interval SCED optimization.  
The RTM enhancement envisions allowing LRs to participate directly in the RTM, both through offers to sell energy (similar to generation) and through bids to buy energy on an “up-to” basis.  In addition, the RTM improvements would enhance Load participation in the Ancillary Service markets by allowing Loads, when deployed as reserves, to release their AS capacity — similar to how generation AS capacity is released.  The RTM enhancements will also enable the participation of aggregations of Loads as Aggregated Load Resources (ALRs)
, thus potentially expanding the pool of resources available to ERCOT.  This would also open up the markets to residential and small commercial customers, who comprise 70% of peak Load today but are unable to participate directly in the ERCOT Energy and Ancillary Service markets.
Enabling LR participation in the RTM will require expansion of existing qualification requirements, and specification of appropriate RARF data, MOI submissions, and COP data by Resource Entities and QSEs representing LRs.  The LR participation in the ERCOT system operation will be accommodated for both emergency and economical purposes to provide Energy and Ancillary Services. The ability of Load Resources to submit offers to sell or bids to buy energy at a specific network location, and to be settled at the corresponding LMPs, may require changes in PUCT rules. 

The LR submission, regardless of its type (single-site or aggregated), in the enhanced RTM is envisioned as follows:

· Three-Part Energy Offers
Similar to a Generation Resource, an LR will be able to submit offers to sell energy in the form of controlled demand response coupled with a Base Line load schedule.  Qualification requirements, registration parameters, submission formats, COP data and performance monitoring for this type of LRs will be essentially the same as for Generation Resources.  LRs’ inter-temporal parameters will need to be specified in at least quarter-hour granularity in the existing RARF formats.  Additionally, ERCOT will adapt the current methodologies for performance measurement & verification, used in the Ancillary Services market and in Emergency Response Service, to the RTM on an automated basis.
· Energy Bids
An LR with an energy bid to buy energy acts as a price sensitive Controllable Load Resource (CLR) or interruptible Non-Controllable Load Resources (NCLR) that submits in the RTM bids to buy energy “up-to” a specified price.
· Price Responsive Demand Curve
ERCOT could take into consideration, the impact of Price Responsive Demand during the price formation. An option is to adopt the PJM approach. Essentially this approach will correlate voluntary demand response to wholesale energy prices through ongoing analysis of passive demand response. The outcome of this analysis will be price responsive demand curve(s) that will be used in the optimal commitment and dispatch process to determine appropriate dispatch and price outcomes.
2.3. Energy Storage Resources

The RTM Enhancement Project will accommodate Energy Storage Resources that operate in a variety of configurations as bidirectional storage devices. The Energy Storage Resources with notification times and inter-temporal parameters less than one hour will be considered by RTC and RTD applications to optimize Energy and Ancillary Services.  The focus of the RTM Enhancement Project will be on areas of Energy Storage Resource applications that fall within one-hour RTM timeframe.
To integrate Energy Storage Resources into ERCOT market system an appropriate specification of qualification requirements, registration parameters, submission, COP data, charging/discharging/state-of-charge processing and performance monitoring is necessary. The parameters for Storage Energy Resources should be specified for each operating mode, including ramp rate functions for both upward and downward directions, subject to appropriate validation rules.
The objectives with the Energy Storage Resources are to maintain their State-Of-Charge (SOC), to provide optimal charging and discharging as well as to ensure Ancillary Service deliverability. The design of the RTC and RTD applications will consider operational characteristics and accommodate the participation of a variety of types of Energy Storage Resources within ERCOT RTM, as follows:

· Compressed Air Energy Storage Resource
A Compressed Air Energy Storage (CAES) Resource can operate in three modes:
· Charging Mode, i.e. electric energy conversion to be stored 

· Discharging Mode, i.e. stored energy conversion into electric energy, and

· Offline Mode, i.e. not operating, but available.

The charging and discharging powers can be withdrawn from the system and injected back at different network Electrical Buses.
· Duration Limited Energy Storage Resource
A Duration Limited Energy Storage (DLES) Resource can represent flywheels and batteries that can transition between charging and discharging modes in less than 5 minutes with no transition costs incurred. These operational characteristics will be considered by RTC and RTD applications to optimize Energy and Ancillary Services. 
2.4. Virtual Bids and Offers

Virtual Bids and Offers are not allowed in the RTM and will not be considered by the RTC and RTD applications.

3. Real Time Unit Commitment Application
3.1. RTC Execution
The market data submitted as input to the Real Time Market (RTM) is hourly and the submission time window closes at the top of the hour for the prompt Operating Hour. Thus, Resource offers and bids are available at least for one Operating Hour and at most for two Operating Hours in advance of the prompt Operating Hour. The availability of submitted market data determines the maximal length of RTM study period.

The Real Time Commitment (RTC) application is designed to execute every 15 minutes. The RTC study period is divided into quarter-hours, i.e. 15-minute intervals.  The maximal length of the study period depends on the availability of submitted market data. At market submission closing time, the market data is available for the next two Operating Hours. The first RTC execution at the top of the hour may consider up to seven 15-minute intervals in the study period lasting until the end of the second Operating Hour. Subsequent RTC executions at a succession of intervals at 15, 30 and 45 minutes may consider study periods lasting up to six, five and four 15-minute intervals, respectively. The operational length of the RTC study period is configurable and default setting is one hour, i.e. four 15-minute intervals.
3.2. RTC Commitment Run
3.2.1. Optimization Objective

The 15-minute RTM clearing will be performed by using the RTC application. The objective of the RTC application is to maximize economic benefits of bids and offers submitted into RTM over the RTC study period with 15-minute intervals while respecting 15-minute system Load Forecast, Ancillary Service plans, transmission constraints, hourly Resource commitments  and Resource physical characteristics.

The RTC optimization objective represents the difference between Energy bids, and Energy and Ancillary Service offers with added penalty terms to manage infeasibilities and scarcities. The RTC application optimizes both Resource commitments and Energy and Ancillary Service awards for every 15-minute interval within the RTC study period.
3.2.2. System Power Balance
The main system requirement is to satisfy 15-minute Load Forecast. The 15-minute Load Forecast model will be derived from 5-minute Load Forecast and could be automatically and manually adjusted to be consistent with hourly system Load Forecast.  

The system power balance is maintained for every 15-minute interval within the RTC study period.  The Power Balance Penalty Functions will be applied for each 15-minute interval.
3.2.3. Transmission Constraints

The transmission constraints are developed by network operation studies outside of the RTM framework. The current network topology and State Estimator solution is used for the current 15-minute interval. The transmission and generation outages are considered for subsequent 15-minute intervals until the end of the RTC study period.

The main objective of network operation studies is selection of potentially binding constraints for base case, contingencies and generic constraints to be considered by the RTC application. The shadow prices for all binding transmission constraints will be reflected in LMPs.

The maximal shadow prices are applied whenever the resource re-dispatch cost to resolve transmission constraint exceeds the predetermined price cap. 

3.2.4. Ancillary Service Procurement
a) DAM/SASM Ancillary Service Awards

All Ancillary Services awarded in DAM and SASM market runs will be bought back at 15-minute Real Time MCPCs and procured again by the RTC application to satisfy Ancillary Service requirements. The procured Ancillary Services are settled at 15-minute MCPCs and available for deployment according to deployment procedures.

The Ancillary Service self-arrangements should be allocated to individual Resources and reported in the COP in the existing formats. The Ancillary Service self-arrangements are respected by the RTC application.    

b) Ancillary Service Regions and Requirements
A number of Ancillary Service regions will be established. The determination and re-configuration of Ancillary Service regions is based on studies of Ancillary Service deliverability. The Deliverability Evaluation Function (DEF) will be updated to support these studies. 
The ERCOT wide Ancillary Service region is always considered having Ancillary Service requirements the same as Ancillary Service plan in DAM. Both maximal and minimal Ancillary Service requirements can be specified for each Ancillary Service region and each Ancillary Service type. The 15-minute Ancillary Service prices (i.e. MCPCs) will be determined for each Ancillary Service type and each Ancillary Service region over the RTC study period. The ERCOT System Operator can modify Ancillary Service requirements to cover outages and address current operating conditions.

c) Ancillary Service Substitution

The higher quality Ancillary Service can be procured above its Ancillary Service plan and be a substitute for lower quality Ancillary Services, if it is economical. Regulation Up can substitute for RRS and Non-Spin, and RRS can substitute for Non-Spin. The Ancillary Service substitution guaranties cascading of Ancillary Service prices, i.e. higher quality Ancillary Service will always have higher MCPC than lower quality Ancillary Service.

d) Ancillary Service Scarcity Prices
The shortage in Ancillary Service procurement in respect to Ancillary Service plan will be penalized by scarcity price curve. The scarcity price curve will be developed for each Ancillary Service type and each Ancillary Service region to reflect relative priorities of Ancillary Service types. The Ancillary Service scarcity price curves are step-wise with up to ten segments.
e) Ancillary Service Ramping Limits
The Ancillary Service awards are constrained by Resource ramping limits. For Regulation and Non-Spin reserves the normal ramp rates are used while for RRS the emergency ramp rates are used. Within the RTC application Energy and all Ancillary Services fully share Resource ramping capabilities.
3.2.5. Resource Constraints

a) Inter-Temporal Constraints
The inter-temporal constraints for Generation, Load and Energy Storage Resources are enforced as firm constraints. The Commitment Instructions are binding if they cannot be re-optimized due to inter-temporal constraints in subsequent runs of the RTC application.

The following inter-temporal constraints are respected by the RTC application:

· Generation Resources

· Notification time

· Minimum/maximum online time

· Minimum offline time

· Maximum number of starts within study period (once in hour)
· SGR commitment constraints

· CC transition constraints considering augmentation.
· Load Resources

· Notification time
· Minimum/maximum interruption time

· Minimum not-interruption time

· Maximum number of interruptions within study period.

· Energy Storage Resources

· Notification time
· Transition time to/from charging/discharging operating mode

· Minimum/maximum charging/discharging time

· Minimum offline time

· Maximum number of transitions within study period.
b) Multi-Interval Constraints
Any Generation, Load and Energy Storage Resource can submit multi-interval block offers or bids for both Energy and Ancillary Services. The fixed offers and bids will be awarded in all block time intervals, or in none. The variable offers will be awarded at the same MW level in all block time intervals. 

The multi-interval block awards are binding if they cannot be re-optimized in subsequent runs of the RTC application.

c) Ramping Limits
The Resource ramping capabilities are submitted in general form of step-wise ramp rate functions. The maximal ramp rate is changing whenever Resource power output is passing from one segment to another. Therefore, the ramping limits are determined by ramping time and change of Resource power output.
The symmetrical ramping across boundaries of 15-minute intervals is deployed for Generation, Load and Energy Storage Resources. The ramping time is configurable with default value of 10 minutes, i.e. 5 minute before and 5 minute after 15-minute interval boundaries.
d) Capacity Limits
The Generation and Load Resource capacity between LSL and HSL can be used for Energy or any type of Ancillary Service (if qualified). The same applies for both charging (LPC; MPC) and discharging (LSL; HSL) ranges of Energy Storage Resources. Only inclusive Energy and Ancillary Service offers are considered by the RTC application. The total Energy and Ancillary Service awards cannot exceed available Resource capacity. 

For Aggregated Load Resources, the first and the last point of price responsive demand curve are treated as Resource capacity limits. 

3.2.6. Resource Initial Conditions
The Resource initial conditions are determined by the history of the Resource commitment status and Resource Commitment Instructions, Base Points and the Ancillary Service awards for the first 15-minute interval (that were already determined by the last run of the RTC application). The Resource Base Points for the first 15-minute interval are validated against the  Resource’s telemetered power output and telemetered ramp rates, and used as the initial conditions to optimize Resource commitments and Energy and Ancillary Service awards over the RTC study period.

3.2.7. Market Power Mitigation
The Generation Resource offers are mitigated using the existing market power mitigation measures. The Load Resource offers are mitigated in opposite direction setting offer prices at higher of reference LMPs or price floor for Load Resources to guaranty non-negative net profit.  The Load Resource bids, Energy Storage Resource offers and price response demand curves for Aggregated Load Resources are not mitigated.

The RTC application is executed two times in each run. In the first execution, the RTC application considers Competitive Constraints only and determines the reference LMPs for all 15-minute intervals within the RTC study period. The offers are mitigated for every 15-minute interval using the existing market power mitigation methodology. In the second execution, the RTC application considers mitigated offers and all transmission constraints. The calculated Base Points and constraint shadow prices represent the final 15-minute outcomes of the RTC application.

3.3. RTC Pricing Run

3.3.1. Pricing Run Setting

The RTC pricing run represents the settings for the RTC application to perform multi-interval optimization of mitigated energy offers with Resource commitment statuses fixed at their optimal values. The settings are performed to accommodate proper impacts of ramping constraints, energy blocks and Ancillary Service deployments to clearing prices.  The power balance penalties as well as transmission constraint maximal shadow prices are considered by the RTC pricing run. If Ancillary Service requirements are not feasible for any region and scarcity price curves are not considered then the Ancillary Service requirements are relaxed and the RTC application is re-executed to calculate 15-minute Energy and Ancillary prices respecting optimal Resource commitment statuses. Price formation methodologies approved through the stakeholder process will be incorporated.
3.3.2. Energy Prices

The 15-minute LMPs are calculated in standard way. These LMPs are for advisory purposes only.

3.3.3. Ancillary Service Prices

The MCPCs are calculated for every Ancillary Service Region and every Ancillary Service type for every 15-minute interval of the RTC study period. The Ancillary Service substitutions, as well as the Ancillary Service scarcity prices are reflected in the MCPCs.  The MCPCs for binding Ancillary Service awards are used for settlement purposes, while MCPCs for remaining Ancillary Service awards are advisory.

3.3.4. Make-Whole Payments

Make-Whole settlements approved through the stakeholder process will be incorporated.
3.4. RTC Outputs

3.4.1. Commitment Instructions

The 15-minute Commitment Instructions are issued as binding instructions if they cannot be re-optimized in subsequent runs of the RTC application. The Resource notification, startup and transition times, inter-temporal constraints and offer availability are considered. The issued Commitment Instructions could be eligible for Make-Whole Payments.

Any issued Commitment Instructions and binding Ancillary Service awards that are going beyond the first 15-minute interval are respected by subsequent runs of the RTC application. 

3.4.2. Awards and Prices

All 15-minute Energy awards and correspondent LMPs are for advisory purposes only. The energy offers are considered by the RTC application to co-optimize Energy and Ancillary Services properly.

The Ancillary Service awards are binding if they cannot be re-optimized in subsequent runs of the RTC application. The 15-minute MCPCs for binding Ancillary Service awards are used for Settlement and Billing purposes. The remaining Ancillary Service awards and MCPCs are advisory. Note that the binding interval time frame for Non-Spin would be different from binding Regulation Up, Regulation Down and RRS due to 30-minute time domain of Non-Spin product.
3.4.3. Results Publishing

Both binding and advisory, i.e. all results of the RTC clearing and pricing runs are published for each 15-minute interval. This includes binding and advisory Commitment Instructions, advisory Energy 15-minute awards and LMPs, and Ancillary Service 15-minute awards and MCPCs.

4. Real Time Dispatch Application
4.1. RTD Execution

Hourly market data submitted to the Real Time Market (RTM) are used for both 15-minute and 5-minute RTM clearing and pricing. The 5-minute RTM clearing and pricing is performed every 5 minutes considering up to 50-minute study period, i.e. up to ten 5-minute intervals (configurable) with o’clock 5-minute intervals.

The Real Time Dispatch (RTD) application is executed periodically at the middle of o’clock 5-minute intervals, i.e. at 52.5”, 57.5”, 2.5”, 7.5”, etc. and must be completed within five minutes. For the first next 5-minute interval after execution starts, the Resource Base Points are already issued in the previous run of the RTD application. The Base Points for subsequent 5-minute intervals within RTD study period will be optimized by the RTD application.
4.2. RTD Dispatch Run

4.2.1. Optimization Objective

The 5-minute RTM clearing will be performed by using the RTD application. The objective of the RTD application is to minimize costs over the RTD study period with 5-minute intervals while respecting 5-minute system Load Forecast, Ancillary Service awards, transmission constraints, Resource commitments from the RTC and Resource physical characteristics. If eventually Energy bids or price sensitive demand curves are submitted into RTM timeframe then they will be incorporated into the RTD optimization objective.
In the RTD application, the awarded Ancillary Services are not available for energy dispatch unless they are deployed. The deployed Ancillary Services can be protected by Price Adders or Price Floors applied to Ancillary Service segments within Energy Offer Curves. These penalties reflect policy and priority order of Ancillary Service dispatch by the RTD application. 

The penalty functions for system over and under generation and maximal shadow prices for transmission constraint violations are represented explicitly in the RTD optimization objective.

4.2.2. System Power Balance

The main system requirement is to satisfy 5-minute Load Forecast over the RTD study period. The 5-minute Load Forecast is updated every five minutes to adjust to the current operating conditions. The ERCOT System Operator can bias the 5-minute Load Forecast manually to account for unpredictable upcoming events.

The 5-minute system Load Forecast for the RTD study period is adjusted by the dispatches of Load Resources (Load Resources that submitted three part offers  and Aggregated  Load Resources with price response demand curves) from the last run of the RTD application and are used as expected projections of 5-minute load responses over the RTD study period. The last 5-minute interval is replicated.  

4.2.3. Transmission Constraints

The transmission constraints are determined in network operation studies outside the RTM framework. The constraints used by the RTC application are considered by the RTD application as well in addition to constraints that are eventually developed to address changes in network operating conditions after the RTC execution. The ERCOT System Operator can add or deselect constraints to be considered by the RTD application.

The current network topology and State Estimator solution are used for the first 5-minute interval. The transmission and generation outages are considered for subsequent 5-minute intervals until the end of the RTD study period. The RTD application considers potentially binding or overloaded constraints for base case, contingencies and generic constraints.  The maximal shadow prices are applied whenever the resource re-dispatch cost to resolve a transmission constraint exceeds the predetermined price cap. 
4.2.4. Market Power Mitigation

The Generation Resource offers are mitigated using the existing market power mitigation measures. The Load Resource offers are mitigated in opposite direction setting offer prices at higher of reference LMPs or price floor for Load Resources that guaranties non-negative net profit.  The Load Resource bids, Energy Storage Resource offers and price response demand curves for Aggregated Load Resources are not mitigated.

The RTD application is executed two times in each run. The first execution of the RTD application represents the SCED Step1 of market power mitigation procedure that considers only Competitive Constraints and determines the reference LMPs for all 5-minute intervals within the RTD study period. 

The Energy Offer Curves are mitigated for every 5-minute interval using the existing methodology for market power mitigation. 

The second execution of the RTD application represents the SCED Step2 of market power mitigation procedure that considers the mitigated Energy Offer Curves and all transmission constraints. The calculated Resource Base Points and constraint shadow prices represent the final 5-minute outcomes of the RTD application. 

4.2.5. Resource Constraints

a) Multi-Interval Constraints
Any Generation, Load and Storage Resource can submit multi-interval block energy offers. The RTD application considers only variable multi-interval block offers. These offers will be awarded at the same MW level at all block time intervals. 

The multi-interval block awards are binding if they cannot be re-optimized in subsequent runs of RTD application.

b) Ramping Limits
The Resource ramping capabilities are submitted in general form of step-wise ramp rate functions. The maximal ramp rate is changing whenever Resource power output is passing from one segment to another. Therefore, the ramping limits are determined by ramping time and the change of Resource power output.
 The symmetrical ramping across boundaries of 5-minute intervals is deployed for Generation, Load and Energy Storage Resources. The ramping time is configurable with default value of 5 minutes, i.e. 2.5 minute before and 2.5 minute after 5-minute interval boundaries.
c) Dispatch Limits
For Generation and Load Resources the operating limits LSL and HSL, or LPC and MPC are considered. The same applies for both charging (LPC; MPC) and discharging (LSL; HSL) ranges of Energy Storage Resources. 

The Ancillary Service awarded capacities will not be available for dispatch until they are deployed, i.e. they will be protected by Low and High Ancillary Service Limits (LASL and HASL). The ramping limits are modeled explicitly, i.e. they will not be incorporated into LDL and HDL dispatch limits.

For Aggregated Load Resources, the LPC and MPC are treated as Resource dispatch limits. 
4.2.6. Resource Ramp Sharing

For Resources performing the Regulation Service a flexible ramp sharing between RTD and LFC is used, i.e. a portion of Resource ramping capability reserved for the LFC as Regulation capacity will be available for the RTD application as Resource Base Point dispatch range. The changes of Base Points of regulating Resource will be limited by this fraction of its ramping rate. The form of ramp rate function will remain the same, just a fraction of ramp rate values will be used by the RTD application. The sharing ratio is configurable parameter and it has the same value for all Resources.

4.2.7. Resource Initial Conditions
The Resource power output telemetry is used as the initial power output at the moment of execution of the RTD application. Already issued Resource Base Points for the first next 5-minute interval are validated against Resource power output telemetry and telemetered ramping rates. Eventual Base Point inconsistency is corrected.
If a Resource is in startup mode then its power output telemetry will be between zero MW and LSL. It will be assumed that Resource will ramp full time, i.e. 5 minutes at telemetered upward ramp rate (or rate of upward ramp rate function between zero MW and LSL segment) at maximal speed from telemetry power output to its LSL.  It may take several 5-minute intervals to achieve its LSL. When its LSL is achieved it becomes the initial Base Point used for the rest of the study period. 

Likewise, if a Resource is in shutdown mode then its power output telemetry will be between LSL and zero MW and it will be assumed that Resource will ramp full time, i.e.5 minutes at telemetered downward ramp rate (or rate of downward ramp rate function between zero MW and LSL segment) at maximal speed from telemetry power output to zero MW.  It may take several 5-minute intervals to achieve the zero MW (i.e. breaker open). When the breaker is open the Base Point is equal to zero MW for the rest of the RTD study period (until the next Resource startup).
4.3. RTD Pricing Run

4.3.1. Pricing Run Setting

The RTD application considers system operating conditions in future time intervals (load forecast, expected WGR generation, unit trips, transmission outages, etc.). The Resource Base Points and LMPs determined by the RTD application sometimes can be mutually inconsistent in respect to Resource Energy Offer Curves due to price formation requirements. The objective of RTD pricing run setting is to reduce these inconsistencies. 

The RTD pricing run represents the settings for the RTD application to perform single-interval optimization of mitigated energy offers for each 5-minute interval independently respecting optimal RTD Base Points determined at the RTD dispatch run. The RTD pricing run settings are performed to accommodate proper impacts of ramping constraints, energy blocks and Ancillary Service deployments to clearing prices.  The power balance penalty functions as well as transmission constraint maximal shadow prices are considered by the RTD pricing run. Price formation methodologies approved through the stakeholder process will be incorporated.
4.3.2. Real Time Prices

In the RTD pricing run, the real time LMPs will be calculated using current methodology for all Settlement Points (Resource Nodes, Load Zones and Hubs) for each 5-minute interval within RTD study period. The power balance penalties and transmission constraint maximal shadow prices may be reflected in LMPs. 
The binding LMPs from the 5-minute intervals are used to calculate 15-minute Real Time Settlement Point Prices for all Settlement Points.

4.4. RTD Outputs

4.4.1. Dispatch Instructions

The Base Points for the first 5-minute interval are binding. Also, multi-interval block dispatches are binding if they cannot be re-dispatched by subsequent runs of the RTD application. All other Dispatch Instructions are advisory.

4.4.2. Real Time LMPs
The Real Time LMPs for the first 5-minute interval are binding. The LMPs for all other 5-minute intervals within the RTD study period are advisory.

The 15-minute Real Time Settlement Point Prices are calculated using binding 5-minute LMPs within the 15-minute Settlement Interval for each Settlement Point and each whole 15-minute interval within RTD study period. The Real Time Settlement Point Prices are binding if all 5-minute LMPs within that 15-minute Settlement Interval are binding, and the Settlement Point Prices are advisory if they are calculated using at least one advisory LMP.

4.4.3. Results Publishing

The binding Base Points and LMPs are delivered to the Market Participants as control actions through ICCP communication channels.

The advisory Base Points, LMPs and Real Time Settlement Point prices are published through the MIS system.

5. Implementation Approach
5.1. Software Availability
This document describes a framework to implement the RTM Enhancement Project based on RTC and RTD applications readily available from market system vendors.  These RTM applications are proven to the extent that they are implemented and operational in other ISOs. The flexibility of parameter settings and processing features of the RTC and RTD applications allows their adjustments to fit into specific ISO market design and operating procedures.

The major vendors converged to the common set of RTM features that compromise their base-line software products based on evolvements of ISO’s operational practices. These common features are listed in the following table:
	RTM Feature
	Ventyx/ABB
	Alstom
	Siemens
	ISO 

	RTC

Application
	Time Interval
	15 min
	15 min
	15 min
	MISO, NYISO, PJM, CALISO 

	
	Study Period
	Up to 2 ½ hours
	Up to 2 ½ hours
	Up to 2 ½ and 4 ½ hours
	

	
	Resource Types
	QSGR, DR
	QSGR, DR
	QSGR, DR, LR
	

	
	Inter-Temporal Constraints
	Yes
	Yes
	Yes
	

	
	Make Whole Payment
	Yes
	Yes
	Yes
	

	RTD

Application
	Time Interval
	5 min
	5 min
	5 min
	NYISO, PJM, CALISO 

	
	Study Period
	65 min
	60 min
	60 min
	

	
	Resource Types
	QSGR, DR
	QSGR, DR
	QSGR, DR
	

	
	Ramping Constraints
	Yes
	Yes
	Yes
	

	AS Procurement
	AS Co-Optimization
	Yes
	Yes
	Yes
	MISO, NYISO, PJM, CALISO

	
	AS Regions
	Yes
	Yes
	Yes
	

	
	AS Substitution
	Yes
	Yes
	Yes
	

	
	AS Ramp Sharing
	Yes
	Yes
	Yes
	

	Network Model
	AC/DC
	AC
	AC
	AC
	MISO, NYISO, PJM, CALISO

	
	Thermal Constraints
	Yes
	Yes
	Yes
	

	
	Generic Constraints
	Yes
	Yes
	Yes
	

	
	Outages
	Yes
	Yes
	Yes
	


Some of these common RTM features need to be adjusted to operate efficiently within design concept of the ERCOT Nodal Market.
5.2. Project Phases
The implementation of the RTM Enhancement Project will be organized in four phases to enhance the existing RTM operation in non-disruptive manner. The scope of each phase represents a set of standalone features with the possibility of sequential phase implementation. The four phases are:
· Phase1: RTD Implementation in Closed Loop Mode

The recent implementation of RTD application in open loop mode to project prices  will be implemented in closed loop mode to replace the existing single-interval SCED. After completion of Phase 1, the RTD application will determine binding and advisory Resource Base Points as well as Electrical Bus LMPs for each 5-minute interval within the RTD study period. The current single-interval SCED will be retired.
· Phase2: RTC Implementation to Optimize Resource Commitments 
The RTC application will be designed, developed and implemented to optimize Resource commitments considering Energy Three-Part Offers only without co-optimization with Ancillary Services. The Resource commitments will be optimized for Generation, Load and Storage Energy Resources for each 15-minute interval within the RTC study period.
· Phase3: RTC Implementation with Co-Optimization of Energy and Ancillary Services 
The RTC application will be extended to be capable of co-optimization of Energy and Ancillary Services for 15-minute intervals within the RTC study period. The Ancillary Service regions, substitution and scarcity pricing will be considered.
· Phase4: RTC/RTD Implementation with Transmission Outages

The transmission outages will be considered so that each time interval within the RTC/RTD study period can have different set of transmission constraints due to transmission outages. The transmission constraints will be determined outside the RTM framework, but coordinated with the RTM timeline.
5.3. Project Timeframe

The implementation phases of the RTM Enhancement Project could be overlapping to utilize available resources efficiently in constant work-load manner. Each phase will likely include the following activities:
· NPRR Development: To determine policy, approach and functional requirements.
· Design: To specify solution approaches and methodologies.
· Implementation: To develop software and extend RTM system platform.
· Integration: To incorporate RTM enhancement features into the existing Nodal systems.
· Trials: To allow Market Participants and ERCOT to verify functionality and operational capabilities.
· Transition: To migrate to RTM enhanced operation without disruption.
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� A separate initiative involving ERCOT Staff and stakeholders is under way to develop the high-level concepts for ALR participation.
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