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Software Requirements Specification 
1. Introduction

This document contains the requirement specifications of Look-Ahead SCED Phase 1. The binding document that generated these requirement specifications is the ERCOT Nodal Protocol Revision 351 (NPRR351). Look-Ahead SCED Phase 1 is the first step in moving towards a Real-Time Market design that utilizes simultaneous multi-interval optimization for both commitment and dispatch over a short forward time span (1-2 hours). 

Purpose

The document MMS Look-Ahead SCED Phase 1 Requirements is provided to assist in the system implementation. This includes processes, tools (hardware and software), and operations and constraints necessary for compliance to NPRR351 and provides the first building block of Look-Ahead SCED. 
Objective

The objective of this document is to provide a clear, concise and unambiguous set of requirements to allow the developer/implementer to deliver a fully operational, compliant and robust system that complies with NPRR 351 and enables the next phases of Look-Ahead SCED.

Traceability

All requirements are traceable to NPRR351, and/or regulations such as NERC and FERC.

Other Market Management System Documents

· White Paper: Functional Description Of Core Market Management System (MMS) Applications For  "Look-Ahead SCED"
· MMS Security-Constrained Economic Dispatch and Real-Time MMS Processes Requirements 
· MMS Day-Ahead Market (DAM) and Supplemental Ancillary Service Market (SASM) Requirements
· MMS RUC Requirements
· MMS Constraint Competitiveness Test Requirements
· MMS Overall MMS System and Other Processes Requirements
2. Look-Ahead SCED Phase 1
This document addresses the business requirements for the Market Management System (MMS) to support the Look-Ahead SCED Phase 1. This phase is a basic version of the Real-Time Dispatch (RTD). In Phase 1, RTD will be running in open loop i.e. all output Base Points and LMPs are advisory/indicative.

The purpose of this Look-Ahead SCED Phase 1 is to use the RTD application running in open loop mode to provide future advisory/indicative pricing and also check feasibility of different approaches for a look-ahead dispatch. 

Real-Time Market Operation
Real-Time Market 5-Minute Timeline

Within 5-minute Real-Time Market time domain, the ERCOT optimizes Resource dispatches to maintain system reliability and maximize economic efficiency to meet the system 5-minute Load Forecast respecting Ancillary Service awards, transmission constraints and Resource physical characteristics. 

The 5-minute Real-Time Market processes are supported by the following look-ahead applications:

· 5-Minute Load Forecast,
· Short-Term Wind Forecast (STWPF), and
· Real-Time Dispatch.
The Real-Time Dispatch (RTD) represents an optimal Look-Ahead Security Constrained Economic Dispatch program executed every wall clock 5 minutes with a one hour Study Period (configurable) divided into wall clock 5-minute time intervals. The current Study Period is 55 minutes. 

The same Real-Time Market data that is submitted or updated during the Adjustment Period are used by the RTD program. The Real-Time Market offers and bids are available at least for one Operating Hour, i.e. they are always available for the RTD Study Period (configurable – currently 55 minutes).  
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Figure 2‑1: Real-Time Market 5-Minute Timeline
The RTD program is executed periodically at the top of wall clock 5-minute intervals (i.e. at 1:00, 1:05, 1:10, etc.) and must be completed within 2-3 minutes (Figure 2-1). For the first next 5-minute time interval after RTD execution starts, the Resource Base Points are already issued in previous run of the Real-Time Dispatch program. The Base Points for subsequent 5-minute time intervals in the Study Period will be optimized. 

Note: For Look-Ahead SCED Phase 1, RTD and current production SCED will start execution at the same time. The first interval of the study window for RTD will be the same as the interval that SCED will run for. This configuration will be there for Phase 1 and will change for future phases. The resoning for this configuration is to be able to compare the prices (not MW dispatch) of the SCED run with the first interval of RTD and the expectation is that they should be close as the inputs should be close as they are run almost at the same time.
Real-Time Dispatch 

The Real-Time Dispatch (RTD) application optimizes energy dispatches over the Study Period with 5-minute time intervals while respecting system 5-minute Load Forecast, transmission constraints, Ancillary Service awards, Resource commitments and Resource physical characteristics. The RTD application performs simultaneous optimization of Resource dispatches across all time intervals in the Study Period and has the ability to model ramping capabilities of Resources across boundaries of 5-minute time intervals. 
The RTD application also has a capability to run in open control loop mode and on demand subject to specific settings managed by the Market Operator. 

A projection of the future 5-minute values of the system load over the Study Period time horizon will be calculated by the 5-minute Load Forecast application.

The RTD program will optimally dispatch and price Energy Offer Curves from On-Line Generation, Demand and Storage Resources. The RTD outputs are Resource Base Points and Locational Marginal Prices (LMP) for each 5-minute time interval within the Study Period. 
The RTD application uses a two-step methodology for Market Power Mitigation to resolve Non-Competitive Constraints according to the Protocols. 
The ERCOT uses RTD Base Points and deployment of Regulation Up (Reg-Up), Regulation Down (Reg-Down), Responsive Reserve (RRS), and Non-Spinning Reserve (Non-Spin) Services to control system frequency and reliability disturbances.
Input Data
The  RTD applications will independently read the same input data as the current Real-Time SCED but also read additional data to cover  one hour (configurable) Study Periods including submitted hourly Energy Offers, Trades, Self-Schedules, data for Generation, Demand and Storage Resources, Resource data from COP, individual WGR production forecast, 5-minute Load Forecast, Resource ramping characteristics and settings for ramp sharing between LFC and RTD. The input data set shall also take into account binding and advisory Commitment Instructions, Ancillary Service awards and Dispatch Instructions for Generation, Demand and Storage Resources from the most recent run of RTD/RTC programs to be used by subsequent executions. 
This section provides a summary of input data to the Real-Time Market processes. Table 2‑1 lists the required input data for RTD for Demand, Storage and Aggregate Retail Resources. The Market Infrastructure (MI) listed in the table is a sub-system of the Market Management System. The MI sub-system supports QSE data submission and validation. All the validated QSE market data are stored in the MI market database as input to RTD. The “Source” column of the input data table identifies the source where the input data is stored. Here are specified input data for Demand, Storage and Aggregate Resources as addition to the existing input data for Generation Resources.
Table 2‑1. RTD Input Data
	Source
	Data

	Registration 
	Load (Demand) Resources
Resource name
QSE ID
Resource Commercial Operation Date
Type of Resource

Maximum Power Consumption 
Low Power Consumption 
DSR flag (?)
Status (Active, Mothballed, or Decommissioned)
Storage Resources

Resource name
QSE ID
Resource Commercial Operation Date
Resource storage capacity

DSR flag (?)
Aggregate Retail Resources
Resource name
QSE ID
Resource Commercial Operation Date
Maximal and minimal power consumption (MPC and LPC) 
Status (Active, Mothballed, or Decommissioned)


	Market Infrastructure (MI) 
	For Demand and Storage Resources:

· COP (from QSE) 
Resource Name
Resource Status

High Sustained Limit (HSL) and Low Sustained Limit (LSL)
 Ramp Rate Functions
Self-arranged and awarded Ancillary Service Schedule (Reg-up, Reg-Down, Responsive Reserve Service and Non-Spin) 
Base Load schedule for Load (Demand) Resources

· Energy Offer Curves (from QSE) 

Resource ID
QSE ID

Energy Offer Curve (price vs. quantity)

Percentage of FIP

Percentage of FOP
Incremental/Decremental Offer Curve (from QSE)
QSE ID

Resource ID

Energy Offer Curve (price vs. quantity)

Percentage of FIP

Percentage of FOP

Output Schedules (from QSE)
QSE ID

Resource ID

Desired MW output level

DSR Energy Trades (used for DSR Output Schedule validation)

Buying QSE
Selling QSE
MW Quantity
Purchase or Sale Flag
Mitigated Offer Cap curve and Floor (calculated in MI)
Resource ID

Mitigated Offer Cap curve (cap vs. quantity)
Mitigated Offer Floor
For Aggregate Retail Resources:

· COP (from QSE) 
Resource Name

Resource Status

Maximal and minimal power consumption (MPC and LPC) 

Self-arranged and awarded Ancillary Service Schedule (Reg-up, Reg-Down, Responsive Reserve Service and Non-Spin) 
· Price Response Curves (from QSE) 

Resource ID
QSE ID

Price Response Demand Curves  (price vs. quantity)
· Operator Manual Override HDL/LDL



	Energy Management System (EMS)
	· Network Constraints to be enforced in RTC and  RTD from Transmission Constraint Manager (TCM) 

Constraint ID
Contingency name

Overloaded Element name 
From/To Station name and kV level
Constraint Limit
Constraint value (the Base Case flow for a Base Case constraint, the post Contingency flow MW for a Contingency constraint) 
Shift Factors 
Maximum Shadow Price corresponding to each constraint. (This value will be overwritten if data exists in MIDB – irresolvable constraint).
· SCADA / LFC / RLC Data
Telemetry MW 
DC Tie Telemetry MW

Storage level
Resource Status 

Ancillary Service Schedule for RRS, Non-Spin
Ancillary Service Responsibility including Reg-Up, Reg-Down, RRS, Non-Spin

Resource normal and emergency limits including HSL, LSL, HEL, LEL, normal and emergency ramp rate, LDL,HDL 
DSR Telemetered Output Schedule
History of commitment statuses
5-minute averaged telemetered HSL
· System Load Forecast

Seven Day Hourly Mid-Term Load Forecast

Two Hour  5-Minute Load Forecast
Hourly Short-Term Wind Power Forecast (STWPF)



	NMMS (Default) / MMS (Updated)
	Resource Parameters for Load (Demand) Resources (Protocol 3.7.1.1):

Normal Ramp Rate Curve

Emergency Ramp Rate Curve

Hot-to-Intermediate Time

Intermediate-to-Cold Time
Minimum Interruption Time

Minimum Restoration Time

Maximum Interruption Time

Maximum Number of Daily Deployments

Maximum Weekly Energy

Minimum Notice Time
Resource Parameters for Storage Resources (Protocol 3.7.1.1):

Charging and Discharging Normal Ramp Rate Curve

Charging and Discharging Emergency Ramp Rate Curve

Charging and Discharging Minimum On-line Time

Minimum Off-line Time Maximum number of Charging and Discharging Weekly Starts

Maximum Charging and Discharging On-Line Time

Maximum Number of Charging and Discharging Daily Starts
Minimum Notice Time


	eTag
	DC Tie eTag for current and next hour

eTag Name

DC Tie Name
15-minute Interval Ending
eTag MW


Output Results

All binding and advisory outcomes of 5-minute Real-Time Market processes are stored in Market Infrastructure (MI) sub-system to be used by the Market Operator and published to QSEs. All results of every run of the RTD program are available in the MI sub-system are stored to be used by subsequent RTD runs.

The advisory 5-minute Base Points, LMPs are published through MIS system. 

The Table 2‑2 lists output results for Demand, Storage and Aggregate Retail Resources determined by the Real-Time Market processes that are available for the following entities:
· QSE: MI data shall be used to generate reports to QSEs.
· MIS: MI data shall be available for ERCOT to post in MIS Secure Area.
The “Destination” column of the output table identifies the destination target where the data generated by RTD is sent. Here are specified output data for Demand, Storage and Aggregate Resources only without existing output data for Generation Resources.
Table 2‑2 Output Results
	Destination
	Data

	Market Infrastructure (MI)
	· RTD Results

RTD time stamp
5-minute Base Points 
5-minute LMPs at each Settlement Point 
Reference 5-minute LMPs 
Binding/violated transmission constraints identified in  RTD runs
Final Output Schedule used in RTD
Shadow Price and Maximum Shadow Price for each transmission constraint

Telemetered HSL/MPC, LSL/LPC, Ancillary Service Resource Schedules, Ancillary Service Resource Responsibilities, MW (net power consumption)  and Resource Status for each Resources

RLC calculated HASL, LASL, HDL, LDL and manually Overridden HDL/LDL Information

5-minute Load Forecast and offset to it.

	Market Operator Interface (MOI)
	· A summary of binding and advisory 5-minute Base Points and LMPs for all Resources with their corresponding limits and flags to indicate if the Resource’s limits are binding (similar to SCED Base-Point below HDL (SBBH) flag).
Alarm messages if telemetered Resource status  is different from the COP 
Alarm messages for any constraints that RTD could not resolve

Suggestion Plan for un-resolved transmission constraints 


Solution Sequence

The solution sequence for the RTD application is comprised of four major sub-functions to support all the scheduling functions:
· Data Input module: retrieves and prepares input data for the Optimization Engine;
· Optimization Engine (MIP/QP) module: performs two-step RTD mitigation process and determines the optimal 5-minute Resource awards and prices;
· Data Output module: disseminates the  RTD results and related data to the Market Infrastructure (MI) system; and
· Save Case (SAV) module: saves inputs and outputs of the Optimization Engine in save cases for future analysis.
Real-Time Market Data Flow 
Registered Resource parameters, market data submitted by QSEs and network security information provided by ERCOT's EMS system are inputs to the Real-Time Market processes. The RTD programs process this information to produce a least-cost dispatch for Generation, Demand and Storage Resources to meet system Load Forecast, subject to transmission constraints and Resource limits.
Figure 2‑2
 shows a high level diagram for Real-Time Market data flows. 
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Figure 2‑2. Real-Time Market Data Flow Diagram

Preconditions and Dependencies
The accuracy of RTD results depends on the accuracy of forecasts used and timing of the input data from other systems such as EMS and Settlement system.
NOTE: For Phase 1, the Wind forecast is an hourly quantity. For future Phases we will need to obtain wind forecast on a 5-minute granularity.
The functionality and requirements specified in this document are based on the following preconditions:

· Any time Non-Spin capacity is deployed by the ERCOT Operator, actual energy deployment through RTD processes shall not occur until the next scheduled RTD program run with the exception that the following three conditions shall trigger an immediate execution of the RTD application: (1) available Regulation capacity is below an operator-entered threshold or (2) RRS has been deployed by LFC or (3) Manual Triggering by the ERCOT operator; 
EMS will have an alternative real time process to get a list of transmission constraints to be considered by the RTD applications based on the current system condition and planned outages within the Study Period. Even under circumstances where inaccurate SE results are detected, the EMS shall be able to provide a valid list of transmission constraints to RTD applications;
Figures are intended to be only a general guide and not controlling language, and any conflict between figures and another section of the requirements documents is controlled by the other section in the requirements document; and
All tunable parameters described in this requirement document that are changed must be posted and available for QSEs. The changes to these tunable parameters must be tightly controlled and only allowable with the concurrence of QSEs except in case of operational emergency.
3. Functional Requirements

Real-Time Market Input Data
Demand Resource Data Submissions

	Requirement ID
	FR1

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	

	Traceability to Sub-Process Maps
	Input Validation

	Description:

The response of a Demand Resource represents consumption interruption and reduction in respect to its Base Load point. Taking Base Load point as a reference, the demand response shall be seen from system prospective as energy injection. Therefore, the Three-Part Offers (i.e. Startup Cost Offer, Minimum energy Offer and Energy Offer Curve) and Ancillary Service Offers for Demand Resources shall be interpreted as offers for Generation Resources.

A fixed or variable Energy Offer Curve, Inc/Dec price curves or Three-Part Offer price curves for Demand Resources may be submitted in the Adjustment Period. The price offer floor should be established to be used by Market Power Mitigation to prevent unintentional damages of Real-Time Market efficiency and stability. The submitted Energy Offer Curves are subject to Market Power Mitigation in 15-minute and 5-minute time domains. Here the mitigation will ensure that the mitigated offer does not fall below a certain level.

Qualified Demand Resources can submit hourly fixed or variable Ancillary Service offers in the existing format in the Adjustment Period. The Demand Resource participation in Real-Time Ancillary Service Market is voluntary.

All parameters for the Demand Resource shall be specified in respect to its Base Load point. The Base Load shall be used as the reference for Demand Resource settlement and billing as well.

 


Storage Resource Data Submissions

	Requirement ID

	FR2

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	

	Traceability to Sub-Process Maps
	Input Validation

	Description:

All Storage Resources shall be registered as a separate Resource type to participate in the Real-Time Market. Storage Resources parameters should be specified for each operating mode including ramp rate functions for both upward and downward directions. The Storage Resource operating modes and parameters are subject to appropriate validation rules.

All available Storage Resource are obligatory to participate in Real-Time Market in both 15-minute and 5-minute time domains; otherwise the Proxy Offers with zero transition costs and zero charging and discharging prices will be considered. A Storage Resource can be self-committed, DAM/RUC committed, available for RTC application, or unavailable. Available duration limited Storage Resources are always assumed to be in On-Line operating mode capable to perform both charging and discharging in continuous manner.

The multi-state Storage Resources shall submit Three-Part Offers for both charging and discharging transitions. The duration limited Storage Resources shall submit Energy Offer Curves for charging and discharging operating modes. If offers are not submitted then operating costs are assumed to be equal to zero. 
The internal energy losses for Storage Resources are represented by efficiency coefficients and accounted in energy accumulation during Study Period.

The Ancillary Service offers for Storage Resources may be submitted using the existing formats. The participation of Storage Resources in the Real-Time Ancillary Service Market is voluntary.

 


Aggregate Retail Resource Data Submissions

	Requirement ID

	FR3

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	

	Traceability to Sub-Process Maps
	Input Validation

	Description:

For Aggregate Retail Resources QSEs shall submit Price Responsive Demand Curves, aggregation factors and consumption power limits. 

The Aggregated Retail Resources shall submit the Price Responsive Demand Curves to be accounted to determine Aggregated Retail Resources responses to wholesale energy prices. The Price Responsive Demand Curves  shall be non-increasing piecewise linear functions with up to ten break points. If the price responsive demand curves are not submitted then the ERCOT will estimate the curves from historical data. 





 
Unchanged Functionality from Current Single Interval SCED Process
	Requirement ID
	FR4

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	

	Traceability to Sub-Process Maps
	Input Validation

	Description:

The requirements listed in of ”SCED and Real-Time MMS Processes Requirements” for Sections:

· Business Sub-Process 1: Adjustment Period QSE input Data Validation 
· Business Sub-Process 2: Offer Creation and Validation
hold true for RTD. The subsequent sections in this document provide the delta differences in functionality in RTD from the current single interval SCED.



Real-Time Dispatch (RTD)
RTD Study Period and Individual Interval Duration

	Requirement ID
	FR5

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	

	Traceability to Sub-Process Maps
	

	Description:

1. RTD process runs independently (i.e. even though a majority of the data is common between current SCED and RTD, RTD will read the required data independent of current SCED).

2. RTD Study Period will be configurable for a maximum of 65 minutes.
3. The RTD Study Period will be further subdivided into intervals.
a. The first interval will ALWAYS be of 5 minutes duration.
b. Two schemes will be supported
i. Scheme 1: Each interval will be of 5 minute duration.
ii. Scheme 2:
1. First interval will be of 5 minute duration.
2. Subsequent interval durations will be such that, a 15 minute interval duration will be achieved to coincide with the 15 minute settlement interval as soon as possible. The interval duration from the first 5 minute interval to the first 15 minute interval will be made of intervals with 5 minute duration.
c. The interval boundaries will be on wall clock 5 minutes (or 15 minutes).


RTD Execution Periodicity and Maximum Run Time

	Requirement ID
	FR6

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	

	Traceability to Sub-Process Maps
	

	Description:

For Phase 1 RTD (NPRR 351): RTD and current SCED will start execution at the same time. This is to allow almost the same data for first interval to be used by both current SCED and RTD. The intent of this configuration is to have the final pricing from both applications for the first interval close. For the first interval of RTD, the GTBD will be used instead of load forecast and the telementered ramp rate will be used for all resources even if they have a ramp rate curve.
The RTD application can be executed in open-loop mode, i.e. the system is controlled by current SCED Base Points and LMPs, while the RTD Base Points and LMPs are advisory.  In this case, the RTD application shall be executed every 5 minutes INDEPENDENT of current SCED. It is desirable for Phase 1 to setup the timing of the current SCED and RTD such that the results of the first interval of the RTD Study Period will match the binding SCED run for that interval. 
The time stamp associated with Base Points and LMPs shall be wall clock 5-minte times, while RTD execution time stamp is the time when MMS starts publishing RTD results to MI database.

The MMS shall not run RTD application during an ISD failure. When ISD failure happens RLC will set HDL/LDL limits to current telemetered MW. If RTD DSI finds sum of HDLs equal to the sum of LDLs then RTD shall be aborted and RTD trigger inserted in the RTD triggering queue after a configurable period of time. 
Note: 

ERCOT operator will be alarmed by EMS for any major change of Resource or Transmission Element status. Business Process shall be developed to trigger RTD application immediately after a Resource trip or after RRS deployment or to wait for new constraints from EMS/TCM before triggering RTD after a Transmission Element outage.



Multiple RTD Triggering Signals

	Requirement ID
	FR7

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	

	Traceability to Sub-Process Maps
	RTD

	Description:

MMS shall allow other external systems to trigger RTD execution.
This feature can be disabled via configuration parameter(s).
If a RTD triggering signal is received during RTD execution, the system shall allow the current RTD execution to complete before initiating another RTD execution.

If more than one RTD triggering signals are received during RTD execution, the system shall allow the current RTD execution to complete and then initiate RTD execution only once. System shall not initiate RTD execution multiple times due to the multiple triggering signals received.

If operator manually aborts RTD execution, the current RTD execution shall come to an orderly halt.



Additional Input Data
	Requirement ID
	FR8

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	

	Traceability to Sub-Process Maps
	RTD

	Description:

RTD will read all existing input data that is provided to the current single interval SCED process.

In addition, RTD will utilize as input  to cover all intervals in the Study Period:

· For Phase 1 RTD (NPRR351): Generation-To-Be-Dispatched (GTBD) for first interval of RTD study period
· Short-Term Load Forecast

· Short-Term Wind Power Forecast (STWPF)

· COP data for the current and next hour.

· Three-Part Supply Offer Curve for the current and next hour.

· Energy Trades for all intervals in the current and next hour.

· Output Schedules for the current and next hour if available.

· Normal Ramp Rate Curve.

· Emergency Ramp Rate Curve.
· MFMASTER data to take into account RTD Study Periods that spans midnight boundary.

· eTag data for the current and next hour on 15 minute granularity.
· Operator Manual Override HDL/LDL

· Average of telemetered HSL over 5 minute intervals (for use in WGR limit processing only) for 0-5 minutes ago, 5-10 minutes ago and 10-15 mintues ago.


Non-Wind Resource Limit Processing For Each Interval

	Requirement ID
	FR9

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	

	Traceability to Sub-Process Maps
	

	Description:

For Generation and Load (Demand) Resources the operating limits LSL and HSL will be considered. The same applies for both charging (LPC; MPC) and discharging (LSL; HSL) operating ranges of Storage Resources. 

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

For Aggregated Retail Resources, the LPC and MPC shall be treated as Resource dispatch limits.

Non-Wind Resource limits: LSL, HSL, LASL, HASL:

1. The RLC supplied limit values for LSL, HSL, LASL, HASL will be persisted for all intervals of RTD Study Period that fall into the current hour. Note for first 5 minute interval the dispatch limits are HDL and LDL as input from RLC. So for the first 5 minute interval the maximum Base Point can be HDL and the minimum Base Point can be LDL.
2. COP supplied limit values for LSL, HSL, and AS Responsibilities will be used to calculate LASL, HASL to be used for intervals in RTD Study Period that fall into the next hour. Note the following exceptions apply:

a. If next hour COP status is OUT, then Resource is considered to be not dispatchable for intervals in next hour and current telemetered limits for HASL,LASL are persisted for intervals in next hour (to be used for shutdown process if current status is online..

b. If the telemetered status is SHUTDOWN, then next hour COP limits are not used and current telemetered limits are persisted for all intervals in the Study Period.
c. If the telemetered status is ON, ONRUC, ONREG, ONDSR, ONOS, ONOSREG, ONDSRREG, ONTEST,  ONRR and the current hour COP and next hour COP status is OFF or EMR then next hour COP limits are not used and current telemetered limits are persisted for all intervals in the Study Period.
d. If Generation Resource is QSGR or SCLE90 or SCGT90 or GSNONR, and if current telemetered status is ON, ONRUC, ONREG, ONDSR, ONOS, ONOSREG, ONDSRREG, ONTEST,  ONRR, then ignore COP status for next hour and use HASL computed from COP for next hour intervals and use LASL from current telemetry.
e. For Generation Resources with telemetered status of ONRR, the limits developed for first interval will be persisted for all intervals in the current hour. If the next hours COP is also ONRR then the limits developed for intervals in the current hour will be  used for the intervals in the next hour of the study period. If RRS is deployed (global flag) then the basepoint=telemetered MW otherwise basepoint=0MW
f. For Generation Resources with telemetered status of ONTEST, then limits will be collapsed to the telemetered MW and will persist for all intervals in the current hour. If the next hours COP is also ONTEST then the limits developed for intervals in the current hour will be used for the intervals in the next hour of the study period. Note that if next hour COP status is ONTEST and current telemetry is OFF or OUT or EMR, then this scenario is treated as STARTUP and next hour COP limits will be used in the startup process. Also note that if the next hour COP is ONTEST and current telemetry indicates online, then this scenario is treated as SHUTDOWN in next hour.
3. Based on initial MW condition for the resource and effective ramp rates used if it is not feasible to obtain a dispatch between LASL and HASL from the previous interval to the next, then the LASL and HASL limits for the next interval will be relaxed so as to make the optimization problem feasible.




 Wind Resource HSL Limit Processing For Each Interval

	Requirement ID
	FR10

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	

	Traceability to Sub-Process Maps
	

	Description:

MMS shall retrieve hourly Short-Term Wind Power Forecast (STWPF) for each individual Wind-powered Generation Resource (WGR) provided by EMS as input to RTD. 

MMS shall retrieve the last three 5-minute average telemetered HSL for each WGR provided by EMS as input to RTD. The intent of using the last three 5-minute average telemetered HSL is to capture the short term trends.

MMS shall calculate the WGR HSL for all the RTD intervals using the following rules:

1. For the first 5-minute interval, MMS shall use the current telemetered HSL for the WGR. Note for first 5 minute interval the dispatch limits are HDL and LDL as input from RLC. So for the first 5 minute interval the maximum Base Point can be HDL and the minimum Base Point can be LDL. 
2. For the future 5-minute intervals except the first interval, MMS shall calculate the HSL as a function of last three average HSL, current telemetered HSL and STWPF for current hour. MMS shall use decreasing weight for the last three average HSL when looking back to determine HSL for future intervals
HSL (for interval t) = 

A*TelemHSL + B*AvgTelemHSL(t-5) + C*AvgTelemHSL(t-10) + D*AvgTelemHSL(t-15) + E*STWPF(Hr(t))

Where,

TelemHSL=current telemetered HSL

AvgTelemHSL(t-5), AvgTelemHSL(t-10), AvgTelemHSL(t-15) is the average of the telemetered values of HSL for previous 3 5-minute intervals.
STWPF(Hr(t)) = Wind forecast for hour where interval t is in.

A+B+C+D+E=1.0

Default value are: A=0.9, B=0.025, C=0.015, D=0.01, E=0.05.

A,B,C,D,E coefficients are stored in the database and are configurable
Note: If AvgTelemHSL or STWPF values are missing or the quality is bad then this value is not used and the A coefficient is dynamically updated to enforce A+B+C+D+E=1.0. where A is updated to include the coefficients for the values not used.
3. Based on initial MW condition for the resource and effective ramp rates used if it is not feasible to obtain a dispatch between LASL and HASL, then the LASL and HASL limits will be relaxed for those intervals so as to make the optimization problem feasible.
4. LASL=LSL and HASL=HSL, as Wind Resources are not qualified to provide Ancillary Service.
5. Next hour COP values for MW limits will NOT be used for WGR. However COP status will be used for startup and shutdown profiling.


Resource Status Pre-Processing

	Requirement ID
	FR11

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	

	Traceability to Sub-Process Maps
	

	Description:
MMS shall use telemetered resource status and COP resource status as input to RTD. 

MMS shall determine resource status for all the RTD intervals using the following rules:

· For all the intervals within current hour, MMS shall use telemetered resource status as final resource status. Note telemetered status of NA is treated equivalent to ON.
· For all the intervals within next hour, MMS shall use COP status for next hour as final resource status with the following execptions:
· If resource telemetered status is STARTUP, then the resource is assumed to be ON for intervals in next hour irrespective of next hour COP status.

· If resource telemetered status is SHUTDOWN, then the resource is assumed to be OFF for intervals in next hour irrespective of next hour COP status.

· If resource is QSGR, SCLE90, SCGT90 or GSNONR and telemetered status indicates online, then next hour COP status is ignored and resource is assumed to be online for intervals in next hour..

· If resource telmetery is online and current hour COP status and next hour COP status indicates the resource is offline, then next hour COP status is ignored and resource is assumed to be online for intervals in next hour. 

For Combined Cycle Generation Resources (CCGR) with conflicting COP status in next hour, MMS shall use the following rules to determine the final resource status in next hour:

· If COP is not submitted for any CCGR (configuration), MMS shall treat this CCGR as unavailable
· If multiple CCGRs for the same Combined Cycle Train are show as On-Line, MMS shall  treat the On-Line CCGR with largest HSL as On-Line and all the other On-Line CCGRs as Off-Line
· If the CCGR (configuration) changes from the current hour to the next hour, RTD will dispatch as one entity so that the dispatch schedule will ramp continuously across the different configurations.


Processing Of Resources On Output Schedule.
	Requirement ID
	FR12

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	

	Traceability to Sub-Process Maps
	

	Description:
DSI will use the resources’ output schedules based on the following rules

· For DSR resources
· The first RTD interval: Use telemetry output schedule if telemetry quality is GOOD.  Use MI output schedule if telemetry quality is BAD.
· Future RTD intervals: Use MI output schedule if available otherwise use the telemetered output schedule if telemetry quality is GOOD. 
· For Non-DSR resources
· Use MI Output Schedule
The determination of DSR resources is still based on the telemetry status to be either ONDSR or ONDSRREG.  The existing DSR output schedule validation (see APPENDIX ) will be performed to valid the telemetry submitted output schedule.  After the Output Schedule validation, DSI will fill in invalid telemetry output schedule or any missing output schedule for BOTH the current and next hours based on the following rules.

· Online DSR: Telemetry MW. 
· Online Non-DSR QF and IRR: Telemetry MW 
· Other Online Non-DSR: Telemetry at the end of Adjustment Period
· Offline Resources:  Zero.
The output schedule submitted by QSE via telemetry or MI output schedule could violate the unit’s ramping capability.  However, due to the high penalty cost imposed around the output schedule (by DSI proxy offer curve process), the RTD will ramp the resource to reach the next output schedule target as fast as possible. 


Resource Startup and Shutdown Profile Modeling

	Requirement ID
	FR13

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	

	Traceability to Sub-Process Maps
	

	Description:
A generation facility needs to be operated at or above its minimum generation level (LASL). RTD should not schedule these units below LASL unless the unit is synchronizing or shutting down.  When a generating unit synchronizes, it must ramp up to its LASL as fast as possible. After the unit synchronizes it must be dispatched to LASL or above. Similarly, if a generating unit is shutting down, it must ramp down to zero and be removed from service. 
Any time the telemetered ramp rate from RLC is not available, the value for telemetered ramp rate will be set to the FIRST point on the ramp rate curve from MIDB.

If a telemetered status indicates startup or shutdown then for the first interval the limits (LASL,HASL) are from RLC,

If telemetered status is STARTUP, then for intervals after the first interval, the startup process described below will apply using the telemetered ramp rate (normal ramp up) to bring the Resource to its LASL before releasing it to RTD for dispatch.

If telemetered status is SHUTDOWN, then for intervals after the first interval, the shutdown process described below will apply using the the ramp rate curve (if more than two points) otherwise the telemetered ramp rate (if available) (normal ramp down) to bring the Resource to its LASL and then change the status for the next interval to OFFLINE.  

DSI will set unit’s minimum and maximum limits based on the following rules

Unit is starting up:

1. If 
· telemetry status is Online
· current telemetry MW is less than LASL
· the next hour COP is ONLINE ( set the minimum and maximum limits to force the unit ramp up immediately from its telemetry MW to its LASL using current telemetered normal ramp rate. Afterwards set minimum to LASL and maximum to HASL.
2. If
· telemetry status is Offline
· current telemetry MW is zero
· next hour COP is ONLINE ( set the minimum and maximum limits to force the unit ramp up from 0 MW to its LASL using current telemetered normal ramp rate such that at the beginning of the next hour it will be at LASL.  Afterwards set minimum to LASL and maximum to HASL.
3. If a Resource has telemetry status of OFFLINE but is ONLINE in COP for NEXT hour and telemetered ramp rate is not available, then the startup process will use the first point on the ramp rate curve in MIDB.
Unit is shutting down

1. If
· telemetry status is Offline
· current telemetry MW is 0 MW
· the next hour COP is Offline ( set minimum and maximum to zero.
2. If
·  telemetry status is Online
· current telemetry MW is less than LASL
· the next hour COP is Offline ( set the minimum and maximum limits to force the unit ramp down such that at the end of the current hour it will be at LASL.  Afterwards, set both minimum and maximum to zeros. Note in this case the telemetry MW may be below LASL because of DownReg deployment. i.e. RTD must still attempt to deploy between LASL and HASL if it has high enough Ramp Rate to quickly reach LASL at the end of the current hour.
3. If 
· telemetry status is Online
· current telemetry MW is above LASL
· next hour COP is Offline ( set the minimum and maximum limits to force the unit ramp down such that at the end of the current hour it will be at LASL.  Afterwards, set both minimum and maximum to zeros. 



System 5-Minute Load Forecast
	Requirement ID
	FR14

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	

	Traceability to Sub-Process Maps
	RTD

	Description:
The 5-minute Load Forecast shall be updated every five minutes to adjust to the current operating conditions. The Market Operator can bias the 5-minute Load Forecast manually to account for unpredictable upcoming events.

This projection of 5-minute system load over the RTD Study Period represents 5-minute generation requirements. The actual system load to be served by ERCOT generators will be adjusted from the Load forecast by the subtracting (import) or adding (export) the NET total  MW (import or export) across all DC ties.
If the scheme to use variable duration interval is selected then the 15 minute load forecast will be derived from the average of the three 5 minute short term load forecast (coinciding with the 15 minute Settlement Interval).

For Phase 1 RTD, GTBD will be used for the first interval. 

Note that the number of 5 minuteintervals in the RTD study horizon is configurable and can be changed if it is determined that errors in future intervals of STLF is not acceptable.




Modeling DC Tie Schedules
	Requirement ID
	FR14a

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	

	Traceability to Sub-Process Maps
	RTD

	Description:
The MMS shall retrieve the 15-minute DC Tie energy schedules from eTag for current and next hour.

The MMS shall calculate the net DC Tie energy schedule for each DC Tie by aggregating the eTag MW for the same DC Tie and the same 15-minute interval. 

For the RTD intervals within current 15-minute Settlement Interval, the MMS shall use the DC Tie telemetry MW as the DC Tie schedule for the DC Tie; For the remaining RTD intervals in RTD study period, the MMS shall use the aggregated eTag MW as the DC Tie schedule for the DC Tie.  

The MMS shall treat the DC Tie as an equivalent online generator if the net energy schedule for a DC Tie shows a net import; otherwise the MMS shall treat the DC Tie as an equivalent load. The MMS shall treat the net DC Tie schedule as a fixed injection or withdrawal in RTD and MMS shall not modify the DC Tie schedule to resolve system constraints. 

The MMS shall calculate the transmission constraints mathematic limits for each RTD interval based on the net DC Tie schedule for each DC Tie.  
The MMS shall calculate the system total net DC Tie schedules by summing up the net DC Tie schedule for all the DC Ties for the same 15-minute interval. 
The MMS shall calculate the system GTBD (or net load)  based on the system total net DC Tie schedules: 
· if the system total net DC Tie schedule is net import, MMS shall calculate the GTBD by subtracting the net import MW from short term load forecast for the given 5-minute interval
· otherwise, MMS shall calculate the GTBD by adding the net export MW to short term load forecast for the given 5 minute interval


Load Distribution
	Requirement ID
	FR15

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	

	Traceability to Sub-Process Maps
	RTD

	Description:
MMS shall retrieve the most current SE load MW for each load provided by EMS as input to RTD. 

MMS shall calculate the load distribution factors based on the SE load MW and treat the load distribution factors as persistent for all the RTD Study Period intervals.

For Phase 1 RTD, as the constraints and shift factors are assumed to be the same for all intervals of the study period, the above paragraph has been stricken out.


Transmission Constraints

	Requirement ID
	FR16

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	

	Traceability to Sub-Process Maps
	RTD

	Description:
The MMS shall consider base case and contingency transmission and generic constraints reflecting topology changes over the Study Period due to outages. The transmission constraints are provided by EMS/TCM system as inputs to the RTD application. The same set of transmission constraints will be used for all intervals within RTD Study Period.

The transmission constraints limits shall be determined using dynamic ratings. The transmission constraint  data shall include the following: 

· Constraint ID;

· Contingency name;

· Overloaded Transmission Element name;

· From/To Station name and kV level;
· Shift Factors for each Resource;
· Constraint Limit in MW; 

· Constraint Flow in MW (the Base Case flow MW of the transmission equipment for a Base Case constraint, post Contingency flow MW of the transmission equipment for a Contingency constraint; and)

· Maximum Shadow Price.
The constraints passed from EMS shall include all violated as well as near-violated constraints (e.g., over 95% of the equipment limit) to prevent LMP oscillations between RTD runs while resolving marginally overloaded constraints. 
The Shift Factors shall be provided for all Generation, Load (Demand), Storage and Aggregate Retail Resources. If Aggregated Retail Resource has a multiple Points-Of-Interconnection the aggregate Shift Factor shall be calculated using aggregation ratios.

MMS shall enforce the same set network constraints for all the RTD intervals:

· MMS shall use the same resource shift factors for the corresponding network constraints for all the RTD intervals.
· The limit provided  by TCM will be enforced for all intervals in the RTD Study Period.
MMS shall calculate the transmission constraints mathematic limits for each RTD interval based on the calculated load MW and the net DC Tie schedule and use the calculated mathematical limits to be enforced in RTD optimization.

For Phase 1 RTD, the mathematical limit for each interval will be identical to the first interval i.e. there will be no recalculation of load impact. This is because the shift factors are assumed to be the same across all intervals.



RTD Objective and Constraints

	Requirement ID
	FR17

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	

	Traceability to Sub-Process Maps
	RTD

	Description:
The RTD application shall produce a least cost dispatch for each wall clock 5-minute time interval within rolling Study Period for On-Line Resources to meet the system 5-minute (or 15-minute) Load Forecast considering Energy Offer Curves and Output Schedules subject to transmission constraints and Resource capacity and ramping limits. 
The RTD application shall be executed in three phases: the MIP phase to optimize both binary and continuous variables, the QP phase to optimize only continuous variables fixing binary variables at optimal values from MIP phase, and pricing phase where the pricing settings shall be applied to produce competitive LMPs. The hot start feature shall be deployed in every RTD execution.

The RTD application shall only dispatch Resources with On-Line Resource Status.



RTD Objective Function: Individual Weighting of Interval Costs

	Requirement ID
	FR18

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	

	Traceability to Sub-Process Maps
	

	Description:

The RTD objective function is defined as the sum of cost to be optimized for each interval that makes up the RTD Study Period.

1. Configuration parameters will be setup to be able to assign different weights to the cost of each interval in the RTD Study Period .
2. The values can range from 0.0 to 1.0.
3. The default value for each interval will be 1.0 



RTD Step1

	Requirement ID
	FR19

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	

	Traceability to Sub-Process Maps
	RTD

	Description:
The RTD application shall consist of a two step process to accommodate Market Power Mitigation as it is required by the Protocols. The RTD Step1 optimizes 5-minute (or 15-minute) Base Points over the Study Period using Energy Offer Curves for all On-Line Resources submitted by the QSEs or created by the system while observing only transmission constraints that are identified by MMS/CCT as Competitive Constraints.
The RTD Step1 shall consist of MI-QP and QP and pricing phases. In MI-QP phase binary variables shall be considered, while in QP phase binary variables shall be fixed at optimal values from MI-QP phase. The settings for pricing phase shall eliminate impacts of rolling initial conditions to 5-minute LMPs through chain of ramping limits. 

The Reference LMPs that are calculated in RTD Step1 pricing run shall be used for Market Power Mitigation. 

Note: The data links between the RTD Step1 MI-QP, QP and pricing phases are as follows:

· The output of RTD Step1 MI-QP/QP phase is the Base Point for each interval to be used in the Step1 pricing phase for determining HDL/LDL 

· The output of Step1 pricing phase is the reference LMP to be used in RTD Step2 for market power mitigation. 



Energy Offer Curve Mitigation between RTD Step 1 and Step 2

	Requirement ID
	FR20

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	

	Traceability to Sub-Process Maps
	RTD

	Description:
Between RTD Step 1 and Step 2, the RTD shall create the capped and bounded Energy Offer Curves for Generation Resources by capping the Energy Offer Curves at the greater of the Reference LMP at the Resource Node or the appropriate Mitigated Offer Cap Curve and bounding it at the lesser of the Reference LMP at the Resource Node or the appropriate Mitigated Offer Floor.
For Load (Demand) Resources the higher of Reference LMP and pre-specified price floors shall be applied as floors to Energy Offer Curves.

The Energy Offer Curves for Storage Resources shall not be mitigated.





RTD Step2

	Requirement ID
	FR21

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	

	Traceability to Sub-Process Maps
	RTD

	Description:
The RTD Step2 shall optimize the  5-minute (or 15-minute) Base Points over the Study Period using Energy Offer Curves for all On-Line Resources submitted by the QSEs or created by the system while observing both competitive and non-competitive constraints from TCM.

The RTD Step2 shall consist of MI-QP, QP and pricing phases. In MI-QP phase binary variables shall be considered, while in QP phase binary variables shall be fixed at optimal values from MI-QP phase. The settings of Resource dispatch limits for pricing phase should eliminate impacts of rolling initial conditions to 5-minute (or 15-minute) LMPs through chain of ramping limits. 

In post-processing, the 5-minute LMPs shall be calculated for all Electrical Buses for each 5-minute (or 15-minute) time interval including de-energized Electrical Buses.

Note: The published Base Points are from the MI-QP/QP run of Step 2 and the published LMPs are from the pricing run AFTER Step 2.

Note: The data links between the RTD Step2 MI-QP, QP and pricing phases are as follows:

· The output of RTD Step2 MI-QP/QP phase is the Base Point for each interval to be used in the Step2 pricing phase for determining HDL/LDL. The Base Point from Step2 QP phase is the final Base Point to be published to the market. 

· The output of Step 2 pricing phase is the final LMP to be published to the market.



Resource Ramping Limits
	Requirement ID
	FR22

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	

	Traceability to Sub-Process Maps
	RTD

	Description:
The Resource upward and downward ramping capabilities shall be specified in the form of step-wise ramp rate functions. Each segment of ramp rate function represents the maxiuml ramp rate value in MW/min if Resource power output is within that MW range. The segments between 0 MW and LSL shall be provided to represent Resource ramping rates during startup and shutdown processes. Upward and downward ramp rate functions shall be specified at the same MW break points.

The maximum ramp rate is changing whenever Resource is passing from one segment to another. Therefore, the ramping limits are dynamic and they shall be determined by ramping time and change of Resource power output. If ramp rate functions are step-wise then the dynamic ramping limits are general form piece-wise linear functions of Resource power output. Note that upward and downward ramping limits have different MW break points.



Resource Ramp Sharing
	Requirement ID
	FR23

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	

	Traceability to Sub-Process Maps
	RTD

	Description:

The RTD and the LFC shall partially share Resource ramping capabilities. The effective ramp rates that are used by the RTD application shall be calculated as follows:

RTD Ramp Rates Calculations:

SDRAMP (curve) = Normal Down Ramp Rate (curve) – Reg Down Responsibility*REGP/5
      IF (RRS is NOT deployed):

                          SURAMP (curve) = Normal Up Ramp Rate (curve) – Reg Up Responsibility*REGP/5
                    ELSE        

                          SURAMP (curve) = Emergency Up Ramp Rate (curve) – Reg Up Responsibility*REGP/5 

The above equation applies to each point on the applicable Normal or Emergency Ramp Rate curve to get the effective SCED Ramp Up and Down Curves.

The parameter REGP (configurable) represents Regulation Percentage of Resource ramp rate reserved to be used by LFC only. The REGP value is be between zero and one.

Reg-Up, Reg-Down are Resource responsibilities (obligations) – source is telemetry for intervals in current hour and COP for intervals in next hour.

Norm Ramp Up Rate, Emg Ramp Up Rate, Norm Ramp Down Rate are sourced from telemetry for first 5 minute interval and based on submitted ramp rate curves for remaining 5-minute intervals.
1. If MIDB ramp rate curve consists of only ONE point– then use the telemetered ramp rate (SURAMP,SDRAMP from RLC) for the whole MW range (for resources fully started up and NOT in shutdown mode).

2. If MIDB ramp rate curve consists of more than one point– then

Use telemetered ramp rate (SURAMP, SDRAMP) for the first five minute interval of the RTD study period if the resource is fully started up and NOT in shutdown mode.

Use MI submitted ramp rate curves for the remainder all of the intervals.

Use similar logic as above to determine Effective up and down Ramp Rate  curves.

3. For intervals in next hour use COP responsibility for Reg-Up and Reg-Down and for RRS use COP RRS responsibility – current telemetered RRS schedule. Again if the ramp rate curve consists of only one point then use the current elemetered normal or emergency ramp rate up/down to calculate the SURAMP and SDRAMP for the intervals in the next hour using COP information for next hour.
4. For Combined Cycle Resources that change configuration as per COP across the hour boundary, the ramp rate curve for the configuration online for next hour will be used for intervals in the next hour.




Resource Initial Conditions
	Requirement ID
	FR24

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	

	Traceability to Sub-Process Maps
	RTD

	Description:
The Resource power output telemetry at the moment of execution of the RTD application shall be used as Resource initial power output. Already issued Resource Base Point for the first next 5-minute time interval shall be validated against Resource power output telemetry and telemetered ramp rates. Eventual inconsistency of this Base Point shall be corrected as follows:

BPinit =  Max{TelemetryMW- TelemetryDnRampRate * RampingTime; 
               Min{BP0; TelemetryMW + TelemetryUpRampRate *RampingTime}}. 

The BP0 is Resource Base Point for the first 5-minute time interval that is calculated in the last run of the RTD application. If the Base Point BP0 is within ramping range in respect to the Resource telemetry power output than that Base Point shall be used as Resource initial power output to optimize Base Points for subsequent 5-minute time intervals. If Resource Base Point BP0 is outside ramping range than the closets boundary point of the ramping range shall be used as Resource initial power output. 

If a Resource is in startup mode then its power output telemetry will be between zero MW and LSL.The startup profile adopted as described earlier will be used to ramp up the resource to LSL before being available for dispatch. 

If a Resource is in shutdown mode then its power output telemetry will be between LSL and zero MW. The shutdown profile adopted as described earlier will be used to ramp the resource down. 

Note: For Phase 1 RTD, as RTD will be started at the same time as current SCED, BPinit will be equal to the telemetered MW output of the Resource.



Resource Multi-Interval Constraints
	Requirement ID
	FR25

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	

	Traceability to Sub-Process Maps
	RTD

	Description:
Any Resource can submit multi-interval block energy offers. The RTD application shall consider only variable multi-interval block offers. These offers shall be awarded at the same MW level at all block 5-minute (or 15-minute) time intervals. 

The multi-interval block awards are binding if they cannot be re-optimized in subsequent runs of RTD application, i.e. if the first 5-minute time interval in multi-interval block is binding.




Demand Resource Dispatch
	Requirement ID
	FR26

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	

	Traceability to Sub-Process Maps
	RTD

	Description:
The RTD application shall dispatch Demand Resources that are On-Line in COP or committed by the RTC application. The Demand Resources shall be dispatched in the same way as Generation Resources considering their Energy Offer Curves, multi-interval block constraints, Resource power output limits and ramping capabilities. 

The Ancillary Service awards shall not be used by the RTD application, i.e. they shall be protected by firm LASL and HASL limits.

The initial power outputs for the Demand Resources shall be determined in the same way as for Generation Resources.

The optimal Base Points shall be calculated for each 5-minute (or 15-minute) time interval within the Study Period. Also, the 5-minute (or 15-minute) LMPs at Demand Resource Nodes shall be calculated in the standard way.
The performance monitoring shall be based on Demand Resource power output telemetry and the Demand Resource Base Load schedule. A pre-defined tolerance for performance compliance shall be applied; otherwise, the uninstructed deviation penalties shall be applied.




Storage Resource Dispatch
	Requirement ID
	FR27

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	

	Traceability to Sub-Process Maps
	RTD

	Description:
The RTD application shall dispatch storage Resources that are in charging or discharging mode in COP or committed by the RTC application. The Duration Limited Resources are dispatched by the RTD if they are available in COP or in RTC schedule. The Storage Resources are dispatched considering their Energy Offer Curves, multi-interval block constraints, Resource power output limits and ramping capabilities. 

The Resource storage capacity shall be respected and charging, discharging and energy storing efficiencies considered.

The Ancillary Service awards shall not be used by the RTD application, i.e. they shall be protected by firm LASL and HASL limits. Also, the Storage Resource energy shall be dispatched that stored energy level  is maintained in the way that the awarded Ancillary Services can be delivered.  
The initial power outputs for the Storage Resources are determined in the same way as for Generation Resources. Also, the final storage level et the end of the Study Period shall be maintained within pre-specified range to avoid emptying Resource at the end.
The optimal charging and discharging Base Points shall be calculated for each 5-minute (or 15-minute) time interval within the Study Period. Also, the 5-minute (or 15-minute) LMPs at storage Resource Nodes shall be calculated in the standard way.

The performance monitoring shall be based on Storage Resource power output telemetry and storage Resource Base Points. A pre-defined tolerance for performance compliance shall be applied; otherwise, the uninstructed deviation penalties shall be applied.




Aggregate Retail Resource Responses
	Requirement ID
	FR28

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	

	Traceability to Sub-Process Maps
	RTD

	Description:
The RTD application shall evaluate responses of Aggregate Retail Resources to wholesale energy prices using price responsive demand curves to determine impacts of retail load responses to the dispatch of remaining system. The price responsive demand curves shall have a form of energy bids and could be submitted by Market participants or evaluated by ERCOT using historical data. 

The power output limits for the Aggregated Retail Resources shall be considered by the RTD application, while ramping constraints shall be ignored.

The 5-minute (or 15-minute) LMPs at Aggregate Retail Resource Nodes shall be calculated in the standard way and published to Market Participants. The optimal Base Points shall be calculated as well for each 5-minute (or 15-minute) time interval within the Study Period for internal ERCOT usage only. 

There are no settlements for Aggregate Retail Resources within Real-time Market. The Aggregate Retail Resources are treated as price takers, i.e. their performances shall not be monitored. Instead, the responses to wholesale prices shall be observed through telemetry of consumption of Aggregate Retail Resources. 





Constraint Violation Penalties
	Requirement ID
	FR29

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	

	Traceability to Sub-Process Maps
	RTD

	Description:
The RTD application shall consider violation penalties for each system constraint (system power balance and transmission constraints) and each 5-minute (or 15-minute) time interval. The constraint violation penalties shall be incorporated into RTD objective function in addition to the offer based costs. 
The RTD application shall consider power balance penalties as a 10 segment curves (10 segments for over generation and 10 segments for under generation). The MW level and penalty values for the curve should be configurable.
The RTD application shall allow operators with the appropriate privilege to configure the value of penalty factors. The system shall report all constraint violations after each RTD run. Penalty factors shall be archived for each constraint.

The RTD application shall use the Maximum Shadow Prices passed from EMS system as the penalty for transmission constraint violations.  
In MIP and QP phases the ten times (configurable) higher penalties are used than in pricing phase. In this case the RTD application will utilize all available Resources in MIP and QP phases, while LMPs from pricing phase will reflect only justified penalties.




 Pricing Setting
	Requirement ID
	FR30

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	

	Traceability to Sub-Process Maps
	RTD

	Description:
The pricing phase of the RTD application shall determine 5-minute (or 15 minute) interval energy prices for the optimal Resource 5-minute Base Points with Resource ramping constraints converted into Resource dispatch limits LDL and HDL

The conversion of Resource ramping constraints into Resource dispatch limits shall eliminate impacts of Resource initial conditions on LMPs in subsequent 5-minute ( or 15 minute) time intervals through the chain of binding ramping limits. 
In RTD pricing phase, the LMPs shall be calculated for each 5-minute (or 15-minute) time interval and all Resource Nodes, Load Zones and Hubs in the existing way. 

 For Storage Resource Nodes the Base Point weighted Settlement Point Prices are calculated using absolute values of both charging and discharging Base Points of Storage Resource.

Note: Pricing Run is done TWICE a) after multi-interval optimization in Step 1 for determining reference LMP and after multi-interval optimization in Step 2 for determining the published LMPs. (The published Base Points are from the multi-interval optimization in Step 2.
Note: For the pricing run after Step 1 the Base Points used to calculate the LDL/HDL limits are from the Step 1 multi-interval MIP/QP optimization. This pricing run is to determine the reference LMP for mitigation purpose.
Note: For the pricing run after Step 2 the Base Points used to calculate the LDL/HDL limits are from the Step 2 multi-interval MIP/QP optimization. This pricing run is to determine the final output LMP from the whole RTD process.
Based on initial MW condition for the resource and effective ramp rates used if it is not feasible to obtain a dispatch between LDL and HDL, then the LDL and HDL limits will be relaxed for those intervals so as to make the optimization problem feasible.
The pricing schemes adopted is described below:

In this scheme, each interval is independently optimized with Resource ramping constraints converted to LDL and HDL limits in the same way as in single-interval SCED, i.e. using   Resource ramping limits in respect to the Base Point at previous 5-minute time interval:

LDLt+1 =  RampingLimitdown(BasePoint t )

HDLt+1 = RampingLimit up(BasePoint t ).

Note: BasePoint t is from the multi-interval optimization (Step 1 or Step 2 depending on where this pricing run is performed – for reference LMP determination).
Note for 1st interval, the Step 1 pricing run and Step 2 pricing run will use HDL/LDL limits obtained from RLC.

The resultant LDL/HDL calculations for future intervals (after 1st interval) will follow the current RLC logic:





Output Data
	Requirement ID
	FR31

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	

	Traceability to Sub-Process Maps
	RTD

	Description:

RTD output results will be organized in a manner similar to current single interval SCED outputs to MIDB. Data will be stored in MIDB ONLY for ONLINE RTD runs.

Each RTD output table shall include the following information (either directly as columns or indirectly through link to the master tables)
· Unique identifier (Batch ID).

· The time stamp corresponding to RTD execution completion. (change SCED_TIMESTAMP to RTD_TIMESTAMP)

· For each interval in the RTD Study Period:

· Interval ID 

· Interval ending timestamp

· Flag indicating whether interval is 5 minute or 15 minute duration.

· Flag indicating whether interval Base Point and LMP is binding (for Phase 1, all intervals are advisory).

Given below is the list of tables that hold outputs from current single interval SCED. The RTD outputs will be organized in a similar manner with the above changes/additions. The table name will start with RTD_ instead of SCED_.

· SCED_BASEPOINT_LMP_ERCOT
· This table will contain the Step1, Step 2 and final pricing run Resource Base Points and Resource LMPs.
·  SCED_STLPNT_LMP_OT
· This table will contain the Settlement Point LMPs for each interval in the RTD Study Period from the final pricing run.
· SCED_CONSTR_SHADOWPRICE_OT
· SCED_VIOLATED_CONSTR_OT
· SCED_RES_SHIFT_FACTORS_OT
· SCED_BUS_SHIFT_FACTORS_OT
· SCED_DEENERGIZED_EB_OT
· SCED_ELECTBUS_LMP_OT
· SCED_ENERGY_OFFER_CURVE_OT (Step 2)
· SCED_FINAL_OUTPUT_SCHEDULE_OT
· SCED_GEN_LFC_DATA_OT
· SCED_GEN_RLC_DATA_OT
· SCED_GEN_SEMW_OT
· SCED_GEN_TELEM_DCTIE_OT
· SCED_GEN_TELEM_LOADDATA_OT
· SCED_GEN_TELEM_UNITDATA_OT
· SCED_HDL_LDL_MAN_OVERRIDE_OT
· SCED_MISCL_OT
· SCED_MW_INJECTIONS_OT
The following is the list of additional RTD output tables besides the above SCED tables:
· RTD_SYS_SOLUTION_OT
· RTD_CONSTR_OT

· TBD (future)




CDR Reports
	Requirement ID
	FR32

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	

	Traceability to Sub-Process Maps
	RTD

	Description:

Two categories of reports are to be created and placed on the MIS. MMS will use current methodologies (notify CDR system) to indicate data availability.
MIS Public: RTD advisory/indicative Settlement Point LMPs. 

There is one report for every RTD run.

This report will contain the FINAL LMP at every settlement point for every interval in a particular RTD Study Period. The source table for this data will be from a table similar to SCED_STLPNT_LMP_OT as described in the “RTD Output Data” requirement.

MIS Certified: RTD advisory/indicative Base Points. 

There is one Report for every QSE with resource(s). 

Each report for a given QSE will contain the Base Points for every resource belonging ONLY to that QSE for every interval in a particular RTD Study Period. The source table for this data will be from a table similar to SCED_BASEPOINT_LMP_ERCOT as described in the “RTD Output Data” requirement.





Replication
	Requirement ID
	FR33

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	

	Traceability to Sub-Process Maps
	RTD

	Description:

The data in tables used to support the CDR reports for Phase 1 (RTD) are to be replicated. The two tables are similar to SCED_STLPNT_LMP_OT and SCED_BASEPOINT_LMP_ERCOT. 


RTD Save Case Creation and Restoration
	Requirement ID
	FR34

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	

	Traceability to Sub-Process Maps
	RTD

	Description:

After each RTD execution, a savecase will be created that will contain both input and output data to enable post mortem and rerun of RTD for a previously run case.

The savecase functionality will be similar to that currently available for the existing single interval SCED.

For Phase 1, RTD Save Cases are ONLY for ERCOT internal purposes. i.e IMM support and OTS support is OUT OF SCOPE for Phase 1.

As currently envisaged, the savecase is part of the RTD core process. This entails that until the Save Case creation is complete, no other RTD run can commence. If it is possible to guarantee that the Save Case creation can be done outside the RTD core process without impacting the integrity of the data in the Save Case, then a parallel process independent of the RTD core process will be considered if the Save Case creation causes performance issues.


Operator Manual override HDL and LDL as Input
	Requirement ID
	FR35

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	

	Traceability to Sub-Process Maps
	RTD

	Description:

MMS shall allow operators with appropriate privileges to manually override the HDL and LDL values passed from EMS/ RLC. 

The original HDL and LDL as well as the manually updated values shall be stored in MMS database so that the data used by RTD process are archived.

The Manual override HDL and LDL information shall be retained until the operator sets the override flag to No.

MMS shall retrieve the manual override HDL and LDL information as input to RTD. MMS shall use the overridden HDL and LDL to replace the original HASL and LASL for the resource for all the 5-minute RTD intervals. The MMS shall allow Resources to be dispatched outside the original HASL and LASL by manually updating HDL and LDL.


4. Appendix A: Real-Time DSR Output Schedule Validation
DSI validates DSR Output Schedules for the current 5-minute interval for a QSE representing one or more DSRs. The main objective of this validation is to check if the sum of the QSE’s DSR’s Output Schedules matches with the QSE’s DSR loads' telemetry within a given tolerance (e.g., 15% or 15MW whichever is greater). If the DSR Output Schedules do not match the load telemetry within the input tolerance, then these Output Schedules are considered invalid. 

For each RTD run, QSEs representing DSRs can submit Output Schedule for its DSR using XML and/or telemeter it in Real Time until the corresponding RTD run is initiated. The QSEs will submit an Energy Trade where the QSE is both the buyer and the seller in the same Energy Trade to creating a static schedule of non-DSR to meet DSR Load or a static schedule of DSR to meet QSE’s energy sales from DSR. MMS require QSE to specify whether it is a net energy sale or net energy purchase. 

The net energy sold of X MW indicates that the DSR Resource has to generate X MW in addition to the corresponding DSR Load. The net energy purchase of Y MW indicates that the QSE is purchasing Y MW so that the DSR Resource has to generate Y MW less than the corresponding DSR Load. 

For DSR Resources, the Output Schedule that is used will be either telemetered Output Schedule value or Output Schedule submitted using XML depending up on whether the quality code for the telemetered Output Schedule is good or not. If the Output Schedule value is invalid then MMS will notify the QSE and set the Output Schedule equal to the telemetered output at the time of SCED execution

Real-Time Validation

MMS validates DSR Output Schedules in Real-Time for the current 5-minute interval for a QSE representing one or more DSR Resources. The main objective of this validation is to check if the QSE’s DSRs are following the QSE’s DSR Load within a given tolerance (e.g., 15% or 15MW which ever is greater). 

This validation will not be performed under the following conditions:

· DSR is Dispatched Outside its Output Schedule by RTD.
If a DSR is dispatched outside its Output Schedule in the previous RTD execution, MMS will not perform the Real-Time Output Schedule validation for the QSE that the DSR belongs to. The validation for the QSE will not resume until the DSR has been dispatched to its Output Schedule for at least 1 hour. (i.e., four 15-minute settlement periods). 

The time stamp when a Resource starts being dispatched outside its Output Schedule will be stored in the database. 

· Invalid DSR Load Telemetry from Generation Subsystem
MMS will not perform the validation for a QSE if its aggregated telemetered DSR Load MW is a negative value. In the case that the DSR Load telemetry has been lost for more than 15 minutes, Generation Subsystem will pass a negative MW (e.g., -999.9 MW) to signal the invalid DSR Load telemetry. Then, MMS will not perform the Output Schedule validation for the QSE having invalid DSR Load telemetry.

The following are the detailed validation steps:

· MMS first identifies the input to the Output Schedule validation process. It will be telemetered Output Schedule value if its quality code is good else Output Schedule submitted using XML will be used. The telemetered Output Schedules is provided by Generation Subsystem while the Output Schedules submitted using XML are retrieved from Market Infrastructure (MI).
· Next, MMS determines the amount of Non-Spin Energy to be added to the Output Schedule. If Non-Spin is deployed from the DSR Resource by ERCOT Operator then the Non-Spin Energy amount is set to the DSR’s telemetered Non-Spin Resource Responsibility. If Non-Spin is not deployed from the DSR Resource then the Non-Spin Energy amount is set to zero. The telemetered Non-Spin Resource Responsibility is provided by Generation Subsystem
· Next, MMS calculates the following terms for each QSE:
X1 = sum [DSR Output Schedules MW]

X2 = sum [Non-Spin energy deployment MW for DSR]

X3 = Energy Trade where the QSE is both the buyer and the seller

X4 = 1 (Default represents “Sale”);

-1 (if Energy Trade where the QSE is both the buyer and the seller represents “Purchase”)

Y1 = sum [Telemetered DSR Loads]

Y2 = MAX (15.0, Y1 * 15 / 100)

In the above formulation, Energy Trade information is retrieved from MI. The aggregate telemetered DSR Load information is provided by Generation Subsystem. 

· For each QSE, MMS checks if the following condition is satisfied
ABS (X1 – X2 – X4*X3 – Y1) ≤ Y2

If a QSE does not pass the above validation, DSI will set all the DSR’s Output Schedules for the QSE to be invalid for the current 5-minute interval. 

5. Appendix B: RTD Mathematical Formulation

Notes: 
The following mathematical formulations are for functional specification purposes only.

The formulations do not represent software design, development and implementation.
The mathematical notation is specified in the Appendix C below.

a) Optimization Objective
The objective of the RTD application is the minimization of the total energy offer costs over Study Period for On-Line Generation Resources (GR), Demand Resources (DR) and Storage Resources (SR), minus the response costs for Aggregate Retail Resources (ARR): 
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The penalty functions for system over/under generation and the maximal shadow prices for transmission constraints are represented explicitly in the optimization objective.

b) System Power Balance
The sum of Resource Base Points shall be equal to system load at each time interval:
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For Storage Resources the Base Points in discharging operating mode are positive and in charging operating mode negative. 
The system 5-minute Load Forecast shall be adjusted to reflect price sensitive responses of Demand and Aggregate Retail Resources. The system over and under generation is considered as well.

c) Transmission Constraints
The RTD application shall consider a set of base case, contingency and generic constraints. The transmission constraints can be expressed in linearized form of line power flows for each time interval:
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d) Storage Resource Constraints
· Storage Capacity Limits
The efficiency of charging, discharging and energy storing shall be considered as well. The energy accumulation over the Study Period with 5-minute time intervals can be represented by the following constraint:
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And the capacities of Storage Resources shall be limited:
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The initial storage level shall be telemetered and the final storage level shall be within a pre-specified range around the initial level (or RTC schedule).

· Resource Power Limits
The Base Point for the Storage Resource is equal to the difference between discharging and charging powers, i.e.:
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The duration limited Storage Resource can be dispatched for energy within full charging (LPC=0; MPC) and discharging (LSL=0; HSL) operating range with awarded Ancillary Service protected by LASL and HASL limits:
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And:
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· Energy Storage and Ancillary Service Limits
The Storage Resource shall have sufficient amount of stored energy to be dispatched properly and to be able to deliver Ancillary Services. For example, if a Storage Resource needs to deliver 0.5 MW of Regulation Up Service defined for 15-minute time domain then the Storage Resource should be dispatched in the way that it always have reserved at least (0.5/4) MWh of stored energy. In general, the effective Base Points should be limited by stored energy level to be able to deliver Ancillary Services respecting their time domains as it is expressed by the following relations:
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And:
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· Resource Operating Limits
The Base Point for the Storage Resource is equal to the difference between discharging and charging powers, i.e.:
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For a Storage Resource the operating limits can be specified as follows:
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-  for charging mode
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-  for discharging mode.

The duration limited Storage Resource can be dispatched over its full charging (LPC=0; MPC) and discharging (LSL=0; HSL) operating ranges, i.e. the Resource operating limits are:
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e) Resource Ramping Limits
The Resource ramp rates are step-wise functions of Resource power output. In general, a Resource can ramp over several segments within ramping time, i.e. the Resource ramping limits are piecewise linear functions of power output for given ramping time. In this case, the upward and downward Resource ramping limits can be specified as the following constraints:
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The Resource ramping limits represent general form of piecewise linear functions, i.e. the ramping limits determine non-convex operating set. The segment selections represent discrete decisions that must be modeled by binary variables.
f) Multi-Interval Block Constraints
The energy offers can be submitted as multi interval blocks. Only variable multi-interval block offers shall be considered by the RTD application. In this case, the Base Points are the same across all block time intervals, i.e.:
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g) Resource Dispatch Limits
Each Resource shall be dispatched within its operating limits with excluded Ancillary Service awards, i.e.:
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6. Appendix C: Mathematical Notation

· Resource Statuses
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 is offline status for Resource r at time interval t
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 is startup variable for Resource r at time interval t
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· Energy 
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 is Price Responsive Cost for Aggregated Retail Resource r at time interval t
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· Ancillary Services 
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· Transmission Network
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· Constraint Penalties
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· Resource Parameters
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· Optimization Sets
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7. Appendix D: Acronyms

ACE
Area Control Error

AS
Ancillary Service

BLT
Block Load Transfer

CIM
Common Information Model
COP
Current Operating Plan

CCT
Competitiveness Constraint Test 

DAM
Day-Ahead Market

DRUC
Day-Ahead Reliability Unit Commitment
DC Tie
Direct Current Tie

DSI
Dispatch Scheduler Initialization
DSP
Dispatch Scheduler Publishing 

DSR
Dynamically Scheduled Resource

EEA
Energy Emergency Alert
ERCOT
Electric Reliability Council of Texas, Inc.

EMS
Energy Management System
EPS
ERCOT-Polled Settlement
FIP
Fuel Index Price

FOP
Fuel Oil Price

HASL
High Ancillary Service Limit

HDL
High Dispatch Limit

HE
Hour Ending

HEL
High Emergency Limit

HRUC
Hourly Reliability Unit Commitment

HSL
High Sustained Limit

Hz
Hertz

IRR
Intermittent Renewable Resources

KV
Kilovolt
LASL
Low Ancillary Service Limit

LDL
Low Dispatch Limit

LEL
Low Emergency Limit

LFC
Load Frequency Control

LMP
Locational Marginal Price

LSL
Low Sustained Limit
LPC
Low Power Consumption
MI
Market Infrastructure System

MOI
Market Operator Interface

MW
Megawatt

MWh
Megawatt Hour
MPC
Maximum Power Consumption
NMMS
Network Model Management System

Non-Spin
Non-Spinning Reserve
NSRS
Non-Spinning Reserve Service 

QF
Qualifying Facility
QSE
Qualified Scheduling Entity

Reg-Down
Regulation Down 

Reg-Up
Regulation Up

RMR
Reliability Must-Run

RPP
Renewable Production Potential

RRS
Responsive Reserve 

SAV
Save Case
SCED
Security-Constrained Economic Dispatch

SE
State Estimator
SPP
Settlement Point Price
SWCAP
System-Wide Offer Cap
TAC
Technical Advisory Committee

TCM
Transmission Constraint Manager
WGR
Wind-powered Generation Resource
00:55   01:00  01:05  01:10  01:15  01:20  01;25  01:30  01:35   01:40  01:45  01:50  01:55  02:00  02:05



















































































Submission





Closing





























































































































 Study Period





RTD Executions





Note: 11 intervals only





The data flow diagram and application timing is only for Phase 1





ICCP & MIS





Binding MW Dispatch &


Binding Prices 


for time T-5+ to next SCED run @T





Current Production SCED


@T-5





Current SCED Inputs





Real-Time Dispatch (RTD)


@T-5





Advisory/Indicative MW Dispatch & 


Advisory/Indicative Prices (LMP only) 


for interval ending T, T+5, …T+50





Additional “Look Ahead”


Inputs
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�For future phases, need to have hooks for later implementation.
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