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Requirements Specification 


1. Introduction

The primary authority directing the operational characteristics and behavior of the Market Management System is the Texas Nodal Protocols. This requirements document set is provided as a supplement to assist in the implementation of this system which includes all processes, tools (hardware and software), and operations and constraints necessary for full compliance to the Texas Nodal Protocols. The Texas Nodal Protocols with this set of requirements documents completes the System “Design To” definition for implementation, test, and operation of a fully compliant Market Management System.

This set of requirements documents consists of five (5) documents as listed in the Market Management Systems Requirement Documents section which follows.

1.1 Purpose

The requirements for the document Reliability Unit Commitment (RUC) Requirements and its associated processes are described in the Texas Nodal Protocols. This supplemental specification describes the external behavior of this specific sub-system. The Texas Nodal Protocols (Protocols) and this document together with all applied vendor provided products’ functional specifications, describe both functional and nonfunctional requirements, design constraints, and other factors, in order to provide a complete and comprehensive description of the operational performance to be delivered. All statements or requirements specified in this document are subordinate to the Protocols. 
1.2 Objective

The objective of this set of documents is to provide a clear, concise and unambiguous set of requirements together with the Texas Nodal Protocols which provides the complete required technical description of this Texas Nodal Sub-System to allow the developer/implementer to deliver a fully operational, compliant and robust Texas Nodal System.

1.3 Traceability

All requirements are traceable to the Nodal Protocols, and/or regulations such as NERC and FERC.

1.4 Market Management System Requirement Documents

· MMS Day-Ahead Market (DAM) and Supplemental Ancillary Service Market (SASM) Requirements
· MMS Reliability Unit Commitment (RUC) Requirements
· MMS 
· SCED and Real-Time MMS Processes Requirements
· MMS Constraint Competitiveness Test (CCT) Requirements 
· MMS Overall MMS System and Other Processes Requirements
2. Reliability Unit Commitment
The Reliability Unit Commitment (RUC) process determines commitment of Generation Resources to match the forecasted system demand, subject to transmission constraints and Resource constraints. The RUC process commits additional Generation capacity on top of Resources already committed in previous RUCs, Resources self-committed in the COPs and Resource capacity already committed to provide Ancillary Service. The RUC process can also decommit Resources; however, RUC may only decommit a Resource to resolve transmission constraints that are otherwise irresolvable. 
There are three RUC processes used in the ERCOT nodal market implementation:
· Day-Ahead RUC (DRUC): The DRUC process runs daily after the close of the Day-Ahead Market (DAM). The RUC Study Period for DRUC is the next Operating Day. DRUC uses Three-Part Supply Offers submitted before the DAM by QSEs that were considered in the DAM but not awarded in the DAM. 
· Hourly RUC (HRUC): The HRUC process runs every hour and the Study Period for HRUC is either (1) the balance of the current Operating Day if the DRUC for the current Operating Day has not been solved or it is for (2) the balance of the current Operating Day plus the next Operating Day if the DRUC for the current Operating Day has been solved. The HRUC process executes at least one hour before the Operating Hour to fine-tune the Resource commitments using updated Load forecasts and updated Outage information. 
· Weekly RUC (WRUC): The WRUC process is an eight day look-ahead planning tool. It is used to help ERCOT to manage Generation Resources having start up times longer than the DRUC or HRUC study periods. 
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Figure 2‑1. RUC Timeline Summary
2.1 RUC Inputs and Outputs
This section provides a summary of inputs and outputs to the Reliability Unit Commitment (RUC). Table 2‑1 lists all the required input data to RUC. The “Source” column of the input table identifies the source where the data is provided to the RUC. The Market Infrastructure (MI) listed in the table is a sub-system of the Market Management System. MI provides various functions to support QSEs data submission and validation. All the validated QSE market data are stored in the MI market database as input to RUC.
Table 2‑1. RUC Inputs
	Source
	Data

	Registration 
	1. Generation Resource Parameters (Static value)

· Resource’s Name

· High Reasonability Limit

· Low Reasonability Limit
· Type of Resource

· QF Status

· Ancillary Service Qualification

















2. Resource-QSE mapping
3. Resource Commercial Operation Date

4. Combined Cycle Unit (CCU) Data

· CCU and configuration mapping
· Startup Transition flag (Yes/No)

· Shutdown Transition flag (Yes/No)

· Transitions Matrix including transition direction
5. Split Generation Resource Data

· Physical and Logic unit mapping


	Market Infrastructure (MI) 
	1. COP (from QSE)

· Expected On-line status
· Expected Off-line status

· High Sustained Limit (HSL)

· Low Sustained Limit (LSL)

· High Emergency Limit (HEL)

· Low Emergency Limit (LEL)

· Ancillary Service capacity in MW

· Expected Combined Cycle Resource Configuration identification
2. DC Tie Schedule (from QSE and aggregated by ERCOT in a form of COP)

3. Three-Part Supply Offer (from QSE)

· Resource ID
· QSE ID
· Startup Offer (hot, intermediate, cold)
· Minimum-Energy Offer
· Percentage of FIP for startup and minimum energy
· Percentage of FOP for startup and minimum energy
· Energy Offer Curve (price vs. quantity)
· Percentage of FIP for generation above LSL
· Percentage of FOP for generation above LSL
4. RMR Resource Three-Part Supply Offer (from ERCOT Operators)

· Resource ID
· QSE ID
· Startup Offer (hot, intermediate, cold)
· Minimum Energy Offer
· Energy Offer Curve (price vs. quantity)
· Percentage of FIP
· Percentage of FOP
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. Three-Part Supply Offers awarded in DAM

16. Ancillary Service Plan (from ERCOT Operator)

17. Ancillary Service Insufficiency information from DAM or SASM

· Insufficiency Hour

· AS Type

· Insufficient AS MW

18. 
19. 
20. Previous RUC commitment schedule

21. Mitigated Offer Cap curve (the detailed Mitigated Offer Cap curve calculation is documented in SCED and MMS Real-Time Process Requirements.)
· Mitigated Offer cap and quantity
22. Generation Resource Parameters (Updated in MMS)
· Normal Ramp Rate curve

· Emergency Ramp Rate curve
· Minimum On-Line time

· Minimum Off-Line time

· Hot start time

· Intermediate start time

· Cold start time
· Maximum On-Line time (Seasonal)
· Maximum daily starts (Seasonal)

· Hot-to-intermediate time (Seasonal)

· Intermediate-to-cold time (Seasonal)
· Maximum weekly starts (Seasonal)
· Maximum weekly Energy (Seasonal)
23. Unit Commitment through previous Verbal Dispatch Instruction (VDI)
24. 

	Settlement System
	1. 
2. Verifiable Startup/Minimum-Energy costs 

3. Generic Startup/Minimum-Energy costs 

4. 
5. 
6. Verifiable incremental heat rate curve

7. Verifiable O&M

8. Capacity Factor

	Outage Scheduler
	Outage schedule (Forced Outage data included)

	Network Model Management System (NMMS)
	1. Network Model (CIM Model)
2. Standard Contingency List

· Unique Contingency Sequence ID
· Unique Contingency Title
· Station ID
· Equipment ID
· Equipment Type
· Contingency Priority

3. Load Rollover definition

4. SPS/RAP
5. Generation Resource Parameters (Default in NMMS)
· Normal Ramp Rate curve

· Emergency Ramp Rate curve
· Minimum On-Line time

· Minimum Off-Line time

· Hot start time

· Intermediate start time

· Cold start time
· Maximum On-Line time (Seasonal)
· Maximum daily starts (Seasonal)

· Hot-to-intermediate time (Seasonal)

· Intermediate-to-cold time (Seasonal)
· Maximum weekly starts (Seasonal)
· Maximum weekly Energy (Seasonal)


	Energy Management System (EMS)
	1. Dynamic Ratings/Static Ratings for transmission equipment
· Normal Limit
· Emergency Limit
· 15-Minute Limit
2. Generic Constraints (interface import/export constraints for voltage/stability)

3. 
4. Current Resource Commitment status

· Current On-line/Off-line status 
5. Historical Resource Commitment status
· Length of time resource has been On-line/Off-line
· Number of startups for the current Operating day 
6. 
7. 
8. Load Distribution Factor
9. Current Breakers and switches status
· Breaker or switch ID

· Status (close/open)
10. Seven-Day Load Forecast

1. 
· Most current load forecast at DRUC execution
· Most current load forecast at HRUC execution
· Most current load forecast at WRUC execution

	Platts
	1. Fuel Index Price (FIP)

2. Fuel Oil Price (FOP)


Table 2‑2

 lists outputs from RUC to various systems. The “Destination” column of the output table identifies the destination target for the data generated by RUC. Note that the Market Infrastructure (MI) system stores the RUC outputs listed in the table and makes them available to the following:

· QSE: MI data will be used to generate report to QSEs.

· MIS: MI data will be available for ERCOT to post in MIS Secure Area.
· Settlement: MI data will be pushed to Settlement system for settlement calculation.
Table 2‑2. RUC Outputs
	Destination
	Data

	Market Infrastructure (MI)
	2. RUC time stamp (to Settlement, QSE, MIS).
3. RUC cleared commitment (to Settlement, QSE, MIS).
4. RUC cleared decommitment and the corresponding reason code (to Settlement and QSE, MIS).
5. Binding/Violating transmission constraints identified in RUC process (MIS).
6. Shift Factors and shadow price with respect to the binding transmission constraints in RUC

7. De-selected contingencies from the standard contingency list prior to RUC execution (MIS).
8.  De-selected contingencies/constraints during the NSM-SCUC iterations (MIS).
9. Undeliverable Resource Ancillary Service Capacity (to QSE).
10. RUC procured Ancillary Services for DAM/SASM Ancillary Service Insufficiency (to QSE, MIS).

	Market Operator Interface (MOI)
	1. A summary of RUC cleared commitment and decommitment schedule.
2. RUC recommendation (“accept” or “reject”) on QSE’s decommitment requests.

3. Undeliverable Ancillary Service summary display.
4. Alarm messages for any constraints that RUC could not resolve.
5. Resource not committed in DRUC or HRUC study period but committed in WRUC study period (for WRUC only).
6. Suggestion Plan for un-resolved transmission Constraints as described in FR69.


2.2 RUC Solution Sequence

The RUC solution sequence is comprised of seven major sub-functions to support all the scheduling functions:
· Dispatch Scheduler Initialization (DSI): retrieves and prepares input data.
· Network Data Processor (NDP): sets up the electrical network data required for security assessment.
· Initial Unit Commitment (IUC): determines the initial Unit Commitment solution for Network Security Monitor (NSM) sub-function to perform security assessment.

· Network Security Monitor (NSM): determines if a given dispatch schedule is secure and, if the system is not secure, generates constraint equations to be passed on to the Network Constrained Unit Commitment (NCUC) sub-function to enforce.
· Network Constrained Unit Commitment (NCUC): determines the most economical schedule given the various constraints including the constraints passed to it from NSM sub-function

· Dispatch Scheduler Publishing (DSP): disseminates the Resource commitment schedule and related data to the Market Infrastructure (MI) system.

· Save Case (SAV): saves inputs and outputs of the Dispatch Engine in save cases for future analysis.
2.3 Reliability Unit Commitment (RUC) Functional Diagram
The RUC process is used to commit additional Generation capacity on top of Resources committed in the previous RUCs, Resources self-committed in the COPs and Resource capacity already committed to provide Ancillary Service.
The RUC considers capacity requirements for each hour of the RUC Study Period with the objective of minimizing costs based on Three-Part Supply Offers where proxy Energy Offer Curves are substituted for the Energy Offer Curve. The proxy Energy Offer Curve is calculated in a way that minimizes the effect of the proxy Energy Offer Curves on the optimization.
Figure 2‑2 provides a high-level functional diagram for RUC process.
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Figure 2‑2. High Level RUC Functional Diagram
2.4 Preconditions and Dependencies

The Reliability Unit Commitment (RUC) process is a critical function that ensures enough Resource capacity is committed, in addition to the available Ancillary Service capacity to meet the system's security requirements. The accuracy of the RUC solution depends on the accuracy of the forecasted load provided by Seven-Day Load Forecast function and the ERCOT network model data provided by the Network Model Management System (NMMS). 
The functionality and requirements specified in this document are based on the following preconditions:

1. Ancillary Service Qualifications are provided by the Registration system as inputs to RUC.
2. Resource Ramp Rate constraints are ignored in the RUC calculation. 

3. Ancillary Service capacity in MW will only be used as specified in the COP and thus may not be available for the entire study period.
4. 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.
5. All tunable parameters described in this requirement document that are changed must be posted and available for Market Participants. The changes to these tunable parameters must be tightly controlled and only allowable with the concurrence of Market Participants except in case of operational emergency.
6. The offering of RRS in Day Ahead Market or SASM, participation in Reliability Unit Commitment and offering of energy in the Real Time Market from DC Ties are not supported in nodal market design.
3. Functional Requirements

3.1 RUC Process Objective

	Requirement ID
	FR1  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.1(1), 5.5.2(1)

	Traceability to Sub-Process Maps
	RUC

	Description

The RUC shall be used to ensure that enough Resource capacity, in addition to Ancillary Service capacity, is committed in the right locations to reliably serve the forecasted system demand while ensuring Transmission System reliability. 


3.1.1 Execute RUC in DRUC Mode

	Requirement ID
	FR2  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.1(2), 5.1(3), 5.1(6), 5.3 (1)

	Traceability to Sub-Process Maps
	RUC

	Description
The MMS shall conduct the Day-Ahead RUC (DRUC) each day.

The DRUC Study Period shall cover the next Operating Day, i.e., 24 hours for the normal day and 23 hours or 25 hours for the daylight saving time transition days.
The time step for each DRUC interval shall be one hour.
The DRUC shall be run after the close of DAM.
The DRUC shall be executed after the QSE data submission deadline (1430).

The DRUC execution shall be invoked manually by ERCOT Operators since the Operators need to review results in different stages of the execution.


3.1.2 Execute RUC in HRUC Mode

	Requirement ID
	FR3  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.1(2), 5.1(5), 5.1(6)

	Traceability to Sub-Process Maps
	RUC

	Description
The MMS shall conduct the Hourly RUC (HRUC) before each hour of the Operating Day.

The HRUC Study Period shall cover the balance of the current Operating Day if the DRUC for the current Operating Day (Study for the next Operating Day) has not been solved.

The HRUC Study Period shall cover the balance of the current Operating Day plus the next Operating Day if the DRUC for the current Operating Day has been solved. 
The HRUC shall use the following logic to determine the Study Period at its initialization: 

If  (DRUC is solved and current time>=DRUC solution time +1Hour) or (current time>=1800)

The HRUC Study Period is the balance of the current Operating Day plus the next
 Operating Day
Else 

The HRUC Study Period is the balance of the current Operating Day
The MMS shall correctly model the daylight saving time transition effect in the HRUC Study Period. 

The first study hour of the HRUC shall be the next Operating hour.
The time step for each HRUC interval shall be one hour.

The HRUC execution shall be invoked at the beginning of each hour by ERCOT Operators to ensure the HRUC results available to all QSEs less than one hour from HRUC execution. 
The MMS shall allow Operators to abort the HRUC execution when the current HRUC execution cannot be completed in time due to human delay or software errors and impacts on the next HRUC execution. 


3.1.3 Execute RUC in WRUC Mode
	Requirement ID
	FR4  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	5.5.2(8)(j)

	Traceability to Sub-Process Maps
	RUC

	Description

The MMS shall conduct the Weekly RUC (WRUC) on a demand basis. 
The WRUC Study Period shall cover the next seven Operating Days not including the current Operating Day (i.e., the time for which ERCOT has a COP and load forecast). 
The time step for each WRUC interval shall be one hour.

The WRUC execution shall be invoked manually by ERCOT Operators.
The MMS shall make the Study Period for WRUC configurable and allow user to change the start interval and end interval within the next seven days. 


3.2 Module: RUC Input and Initialization
3.2.1 Input from COP
	Requirement ID
	FR5  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.5.2(8)(e), 5.3(2), 3.9, 5.5.2(1), 5.5.2(5),



	Traceability to Sub-Process Maps
	RUC

	Description

The MMS shall use the inputs data from the COP. The input data shall include the following:

· The name of Resource

· Expected Resource On-line Status

· Expected Resource Off-line Status

· High Sustained Limit (HSL)

· Low Sustained Limit (LSL)
· High Emergency Limit (HEL)

· Low Emergency Limit (LEL)
· Ancillary Service capacity in MW (Reg-Up, Reg-Down, Responsive Reserve Service and Non-Spin)

· 
For Combined Cycle Resource, the QSE shall submit the COP for each operating configuration. 
For Split Generation Resource (SGR), the QSE shall submit the COP for each logical SGR. 


3.2.2 Input from Wind-Powered Generation Resource Production Potential (WGRPP)
	Requirement ID
	FR6  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 3.13, 4.2.2

	Traceability to Sub-Process Maps
	RUC

	Description

The QSEs of Wind-powered Generation Resources (WGR) shall update the HSL in COPs based on the Resource Production Potential (RPP) forecast, which is prepared by ERCOT using the information from Short-Term Wind Power Forecast (STWPF).

The MMS shall incorporate the WGR RPP in the RUC scheduling by using the HSL information from the COPs submitted by QSEs. 


3.2.3 Input from Resource Parameters
	Requirement ID
	FR7  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.5.2(8)(f), 3.7.1.1

	Traceability to Sub-Process Maps
	RUC

	Description

The MMS shall use the Resource Parameter data from the Registration System. The input data shall include the following:

· Resource name

· Type of Resource

· QF status

· Normal Ramp Rate Curve

· Emergency Ramp Rate Curve

· Minimum On-Line time
· Minimum Off-Line time

· Hot start time

· Intermediate start time

· Cold start time

· Maximum On-Line time (Seasonal)

· Maximum daily starts (Seasonal)
· Hot-to-intermediate time (Seasonal)

· Intermediate-to-cold time (Seasonal)

· Maximum weekly starts (Seasonal)

· Maximum weekly energy (Seasonal)
Note that the Normal Ramp Rate curve and Emergency Ramp Rate curve are needed for the available Ancillary Service capacity calculation as a post processing. 
The default Resource Parameters will be submitted via RARF and uploaded into NMMS by ERCOT and made available to MMS. MMS also provides User Interface as well as API for QSE to directly update its Resource Parameters that are then provided to MMS. The detailed Resource Parameter User Interface is documented in Overall MMS System and Other Processes Requirements FR48.


3.2.4 Three-Part Supply Offers Input
	Requirement ID
	FR8  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.1(4), 5.4(2), 5.1(8), 5.5.2(8)(g)&(h)

	Traceability to Sub-Process Maps
	RUC

	Description

For the DRUC study, the MMS shall only use QSE-submitted Three-Part Supply Offers that were submitted before the DAM and considered in the DAM but were not awarded in the DAM. 

For each HRUC study, the MMS shall use Three-Part Supply Offers submitted by QSEs before the end of the Adjustment Period.

For the WRUC study, the MMS shall create Three-Part Supply Offers for all Resources following the rules specified in FR11.


3.2.5 Three-Part Supply Offers Validation
	Requirement ID
	FR9  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.3(3)(a)(i), 4.4.9.1 and 4.4.9.2

	Traceability to Sub-Process Maps
	RUC

	Description

The MMS shall validate Three-Part Supply Offers according to NP 4.4.9.2.2, Startup Offer and Minimum-Energy Offer Validation, before RUC execution. 

The MMS shall reject the offer if the startup costs are more than the approved verifiable Resource-specific Startup Cost.
The MMS shall reject the offer if the startup costs are more than the Resource Category Generic Startup Cost and if there is no approved verifiable Startup Cost.
The MMS shall reject the offer if the Minimum-Energy Cost is more than the approved verifiable Resource-specific Minimum-Energy Cost.
The MMS shall reject the offer if the Minimum-Energy Cost is more than the Resource Category Generic Startup Cost and if there is no approved verifiable Minimum-Energy Cost.
Please refer to Day-Ahead Market (DAM) and Supplemental Ancillary Service Market (SASM) Requirements VA10 for detailed validation rules.


3.2.6 Three-Part Supply Offers for RMR Resources 

	Requirement ID
	FR10  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 6.4.2(2), 6.4.3(2), 4.4.9.2.3(k), 4.4.8, NP22 Attachment F

	Traceability to Sub-Process Maps
	RUC

	Description

The MMS shall allow ERCOT Operators to enter Three-Part Supply Offers for RMR Resources. (Refer to DAM Business Requirement Section – ST1-RMR for details on RMR offer input.) 
For the DRUC study, the MMS shall only use RMR Three-Part Supply Offers entered by ERCOT that were considered in the DAM but not awarded in the DAM. 

For the HRUC study, the MMS shall use RMR Three-Part Supply Offers entered by ERCOT before the end of the Adjustment Period.

For the WRUC study, the MMS shall create Three-Part Supply Offers for all Resources including RMR Resources following the rules specified in FR11. 


3.2.7 Create Three-Part Supply Offers for Non-Offer Resources

	Requirement ID
	FR11  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.5.2(6), 4.4.9.2.3, 5.5.2(8)(h), 5.6.1

	Traceability to Sub-Process Maps
	RUC

	Description

The MMS shall create Three-Part Supply Offers for the following Resources:
For DRUC: 

· A Resource which: 

· did not submit a Three Part Supply Offer in DAM,

· is specified as Off-Line but available in the COP with Resource Status OFF, and

· does not have EMR Resource Status
· A Resource which:

· submitted a Three Part Supply Offer in DAM and the Offer was accepted,

· is specified as Off-Line but available in the COP with Resource Status OFF, and
· does not have EMR Resource Status 
For HRUC: 

· A Resource which:

· did not submit a Three Part Supply Offer in the adjustment period
· is specified as Off-Line but available in the COP with Resource Status OFF, and 
· does not have EMR Resource Status
For WRUC: 

· A Resource which:

· is specified as Off-Line but available in the COP with Resource Status OFF, and 
· does not have EMR Resource Status

For such Resources, the system shall use in the RUC process 150% of any approved verifiable startup cost and verifiable minimum-energy cost or if verifiable costs have not been approved, the applicable Resource Category Generic Startup Offer Cost and the applicable Resource Category Generic Minimum-Energy Offer Cost registered with ERCOT. The adjustment factor (150%) shall be configurable by ERCOT authorized users. This approach is intended to encourage QSE to submit Three-Part Supply Offer instead of using the Verifiable/Resource Category Generic Cost. 


3.2.8 Adjust Three-Part Supply Offers in HRUC for QSE Request Decommitment in Adjustment Period

	Requirement ID
	FR12  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP6.4.6.2, 5.5.2(2)

	Traceability to Sub-Process Maps
	RUC

	Description

The HRUC shall set the Resource’s Startup Offer to zero for the Resource requesting decommitment. 
The HRUC shall identify a Resource’s decommitment request if:
· The Resource’s COP status changed from On-line to Off-line available during the Adjustment Period and
· There was no previous HRUC decommitment instruction issued for the Resource. 
If a Resource is identified as requesting decommitment, then the HRUC commitment must consider the Resource’s Minimum-Energy Offer excluding the Resource’s Startup Offer from the Three-Part Supply Offer.


3.2.9 Create Proxy Energy Offer Curves 

	Requirement ID
	FR13  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.5.2(4), 4.4.9.4.1, 5.1(8)

	Traceability to Sub-Process Maps
	RUC

	Description

The MMS shall calculate proxy Energy Offer Curves based on the Mitigated Offer Caps, for the type of Resource, for use in the RUC to determine the projected energy output level of each Resource and to project potential congestion patterns for each hour of the RUC. 
The MMS shall calculate proxy Energy Offer Curves by multiplying the Mitigated Offer Cap by a configurable constant and applying the cost for all Generation Resource output between HSL and LSL. The constant shall not be more than 0.001 and shall be configurable only by ERCOT authorized users. The selected constant shall be archived with each RUC solution. 


3.2.10 Mitigated Offer Cap
	Requirement ID
	FR14  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.5.2(4), 4.4.9.4.1, 5.1(8)

	Traceability to Sub-Process Maps
	RUC

	Description

The MMS shall retrieve the Resource Mitigated Offer Cap curves from Market Infrastructure (MI) as input. 
The detailed MMS Mitigated Offer Cap curve calculation process is documented in SCED and Real-Time MMS Processes Requirements FR5-1. 


3.2.11 Load Forecast as Input
	Requirement ID
	FR15  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.5.2(9)(b), 5.5.2(8)(a), 5.5.1(3), 3.12.1 and 4.5.1(5) NPRR057

	Traceability to Sub-Process Maps
	RUC

	Description

The MMS shall retrieve the Load Forecast data from Seven-Day Load Forecast application from EMS for each Forecast Zone. 
The MMS shall retrieve the non-conforming load schedules from EMS. 
The MMS shall use the most current forecast of the total ERCOT demand at DRUC execution for each hour in the DRUC Study Period. 
The MMS shall use the most current forecast of the total ERCOT demand at HRUC execution for each hour in the HRUC Study Period. 
The MMS shall use the most current forecast of the total ERCOT demand at WRUC execution for each hour in the WRUC Study Period. 

The MMS shall allow the Operators to review the forecast provided by Seven-Day Load Forecast application and modify the forecast for each hour using offsets prior to executing the RUC study. Any modifications to the hourly forecasted loads shall be logged with a reason code for the change and posted to the MIS Secure Area.


3.2.12 Bus Load Forecast
	Requirement ID
	FR16  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.5.2(9)(b), 5.5.2(8)(a), 5.5.1(3), 3.12.1 and 4.5.1(5)

	Traceability to Sub-Process Maps
	RUC

	Description

The ERCOT System-wide Load Forecast is calculated as the sum of Load Forecasts for Forecast Zones. The network losses are ignored in RUC processes.

The MMS shall exclude schedules of non-conforming Loads from hourly Load Forecast and allocate remaining conforming Load over Load buses within Forecast Zone using the most recent load distribution factors obtained from EMS
, where non-conforming loads are applied separately to their corresponding load buses.


3.2.13 Input from Forced Outage Information
	Requirement ID
	FR17  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.5.2(8)(i), 5.5.2(9), 3.1.4.5 (1), 6.4.7

	Traceability to Sub-Process Maps
	RUC

	Description

The QSE shall update the COP and/or Outage Scheduler in the event of Resource Forced Outages. The TSP shall update the Outage Scheduler in the event of Transmission Facilities Forced Outages. The MMS shall use the COP status to determine the status of Generation Resources and use the Outage Scheduler data to determine the status of Transmission elements. 
The RUC shall not retrieve Forced Outage information from other data sources.


3.2.14 Input from Outage Scheduler Information
	Requirement ID
	FR18  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.5.2(9)

	Traceability to Sub-Process Maps
	RUC

	Description

The RUC shall retrieve Outage information from Outage Scheduler. The RUC shall use the Outage Scheduler information to build the network topology.


3.2.15 Retrieve Dynamic Rating Data
	Requirement ID
	FR19  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 3.10.8; 5.5.2(8)(b), 5.5.1(4), 5.5.2(9)

	Traceability to Sub-Process Maps
	RUC

	Description

The MMS shall retrieve Dynamic Ratings data from the EMS for transmission equipments where available. The Dynamic Ratings shall be used in Network Security Monitor (NSM) function. The MMS shall retrieve default static ratings data from the EMS for the transmission equipments which don’t have Dynamic Ratings data available.
The detailed conversion from Dynamic Rating MVA limits to MW limits is documented in Overall MMS System and Other Processes Requirements FR37.


3.2.16 Retrieve Generic Constraints
	Requirement ID
	FR20  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.5.2(8)(b)

	Traceability to Sub-Process Maps
	RUC

	Description

The MMS shall retrieve generic constraint definitions and limits from the EMS. The generic constraints are the network/voltage constraints modeled as import/export energy constraints that are determined Off-Line.
The MMS shall allow Operators to modify the limits of the generic constraints. 
The detailed modeling and processing for the Generic Constraints is documented in Overall MMS System and Other Processes Requirements FR47.


3.2.17 Input from Ancillary Service Qualification
	Requirement ID
	FR21  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.1(11),4.5.2(2),6.5.9.3.3(5)&(6),

8.1.2.1 and 8.1.2.2

	Traceability to Sub-Process Maps
	RUC

	Description

The MMS shall retrieve Resource Ancillary Service (AS) Qualifications from Registration System as input. The Resource AS Qualifications shall be displayed in the RUC MOI to assist ERCOT Operators to manually procure additional AS capacity for AS insufficiency. The Resource AS Qualifications shall denote if the Resource is certified/eligible to provide each of the following Ancillary Services:

· Reg-Up

· Reg-Down

· Responsive Reserve Service

· Non-Spin



3.3 Module: Operator Control and Override
3.3.1 Override Load Forecast 
	Requirement ID
	FR22  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.5.2(9)(b), 5.5.2(8)(a), 5.5.1(3), 3.12.1 

	Traceability to Sub-Process Maps
	RUC

	Description

The MMS shall allow Operators to review the Load Forecast retrieved from Seven-Day Load Forecast and modify the Load Forecast for each hour for each Forecast Zone using offsets prior to the RUC execution. The RUC study shall use the modified Load Forecast as input.
The MMS shall archive both the original Load Forecast and the offsets. 


3.3.2 Pause and Review/Override Input/Output between Any Phases
	Requirement ID
	FR23  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.5.1(9)&(11)

	Traceability to Sub-Process Maps
	RUC

	Description

The MMS shall allow Operators to manually execute the sub-functions of the RUC process and to pause the RUC process between any two sub-functions in order to determine the state of the solution and to alter inputs and outputs. The MMS shall continue the remaining RUC process after each pause based on the modified input data. 


3.3.3 Retrieve Ancillary Service Insufficiency Data
	Requirement ID
	FR24  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 4.5.2

	Traceability to Sub-Process Maps
	RUC

	Description

For DRUC Study, the MMS shall retrieve the insufficient Ancillary Service data from DAM clearing results. 

For HRUC Study, the MMS shall retrieve the insufficient Ancillary Service data from SASM clearing results. 

The input data shall include the following:

· Insufficiency Hour

· AS Type

· Insufficient AS MW


The insufficient amount shall be displayed on the MOI to assist the Operators’ manual Ancillary Service Procurement.


3.3.4 Calculate Resource Ancillary Service Capability
	Requirement ID
	FR25  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 3.18; 6.5.7.6.2.1; 6.5.7.6.2.2; 6.5.7.6.2.3; 8.1.2.2.2; 8.1.2.2.3; 8.1.2.2.4

	Traceability to Sub-Process Maps
	RUC

	Description
The MMS shall compute the available Ancillary Service capacity for Resources certified to provide different types of Ancillary Services using the following formulation. 

· Reg-Up: MIN(5*The largest Normal Ramp Rate, HSL-LSL)

· Reg-Down: MIN(5*The largest Normal Ramp Rate, HSL-LSL)

· Responsive Reserve Service: MIN(10* The largest Emergency Ramp Rate, 20%*HSL, HSL-LSL)

· On-line Non-Spin: MIN(30*The largest Normal Ramp Rate, HSL-LSL)
· Off-line Non-Spin: MIN(30*The largest Normal Ramp Rate, HSL)
The HSL and LSL information are submitted by QSEs as part of COP. The Normal/Emergency Ramp Rate curves are submitted by QSE and are part of Resource Parameter data. The Ancillary Service capability calculation shall use the largest ramp rate value in the Normal/Emergency Ramp rate curves.


3.3.5 Procure Ancillary Service for DAM/SASM AS Offers Insufficiency
	Requirement ID
	FR26  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.1(11),4.5.2(2),6.5.9.3.3(5)&(6),

8.1.2.1 and 8.1.2.2

	Traceability to Sub-Process Maps
	RUC

	Description

The MMS shall allow Operators to manually procure Ancillary Service (AS) in RUC if the AS Offers submitted in the DAM/SASM are insufficient to meet the requirements of the AS Plan. The MMS shall provide a summary display to assist Operators to perform the manual procurement. The summary display shall include the following information.
· AS insufficiency for different types calculated based on FR24
· Resource ID

· Type of Resource (e.g., nuclear, hydraulic, etc.)
· AS Qualifications (Reg-Up, Reg-Down, Reserve Service, Non-spin)
· Available AS Capacity calculated based on FR25.

· On-line/Off-line status in COP

· On-line/Off-line status determined by RUC

· Energy MW dispatched by RUC

· Minimum On-Line time
· Minimum Off-Line time
· HSL and LSL from COP
The MMS shall allow Operators to manually procure available Off-Line Resources on MOI for AS Insufficiency based on Resource AS Qualification, consistent with the COP Resource status.


3.3.6 Deselect Standard Contingencies
	Requirement ID
	FR27  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.5.1(6)

	Traceability to Sub-Process Maps
	RUC

	Description

The MMS shall retrieve the standard Contingency List from NMMS.
The MMS shall allow Operators to deselect certain contingencies from the standard Contingency List prior to RUC execution. A reason code shall be entered for each deselection decision made by the Operators. The deselected contingencies shall not be considered in RUC study. 
The MMS shall store a list of all constraints deselected from the standard Contingency List and the corresponding reason codes and post them to the MIS Secure Area.


3.3.7 Review/Deselect NSM Constraint Violations
	Requirement ID
	FR28  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.5.1(9); 5.5.1(11)

	Traceability to Sub-Process Maps
	RUC

	Description

The RUC shall display all network constraint violations detected by Network Security Monitor (NSM) on MOI during RUC execution.
RUC shall allow Operators to deselect constraints/contingencies that are known to cause errors or result in inconclusive study output in the RUC. RUC shall support at least the following two types of de-selection:

· Contingency de-selection:                  
Once a contingency is deselected by Operators, RUC shall ignore any transmission constraint violations caused by the deselected contingency. 

· Constraint de-selection:                     
A constraint is defined by a Contingency/Base Case and overloaded transmission element pair. Once constraints are de-selected by Operators, RUC shall only ignore the deselected constraint. 
RUC shall output a list of all constraints/contingencies de-selected during RUC execution.


3.3.8 Manually Commit/Decommit Resources on MOI/UI
	Requirement ID
	FR29  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.5.2(1), 5.5.2(2)

	Traceability to Sub-Process Maps
	RUC

	Description

The MMS shall allow Operators to manually commit or decommit resources on the MOI before RUC Optimization.
The manual commitment or decommitment is used to resolve some constraints that may not be correctly modeled by NSM and RUC, e.g., voltage constraints.
The manual commitment or decommitment made by Operators shall be enforced in RUC commitment solution. 
The RUC process shall not modify the manual commitment or decommitment schedule to satisfy Resources’ temporal constraints such as Minimum Off-line and Minimum On-line time constraints. 


3.3.9 Manually Override SCUC Commitment/Decommitment on MOI/UI

	Requirement ID
	FR30  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.1(9)&(10), 5.3.(3)(a)(ii), 5.5.2(3)

	Traceability to Sub-Process Maps
	RUC

	Description

The MMS shall provide calculated Resource commitments on MOI to be reviewed by ERCOT Operators before issuing Dispatch Instructions to QSEs to commit, extend, or decommit Resources. 
The MMS shall allow Operators to make changes to the RUC-recommended commitments with a reason code to the changes. 
The RUC process shall not modify the manual commitment or decommitment schedule to satisfy Resources’ temporal constraints such as Minimum Off-line and Minimum On-line time constraints. 


3.4 Module: Initial Unit Commitment (IUC)
	Requirement ID
	FR31  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.5

	Traceability to Sub-Process Maps
	RUC

	Description
The Initial Unit Commitment (IUC) shall compute the initial unit commitment schedule using the same input data as the SCUC without NSM generated transmission constraints. The MMS shall pass the IUC generation schedule to NSM to evaluate the feasibility of both the base case and a given set of contingencies. 
The MMS shall allow Operators to run RUC in an unconstrained mode without enforcing transmission constraints identified in NSM. In the unconstrained mode, the IUC shall be run as stand alone and shall not iterate with NSM. 
The unconstrained mode is also documented in Overall MMS System and Other Processes Requirements FR35.


3.5 Module: Network Topology Builder 
3.5.1 Breaker Status Projection 
	Requirement ID
	FR32  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.5.1(3), 5.5.2(8)I, 5.5.2(9)(a)

	Traceability to Sub-Process Maps
	RUC

	Description

The MMS shall determine the status of transmission breakers and switches in the following ways:

For HRUC first study hour, the system shall use the current breaker status from SCADA/EMS plus changes indicated in Outage Schedule.
For DRUC, HRUC remaining study hours and WRUC, the system shall use the normal breaker status plus changes indicated in Outage Schedule.
The projected status of transmission breakers and switches shall be used to build transmission topology in RUC Study Period.


3.5.2 Initial Resource Commitment Status Determination
	Requirement ID
	FR33  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.5

	Traceability to Sub-Process Maps
	RUC

	Description

The MMS shall retrieve both the current Resource commitment status (On-line or Off-line) and the historical Resource commitment status of the current Operating Day from the EMS. The historical commitment status data include: 
· Number of start up of the Operating Day until the end of previous hour.
· If the Resource was On-line, the number of hours it has been On-line until the end of previous hour.
· If the Resource was Off-line, the number of hours it has been Off-line until the end of previous hour.
The current EMS On-line/Off-line status shall be used for the current hour (the hour that RUC executed). The historical commitment status passed from EMS shall be used for the status before the current hour. For future hours (each hour within the RUC study period), the commitment status indicated in COPs shall be used.

HRUC shall use the historical commitment data and the On-line and Off-line status for the current Operating hour to determine the Resource’s initial condition at the beginning of the next Operating hour.
DRUC and WRUC shall use the historical commitment data, the On-line and Off-line status for the current Operating hour and the COP status for remaining hours of the current Operating Day to project the initial commitment status at the beginning of the next Operating Day.
The Start Up Time of Resources shall effect their eligibility to be committed as follows:

· If the Resource is Off-line based on the EMS data, then the Resource shall be made unavailable for commitment from the current time to the min (current time + Start  Time, first hour Resource scheduled on in the COP).
· The MMS shall determine the applicable start time (hot/intermediate/cold) to be used based on Resource historical Offline-Line time. 


3.5.3 Resource Status Projection for HRUC 
	Requirement ID
	FR34  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.5.2(8)(e), 5.5.2(9)(a), 3.9, 6.5.8

	Traceability to Sub-Process Maps
	RUC

	Description

For HRUC study, the MMS shall first revise the projected Resource status indicated in the COP by incorporating the Resource committed in the previous HRUC execution if the Resource status is Off-line available in the COP. If the resource was committed in previous HRUC, but unavailable according to the COP, the resource shall be treated as unavailable in current HRUC.
For HRUC study, the MMS shall also revise the projected Resource status indicated in the COP by incorporating the Resource committed through Verbal Dispatch Instructions (VDI) if the Resource status is Off-line available in the COP. If the resource was committed through VDI, but unavailable according to the COP, the resource shall be treated as unavailable in current HRUC.
The detailed description for the VDI is documented in Overall MMS System and Other Processes Requirements FR42.
The MMS shall use the revised status of Resources for each hour in the HRUC Study Period. 


R
3.5.4 esource Status Projection for DRUC and WRUC 
	Requirement ID
	FR35  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.5.2(8)(e), 5.5.2(9)(a), 3.9

	Traceability to Sub-Process Maps
	RUC

	Description

For DRUC and WRUC study, the MMS shall use the Resource status indicated in COP for each hour in the DRUC and WRUC Study Period.


3.6 Module: Network Security Monitor (NSM)
3.6.1 NSM Overview 
	Requirement ID
	FR36  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.5

	Traceability to Sub-Process Maps
	SCUC

	Description

The Security Constrained Unit Commitment (SCUC) solution engine is comprised of two major components: (1) Network Security Monitor (NSM) and (2) Network Constrained Unit Commitment (NCUC).

The NSM function is used in the solution process of Day-Ahead Market Clearing Engine (MCE) and Reliability Unit Commitment (RUC). NSM evaluates the security of the network subject to the schedule provided by NCUC for both the base case (intact) system and contingencies. 

The network security constraints evaluated in NSM include:

· Thermal constraints

· Generic constraints

The NSM consists of the following main components:

· Network Data Update

Retrieves the network model prepared by the preprocessor and imposes on it the latest NCUC generation schedule to establish the modified base case. The RUC Network topology used by NSM shall be built based on the Normal network and Outage schedules. All power flow computations shall use a lossless model while satisfying the power flow constraints. Transmission constraints shall be based on Dynamic Ratings.

· Base Case Power Flow Solution

Performs non-linear AC power flow solution on the modified base case prepared by Network Data Update and computes the base case flows. A failure of the AC power flow to converge automatically triggers the execution of the non-linear DC power flow.

· Contingency Topology Processor

Prepares the Final Contingency List, Violations Check List and Generator Allocation List for the DC Contingency Analysis.
· Incremental Contingency Analysis

Performs Incremental (linear) Contingency Analysis by imposing contingencies based on the lists prepared by the Contingency Topology Processor and determines the modified flows. If a Special Protection Scheme (SPS)/Remedial Action Plan (RAP) triggering condition is satisfied in a contingency, the contingency shall be ignored, i.e., it is assumed that SPS/RAP clears all constraint violations.

· Constraint Data Processing

Selects the critical network violated constraints and computes the shift factors (sensitivities) to be used by NCUC.

Figure 3‑1 shows the flow diagram of the NSM process.
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Figure 3‑1. A Flow Diagram of the NSM Process




3.6.2 Use of Dynamic Ratings in NSM
	Requirement ID
	FR37  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.5

	Traceability to Sub-Process Maps
	SCUC

	Description

By default, the NSM shall use Normal Ratings to evaluate the feasibility of the commitment and dispatch schedule calculated by NCUC in Base Case analysis.

By default, the NSM shall use Emergency Ratings to evaluate the feasibility of the commitment and dispatch schedule calculated by NCUC in Contingency analysis.
The NSM shall allow ERCOT authorized users to configure the setting for the use of Dynamic Ratings, e.g., ERCOT authorized users are allowed to select either using Normal Ratings or using Emergency Ratings for Base Case study. 
Note:

User-selected configuration settings for the use of Dynamic Ratings shall be entered for the purposes of analysis and debugging only.  ERCOT recognizes that the user-selected configuration settings are not allowed in the Nodal Protocols and are not intended to be used for normal operations.


3.6.3 Identify Violated/Nearly Violated Constraints in NSM
	Requirement ID
	FR38  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.5.2(8)(b), 5.5.1(7)&(8)&(10)

	Traceability to Sub-Process Maps
	SCUC

	Description

The NSM shall evaluate the feasibility of the commitment or dispatch schedule calculated by NCUC for both the base case and a set of given contingencies.
The NSM shall be executed for each time step of the RUC Study Period to provide constraints for NCUC. 
The NSM shall account for the action of SPS/RAP.

The NSM shall transform each violated/nearly violated constraint into a linear function of the Resource outputs and pass it to the NCUC for enforcement. 
The NSM shall identify the nearly violated constraint based on the user-specified threshold, e.g., 90% loading.


3.6.4 NSM Sensitivity Cutoff Threshold
	Requirement ID
	FR39  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.5

	Traceability to Sub-Process Maps
	SCUC

	Description

To prevent excessive movement of the control variables for alleviating the network constraint violations, the NSM shall set to zero all shift factors whose absolute values are below the user-specified “Sensitivity Cutoff Threshold” before they are passed to NCUC for enforcement. 
The threshold shall be configurable only by ERCOT authorized users and shall be archived with each RUC solution.


3.6.5 NCUC-NSM Solution Process
	Requirement ID
	FR40  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.5

	Traceability to Sub-Process Maps
	SCUC

	Description

The NCUC and the NSM shall iterate several times to find the final solution. The iterations are desired because:

· NSM develops constraint equations to be passed to NCUC corresponding to violated or near violated constraints based on one operation point. New constraint equations have to be generated as the dispatch changes.

· Non-linear branch flow calculations are used, the linearized constraint equations may change as the dispatch changes.

The steps in the solution process shall be as follows:
6. Retrieve the initial base case data and superimpose on them the generation and load schedule determined by the latest NCUC (or IUC) execution
7. Invoke NSM for the base case at each time step in the study period to identify network constraints to be enforced in the NCUC solution.
8. Invoke NCUC to determine the revised generation schedule as impacted by enforcing the additional network constraints

9. Steps 2 and 3 iterate until convergence is reached.
10. SPS/RAP Triggering Test.
Using the solved NCUC generation at Step 4, invoke NSM for all contingencies to test the SPS/RAP triggering conditions (contingency specific SPS/RAP and equipment-based SPS/RAP). Any contingencies that trigger SPS/RAP shall be ignored in the subsequent NCUC-NSM iterations.  

11. Invoke NSM for the base case and all contingencies without SPS/RAP triggering as determined at Step 5 at each time step in the study period to identify network constraints to be enforced in the NCUC solution.
12. Invoke NCUC to determine the revised generation schedule as impacted by enforcing the additional network constraints.
13. Step 6 and 7 iterate until convergence is reached.
Figure 3‑2 shows the flow diagram of the NCUC-NSM solution process.
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Figure 3‑2. A Flow Diagram of the NCUC-NSM Solution Process



3.7 Module: Security Constrained Unit Commitment (SCUC)
3.7.1 Use SCUC for RUC Process

	Requirement ID
	FR41  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.1(1), 4.5.1(4), 5.5.2(8)(d), 5.5.2(1), 5.1(8), 5.5.2(8)(g)&(h)

	Traceability to Sub-Process Maps
	SCUC

	Description

The MMS shall use a Security Constrained Unit Commitment (SCUC) optimization application to minimize the total cost based on Three-Part Supply Offers subject to system capacity constraints, system power balance constraints, transmission constraints and Resource constraints. A proxy Energy Offer Curve shall be substituted for the Energy Offer Curve over the whole RUC study period.


3.7.2 Commit Resources in SCUC

	Requirement ID
	FR42  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.5.2(1), 5.5.2(5), 3.9.1(4)(J)


	Traceability to Sub-Process Maps
	SCUC

	Description

The RUC shall determine commitment of Generation Resources to match Seven-Day Load Forecast forecasted system demand, subject to all transmission constraints and Resource performance characteristics. The RUC shall evaluate the need to commit additional Resources both from Off-line Resources for which a QSE has submitted Three-Part Supply Offers and other available Off-Line Resources. These are resources that are needed in addition to Resources that are planned to be On-Line during the RUC Study Period.
The Resources which are Off-Line but available for commitment by RUC are only the Resources with Resource status specified as “OFF” in the COP.
The RUC shall commit Resource with Resource Status as ONRR specified in the COP only when the RRS capacity is needed to resolve some local transmission problem otherwise un-resolvable. If the ONRR Resource is committed in RUC, the entire RRS schedule from the ONRR Resource shall be treated as undeliverable.
The detail about Modeling Resource Capacity Providing Ancillary Service is documented in FR47. 


3.7.3 Decommit Resources in SCUC

	Requirement ID
	FR43  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.1(7), 5.5.2(2)

	Traceability to Sub-Process Maps
	SCUC

	Description

The RUC shall determine Resource decommitment. The RUC shall only decommit a Resource to resolve transmission constraints that are otherwise un-resolvable.


3.7.4 Filter/Restrict Resource Decommitment 
	Requirement ID
	FR44  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.5.2(2)

	Traceability to Sub-Process Maps
	SCUC

	Description

The RUC shall allow Operators to assign priorities to Resources during the decommitment process based on the category of Resources. The RUC shall decommit QFs only after all other types of Resources have been assessed for decommitment. 


3.7.5 Constraint Penalty Function 
	Requirement ID
	FR45  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.5.2(1), 5.5.2(7)

	Traceability to Sub-Process Maps
	SCUC

	Description

The RUC shall apply penalty factors to violations of the power balance and security constraints to the SCUC objective function in addition to the offer-based cost. The penalty factors shall be configurable by the ERCOT authorized users.
The RUC shall apply different penalty factors for different types of violations:
· System Deficit Generation / Surplus Generation (i.e. Under Generation / Over Generation)
· Transmission Base Case Constraints

· KV Level of overloaded element (for transformers, the higher kV level is used)
· Transmission Contingency Constraints

· KV Level of overloaded element (for transformers, the higher kV level is used)
· Transmission Generic Constraints

· Resource Reg-Up/Reg-Down 

· Responsive Reserve Service

· Resource Non-spin




3.7.6 Tie Breaking Rules for RUC Dispatch
	Requirement ID
	FR46  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.5

	Traceability to Sub-Process Maps
	SCUC

	Description

When two or more Resources offer the same price for blocks of their price curves, then it is possible that there will be more than one optimal (least cost) RUC solutions. These solutions will have different dispatches within the equal price blocks. The Resources that can have different optimal dispatches are known as marginal Resources. The RUC shall use the following approach to generate a unique dispatch: the RUC solution Engine shall break the tie by prorating the dispatch schedules among all the marginal Resources. The proration shall be based on the size of the MW block with equal price offers. Only the part of price curves within Resources’ available region shall be used.


3.7.7 Modeling Resource Capacity Providing Ancillary Service

	Requirement ID
	FR47  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.5.2(7), 3.9(2). 6.4.8.1.2, 6.4.8.1

	Traceability to Sub-Process Maps
	SCUC

	Description

The RUC shall treat all Resource capacity providing Ancillary Service as unavailable for the RUC Study Period, unless that treatment leads to infeasibility (i.e., that capacity is needed to resolve some local transmission problem that cannot be resolved by any other means). In such cases, the RUC shall provide the information for each affected QSE of the amount of its Resource capacity that does not qualify to provide Ancillary Service, and the projected hours for which this is the case. 

The RUC shall compute Resources’ HASL and LASL based on the HSL, LSL, and Ancillary Service quantities from COP. The portions of Resource proxy Energy offer curves outside HASL and LASL shall be protected by assigning penalty factors (see FR45) that shall be higher than any of the proxy offer curves but lower than transmission constraint penalty factor. 
The penalty factors for Resource AS violation and transmission constraint violation shall be configurable by ERCOT authorized users and correctly coordinated considering the impact of the associated shift factors. 


3.7.8 Modeling Combined Cycle Resources Configuration
	Requirement ID
	FR48  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 3.9, 3.7.1.1

	Traceability to Sub-Process Maps
	SCUC

	Description

The RUC shall model multiple operating configurations for Combined Cycle Resources in RUC. The RUC shall not procure steam turbine alone without combustion (gas) turbine procured or self-scheduled online. The RUC shall correctly use the Startup cost, minimum energy cost and operation cost in the objective function for each CC configuration. The RUC shall respect the Resource output constraints (minimum and maximum output levels) and operational constraints (includes lead-time (start time), minimum run time, minimum down time, and configuration constraints) for the selected CC Resource's configuration. The RUC shall also respect the allow transitions between the configurations and the off state and the minimum run and down time.
For additional details about the combined cycle unit, please refer to Section 3.2.2, ST2 – Combined Cycle Modeling, MMS DAM and SASM requirements. 


3.7.9 Modeling DC Tie Schedule
	Requirement ID
	FR49  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 4.4.4, 3.10.7.2

	Traceability to Sub-Process Maps
	SCUC

	Description

The RUC shall retrieve the net energy schedule for the DC Tie from COP. The RUC shall treat the DC Tie as an equivalent online Resource if the net energy schedule for a DC tie shows a net import; otherwise the system shall treat the DC Tie as an equivalent Load. 
The DC Tie schedule shall be treated as a fixed injection or withdrawal in the RUC process. The RUC shall not modify DC Tie schedule to resolve system constraints. 


3.7.10 Modeling Split Generation Resources
	Requirement ID
	FR50  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 3.8, 3.10.7.2

	Traceability to Sub-Process Maps
	SCUC

	Description

The RUC shall model Split Generation Resources (SGR). RUC shall retrieve the Resource Parameters, COP and Three Part Supply Offers for each individual Split Generation Resource in a generation facility. The RUC shall commit or decommit all individual Split Generation Resources in a generation facility together.
The RUC shall model all the individual SGRs in a generation facility as a single physical Resource in NSM to accommodate contingency analysis and Resource reactive capability curves.


3.7.11 Modeling Off-line Time Dependent Start up Cost
	Requirement ID
	FR51  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 4.4.9.2.1

	Traceability to Sub-Process Maps
	SCUC

	Description

QSEs shall be allowed to submit hot, intermediate and cold Startup costs in the Three-Part Supply Offer. The RUC shall model the Off-line time dependent start up cost in the RUC optimization process.


3.7.12 Resource Constraints
	Requirement ID
	FR52  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.5.2(8)(e), 3.7.1.1, 4.5.1(4)(ii)

	Traceability to Sub-Process Maps
	SCUC

	Description

The MMS shall enforce the Resource output constraints and operational constraints in RUC optimization. 

The MMS shall enforce the following Resource operational constraints in RUC optimization:
· Lead time (start up time) constraints including hot, intermediate and cold time
· Minimum On-line time

· Maximum On-line time

· Minimum Off-line time

· Maximum daily starts
· Maximum weekly starts (WRUC only)
· Maximum weekly energy (WRUC only)
At the end of the RUC study period, the operational constraints shall be enforced assuming that Resources with unspecified commitment status are Off-line for all hours after the study period.
The MMS shall enforce the maximum weekly starts and maximum weekly energy constraint for WRUC only. 
If the Study Period for HRUC covers the balance of current Operating Day and the next Operating Day, the HRUC shall enforce the Maximum daily starts for current Operating Day and the next Operating Day separately:
· For the balance of the current Operating Day: Use maximum daily starts minus  accumulated starts in current Operating Day
For the next Operating Day: Use maximum daily starts
 


3.7.13 Additional Resource Constraints for WRUC
	Requirement ID
	FR53  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 3.7.1.1

	Traceability to Sub-Process Maps
	SCUC

	Description

The MMS shall enforce the Resource maximum weekly starts and maximum weekly energy in WRUC optimization. 


3.7.14 Transmission Constraints
	Requirement ID
	FR54  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.5.2(8)(b),,4.5.1(4)(i), 3.10.7.5 NPRR064

	Traceability to Sub-Process Maps
	SCUC

	Description

The MMS shall enforce the transmission constraints including Thermal Constraints and Generic Constrains for each hour of the RUC Study Period. 
The detailed modeling and processing for the Generic Constraints is documented in Overall MMS System and Other Processes Requirements FR47.


3.7.15 Power Balance Constraints
	Requirement ID
	FR55  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.5.2(8)(d)

	Traceability to Sub-Process Maps
	SCUC

	Description

The MMS shall enforce the Power Balance Constraint for each hour of the RUC Study Period. The total system generation shall equal to the total system demand. 


3.7.16 Resource Status 
	Requirement ID
	FR56  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.5.2(8)(e), 3.9, 5.5.2(1), 5.5.2(5),

5.5.2(8)(j)

	Traceability to Sub-Process Maps
	SCUC

	Description

The RUC shall use Resources status in the COP (QSE self-committed, DAM committed, committed in previous RUCs) and Resource capacity already committed to provide Ancillary Service as inputs.


3.7.17 Ignore Temporal Constraints Violation for QSE-Commitment intervals

	Requirement ID
	FR57  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.5

	Traceability to Sub-Process Maps
	SCUC

	Description

The RUC shall ignore resource temporal constraints violated by QSE self schedules during QSE-Commitment intervals. The RUC shall not commit Resources only to satisfy the temporal constraints violated by QSE self schedules.


3.7.18 RUC Startup Cost Eligibility

	Requirement ID
	FR58  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.6.2

	Traceability to Sub-Process Maps
	SCUC

	Description

The RUC shall not introduce additional resource Startup Cost in the objective function if the designated start hour or last hour of the RUC instruction connects to a block of QSE-Committed Intervals that was QSE-committed before the RUC instruction was given.


3.8 Module: RUC Output and Dispatch
3.8.1 RUC Commitment/Decommitment Output 

	Requirement ID
	FR59  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.5.1 diagram, 5.5.3(1), 5.5.3(2)

	Traceability to Sub-Process Maps
	RUC

	Description

The RUC shall output the cleared Resource commitments and decommitments.
Resource commitments shall include the start interval and duration for which the Resource is required to be at least at LSL. 
Resource decommitment shall include the interval in which the Resource is required to be Off-Line, duration.

For the decommitment recommended by RUC, RUC shall assign a default reason code to indicate that decommitment is decided by RUC Optimization process to resolve transmission violation. For the decommitment manually entered by Operators, the system shall allow Operators to enter different reason codes.


3.8.2 Operator Confirmation RUC Decommitment

	Requirement ID
	FR60  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.5

	Traceability to Sub-Process Maps
	RUC

	Description

The MMS shall provide flags to allow Operators to individually confirm the RUC decommitment. The MMS shall not publish the RUC decommitment instructions not confirmed by Operators. 


3.8.3 Operator Approval RUC Commitment

	Requirement ID
	FR61  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.5.1 diagram

	Traceability to Sub-Process Maps
	RUC

	Description

The MMS shall provide an approval flag on MOI to allow Operators to approve the cleared Resource commitment schedules and confirmed decommitment schedules. If the approval flag is set to “Yes”, the RUC commitment schedules and confirmed decommitment schedules are sent to the MI for publishing. Otherwise, the RUC commitment/decommitment schedules are sent to the MI but not published. 


3.8.4 Decision Support for QSE Request Decommitment in HRUC
	Requirement ID
	FR62  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP6.4.6.2, 5.5.2(2)

	Traceability to Sub-Process Maps
	RUC

	Description

The HRUC shall identify a Resource decommitment request if:
· The Resource’s COP status changed from On-line to Off-line available during the Adjustment Period

· There is no previous HRUC decommitment instruction issued. 
The HRUC shall use the adjusted Three-part Supply Offer (see FR12) and treat the Resource to be Off-line available for the hours the Resource requested for decommitment.
The HRUC shall provide a summary display for Operators’ review to show the final HRUC recommendation for the commitment decisions (i.e., “accepted” or “rejected” the decommitment requests) for the Resource requested for decommitment.
In addition to the normal commitment instructions, HRUC shall publish whether the QSEs’ decommitment requests are accepted or rejected. 


3.8.5 Active and Binding Transmission Constraints

	Requirement ID
	FR63  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.3(3)(b)

	Traceability to Sub-Process Maps
	RUC

	Description

The RUC shall output all active and binding transmission constraints (contingency and overloaded element pair) information. 
The RUC shall output all the shift factors and shadow price with respect to the binding constraints. 


3.8.6 Undeliverable Ancillary Service Capacity Output

	Requirement ID
	FR64  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.5.2(7), 5.3(3)(c), 5.5.2(3)

	Traceability to Sub-Process Maps
	RUC

	Description

If the resource capacity providing Ancillary Service is needed to resolve transmission constraints that cannot be resolved by any other means, the MMS shall provide the information for each affected QSE of the amount of its Resource capacity that does not qualify to provide Ancillary Service, and the projected hours for which this is the case. 

The MMS shall provide an undeliverable Ancillary Service capacity summary display. The following information shall be provided in the display:

· Undeliverable Resource ID

· Time stamp

· Ancillary Service type

· Violated MW


3.8.7 Dispatch Resource
	Requirement ID
	FR65  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.3(3)(c), 5.5.2(3)

	Traceability to Sub-Process Maps
	RUC

	Description

The MMS shall issue Dispatch Instructions regarding the commitment and decommitment decisions made by RUC to notify each QSE of its Resource commitments or decommitments.


3.8.8 Additional Output for WRUC

	Requirement ID
	FR66  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.5.2(8)(j)

	Traceability to Sub-Process Maps
	RUC

	Description

The WRUC shall provide the following additional outputs to alert the operators of resources, which may be needed in the future, but have temporal constraints forbidding their procurement in DRUC and HRUC.
Resources that are not committed in DRUC and HRUC study period, but committed in future WRUC study period, shall be highlighted to Operators. These Resources could have start up time larger than DRUC and HRUC study period. 


3.8.9 WRUC Commitment Result
	Requirement ID
	FR67  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.5.2(8)(j), 3.2.3(2) NPRR057

	Traceability to Sub-Process Maps
	RUC

	Description :
The WRUC shall not send out the commitment and dispatch instructions to QSEs.
The MMS shall output the WRUC results to MI including all the binding transmission constraints in the WRUC Study Period. 

The binding transmission constraints in WRUC may be used by ERCOT as reference to generate the “Short-Term System Adequacy Report”. 


3.8.10 Provide Necessary Information on MOI/UI

	Requirement ID
	FR68  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.5

	Traceability to Sub-Process Maps
	RUC

	Description

The MMS shall provide necessary inputs and outputs of different sub-functions (i.e., DSI, NDP, IUC, NSM, NCUC, DSP and SAV) of RUC on the Market Operator Interface (MOI) for Operators’ review. The MMS shall provide application messages to indicate whether any errors occur during the different stages of RUC execution. 


3.8.11 Create Suggestion Plan for Unresolved Constraints
	Requirement ID
	FR69  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.5

	Traceability to Sub-Process Maps
	RUC

	Description

The MMS shall provide the Suggestion Plan (a summary report) on the MOI for unresolved congestion/capacity constraints in RUC process.
The MMS shall allow Operators to select an un-resolved constraint and list key Resources related to the selected constraints. The following information shall be included in the Suggestion Plan summary display:

· Constraint Name

· Study Interval

· Constraint Limit

· Constraint Flow

· Resource Name

· QSE Name

· Resource Type
· LSL,HSL

· HASL, LASL

· Shift Factor to the constraint
· Resource Availability, i.e. Available/Unavailable

· Resource Status, i.e. Online/Offline

· Participate in other constraints (Yes/No)
· Start up time

· Remaining Min-Up/Min-Down time

· Resource Final dispatch MW

· Contribution MW to the constraint, i.e. dispatch MW*Shift Factor

· Procurement Flag, i.e. if procured in RUC


3.9 Module: Save Case
3.9.1 Save Cases
	Requirement ID
	FR70  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.5

	Traceability to Sub-Process Maps
	RUC

	Description

The MMS shall archive both approved and unapproved RUC Cases for post analysis. The Case shall include all input/output data for RUC Off-line Study Tool to be re-executed and to produce the identical results to the original run.


3.10 RUC in Study Mode
3.10.1 Execute RUC in Study Mode

	Requirement ID
	FR71  

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	NP 5.5.2(8)(j)

	Traceability to Sub-Process Maps
	RUC

	Description

The MMS shall allow Operators to execute RUC in a study mode. The MMS shall support the following two methods of providing input data to RUC in a study mode:

· Retrieving data from a save case
· Retrieving data from the on-line data sources
If the RUC input data is retrieved from a save case, the Study Period will be the same as the corresponding RUC study period at the time the save case created. If the RUC input data are retrieved from on-line data sources, the Study Period will be the same as RUC executing in on-line mode. 
When the RUC input data are retrieved from on-line data sources, the study tool shall allow Operators to shorten the RUC Study Period by manually setting the start time and end time of the study within the normal RUC Study Period. Under this circumstance, the study tool shall set up the RUC initial condition for the time prior to the first study hour using the logic specified in FR33. 

The study tool shall allow users to manually execute the sub-functions of the RUC to pause at any phase in the study in order to analyze and alter the input and output of the sub-functions. The study tool shall continue the remaining RUC process after pause based on the actual or modified inputs and outputs. 
The study results are just for study purpose and shall not be sent to QSE for deployment.


4. Supplementary Requirements

4.1 Performance Requirements 

4.1.1 Market Participant Interface Specific Performance Requirements
· 800 bids/offers in 5 minutes with a response time of less than 3 seconds for a single bid/offer submission.
This assumes that the 800-bids/offer submissions are a representative mix of bulk bid/offer submissions and single bid/offer submissions.

4.1.2 Market Application Specific Performance Requirements
· SCED - 20 seconds

SCED is scheduled to run once every 5 minutes. The 20 second response time is to account for the fact that SCED may be rerun on demand or upon a change in system condition.

· Determination of oversold CRRs 

The timing requirement for this process shall be based on the requirement of 3 seconds for performing contingency analysis of ERCOT power system model (5000 buses, 6000 branches, 3000 contingencies).

The key data aspect affecting the performance for this process is the number of distinct source-sink pairs for CRR options, number of power flow buses, number of contingencies analyzed and the number of branches to be monitored. There are no restrictions on the number of CRR obligations in determining this performance requirement.

· CRR Option Derating – 5 minutes

· DAM - 15 minutes

DAM has the capability to execute multiple iterations between Network Security Monitoring (NSM) and Network Constrained Unit Commitment (NCUC). The operator may intervene between the NSM and NCUC executions to manually modify the output of NSM. The 15-minute requirement is measured on no manual intervention between NSM-NCUC iterations. The DAM requirements for Linked Ancillary Service Offers, Inclusive-Exclusive Offers, and Combined Cycle Units that were further defined during Phase 1 are now understood to be unique to the ERCOT market. The ILOG Cplex program has not been benchmarked against these requirements. It is possible that these requirements may adversely affect the market clearing times to be over 15 minutes. 
· SASM - 5 minutes

· DRUC (Day Ahead) - 15 minutes

This is similar to DAM but without Ancillary Services and hence the possible performance issues associated with Linked Ancillary Services and Inclusive-Exclusive offers are not present for RUC. The 15-minute requirement is measured on no manual intervention between NSM-NCUC iterations.

· HRUC (Hourly) - 15 minutes

This has more steps (33) to solve than the Day-Ahead RUC (24). However, the number of units to be committed in the Hour Ahead RUC is much less than in the Day Ahead and hence it is reasonable to assume the same execution time for both. The 15-minute requirement is measured on no manual intervention between NSM-NCUC iterations.

· WRUC (Weekly) - 3 hours

Based on the ability to solve the 24-hour RUC in 15 minutes, the 7-day problem could be solved in 2 hours. However, since this requirement has not been benchmarked before, it is possible that the actual execution time is greater than 2 hours. The 3-hour requirement is measured on no manual intervention between NSM-NCUC iterations.
5. Use Cases

Use cases start when the actor does something; an actor always initiates use cases. The use case describes what the actor does and what the system does in response. It is phrased in the form of a dialog between the actor and the system.
5.1 Actor Catalog

	#
	Actor
	Description

	1
	QSE Operator
	

	2
	ERCOT Operator
	

	3
	EMS system
	

	4
	MMS System
	


5.2 Use Case Catalog

	 Use Case ID
	Name
	Use Case Description

	RUC-UC1
	RUC Input Data Retrieval and Pre-Processing
	Input data retrieval and pre-processing from various systems.

	RUC-UC2
	RUC Load forecast data input
	Retrieval and process of load forecast as input for a RUC run 

	RUC-UC3
	RUC Three-Part Supply Offer Curve Creation for Non-Offer Resources
	Creation of Three-Part Supply Offer for Non- Offer Resources in a RUC run

	RUC-UC4
	RUC Proxy Energy Offer Curve Creation and Substitution
	Calculation and substitution of Proxy Energy Offer Curve in a RUC run

	RUC-UC5
	DRUC run
	Execute a DRUC run

	RUC-UC6
	HRUC run
	Execute a HRUC run

	RUC-UC7
	WRUC run
	Execute a WRUC run

	RUC-UC8
	RUC run in Study Mode
	Execute a RUC run in Study Mode

	RUC-UC9
	Run RUC Market Clearing Engine
	RUC Market Clearing Engine Execution Process

	RUC-UC10
	Run Initial Unit Commitment (IUC) in RUC
	IUC execution process in RUC run

	RUC-UC11
	Run Network Constrained Unit Commitment (NCUC) in RUC
	NCUC execution process in RUC run

	RUC-UC12
	Run Network Security Monitor (NSM) in RUC
	RUC Network Security Monitor execution process

	RUC-UC13
	RUC Result Analysis and Post-Processing
	Operator Review, Analysis, and Post-Processing of RUC solution

	RUC-UC14
	Procure Ancillary Service in RUC 
	Operator Procurement Additional Ancillary Services Capacity in RUC

	RUC-UC15
	Commitment/Decommitment Manual Setup
	Operator’s manual setup of Resource commitment/decommitment schedules

	RUC-UC16
	Manual Override of RUC-Recommended Resource Commitment
	Operator Manual Override RUC-recommended commitment solution

	RUC-UC17
	Manual Override of RUC-Recommended Resource Decommitment
	Operator Manual Override RUC-recommended decommitment solution

	RUC-UC18
	Manual Override of Undeliverable Resource Capacity Providing Ancillary Services
	Operator Manual Override of Undeliverable Resource Capacity Providing Ancillary Services

	RUC-UC19
	HRUC Providing Decision Support for Resource Self-Decommitment Request
	HRUC process of providing decision support for Resource decommitment requests

	RUC-UC20
	RUC Creating Suggestion Plan for Unresolved Constraints
	RUC Creating Suggestion Plan for Unresolved Constraints


5.3 Use Cases Listing
6. Protocol Coverage

	Protocol Sub-Section # (To the lowest level of granularity as possible)
	

Description
	Coverage by Requirements

(Full/Partial)

	3.1.4.5
	Management of Resource or Transmission Forced Outages or Maintenance Outages
	Partial(FR17)

	3.2.3(2) NPRR057
	Short-Term System Adequacy Report
	Partial(FR67)

	3.7
	Resource Parameter 
	Partial(Section 2.1)(FR7)

	3.7.1.1
	Generation Resource Parameters 
	Full(FR7)(FR48)(FR52)

	3.7.1.1
	Additional Weekly Constraint for WRUC 
	Full(FR53)

	3.8
	Split Generation Modeling
	Full(FR50)

	3.9
	Current Operating Plan (COP)
	Full(Section 2.1)(FR5)(FR34)(FR35)(FR42)

	3.9(2)
	HASL and LASL Calculation based on COP
	Full(FR47)

	3.9.3
	Combined Cycle Resource Configuration Modeling
	Full(FR48)

	3.10.7.2
	Split Generation Modeling
	Full(FR50)

	3.10.7.2
	DC Tie Schedule Modeling
	Full(FR49)

	3.10.7.5 NPRR064
	Modeling of Generic Transmission Limits
	Partial(FR54)

	3.10.8
	Dynamic Rating
	Partial(FR19)

	3.12
	Load Forecasting
	Partial(FR16)(FR22)(FR15)

	3.12.1 NPRR057
	Seven-Day Load Forecast
	Partial(FR16)(FR22)(FR15)

	3.18
	Resource Limits in Providing Ancillary Service
	Partial(FR25)

	4.2.2
	RUC Input from Wind-Powered Generation Resource Production Potential
	Full(FR5)(FR6)

	4.4.4
	DC Tie Schedule Modeling 
	Full(FR49)

	4.4.8
	RMR Offer 
	Partial(FR10)

	4.4.9.1
	Three-Part Supply Offer Validation
	Partial(FR9)

	4.4.9.2
	Minimum-Energy Offer and Startup Offer Validation
	Partial(FR9)

	4.4.9.2.1(c)
	Off-line Time Dependent Startup Cost Modeling
	Full(FR51)

	4.4.9.2.3
	Startup and Minimum-Energy Offer Generic Cap
	Full(FR11)

	4.4.9.2.3(k)
	RMR Resource Minimum-Energy Generic Cap
	Full(FR10)

	4.4.9.4 
	Mitigated Offer Cap Curve 
	Partial(FR13)

	4.4.9.4.1 
	Mitigated Offer Cap Curve 
	Full(FR14)

	4.5.1(4)(ii)
	Resource Constraints
	Full(FR52)

	4.5.2
	Ancillary Service Insufficiency
	Partial(FR26) (FR24)

	4.5.2(2)
	Procure Ancillary Service for DAM/SASM AS Offers Insufficiency
	Full(FR26)

	4.5.2(2)
	Resource Ancillary Service Qualification
	Full(FR26)

	5.1(1)
	RUC Process Objective and Definition
	Full(FR1)

	5.1(2)
	Execute RUC in DRUC and HRUC Mode
	Full(FR2)(FR3)

	5.1(3)
	Execute RUC in DRUC Mode
	Full(FR2)

	5.1(4)
	DRUC Three-Part Supply Offer Input
	Full(FR8)

	5.1(5)
	Execute RUC in HRUC Mode
	Full(FR3)

	5.1(6)
	Execute RUC in DRUC and HRUC Mode
	Full(FR2)(FR3)

	5.1(7)
	Decommit Resource in RUC
	Full(FR43)

	5.1(8)
	Three-Part Supply Offer Curves used in RUC Optimization Objective
	Full(FR8)

	5.1(8)
	Proxy Energy Offer Curve Substitution of Energy offer Curve
	Full(FR13)(FR14)

	5.1(9)
	Operator Review and Manual Overwrite of RUC Results
	Full(FR30)

	5.1(10)
	Operator Review and Manual Overwrite of RUC Results
	Full(FR30)

	5.1(11)
	Procure Ancillary Service for DAM/SASM AS Offers Insufficiency
	Full(FR26)(FR26)

	5.2
	Reliability Unit Commitment Timeline Summary
	Full(Section 2)

	5.3(1)
	Execute RUC in DRUC Mode
	Full(FR2)

	5.3(2)
	RUC Input from COP
	Full(FR4)

	5.3(3)(a)(i)
	Three-Part Supply Offer Validation
	Full(FR9)

	5.3(3)(a)(ii)
	Operator Review of RUC Commitment/Decommitment Results
	Full(FR30)

	5.3(3)(b)
	Output Active and Binding Transmission Constraints used as inputs to RUC
	Full(FR63)

	5.3(3)(c)
	RUC Dispatch Instruction notification to QSE
	Full(FR65)

	5.3(3)(c)
	QSE Notification of Undeliverable Ancillary Service Capacity
	Full(FR65)

	5.4(2)
	QSE submits Three-Part Supply Offer
	Full(FR8)

	5.5.1(diagram)
	RUC Commitment/Decommitment Output
	Full(FR59) 

	5.5.1(3)
	Breaker Status Projection
	Full(FR32) 

	5.5.1(3)
	Bus Load Forecast Input to RUC
	Full(FR16)(FR15) 

	5.5.1(4)
	Dynamic Rating Data Input to RUC 
	Full(FR19) 

	5.5.1(6)
	MIS Summary of Deselection on Standard Contingency List
	Full(FR27) 

	5.5.1(7)
	Identify Violated/Nearly Violated Constraints in NSM
	Full(FR38) 

	5.5.1(8)
	NSM models SPS/RAP in Contingency Analysis 
	Full(FR38) 

	5.5.1(9)
	Review/Deselect NSM Constraint Violation
	Full(FR23)(FR28) 

	5.5.1(10)
	NSM models SPS/RAP in Contingency Analysis 
	Full(FR38)

	5.5.1(11)
	Deselection on Standard Contingency List
	Full(FR23)(FR28)

	5.5.2(1)
	RUC Process Objective and Definition
	Full(FR1)(FR5)(FR29)(FR41) (FR52)

	5.5.2(2)
	Operator Manual Commitment/Decommitment
	Full(FR12)(FR29)(FR43)(FR62) 

	5.5.2(3)
	RUC Dispatch Instruction notification to QSE
	Full(FR64)(FR65)

	5.5.2(3)
	Operator Review and Manual Overwrite of RUC Results
	Full(FR30)

	5.5.2(4)
	Proxy Energy Offer Curve Calculation
	Full(FR13)(FR14)

	5.5.2(5)
	RUC Input from COP
	Full(FR41)

	5.5.2(5)
	Commit Resource in RUC 
	Full(FR5)

	5.5.2(6)
	Create Three-Part Supply Offer for Non-Offer Resources
	Full(FR11)

	5.5.2(7)
	Ancillary Service Capacity Protection in RUC
	Full(FR65)(FR47)

	5.5.2(7)
	RUC Constraint Penalty Function
	Full(FR45)

	5.5.2(8)(a)
	Load Forecast Input to RUC
	Full(FR22)(FR15)

	5.5.2(8)(a)
	Bus Load Forecast Input to RUC
	Full(FR16)

	5.5.2(8)(b)
	Transmission Constraints
	Full(FR54)(FR38)(FR20)

	5.5.2(8)(b)
	Dynamic Rating Data Input to RUC
	Full(FR19)

	5.5.2(8)(c)
	Planned Network Topology
	Full(FR32)

	5.5.2(8)(d)
	Power Balance Constraints
	Full(FR55)

	5.5.2(8)(e)
	RUC Input from COP
	Full(FR5)(FR34)(FR35)

	5.5.2(8)(f)
	Input from Resource Parameters
	Full(FR7)

	5.5.2(8)(f)
	Resource Constraints
	Full(FR52)

	5.5.2(8)(g)
	Minimum-Energy Offer and Startup Offer from Three-Part Supply Offer 
	Full(FR8)

	5.5.2(8)(h)
	Resource that is offline and available but without a Three-Part Supply Offer
	Full(FR8) )(FR11)

	5.5.2(8)(i)
	Forced Outage Data Input to RUC
	Full(FR17)

	5.5.2(8)(j)
	Execute RUC in WRUC Mode
	Full(FR4)(FR66)

	5.5.2(9)
	Input from Outage Scheduler
	Full(FR18)(FR17)

	5.5.2(9)(a)
	Resource Status Projection in HRUC
	Full(FR34)

	5.5.2(9)(a)
	Resource Status Projection in DRUC and WRUC
	Full(FR34)

	5.5.2(9)(a)
	Breaker Status Projection
	Full(FR32)

	5.5.2(9)(b)
	Bus Load Forecast Input to RUC
	Full(FR22)(FR16)(FR15)

	5.5.3(1)
	RUC Commitment/Decommitment Output
	Full(FR59)

	5.5.3(2)
	RUC Commitment/Decommitment Output
	Full(FR59)

	5.6.1
	Verifiable Costs 
	Partial(FR11)

	5.6.2
	Startup Cost Eligibility 
	Partial(FR58)

	6.4.2(2)
	ERCOT submits Energy Offer Curve for Online RMR Resource
	Full(FR10)

	6.4.3(2)
	ERCOT submits Energy Offer Curve for Online RMR Resource
	Full(FR10)

	6.4.6
	QSE-Requested Decommitment of Resources
	Full(FR12(FR62)

	6.4.6.2(1)
	Adjust Three-Part Supply Offers in HRUC for QSE Request Decommitment in Adjustment Period
	Full(FR12)(FR62)

	6.4.6.2(2)
	Decision Support for QSE Request Decommitment in HRUC
	Full(FR62)

	6.4.7
	Notification of Forced Outage of a Resource
	Full(FR17)

	6.4.8.1
	Evaluation of Ancillary Service Capacity Sufficiency
	Partial(FR47)

	6.4.8.1.2
	Replacement of Undeliverable Ancillary Service Capacity due to Transmission Constraints
	Full(FR47)

	6.5.7.6.2.1
	Deployment of Regulation Service
	Partial(FR25)

	6.5.7.6.2.2
	Deployment of Responsive Reserve Service
	Partial(FR25)

	6.5.7.6.2.3
	Non-Spinning Reserve Service Deployment
	Partial(FR25)

	6.5.8
	Verbal Dispatch Instructions
	Partial(FR34)

	6.5.9.3.3(5)
	Procure Additional Ancillary Service in DRUC
	Full(FR21)(FR26)

	6.5.9.3.3(6)
	Procure Additional Ancillary Service in HRUC
	Full(FR21)(FR26)

	8.1.2.2.2
	Regulation Service
	Partial(FR25)

	8.1.2.2.3
	Responsive Reserve Service
	Partial(FR25)

	8.1.2.2.4
	Non-Spinning Reserve
	Partial(FR25)


7. Sub-Process Coverage
	

Sub-Process ID
	

Sub-Process Name
	Coverage by Requirements

(Full/Partial)

	SP1
	RUC
	Full

	SP2
	SCUC
	Full


8. Appendix: RUC Mathematical Formulation

RUC is executed to ensure Transmission System reliability and to ensure that enough Resource capacity, in addition to Ancillary Service capacity, is committed in the right location to reliably serve the forecasted load on the ERCOT system.

There are two categories of Resources in RUC:

· Pre-specified Online Resource 
[image: image7.wmf]j

 including Resources already self-committed in COP, Resource committed in previous RUC, Resource capacity already committed to provide Ancillary Service, and the operator manually committed Resources

· Additional Resource 
[image: image8.wmf]r

 that is available to be committed by RUC:

· For DRUC

· Resource that have submitted a Three-Part Supply Offer into DAM but was not awarded in DAM;

· Resource that did not submit a Three-Part Supply Offer in DAM but is specified as available but Off-line, excluding Resources with a Resource Status of EMR, in its COP; ERCOT create Three-Part Supply Offer for this non-Offer Resource;

· For HRUC

· Resources that have submitted Three-Part Supply Offer by end of Adjustment Period;

· Resource that did not submit a Three-Part Supply Offer by end of Adjustment Period but is specified as available but Off-line, excluding Resources with a Resource Status of EMR, in its COP; ERCOT create Three-Part Supply Offer for this non-Offer Resource;

· For WRUC

· Resource that is specified as available but Off-line, excluding Resources with a Resource Status of EMR, in its COP; ERCOT create Three-Part for this Resource

Similar to DAM, the RUC market clearing problem is a Security Constrained Unit Commitment (SCUC) that is formulated as a Mixed Integer Linear Program (MILP) problem. The RUC problem is formulated as followings:

Minimize: 
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Subject To:

1) Power Balance Constraints for each interval t
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2) Network Constraints at each interval t for both Base Cases and Contingency Cases
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3) Resource Constraints for each Resource 
[image: image26.wmf]r
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4) Resource Initial Condition Constraint for Resource 
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5) Resource maximum daily startup Constraint for Resource 
[image: image35.wmf]r
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6) Resource maximum runtime Constraint for Resource 
[image: image37.wmf]r
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7) Down time dependent startup cost for Resource 
[image: image39.wmf]r
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8) Operating limits for each Resource 
[image: image43.wmf]r

 at interval 
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9) Operating limits for each Online Resource 
[image: image47.wmf]j

 at interval 
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10) Startup Cost Eligibility for Resource 
[image: image52.wmf]r

 at interval 
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Assume that Resource’s self-commitment starts up the Resource at interval
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11) Protection of Resource Capacity Providing Ancillary Service for Online Resource 
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 at interval 
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12) Some Weekly Constraint for Resource 
[image: image61.wmf]r

 in WRUC
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13) Ignore Temporal Constraints Violated by Self-Commitment

Do not apply minimum up/down time in 3), maximum run time in 6), daily/weekly startup and weekly energy constraints in 5) and 12) to the self-commitment period.
14) Combined Cycled Resource Configuration Constraints






















All the Resource-level constraints defined above for Resource 
[image: image79.wmf]r

 remain applicable for any possible configuration for Combine Cycle Unit. In other words, the configuration 
[image: image80.wmf]mod

 of the Combined Cycle Unit 
[image: image81.wmf]ccunit

 represents the Resource 
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.
The additional inter-configuration constraints for Combined Cycle Unit 
[image: image83.wmf]ccunit

 with multiple configurations 
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 at 
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 include constraint:
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 is subjected to Combined Cycle Minimum Down Time, Maximum/Minimum Run Time and Maximum Number of Starts.

The Inter-Configuration transition is feasible between certain configurations and between certain configurations to the off state in both upward and downward directions.

The transition cost 
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 associated with transition from Configuration 
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 to Configuration 
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is equal to the difference between Startup Cost Offers for modes 
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 and 
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 for 
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 warmth state at time 
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15) Constraints for Split Generation Resource 
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The RUC problem input parameters are:
· 
[image: image99.wmf]T

 is the number of study intervals;
· 
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The RUC problem decision variables are:
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9. Appendix: Acronyms
AS
Ancillary Service

COP
Current Operating Plan

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

EECP
Emergency Electric Curtailment Plan

ERCOT
Electric Reliability Council of Texas, Inc.
EMS
Energy Management System
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

IUC
Initial Unit Commitment

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

MI 
Market Infrastructure
MMS
Market Management System

MOI
Market Operator Interface 


MVAr
Mega Volt-Amperes reactive

MW
Megawatt

MWh
Megawatt Hour

NCUC
Network Constrained Unit Commitment

NDP
Network Data Preparation
Non-Spin
Non-Spinning Reserve 

NSM
Network Security Monitor

QF
Qualifying Facility

QSE
Qualified Scheduling Entity

RAP
Remedial Action Plan
RARF
Resource Asset Registration Form
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

SCUC
Security-Constrained Unit Commitment
SGR
Split Generation Resource
SPS
Special Protection Scheme

STWPF
Short Term Wind Power Forecast

TAC
Technical Advisory Committee
VDI
Verbal Dispatch Instruction
WGR
Wind-Powered Generation Resource

WRUC
Weekly Reliability Unit Commitment
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