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Requirements Specification
 This Requirements Document is Subordinate To and Compliant with the Texas Nodal Protocols Effective August 2007.
1. Introduction

The requirements for Texas Nodal market implementation are described in the Texas Nodal Protocols.  This document focuses on elaborating the requirements for the Generation Subsystem of the Energy Management System.  The Generation Subsystem includes Load Frequency Control (LFC), the Ancillary Services Capacity Monitor, and the Resource Limit Calculator, each of which are described in this Requirements Specification. In addition, requirements are included for Resource Qualification Testing and Inputs/Outputs.

This Requirements Specification is a part of the complete set of specification documents for the Texas Nodal market implementation.  For implementation purposes the Texas Nodal market functions are categorized into multiple systems based on clear distinction in functionality.  The LFC System is one of these systems.

The EMS requirements are documented in the Texas Nodal EMS Requirements Specification document; supplemented by the following Requirements Specifications:
1. Texas Nodal EMS Data Model Requirements Specification

2. Texas Nodal EMS SCADA Requirements Specification

3. Texas Nodal EMS Dynamic Ratings Requirements Specification

4. Texas Nodal EMS Forced Outage Detection Requirements Specification

5. Texas Nodal EMS Generation Sub-system Requirements Specification

6. Texas Nodal EMS Load Forecasting Requirements Specification

7. Texas Nodal EMS Wind Power Forecasting Requirements Specification

8. Texas Nodal EMS State Estimator Requirements Specification

9. Texas Nodal EMS Network Security and Stability Analysis Requirements Specification

10. Texas Nodal EMS Voltage Support Requirements Specification

11. Texas Nodal EMS Outage Evaluation Requirements Specification

The definitions and acronyms from Section 2 of the Protocols are used in this document as applicable.  Any additional definitions and acronyms are defined in the Texas Nodal EMS Requirements Specification as needed.
1.1 Purpose

The primary purpose of this requirements specification document is to fully describe the external behavior of the Generation Subsystem.  It also describes nonfunctional requirements, design constraints, and other factors necessary to provide a complete and comprehensive description of the requirements necessary to design and develop the corresponding software systems.
1.2 Objectives

The objective of this requirements specification is to:

· Specify mutually exclusive and collectively exhaustive set of requirements for the Generation Subsystem
· Ensure that requirements are in compliance with the Nodal Protocols

· Ensure that requirements are traceable to Nodal Protocols, NERC, FERC and any other applicable standards

1.3 Scope

The scope of this document is to elicit requirements for the Generation Subsystem to be in compliance with the Nodal Protocols published in January 2007, NERC, FERC and PUCT guidelines.  However, elaborating requirements that would change the intent of the protocols or proposing a design for the system is outside the scope of this document.  In-order to ensure compliance, the designers and developers of the systems are required to read and understand the Nodal Protocols.

Any scope changes to this requirements specification due to alternate design proposals must be driven by Nodal Protocol Revision Request (NPRR) and channeled through the Nodal Change Control Board (CCB).  Any scope changes to this requirements specification due to further elaboration, while still being in compliance with Nodal Protocols, must be channeled through Nodal CCB.

1.4 Traceability

All Generation Subsystem requirements are traceable to at least one of the following governing documents: Nodal Protocols, NERC standards, FERC guidelines, and PUCT documents.  In addition, requirements are traceable to the Functional Block Diagram that describes the Generation Subsystem.
These requirements are based off of  January 2006 version Nodal Protocols, TPTF approved white papers,  and NERC, FERC, PUCT requirements approved as of May 2006.

2. Generation Subsystem
The Generation Subsystem of the Energy Management System (EMS) consists of three major functional components: Load Frequency Control (LFC), the Ancillary Services Capacity Monitor, and the Resource Limit Calculator, along with other functionality to manage inputs and outputs and Resource qualification testing. The primary purpose of LFC is to maintain a desired system frequency by deploying Regulation Service and, if necessary, initiate deployment of Responsive Reserve Service Capacity. In addition, the ERCOT Operator may manually offset scheduled frequency to correct for accumulated time error. LFC uses the Supervisory Control and Data Acquisition (SCADA) Subsystem of the EMS to interface with the QSEs that, in turn, interface to individual Generation and Load Resources. LFC is also responsible for calculating Updated Desired Base Points and transmitting the Updated Desired Base Points, the Base Points and selected LMPs to the QSEs. The Ancillary Services Capacity Monitor determines available reserve capacity from system Resources that provide Regulation, Responsive Reserve, and Non-Spinning Reserve and determines reserves available for dispatch by SCED. The Resource Limit Calculator calculates Resource limits and ramp rates that are used as inputs for both LFC and SCED.
2.1 Proposed System Scope

This document defines the requirements for the Generation Subsystem. The requirements in scope for this document include:

· Validation of input data from QSEs via SCADA and from SCED
· Validation of ERCOT Operator and analyst data entry

· Calculation of Resource limits 

· Deployment of Up or Down Regulation Service (Reg-Up/Reg-Down) 

· Deployment of Responsive Reserve Service Capacity
· Monitoring of available Ancillary Services (AS) reserve capacity 

· Generation of ERCOT Operator alarms for capacity deficiencies

· Sending of Base Points, Locational Marginal Prices (LMP) and AS deployments to QSEs via SCADA

· Storing of Generation Subsystem data needed for settlements

· Storing of Generation Subsystem data needed for performance monitoring and compliance

The following items are not in the scope of Generation Subsystem functionality:

· DC tie line scheduling and curtailment of DC tie-lines
· Methodology to determine optimal frequency bias
· Evaluation of ancillary service capacity sufficiency for future hours (Section 6.4.8.1 (1)(a))
· Dispatch instructions not related to Generation Resources or Controllable Load Resources
· Deployment of Non-Spin Reserve Services

In addition, some Responsive Reserve action is entirely outside the scope or control of the LFC application. Responsive Reserve available through governor action and Responsive Reserve from Load Resources associated with high-set under frequency relays is automatically initiated based on the frequency level and relay settings (no action from the ERCOT Operator or LFC is needed).
2.1.1 Generation Subsystem Sub-Process
The Generation Subsystem of the Energy Management System (EMS) monitors and controls power system Generation Resources and Controllable Load Resources output to maintain desired system frequency and ensures that ERCOT complies with established NERC frequency control performance requirements. The Generation Subsystem accomplishes these goals by utilizing the Ancillary Services of Regulation and Responsive Reserve in cooperation with the QSEs that distribute MW control requirements to individual Resources, monitor their operation, and telemeter Resource information to ERCOT. The Generation Subsystem interacts closely with the Security Constrained Economic Dispatch (SCED) function that is a component of ERCOT’s Market Management System (MMS).

QSEs are responsible for acquiring Generation and Load Resource information, determining Resource Status that indicates Resource on and off line status and availability for Regulation, Responsive Reserve and Non-Spin Reserve, and telemetering this data to ERCOT. Generation Resources with Split Generation Meters and Combined Cycle Units will be modeled as individual Generation Resources in the Generation Subsystem. . The Generation Subsystem treats each of these as separate Resources. Generating Resources within Private Use Networks will be modeled as physical resources.  

The Generation Subsystem collects, validates and filters this information, as well as data from SCED and computes the Area Control Error (ACE) as a function of the difference between scheduled and actual frequency deviation times ERCOT’s predetermined frequency bias. The Generation Subsystem (Load Frequency Control (LFC) component) determines the Resource control action necessary to keep frequency deviation within established limits and to comply with NERC control performance measures.

Based on Regulation schedules and responsibilities for each Resource telemetered by the corresponding QSEs and taking into consideration the regulation MWs already issued but yet to be delivered, as well as Resource limits and regulation control ramp rates, LFC determines and issues to each QSE an aggregate Regulation MW control requirement. Each QSE distributes these Regulation MWs to the Resources under its direction that are providing Regulation Ancillary Services and ensures that the response of these Resources matches the requested MW control action over time.

When frequency is below a threshold or the ERCOT operator directs manual deployment of Responsive Reserve Service, LFC will issue a signal representing ERCOT’s deployment of Generation and Controllable Load Resource Responsive Reserve Service (Operator entered Manual or/and LFC calculated automatic deployment) Upon receipt of a Responsive Reserve Service deployment, each QSE shall adjust effected Resource’s Ancillary Service Schedule for Responsive Reserve Service within 15 seconds to indicate deployment of the amount instructed These revised Ancillary Service Schedules will result in the Resource Limit Calculator (RLC)  increasing HASLs to provide additional capacity to SCED. The Resource Limit Calculator will use the Emergency Ramp Rate to calculate High Dispatch Limits when Responsive Reserve Service is deployed. 
Each operator entry for manual RRS deployment will require entry of text explaining the reason for deployment.
An operator alarm will be issued when Responsive Reserve Service is deployed and frequency is above the RRS frequency recovery limit, 

When the available system capacity is still insufficient, such as following a disturbance, Non-Spinning Reserve Service may be initiated manually by the ERCOT Operator. 
LFC monitors the response of individual Generation and Load Resources  to determine whether they respond to the Non-Spinning Reserve deployment.

The Generation Subsystem (Resource Limit Calculator component) provides SCED with Resource limits (Dispatch limits, HDL and LDL, in addition to High and Low Ancillary Service Limits). SCED determines new Resource Base Points and provides other Resource-specific information that the Generation Subsystem sends to QSEs. All the limit calculations are based on the telemetered values from QSEs, including each Resource’s Ancillary Service Schedule, Ancillary Service Resource Responsibility, HSL and LSL with the exception that the ramp rates used for the limit calculation will be based on the ramp rate curves.
The Generation Subsystem (Ancillary Services Capacity Monitor component) calculates available reserve capacity and provides this information to ERCOT Operators, QSEs, and other Market Participants. Alarms are generated when available reserves fall outside operator specified limits. 
Finally, the Generation Subsystem (Resource Qualification Testing component) facilitates qualifications testing for Resources that may provide Ancillary Services by sending test control MWs to QSEs, collecting each Resource’s response information, calculating the average values of each Resource’s MWs and response rates, and presenting this information to the ERCOT Operator.

All of the data telemetered from QSEs (including each Resource’s power, status, limits, and ramp rate values), telemetered to QSEs (including Regulation & Responsive Reserve MW requirements, , SCED Resource Base Points and Updated Desired Base Points ), and exchanged with SCED (including Base Points, telemetered Ancillary Service  Schedules  and Ancillary Service Resource Responsibly , and calculated available capacity values) are saved for use by other ERCOT functions, including Settlements, Performance Monitoring and Compliance, IMM monitoring, and long-term historical storage.
The following is an illustration for the Generation Subsystem:
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2.2 Assumptions and Dependencies

In addition to the documents referred in Section 1 of this document these requirements specifications are based on ERCOT Operating Guides, dated June 1, 2006.
3. Functional Requirements
Generation Subsystem functional requirements are provided in this section in the following overall categories:

1. Load Frequency Control

2. Ancillary Services Capacity Monitor
3. Resource Limit Calculator

4. Resource Qualification Testing

5. Inputs & Outputs

3.1 Load Frequency Control

The functional requirements for Load Frequency Control are described in the following three general areas:

6. Regulation Service

7. Responsive Reserve Service

8. Non-Spinning Reserve Service
3.1.1 Regulation Service
	Requirement ID
	GS-FR1

	Requirement Name
	Regulation without optimization

	Protocol Reference
	Section(s) 6.5.7.6, NERC standard BAL-001

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	Regulation Service

	Sub-Process Element Coverage
	None

	Description:  Load Frequency Control (LFC) shall maintain system frequency within the NERC standard BAL-001. LFC shall deploy regulation signals, to QSE’s that represent Resources providing Regulation Service to achieve this control. LFC shall not use any cost optimization for determining regulation signals. LFC shall be executed every four seconds to maintain system frequency close to the scheduled frequency.



	Requirement ID
	GS-FR2

	Requirement Name
	ACE Calculation

	Protocol Reference
	Section(s) 6.5.7.6.1 (1), (2)

	Coverage of Protocol
	Full

	Traceability to Sub-Process
	Regulation Service

	Sub-Process Element Coverage
	Partial

	Description:  Based on the frequency error, LFC shall calculate Area Control Error (raw ACE) by subtracting the actual frequency in Hz from the scheduled system frequency (normally 60Hz), and multiplying the result by a frequency bias constant calculated using a TAC approved process, in MW/0.1 Hz.

 


	Requirement ID
	GS-FR3

	Requirement Name
	Regulation reduction

	Protocol Reference
	Section(s) 6.5.7.6.1 (2), 6.5.7.6.2.1 (2), (8)

	Coverage of Protocol
	Full

	Traceability to Sub-Process
	Regulation Service

	Sub-Process Element Coverage
	Partial

	Description:  LFC shall calculate the difference between the Real-Time net MW output and the Base Point for all DSRs. This difference shall be subtracted from the ACE to produce a new control error value which is a MW-equivalent correction needed to control the actual system frequency to the scheduled system frequency value. LFC shall ensure that the total reduction will not exceed the ACE.




	Requirement ID
	GS-FR4

	Requirement Name
	Reg-Up and Reg-Down allocation to QSEs

	Protocol Reference
	Section(s) , 6.5.5.2 (6), 6.5.7.6.1 (8), 6.5.7.6.2.1 (2), 6.5.7.6.2.1 (8), 8.1.2.4.1 (3)

	Coverage of Protocol
	Full

	Traceability to Sub-Process
	Regulation Service

	Sub-Process Element Coverage
	Partial

	Description:  

LFC shall calculate a QSE’s aggregate Reg-Up and Reg-Down deployments proportional to the sum of their Generators and Controllable Load Resources telemetered Reg-Up and Reg-Down Ancillary Service Resource Responsibility 
LFC shall  honor QSE’s aggregate Reg-Up and Reg-Down bound limits. LFC shall honor QSE's Reg-Up and Reg-Down response rate limits. 
QSE’s shall provide ERCOT a telemetered participation factor for each Resource representing how the QSE  is deploying Reg-Up on a percentage basis of its total Reg-Up deployment. This participation factor shall be displayed to the ERCOT operator.

QSE’s shall provide ERCOT a telemetered participation factor for each unit representing how the QSE  is deploying Reg-Down on a percentage basis of its total Reg-Down deployment. This participation factor shall be displayed to the ERCOT operator.

Each of the above calculations shall exclude the following:

1. Resources with raise blocked by QSE telemetry when up regulation is in effect

2. Resources with lower blocked by QSE telemetry when down regulation is in effect

3. Generator Resources with a telemetered Resource status other than ONREG, ONOSREG, or ONDSRREG

4. Load Resources with telemetered Resource status other than ONRGL

5. Off-line Resource based on telemetry of Resource Status
LFC shall allocate Reg-Up and Reg-Down deployment instructions among QSEs based on the deployment share and limits calculated above and also considering the generator target base point. These deployment instructions shall be sent to each QSE as a portfolio signal.
ERCOT shall limit the deployment of Regulation Service of each QSE for each control cycle equal to 125% of the total amount of Regulation Service in ERCOT divided by the number of control cycles in five minutes. Regulation Service performance shall be calculated only for a Resource during intervals for which the Resource shows an ONREG, ONOSREG, ONDSREG or ONRGL Resource Status from SCADA telemetry.




	Requirement ID
	GS-FR5

	Requirement Name
	Base Point Ramping and Permissive Blocking

	Protocol Reference
	Section(s) 6.5.7.6.1 (9)

	Coverage of Protocol
	Full

	Traceability to Sub-Process
	Regulation Service

	Sub-Process Element Coverage
	Partial

	Description:  LFC shall calculate Updated Desired Base Points for each LFC cycle to provide QSEs with indications of the desired amount of ramping expected from each Resource to reach its Base Point from SCED. The Updated Desired Base Point for each LFC cycle is computed based on a pre-defined operator enterable ramping interval, which is slightly less than the SCED interval, to compensate for control response delays, ,unless limited by the Resource ramp rate
LFC shall continuously monitor the system frequency deviation against a pre-set ERCOT Operator-entered threshold. Whenever the magnitude of the system frequency deviation is above these thresholds, ramping of Updated Desired Base Points will stop until such permissive blocking is no longer necessary.
Settlements shall still be based on the SCED Base Point.



	Requirement ID
	GS-FR6

	Requirement Name
	LFC Performance 

	Protocol Reference
	Section(s) 6.5.7.6.2.1 (1), 6.5.7.6.2.1 (2), 6.5.7.6.2.1 (3), 6.5.7.6.2.1 (4b)

	Coverage of Protocol
	Full

	Traceability to Sub-Process
	Regulation Service

	Sub-Process Element Coverage
	Partial

	Description: LFC shall deploy Reg-Up and Reg-Down necessary to maintain ERCOT System frequency to meet NERC Control Area performance criteria BAL-001, BAL-002 and ERCOT Operating Guides.  See:
(http://www.nerc.com/~filez/standards/Reliability_Standards.html)
LFC shall retain information necessary to meet the requirements of BAL-005 and EOP-004. 

LFC shall minimize Reg-Up and Reg-Down energy as much as practicable in each SCED cycle.


	Requirement ID
	GS-FR7

	Requirement Name
	Regulation output control signals

	Protocol Reference
	Section(s) 6.5.7.6.1 (4), 6.5.7.6.2.1 (4a)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	Regulation Service

	Sub-Process Element Coverage
	Partial

	Description:  Based on the calculated ACE MW correction, LFC shall issue a control signal every four seconds to each QSE providing Regulation Service.




	Requirement ID
	GS-FR8

	Requirement Name
	Allocation of Regulation signals to individual Resources

	Protocol Reference
	Section(s) 6.5.5.2 (2L), 6.5.7.6.2.1 (4f)

	Coverage of Protocol
	Full

	Traceability to Sub-Process
	Regulation Service

	Sub-Process Element Coverage
	Partial

	Description: LFC shall allocate Reg-Up, Reg-Down deployments to the Resources based on corresponding QSE telemetered Resource level regulation Ancillary Service schedules.


	Requirement ID
	GS-FR9

	Requirement Name
	Frequency selection

	Protocol Reference
	Section(s) 4.2.1.1 (4), NERC BAL-005-0 

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P07.P-2

	Sub-Process Element Coverage
	Partial

	Description:  LFC shall select the correct frequency measurement for control when multiple frequency measurements are available with good quality codes. The criteria for the selection will be defined during the design phase.




3.1.2 Responsive Reserve Service
	Requirement ID
	GS-FR10

	Requirement Name
	Manual Responsive Reserve Deployment and recall conditions

	Protocol Reference
	Section(s) 6.5.7.6.2.2, 6.5.7.6.1 (6), 6.5.9.4

	Coverage of Protocol
	Full

	Traceability to Sub-Process
	Responsive Reserve Service

	Sub-Process Element Coverage
	Partial

	Description: The ERCOT Operator may initiate Responsive Reserve deployment under the following conditions:

1. Available energy (including resources with Output Schedules) that can be dispatched by SCED in the up direction is lower than required
2. In response to NERC Disturbance Control Assistance requirements as specified in the Operating Guides if no additional energy is available to be dispatched from SCED as determined by the Ancillary Services Capacity Monitor
3. In response to a frequency deviation when the power requirement to restore frequency to normal (ACE) in 10 minutes exceeds the Reg-Up ramping capability
4. System frequency is consistently below a limit

5. System is under the Emergency Electric Curtailment Plan

If ERCOT has deployed 500 MW of Responsive Reserve, and additional Responsive Reserve is needed, ERCOT shall declare that an EECP is in effect and shall follow provisions in Section 6.5.9, Emergency Operations.

The ERCOT Operator also initiates recall of deployed Responsive Reserve when the system conditions return back to normal.

All entries for the manual deployment of Generation Resource RRS shall require the operator to enter a reason for his manual deployment action. RRS manual deployment will be reset based on operator action only. If RRS manual deployment is non-zero and frequency is above a specified limit, then an operator alarm will be generated to alert the operator to recall the deployment.


	Requirement ID
	GS-FR11

	Requirement Name
	Automatic Responsive Reserve Deployment and recall conditions

	Protocol Reference
	Section(s) 6.5.7.6.2.2 (2)

	Coverage of Protocol
	Full

	Traceability to Sub-Process
	Responsive Reserve Service

	Sub-Process Element Coverage
	Partial

	Description: LFC shall automatically deploy Responsive Reserve from Generation and Controllable Load Resources when the system frequency drops below a user defined threshold (e.g. 59.91 Hz) and there is insufficient regulation capability to restore frequency in an acceptable timeframe.
LFC shall automatically recall deployed Responsive Reserve from Generation and Controllable Load Resources when the system frequency restores back to a user defined threshold (e.g. 59.97 Hz)

Note: It is to be noted that these automatic actions from LFC can be complemented by ERCOT Operator actions to make additional deployments of Responsive Reserve based on the system conditions.




	Requirement ID
	GS-FR12

	Requirement Name
	Responsive Reserve Deployment from Load Resources

	Protocol Reference
	Section(s) 6.5.7.6.2.2 (2c), (2d), (3) 

	Coverage of Protocol
	Full

	Traceability to Sub-Process
	Responsive Reserve Service

	Sub-Process Element Coverage
	Partial

	Description: 

ERCOT MMS system facilitates deployment of Responsive Reserve through Load Resources.

LFC shall monitor and display available Responsive Reserve through Load Resources. 

Deployment of Responsive Reserve on non-Controllable Load Resources shall be as described in Section 6.5.9.4, Emergency Electric Curtailment Plan.




	Requirement ID
	GS-FR13

	Requirement Name
	Responsive Reserve requirement calculation

	Protocol Reference
	Section(s) 6.5.7.6.1 (4), 6.5.7.6.2.2 (3) & (6), 6.5.9.4

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	Responsive Reserve Service

	Sub-Process Element Coverage
	Partial

	Description:  The total Responsive Reserve requirement amount to be deployed to QSEs consists of the sum of the following:

· Amount of MW needed to restore the frequency back to the Responsive Reserve recall threshold minus the amount of available regulation that can be deployed in 10 minutes limited by 500 MW

· ERCOT Operator entered Responsive Reserve MW (not to exceed 500 MW unless the EECP has been initiated).
Whenever the total amount of automatic Responsive Reserve requirement is greater than 500 MW and the same is limited by 500 MW, LFC shall generate an ERCOT Operator alarm. This alarm may assist the ERCOT Operator to initiate EECP.



	Requirement ID
	GS-FR14

	Requirement Name
	Responsive Reserve allocation to QSEs

	Protocol Reference
	Section(s) 6.5.7.6.2.1 (2), 6.5.7.6.2.1 (8) ,6.5.7.6.1 (8), 6.5.7.6.2.2 (6), 6.5.5.2 (6)

	Coverage of Protocol
	Full

	Traceability to Sub-Process
	Responsive Reserve Service

	Sub-Process Element Coverage
	Partial

	Description:  

ERCOT shall calculate QSE’s aggregate Responsive Reserve  deployment share proportional to the sum of their Generators and Controllable Load Resources telemetered Ancillary Service Resource Responsibility for Responsive Reserve Service 
.. 

Each of the above calculations shall exclude the following:

· Resources with QSE Raise block telemetry 

· Resources with a telemetered Resource status ONTEST

· Off-line Resource based on Resource Status 
These deployment instructions shall be sent to each QSE as a portfolio signal.




	Requirement ID
	GS-FR15

	Requirement Name
	Output control signals during Responsive

	Protocol Reference
	Section(s) 6.5.7.6.1 (4)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	Responsive Reserve Service

	Sub-Process Element Coverage
	Partial

	Description:  LFC shall issue a control signal every four seconds via ICCP to each QSE providing Responsive Reserve service, if Responsive Reserve deployment is active.
Upon receipt of a Generation Resource Responsive Reserve Service  deployment from ERCOT, each QSE shall reduce the telemetered Ancillary Service Schedule for individual Resources providing Responsive Reserve Service to indicate additional capacity available to ERCOT.
Upon recall of Generation Resource Responsive Service deployment from ERCOT, the Generation Subsystem will reset the Generation Resource RRS capacity deployment appropriately. QSE will adjust the Generation Resource RRS schedules (increase) and with a SCED execution at its next regular cycle, the RRS reserve will be restored back to a ready state to be used for the next event.
Deployment instructions to non-Controllable Load Resources will be sent to QSEs by MMS via XML interface. 



	Requirement ID
	GS-FR16

	Requirement Name
	Allocation of Responsive signals to individual Resources

	Protocol Reference
	Section(s) 6.5.5.2 (2L)

	Coverage of Protocol
	Full

	Traceability to Sub-Process
	Responsive Reserve Service

	Sub-Process Element Coverage
	Partial

	Description:  For performance monitoring and settlements, LFC shall calculate allocation of Responsive Reserve deployments to the Resources, based on the corresponding QSE telemetered Resource level  Responsive Reserve schedules. 


3.1.3 Non-Spinning Reserve Service 

	Requirement ID
	GS-FR25

	Requirement Name
	Monitoring Off-Line Generating Resources after Deployment of Non-Spin

	Protocol Reference
	Section(s) 6.5.7.6. 2.3 (4), 6.5.7.6.2.3 (5)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	Non-Spin Reserve Service

	Sub-Process Element Coverage
	Partial

	Description:  When Non-Spinning Reserve Service is invoked, LFC shall monitor the Resource Status of each Off-Line Generating Resource with a Non-Spin Award. LFC expects that within 30 minutes of the deployment:

· This Off-Line Generating Resource will be on-line and reach LSL 

· QSE will indicate the Non-Spin Ancillary Service Schedule is reduced by the amount of the deployment. 
This permits SCED to dispatch the generation MW level of these Resources as necessary.
.



	Requirement ID
	GS-FR26

	Requirement Name
	Monitoring Load Resources after Deployment of Non-Spin

	Protocol Reference
	Section(s) 6.5.7.6.2. 3 (4)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	Non-Spin Reserve Service

	Sub-Process Element Coverage
	Partial

	Description:  When Non-Spinning Reserve Service is invoked, LFC shall monitor the Load Resource MW value telemetered for each Load Resource with a Non-Spin Award. LFC expects that this Load Resource will be off-line as soon as possible but no later than 30 minutes following Non-Spin deployment.



3.2 Ancillary Services Capacity Monitor
	Requirement ID
	GS-FR28

	Requirement Name
	Available ancillary service capacity by Resource

	Protocol Reference
	Section(s) 6.5.7.6.1 (3) 

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	Ancillary Services Capacity Monitor

	Sub-Process Element Coverage
	Partial

	Description:  The Ancillary Services Capacity Monitor shall use the actual Resource information from SCADA (Ancillary Service Schedules, Ancillary Service Resource Responsibility, and Resource net MW and limits telemetry) in determining available Resource capacity to provide Regulation, Responsive Reserve, and Non-Spinning Reserve Services.
The Ancillary Services Capacity Monitor shall use the telemetered HSL for all calculations. If the telemetered HSL is higher than the Net Dependable capability AND a text reason is not provided, an alarm will notify the ERCOT and QSE operators that a text reason is required. 



	Requirement ID
	GS-FR29

	Requirement Name
	Available Capacity for SCED to dispatch new Base Points

	Protocol Reference
	Section(s) 6.5.7.6.2.2 (4)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	Ancillary Services Capacity Monitor

	Sub-Process Element Coverage
	Partial

	Description:  The Ancillary Services Capacity Monitor shall monitor available capacity that can be dispatched through SCED. If the Capacity Monitor determines that there is not enough capacity available, then it shall alarm the ERCOT Operator who may manually deploy Responsive Reserve or Non-Spinning Reserve Service. The ERCOT Operator will receive an alarm if:

· The difference between the sum of HASLs and the total energy requirement is less than an ERCOT Operator entered threshold, or if
· The difference between the sum of HDLs and the total energy requirement is less than an ERCOT Operator entered threshold.

The above two calculations shall be performed separately, 1) for Resources with Energy Offer Curves and 2) for Resources with Output Schedules.

These deployments shall follow NERC Disturbance Control Assistance requirements as specified in the NERC Reliability Standard BAL002. 



	Requirement ID
	GS-FR30

	Requirement Name
	Ancillary service reserves

	Protocol Reference
	Section(s) 6.5.7.5, 6.5.5.2, NERC IRO-005-1

	Coverage of Protocol
	Full

	Traceability to Sub-Process
	Ancillary Services Capacity Monitor

	Sub-Process Element Coverage
	Partial

	Description:  The Ancillary Services Capacity Monitor shall calculate the following capacity values based on SCADA telemetry (including telemetered schedules and responsibilities) and deployments: ERCOT shall transmit these values to Market Participants:
1. Responsive Reserve Capacity from Generation Resources (including Resources capable of Synchronous Condenser operation)
2. Responsive Reserve Capacity from Load Resources excluding Controllable Load Resources

3. Responsive Reserve Capacity from Controllable Load Resources
4. Non-Spinning Reserve available from On-Line Generation Resources with Energy Offer Curves
5. Non-Spinning Reserve available from undeployed Load Resources
6. Non-Spinning Reserve available from Off-Line Generation Resources
7. Non-Spinning Reserve available from Resources with Output Schedules
8. Undeployed Reg-Up and undeployed Reg-Down
9. Available capacity with Energy Offer Curves in the ERCOT System that can be used to increase Base Points in SCED
10. Available capacity with Energy Offer Curves in the ERCOT System that can be used to decrease Base Points in SCED
11. Available capacity without Energy Offer Curves in the ERCOT System that can be used to increase Base Points in SCED
12. Available capacity without Energy Offer Curves in the ERCOT System that can be used to decrease Base Points in SCED
13. Responsive Reserve Capacity from all Resources 
14. Non-spinning Reserve Capacity from all resources 

15. Spinning Reserve Capacity
16. Available SCED up ramp rate (Sum of HDL – Sum of Current generation)/5

17. Available SCED down ramp rate (Sum of Current Generation – Sum of LDL)/5

18. Black Start capacity available and offline

19. RMR capacity available-online, and available-offline.

20. Physical Responsive Capability (PRC) defined as follows
:

[image: image2.png]
PRC1 =


Min(Max((RDF*HSL – Actual Net Telemetered Output)i , 0.0) , 0.2*RDF*HSLi)
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PRC2 =
((Hydro-synchronous condenser output)i as qualified by Operating Guide Section 2.5.2.3, Types of Responsive Reserve))

PRC =
PRC1 + PRC2
Where:

PRC1 = Generation On-line greater than 0 MW;

PRC2 = Hydro-synchronous condenser output in MW;

PRC = Physical Responsive Capability in MW;

RDF = The currently approved Reserve Discount Factor.

 PRC + RRS available from Load Resources.
The Ancillary Services Capacity Monitor shall generate alarms as appropriate and shall provide Real-Time summaries of market reserve calculations to ERCOT Operators on Generation Subsystem displays. Market Participants can view this information on the MIS Secure Area. The Capacity Monitor shall provide updates of these calculations every 10 seconds. 




	Requirement ID
	GS-FR32

	Requirement Name
	Average Generator regulation and Average MW output

	Protocol Reference
	Section(s) 6.5.7.6.2.1 (4f)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	Ancillary Services Capacity Monitor

	Sub-Process Element Coverage
	Partial

	Description:  The Ancillary Services Capacity Monitor shall average the requested amount of Resource-specific regulation over each SCED interval. The Capacity Reserve Monitor shall also average the Resource-specific actual generation from telemetry over each SCED interval and each settlement interval. These calculations will be performed and results stored in the EMS database to facilitate performance monitoring and compliance and settlement calculations.



	Requirement ID
	GS-FR33

	Requirement Name
	Expected primary frequency response from Resources

	Protocol Reference
	Section(s) 6.5.7.6.2.1 (7), 8.1.2.4.1

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	Ancillary Services Capacity Monitor

	Sub-Process Element Coverage
	Partial

	Description:  The Ancillary Services Capacity Monitor shall calculate and store in the EMS database the one-minute and ten-minute average of the expected primary frequency response for current frequency deviations.




	Requirement ID
	GS-FR34

	Requirement Name
	Resource not responding Flags

	Protocol Reference
	Section(s) 6.5.7.8 (3), 8.1.2.4.1, 8.1.2.4.2, 8.1.2.4.3, 8.1.2.4.4

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	Ancillary Services Capacity Monitor

	Sub-Process Element Coverage
	 Partial

	Description:  The Ancillary Services Capacity Monitor shall determine if individual resources are not responding to dispatch instructions, as specified in sections 8.1.2.4.1, 8.1.2.4.2, 8.1.2.4.3, and 8.1.2.4.4 of the Protocols, and shall update a non-responding flag status for each resource. The Capacity Monitor determines whether average error between the instructed generation level and the actual generation over a period of time is greater than a set limit (taking into account the expected governor response for Generation Resources and the expected frequency response for Controllable Load Resources).

A display showing currently non-responsive resources shall be provided and updated every minute or on demand.  Results will be saved to EDS every 5 minutes.
The Ancillary Services Capacity Monitor shall monitor the Raise and Lower block telemetry from QSEs on Resources providing regulation and alarm both the ERCOT and QSE Operators of Raise or Lower bocks that have been in effect for more than 5 minutes. These alarms shall be summarized and archived for review by performance monitoring and compliance.


	Requirement ID
	GS-FR35

	Requirement Name
	Resource Error

	Protocol Reference
	Section(s) 8.1.2.4.1

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	Ancillary Services Capacity Monitor

	Sub-Process Element Coverage
	Partial

	Description:  The Ancillary Services Capacity Monitor shall calculate Resource error at a configurable periodicity as follows: 

· Calculate Generator error as the difference between the generator net MW output and the generator obligations (Base Point plus ancillary service deployments) (minus expected governor response)
· Calculate Load Resource error as the difference between Load Resource deployment MW and the estimated Load Resource response (minus expected frequency response)
· Calculate estimated Load Resource response based on the Load Resource telemetry, LPC, breaker status

The Capacity Monitor shall calculate QSE portfolio error for generators and Load Resources as the sum of corresponding QSE Resource errors.



3.3 Resource Limit Calculator
	Requirement ID
	GS-FR36

	Requirement Name
	Limit calculations

	Protocol Reference
	Section(s): 6.5.7.2, 6.5.7.1.12 (1), 6.5.7.1.12 (2)

	Coverage of Protocol
	Full

	Traceability to Sub-Process
	Resource Limit Calculator

	Sub-Process Element Coverage
	Full

	Description:  The Resource Limit Calculator shall calculate for each Resource the HASL, LASL, SURAMP, SDRAMP, HDL, Normal Ramp Rate, Emergency Ramp Rate, and LDL based on QSE’s SCADA telemetry and Ramp Rate curves. 
If the System Emergency Flag is set, the Resource Limit Calculator shall replace HSL with HEL when calculating HASL. When RRS is deployed, the Resource Limit Calculator will use the Emergency Ramp Rate as basis for calculating the new High Dispatch Limits for resources providing Responsive Reserve.
Following Responsive Reserve deployment, SCED may raise the actual generation higher than the previous HASL. When Responsive Reserve is recalled, Resource Limit Calculator  will honor the resources normal ramp rate by setting HDL and LDL to force the unit back under HASL as follows:
HDL = LDL = Max (POWERTELEM - (SCED Down Ramp Rate * 5), LASL)
This situation will remain true until HDL becomes greater than LDL. i.e. when 
[Min (POWERTELEM + (SCED Up Ramp Rate * 5), HASL)] becomes greater than [Max (POWERTELEM – (SCED Down Ramp Rate * 5), LASL)].
During the startup of a Generation Resource to its minimum energy level Resource Limit Calculator shall honor the resources normal ramp rate as follows

· HDL= LDL= POWERTELEM if POWERTELEM < 90% of LSL, 90% is tunable value <=100%.

· LDL= HDL if POWERTELEM > 90% of LSL and  POWERTELEM < LASL



	


3.4 Resource Qualification Testing
	Requirement ID
	GS-FR37

	Requirement Name
	Regulation and Responsive Reserve Qualification Testing Feature

	Protocol Reference
	8.1.2.2.2, 8.1.2.2.3, 8.1.2.2.4

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	Resource Qualification Testing

	Sub-Process Element Coverage
	Full

	Description:  The Generation Subsystem shall facilitate qualifications testing for Ancillary Services Resources including:

1. A mechanism for the ERCOT Operator to enter test parameters for an individual Resource
2. A mechanism for triggering initiation of the test of that Resource or Resources while maintaining continued operation on the remaining Resources at the QSE.
3. Sending control signals to the QSE associated with the Resource being tested (via SCADA/ICCP)
4. Collecting Resource response information and calculating one-minute averages of Resource MWs and response rates
5. Presenting Resource response information to the ERCOT Operator in both tabular and graphical form
6. Testing of multiple (e.g., up to twelve) Resources at the same time (not necessarily starting simultaneously).
7. Collecting data from normal operations and grading a pre-defined period as a qualification test. 



3.5 Generation Subsystem Inputs & Outputs

The data interfaces with the Generation Subsystem are described in this section under the following categories:

9. SCADA

10. MMS (SCED)

11. Settlements

12. Performance Monitoring and Compliance

3.5.1 Inputs/Outputs from/to QSEs (via SCADA)
	Requirement ID
	GS-FR38

	Requirement Name
	Inputs from SCADA

	Protocol Reference
	Section(s) 6.5.7.6.1 (8), 6.5.7.5 (1), 6.5.5.2, and 6.4.5 (1)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	Telemetry from QSEs (via SCADA)

	Sub-Process Element Coverage
	Full

	Description:  The Generation Subsystem shall validate and use the following inputs from Generation Resources (for purposes of this section, Controllable Load Resources shall have the same telemetry as Generation Resources) provided by SCADA:

1. Frequency (multiple values from QSEs and from local instrumentation)
2. Resource Status for Generators and Loads (code)

3. DC Tie injection MW

4. DC Tie status

5. Generator net real power

6. Generator breaker status

7. Generator High Sustained Limit

8. Generator Low Sustained Limit

9. Generator High Emergency Limit

10. Generator Low Emergency Limit

11. Generator Normal Ramp Rate

12. Generator Emergency Ramp Rate
13. Generator Reg-Up participation factor

14. Generator Reg-Down participation factor

15. Generator Responsive Reserve participation factor
16. 
17. 
18. 
19. Generator Responsive Reserve Ancillary Service Schedule
20. Generator Non-Spin Ancillary Service Schedule
21. Generator Reg-Up Ancillary Service Resource Responsibility
22. Generator Reg-Down Ancillary Service Resource Responsibility
23. Generator Responsive Reserve Ancillary Service Resource Responsibility
24. Generator Non-Spin Ancillary Service Resource Responsibility
25. Generator Raise block status (temporarily blocked by QSE)
26. Generator Lower block status (temporarily blocked by QSE)
27. Generation Resource DSR schedule

28. Combined cycle configuration number
The Generation Subsystem shall validate and use the following inputs from Load Resources (for purposes of this section, Controllable Load Resources shall have the same telemetry as Generation Resources) provided by SCADA:

29. Load Resource MW

30. Load Resource relay status

31. Load Resource LPC

32. Load Resource MPC

33. Load Resource High Sustained Limit

34. Load Resource Low Sustained Limit

35. Load Resource High Emergency Limit

36. Load Resource Low Emergency Limit

37. Load Resource Normal Ramp Rate

38. Load Resource Emergency Ramp Rate

39. Load Resource Reg-Up participation factor

40. Load Resource Reg-Down participation factor

41. Load Resource Responsive Reserve participation factor
42. 
43. 
44. 
45. Load Resource Responsive Reserve Ancillary Service Schedule
46. Load Resource Non-Spin Ancillary Service Schedule
47. Load Resource Reg-Up Ancillary Service Resource Responsibility
48. Load Resource Reg-Down Ancillary Service Resource Responsibility
49. Load Resource Responsive Reserve Ancillary Service Resource Responsibility
50. Load Resource Non-Spin Ancillary Service Resource Responsibility
51. Load Resource Raise block status (temporarily blocked by QSE)

52. Load Resource Lower block status (temporarily blocked by QSE)

53. Load Resource DSR Output Schedule 
54. Controllable Load Resource Scheduled Power Consumption that represents zero Ancillary Service deployments

55. Status of the high-set under-frequency relay, if required for qualification

The Generation Subsystem shall validate and use the following input provided by SCADA:

56. All power signals for DSR Load


	Requirement ID
	GS-FR39

	Requirement Name
	Centralized Dispatch

	Protocol Reference
	Section(s) 6.5.1.2 (1)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	Deployments Data to QSEs (via SCADA)

	Sub-Process Element Coverage
	Partial

	Description:  In order to ensure operational security, the Generation Subsystem shall issue the following dispatch instructions:

1. Base Points and Updated Desired Base Points for each generating unit 
2. QSE Regulation MW requirement (assumes all Resources are at their last Base Point issued by SCED)

3. QSE Responsive Reserve MW deployment


	Requirement ID
	GS-FR40

	Requirement Name
	Form of Resource Base Points

	Protocol Reference
	Section(s) 6.5.7.4 (1), 6.5.9.2 (3) (b), 6.5.7.6.1 (9)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	Deployments Data to QSEs (via SCADA)

	Sub-Process Element Coverage
	Partial

	Description:  The Generation Subsystem shall provide the following Resource Base Point data to be sent to the associated QSEs (via SCADA). Base Point data consist of the following information:

1. Resource Base Point MW
2. Resource status indicator indicating either Normal or Emergency Base Point
3. Time of the Dispatch Instruction

 


	Requirement ID
	GS-FR47

	Requirement Name
	Updated Desired Base Point

	Protocol Reference
	Section(s) 6.5.5.2 (2e)

	Coverage of Protocol
	Partial 

	Traceability to Sub-Process
	Deployments Data to QSEs (via SCADA)

	Sub-Process Element Coverage
	Partial

	Description:  The Generation Subsystem shall calculate and send to QSEs Updated Desired Base Point every 4 seconds. 




	Requirement ID
	GS-FR49

	Requirement Name
	LFC Control Modes

	Protocol Reference
	Section(s) 6.5.7.6.1 (1), NERC BAL-001, BAL-004

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	

	Sub-Process Element Coverage
	Partial

	Description:  The Generation Subsystem shall support the following operation modes:

1. Constant Frequency

2. Frequency Time Error correction




	Requirement ID
	GS-FR50

	Requirement Name
	Generation requirement to SCED

	Protocol Reference
	Section(s) 6.5.7.3 (1)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	

	Sub-Process Element Coverage
	Partial

	Description:  The Generation Subsystem shall calculate and provide to MMS generation requirement for SCED to dispatch new Base Points.




	Requirement ID
	GS-FR41

	Requirement Name
	Sending LMPs to QSEs

	Protocol Reference
	Section(s) 6.3.2 (2), 6.5.9.2, 6.5.9.4.2

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	Deployments Data to QSEs (via SCADA)

	Sub-Process Element Coverage
	Partial

	Description:  For each QSE’s Resources, the Generation Subsystem shall send the LMPs for the corresponding electrical busses as they are received from SCED. The Generation Subsystem shall send SCED’s previously-solved Resource LMPs whenever SCED does not solve. Since intermittent solutions of SCED do not set new LMPs until ERCOT declares that the EECP is no longer needed, the Generation Subsystem shall not send new Resource node LMPs to SCADA when the System EECP flag is set and SCED is solving intermittently.



	Requirement ID
	GS-FR48 

	Requirement Name
	Emergency Base Points

	Protocol Reference
	Section(s) 6.3.2 (2), 6.5.9.2, 6.5.9.4.2 

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	Deployments Data to QSEs (via SCADA)

	Sub-Process Element Coverage
	Partial

	Description:  
· The ERCOT operator shall declare an emergency condition when Base Points cannot be determined by SCED. 

· The ERCOT operator will enter a system level desired incremental/decremental MW.

· The incremental/decremental MW shall be distributed to all on-line Resources proportional to remaining capacity by issuing Emergency Base Points equal to the last available telemetered generation net MW output plus the incremental/decremental MW for each Resource.
· If SCED does not provide valid solution within ‘n’ seconds (Analyst enterable time period) from deployment of Responsive Reserve Service, Emergency Base Points shall be issued/updated using the Emergency Base Points calculation. In this case, the incremental/decremental MW shall be automatically calculated.
· Following issue/update of Emergency Base Points, the Regulation deployed shall be reset.



3.5.2 Inputs/Outputs from/to MMS 
	Requirement ID
	GS-FR42

	Requirement Name
	Inputs from MMS

	Protocol Reference
	Section(s) 6.5.7.3

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	Dispatch Data from MMS 

	Sub-Process Element Coverage
	Full

	Description:  The Generation Subsystem shall use the following inputs from MMS :

1. SCED end of execution time stamp

2. Generator Base Points
3. Generator LMPs
4. Load Zone and Hub LMPs
5. Non-Spin deployment active flag for each Resource 

6. Non-Spin deployment activation time for each Resource
7. Flag to indicate DSR Base Point is not equal to its Output Schedule

8. Flag to indicate Base Point is violating original HDL or LDL sent by EMS

9. DC Tie Schedule
10. Responsive Reserve Service deployment time for each Load Resource

Responsive Reserve Service recall time for each Load Resource


	Requirement ID
	GS-FR43

	Requirement Name
	Data outputs to MMS

	Protocol Reference
	Section(s) 6.5.7.1.13

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	Calculated & Telemetry Information to MMS 

	Sub-Process Element Coverage
	Full

	Description:  The Generation Subsystem shall provide as a minimum the following data to MMS (SCED):

1. Generator and Controllable Load Resource HASL and LASL

2. Generator and Controllable Load Resource HDL and LDL

3. Generator and Controllable Load Resource HSL and LSL

4. Total Required generation to be dispatched 
5. Responsive Reserve MW deployment 
6. Trigger to start SCED




3.5.3 Inputs from ERCOT Operators

	Requirement ID
	GS-FR44

	Requirement Name
	Database Entry

	Protocol Reference
	Section(s) 6.5.7.6.1 (9), 6.5.7.6.2.3 (1), 6.5.7.6.2.3 (11)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	Operator-Initiated Data

	Sub-Process Element Coverage
	Partial

	Description:  The Generation Subsystem shall support ERCOT entry and the associated validation of required data that is outlined in all of these requirements. ERCOT entry includes but is not limited to the following:
1. MW entry for calculation of Emergency Base Points

2. Limit on difference between the sum of the HASLs and the Total Energy Requirement

3. Limit on difference between the sum of the HSLs and the Total Energy Requirement

4. Frequency limit for Deployment/recall of Responsive Reserve
5. Frequency deviation threshold to temporarily suspend ramping to their Base Point those Resources (not providing Reg-Up or Reg-Down) that have Base Points directionally opposite ACE until frequency deviation returns to zero
6. Responsive Reserve deployment MW
7. Test parameters for Resource qualification testing
8. Ramping interval for computation of Updated Desired Base Points.



3.5.4 Outputs to Settlements
	Requirement ID
	GS-FR45

	Requirement Name
	Data outputs to Settlements

	Protocol Reference
	Section(s) 6.5.7.1.13

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	Data for Settlements

	Sub-Process Element Coverage
	Partial

	Description:  The Generation Subsystem shall calculate and provide following outputs to Settlements for each applicable interval:
1.
Generator Average MW 

2.
Generator Average Regulation MW 

3.
Generator Base Point 

4.
Flag to indicate DSR output schedule was different from Base Point during the SCED interval per DSR

5.
Flag to indicate Responsive Reserve deployment 

6.
Flag to indicate frequency went above 60.05 Hz
7.
Flag to indicate frequency went below 59.95 Hz
8.
Flag to indicate Generator Up Blocking was active 

9.
Flag to indicate Generator Down Blocking was active 

10.
Start time of the most recent SCED execution
11.
Average MW output of each Resource (per TWTG settlement calculation)

12.
Average Regulation MW deployed to each generator (per TWAR settlement calculation)

13.
Flag to indicate Emergency declaration happened 

14.
Generator current On-Line/Off-line status with transition timestamp

15.
Generator current breaker status with transition timestamp

16.
Generator Emergency Base Point 
17. Flag to indicate Emergency Base Point active
18.
Flag to indicate Generator exceeded Ramp Rate 




19. Adjusted Aggregated Base point (AABP)

20. Aggregated Emergency Base Point (AEBP)
Settlements data may also be forwarded to ERCOT’s Enterprise Data Warehouse for report generation and long-term storage.


3.5.5 Outputs to Compliance

	
	

	
	

	
	

	
	

	
	

	
	

	


4. Supplementary Requirements

	Requirement ID
	GS-SR1

	Requirement Name
	Completion time

	Requirement Type
	Performance

	Description: During real-time, LFC shall be executed and shall run to completion at each periodic execution within 4 seconds.




	Requirement ID
	GS-SR2

	Requirement Name
	NERC

	Requirement Type
	Legal & Regulatory

	Description:  The Generation Subsystem shall not violate any existing NERC operating standards that pertain to ERCOT.




	Requirement ID
	GS-SR3

	Requirement Name
	Parameters

	Requirement Type
	Maintainability

	Description:  LFC threshold parameters shall be modifiable by the ERCOT Operator via graphical user interfaces approved by ERCOT.


5. 
Protocol Coverage

	Protocol Sub-Section # (To the lowest level of granularity as possible)
	Section Title
	Coverage by Requirements

(Full/Partial)

	4.2.1.1 (4) 
	Ancillary Service Plan
	Partial(FR-9)

	6.4.5 (1)
	Resource Status 
	Partial (FR38)

	6.4.8.1 (1)
	Evaluation and Maintenance of Ancillary Service Capacity Sufficiency 
	Partial (FR34)

	6.5.1.2 (1)
	Centralized Dispatch
	Partial (FR39)

	6.5.5.2
	Operational Data Requirements
	Full (FR30) (FR38)

	6.5.5.2 (2) (L)
	Operational Data Requirements
	Full (FR8) (FR16)

	6.5.5.2 (6)
	Operational Data Requirements
	Full (FR4) (FR14)

	6.5.7.1.12 (1)
	Resource Limits
	Full (FR36)

	6.5.7.1.12 (2)
	Resource Limits
	Full (FR36)

	6.5.7.1.13
	Data Inputs and Outputs for the Real-Time Sequence and SCED
	Partial (FR43) (FR45)

	6.5.7.2
	Resource Limit Calculator
	Full (FR36)

	6.5.7.2 (1) 
	Resource Limit Calculator
	Partial (FR31)

	6.5.7.3
	Security Constrained Economic Dispatch
	Partial (FR42)

	6.5.7.4 (1)
	Base Points
	Partial (FR40)

	6.5.7.5
	Ancillary Services Capacity Monitor
	Full (FR30) (FR34)

	6.5.7.5 (1)
	Ancillary Services Capacity Monitor
	Full (FR38)

	6.5.7.6
	Load Frequency Control
	Partial (FR1)

	6.5.7.6.1 (1)
	LFC Process Description
	Full (FR2)

	6.5.7.6.1 (2)
	LFC Process Description
	Partial (FR2) (FR3)

	6.5.7.6.1 (3)
	LFC Process Description
	Partial (FR28)

	6.5.7.6.1 (4)
	LFC Process Description
	Partial (FR7) (FR13) FR15)

	6.5.7.6.1 (6)
	LFC Process Description
	Partial (FR10)

	6.5.7.6.1 (8)
	LFC Process Description
	Full (FR4) (FR14) (FR38)

	6.5.7.6.1 (9)
	LFC Process Description
	Full (FR5) (FR44)

	6.5.7.6.2.1 (1)
	Deployment of Regulation Service
	Full (FR6)

	6.5.7.6.2.1 (2)
	Deployment of Regulation Service
	Full (FR3) (FR4) (FR6) (FR14)

	6.5.7.6.2.1 (3)
	Deployment of Regulation Service
	Full (FR6)

	6.5.7.6.2.1 (4a)
	Deployment of Regulation Service
	Full (FR7)

	6.5.7.6.2.1 (4b)
	Deployment of Regulation Service
	Full (FR6)

	6.5.7.6.2.1 (4d)
	Deployment of Regulation Service
	Full (FR32)

	6.5.7.6.2.1 (4e)
	Deployment of Regulation Service
	Full (FR32)

	6.5.7.6.2.1 (4f)
	Deployment of Regulation Service
	Full (FR8) (FR32)

	6.5.7.6.2.1 (7)
	Deployment of Regulation Service
	Partial (FR33)

	6.5.7.6.2.1 (8)
	Deployment of Regulation Service
	Full (FR3) (FR4) (FR14)

	6.5.7.6.2.2
	Deployment of Responsive Reserve Service
	Full (FR10)

	6.5.7.6.2.2 (2a & 2b))
	Deployment of Responsive Reserve Service
	Full (FR11)

	6.5.7.6.2.2 (2c & 2d))
	Deployment of Responsive Reserve Service
	Full (FR12)

	6.5.7.6.2.2 (3)
	Deployment of Responsive Reserve Service
	Partial (FR12) (FR13)

	6.5.7.6.2.2 (4)
	Deployment of Responsive Reserve Service
	Partial (FR29)

	6.5.7.6.2.2 (5)
	Deployment of Responsive Reserve Service
	Partial (FR30)

	6.5.7.6.2.2 (6)
	Deployment of Responsive Reserve Service
	Partial (FR13) (FR14)

	6.5.7.6.2.2 (7)
	Deployment of Responsive Reserve Service
	Partial (FR19)

	6.5.7.6.2.2 (8)
	Deployment of Responsive Reserve Service
	Partial (FR18)

	6.5.7.6.2.2 (9)
	Deployment of Responsive Reserve Service
	Full (FR17) (FR18) (FR19)

	6.5.7.6.2.2 (10)
	Deployment of Responsive Reserve Service
	Full (FR18)

	6.5.7.6.2.3 (1)
	Non-Spinning Reserve Service Deployment 
	Partial (FR19) (FR20) (FR44)

	6.5.7.6.2.3 (2)
	Non-Spinning Reserve Service Deployment 
	Partial (FR20)

	6.5.7.6.2.3 (3)
	Non-Spinning Reserve Service Deployment 
	Partial (FR20)

	6.5.7.6.2.3 (4)
	Non-Spinning Reserve Service Deployment 
	Partial (FR22) (FR25) (FR26)

	6.5.7.6.2.3 (5)
	Non-Spinning Reserve Service Deployment 
	Partial (FR22) (FR25)

	6.5.7.6.2.3 (6)
	Non-Spinning Reserve Service Deployment 
	Partial (FR22)

	6.5.7.6.2.3 (7)
	Non-Spinning Reserve Service Deployment 
	Partial (FR22)

	6.5.7.6.2.3 (8)
	Non-Spinning Reserve Service Deployment 
	Full (FR20)

	6.5.7.6.2.3 (9)
	Non-Spinning Reserve Service Deployment 
	Partial (FR19)

	6.5.7.6.2.3 (10)
	Non-Spinning Reserve Service Deployment 
	Alternative (FR21)

	6.5.7.6.2.3 (11)
	Non-Spinning Reserve Service Deployment 
	Partial (FR27) (FR44)

	6.5.7.6.2.3 (12)
	Non-Spinning Reserve Service Deployment 
	Partial (FR22)

	6.5.9.2
	Failure of the SCED Process
	Partial (FR41)

	6.5.9.4
	Emergency Electric Curtailment Plan 
	Partial (FR10)

	6.5.9.4.2
	Restoration of Market Operations
	Partial (FR41)

	8
	Performance Monitoring and Compliance
	Partial (FR46)

	8.1.2.2.2
	Regulation Service
	Partial (FR37)

	8.1.2.2.3
	Responsive Reserve Service
	Partial (FR37)

	8.1.2.2.4
	Non-Spinning Reserve
	Partial (FR37)

	8.1.2.4.1
	Regulation Service Energy Deployment Criteria
	Partial (FR3) (FR33) (FR34)

	8.1.2.4.2
	Responsive Reserve Service Energy Deployment Criteria
	Partial (FR34)

	8.1.2.4.3
	Non-Spinning Reserve Energy Deployed under Dispatch Instruction Criteria
	Partial (FR34)

	8.1.2.4.4
	Combinations of Reliability Service Energy Deployment Criteria
	Partial (FR34)
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Note: This functional block diagram is provided to reflect the concept and is not intended to drive the design.


Data for Settlements


Responsive Reserve Service


Ancillary Service Monitor


Resource Qualification Testing


Generation Subsystem
Functional Diagram


Deployments Data to QSEs         (via SCADA)


Data for MIS Secure Area


Data for Compliance


Operator-Initiated Data


Telemetry from QSEs (via SCADA)



