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Requirements Specification
 This Requirements Document is Subordinate To and Compliant with the Texas Nodal Protocols Effective May 2006.
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 to requirements 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 May 2006, 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 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 all requirements are traceable to the Functional Block Diagram that describes the Generation Subsystem.
These requirements are based off of May 2006 version Nodal Protocols 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 constituents: Load Frequency Control (LFC), the Ancillary Services Capacity Monitor, and the Resource Limit Calculator, along with other functionality to manage inputs and outputs and simplify Resource qualification testing. The primary purpose of Load Frequency Control is to maintain a desired system frequency by deploying Regulation Service and, if necessary, deploying Responsive Reserve and Non-Spinning Reserve Services. 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 transmitting the Base Points and LMPs calculated by the Security Constrained Economic Dispatch (SCED) process. The Ancillary Services Capacity Monitor determines available capacity from system Resources to provide the ancillary services of Regulation, Responsive Reserve, and Non-Spinning Reserve. 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 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

· Deployment of Non-Spinning Reserve Service (Non-Spin) 

· Monitoring of available Ancillary Services (AS) reserve capacity 

· Generation of 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 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 resource
2.1.1 To Be Sub-Process for the Generation Subsystem
The Generation Subsystem of the Energy Management System (EMS) adjusts power system generation output to control 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, Responsive Reserve and Non-Spinning Reserve in cooperation with the QSEs that distribute MW control requirements to individual system 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 availability for Regulation, Responsive Reserve and Non-Spin Reserve, and telemetering this data to ERCOT. Telemetry from Jointly Controlled Units and Combined Cycle Units provide ERCOT with information that represents these units as if they were individual Resources. The Generation Subsystem treats each of these as separate Resource.. The Generation Subsystem collects, validates and filters this information, as well as data from SCED. Computing 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 participation factors for each Resource telemetered by the corresponding QSEs and taking into consideration the regulation MWs already issued but not acted upon as well as Resource limits and ramp rates, LFC determines and issues to each QSE an aggregate Regulation MW control requirement. The QSEs distribute these Regulation MWs to the regulating Resources under their direction and ensure that the response of these Resources matches the requested MW control action.

When the system frequency drops below a pre-specified level, when available Regulation Up energy is insufficient, or when a System Emergency has been declared, LFC or the ERCOT Operator may activate Responsive Reserve Service to correct the situation. The calculated amount of Responsive Reserve Service energy required is allocated to all Resources with a Responsive Reserve Service award, based on their Responsive Reserve participation factors telemetered by the corresponding QSEs. LFC determines and issues to each QSE an aggregate Responsive Reserve MW control requirement to distribute to their associated Responsive Reserve Resources. LFC also recalculates the High Ancillary Service Limit (HASL) for each Resource after the QSEs telemeter to ERCOT a revised Responsive Reserve schedule for each affected Resource. These revised HASLs are utilized by SCED to re-dispatch Responsive Reserve Resources into the regions previously held back for Responsive Reserve capacity.

When the available system capacity is still insufficient, such as following a disturbance, Non-Spinning Reserve Service may be initiated manually by the Operator on an all-or-none basis. When the Non-Spinning Reserve Service is invoked, the QSEs are notified. As Non-Spin Resources become available, the QSEs telemeter to ERCOT a revised Non-Spinning Reserve schedule for each affected Resource and LFC then recalculates new values of HASL for these Resources. This permits SCED to re-dispatch the MW levels of these Non-Spin Resources as necessary into the regions previously held back for Non-Spinning Reserve capacity. 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) also provides SCED with Resource limits (Dispatch limits in addition to High and Low Ancillary Service limits) and Resource ramp rates. In turn, 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 solely on the telemetered values from QSEs, including the Resource Ancillary Service Resource schedules and limits.

The Generation Subsystem (Ancillary Services Capacity Monitor component) also calculates available capacity values for Ancillary Services (e.g., Available capacity with Energy Offer Curves in the ERCOT System that can be used to increase Base Points in SCED) and provides this information to ERCOT Operators, QSEs, and other Market Participants. Alarms are generated when available reserves fall outside the requirement.

Finally, the Generation Subsystem (Resource Qualification Testing component) facilitates qualifications testing for Ancillary Services Resources by sending test Base Points to QSEs, collecting Resource response information, calculating the average values of Resource MWs and response rates, and presenting this information to the Operator.

All of the data telemetered from QSEs (including Resource power, status, limits, and ramp rate values), telemetered to QSEs (including Regulation & Responsive Reserve MW requirements, Non-Spin deployment status, and Resource Base Points), and exchanged with SCED (including Base Points, telemetered AS schedules, and calculated available capacity values) are saved for use by other ERCOT functions, including Settlements, Compliance and long-term historical storage.
Additional descriptions of the To Be Sub-process for the Generation Subsystem may be found in Appendix A.

The following is an illustration for the Generation Subsystem:
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2.2 Assumptions and Dependencies

1. Section(s) 6.5.7.6.2.3 (4) and (5) describes Non-Spin deployment procedure. There is a new procedure proposed to TAC for approval in this regard. Proposal is posted on ERCOT website under TAC meeting November 2, 1006 – “NSRS procedure”. This Generation Subsystem requirements document assumes that the new procedure will be approved by TAC and follows the same. 
2. Section 6.5.7.2 (3) is interpreted to mean the QSE will telemeter the RRS schedule.

3. Section 6.5.7.2 (3) is interpreted to mean the HASL will be increased by the amount of the RRS energy deployment when RRS is deployed.
4. We assumed that the NSRS telemetered amount from QSE’s to ERCOT will not be adjusted down to reflect the amount of NSRS deployed by ERCOT, but will remain constant throughout a deployment event.

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) 6.5.7.6.2.1 (2), (8)

	Coverage of Protocol
	Full

	Traceability to Sub-Process
	Regulation Service

	Sub-Process Element Coverage
	Partial

	Description:  LFC shall calculate QSE level Reg-Up or Reg-Down deployments assuming all Resources are at their last Base Points issued by SCED. LFC shall calculate the difference between the Real-Time 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)

	Coverage of Protocol
	Full

	Traceability to Sub-Process
	Regulation Service

	Sub-Process Element Coverage
	Partial

	Description:  

QSE’s aggregate Reg-Up and Reg-Down participation factors shall be calculated proportional to the sum of their generators and Load Resources telemetered Reg-Up and Reg-Down schedules respectively.

QSE’s aggregate Reg-Up and Reg-Down bound limits shall be calculated as the sum of their generators and Load Resources telemetered Reg-Up and Reg-Down schedules respectively.

QSE's Reg-Up and Reg-Down rate limits shall be calculated as the respective bound limit/5.

Each of the above calculations shall exclude the following:

1. Resources with Reg-Up inhibit telemetry when up regulation is in effect

2. Resources with Reg-Down inhibit 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 real-time data
6. LFC shall allocate Reg-Up and Reg-Down among QSEs based on respective QSE level regulation participation factors while accounting for bound limits and response rate limits as well as the amount of regulation that was already requested.

These deployment instructions shall be sent to each QSE as a portfolio signal.




	Requirement ID
	GS-FR5

	Requirement Name
	Permissive Blocking of Base Point ramp

	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 continuously monitor the system frequency deviation against a pre-set Operator-entered threshold. Whenever the magnitude of the system frequency deviation is above this threshold permissive blocking shall be enforced. If ramping of a generator which is not providing regulation service to its Base Point will worsen the ACE, LFC shall issue dispatch instructions to temporarily suspend ramping to their Base Points by issuing a new Base Point that is equal to the current generation. When the frequency deviation returns to zero, LFC shall send normal Base Points to reset the permissive blocking.
Note: LFC shall only block generators that are not providing Reg-Up or Reg-Down services and those that are not currently using an Emergency 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-002and 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 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 telemetered Resource level participation factors.


	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. 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 RRS Deployment and recall conditions

	Protocol Reference
	Section(s) 6.5.7.6.2.2 (1), 6.5.7.6.2.2 (3), 6.5.7.6.2.2 (4), 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 can initiate Responsive Reserve deployment under the following conditions:

1. Available energy that can be dispatched by SCED in the up direction is lower than required
2. Available Reg-Up is zero

3. Required Reg-Up is ramp rate limited 

4. System frequency is consistently below a limit

5. System is under the Emergency Electric Curtailment Plan

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




	Requirement ID
	GS-FR11

	Requirement Name
	Automatic RRS 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 Resources when the system frequency drops below a user defined threshold (e.g. 59.91). 

LFC shall automatically recall deployed Responsive Reserve from Generation Resources when the system frequency restores back to a user defined threshold (e.g. 59.97)

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




	Requirement ID
	GS-FR12

	Requirement Name
	RRS Deployment from Load Resources

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

	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. 

Responsive Reserve available through governor action and Responsive Reserve from load Resources associated with high set under frequency relays shall be automatically initiated based on the frequency level and relay settings (no action from Operator or LFC is needed).




	Requirement ID
	GS-FR13

	Requirement Name
	Responsive Reserve requirement calculation

	Protocol Reference
	Section(s) 6.5.7.6.1 (4), 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 either 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 500MW

· Operator entered Responsive Reserve MW

Whenever the total amount of automatic Responsive Reserve requirement is greater than 500 and the same is limited by 500MW, LFC shall generate an Operator alarm. This alarm will assist the Operator to initiate EECP




	Requirement ID
	GS-FR14

	Requirement Name
	RRS 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), 6.5.5.2 (6)

	Coverage of Protocol
	Full

	Traceability to Sub-Process
	Responsive Reserve Service

	Sub-Process Element Coverage
	Partial

	Description:  

QSE’s aggregate RRS participation factors shall be calculated proportional to the sum of their Generators and Controllable Load Resources telemetered RRS schedules respectively.

QSE’s aggregate RRS deployment limits shall be calculated as the sum of Generators and Controllable Load Resources RRS schedules minus the RRS deployment through SCED.

Each of the above calculations shall exclude the following:

· Resources with Reg-Up block telemetry 

· Resources with a telemetered Resource status ONTEST

· Off-line Resource based on real-time data (with open breaker or MW output below LSL)

LFC shall allocate RRS among QSEs based on respective QSE level RRS participation factors while accounting for bound limits.

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 RRS deployment is active.

Deployment instructions to 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 RRS deployments to the Resources, based on the corresponding telemetered Resource level participation factors.


	Requirement ID
	GS-FR17

	Requirement Name
	Recalculate HASL for RRS deployment

	Protocol Reference
	Section(s) 6.5.7.6.2.2 (9)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	Responsive Reserve Service

	Sub-Process Element Coverage
	Partial

	Description:  LFC shall increase the HASL by the Resource level RRS deployment following either manual or automatic deployment of RRS.


3.1.3 Non-Spinning Reserve Service
	Requirement ID
	GS-FR19

	Requirement Name
	Non-Spin deployment criteria

	Protocol Reference
	Section(s) 6.5.7.6.2.3 (1), 6.5.7.6.2.3 (9), 6.5.7.6.2.2 (7),

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	Non-Spinning Reserve Service

	Sub-Process Element Coverage
	Partial

	Description:  The ERCOT Operator may manually deploy Non-Spin under the following conditions:

· Detection of insufficient capacity for energy dispatch during periodic checking of available capacity for future operations.

· Disturbance conditions such as a unit trip, sustained frequency decay or sustained low frequency operations.

· SCED not having enough energy available to execute successfully.

In each situation, the ERCOT Operator makes the final decision and initiates the deployment of Non-Spin on an all-or-nothing basis. The ERCOT Operator may deploy Non-Spin at any time during a selected Settlement Interval.
LFC shall trigger SCED with the Non-Spin deployment flag to deploy Non-Spin energy as required. Non-Spin deployments may be used to replace RRS deployed energy and recover RRS capacity. This can minimize the prolonged use of Responsive Reserve Energy.




	Requirement ID
	GS-FR20

	Requirement Name
	Non-Spin Resources

	Protocol Reference
	Section(s) 6.5.7.6.2.3 (1), 6.5.7.6.2.3 (2), 6.5.7.6.2.3 (3), 6.5.7.6.2.3 (8)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	Non-Spin Reserve Service

	Sub-Process Element Coverage
	Partial

	Description:  ERCOT shall deploy Non-Spinning Reserve Service for the following categories of Resources with Non-Spin awards:

· On-Line Resources with Energy Offer Curves

· On-Line Dynamically Scheduled Resources
· On-Line Resources with Output Schedules
· Off-Line Generation Resources reserved for Non-Spin (must provide an Energy Offer Curve for use by SCED)
· Load Resources available for Non-Spin.
Immediately for On-Line Generation Resources providing Non-Spin and once Off-Line Generation Resources are deployed and on-line, ERCOT uses SCED to determine the amount of energy to be dispatched from those Resources.

Each QSE providing Non-Spin shall telemeter Non-Spin Resource availability using the Resource Status indication and shall use the Current Operating Plan to inform ERCOT of Non-Spin Resource status for hours in the Adjustment Period through the end of the Operating Day.




	Requirement ID
	GS-FR21

	Requirement Name
	Non-Spin Notification to QSEs

	Protocol Reference
	Section(s) 6.5.7.6.2.3 (10)

	Coverage of Protocol
	Alternative

	Traceability to Sub-Process
	Non-Spin Reserve Service

	Sub-Process Element Coverage
	Partial

	Description:  Once the Operator has initiated Non-Spin, a Non-Spinning Reserve Service Deployment Status notification shall be sent (once) to each QSE indicating that Non-Spin has been deployed. When Non-Spin is subsequently recalled, another Non-Spinning Reserve Service Deployment Status notification shall be sent to each QSE indicating that Non-Spin is no longer in effect and has been recalled. (Note: The Section 6.5.7.6.2.3 (10) requirement for an individual Non-Spin Dispatch Instruction for each Non-Spin Resource is not necessary.)



	Requirement ID
	GS-FR22

	Requirement Name
	Non-Spin deployment 

	Protocol Reference
	Section(s) 6.5.7.6.2.3 (6)

	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:

1. Generation sub-system shall notify each QSE providing Non-spinning reserve.
2. Each QSE with online DSR generators providing Non-Spin shall adjust their telemetered Resource Output Schedule by the amount of its Non-Spin award
3. Resource limit calculator shall adjust the HASL of each Resource by the amount of non-spin reserve scheduled.
4. Each QSE shall send the adjusted DSR schedules to ERCOT
5. During the next run of SCED, the new Base points for these Generation Resources will be calculated based on the adjusted DSR schedules and the new HASLs.
6. Each QSE with Load Resources providing Non-Spin will shut them down within 30 minutes from the deployment



	Requirement ID
	GS-FR23

	Requirement Name
	Adjustment of HASLs after Deployment of Non-Spin for On-Line Generating Resources with Energy Offer Curves

	Protocol Reference
	Section(s) 6.5.7.6.2.3 (5), 6.5.7.6.2.3 (7)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	Non-Spin Reserve Service

	Sub-Process Element Coverage
	Partial

	Description:  When Non-Spin is first awarded to an On-Line Generating Resource with an Energy Offer Curve, each QSE shall set the value of its telemetered Non-Spinning Reserve Service Schedule to the amount of the Non-Spin award for that Resource. LFC shall use this term to automatically reduce the value of the corresponding High Ancillary Service Limit = HSL – RegUp – Responsive Reserve – Non-Spinning Reserve in order to reserve Non-Spin capacity.
When the Non-Spinning Reserve Service is invoked, LFC shall immediately calculate new value of HASL by replacing the telemetered value of the Non-Spinning Reserve Service Schedule with zero for each On-Line Generating Resource with an Energy Offer Curve. This automatically increases the calculated value of HASL for each of these units by the amount of its Non-Spin award. In turn, this increases ERCOT’s overall generation capacity available to SCED and permits SCED to increase the generation MW levels of any or all of these units as necessary. SCED Base Points will include Non-Spin energy as well as any other energy dispatched as a result of SCED.




	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 this Off-Line Generating Resource will be on-line as soon as possible but no later than 30 minutes following Non-Spin deployment. This permits SCED to increase the generation MW level of these units as necessary.
After Off-Line Non-Spin Resources are deployed, the QSE will indicate the Non-Spin Ancillary Service Schedule is reduced by the amount of the deployment.




	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.



	Requirement ID
	GS-FR27

	Requirement Name
	Recall Non-Spin 

	Protocol Reference
	Section(s) 6.5.7.6.2.3 (11) 

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	Non-Spin Reserve Service

	Sub-Process Element Coverage
	Partial

	Description:  The ERCOT Operator may manually recall Non-Spin at operator discretion when acceptable capacity reserves are established.  Recall of Non-Spin is performed on an all-or-nothing basis.

When Non-Spin is recalled, LFC shall:

1. Calculate for each On-Line Generating Resource with an Energy Offer Curve, a new HASL based on the telemetered Non-Spin schedule
2. Trigger SCED with the Non-Spin deployment reset flag

3. Send a Non-Spinning Reserve Service Deployment Status recall notification to each QSE indicating that Non-Spin is no longer in effect and has been recalled

4. SCED will reduce the Resource Output Schedule of each On-Line Generation Resource with a Resource Output Schedule and each QSE adjusts output schedule telemetry of On-Line DSR by the amount of its Non-Spin schedule.
5. SCED will calculate new Base Points for these units and they will ramp to their new Base Points at their Normal Ramp Rates.
6. A QSE with a Load Resource that has provided Non-Spin shall ensure that the load energy and Non-Spin capability is restored within three hours from the expiration of the Non-Spin deployment. If it is not, the Non-Spin capability shall be replaced by the QSE on other Generation or Load Resources not previously committed.

In addition, when Non-Spin is recalled, a QSE with a Generation Resource that was previously off-line may be taken offline at the discretion of the QSE.
Also, a QSE with a Load Resource that has provided Non-Spin shall ensure that the load energy and Non-Spin capability is restored within three hours from the expiration of the Non-Spin deployment. If it is not, the Non-Spin capability shall be replaced by the QSE on other Generation or Load Resources not previously committed.




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, participation factors, and generator output) in determining available Resource capacity to provide Regulation, Responsive Reserve, and Non-Spinning Reserve Services.
The Ancillary Services Capacity Monitor shall effectively use the lower of the telemetered HSL and the seasonal High Capability Test in calculating reserves by rejecting as invalid any telemetered HSL which is higher then the seasonal test results unless a text reason explaining why it is higher is provided. 



	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 Operator who may manually deploy Responsive Reserve or Non-Spinning Reserve Service. The Operator will receive an alarm if:

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

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 market reserves

	Protocol Reference
	Section(s) 6.5.7.5, 6.5.5.2, 6.5.7.6.2.1 (5)

	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 every 4 seconds based on SCADA telemetry (including telemetered schedules) and deployments:

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




	Requirement ID
	GS-FR31

	Requirement Name
	Available Physical reserve calculations

	Protocol Reference
	Section(s) 6.5.7.2 (1), NERC IRO-005-1

	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 the following every 4 seconds and provide Real-Time summaries to ERCOT: 

1. Black Start Capacity

2. Reliability Must Run Capacity

3. Spinning Reserve Capacity

4. Physical Responsive Reserve Capacity from Generation Resources (available capacity based only on physical limits – includes reserves which are not bid into the market)
5. Responsive Reserve service capacity on generators – sum of telemetered reserve capacity from generating units.
6. Responsive Reserve Capacity from Load Resources 

7. Total Responsive Reserve Capacity from Generators and Load Resources



	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 to facilitate compliance and settlement calculations.



	Requirement ID
	GS-FR33

	Requirement Name
	Expected governor 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 one-minute and ten-minute average of the expected generator governor response for Reg-Up and Reg-Down deployments.




	Requirement ID
	GS-FR34

	Requirement Name
	Resource not responding Flags

	Protocol Reference
	Section(s) 6.5.7.8.3

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	Ancillary Services Capacity Monitor

	Sub-Process Element Coverage
	 Partial

	Description:  The Ancillary Services Capacity Monitor shall determine if individual resources are not responding to dispatch instructions 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.

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. 


	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 output and the generator obligations (Base Point plus ancillary service deployments) 
· Calculate Load Resource error as the difference between Load Resource deployment MW and the estimated Load Resource 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 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 (Reg-Up schedule, Reg-Down schedule, RRS schedule, Non-Spin schedule, HSL, and LSL) and Ramp Rate curves. If the System Emergency Flag is set, the Resource Limit Calculator shall replace HSL with HEL when calculating HASL.



3.4 Resource Qualification Testing
	Requirement ID
	GS-FR37

	Requirement Name
	Regulation and RRS 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 Operator to enter test parameters for each Resource
2. A mechanism for triggering initiation of the test

3. Sending control signals to the QSE associated with the Resource being tested (via SCADA)
4. Collecting Resource response information and calculating one-minute averages of Resource MWs and response rates
5. Presenting Resource response information to the 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. 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 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 (gross & auxiliary and/or net)
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 RRS participation factor
16. Generator Reg-Up schedule

17. Generator Reg-Down schedule

18. Generator Responsive Reserve schedule

19. Generator Non-Spin schedule

20. Generator Reg-Up inhibit status (temporarily blocked by QSE)
21. Generator Reg-Down inhibit status (temporarily blocked by QSE)
22. Generation Resource DSR schedule

23. Combined cycle configuration number

24. Load Resource MW

25. Load Resource relay status

26. Load Resource LPC

27. Load Resource MPC

28. Load Resource High Sustained Limit

29. Load Resource Low Sustained Limit

30. Load Resource High Emergency Limit

31. Load Resource Low Emergency Limit

32. Load Resource Normal Ramp Rate

33. Load Resource Emergency Ramp Rate

34. Load Resource Reg-Up participation factor

35. Load Resource Reg-Down participation factor

36. Load Resource RRS participation factor

37. Load Resource Reg-Up schedule

38. Load Resource Reg-Down schedule

39. Load Resource Responsive Reserve schedule

40. Load Resource Non-Spin schedule

41. Load Resource Reg-Up inhibit status (temporarily blocked by QSE)

42. Load Resource Reg-Down inhibit status (temporarily blocked by QSE)

43. Load Resource DSR Output Schedule
44. RRS deployment amount (manual)

45. RRS deployment amount (automatic)



	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 (or Emergency 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 requirement
4. Non-Spinning Reserve Service deployment status (all or none) to all QSEs



	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 selecting either Normal or Emergency Base Point
3. Resource status indicator providing notice of dispatch above the Resource’s HASL due to RRS
4. Resource status indicator to indicate pseudo unit dispatch (MW value is included in the Base Point)
5. Time of the Dispatch Instruction

6. Resource status indicator to suspend ramping to Base Point (yes/no)




	Requirement ID
	GS-FR41

	Requirement Name
	Sending LMPs to QSEs

	Protocol Reference
	Section(s) 6.3.2 (2)

	Coverage of Protocol
	Partial

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

	Sub-Process Element Coverage
	Partial

	Description:  The Generation Subsystem shall send all Resource node LMPs to QSEs (via SCADA) after they are received from SCED. The Generation Subsystem shall send SCED’s previously-solved Resource node LMPs whenever SCED does not solve. The Generation Subsystem shall not send new Resource node LMPs to SCADA when the System EECP flag is set.



3.5.2 Inputs/Outputs from/to MMS (SCED)
	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 (SCED)

	Sub-Process Element Coverage
	Full

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

1. SCED run time stamp

2. Generator Base Points
3. Generator LMPs
4. Scheduled MW for each DC tie 
5. Generator RRS scheduled MW

6. Load Resource RRS scheduled MW

7. Generator Non-Spin scheduled MW

8. Load Resource Non-Spin scheduled MW Generator Base Point above HASL due to RRS deployment (flag)
9. Generator Base Point above HASL due to pseudo unit deployment (flag)
10. Generator Emergency Base Point (flag)
11. DSR output not equal to its Base Point (flag) 
12. Generator exceeded Ramp Rate due to instruction flag

13. Pseudo unit deployment MW (single value)




	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 (SCED)

	Sub-Process Element Coverage
	Full

	Description:  The Generation Subsystem shall provide following outputs to MMS (SCED):

1. Generator HASL and LASL

2. Generator HDL and LDL

3. Generator HSL and LSL

4. Generator HEL and LEL

5. Generator SURAMP and SDRAMP

6. Generator MW

7. Total Required generation to be dispatched (Sum of generation) 

8. Trigger to start SCED

9. Resource Status

10. Generator RRS schedule

11. Generator Non-Spin schedule

12. EECP flag
13. Generator Reg-Up and Reg-Down schedules

14. Generator Normal and Emergency Ramp Rates
15. DC Tie MW
16. Combined-cycle configuration number

17. QSE aggregated DSR load

18. DSR ancillary service deployment (“Reg-Up” + RRS + “Non-Spin” – “Reg-Down”) 
19. Generator Non-Spin deployment flag
20. Generator RRS Participation Factor

21. Generator telemetered normal ramp rate
22. Generator telemetered emergency ramp rate

23. Load Resource MW

24. Load Resource breaker status

25. Load Resource relay status

26. Load Resource Responsive Reserve schedule

27. Load Resource Reg-Up schedule

28. Load Resource Reg-Down schedule

29. Load Resource Non-Spin schedule

30. Load Resource LPC

31. Load Resource MPC

32. Load Resource RRS participation factor
33. RRS deployment amount (manual)
34. RRS deployment amount (automatic)



3.5.3 Inputs from ERCOT Operators

	Requirement ID
	GS-FR44

	Requirement Name
	Manual Inputs from ERCOT Operators

	Protocol Reference
	Section(s) 6.5.7.6.1 (9), 6.5.7.6.2.2 (10), 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 Operator entry and the associated validation of required data that is outlined in all of these requirements. Operator entry includes but is not limited to the following:
1. Limit on difference between the sum of the HASLs and the Total Energy Requirement

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

3. Frequency limit for Deployment/recall of Responsive Reserve

4. Responsive Reserve deployment MW
5. Deploy/recall Non-Spinning Reserve
6. Test parameters for Resource qualification testing




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 RRS deployment 

6.
Flag to indicate frequency went above 60.05 

7.
Flag to indicate frequency went below 59.95 

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

16.
Generator current breaker status with transition timestamp

17.
Generator Emergency Base Point 

18.
Flag to indicate Generator exceeded Ramp Rate 

19.
Flag to indicate DSR output schedule not equal to Base Point flag per DSR

20.
Flag to indicate generator exceeded Ramp Rate 

21.
Flag to indicate frequency went above 60.05 

22.
Flag to indicate frequency went below 59.95 

23.
Flag to indicate Generator Up Blocking was active 

24.
Flag to indicate Generator Down Blocking was active 

25.
Single pseudo unit MW 
26. Adjusted Aggregated Base point (AABP)

27. Aggregated Emergency Base Point (AEBP)
Information only (MMS provides directly to settlements):

1. Emergency Base Point MW dispatched to the generator during the settlement interval

2. Generator Base Point during the settlement interval 

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

	Requirement ID
	GS-FR46

	Requirement Name
	Compliance Data

	Protocol Reference
	Section 6.5.7.6.2.2 (10), 8.2 (2)(b)(i)(A)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	Data for Compliance

	Sub-Process Element Coverage
	Partial

	Description:  For every LFC execution, the Generation Subsystem shall calculate or capture and save the following data for Compliance Purposes:

1. Resource MW

2. Resource MVAR

3. Generator expected governor response (MW/.1 hz)
4. Resource Ancillary Service Schedule for Reg-Up

5. Resource Ancillary Service Schedule for Reg-Down

6. Generator HSL

7. Generator LSL

8. Generator high emergency limit

9. Generator low emergency limit

10. Resource breaker status

11. Generator Normal Ramp Rate

12. Generator Emergency Ramp Rate

13. Other generator commitments of Ancillary Service capacity

14. Resource Regulation Reg-Up MW deployed
15. Resource Regulation Reg-Down MW deployed 
16. Resource RRS schedule

17. Resource RRS MW deployed
18. Resource Non-Spin schedule

19. Resource Base Point MW

20. ACE

21. System frequency

22. Resource Reg-Up block

23. Resource Reg-Down block

24. Generator on-line/off-line status

25. NERC control performance data (including clock-minute, clock-10-minute and clock-hour averages)
Compliance data may also be forwarded to ERCOT’s Enterprise Data Warehouse for report generation and long-term storage.

 


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 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

	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 (1b & 1c)
	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 (FR10)

	6.5.7.6.2.2 (4)
	Deployment of Responsive Reserve Service
	Partial (FR10) (FR29)

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

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

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

	6.5.7.6.2.2 (10)
	Deployment of Responsive Reserve Service
	Full (FR44) FR46)

	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 (FR25) (FR26)

	6.5.7.6.2.3 (5)
	Non-Spinning Reserve Service Deployment 
	Partial (FR23) (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 (FR23)

	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)

	6.5.9.4
	Emergency Electric Curtailment Plan 
	Partial (FR10)

	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
	Full (FR33)


6. Appendix A – Generation Control Special Considerations
6.1 Regulation Service
Since the delivery of the ERCOT zonal LFC, there have been two significant field-tested improvements to the standard AREVA control algorithm that should greatly reduce the regulation requests that the QSE’s are asked to supply.  These improvements are as follows:
Direct CPS focused control: The premise behind this feature is that as long as the system will satisfy the CPS criteria, (based on past and current performance), no regulation is necessary.  Even when regulation is needed, the amount is typically lessened as the goal is to just get passing CPS numbers instead of driving ACE to zero.  The net effect is normally a significant reduction in regulation controls while improving CPS compliance.  
For the ERCOT system there are two situations when this CPS focused control will be automatically disabled to allow the system to respond directly to the current situation without any possible weakening effects based on past performance.  The two cases that call for strong control are when the frequency deviation exceeds the threshold to activate permissive blocking of unit movements to basepoints that would worsen the frequency and when Responsive Reserve is activated.  When the situations are corrected and the permissive block or Responsive Reserve disabled, the system will automatically return to using the CPS control filtering. 
Regulation Reduction Based on Current Basepoint Deviation:  The desired MW output for each generator can generally be thought of as being composed of two fundamental components, the control basepoint and the ACE regulation. If the net movement of the units towards their control basepoints is in the direction to correct ACE, there is no need to include the request for that movement in the regulation term.  When determining the total regulation MW to distribute to the units, LFC will first reduce the regulation by a MW component that represents the correction that will be realized if the units on automatic control (and not permissively blocked) were to simply move to their current basepoints.  To account for cases where the units may not be tracking well to their basepoints, a weighting factor (less than 1.0) is applied to basepoint deviation correction term to indicate how much of the basepoint/unit output mismatch to apply to reduce the regulation request. The amount of reduction applied will be limited to the pre-regulation MW value so that the reduction will not result in a regulation request in the opposite direction.  Separate analyst enterable gains will be available for each ACE regulation region.
With both of these improvements applied, the proposed regulation deployment is as follows:   
To start the LFC process, the system ACE is calculated as follows:

Raw ACE = Freq Bias * (Actual Freq – Scheduled Freq)
If the magnitude of the current frequency deviation exceeds an analyst enterable threshold, each unit that is not regulating, not responding to an Emergency Basepoint, and that would worsen the frequency by moving to its basepoint will be permissively blocked in that particular direction.  When this happens, the generator basepoint that is telemetered to the QSE to be used for control will be set to its current generation and one of two status flags (one for up and one for down) will be set to indicate that the unit is being permissively blocked in that particular direction.  For informational purposes ERCOT will also telemeter the current value of the Resource SCED basepoint to the QSE’s so that the QSE operators will know where the Resource will go when the permissive block is removed.  When the magnitude of the current frequency deviation falls back below the threshold minus an analyst enterable deadband the units will be unblocked and the basepoints will be set back to the SCED produced values.  
Based on the raw ACE the CPS focused control logic, mentioned previously, and determines the amount of Control ACE needed to return back within the dynamic deadband limits.
This value is used to determine the total amount of regulation MW to be requested from the participants as follows:
Initial System Regulation MW = –1 * Control ACE * Control Gain

If Initial System Regulation MW and Gen Resource Basepoint Deviation are both positive

Regulation Reduction = Min (Initial System Regulation MW, Gen Resource Basepoint Deviation * Base Gain)

Else if Initial System Regulation MW and Gen Resource Basepoint Deviation are both negative

Regulation Reduction = Max (Initial System Regulation MW, Gen Resource Basepoint Deviation * Base Gain)

Else

Regulation Reduction = 0.0

Endif

Final System Regulation MW = Initial System Regulation MW – Regulation Reduction

Where:

Freq Bias = ERCOT area frequency bias in MW/0.1 Hz

Actual Freq = Telemetered frequency for ERCOT in Hz

Scheduled Frequency = Nominal frequency of 60 Hz with any time error correction offsets applied

Control Gain = LFC control gain in effect based on active control region (normal, assist, or emergency).
Gen Resource Basepoint Deviation = Sum of the difference between the Basepoint and Output for all Generation Resources on automatic control and not being permissively blocked. 
Base Gain = Analyst enterable tuning parameter to control effect of basepoint deviation term (typically less than 1) based on active control region (normal, assist, or emergency).  The tunable gain is applied to the basepoint difference so the ACE can still be fully corrected even if some units are not properly moving to their basepoints as desired. 
The resulting regulation MW value is distributed among the QSE’s similar to what is being done for the zonal system.  
The regulation export and import bound limits for each QSE and the up and down participation factors for each QSE, are determined by summing the telemetered regulation up and down capacity schedule values, respectively, for each QSE Resource (i.e. unit, CLD-LAAR, etc.) providing regulation, excluding unavailable Resources.  Unavailable Resources are defined as any Resources with a telemetered URS or DRS block determined by the QSE (as appropriate based on direction), any Resources with a telemetered Resource status other than ONREG, ONOSREG, ONDSRREG, or ONRGL, or any off-line Resource (open breaker or MW output below LOL).  The up and down ramp rates (MW/Min) for each QSE are determined by dividing the export and import bound limits for the QSE by 5 (based on the 5 minute interval).  The total regulation MW is distributed to the QSE’s according to the regulation capacity schedule based participation factors while accounting for bound limits, response rate limits, and the amount of regulation already being responded to by the QSEs. 
The resulting regulation request to each QSE is a persistent MW request, meaning it builds up in one direction as the ACE increases and then holds at the peak level until ACE changes sign.  The implementation of persistence also implies that each QSE is telemetering back the amount of the MW deployment that has been accepted by the QSE.  This is used by LFC to know how much more regulation is needed on top of what has already been deployed, based on previous regulation deployments, and thus to not repeat the request for MW movement that the QSE’s are already acting on.  When ACE changes sign, the regulation for the QSE is “unloaded” down to zero, honoring the per cycle response rate, before starting to move in the other direction. 
Each LFC cycle the regulation request for each QSE will be written out to SCADA for transfer to the QSE’s via ICCP or other methods.  LFC will also telemeter to each QSE a generator Resource level permissive block status when the unit has had its basepoint set to the current generation for permissive blocking.  The QSE will telemeter back via ICCP the Resource level up and down regulation participation factors to be used by LFC to obtain Resource level deployment values.  These Resource level deployments will be used by ERCOT in determining the amount of regulation capacity still available as well as in monitoring the performance of the Resources for compliance and settlement purposes.  The Resource level regulation up and regulation down deployments will be integrated in separate accounts for use in settlements.

6.2 Responsive Reserve
The deployment of Responsive Reserve Service (RRS) is initiated by two mechanisms, one automatic and one manual.  
The automatic term of this deployment is activated by LFC when the system frequency drops below a user defined threshold (e.g. 59.91).  The calculated amount of energy that is required for the automatic term is calculated as the 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.  This value is limited to 500MW. Whenever the total amount of automatic Responsive Reserve requirement is greater than 500 and the same is limited by 500MW, LFC shall generate an Operator alarm. This alarm will assist the Operator to initiate EECP.

For the manual term, LFC monitors and alarms to ERCOT operators when any of the following conditions are detected.

· Available energy that can be dispatched by SCED in the up direction is lower than required.

· Available Reg-Up is lower than a minimum threshold

· Required Reg-Up is ramp rate limited 

· System frequency is consistently below a limit

· System is under the Emergency Electric Curtailment Plan

· The amount of energy that is required for the manual term is entered by the operator.  
When either of the terms is greater than zero, LFC will automatically activate the RRS deployment.  LFC will distribute the required RRS deployment to all of the QSEs providing Responsive Reserve, proportional to QSEs cumulative Responsive Reserve schedules.  The Responsive Reserve deployment to each QSE will be restricted to the sum of its cumulative Responsive Reserve schedules.  When calculating the cumulative Responsive Reserve schedules unavailable Resources will be excluded.  Unavailable Resources are defined as any Resources with a telemetered URS block determined by the QSE, any Resources with a telemetered Resource status of ONTEST, or any off-line Resource (open breaker or MW output below LOL). 
The available Responsive Reserve schedule may be reduced from the original telemetered value for two reasons.  The first reason is to account for the SCED calculating a basepoint that exceeds the pre-Responsive Reserve adjusted HASL.  When Responsive Reserve is deployed, the HASL passed to SCED for each Resource contributing the Responsive Reserve will be increased by the amount of Responsive Reserve that has been actually deployed to the Resource by the QSE.  The second reason that the available schedule is reduced is to account for rate limiting so that the amount of movement due to the SCED basepoint and Responsive Reserve deployment does not exceed the amount the unit can move at the current SCED up ramp rate in 10 minutes.
One difference between how the Responsive Reserve is deployed and how the regulation is deployed is the approach to persistence.  When calculating the total amount of Responsive Reserve to be deployed due to frequency dropping, the value is only allowed to increase (i.e. if frequency increases for a short time the amount of RRS deployment holds at its previous value) until such time as the Responsive Reserve deployment is recalled due to the frequency exceeding the recall threshold.  The values deployed to the QSEs are not persistent at that level, but are just a function of the total currently required. 
Each LFC cycle the Responsive Reserve request for each QSE will be written out to SCADA for transfer to the QSE’s via ICCP or other methods. The QSE will divide up the resulting RRS deployment signal among the Resources providing Responsive Reserve, accounting for the amount of Responsive Reserve capacity for each Resource, similar to what is done for regulation deployment.  The QSE will telemeter back via ICCP the Responsive Reserve participation factors to be used by LFC to obtain Resource level deployment values.  These Resource level deployments will be used by ERCOT in determining the amount of Responsive Reserve capacity still available as well as in monitoring the performance of the Resources for compliance and settlement purposes.     
When RRS deployment is active the following changes will occur related to the SCED solution:
The HASL that LFC passes to SCED to use for the solution will be adjusted, for those Resources contributing to Responsive Reserve, by freeing up the portion of the range that was previously being reserved to respond to Responsive Reserve events.  

The ramp rates that LFC passes to SCED to use for the solution will be adjusted, for those Resources contributing to Responsive Reserve, to be based on emergency rates instead of nominal rates.    
After each execution, SCED passes the following values to LFC:

· Resource basepoint

· Resource RRS deployment - When the new dispatch point is within the HASL, then any deployment from the current generation up to the HDL (calculated based on the normal ramp rate) will not be considered as RRS deployment.
In addition to telemetering the Resource RRS deployment, if RRS is deployed from that unit and the current Base Point is above the original HASL, LFC will telemeter a Resource level status flag to the QSE indicating that the basepoint is above the original HASL due to RRS deployment. 
Based on the real time conditions, an ERCOT system Operator can recall the manual RRS deployment by entering a zero value. When the frequency recovers within an analyst-entered threshold, LFC calculates the automatic RRS deployment value as zero.  When the sum of the automatic and manual RRS deployment values is zero, LFC adjusts the HASLs and SCED ramp rates back to the original values and send a flag to SCED to indicate that RRS is recalled.  The total recall also allows the CPS focused control to be re-enabled.
SCED can dispatch a pseudo generator up to 100MW for price mitigation purposes. Whenever this pseudo generator is dispatched, SCED distributes this MW value among all the generators having RRS schedules using the schedules as participation factors. SCED will indicate to LFC when RRS is deployed as a result of pseudo generator dispatch.  Due to the fact that the pseudo generator MW are accounted for by RRS deployment, the pseudo generator dispatch is disabled when normal RRS deployment has been activated by LFC.
The pseudo generator dispatch causes the following sequence to occur:

· SCED dispatches new basepoints based on the inputs received from LFC and other sources

· During this dispatch SCED determines there is a need for price mitigation and a non-zero MW value is calculated for pseudo generator

· SCED calculates relative participation factors for all generators providing RRS

· SCED allocates pseudo generator MW to individual generators

· SCED calculates new basepoints for the generators providing RRS by increasing the basepoints by the above allocated MW

· SCED sets a Resource level flag indicating RRS deployment as a result of pseudo generator

· SCED sends the new basepoints and pseudo generator RRS deployment flag to LFC

· LFC calculates available Responsive Reserve by reducing the same by pseudo generator MW

· LFC sends the new basepoints and the flag indicating RRS deployment to the QSEs
RRS deployment from Load Resources can be specified manually by the operator, but only when the EECP is active.  An appropriate user interface will be provided through the MMS system. The communication of RRS deployments will be via XML instructions from the MMS.  LFC will only monitor available LAAR MW that can be deployed as Responsive Reserve for display purposes.
6.3 Non-Spinning Reserve Service
There are three situations that will cause Non-Spinning Reserve Service (NSRS) to be deployed.

· Detection of insufficient capacity for energy dispatch during periodic checking of available capacity for future operations.

· Disturbance conditions such as a unit trip, sustained frequency decay or sustained low frequency operations.

· SCED not having enough energy available to execute successfully.

In each case, the ERCOT operator will make the final decision and initiate the deployment.
Off-Line Generation Resource reserved for Non-Spin 

· The QSE will be sent a Resource-specific Dispatch Instruction that NSRS has been deployed.

· The Dispatch Instruction must include the expected amount of capacity that will be available for SCED and the anticipated duration of the deployment.

· The QSE must have the Resource on-line and ready for SCED dispatch Base Points as soon as practical.

· SCED will respond to the changes in Resource Status that are received by telemetry from the QSE.  A typical sequence would be from OFFNS to ONOS (with output schedule equal to minimum load) and then to ON.  

· SCED will execute each time it has detected a Resource Status change for an off-line NSRS deployed Resource.

· The Resource must, at a maximum, provide the SCED requested deployment energy immediately after the Dispatch Instruction.

· The QSE will ensure that the NSRS A/S Schedule for that unit has been reduced to zero in COP and real-time telemetry.

Load Resource reserved for Non-Spin

· The QSE will be sent a Resource-specific Dispatch Instruction that NSRS has been deployed. 

· The Dispatch Instruction must include the MW level of load energy to be interrupted by the Load Resource and the estimated duration of the deployment.

· NSRS procured from a Load Resource block offer must be deployed as a block.

· The Resource must, at a maximum, interrupt the requested deployment energy within 30 minutes of the Dispatch Instruction.

On-Line Generation Resource with an Energy Offer Curve

· The QSE will be sent a Resource-specific Dispatch Instruction that NSRS has been deployed.

· The deployment will be for the total amount of capacity on that Resource that had been reserved for NSRS,

· ERCOT will automatically calculate new HASL constraints for SCED by reducing the Resource’s Non-Spin Ancillary Service Schedule to zero.

· The QSE will update the Resource parameters in COP and the real-time telemetry according.

· The Resource must, at a minimum, provide the additional SCED requested deployment energy within 30 minutes of the Dispatch Instruction.

On-Line Generation Resource with output schedules 

· The QSE will be sent a Resource-specific Dispatch Instruction that NSRS has been deployed.  

· The Dispatch Instruction must include the additional amount of energy (MW) that needs to be produced by the Resource and the estimated duration of the deployment.

· For DSRs providing NSRS, as soon as the QSE receives the deployment, they shall adjust its Resource Output Schedule in the real-time telemetry and COP accordingly.

· For non-DSRs (with Output Schedules) providing NSRS, ERCOT shall adjust the Resource Output Schedule for the remainder of the Operating Period to reflect the amount of deployment.

Recall of Non-Spin Deployment

NRSR will be dispatched or deployed in this manner for each clock hour until the HRUC capacity monitor expects a near-term sustained capacity margin of greater than 8% of the forecast load demand.  When the 8% threshold is exceeded, ERCOT will recall the Non-Spin energy and/or capacity.

· A QSE with a Generation Resource that was previously off-line will be allowed to control the unit down to its LSL at the Normal Ramp Rate and then trip it off-line.

· A QSE with a Generation Resource (with an Energy Offer Curve) that will stay on-line will restore the NSRS A/S Schedule for that unit and let the ERCOT Resource Limit Calculator update the HASL prior to the next SCED execution.  The unit will ramp to the new Base Point at the Normal Ramp Rate.

· A QSE with a Generation Resource (with an Output Schedule) that will stay on-line will back out the NSRS addition that was made to the Output Schedule.  This can be incrementally deleted depending on the size of the deployment and Normal Ramp Rate.
· A QSE with a Load Resource that has provided NSRS will ensure that the load energy and NSRS capability is restored within three hours from the expiration of the NSRS deployment.  If it is not, the NSRS capability will be replaced by the QSE on other Generation or Load Resources not previously committed.
6.4 Ancillary Services Capacity Monitor
The Ancillary Services Capacity Monitor will calculate available quantities of the ancillary services as, well as other operational available capacity values, for the various types of Resources supplying AS and sum the values, grouped by type of Resource, to the System level.  
The available capacity calculations come in two forms.  The Market Reserve Capacity values are based purely on the currently active AS capacity and deployment values.  They do not directly account for the current generation at all.  The Physical Reserve Capacity values are calculated based on the capacity limits (including AS capacity limits) for the Resources and there current output MW values.  These numbers are important because even if a deployment has not been called for, if the power output is too close to the HSL (due to control error possibly), the AS capacity is not available to be called on anymore.
The following calculations will be supported for the Market Reserve Capacity Monitoring:
· Responsive Reserve Capacity from Generation Resources
· Responsive Reserve Capacity from Load Resources (LAARs)

· Available Non-Spinning Reserve from On-Line Generation Resources with Energy Offer Curves

· Available Non-Spinning Reserve from Undeployed Load Resources
· Available Non-Spinning Reserve from Off-Line Generation Resources
· Available Non-Spinning Reserve from Resources with Output Schedules

· Undeployed Reg-Up

· Undeployed Reg-Down

· Available Capacity with Energy Offer Curves that can be used to increase Base Points in SCED

· Available Capacity with Energy Offer Curves that can be used to decrease Base Points in SCED

· Available Capacity without Energy Offer Curves that can be used to increase Base Points in SCED

· Available Capacity without Energy Offer Curves that can be used to decrease Base Points in SCED

The following calculations will be supported for the Physical Reserve Capacity Monitoring:
· Available Blackstart Capacity 

· Available Reliability Must Run (RMR) Capacity

· Spinning Reserve Capacity

· Responsive Reserve Capacity from Generation Resources
· Responsive Reserve Capacity from Load Resources
· Available Total Responsive Reserve Capacity

· Available HASL Above Energy Requirement

· Available HDL Above Energy Requirement

In addition to calculating each of the available reserve capacity values above, the Ancillary Services Capacity Monitor will issue an alarm when the system total for each of the values drops below an operator entered threshold specific to that reserve capacity type.  A return to normal alarm will be issued when the reserve capacity value exceeds the alarm threshold by an appropriate deadband.  
The alarming for the Total Responsive Reserve Capacity will be unique as it will consist of multiple levels of alarming and display flag settings:

· System sets EECP STEP 1 FLAG if Total Responsive Reserve is less than 2300 MW 

· System sets EECP STEP 2 FLAG if Total Responsive Reserve is less than 1800 MW 

· System sets EECP STEP 3 FLAG if Total Responsive Reserve is less than the capacity of the largest on-line generator 

· System sets EECP STEP 4 FLAG if desired regulation can not be met and EECP STEP3 FLAG is set 

· System sets EECP STEP 5 FLAG if system frequency is less than 59.8 Hz and EECP STEP 3 FLAG is set

For each change of state an abnormal alarm will be issued for the new state and a return to normal alarm will be issued for the previous state.

6.5 Resource Limit Calculator

The real-time Resource Limit Calculator will execute each Generation Subsystem cycle to calculate the limits used by SCED and the Generation Subsystem for generation and load Resources. These Resource limits help ensure that the deployments produced by the SCED and the Generation Subsystem processes will respect the commitment of a Resource to provide Ancillary Services as well as individual Resource physical limitations.  

The limits are calculated as follows:
1. High Ancillary Service Limit (HASL)
HASL = Max (LASL, (HSLTELEM – (REGUPCAP + (RRCAP – RRDEP) + (NSPINCAP – NSPINDEP))))

Where

LASL = Low Ancillary Service Limit

HSLTELEM = High Sustained Limit provided via telemetry

REGUPCAP = Regulation-Up capacity provided via telemetry 

RRCAP = Responsive Reserve capacity provided via telemetry

RRDEP = Responsive Reserve already deployed (calculated based on telemetered Resource level participation factors)

NSPINCAP = Non-Spin capacity provided via telemetry

NSPINDEP = Non-Spinning Reserve already deployed (Non-Spin is always deployed fully when it is deployed)
2. Low Ancillary Service Limit (LASL)

LASL = LSLTELEM + REGDNCAP
Where

LSLTELEM = Low Sustained Limit provided via telemetry 

REGDNCAP = Regulation-Down capacity provided via telemetry
3. SCED Up Ramp Rate (SURAMP)

If Responsive Reserve Deployment is currently active

    SURAMP = EMRRAMP – (REGUPCAP /  5)

Elseif Reg Up and Responsive Reserve Capacity available

    SURAMP = NORMRAMP – Max( (REGUPCAP /  5) , (RRCAP / 10) )

Elseif Reg Up Capacity available

    SURAMP = NORMRAMP – (REGUPCAP /  5)

Else

    SURAMP = NORMRAMP

Endif

Where

EMRRAMP = Emergency ramp rate determined from an emergency ramp rate vs. output MW curve obtained from the MMS.

REGUPCAP = Regulation-Up capacity provided via telemetry.

NORMRAMP = Normal ramp rate determined from a normal ramp rate vs. output MW curve obtained from the MMS.

RRCAP = Responsive Reserve capacity provided via telemetry
4. SCED Down Ramp Rate (SDRAMP)

SDRAMP = NORMRAMP – (REGDNCAP /  5)

Where

NORMRAMP = Normal ramp rate determined from a normal ramp rate vs. output MW curve obtained from the MMS.

REGDNCAP = Regulation-Down capacity provided via telemetry.
5. High Dispatch Limit (HDL)

HDL = Min (POWERTELEM + (SURAMP*5), HASL)

Where

POWERTELEM = Gross or new real power provided via telemetry. 

SURAMP = SCED Up ramp rate.

HASL = High Ancillary Service Limit
6. Low Dispatch Limit (LDL)

LDL = Max (POWERTELEM – (SDRAMP*5), LASL)

Where

POWERTELEM = Gross or new real power provided via telemetry. 
SDRAMP = SCED Down ramp rate.

LASL = Low Ancillary Service Limit
6.6 Resource Qualification Testing

The monitoring of the performance of the Resources will be performed external to the Generation Subsystem by the ERCOT compliance group.  To support these calculations the values listed in the output section will be exported from the Generation Subsystem to the Compliance database every 4 seconds.  Integrations of data and further processing is expected to be carried out by the software running against the Compliance database and is not the considered the responsibility of the Generation Subsystem unless ERCOT makes an explicit request for such a calculation.
The standard e-terrageneration NERC CPS/DCS processing will accomplish most of the needs for NERC reporting purposes.  There were a few ERCOT specific changes made to the zonal system for the NERC reporting.  Some of these were put into the standard product but some were not.  It is expected that there will still be a low level of customization still needed for the nodal system but it is not known exactly what that is at this time.
The Resource qualification testing for providing ancillary services can be broken down into two pieces:  issuing requests and monitoring performance.  The current definition for the regulation qualification testing basically amounts to ERCOT sending a series of unit dispatch changes over an hour period and statistically monitoring one minute averages of the unit output.  One method of handling the dispatch signal changes would be to use the standard e-terrageneration basepoint schedule functionality to enter the desired dispatch basepoint profile for the Resource for the time of the testing period.  At the time of the test the ERCOT employee conducting the test could set a flag to indicate that the Resource dispatch basepoint sent to SCADA should be obtained from the basepoint schedule instead of the SCED basepoint.  When the test completes the flag would be reset and the SCED basepoint would once again be used.  The analysis of the output MW for the testing period would be done outside of the Generation Subsystem: due to requirements for normal capture of Resource MW output at the LFC sample rate, it should be fairly trivial to determine the one-minute averages or any other type of analysis that may be desired in the future.  This basic data analysis may also already be part of the monitoring of the unit performance that is done on a day-to-day basis.
The qualification testing for Responsive Reserve and Non-Spinning Reserve, for Resources that do not qualify for regulation support, is done entirely outside of the Generation Subsystem as the required deployments are signaled through the Messaging System as opposed to using normal dispatch signal paths.
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