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Requirements Specification 

1. Load Frequency Control (LFC)

Load Frequency Control (LFC) is a sub-system of the Energy Management System (EMS). The primary purpose of Load Frequency Control is to maintain a desired system frequency by deploying regulation, and if necessary deploying Responsive Reserve and Non-Spin Reserve Services. LFC will use the Supervisory Control and Data Acquisition (SCADA) System to interface with the QSE’s resources and will be responsible for dispatching the Base Points and resource LMPs calculated by SCED process.

1.1 Proposed System Scope

ERCOT plans to implement a new Nodal Market in 2009. Section 3, 6 and 8 of the Nodal Protocols describe the various requirements for Load Frequency Control (LFC). The Nodal Protocols will guide this project.

This document defines the requirements and use cases for Load Frequency Control. The requirements in scope for this document include:

· Validation of input data

· Validation of operator and analyst data entry

· Calculation of Resource limits 

· Deployment of Up Regulation Service (Reg-Up) 

· Deployment of Down Regulation Service (Reg-Down)]

· Deployment of Responsive Reserve Service

· Deployment of Non-Spin 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 LFC data needed for settlements

· Storing of LFC data needed for compliance

· Implementation of optimal frequency bias calculation

· Interface to Security Constrained Economic Dispatch (SCED)

· Interface to Network Model Management System (NMMS)

1.2 Business processes impacted

1.2.1 Operations Support Engineering:

1. Disturbance Monitoring and Calculating ERCOT Bias 
2. Methodology for determining optimal frequency bias for given system conditions (draft) 
1.2.2 Operations Planning:

1. ERCOT Reliability Plan (draft) 
2. Generation Asset Aggregation Application Approval (draft) 
3. Operations Planning Database Load Testing Procedure_Rev1 (draft) 
4. AS Qualifications Test Procedure_rev3 
5. New Generator Synchronization Procedure 
6. Transmission and Generation Energize Approval Procedure_rev0 
1.3 AS Is and To Be Processes

1.3.1 As Is Monitoring and deploying Ancillary Services
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1.3.2 To Be Monitoring and deploying Ancillary Services
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1.3.3 Conceptual Information Flow Between LFC (EMS) and SCED (MMS)

The diagram shown below illustrates the conceptual framework used to interpret and define the business requirements developed for the two ERCOT subsystems charged with unit control and real time dispatch: LFC and SCED. This diagram describes at a high level the information flow between these key subsystems.
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Figure 1 - Conceptual Diagram Only - Not for design
1.3.4 Differences between the As Is and To Be Sub-Process

The main difference between the existing LFC process and the new LFC process is the redeployment of ancillary services to individual units with SCED.  Also, the new LFC process has the visibility of available ancillary services from each resource and the ability to monitor each resource’s expected performance. Even though the ancillary service deployments continue to be on a portfolio basis, LFC can estimate the relative distribution of these deployments to the resources. In the To Be system, LFC receives more data related to individual resources through telemetry. Also in the new system, LFC has the ability to control ramping of individual generators for improved frequency control and reduced cumulative amount of regulation deployment. In the As Is system, QSEs control to minimize Scheduled Control Error (on a portfolio basis). In the To Be system LFC and SCED will dispatchthe desired operation level of individual resources while still communicating through the QSEs. Some of the major differences are as follows:

· Non-Spin reserve from generation resources is optimally dispatched through SCED.

· Responsive reserve from generation resources is optimally re-dispatched through SCED after initial dispatch by LFC.  LFC Responsive Reserve deployment before the last SCED run will be reset when LFC receives Base Points.

· Even though all the Ancillary Service deployments to QSEs are portfolio basis, QSEs will telemeter the real-time relative distribution of these deployments among their resources.

· It is required to monitor the unit specific ancillary service deployments to facilitate settlements and compliance.  ERCOT will calculate and retain expected resource-specific ancillary service deployments by multiplying the resource participation factor by the QSE ancillary service deployment and then divide by the sum of the QSE’s resource participation factors.  ERCOT will also calculate interval averages for settlements and compliance. 

· Regulation deployment to QSEs will be re-dispatched into Generator Base Points through SCED.  LFC regulation deployment will be reset after every SCED run.

· Unit level Base Points are issued to QSEs instead of portfolio level Balancing Energy deployments.

· Pseudo unit dispatch (for price mitigation) from SCED will be deployed as Base Points by SCED using Responsive Reserve.

1.3.5 Standard LFC functionality:

· ACE filtering 

· Alarming

· Data validation

1.4 Preconditions

1) The standard LFC functionality will be carried over from the current system and the current scope of this document will only include the interpretation of protocol language that is new or calls for changes to the existing functionality.

2) All database modeling changes will be performed in NMMS. 

3) The LFC real-time communication with the market participants is via the EMS SCADA application.

1.5  Assumptions and Dependencies
1) It is assumed that interfaces to SCED and associated functionality described herein will be acceptable to MMS project. 

2) It is assumed that the actual mechanism of exchanging data between LFC and SCED will be defined later and is not in the scope of these requirements.

3) It is assumed that the actual mechanism of exchanging LFC data between EMS database and Settlements will be defined later and is not in the scope of these requirements.

4) It is assumed that the actual mechanism of exchanging database between LFC and NMMS will be defined later and is not in the scope of these requirements.

5) It is assumed that pseudo unit dispatch through SCED will result in Base Point adjustment and the adjusted value will be treated like regular Responsive Reserve deployment and will reduce the available Responsive Reserve. The resource-specific Responsive Reserve deployments that are sent to LFC will include the pseudo unit MW. 

6) It is assumed that any time Non-Spinning capacity is deployed by an operator, actual energy deployment through SCED won't happen until the next scheduled SCED run unless available regulation reserve is below an operator entered threshold or responsive reserve has been deployed by LFC (these two conditions trigger an immediate execution of SCED).  

7) ERCOT will develop a procedure approved by TAC to deploy Resources providing Non-Spin Reserve Service. It is assumed that this document contains the following:

a) ERCOT operator will manually deploy Non-Spin Reserve capacity based on the system conditions

b) ERCOT will deploy all the available On-Line Non-Spin Reserve capacity at once by adjusting Non-Spinning generator HASL (only generators with energy offer curves) and it is possible, based on the energy offer curves, SCED may dispatch part or all of the available Non-Spinning energy at once.

c) ERCOT operator will manually deploy all the available offline Non-Spinning capacity at once

d) Non-Spinning energy is normally deployed through SCED in Base Points (there is no manual deployment of Non-Spinning energy during non-emergency conditions)

e) Non-Spin energy deployment of load resources and generators with output schedules will be manually deployed by ERCOT operator using the MMS

f) Appropriate criteria to recall the deployed Non-Spin energy

8) LFC will not use telemetered generator Ramp Rates (normal Ramp Rate and emergency Ramp Rate) for deployment of Reg-Up, Reg-Down, or RRS energy within LFC.  LFC will calculate generator Reg-Up and Reg-Down Ramp Rates (MW/minute) as telemetered regulation schedule divided by 5 and will calculate generator responsive reserve Ramp Rates (MW/minute) as telemetered responsive reserve schedule divided by 10. 

9) The recipient of this document has available the following references:

a) ERCOT Protocols, dated May 5, 2006

b) ERCOT Operating Guides, dated June 1, 2006

c) AREVA EMP 2.4 documentation

d) NERC Reliability Standards (http://www.nerc.com/~filez/standards/Reliability_Standards.html):

i) BAL-001

ii) BAL-002

iii) BAL-003

iv) BAL-004

v) BAL-005

vi) BAL-006

vii) EOP-004

10) It is assumed that the DC tie line scheduling and curtailment of the DC tie-line schedules is not in the scope of LFC. However, LFC will monitor the actual and scheduled DC tie line flow. 

11)  It is assumed that the calculation of inadvertent interchange will be handled externally to the EMS and no additional calculations are needed in the LFC to support the inadvertent accounting process.

12) It is assumed that the manual deployment of LAAR for Responsive Reserve and the communication of those deployments to the market will be handled outside EMS and not in the scope of LFC. However, LFC monitors the available LAAR reserves based on the schedules and real time telemetry and provides assistance to operators through alarming to take necessary actions. 

13) Section 6.5.7.6.2.2 (1a) states that Responsive Reserve will be deployed to restore frequency in the first few seconds after a frequency drop. It is assumed that the resources capable of supplying primary frequency response (within a few fractions of a second/frequency cycles) through governor action and the underfrequency relay (UFR) LAAR component of the Responsive Reserve carried by QSEs, will be automatically activated as it is today. Any deployments from LFC are considered secondary frequency response (within seconds of the event) and will be supplemental to resource governor action and UFR LAARs.
14) Section 6.5.7.6.1 (2) states that ERCOT will develop a methodologysubject to TAC approval, to determine the optimal frequency bias for given system conditions. It is assumed that it is not in the scope of LFC to define this methodology and calculation.
15) Section(s) 6.5.7.6.1 (5) and 6.5.5.2 states that each QSE's allocation of Regulation Service to its Resources must be consistent with telemetry.  This is not a functional requirement to LFC. However it is assumed that QSEs will telemeter the relative participation factors of their resources to ERCOT so that future deployments are consistent with the actual allocation.
16) Section 6.5.7.6.1 (8) states that available regulation capacity by QSE and capacity available for Responsive Reserve by QSE are inputs to LFC, however as these are not telemetered values from the QSE, ERCOT assumed that LFC will calculate available regulation capacity by QSE and capacity available for Responsive Reserve by QSE based on the other resource specific telemetered data.
17) It is assumed that SCED will provide all Base Points associated with generating units including DSR units.

18) Protocols were written assuming that resource limit calculation and ancillary service capacity monitor would take place outside of LFC and that some of the inputs that are defined for LFC would be generated by these two sub functions. As these sub functions are integral parts of the LFC, it was not necessary to distinguish the resource limit calculation and ancillary service capacity monitor as inputs to LFC.

19) Section 6.5.7.5 indicates a list of data items to be calculated and communicated to market participants over ICCP and posted on the MIS Secure Area. It is assumed that the scope of LFC is limited to calculating and updating those data items in the EMS database.The actual posting and communications to market participants mechanism and vehicles will be covered in other EMS documents as part of the system level interfaces.
20) Section 6.4.5 (1) indicates that QSEs will provide ERCOT with accurate telemetry of the current capability of each Resource including the Resource Status, Ramp Rates, HSL, and LSL and a text reason for any Resource where a Ramp Rate is deviating from a standard Ramp Rate curve for the Resource, or the HSL is less than, or LSL is greater than, the normal high and low limits. It is assumed that there is no functional requirement associated with this statement. It is the responsibility of QSE to provide appropriate reason through telemetry whenever the limits are changed. ERCOT will monitor the telemetered limit changes and display to the operator appropriate information to alert the operator.
21) Section 6.4.8.1 (1) describes a requirement to evalulate ancillary service capacity sufficiency. It is assumed that this is the evaluation of availability of ancillary service capacity in the future and the same is outside the scope of LFC (LFC only calculates real-time capacity reserves).
22) Section 6.5.1.2 (1) discusses dispatch instructions to transmission facilities. It is assumed that the scope of LFC includes only instructions related to generating units, loads and QSEs. Instructions to any other transmission equipment is outside the scope of LFC.
23) Section(s) 6.5.7.6.2.2 (2) and 6.5.7.6.2.2 (11) discuss the deployment of Responsive Reserve from load resources and communication of dispatch instructions to QSEs as electronic instructions. It is assumed that ERCOT operations will develop appropriate business processes to describe the procedure for manual deployment of load resources. It is also assumed that sending of electronic instructions to that effect will be handled outside the EMS system by the MIS or Messaging System.
24) Section 6.5.7.6.2.3 (1) indicates that Non-Spin Reserve available from online generators without energy offer curves (output schedules), and load resources will be dispatched through the Messaging System. It is assumed that the dispatch these resources as part of Non-Spin deployment is outside the scope of LFC. However, LFC will receive the manual deployments as well as the schedules associated with these resources as inputs necessary to adjust the HASL of online generator resources with energy offer curves for downstream use by SCED Non-Spin deployments. .  
25) Section(s) 6.5.7.6.2.3 (4) and (5) indicate that following an online resource Non-Spin deployment, ERCOT will adjust the QSE telemetered NSRS schedule to the amount deployed. It is assumed that the ERCOT business process will make this deployment “All or None” (“all” is all On-Line generation resources with Energy Offer Curves) and hence LFC will use the scheduled value or zero in the HASL calculation during the deployment and will use the telemetered schedule value during the recall of NSRS. Also, it is assumed that when offline Non-Spin capacity is deployed, QSEs won’t adjust the NSRS schedule telemetry and the QSE will always telemeter their scheduled obligation.
26) Based on the protocols, the individual owner’s share of each Jointly Owned Unit (JOU) can be represented as a real unit for all practical purposes. Please note that each JOU share unit has the complete telemetry available like other physical units. It is assumed that within LFC, representation of the physical unit (composite unit comprised of JOU share units) is not necessary to represent required functionality.
27) It is assumed that the normal and Emergency Ramp Rate curves are part of the databases generated by NMMS and/or Registration systems.  Therefore these Ramp Rate curves will not be input from SCED.
28) It is assumed that the MMS will provide a mechanism to deploy Non-Spin in event of a SCED failure or divergence.
29) It is assumed that the “Requested ACE %”  factor used by the present EMS to adjust ACE will be ported to LFC since the existance of this factor was required for ROS to approve the frequency bias calculation procedure.
30) It is assumed that when RRS deployment is active on a particular unit, the same unit cannot provide Reg-Up at the same  time. 

1.6 Proposed Protocol Changes or Clarifications

· Protocol change to 6.5.7.3(1) to add ACE to the total current generation output level value passed to SCED.

· Protocol change to Section 6.5.7.6.2.3 (5) to require QSEs to keep the Non-Spin Ancillary Service schedule at the Non-Spin schedule value and not reduce the schedule by the amount of the deployment. 
· Protocol change to Section 6.5.7.6.2.3 (5) to clarify that LFC will calculate new HASL for On-Line Non-Spin generators using a Non-Spin schedule value of zero instead of a value equal to the Non-Spin energy deployed in order to allow SCED to use the entire Non-Spin capacity.  LFC will not deploy Non-Spin energy.
· Protocol change to Section 6.5.7.2 (3) The variable RRSTELEM will be replaced by RRSAVAILABLE.
· Protocol change to Section 6.5.7.2 (5) The SURAMP calculation will conditionally use Emergency Ramp Rate when the RRS deployment is active.
1.7 Questions and suggestions from Vendor

1) Is the unit level participation factors calculated based on the current deployments to the units? (In other words, do these telemetered participation factors reflect the expected distribution of ERCOT dispatched MWs to individual units?). If the participation factors are based on the unit level dispatch that has happened at that time, our vendor prefers that QSEs telemeter their MW level that was assigned to individual units rather than the participation factors. As the participation factors are only used to calculate the expected unit level deployment of ancillary service, ERCOT agrees to the vendor suggestion. Please advice.

2. Definitions and Acronyms

2.1 Definitions

Advisory - The second of four possible levels of communication issued by ERCOT in anticipation of a possible Emergency Condition, detailed in Section 6.5.9, Emergency Operations.

Alert - The third of four possible levels of communication issued by ERCOT in anticipation of a possible Emergency Condition, detailed in Section 6.5.9, Emergency Operations.

Ancillary Service - A service necessary to support the transmission of energy to Loads while maintaining reliable operation of the Transmission Service Provider’s transmission system using Good Utility Practice. 

Ancillary Service Capacity Monitor - A set of processes described in Section 8.1.2.3, QSE Ancillary Service Capacity Compliance Monitoring Criteria, to determine the real-time capability of Resources to provide Ancillary Service.

Ancillary Service Obligation - For each Ancillary Service, a QSE’s ERCOT-allocated share of total ERCOT System needs for that Ancillary Service.

Ancillary Service Schedule - The MW of each Ancillary Service that each Resource is providing in Real-Time and the MW of each Ancillary Service for each Resource for each hour in the Current Operating Plan. 

Area Control Error (ACE) - A calculation of the MW correction needed to control the actual system frequency to the scheduled system frequency.

Areva – EMS Vendor providing LFC

Base Point - The MW output level for a Resource produced by the SCED process.

Black Start Resource - A Generation Resource under contract with ERCOT to provide Black Start Service.

Black Start Service - An Ancillary Service provided by a Resource able to start without support of the ERCOT Transmission Grid.

Combined-Cycle Configuration - Any combination in which a combined-cycle power block can be operated as a separate Resource. Each possible configuration operated as a separate Resource has a distinct set of operating parameters, physical constraints, and Energy Offer Curve.

Current Operating Plan (COP) - A plan by a QSE reflecting anticipated operating conditions for each of the Resources that it represents for each hour in the next seven Operating Days, including Resource operational data, Resource Status, and Ancillary Service Schedule. 

Data Archive - An integrated normalized data structure of the entire target source systems' transactions. The population of the data archive is an extraction of data from the transaction systems without altering the data. The Data Archive is used to populate the Data Warehouse.

DC Tie Load- A Load used to represent the withdrawal of power from the ERCOT System to a DC Tie.

DC Tie Resource - A Resource used to represent the injection of power into the ERCOT System from a DC Tie. 

DC Tie Schedule - The information for a physical transaction between a buyer and a seller, one of which is in ERCOT and the other of which is in a Non-ERCOT Control Area, for energy at a Settlement Point that is a DC Tie.

Direct Current Tie (DC Tie)  - Any non-synchronous transmission interconnections between ERCOT and non-ERCOT electric power systems.

Dispatch - The act of issuing Dispatch Instructions.

Dispatch Instruction - A specific command issued by ERCOT to a QSE, TSP or DSP in the operation of the ERCOT System.

DSR Loads - A Load that a QSE designates to be followed by a Dynamically Scheduled Resource. 

Dynamically Scheduled Resource (DSR) - A Resource that has been designated by the QSE, and approved by ERCOT, as a DSR status-type and follows a DSR Load.

Electric Reliability Council of Texas, Inc. (ERCOT) - A Texas nonprofit corporation that has been certified by the PUCT as the Independent Organization, as defined in §39.151 of PURA, for the ERCOT Region.

Emergency Base Point - The target MW output level for a Resource that is selected by ERCOT during an Emergency Condition.

Emergency Condition:


An operating condition in which the safety or reliability of the ERCOT System is compromised or threatened, as determined by ERCOT; or



The failure of the SCED process.

Emergency Electric Curtailment Plan (EECP) - A plan that provides an orderly, predetermined procedure for maximizing use of available Resources and, only if necessary, curtailing load during an Emergency Condition while providing for the maximum possible continuity of service and maintaining the integrity of the ERCOT System.

Emergency Ramp Rate - The maximum rate of change in MW per minute of a Resource to provide Responsive Reserve that is deployed by ERCOT and that is provided to ERCOT in up to ten segments, each represented by a single MW per minute value (across the capacity of the Resource), which describes the available rate of change in output for the given range (between HSL and LSL) of the output of a Resource.

Emergency Rating (see Ratings)

Energy Offer Curve - A proposal to sell energy at a Settlement Point at a monotonically increasing price with increasing quantity.

ERCOT Operator - An employee of ERCOT responsible for operating the ERCOT Transmission Grid

ERCOT Region - The power region represented by the ERCOT Control Area. 

ERCOT System - The interconnected power system that is under the jurisdiction of the PUCT and that is not synchronously interconnected with either the Eastern Interconnection or the Western Electricity Coordinating Council.  

Generation Resource (See Resource)

High Ancillary Service Limit (HASL) - A dynamically calculated MW upper limit on a Resource to reserve the part of the Resource’s capacity committed for Ancillary Service, calculated as described in Section 6.5.7.2, Resource Limit Calculator. 

High Emergency Limit (HEL) - Limit established by the QSE describing the maximum temporary unsustainable energy production capability of the Resource. This limit must be achievable for a time stated by the QSE, but not less than 30 minutes.

High Sustained Limit (HSL for a Generation Resource) - Limit established by the QSE, continuously updated in Real Time, that describes the maximum sustained energy production capability of the Resource.  

High Sustained Limit (HSL for a Load Resource) - Limit calculated by ERCOT, using the QSE-established Low Power Consumption.

Integration and Design Authority (IDA) – The ERCOT Integration and Design Authority (IDA) is responsible for:

· Defining overall business and technical architecture 

· Developing design standards 

· Ensuring compliance to standards and architecture as set forth in the nodal protocols

JOU – Jointly owned unit (Physical generating unit represented by multiple QSEs).

Load - The amount of energy in MWh delivered at any specified point or points on a system.
Load Frequency Control (LFC) - Deployment of those Generation Resources that are providing Regulation Service to ensure that system frequency is maintained within predetermined limits and deployment of those Generation Resources that are providing Responsive Reserve Service when necessary as backup regulation. LFC does not include the deployment of Responsive Reserve by Load Resources when deployed as a block under Emergency Electric Curtailment Plan (EECP) procedures.

Load Resource (See Resource)

Load Serving Entity - An Entity that sells energy to Customers or Wholesale Customers and that has registered as an LSE with ERCOT. Load Serving Entities include Competitive Retailers (which includes Retail Electric Providers) and Non-Opt-In Entities that serve Load.

Locational Marginal Price (LMP) - The offer-based marginal cost of serving the next increment of Load at an Electrical Bus, which marginal cost is produced by the DAM process or by the SCED process. 

Low Ancillary Service Limit (LASL)  - A dynamically calculated MW lower limit on a Resource to maintain the ability of the Resource to provide committed Ancillary Service. 

Low Emergency Limit (LEL)  - Limit established by the QSE describing the minimum temporary unsustainable energy production capability of the Resource. This limit must be achievable for a period of time indicated by the QSE but not less than 30 minutes. 

Low Power Consumption (LPC for a Load Resource) - Limit established by the QSE, continuously updated in Real-Time, that describes the minimum sustained power consumption of the Load Resource. 

Low Sustained Limit (LSL for a Load Resource) - Limit calculated by ERCOT, using the QSE-established Maximum Power Consumption.    

Low Sustained Limit (LSL for a Generation Resource) - Limit established by the QSE, continuously updatable in Real-Time, that describes the minimum sustained energy production capability of the Resource.  

Market Information System (MIS) - An electronic communications interface established and maintained by ERCOT that provides a communications link to the public and to Market Participants, as a group or individually. 

MIS Public Area - The portion of the MIS that is available to the public.


MIS Secure Area - The portion of the MIS that is available only to registered users.



MIS Certified Area - The portion of the MIS that is available only to a specific Market Participant. 

Market Participant - An Entity that engages in any activity that is in whole or in part the subject of these Protocols, regardless of whether that Entity has signed an Agreement with ERCOT. 

Maximum Power Consumption (MPC for a Load Resource) - Limit established by the QSE, continuously updated in Real-Time, that describes the maximum sustained power consumption of the Load Resource.  

Messaging System - The ERCOT-to-QSE communications system used to send Real-Time notices and Dispatch Instructions to QSEs.

Non-Spinning Reserve (Non-Spin)  - An Ancillary Service that is provided through use of the part of Off-Line Generation Resources that can be synchronized and ramped to a specified output level within 30 minutes (or Load Resources that can be interrupted within 30 minutes) and that can operate (or Load Resources that can be interrupted) at a specified output level for at least one hour. Non-Spinning Reserve Service (Non-Spin) may also be provided from unloaded On-Line capacity that meets the 30-minute response requirements and that is reserved exclusively for use for this service. 

Normal Ramp Rate - The rate of change in megawatts (MW) per minute of a Resource, which is specified by the QSE to ERCOT by up to ten segments; each segment represents a single MW per minute value (across the capacity of the Resource) that describe the available rate of change in output for the given range (between HSL and LSL) of output of a Resource.

Normal Rating (see Ratings)

Off-Line - The status of a Resource that is not synchronously interconnected to the ERCOT System.

On-Line - The status of a Resource that is synchronously interconnected to the ERCOT System.

Operating Guides - Guidelines approved by the ERCOT Board describing the reliability standards for ERCOT.

Output Schedule - The self-scheduled output for every five-minute interval of a Resource provided by a QSE before the execution of SCED.

Qualified Scheduling Entity (QSE) - A Market Participant that is qualified by ERCOT in accordance with Section 16, Registration and Qualification of Market Participants, for communication with ERCOT for Resource Entities and Load Serving Entities and for settling payments and charges with ERCOT. 

Ratings:


Emergency Rating - Two-hour MVA rating of a Transmission Element.

15-Minute Rating - The 15-Minute MVA rating of a Transmission Element.  

Normal Rating - The rating at which a Transmission Element can operate without reducing its normal life expectancy.  

Real-Time - The current instant in time.

Regulation Down Service (Reg-Down)  -An Ancillary Service that provides capacity that can respond to signals from ERCOT within three to five seconds to respond to changes in system frequency.  Such capacity is the amount available below any Base Point but above the Low Sustained Limit of a Generation Resource and may be called on to change output as necessary throughout the range of capacity available to maintain proper system frequency. A Load Resource providing Reg-Down must be able to increase and decrease Load as deployed within its Ancillary Service Schedule for Reg-Down below the Load Resource’s Maximum Power Consumption limit.

Regulation Service - Consists of Regulation Up Service and Regulation Down Service. 

Regulation Up Service (Reg-Up) - An Ancillary Service that provides capacity that can respond to signals from ERCOT within three to five seconds to respond to changes in system frequency.  Such capacity is the amount available above any Base Point but below the High Sustained Limit of a Generation Resource and may be called on to change output as necessary throughout the range of capacity available to maintain proper system frequency.  A Load Resource providing Reg-Up must be able to increase and decrease Load as deployed within its Ancillary Service Schedule for Reg-Up above the Low Power Consumption limit.

Reliability Must-Run (RMR) Service - An Ancillary Service provided from a Reliability Must-Run Unit under an Agreement with ERCOT.

Reliability Must-Run (RMR) Unit - A Generation Resource operated under the terms of an Agreement with ERCOT that would not otherwise be operated except that it is necessary to provide voltage support, stability or management of localized transmission constraints under first contingency criteria where market solutions do not exist.

Resource - A term used to refer to both a Generation Resource and a Load Resource. “Resource” used by itself in these Protocols does not include a Non-Modeled Generator.

Generation Resource - A generator that is capable of providing energy or Ancillary Service to the ERCOT System and is registered with ERCOT as a Generation Resource. “Generation Resource” used by itself in these Protocols does not include a Non-Modeled Generator.
Load Resource - A load that is capable of providing Ancillary Service to the ERCOT System and is registered with ERCOT as a Load Resource.

.

Resource Entity - An Entity that owns or controls an All-Inclusive Resource and is registered with ERCOT as a Resource Entity.

Resource ID (RID) - A unique identifier assigned to each Resource used in the registration and settlements systems managed by ERCOT.

Resource Node  - The Electrical Bus defined in the Network Operations Model at which a Resource's measured output is settled. For a Generation Resource that is connected to the ERCOT Transmission Grid only by one or more radial transmission lines that all originate at the Generation Resource and terminate in a single substation switchyard, the Resource Node is an Electrical Bus in that substation. For all other Generation Resources, the Resource Node is the Generation Resource's side of the Electrical Bus at which the Generation Resource is connected to the ERCOT Transmission Grid

Resource Status - The operational state of a Resource as provided in Section 3.9, Current Operating Plan (COP). 

Responsive Reserve - An Ancillary Service that provides operating reserves that is intended to: 

(1) Arrest frequency decay within the first few seconds of a significant frequency deviation on the ERCOT Transmission Grid using governor response and interruptible Load; 

(2) After the first few seconds of a significant frequency deviation, help restore frequency to its scheduled value to return the system to normal; 

(3) Provide energy or continued Load interruption during the implementation of the Emergency Electric Curtailment Plan (EECP); and 

(4) Provide backup regulation.

SCADA – In this document, SCADA consists of both the RTU interface and the ICCP interface (in the protocols, SCADA only refers to the RTU interface).

SDRAMP – SCED down ramp rate limit provided by LFC.

Security-Constrained Economic Dispatch (SCED) - The determination of desirable Generation Resource output levels using Energy Offer Curves while considering State Estimator output for Load at transmission-level Electrical Buses, Generation Resource limits, and transmission limits to provide the least offer-based cost dispatch of the ERCOT System.

Settlement - The process used to resolve financial obligations between a Market Participant and ERCOT. 

Settlement Interval - The time period for which markets are settled. 

SURAMP – SCED up ramp rate limit provided by LFC.

System Operator - An Entity supervising the collective Transmission Facilities of a power region, which Entity is charged with coordination of market transactions, system-wide transmission planning, and network reliability?

Technical Advisory Committee (TAC) -A subcommittee in the ERCOT governance structure reporting to the Board of Directors as defined by the ERCOT Bylaws.

Three-Part Supply Offer  - An offer made by a QSE for a Generation Resource that it represents containing three components: a Startup Offer, a Minimum-Energy Offer, and an Energy Offer Curve.

Transmission and/or Distribution Service Provider (TDSP) - An Entity that is either a Transmission Service Provider or a Distribution Service Provider.

Transmission Service Provider (TSP) - An Entity under the jurisdiction of the PUCT that owns or operates Transmission Facilities used for the transmission of electricity and provides Transmission Service in the ERCOT Transmission Grid.

Weather Zone - A geographic region designated by ERCOT in which climatological characteristics are similar for all areas within such region.  

2.2 Acronyms and Abbreviations

ACE
Area Control Error

COP
Current Operating Plan

DC Tie
Direct Current Tie

DSR
Dynamically Scheduled Resource

EECP
Emergency Electric Curtailment Plan

ERCOT
Electric Reliability Council of Texas, Inc.
HASL
High Ancillary Service Limit

HDL
High Dispatch Limit

HEL
High Emergency Limit

HSL
High Sustained Limit

Hz
Hertz

IDA
Integration and Design Authority

JOU
Jointly Owned Unit

LAAR
Load acting as a Resource

LASL
Low Ancillary Service Limit

LDL
Low Dispatch Limit

LEL
Low Emergency Limit

LFC
Load Frequency Control

LMP
Locational Marginal Price

LPC
Low Power Consumption

LSL
Low Sustained Limit

MMS
Market Management System

MPC
Maximum Power Consumption

MW
Megawatt

MWh
Megawatt Hour

NERC
North American Electric Reliability Council

Non-Spin
Non-Spinning Reserve 

QSE
Qualified Scheduling Entity

Reg-Down
Regulation Down 

Reg-Up
Regulation Up

RMR
Reliability Must-Run

RRS
Responsive Reserve 

RTU
Remote Terminal Unit

SCADA
Supervisory Control and Data Acquisition

SCED
Security-Constrained Economic Dispatch

SME
Subject matter expert

TAC
Technical Advisory Committee

TDSP
Transmission and/or Distribution Service Provider

TSP
Transmission Service Provider

3. Functional Requirements

	Requirement ID
	LFC-FR1

	Requirement Name
	Regulation without optimization

	Protocol Reference
	Section(s) 6.5.7.6

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P07.P-2, and I-5

	Sub-Process Element Coverage
	None

	Description:  Load Frequency Control (LFC) shall maintain system frequency within Operator defined limits with respect to scheduled frequency (60Hz). LFC shall deploy regulation signals to QSEs to achieve this control target. LFC shall not use any cost optimization for determining regulation signals. 



	Requirement ID
	LFC-FR2

	Requirement Name
	Periodicity of execution

	Protocol Reference
	Section(s) 6.5.7.6

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P07.P-1

	Sub-Process Element Coverage
	Partial

	Description: LFC shall be executed every four seconds to maintain system frequency close to the scheduled frequency. 


	Requirement ID
	LFC-FR3

	Requirement Name
	ACE Calculation

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

	Coverage of Protocol
	Full

	Traceability to Sub-Process
	COPS.P07.P-1, I-1, and I-2

	Sub-Process Element Coverage
	Partial

	Description:  Based on the frequency error, LFC shall calculate Area Control Error (ACE) by subtracting the actual frequency in Hz from the scheduled system frequency (normally 60Hz), and multipling the result by the TAC approved frequency bias constant given in MW/0.1 Hz.. 
LFC  shall calculate the difference between the Real-Time output and the Base Point for all Dynamically Scheduled Resources as offset to the ACE. This calculation produces an ACE value, which is a MW-equivalent correction needed to control the actual system frequency to the scheduled system frequency value.  
 


	Requirement ID
	LFC-FR4

	Requirement Name
	Resource available ancillary service capacity

	Protocol Reference
	Section(s) 6.5.7.6.1 (3)

	Coverage of Protocol
	Partial

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

	Sub-Process Element Coverage
	Partial

	Description:  LFC shall use the actual Resource information from SCADA (ancillary service schedules, participation factors, and generator output)  in determining available Resource capacity to provide Regulation and Responsive Reserve Services.  



	Requirement ID
	LFC-FR5

	Requirement Name
	Output control signals

	Protocol Reference
	Section(s) 6.5.7.6.1 (4)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P07.I-5

	Sub-Process Element Coverage
	Partial

	Description:  Based on the ACE MW correction, LFC shall issue a set of control signals every four seconds to each QSE providing Regulation Service. When RRS deployment is active, LFC shall also send control signals to each QSE providing Responsive Reserve Service. 



	Requirement ID
	LFC-FR6

	Requirement Name
	QSE participation factor

	Protocol Reference
	Section(s) 6.5.7.6.1 (4)

	Coverage of Protocol
	Partial

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

	Sub-Process Element Coverage
	Partial

	Description:  The calculated regulation deployments to QSEs shall be proportional to the QSE’s share of  the regulation service. LFC shall respect the QSE’s Resources’ capability limits  and telemetered regulation schedules when deploying regulation control.  LFC shall automatically remove a Reg-Up generator from a QSE’s participation factor when the same generator is also allocated RRS energy.  Also, the calculated RRS deployments to QSEs shall be proportional to the QSE’s share of RRS.



	Requirement ID
	LFC-FR7

	Requirement Name
	QSE interface

	Protocol Reference
	Section(s) 6.5.7.6.1 (4)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P07.I-5 and I-8

	Sub-Process Element Coverage
	None

	Description:  LFC shall use SCADA to send control signals to the QSEs  



	Requirement ID
	LFC-FR8

	Requirement Name
	Using Responsive Reserve for regulation

	Protocol Reference
	Section(s) 6.5.7.6.1 (6)

6.5.7.6.2.2

	Coverage of Protocol
	Partial

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

	Sub-Process Element Coverage
	Partial

	Description:  LFC continuously monitor available system wide Reg-Up capacity and if all available Reg-Up capacity has been deployed, LFC shall deploy Responsive Reserve on Generation Resources. 



	Requirement ID
	LFC-FR9

	Requirement Name
	LFC inputs from SCADA

	Protocol Reference
	Section(s) 6.5.7.6.1 (8)

6.5.7.2, and 6.5.7.5 (1), 6.5.5.2 

	Coverage of Protocol
	Full

	Traceability to Sub-Process
	COPS.P07.I-3, and I-2

	Sub-Process Element Coverage
	Partial

	Description:  LFC shall use the following inputs from SCADA (Refer to figure in section 1.3.3) :  

1.1. Frequency

1.2. Generator High Sustained Limit

1.3. Generator Low Sustained Limit

1.4. Generator High Emergency Limit

1.5. Generator Low Emergency Limit

1.6. Generator breaker status

1.7. Generator Responsive Reserve schedule

1.8. Generator Reg-Up schedule

1.9. Generator Reg-Down schedule

1.10. Generator Non-Spin schedule

1.11. Generator Gross and auxiliary or net real power

1.12. Generator Normal Ramp Rate

1.13. Generator Emergency Ramp Rate

1.14. Generator Reg-Up block status

1.15. Generator Reg-Down block status

1.16. LAAR MW

1.17. LAAR relay status

1.18. Combined cycle configuration number

1.19. Resource Status (number)

1.20. Generator Reg-Up participation factor 

1.21. Generator Reg-Down participation factor 

1.22. Generator RRS participation factor

1.23. LAAR Responsive Reserve schedule

1.24. Presently unused by LFC (needed by CLD-LAAR and ILD-LAAR):

1.24.1. LAAR Reg-Up schedule

1.24.2. LAAR Reg-Down schedule

1.24.3. LAAR Non-Spin schedule

1.24.4. LAAR breaker status

1.24.5. LAAR LPC

1.24.6. LAAR MPC

1.24.7. LAAR Reg-Up participation factor

1.24.8. LAAR Reg-Down participation factor

1.24.9. LAAR RRS participation factor




	Requirement ID
	LFC-FR10

	Requirement Name
	LFC inputs from MMS

	Protocol Reference
	Section(s) 6.5.7.3



	Coverage of Protocol
	Full

	Traceability to Sub-Process
	COPS.P07.I-4

	Sub-Process Element Coverage
	Partial

	Description:  LFC shall use the following inputs from MMS (Refer to Figure 1):  

a. Generator Base Point and SCED run time 

b. Generator LMP 

c. Scheduled MW for each DC tie

d. Generator Non-Spin deployed MW

e. LAAR Non-Spin deployed MW

f. LAAR RRS deployed MW

g. Generator RRS deployed MW

h. Generator Base Point above HASL due to RRS deployment

i. Generator Base Point above HASL due to pseudo unit deployment

j. Generator Emergency Base Point 

k. DSR output not equal to Base Point flag

l. Generator exceeded Ramp Rate due to instruction flag

m. Pseudo unit MW (single value)




	Requirement ID
	LFC-FR11

	Requirement Name
	Block Base Point Ramp

	Protocol Reference
	Section(s) 6.5.7.6.1 (9)

	Coverage of Protocol
	Full

	Traceability to Sub-Process
	COPS.P07.P-2 and I-8

	Sub-Process Element Coverage
	Partial

	Description: LFC shall continuously monitor the system frequency deviation against an pre-set operator entered threshold. Whenever the system frequency deviation is above this threshold and if the current Base Point ramping of the unit is going to increase the ACE then  LFC shall issue dispatch instructions to temporarily suspend ramping to their Base Points. When the frequency deviation returns to zero, LFC shall send a signal to resume ramping on these resources. LFC shall only block units that are not providing Reg-Up or Reg-Down services at that time. 



	Requirement ID
	LFC-FR12

	Requirement Name
	Deploy AS functionality

	Protocol Reference
	Section(s) 6.5.7.6.2

	Coverage of Protocol
	Partial

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

	Sub-Process Element Coverage
	Partial

	Description: LFC shall always respect available capacity limit of individual services while deploying that service.  




	Requirement ID
	LFC-FR13

	Requirement Name
	Deploy Reg for frequency

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

	Coverage of Protocol
	Full

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

	Sub-Process Element Coverage
	Partial

	Description: LFC shall calculate and issue Reg-Up or Reg Down dispatch instructions in response to a change (up or down) in ERCOT's System frequency to maintain the target ERCOT System frequency within predetermined limits. LFC shall not violate the Ramp Rate while calculating these signals. These deployment instructions shall be sent to each QSE as portfolio signals.  The performance of LFC shall comply with NERC Reliability Standards BAL001, BAL002, BAL003, BAL004, BAL005, and BAL006. 
(http://www.nerc.com/~filez/standards/Reliability_Standards.html) 


	Requirement ID
	LFC-FR14

	Requirement Name
	Allocation of Regulation and Responsive signals to resources

	Protocol Reference
	Section(s) 6.5.5.2. (2L) 

	Coverage of Protocol
	Full

	Traceability to Sub-Process
	COPS.P07.I-5 and P-2

	Sub-Process Element Coverage
	Partial

	Description: LFC shall allocate Reg-Up, Reg-Down and RRS deployments to the resources based on corresponding telemetered participation factors.  LFC shall automatically deallocate a generator’s Reg-Up energy deployment when the same generator is also allocated RRS energy.


	Requirement ID
	LFC-FR15

	Requirement Name
	Reset of regulation deployment signal

	Protocol Reference
	Section(s) 6.5.7.6.2.1 (4b)

	Coverage of Protocol
	Full

	Traceability to Sub-Process
	COPS.P07.I-5 and P-2

	Sub-Process Element Coverage
	Partial

	Description: At the end of each SCED run LFC shall reset the regulation signals that were sent to QSEs prior to the current SCED run.  This will minimize Reg-Up and Reg-Down energy in each SCED cycle.




	Requirement ID
	LFC-FR16

	Requirement Name
	Average Generator regulation and Average MW output

	Protocol Reference
	Section(s) 6.5.7.6.2.1 (4c,4d,4e,4f), 6.5.7.6.1 (5), 6.5.5.2

	Coverage of Protocol
	Full

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

	Sub-Process Element Coverage
	Partial

	Description:  During each LFC cycle, LFC shall calculate the amount of regulation that each Resource is expected to provide at that instant in time, based on the telemetered participation factors from QSEs.  LFC shall average the expected amount of regulation over each SCED interval. LFC shall also average the actual generation from telemetry over each SCED interval. 



	Requirement ID
	LFC-FR17

	Requirement Name
	Performance requirements

	Protocol Reference
	Section(s) 6.5.7.6.2.1 (7)

8.1.2.4.1

	Coverage of Protocol
	Full

	Traceability to Sub-Process
	None

	Sub-Process Element Coverage
	None

	Description:  LFC shall calculate and store in the EMS database the expected generator governor response for Reg-Up and Reg-Down deployment monitoring.


	Requirement ID
	LFC-FR18

	Requirement Name
	Regulation signals

	Protocol Reference
	Section(s) 6.5.7.6.2.1 (8)

	Coverage of Protocol
	Full

	Traceability to Sub-Process
	COPS.P07.I-5

	Sub-Process Element Coverage
	Partial

	Description: LFC shall calculate a change in MW value to be requested to QSEs as Reg-Up or Reg-Down deployments based on Resources being at their current Base Point issued by SCED regardless of current output of the resource. 




	Requirement ID
	LFC-FR19

	Requirement Name
	Ancillary service market reserve calculations

	Protocol Reference
	Section(s) 6.5.7.5

6.5.5.2

	Coverage of Protocol
	Full

	Traceability to Sub-Process
	COPS.P07.I-8

	Sub-Process Element Coverage
	Partial

	Description:  LFC shall calculate the following every 4 seconds. 

1) Responsive Reserve Capacity from Generation Resources; 

2) Responsive Reserve Capacity from Load Resources; 

3) Non-Spin Reserve available from On-Line Generation Resources with Energy Offer Curves; 

4) Non-Spin Reserve available from undeployed Load Resources;  

5) Non-Spin Reserve available from Off-Line Generation Resources;  

6) Non-Spin 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; and 

11) Available capacity without Energy Offer Curves in the ERCOT System that can be used to decrease Base Points in SCED. 
LFC shall provide Real-Time summaries of market reserve calculations to ERCOT operators on LFC displays.  Market Participants can view this information on the MIS Secure Area. LFC shall provide updates of these calculations every 4 seconds.




	Requirement ID
	LFC-FR20

	Requirement Name
	Physical reserve calculations

	Protocol Reference
	none

	Coverage of Protocol
	Full

	Traceability to Sub-Process
	COPS.P07.I-8

	Sub-Process Element Coverage
	Partial

	Description:  LFC shall calculate the following every 4 seconds and provide Real-Time summaries to ERCOT: 

(a) Black Start Capacity

(b) Reliability Must Run Capacity
(c) Spinning Reserve Capacity
(d) Responsive Reserve Capacity from Generation Resources
(e) Responsive Reserve Capacity from LAARs
(f) Total Responsive Reserve Capacity from Generators and LAARs



	Requirement ID
	LFC-FR21

	Requirement Name
	Telemetered Data

	Protocol Reference
	Section(s) 6.4.5 (1)

3.7.1

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P07.I-3

	Sub-Process Element Coverage
	Partial

	Description:  LFC shall use the telemetered Resource Status from all Resources to determine if resources are available to provide ancillary services and in calculating reserves



	Requirement ID
	LFC-FR22

	Requirement Name
	Ancillary capacity sufficiency

	Protocol Reference
	Section(s) 6.4.8.1 (1)

6.5.7.5

	Coverage of Protocol
	Full

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

	Sub-Process Element Coverage
	Partial

	Description:  LFC shall continuously monitor available Ancillary Service capacity under real time and generates alarms for ERCOT system level capacity insufficiency.



	Requirement ID
	LFC-FR23

	Requirement Name
	Centralized Dispatch

	Protocol Reference
	Section(s) 6.5.1.2 (1)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P07.I-8

	Sub-Process Element Coverage
	Partial

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

1) Base Points and Emergency Base Points to generating units 

2) Regulation, Responsive and Non-Spin Reserve Services..




	Requirement ID
	LFC-FR24

	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
	COPS.P07.I-7

	Sub-Process Element Coverage
	Partial

	Description:  LFC 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.



	Requirement ID
	LFC-FR25

	Requirement Name
	Base Points

	Protocol Reference
	Section(s) 6.5.7.4 (1)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P07.I-8

	Sub-Process Element Coverage
	Partial

	Description:  LFC shall  provide to SCADA each Base Point to be sent to the QSE  that include the following information:

(a) Resource identifier that is the subject of the Dispatch Instruction;

(b) MW output;

(c) Status indicator providing notice of dispatch above the Resource’s HASL due to RRS ;

(d) Time of the Dispatch Instruction; and

(e)  Status indicator to indicate pseudo unit dispatch in the basepoint.

LFC shall  provide to SCADA each Emergency Base Point to be sent to the QSE  that include the following information:

(a) Resource identifier that is the subject of the Dispatch Instruction;

(b) MW output;

(c) duration

(d) Time of the Dispatch Instruction.
LFC shall issue the Base Point data to QSEs, via SCADA, in generator data packets.  LFC shall issue the Emergency Base Point data to QSEs, via SCADA, in generator data packets.  
(IDA006 results may impact this requirement)


	Requirement ID
	LFC-FR26

	Requirement Name
	RRS Deployment

	Protocol Reference
	Section(s) 6.5.7.6.2.2 (2)

	Coverage of Protocol
	Full

	Traceability to Sub-Process
	COPS.P07.I-5

	Sub-Process Element Coverage
	Partial

	Description: In order to meet the NERC control area performance standards,

1. LFC shall automatically deploy Responsive Reserve available from generation resources.

2.  If needed, ERCOT operator may manually deploy Responsive Reserve available from load resources 

3..LFC shall only monitor available Responsive Reserve through load resources and provide alarming to the operators 

Information:  In addition to these, the 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
	LFC-FR27

	Requirement Name
	RRS Deployment during EECP

	Protocol Reference
	Section(s) 6.5.7.6.2.2 (3)

6.5.9.4

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P07.I-5

	Sub-Process Element Coverage
	Partial

	Description:  LFC shall continuously monitor the frequency deviation to evaluate if the required energy and regulation ramp rate is sufficient to restore frequency to normal level within next 10 minutes. If LFC determines that available regulation capacity is less than this amount or available regulation Ramp Rate is not sufficient enough to deploy all the required energy, then LFC shall alarm the Operator who will have the option of deploying Responsive Reserve via LFC.  If the Operator manually deploys RRS, LFC shall automatically trigger SCED to calculate new Base Points.



	Requirement ID
	LFC-FR28

	Requirement Name
	Deploy RRS

	Protocol Reference
	Section(s) 6.5.7.6.2.2 (4)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P07.I-5

	Sub-Process Element Coverage
	Partial

	Description:   LFC shall monitor available capacity that can be dispatched through SCED. If LFC determines that there is not enough energy available, then LFC shall alarm the Operator who may manually deploy Responsive Reserve.  The Operator will receive an alarm if:

12) The difference between the sum of HASLs and the total energy requirement is less than an operator entered threshold or if;

13) 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
	LFC-FR29

	Requirement Name
	Deploy RRS energy

	Protocol Reference
	Section(s) 6.5.7.6.2.2 (5)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P07.I-5

	Sub-Process Element Coverage
	Partial

	Description:  Energy from Responsive Reserve Resources shall also be deployed by ERCOT under Section 6.5.9, Emergency Operations.  This shall include manual dispatch of RRS by the Operator.




	Requirement ID
	LFC-FR30

	Requirement Name
	Data outputs to MMS

	Protocol Reference
	Section(s) 6.5.7.1.13

	Coverage of Protocol
	Partial

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

	Sub-Process Element Coverage
	Partial

	Description:  LFC shall provide following outputs to MMS (Refer to Figure 1):

1. Generator HASL and  LASL

2. Generator HDL,LDL
3. Generator SURAMP,SDRAMP
4. Generator MW
5. Total Required generation to be dispatched (Sum of generation + ACE)

6. Trigger to start SCED

7. Generator HEL and LEL

8. Resource Status

9. Generator RRS schedule

10. Generator NSRS schedule

11. System Emergency flag

12. Generator Reg-Up and Reg-Down schedules

13. Generator normal and Emergency Ramp Rates (calculated from curves)

14. Generator HSL and LSL

15. DC tie MW 

16. Combined-cycle configuration number

17. QSE DSR load

18. DSR ancillary service deployment (“Reg-Up”+RRS+”Non-Spin”- “Reg-Down”)

19. Generator NSRS deployment flag (only on-line units with energy offer curves)

20. Total manual RRS deployment

21. Total automatic RRS deployment

22. Generator RRS Participation Factor


	Requirement ID
	LFC-FR31

	Requirement Name
	Data outputs to Settlements

	Protocol Reference
	Section(s) 6.5.7.1.13

	Coverage of Protocol
	Partial

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

	Sub-Process Element Coverage
	Partial

	Description:  LFC shall calculate and provide following outputs to Settlements: 

1. Generator Average MW during the SCED interval

2. Generator Average Regulation MW during the SCED interval

3. Generator Base Point during the SCED interval 

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

5. Flag to indicate RRS deployment during SCED interval
6. Flag to indicate frequency went above 60.05 during SCED interval
7. Flag to indicate frequency went below 59.95 during SCED interval
8. Flag to indicate Generator Up Block was active during SCED interval

9. Flag to indicate Generator Down Block was active during SCED interval

10. Start time of SCED interval

11. Flag to indicate RRS deployment was active for the settlement interval

12. Average MW output of each resource for the settlement interval (per TWTG settlement calculation)

13. Average Regulation MW deployed to each generator for the settlement interval (per TWAR settlement calculation)

14. Flag to indicate Emergency declaration happened during the settlement interval

15. Generator current On-Line/Off-line status with transition timestamp
16. Generator current breaker status with transition timestamp
17. Generator Emergency Base Point during SCED interval 

18. Flag to indicate Generator exceeded Ramp Rate during SCED interval

19. Flag to indicate DSR output schedule not equal to Base Point flag during the settlement interval per DSR

20. Flag to indicate generator exceeded Ramp Rate during the settlement interval

21. Flag to indicate frequency went above 60.05 during settlement interval
22. Flag to indicate frequency went below 59.95 during settlement interval
23. Flag to indicate Generator Up Block was active during settlement interval

24. Flag to indicate Generator Down Block was active during settlement interval

25. Single pseudo unit MW for each SCED interval
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  




	Requirement ID
	LFC-FR32

	Requirement Name
	RRS  deployment to QSEs

	Protocol Reference
	Section(s) 6.5.7.6.2.2 (6)

6.5.9

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P07.P-2, P-3

	Sub-Process Element Coverage
	Partial (P-2), Full (P-3)

	Description:  LFC shall deploy no more than 500 MW of RRS automatically in response to a frequency deviation.  Any further deployment will require Operator intervention.



	Requirement ID
	LFC-FR33

	Requirement Name
	Non-Spin vs. RRS

	Protocol Reference
	Section(s) 6.5.7.6.2.2 (7)

	Coverage of Protocol
	Partial

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

	Sub-Process Element Coverage
	Partial

	Description: LFC shall use On-Line Non-Spin deployments through SCED to replace RRS deployed energy and recover RRS capacity.  This will minimize the prolonged use of Responsive Reserve Energy.




	Requirement ID
	LFC-FR34

	Requirement Name
	RRS Deployment

	Protocol Reference
	Section(s) 6.5.7.6.2.2 (11)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P07.I-5

	Sub-Process Element Coverage
	Partial

	Description:  LFC shall issue Responsive Reserve deployment Dispatch Instructions via SCADA for Generation Resources. 



	Requirement ID
	LFC-FR35

	Requirement Name
	Non-Spin Deployment

	Protocol Reference
	Section(s) 6.5.7.6.2.3 (1)

	Coverage of Protocol
	Partial

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

	Sub-Process Element Coverage
	Partial

	Description:  LFC shall deploy Non-Spin Reserve Service using SCED for On-Line Generation Resources with Energy Offer Curves. LFC shall send a digital output signal to each QSE that has on-line Non-Spin.   For bringing generators on-line, LFC shall send a digital output signal to each QSE that has off-line Non-Spin generator resources with energy offer curves.
Using the MMS, the Operator will deploy Non-Spin Reserve Service from Resources with Output Schedules and Load Resources through operator dispatch instructions. 

ERCOT operators will implement the deployment procedure when a specified threshold(s) in MW of capability available to SCED to increase generation is reached. 

ERCOT Operators will be able to implement the deployment procedure to recover deployed Responsive Reserve or when other emergency conditions exist.  (This requirement may change once ERCOT receives TAC approved procedure to deploy Resources providing Non-Spin Reserve Service.) 




	Requirement ID
	LFC-FR36

	Requirement Name
	Deploy Non-Spin

	Protocol Reference
	Section(s) 6.5.7.6.2.3 (2)

	Coverage of Protocol
	Partial

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

	Sub-Process Element Coverage
	Partial

	Description:  Once Generation Resources providing Non-Spin are deployed and synchronized, ERCOT shall use SCED to determine the amount of energy to be dispatched from those Resources. 




	Requirement ID
	LFC-FR37

	Requirement Name
	Recalculate HASL & LASL after Non-Spin deployment

	Protocol Reference
	Section(s) 6.5.7.6.2.3 (5)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P07.I-7

	Sub-Process Element Coverage
	Partial

	Description:  Once the On-Line Non-Spin Resource has been deployed for energy, LFC shall automatically calculate new HASL constraints for SCED with the Resource’s Non-Spin Ancillary Service Schedule set to zero.  



	Requirement ID
	LFC-FR38

	Requirement Name
	Deploy Non-Spin Anytime

	Protocol Reference
	Section(s) 6.5.7.6.2.3 (9)

	Coverage of Protocol
	Partial

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

	Sub-Process Element Coverage
	Partial

	Description:  LFC shall be able to deploy Non-Spin at any time during a selected Settlement Interval.




	Requirement ID
	LFC-FR39

	Requirement Name
	Recall Non-Spin from on-line resources with energy offer curves

	Protocol Reference
	Section(s) 6.5.7.6.2.3 (11)

	Coverage of Protocol
	Partial

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

	Sub-Process Element Coverage
	Partial

	Description:  LFC shall recall Non-Spin from on-line resources with energy offer curves.  LFC shall recalculate the HASL using the telemetered Non-Spin schedule instead of zero.  


	Requirement ID
	LFC-FR40

	Requirement Name
	Generator not responding Flags

	Protocol Reference
	None

	Coverage of Protocol
	None

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

	Sub-Process Element Coverage
	 

	Description:  LFC shall determine if individual generators are not responding to ancillary service deployments and shall update a non-responding flag status for each ancillary service for each generator.  


	Requirement ID
	LFC-FR41

	Requirement Name
	LFC Stores Compliance Data

	Protocol Reference
	Section6.5.7.6.2.2 (10), 8.2 (2)(b)(i)(A)

	Coverage of Protocol
	Partial

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

	Sub-Process Element Coverage
	Partial

	Description:  For every LFC execution, LFC stores the following data into the EMS Database (for Compliance Purposes): 

1.1. Resource MW

1.2. Resource MVAR

1.3. Generator expected governor response

1.4. Resource Ancillary Service Schedule for Reg-Up

1.5. Resource Ancillary Service Schedule for Reg-Down

1.6. Generator HSL

1.7. Generator LSL

1.8. Generator high emergency limit

1.9. Generator low emergency limit

1.10. Resource breaker status

1.11. Generator Normal Ramp Rate

1.12. Generator Emergency Ramp Rate

1.13. Other generator commitments of Ancillary Service capacity

1.14. Resource Regulation Reg-Up MW

1.15. Resource Regulation Reg-Down MW

1.16. Resource RRS schedule

1.17. Resource RRS MW

1.18. Resource Non-Spin schedule

1.19. Resource Base Point MW

1.20. Generator expected governor response

1.21. ACE

1.22. System frequency

1.23. Resource Reg-Up block

1.24. Resource Reg-Down block

1.25. Generator on-line/off-line status
1.26.  NERC control performance data
 


	Requirement ID
	LFC-FR42

	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
	COPS.P07.P-2

	Sub-Process Element Coverage
	Partial

	Description:  LFC shall increase the HASL by the RRS deployment following either manual or automatic deployment of RRS.  LFC shall immediately trigger SCED after adjusting HASL.  


	Requirement ID
	LFC-FR43

	Requirement Name
	Sending LMPs to QSEs

	Protocol Reference
	Section(s) 6.5.9.2 (2) and 6.5.9.4.2

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P07.I-8

	Sub-Process Element Coverage
	Partial

	Description:  LFC shall send all resource node LMPs to all QSEs (via SCADA) after they are received from SCED.  LFC shall send SCED’s last solved resource node LMPs whenever SCED does not solve.  LFC shall not send new resource node LMPs to SCADA when the System Emergency Flag is set.


	Requirement ID
	LFC-FR44

	Requirement Name
	Reset of RRS deployment signal

	Protocol Reference
	Business Requirement

	Coverage of Protocol
	Partial

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

	Sub-Process Element Coverage
	Partial

	Description:  LFC shall reset the QSE’s manual RRS deployment when SCED provides new Base Points to LFC and the Manual RRS Reset Flag is set.  LFC shall reset the QSE’s automatic RRS deployment when SCED provides new Base Points to LFC and the Automatic RRS Reset Flag is set.      


	Requirement ID
	LFC-FR45

	Requirement Name
	Regulation and RRS Qualification Testing Feature

	Protocol Reference
	Business Requirement

	Coverage of Protocol
	Partial

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

	Sub-Process Element Coverage
	Partial

	Description:  LFC shall provide a qualifications testing program for regulation and RRS.  LFC shall provide a mechanism for operator input of a testing scenario parameters and for triggering initiation of the test.  The testing program shall send the regulation and RRS setpoints to the QSE being tested via SCADA.  The testing program shall also gather one-minute averages of unit outputs.      


4. Supplementary Requirements

	Requirement ID
	LFC-SR1

	Requirement Name
	Periodic rate

	Requirement Type
	Performance

	Description:  LFC shall execute with a periodicity of every 4 seconds. 



	Requirement ID
	LFC-SR2

	Requirement Name
	Completion time

	Requirement Type
	Performance

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




	Requirement ID
	LFC-SR3

	Requirement Name
	NERC

	Requirement Type
	Legal & Regulatory

	Description:  No modifications to the system shall violate any existing NERC operating standards that pertain to ERCOT.




	Requirement ID
	LFC-SR4

	Requirement Name
	Interfaces

	Requirement Type
	Performance

	Description:  LFC's interface to SCADA, EMS, Settlements, and the Market System shall meet performance requirements dictated by the Market System. 




	Requirement ID
	LFC-SR5

	Requirement Name
	Parameters

	Requirement Type
	Maintainability

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


	Requirement ID
	LFC-SR6

	Requirement Name
	LFC Simulator

	Requirement Type
	Maintainability

	Description:  LFC shall be provided with a simulator for recreating the expected interaction between ERCOT, LFC, QSE control centers, generators, and frequency. 



5. Protocol Coverage

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

(Full/Partial)

	3.7.1
	Resource Parameter Criteria
	Partial

	6.4.5 (1)
	Resource Status 
	Partial

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

	6.5.1.2 (1)
	Centralized Dispatch
	Partial

	6.5.5.2
	Operational Data Requirements
	Full

	6.5.7.1.12 (1)
	Resource Limits
	Full

	6.5.7.1.12 (2)
	Resource Limits
	Full

	6.5.7.1.13
	Data Inputs and Outputs for the Real-Time Sequence and SCED
	Partial

	6.5.7.2
	Resource Limit Calculator
	Full

	6.5.7.4 (1)
	Base Points
	Partial

	6.5.7.5
	Ancillary Services Capacity Monitor
	Full

	6.5.7.5 (1)
	Ancillary Services Capacity Monitor
	Full

	6.5.7.6
	Load Frequency Control
	Partial

	6.5.7.6.1 (1)
	LFC Process Description
	Full

	6.5.7.6.1 (2)
	LFC Process Description
	Partial

	6.5.7.6.1 (3)
	LFC Process Description
	Partial

	6.5.7.6.1 (4)
	LFC Process Description
	Partial

	6.5.7.6.1 (5)
	LFC Process Description
	Partial

	6.5.7.6.1 (6)
	LFC Process Description
	Partial

	6.5.7.6.1 (8)
	LFC Process Description
	Full

	6.5.7.6.1 (9)
	LFC Process Description
	Full

	6.5.7.6.2
	LFC Deployment
	Partial

	6.5.7.6.2.1 (1)
	Deployment of Regulation Service
	Full

	6.5.7.6.2.1 (2)
	Deployment of Regulation Service
	Full

	6.5.7.6.2.1 (3)
	Deployment of Regulation Service
	Full

	6.5.7.6.2.1 (4a)
	Deployment of Regulation Service
	Full

	6.5.7.6.2.1 (4b)
	Deployment of Regulation Service
	Full

	6.5.7.6.2.1 (4c)
	Deployment of Regulation Service
	Full

	6.5.7.6.2.1 (4d)
	Deployment of Regulation Service
	Full

	6.5.7.6.2.1 (4e)
	Deployment of Regulation Service
	Full

	6.5.7.6.2.1 (4f)
	Deployment of Regulation Service
	Full

	6.5.7.6.2.1 (7)
	Deployment of Regulation Service
	Full

	6.5.7.6.2.1 (8)
	Deployment of Regulation Service
	Full

	6.5.7.6.2.2
	Deployment of Responsive Reserve Service
	Partial

	6.5.7.6.2.2 (1) (a)
	Deployment of Responsive Reserve Service
	Full

	6.5.7.6.2.2 (2)
	Deployment of Responsive Reserve Service
	Full

	6.5.7.6.2.2 (3)
	Deployment of Responsive Reserve Service
	Partial

	6.5.7.6.2.2 (4)
	Deployment of Responsive Reserve Service
	Partial

	6.5.7.6.2.2 (5)
	Deployment of Responsive Reserve Service
	Partial

	6.5.7.6.2.2 (6)
	Deployment of Responsive Reserve Service
	Partial

	6.5.7.6.2.2 (7)
	Deployment of Responsive Reserve Service
	Partial

	6.5.7.6.2.2 (9)
	Deployment of Responsive Reserve Service
	Full

	6.5.7.6.2.2 (10)
	Deployment of Responsive Reserve Service
	Full

	6.5.7.6.2.2 (11)
	Deployment of Responsive Reserve Service
	Partial

	6.5.7.6.2.2 (12)
	Deployment of Responsive Reserve Service
	Partial

	6.5.7.6.2.2 (13)
	Deployment of Responsive Reserve Service
	Partial

	6.5.7.6.2.3 (1)
	Non-Spinning Reserve Service Deployment 
	Partial

	6.5.7.6.2.3 (2)
	Non-Spinning Reserve Service Deployment 
	Partial

	6.5.7.6.2.3 (3)
	Non-Spinning Reserve Service Deployment 
	Partial

	6.5.7.6.2.3 (5)
	Non-Spinning Reserve Service Deployment 
	Partial

	6.5.7.6.2.3 (9)
	Non-Spinning Reserve Service Deployment 
	Partial

	6.5.7.6.2.3 (11)
	Non-Spinning Reserve Service Deployment 
	Partial

	6.5.9
	Emergency Operations
	Partial

	6.5.9.4
	Emergency Electric Curtailment Plan 
	Partial

	8.1.2.4.1
	Regulation Service Energy Deployment Criteria
	Full


6. Sub-Process Coverage

	Sub-Process ID
	Sub-Process Name
	Coverage by Requirements

(Full/Partial)

	I-1
	COPS.P07MonitorDeployAncillaryServices_V1.0(RCv1)
	Full

	I-2
	COPS.P07MonitorDeployAncillaryServices_V1.0(RCv1)
	Partial

	I-3
	COPS.P07MonitorDeployAncillaryServices_V1.0(RCv1)
	Partial

	I-4
	COPS.P07MonitorDeployAncillaryServices_V1.0(RCv1)
	Partial

	I-5
	COPS.P07MonitorDeployAncillaryServices_V1.0(RCv1)
	Partial

	I-6
	COPS.P07MonitorDeployAncillaryServices_V1.0(RCv1)
	Full

	I-7
	COPS.P07MonitorDeployAncillaryServices_V1.0(RCv1)
	Partial

	I-8
	COPS.P07MonitorDeployAncillaryServices_V1.0(RCv1)
	Partial

	I-9
	COPS.P07MonitorDeployAncillaryServices_V1.0(RCv1)
	Full

	P-1
	COPS.P07MonitorDeployAncillaryServices_V1.0(RCv1)
	Partial

	P-2
	COPS.P07MonitorDeployAncillaryServices_V1.0(RCv1)
	Partial

	P-3
	COPS.P07MonitorDeployAncillaryServices_V1.0(RCv1)
	Full

	I-1
	COPS.P07MonitorDeployAncillaryServices_V1.0(RCv1)
	Full

	I-2
	COPS.P07MonitorDeployAncillaryServices_V1.0(RCv1)
	Partial


7. Appendix A – Load Frequency Control Level 4 Activity Map
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